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Preface 
There are 45 graduate programs: 15 doctoral degree programs and 30 master degree programs in the 

Graduate School, Maejo University. The vision is to encourage the graduates to be innovators in accordance with the 

objectives and mission of Maejo University to create research and innovation and body of knowledge in various fields, 

especially in agriculture and applied sciences in order to learn and transfer technology to the society. The government 

has announced Thailand's policy 4.0 with the aim to step the country out of the middle income trap and step into a high 

income country using the socio.-economic innovation and high quality human resource development to drive the country 

forward. So the Graduate School has organized this 2018 Graduate Research Conference and Innovation Competition. 

The objectives are to: 1) provide a platform for dissemination and exchange of experience, research results and 

innovation in order to top up the body of academic knowledge and its application to the community, society and the 

country; 2) to provide a platform for dissemination of doctoral dissertations, master thesis, special problems and 

independent research of graduate students; 3) to develop the quality and standard of doctoral dissertations, master 

thesis, special problems and independent research that can be applied to the community, society and the country; and 

4) to develop the network of academic cooperation between graduate students, faculty members and researchers from 

educational institutions, government and private sectors under the theme "Graduate Research and Innovation for 

Economic and Social Sustainability", scheduled for May 17-18, 2018 at the International Convention Center, the Empress 

Hotel Chiang Mai, Chiang Mai Province. 

The conference will cover the presentation in 5 sections: Health Sciences, Sciences and Technology, Humanities 

and Social Sciences, Business Administration and Economics and International. Participants are from educational 

institutions and entrepreneurs. The format of the conference will be special lectures by experts, presentation of research 

results by academic staff, students, researchers and those who are interested in the form of oral and poster 

presentation as well as innovation competition. There are 289 presentations in total which are divided into 165 oral 

presentations and 35 posters  also 69 international; including 20 innovation competitions.It is hoped that this abstract 

book for the conference will be beneficial for the progress and development of academic and research outcome and for 

the development of Thailand in the future.  

 

Organizing Committee  

                             15 May 2018 
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Message from the President 

 
 

 

  Welcome all the participants of The 2nd National Academic Innovation and Innovation Contest, "Research and 

Innovation for Graduate Students for Economic and Social Sustainability". This conference is an open forum for graduate 

students and researchers to present and exchange ideas on academic and innovation issues and to contribute to the 

development of academic knowledge. The real benefit is to create a collaborative network of the faculty, academic staff 

and students from educational institutions and various organizations for closer collaboration and sharing creative ideas. 

 

I would like to thank Professor Emeritus Soottiporn Chittmittrapap, Advisor to the Minister of Education for 

presiding over the opening ceremony and give a special lecture. I would like to thank also Air Chief Marshal Dr. Prajin 

Chunhong, Deputy Prime Minister and Minister of Justice for president over the closed ceremony, as well as all the 

speakers at this Conference. 

 

May I thank Graduate School of Maejo University for organizing this conference. It is an upgrade of the Thai 

academic and innovation level to be international. It gives an opportunity for graduate students to have a platform to 

publish and to create collaborative works. This is in line with the university strategy entitled “Maejo Goes Eco University” 

that has been performing to be a source of local agricultural wisdom for approximately 85 years and response to the 

government policy for Thailand 4.0. It is regarded as a major role of a higher education institute to continue making an 

improvement to Thai academic. 

 

 

 

Asst. Prof. Chamnian Yosraj, Ph.D. 

President, Maejo University 
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Message from the Dean  
 

  The 2nd National Graduate Research Conference and Creative Innovation Competition under the topic 

"Graduate Research and Innovation for Economic and Social Sustainability" is a collaboration between Maejo University 

and its sponsors: 1. Faculty of Industrial Technology, Suan Sunandha Rajabhat University, 2. S&P Syndicate Public 

Company Limited and 3. NSTDA, 4. JP Northern Farm Co., Ltd. (Narah) 5. Association of Thai Innovation and 

Invention Promotion (ATIP) 6. Betagro Public Company Limited 7. Maejo University Business Incubator (UBI) 8. 

Institute of Product Quality and Standardization (IQS) 9. Government Savings Bank and 10. DDherbs, hosted by 

the Graduate School, Maejo University. It focuses on the importance of Science and Technology research, to be applied 

for the development of the country and the drive to Thailand 4.0 in accordance with the government policy. It is also a 

forum for presentation of academic research and exchange of experiences and new knowledge among experts, 

academic staff, researchers, students, communities, entrepreneurs and those who are interested. 

This meeting is honored by Professor Emeritus Soottiporn Chittmittrapap, Advisor to the Minister of Education to 

preside over the opening ceremony and give a special lecture on "Graduate Research and Innovation for Economic and 

Social Sustainability", including a special lecture on "Research Policy and Innovation in Graduate Studies for Sustainability 

of Thailand" by Air Chief Marshal Dr. Prajin Chunhong, Deputy Prime Minister and Minister of Justice, as well as lectures 

by guest speakers, lecturers, researchers and graduate students. The event is very well cooperated by executive 

administrators, lecturers, experts, personnels from the networking institutes and the business sector, as well as the 

organizing committee, who support the conference until it is successfully completed as aimed. I do sincerely hope that 

this conference will be positively effective in a warm and friendly atmosphere for driving academic progress towards a 

national development based on concrete research and innovation of academic value for social, economic, resource and 

environmental sustainability.  

Thank you very much. 
 

Assoc. Prof. Kriangsak Mangumphan, Ph.D. 

Dean, Graduate Maejo University 
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Conference Program 
2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17
th
, 2018 At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 

8.30-9.00  Conference Registration 

9.00-9.20  - Welcome Speech by Asst. Prof. Dr. Chamnian Yosraj, Maejo University President 

- Report by Assoc. Prof. Dr. Kriangsak  Mangumphan, Dean of Graduate School, Maejo University 

9.20-09.35  - Opening Speech by Professor Emeritus Soottiporn Chittmittrapap, Advisor to the Minister of Education  

- Asst. Prof. Dr. Chamnian Yosraj presents a souvenir to Professor Emeritus Soottiporn Chittmittrapap 

- Group Photo 

09.35-09.45  Prof. Dr. Surasakdi  Wongratanacheewin, President of Council of the Graduate Studies Administrators of Public and Autonomous Universities 

Assoc. Prof. Dr. Kriangsak  Mangumphan, Dean of Graduate School, Maejo University deliver the flag to next conference host (The 47
th
 National Graduate   

Research Conference) 

09.45-10.35  Keynote Addresses on “Graduate Research and Innovation for Economic and Social Sustainability” by Professor Emeritus Soottiporn Chittmittrapap 

10.35-10.50  Coffee Break 

10.50-11.00  Opening Ceremony of Poster and Innovation Presentation 

11.00-12.00  Oral Presentation, Poster Presentation and Innovation Presentation 

12.00-13.00  Lunch Break 

13.00-16.30  Oral Presentation, Poster Presentation and Innovation Presentation (Continue) 

May 18
th
, 2018 At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 

08.30-09.00 Conference Registration 

9.00-10.00  Oral Presentation [Continue] 

10.00-10.15  Lunch Break 

10.15-11.15  - Keynote Addresses on “Policy on Graduate Research and Innovation for Real Sustainability of Thailand” by Air Chief Marshal Dr. Prajin Juntong, Deputy Prime 

Minister and Justice Minister 

- President of Maejo University presents souvenir to Air Chief Marshal Dr. Prajin Juntong 

11.15-11.45  - Giving the certificate and souvenir to Co-host / Awards Announcement / Awards Ceremony by Air Chief Marshal Dr. Prajin  Juntong, Deputy Prime Minister and 

Justice Minister 

- Group Photo 

11.45-12.00  - Closing speech by Air Chief Marshal Dr. Prajin  Juntong, Deputy Prime Minister  and Justice Minister 

12.00-13.00  Lunch Break 

 

*Please note that the subject is subject to change  
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Effects of Nano-Hydroxyapatite Gel on Remineralization of Artificial Carious Lesion: 

In vitro Study 
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Abstract 

The Nano-Hydroxyapatite (Nano-HA) with its size and biocompatibility have been explored to 

be utilized as an alternative preventive agent to remineralize carious lesions. However, there is no study 

on the remineralization potential of Nano-HA in gel formulation that has its advantage of being used as 

a topical application. The objective of this study was to evaluate the effect of two different 

concentrations of Nano-HA gel on surface hardness recovery of artificial carious lesion in comparison 

to Nano-HA toothpaste and Fluoride varnish. Artificial carious lesions were prepared on one-hundred 

human premolar enamel samples using a synthetic polymer gel. Samples were divided into five groups: 

a) Fluoride varnish b) Nano-HA toothpaste c) 20% Nano-HA gel d) 30% Nano-HA gel and e) no 

treatment. After application of agents, the samples were immersed in deionized water for 30 cycles. The 

surface microhardness (SMH) were measured at different time periods and the percentage of surface 

microhardness recovery (%SMHR) was calculated. A representative random sample was examined 

under polarized light microscopy (PLM). The results showed that the %SMHR of Nano-HA toothpaste 

was significantly greater than the Nano-HA gel, fluoride varnish, and no treatment group (P < 0.05) 

However, there was no significant difference in %SMHR between the 20% and 30% Nano-HA gel after 

application (P= 0.989). PLM results observed all the treatment groups can decrease the lesion depth. 

The application of Nano-HA gel has a potential to increase the %SMHR and decrease the lesion depth. 

This may then be developed as a viable option to treat dental caries. 

Keyword: Nano-Hydroxyapatite, remineralization, artificial carious lesion, polarized light microscopy 

 
INTRODUCTION 

Prevention has become a foundational principle of modern dentistry practice and minimal 

intervention dentistry has been widely accepted [1, 2]. Minimal intervention has evolved from 

caries removal methods to early prevention and intervention of dental caries. The treatment by 

remineralization was suggested to be the potential major development in the clinical management of 

dental caries [3]. 

Fluoride is recognized as the best established remineralization strategy compared to the 

other available strategies [4]. It has been used to promote fluorapatite formation which increases the 

resistance of tooth enamel and found to be most beneficial in preventing dental caries [5]. Although 

fluorapatite is more stable and more acid resistant than hydroxyapatite [6], inadequate available 

calcium and phosphate can limit its net remineralization process [3, 7]. Moreover, the 

remineralization effect of fluoride only attempts to reduce apatite dissolution than to promote 

mineralization of lost mineral and apatite crystal [8]. Fluoride is found to be highly-effective on 

smooth surface but less on the pit and fissures [9]. Furthermore, increasing fluoride intake during 

tooth development may also increase the risk for dental fluorosis [4, 10]. Hence, it is necessary to 
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search for an alternative and effective non-fluoride agent that can enhance remineralization without 

any unwanted risks.  

Hydroxyapatite (HA) is the most prominent calcium phosphate mineral in nature [11]. It is 

the type of calcium phosphate that is similar to the main inorganic component found in bones and 

teeth. It has been widely used in medicine and dentistry due to its good biocompatibility, bioactivity 

and osteoconductivity [12, 13]. Hydroxyapatite is also an important source of calcium and 

phosphate that is responsible for the remineralization of demineralized enamel. It is regarded as a 

gold standard in the field of synthetic biomaterial [14]. Although the use of synthetic HA is found 

to be beneficial in the remineralization process, it may still result to poor adhesion and mechanical 

strength [15, 16]. The emergence of nanotechnology in dentistry lead to the use of synthetic nano-

hydroxyapatite (Nano-HA) which has the similar chemical and physical properties found on a 

biological apatite [17, 18]. It exhibited higher bioactivity, enhanced mechanical property and higher 

resorbability compared to larger HA [19]. Nano-HA may act as calcium and phosphate reservoir. 

This can significantly increase the degree of remineralization by actively diffusing more mineral 

ions to the body of the lesion [20]. Thus, it has the ability to repair enamel and even prevent 

progression of initial lesion due to its size and high availability of calcium and phosphate ions. 

Moreover, Nano-HA has already shown its potential in remineralization of artificial carious lesion 

when added to oral care products [21-23]. However, no study has been conducted on the use of 

Nano-HA in gel formulation. Topical delivery are found to be more effective and less toxic than the 

conventional formulations. This route can avoid GI irritation, prevent metabolism of drug in the 

liver, increase the bioavailability of drug and give its effect at the site of action [24, 25]. Moreover, 

gel as a carrier can effectively administer the drug for an extended period of time, improves 

therapeutic efficacy and patient compliance [26], especially in medically compromised patients and 

uncooperative young children. 

The aim of this study was to evaluate the effects of two different concentrations of Nano-

HA gel on the surface microhardness recovery of artificial carious lesions in comparison to 

commercially available Nano-HA toothpaste and Fluoride varnish. 

MATERIALS AND METHODS 

Specimen Preparation 

This in vitro study was conducted on sound premolars extracted for orthodontic reasons. 

Specimens with dental caries, white spot lesions, fracture or any developmental anomalies were 

excluded from this study. They were stored in 0.1% thymol solution prior to the experiment. The 

crowns were separated from the roots and sectioned into two halves by a diamond cutting blade 

under continuous water cooling (Mecatome T180, Presi, Eybens, France). One-hundred enamel 

specimens were embedded in epoxy resin and a window of 4mm x 4mm was prepared on the 

surface. The specimens were painted with an acid-resistant nail varnish except for the window 

prepared and were polished in a machine (Ecomet, Buehler, Tokyo, Japan) with a silicon carbide 

paper (1000, 2000 and 4000 grit; Microcut Silicon Carbide, Buehler, Tokyo, Japan).  

Artificial Carious Lesion Formation 

Artificial carious lesion was induced on the sound tooth specimens using a synthetic 

polymer gel as suggested by White [27], containing 20g/L Carbopol 907, 500 mg/L Hydroxyapatite 

and 0.1M Lactic acid, pH is adjusted to 5.0 immersed for 12 hours.  



 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 

4 

Nano-HA gel preparation 

Nano-HA gel was prepared by dissolving the purchased Nano-HA powder (Sigma-Aldrich, 

Missouri, USA) with a computed volume of deionized water and weight of Sodium 

Carboxymethylcellulose (SCMC) to achieve a 20% and 30% concentration of Nano-HA gel. 

Nano-HA toothpaste preparation 

The toothpaste slurry was prepared in accordance with EN ISO 11609  by diluting the Nano-

HA toothpaste (Apagard® , Sangi Co., Ltd., Tokyo, Japan) in three parts (1:3) to deionized water. 

The 

Sample allocation and Treatment Protocol 

 The samples were assigned into five groups after artificial carious lesion formation (n = 20): 

Group 1 samples were applied with Fluoride varnish (Duraphat® Colgate-Palmolive, 

Guildford, UK) before the start of experiment using microbrush and left on the enamel surface for 

12 hours [28] and placed incubator with a temperature of 37 degrees Celsius and removed a using 

cotton tips immersed in deionized water without rubbing prior to the start of the experiment.  

Group 2 samples were then brushed twice daily using an electric toothbrush for 5 seconds and 

additional contact time with slurry 115 seconds with a total contact time of 120 seconds. After each 

brushing treatment specimens were washed with deionized water for 10 seconds [29].  

Group 3 samples were applied with 20% Nano-HA gel and left on the enamel surface for 4 

minutes twice daily and rinse thoroughly with deionized water. 

Group 4 samples were applied with 30% Nano-HA gel, the same preparation as Group C, and 

left on the enamel surface for 4 minutes twice daily and rinse thoroughly with deionized water. 

Group 5 samples no treatment was done. 

The remineralizing agents used and its composition are presented in Table 1. 

After application of treatment agents, all the groups were immersed in deionized water in 

different containers for 30 cycles and placed in an incubator with temperature of 37 degrees Celsius. 

The deionized water was replaced in the morning to start a new cycle.  

Table 1.  Remineralizing agents and its composition 

MATERIALS COMPOSITION 

Fluoride varnish [30] 2.26% Sodium Fluoride, Ethanol, Colophonium, Mastix, Shellac, 

Wax, Saccharine, Flavor 

Nano-HA toothpaste [31] Water, Dental Grade Dibasic Calcium Phosphate, Contrated Glycerin, 

Medical Hydroxyapatite, Macrogol 400, β-Glycyrrhetinic acid, 

Cetylpyridinium chloride, Silicic Silicate, Sodium Lauryl Sulfacte, 

Sodium Carboxymethylcellulose (SCMC), Flavor, Hydrolyzed 

Conchiolin Solution, Saccharin Sodium, Trimagnesium Phosphate, 

Alkyldiaminoethylglycine Hydrochloride Solution 

20%  Nano-HA gel Nano-HA powder, deionized water, SCMC 

30 % Nano-HA gel Nano-HA powder, deionized water, SCMC 
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Surface Microhardness Test Assessment 

The SMH measurement was performed at baseline (SMH0), after artificial carious lesion 

formation (SMH1) and after application of agents for 30 cycles (SMH2) using a Vickers indenter at 

100g for 15 seconds. Three indentations were performed on the surface at a distance of 100µm from 

each other on each evaluation. The average SMH measurement was recorded. The percentage of 

surface microhardness recovery (%SMHR) was calculated as %SMHR = (SMH2 – SMH1) / (SMH0- 

SMH1) x 100. 

The data were expressed as mean and standard deviation. The %SMHR was analyzed using 

One-way Analysis of Variance (ANOVA) with appropriate post-hoc difference test (SPSS 19.0, 

IBM, Armonk, USA). The statistical significance was set at P <0.05. 

Polarized Light Microscopy Assessment 

For the Polarized Light Microscopy, a representative random sample (n = 1) from a sound 

tooth, artificial caries lesion, and from each treatment group was sectioned to obtain a longitudinal 

section of 250 µm thickness. The samples were examined under a polarized light microscope 

(Eclipse80i, Nikon, Kanagawa, Japan) after imbibition with deionized water at 10x magnification. 

RESULTS AND DISCUSSION 

The mean and standard deviation of %SMHR is shown in Table 2. The Nano-HA toothpaste 

had the highest surface microhardness recovery after application of treatment agent followed by the 

20% Nano-HA gel and then 30% Nano-HA gel while the no treatment had the least recovery from 

all the groups. 

Table 2.  The %SMHR of all treatment groups after application of treatment agents 

Treatment group Mean ± S.D. 

Fluoride Varnish 4.71 ± 3.77a 

Nano-HA toothpaste 16.35 ± 5.43b 

20% Nano-HA gel 11.93 ± 3.66c 

30% Nano-HA gel 11.31 ± 3.04c 

No treatment 0.40 ± 4.34d 

NB: Similar small letters represent no statistical difference at P < 0.05 among the treatment groups 

 The application of nano-HA in both the toothpaste and gel formulation showed a superior 

remineralizing potential compared to the fluoride varnish and no treatment group. The smaller-sized 

particles and higher activity of the nano-HA enable the available calcium and phosphate to enter in 

the enamel surface and continuously fill the porosities formed after demineralization [22, 32]. 

However, The Nano-HA toothpaste observed a significantly greater surface recovery compared to 

the Nano-HA gel, possibly due to the stability of the other compositions [31] of the toothpaste 

product that may have its advantages compared to the experimental Nano-HA gel.  

 In the present study, the concentration used 20% and 30% Nano-HA gel was not 

statistically different from each other (P value=0.989). Although, it was suggested that the optimal 

concentration for remineralization of Nano-HA is at 10% concentration [33]. Previous studies [34, 

35] used Nano-HA in a slurry preparation while in this study, the gel used SCMC as a vehicle for 
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the Nano-HA. The use of SCMC increase the viscosity of the gel but it can also slower the rate of 

diffusion of minerals to the enamel surface [36]. It was assumed that a higher concentration of 

Nano-HA with SCMC will compensate for the slow rate of diffusion but the results of this study 

showed the higher concentration of Nano-HA gel did not translate into greater remineralization in 

terms of surface microhardness recovery. This could happen as plateauing effect can be observed in 

high concentrations of Nano-HA due to the aggregation of particles on the enamel surface [37].  

 On the other hand, a slight increase of %SMHR of the fluoride varnish can be observed 

due to the limited contact time which may have only formed a partial chemical reaction that was not 

enough to increase the %SMHR as much as the Nano-HA groups. The formation of fluorapatite is 

also dependent on the presence different types of fluoride [38] which was not present in our study 

as the samples were immersed in deionized water and no other sources of fluoride.  

 For the no treatment group, deionized water being undersaturated of minerals, the ions 

from the lattice may precipitate outside until the solution is saturated with respect to hydroxyapatite. 

Water being a high dielectric constant, reduce the force of opposing charged ions, thus has the 

ability to dislodge the ions from the lattice. Once the released ions are surrounded by the water 

molecules, the hydration energy will overcome the lattice energy [39]. Thus, some of the ions from 

the deionized water may precipitate back to the outer surface of the enamel. In addition, small 

amounts of ions such as magnesium, sodium, fluoride and especially carbonate are present in the 

biological apatite [11, 40]. In the same way, all the other groups were immersed in the same kind 

storage media for the same period of time. Nevertheless among the groups, the no treatment had the 

least surface microhardness recovery. 

  In the PLM results, showed that both 20% and 30% Nano-HA gel (Figure 2-E, Figure 2-F) 

samples were able to decrease the lesion depth similar to the Nano-HA toothpaste (Figure 2-D) and 

fluoride varnish (Figure-C) sample. However, all the treatment groups were not able to achieve 

complete remineralization. The high initial deposition rate on the enamel surface layer may have 

slowed down and inhibited the diffusion of ions into the deeper regions of the lesion thus forming a 

hypermineralized layer [41]. While the no treatment sample (Figure 2-G) had the similar evident 

dark area similar to the artificial carious lesion sample (Figure 2-B). 

One of the limitation of this in vitro study was the difficulty to mimic the oral environment. As the 

results observed in our preliminary tests using pH-cycling model had varied and inconsistent 

results. Hence, deionized water was used as a storage media as this study only attempts to evaluate 

the remineralization capacity of the treatment agents especially the Nano-HA gel under neutral 

condition without any possible confounding factors from the presence of other mineral ions or the 

instability of the gel under acidic condition. The different methods of application of the treatment 

agents may also have influenced the results of the SMH assessment.  It is recommended that 

additional investigations on the rheological properties and other methods of evaluation are needed 

to clarify the therapeutic potential and mode of action of Nano-HA in gel formulation in which this 

study was not able to investigate. These studies may support and confirm the result of our present 

study that is in initial stage.  
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Figure 2. Polarized light photomicrographs of representative enamel sample at x10 magnification: 

A) Sound tooth B) Artificial Caries C) Fluoride Varnish D) Nano-HA toothpaste E) 20% Nano-HA 

gel F) 30% Nano-HA gel and G) No Treatment.  
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CONCLUSION 

The results of our study showed that the Nano-HA gel has the potential to recover the surface 

microhardness and decrease the lesion depth from the artificial caries lesion. Once the optimization 

of the gel is achieved, the Nano-HA gel may then be developed as a viable option to treat dental 

caries. 
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Abstract 

O-GlcNAcylation is a post-translational modification that has a role in tumour formation. 

Various expression patterns of O-GlcNAc transferase (OGT) and O-GlcNAcase (OGA) have been 

observed in numerous tumours. However, no prior studies have investigated the expression levels of 

OGT and OGA in salivary gland tumours (SGTs). Therefore, this study aimed to investigate the 

expression levels of OGT and OGA in pleomorphic adenoma (PA) which is the most common 

benign SGTs as compared with normal salivary glands. Immunohistochemical expression levels of 

OGT and OGA were investigated in formalin-fixed and paraffin-embedded samples of 15 PA and 

15 normal salivary glands. The expression levels were graded using semiquantitative scoring (0-4). 

All cases of PA and 12 (80%) cases of normal salivary glands expressed OGT while 11 (73.33%) 

cases of PA and 5 (33.33%) cases of normal salivary glands expressed OGA. OGT and OGA levels 

in PA cases were significantly elevated as compared to those in normal salivary glands (p<0.05; 

Fisher’s Exact Test). Remarkably, the majority of PA samples (8 cases, 53.33% for OGT; 6 cases, 

40% for OGA) expressed the O-GlcNAcylation enzymes with immunostaining score 3 (50%-<75% 

positively stained cells) while the majority of normal salivary gland samples expressed OGT (7 

cases, 46.67%) with immunostaining score 1 (5%-<25% positively stained cells) and OGA (10 

cases, 66.67%) with immunostaining score 0 (<5% positively stained cells). These results suggest 

that levels of OGT and OGA are markedly increased in PA. These O-GlcNAcylation enzymes may 

play a role in the pathogenesis of PA. 

Keyword: pleomorphic adenoma, O-GlcNAc transferase (OGT), O-GlcNAcase (OGA), 

                  O-GlcNAcylation 

INTRODUCTION 

Salivary gland tumours (SGTs) are relatively uncommon despite a long list of salivary gland 

tumour classification [1, 2]. It accounts for 3-6% of all head and neck tumours [3] and have a wide 

range of morphologic and histologic diversity not just among the types but also within each 

individual type [2]. Consistent with its histopathologic diversity, SGTs have heterogenic 

mechanisms of tumourigenesis because SGT types have only few shared overexpressed distinct 

gene translocations, deletions and non-overlapping amplifications [4]. Studies on SGTs demonstrate 

that 64-80% of tumours occur in the parotid glands and the remainder is distributed among the 

submandibular, sublingual, and minor salivary glands. 54-79% of the SGTs are benign [1, 5]. 

Gender predilection varies according to SGT types. The average age of patients with benign SGTs 
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is 46 years old [2]. It is not fully understood at present how SGTs develop. Some known and still 

being studied etiologies include: viruses [6, 7], radiation [8, 9], lifestyle [10], nutrition [11], and 

occupation such as those in the asbestos mining industry [12]. Pleomorphic adenoma (PA) is the 

most common not just among benign salivary gland tumours but also in all salivary gland tumours. 

The mean age of patients with PA is 46 years old and has a female predilection [2, 13]. 

Various genetic alterations and post-translational modifications (PTMs), such as 

phosphorylation, may cause normal cells to transform into tumour cells. Phosphorylation in HGF/c-

MET pathway in PA activates its downstream signaling leading to increased survival, proliferation, 

morphogenesis and migration of tumour cells. One of the important downstream targets of HGF/c-

MET pathway is PI3K/AKT that is usually altered in various human cancers [14]. 

In addition to phosphorylation, the levels of O-GlcNAcylation and its enzymes have shown 

to be increased in various solid tumours such as cholangiocarcinoma [15] and breast cancer [16, 

17]. O-GlcNAcylation, a form of glycosylation, is a PTM that binds sugars (glycans) to proteins. It 

is a reverse and dynamic cycle of removal and addition of O-linked β-N-acetyl glucosamine (O-

GlcNAc) at serine and threonine residues [18]. Uridine diphospho-N-acetylglucosamine 

:polypeptide β-N-acetylglucosaminyl transferase (OGT) is the enzyme that catalyses the addition of 

N-acetylglucosamine from UDP-GlcNAc to serine or threonine residues forming β-glycosidic 

linkage [19-21] while O-GlcNAcase or β-N-acetylglucosaminidase (OGA) is responsible for 

cleaving the GlcNAc-β-Ser/Thr linkage [19, 21, 22]. O-GlcNAcylation has also been known to 

have a role in cancer formation. O-GlcNAcylation of a transcription factor leads to significant gene 

alterations causing increased proliferation, metastasis, and invasive growth [21]. To our best 

knowledge, no prior studies have investigated patterns of OGT and OGA expressions in PA. Thus, 

this study aimed to investigate the expression levels of OGT and OGA in PA, which is the most 

common benign SGT as compared with normal salivary glands. 

MATERIALS AND METHODS 

Sample size selection and determination 

Histopathologically diagnosed cases of PA (n=15) and normal salivary glands (n=15) were 

retrieved from the archives of Division of Oral Pathology, Department of Oral Diagnosis, Faculty of 

Dentistry, Khon Kaen University, Thailand collected within the year span of 2000 to 2017. The 

demographic data of normal salivary gland tissues and PA cases are summarized in Table 1. The 

formalin-fixed and paraffin-embedded (FFPE) specimens were gathered and checked for the 

presence of tumour and normal salivary gland tissues. Patient identifications were removed from the 

records and each available FFPE biopsy specimens were assigned with number codes instead. 

Immunohistochemistry study 

Immunostaining was performed on sections of FFPE biopsy specimens with a 5-µm 

thickness using a standard immunohistochemical method as previously described [23]. The primary 

antibodies used on this research were rabbit polyclonal anti-OGT (DM-17, Sigma-Aldrich, 

Missouri, USA) and rabbit monoclonal anti-OGA (EPR7154(B), Abcam, Cambridge, UK). Sections 

underwent a process of deparaffinization in xylene and a rehydration process in graded alcohols. 

Antigen retrieval with citrate buffer solution (pH 6.0) was accomplished using microwave for 3 

runs (70watts for 3 minutes; 30watts for 2 minutes; 30watts for 5 minutes). Endogenous peroxidase 

blocking was performed using 30% hydrogen peroxide at room temperature for 20 minutes. Non-
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specific protein blocking was performed using Protein Block Serum-Free Ready-To-Use (DAKO, 

California, USA) at room temperature for an hour. Sections were incubated using primary 

antibodies overnight superseded with the secondary antibody (EnVision+System-HRP labelled 

polymer anti-rabbit, DAKO, California, USA) at room temperature for an hour. 3, 3’-

diaminobenzidine (DAKO, California, USA) was used as a substrate chromogen. Sections were 

counterstained with hematoxyline solution. The sections were first observed under x40 

magnification power using led-illuminated microscope (Nikon Eclipse E200 Model Microscope, 

Japan) to scan for the highest density of positively stained cells. Two independent observers 

(L.M.O.M and P.K) graded the sections at x200 magnification (Kappa value of 1.0 for OGT and 

0.952 for OGA). The percentage of positively stained cells was determined through semi-

quantitative scoring described in the study of Chaiyarit et al. as follows: 0 = <5%, 1 = 5% to <25% 

positively stained cells, 2 = 25% to <50% positively stained cells, 3 = 50% to <75% positively 

stained cells and 4 >75% positively stained cells [23]. 

Statistical analysis 

To compare the OGT and OGA scores between specimens of PA and normal salivary 

glands, the scores were analyzed statistically through Fisher’s Exact Test using SPSS software 

version 22.0 with p<0.05 to indicate statistical significance. 

RESULTS AND DISCUSSION 

The mean ages of patients for pleomorphic adenoma and normal salivary gland groups were 

42.53 and 54.20 years old, respectively. Females seemed to be a predominant in both groups within 

this study. The parotid gland was the major site for biopsy in the normal salivary gland group while 

the palate was the major site for biopsy in the pleomorphic adenoma group (Table 1). 

Table 1 Demographic characteristics of the normal salivary gland and PA cases. 

 
 Normal salivary 

gland (n=15) 

 Pleomorphic 

adenoma (n=15) 

Age (mean+SD;  

             range) 

 54.20 + 16.63;  

9-74 years old 

 42.53 + 18.92;  

19-83 years old 

Gender (male/female)  4 / 11  6 / 9 

Sites of biopsy     

- buccal mucosa  n = 4   

- labial mucosa  n = 1   

- lip  n = 2  n = 1 

- palate  n = 1  n = 13 

- parotid gland  n = 6  n = 1 

- vestibule  n = 1   

Generally, our results have shown that different levels of intensity of OGT and OGA 

expressions have been detected in PA tissue specimens, which are more intense than in normal 

salivary glands (Figure 1). All cases of PA and 12 (80%) cases of normal salivary glands were 

observed to express OGT while 11 (73.33%) cases of PA and 5 (33.33%) cases of normal salivary 

glands were observed to express OGA (Table 2). Interestingly, the majority of PA samples (8 cases, 

53.33% for OGT; 6 cases, 40% for OGA) were observed to express the O-GlcNAcylation enzymes 

with immunostaining score 3 (50%-<75% positively stained cells) while the majority of normal 

salivary gland samples expressed OGT (7 cases, 46.67%) with immunostaining score 1 (5%-<25% 
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positively stained cells) and OGA (10 cases, 66.67%) with immunostaining score 0 (<5% positively 

stained cells) (Table 2). The expression levels of OGT and OGA in PA samples were significantly 

elevated as compared to those in normal salivary glands (p<0.05; Fisher’s Exact Test) (Figure 2). 

 

Figure 1 Representative images under x200 magnification power for expressions of OGT 

(A,B,C,D) and OGA (E,F,G,H) in the sections of normal salivary glands (A,B,E,F) and PA 

(C,D,G,H) tissues. In general, expressions in PA are more intense than the normal salivary glands. 

Table 2 Summary of immunohistochemistry analysis of the expressions of OGT and OGA in 

normal salivary glands and PA 

Tissue type 
 OGT scores  OGA scores 

 0 1 2 3 4  0 1 2 3 4 

Normal Salivary Glands  3 7 4 0 1  9 6 0 0 0 

Pleomorphic Adenoma  0 1 1 8 5  4 2 2 6 1 

O-GlcNAcylation plays a role in the formation, development and progression of numerous 

tumours. Different patterns on levels of OGT and OGA have been observed on various types of 

tumours, including breast [21, 24], cholangiocarcinoma (CCA) [15], lung, and colon tumours [21]. 

Thus, O-GlcNAcylation is suggested to be one of important characteristics of tumour cells. This 

PTM is one of the significant mechanisms for cellular processes (e.g. stress response and cell cycle 

regulation). Regulation of O-GlcNAcylation enzymes, namely OGT and OGA, are significant for 

proper cellular functions. Dysregulation of these enzymes will affect cellular functions and 

inhibition of these enzymes could modify tumour cell functions [21]. 

Studies have shown that OGT is upregulated [25-27] while OGA is downregulated in breast 

tumours [17, 26]. Furthermore, overexpression of OGT has been demonstrated to facilitate breast 

tumour cells to migrate and invade adjacent normal tissues [17]. It was also found that O-

GlcNAcylation is increased through elevated OGT and lowered OGA expression in CCA. This 

upregulation of O-GlcNAcylation in CCA has been shown to be associated with patients’ short 

survival [15]. In lung and colon tumours, expression of OGT, as well as OGT mRNA levels, is 

significantly increased while the expression of OGA has no remarkable difference when compared 

A B E F 

C D G H 
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to the adjacent normal tissues [28]. In endometrial tumours, mRNA expression levels of both OGT 

and OGA were increased in higher histological grade than in well-differentiated type [29]. 

 

Figure 2 Significantly elevated expression levels of OGT and OGA in PA samples than those in 

normal salivary glands. The box plot graphs show the immunohistochemistry score (0-4) on y-axis 

in normal salivary glands and PA tissues. The small circles in A represent outliers, which were 

included in the statistical analysis (p<0.05; Fisher’s Exact Test). 

Overexpression of OGT and OGA in PA suggests that PTM through O-GlcNAcylation may 

have played a role in the pathogenesis and development of PA. Our result of the increased 

expression level of OGT in PA is in agreement with the upregulation of OGT found in CCA, breast, 

lung, colon, and endometrial tumours. However, the expression of OGA in our study is not 

congruent with downregulation of OGA in breast tumour and CCA or with OGA expression in lung 

and colon tumours that show no difference from corresponding adjacent normal tissues, suggesting 

that OGA may have played different roles in PA, CCA, breast, lung, and colon tumours. However, 

the OGA expression in PA is similar to that in endometrial tumour. Our results show that an overall 

increase in O-GlcNAcylation through elevated OGT and OGA expressions is suggested to be a 

characteristic of PA tumour cells. To the best of our knowledge, this study is the first to determine 

the expressions of O-GlcNAcylation enzymes in salivary gland tumours although details on how O-

GlcNAcylation exactly acts on PA still need to be expound. 

The presence of OGT and OGA may not only be significant in the pathogenesis of PA but 

can also be useful in the management of this salivary gland tumour. Inhibition of OGT in breast 

tumour cells hinders invasion and growth in vitro and in vivo [25]. Therefore, targeting OGT or 

OGA can be a new therapeutic mode in managing PA. 

CONCLUSION 

In summary, the results demonstrate that expressions of OGT and OGA are elevated in PA 

as compared to normal salivary glands. The results suggest that these O-GlcNAcylation enzymes 

may play an important role in the formation and progression of PA and may be a novel therapeutic 

target in managing PA. Further studies are still needed to explain the functional roles of these 

enzymes on PA.  
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Abstract 

 This study aimed to evaluate the effectiveness of the program in primary schools using the 

oral health education handbook to improve the oral health knowledge. Total of 436 third grade 

students in Amphoe Meuang, Nakhonphanom province were randomly divided into a control group 

(219 students) and an intervention group (217 students). The oral health handbook, developed for 

the national project “No caries in Thai children”, was used to provide the oral health knowledge by 

the dentist in an intervention group. Sixteen multiple-choice questions were used to assess the oral 

health knowledge at before session, immediately after session, and three months after the program. 

The mean of knowledge scores at each time point were 5.39±2.02, 11.74±2.50, 10.06±2.64 in the 

intervention group, and 5.50±1.88, 5.94±1.85, 6.40±2.01 in the control group, respectively. 

Students’ oral health knowledge significantly improved at immediately after session (p < 0.001) and 

three months following the intervention (p < 0.001). The knowledge scores in the intervention 

group was also significantly higher than the control group at immediate post-test (p < 0.001) and at 

3 months follow-up (p < 0.001). We concluded that the school-based program using oral health 

education handbook is an effective mean for improving oral health knowledge in student. 

Keywords: oral health, oral health education, knowledge, primary schools 

 
INTRODUCTION  

Dental health care system had previously been focused on treatment more than prevention. 

The more time dentists have to spend on curing the diseases, the less time they are available for oral 

health prevention and promotion. These vicious cycle lefts a lot of people untreated and suffered 

from the protectable disease like dental caries. Since past caries experience is a significant predictor 

of future caries development[1], the oral health promotion, should start as early as possible. 

Childhood is a receptive period appropriated for establishing well and sustainable habits [2, 

3]. As children spend most of their time at schools, WHO Global School Health Initiative, aiming in 

setting health programs in schools, was started in 1995[4]. Therefore, oral health education (OHE) 

in schools has also been suggested[4] to reinforce oral health knowledge and skills throughout their 

school years, enable the children to develop a positive attitude and behavior to maintain good oral 

hygiene and prevent oral health problems. 

Although, the Department of Health has initiated the health-promoting school project in 

Thailand since 1998, the caries prevalence in children is still very high. Data from the National 

survey in 2012 has shown that 56.7 % of the 3 year-old children, 78.5% of the 5 year-old children 

and 52.3% of 12 year-old children had the dental caries[5]. This dental caries situation indicated 

that the efficient and practical primary prevention is still the urgent need in Thai children.    
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Several primary school-based interventions have been studied and demonstrated various 

results due to contributing factors including, duration, content, intervention method, outcome 

measurement and age range of the children [6-23]. Among many interventions, OHE session is 

practical and suitable for incorporating in a curriculum without causing extra workload to teacher. 

Moreover, increasing oral health knowledge has been shown to have positive impacts on behaviors. 

Studies of Petersen et al. [8],  Vanobbergen et al. [15] and Tai et al. [16] showed that OHE sessions 

can significantly improve oral health behaviors such as dietary habits, proper use of fluoride and 

dental visit which are the major contributing factors to dental caries. Moreover, studies of Petersen 

et al. [8], Biesbrock and Walters [18], Worthington et al. [21], Zanin et al. [22] and Saied-Moallemi 

et al. [23] that provide OHE sessions with oral hygiene instruction, had reported a significant lower 

in plaque which is a cause of dental caries [24]. 

 Consequently, the Dental Innovation Foundation under Royal Patronage has started the 

project “No caries in Thai children” in 2014, to establish the best practice model for dental caries 

prevention suitable for the context of the Thai school nationwide. One of the developing tools was a 

series of OHE booklet for using as a media to deliver oral health knowledge in participating 

schools. The advantages of this educational media are user friendly and need no specific equipment. 

A series consists of age-specific student handbook which were designed to provide mandatory oral 

health knowledge for grade 1–3, grade 4–6, grade 7–9. In this study, the effectiveness of oral health 

education program using specifically designed for grade 1–3 OHE handbooks, was evaluated by 

comparing the knowledge of the participants before and after implementing the program and 

comparing between the intervention and control group. The results from this study will greatly 

benefit in developing a cost-effective OHE program that are practical and sustainable in Thai 

educational system in the future. 

MATERIALS AND METHODS 

Sample 

This study protocol was approved by the Ethics committees of Faculty of Dentistry, 

Chulalongkorn University (ethic No. HREC-DCU 2017-031) and the Ethics committees of 

Nakhonphanom hospital (ethic No. IEC-NKP1-No.3/2560). The study was carried out in grade 3 

students attending primary schools in Amphoe Meuang, Nakhonphanom, Thailand. No similar 

studies or any oral health education programs were organized in the city. Primary schools in 

Amphoe Meuang, were randomized selected using cluster sampling and divided into 2 groups 

proportionally according to different types of schools (public and municipal schools) in the ratio 

3:1. The principals of the sampling schools were contacted by telephone and/or invitation letters to 

offer the OHE sessions within classroom time. The detailed information of the study and the 

consent forms were also sent. If they were interested to join the program, the introductory letter, 

demographic questionnaire and consent form were then sent to the parents/caregivers of all 

children. All grade 3 students in each school was put in the same group to avoid the contamination 

of intervention, but only healthy children, that parents were in agreement, were included in the 

study. The children who planned to move out of the area within 6 months were excluded. The 

schools were randomized selected until there were at least 213 samples in each group. 

Oral health education intervention  

The participants were divided into 2 groups. The intervention group was given the OHE 

handbook in advance and attended OHE sessions instructed by a dentist (P.P.) during the classroom 

time. The control group did not receive handbook and extra OHE classes other than national 
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curriculum until the end of the program. The OHE program was divided into 3 sessions that covered 

topics according to the student handbook from the project “No caries in Thai children” of the Dental 

Innovation Foundation under Royal Patronage. The content of each session as shown below. 

1st session:  - The role and importance of teeth 

- Types and numbers of teeth in each dentition 

2nd session:  - Dental plaque and its relationship with dental caries  

- The correct method of tooth cleaning 

3rd session:  - Foods  

- Regular dental visits 

For the right of fairness, the similar OHE sessions and handbook were provided to the 

control group at the end of the project. 

Data collection  

The outcome measure was children’s oral health knowledge through the sixteen multiple-

choice questions. The questionnaire was previously presented to the 2 experts to evaluate content 

validity and was tested twice in separate groups of grade 3 students (n = 25 and n = 34) before using 

in the research.  

The knowledge was evaluated using the 16 scores questionnaire. A score of 1 was given for 

each correct answer and a score of 0 was rated for incorrect answer. The data were collected at 

baseline (prior to OHE sessions), immediately after each OHE session, and 3 months after 

intervention. The students in the control group were also be evaluated during the same period.  

Data analysis 

All data was analyzed using IBM SPSS software version 22.0 (IBM, Armonk, NY, USA). 

The knowledge scores in each group were presented in mean and standard deviation (SD). The 

differences within the comparative groups were tested by paired t-test, and between the comparative 

groups using independent samples t-test. Statistical significant difference was investigated at the 

level of p < 0.05. 

RESULTS AND DISCUSSION  

More than 50% of children in Thailand are suffered from dental caries for past decades. The 

high prevalence and significance of dental caries in children has reflected the lack of preventive 

program for this preventable disease. The development of oral health education program in schools 

is necessary since children spend most of their time at schools and they can be reinforced 

continually throughout their school years. Yet, the effective national program of oral health 

education has never been settled. Therefore, this study was aimed to develop a practical and 

sustainable program focusing on the primary school to initiate oral health education as early as 

possible. 

For the reliability of the study, grade 3 students were chosen due to their intellectual 

development to have better understanding in all contents of the OHE handbook. Interestingly, all 

the contacting schools agreed to join in the study, indicating the realization of importance and the 

need of the oral health education program in these schools.  
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Primary schools in Amphoe Meuang, Nakhonphanom, were randomly selected to reduce 

inequality. A total of 3 municipal schools and 12 public schools participated in this study, rendered 

217 students in the intervention group and 219 students in the control group. The schools were 

randomly selected to reduce inequality. 

The demographic data was shown in Table 1. No significant difference was observed in 

gender, caregiver, socioeconomic status, and the number of family member. This suggested the 

students participated in this study have comparable social background. 

The mean and standard deviation of the oral health knowledge scores at each time point of 

the program were shown in Table 2. The intervention group had the mean of knowledge scores of 

5.39±2.02, 11.74±2.50, 10.06±2.64 at pre-test, immediate post-test and three months follow-up, 

respectively. In the control group, the mean scores were 5.50±1.88, 5.94±1.85, 6.40±2.01, at pre-

test, immediate post-test and three months follow-up, respectively. The missing data was due to 

school absence at that time. As for immediate post-test, if the student missed any OHE sessions, the 

data was cut out. 

Table 1.  Demographic data of the samples 

 Intervention group Control group p-value 

Age (years ± S.D.) 8.95 ± 0.38 8.88 ± 0.52  

Gender (%) 

      Boys 

      Girls 

 

48.4 

51.6 

 

53.0 

47.0 

.340 

 

 

Caregiver (%) 

      Father and/or mother 

      Grandparents 

      Other relatives 

 

73.8 

24.4 

1.7 

 

65.8 

32.1 

2.1 

.251 

 

 

 

Family income (%) 

      0 – 15,000 THB 

      15,001 – 30,000 THB 

      > 30,000 THB 

 

82.9 

10.6 

6.5 

 

86.2 

9.4 

4.4 

.633 

 

 

 

Family members (%) 

1 – 2 members 

3 – 4 members 

      5 – 7 members 

      > 8 members 

 

2.4 

34.1 

48.8 

14.7 

 

2.2 

38.3 

48.9 

10.6 

.652 
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Table 2.  Means and standard deviation of oral health knowledge scores 

 Intervention group Control group 

 Pre-test 
Immediate 

post-test 

3 months 

follow-up 
Pre-test 

Immediate 

post-test 

3 months 

follow-up 

N 217 194 209 219 207 196 

Minimum 1 4 3 0 1 1 

Maximum 11 16 15 12 12 11 

Mean 5.39 11.74 10.06 5.50 5.94 6.40 

S.D. 2.023 2.499 2.640 1.883 1.852 2.009 

Variance 4.091 6.247 6.972 3.545 3.428 4.036 

 Paired t-test was used to analyze the differences of the oral health scores within each group 

(Table 3). In the intervention group, the immediate post-test scores and the 3 months follow-up 

scores were significantly higher than the pre-test score (p < 0.001). On the contrary, there was a 

significant decrease when compared the knowledge scores between immediate post-test and three 

months follow-up. In the control group, the immediate post-test scores and the 3 months follow-up 

scores were also significantly improved compared to the pre-test scores (p = 0.001 and p < 0.001). 

Moreover, the 3 months follow-up scores were significantly higher than the immediate post-test 

scores (p = 0.005). 

The differences between the intervention and the control group were analyzed by using 

independent samples t-test at each time point. There were no significant differences in oral health 

knowledge between students in the intervention group and control group prior to the OHE program 

(p = 0.555), indicating that they had the same level of oral health knowledge at the beginning. 

However, the knowledge scores in the intervention group was significantly higher than the control 

group at immediate post-test (p < 0.001) and at 3 months follow-up (p < 0.001) (Table 4).  

The present findings corresponded with other studies [6, 7] that also reported positive 

impact of OHE in terms of knowledge. Nonetheless, there was a significant decrease in knowledge 

of the intervention group after 3 months. This might suggest that using the lecture based method 

solely may cause the lack of knowledge retention. Teaching strategy greatly affects the knowledge 

retention of the learners [25]. Adding some participating activities into lecture session might 

stimulate learning environment and increase knowledge retention. 

 However, these scores were still significantly higher than the baseline (p < 0.001) and 

significantly higher than the scores of the control group at the same time point (p < 0.001). It 

showed that this OHE handbook was effective to improve oral health knowledge of children, but 

other supportive methods may require to maintain the knowledge level. 

Meanwhile, the control group, not only had a significant improvement in oral health 

knowledge at the same period of immediate post-test, but also at the 3 months follow-up. The 

interference of school curriculum and teachers might be the reasons. The children might acquire 

oral health related knowledge from other sources such as advertisement or online e-learning. In 

addition, although the control group did not receive any oral health education from this program, 

the schools might start oral health educational activities on their own due to the competitive feeling.  
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Table 3.  Oral health knowledge scores compared within intervention group and control group 

 Intervention group Control group 

 t-test p-value t-test p-value 

Pre-test - Immediate post-test -34.378 < 0.001 -3.472 0.001 

Pre-test - 3 months follow-up -25.682 < 0.001 -5.337 < 0.001 

Immediate post-test - 3 months follow-

up 
8.614 < 0.001 -2.859 0.005 

Table 4.  Oral health knowledge scores compared between intervention group and control group 

 t-test df p-value 

Pre-test -0.591 434 0.555 

Immediate post-test 26.266 354.681 < 0.001 

3 months follow-up 15.776 386.818 < 0.001 

There were some difficulties in outcome measurement. Although the questionnaire was 

previously tested with other groups of students in the same grade, the misunderstood or unclear 

questions were still mentioned in the study. This may be caused by the dissimilarity of social 

environment and knowledge level of children from urban and rural area. Moreover, changes of 

behavior and oral health status such as DMF (caries) index are challenged to examine because they 

require the long-term evaluation. Thus, with the limitation of time and human resource, they were 

not used as outcome measurement in this study. 

Despite the significant improvement of the control group’s knowledge, the intervention 

group had significantly higher knowledge score at both immediate post-test and at 3 months follow-

up. The study demonstrated that this student handbook and oral health education program can 

increase oral health knowledge significantly. Many studies had dentists played the role of oral 

health educators to avoid miscommunication. Hence, the oral health education program may not be 

easy to extend nationally due to the insufficient dental staffs. Consequently, further studies should 

involve school personnel and teachers into the program since they spend most of their time with the 

children. This OHE handbook can be useful as it can deliver correct message to the public and also 

can help the teachers to plan and deliver OHE more comprehensively. Knowledge is a factor that 

influence the forming of positive attitude and oral health behaviors [26], which can lead to the good 

oral health status. Nevertheless, changing behavior cannot be accomplished by knowledge 

improvement only, but it also requires beliefs, practices and other social and environmental 

supports. Future design of OHE should also include behavioral intervention in the program and 

incorporate oral health education program into the school curriculum for the long-lasting effects. 

CONCLUSION 

In conclusion, the result showed that this student handbook and oral health education program 

are effective to improve oral health knowledge of the children, which had significantly higher 

knowledge than the control group. However, the insufficient of dental personnel may limit the 

distribution of the program nationwide and long-lasting effects cannot be accomplished by 

knowledge improvement only. Hence, further studies should include behavioral intervention, 

involve school teachers in the program and incorporate the oral health education into the school 

curriculum.  
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Abstract 

The purpose of this study was to evaluate fluoride content and topography of the 

remineralized incipient caries using fluoride varnish. Twenty-five human enamel samples were 

randomly assigned to 5 groups: artificial saliva, 1,100 ppm fluoride dentifrice, Duraphat®, 

ClinproTM and fluoride varnish manufactured in Thailand (DIF-FLV). Topical fluoride agents were 

applied to the lesions before submitted to the pH-cycling. Topography was evaluated using 

scanning electron microscope and fluoride deposition was analyzed by energy dispersive x-ray 

spectroscopy. The differences in fluoride content were compared using the One way ANOVA test 

and Games-Howell test. Duraphat® group showed the greatest fluoride content on the remineralized 

surface. Interestingly, both Duraphat® and DIF-FLV groups had a significantly higher fluoride 

content when compared to ClinproTM and 1,100 ppm fluoride dentifrice groups. The fluoride varnish 

groups showed the similar pattern of densely packed calcium fluoride globules on the surface. 

Meanwhile, loosely packed calcium fluoride globules in a cluster was displayed in a fluoride 

dentifrice group. The difference in pattern and amount of calcium fluoride may have an influence 

on the physical properties. Moreover, DIF-FLV was comparable to the commercial varnish 

regarding to the fluoride content and topography of treated surface. Therefore, it should be 

considered as one of the effective topical fluoride agents. 

Keyword: topical fluoride agents, fluoride varnish, fluoride dentifrice, fluoride content, calcium 

fluoride 

INTRODUCTION  

Dental caries is a dynamic process which caused by an imbalance between demineralization 

and remineralization [1]. It covers the onset in atomic level of demineralization, through the initial 

lesion in enamel as visible as the ‘‘white spot lesion’’. If leave unattended, the demineralization will 

progress through dentin, and ultimately manifest as a cavitation. The fundamental method for caries 

prevention is the use of fluoride. Caries preventive effect of fluoride currently focuses on the topical 

contact of fluoride to enamel surface. Then, the use of topically applied fluoride has been 

emphasized especially in the patients with the white spot lesions [2]. The reaction of topical fluoride 

is restricted to the 10 µm from outer surface in sound enamel [3] while the early carious lesion 

allows deeper penetration due to its porosity and enables fluoride to react with the minerals 

dissolving from the lesion body [4]. 

Efficacy of topical fluoride agents in caries prevention greatly depends on concentration and 

frequency of application [5]. The use of high fluoride concentration by dental professional renders 
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the surface mineral deposition [6]. This precipitated surface layer prevents further acid solubility of 

mineral in the deeper layer and also makes the caries lesion more resistant to acid attack [7]. On the 

other hand, exposing to low fluoride concentration such as the daily use of fluoride dentifrice results 

in a slow penetration into the deeper layer causing fluoride to widely distributes throughout the 

entire caries lesion [8].  

Daily brushing with fluoride dentifrice 1,000 to 1,100 parts per million (ppm) twice a day 

has been a principal method in caries prevention for decades. The anti-cavity effect caries is 

significant in fluoride concentration of 1,000 ppm and above [9]. Furthermore, the caries preventive 

effect of fluoride dentifrice increased with greater frequency of use [10]. 

Fluoride varnish has become one of the most widely used professionally applied topical 

fluoride agents. It is recommended in high risk caries patients including patients with initial carious 

lesions [11, 12], patients wearing orthodontic appliances [13, 14], non-cooperative patients such as 

children younger than six years old, and geriatric patients with susceptibility of root caries [2]. It is 

also recommended in patients with special health care needs [15, 16]. As fluoride varnish 

application does not require extra dental equipment and consume less chair time, fluoride varnish is 

considered as a caries prevention method in community-based services in several countries [17]. 

Although the anti-caries benefit of topical fluoride was widely reported, most of the studies 

have shown the effectiveness of fluoride agents in term of the quantity such as percentage or depth 

of remineralization [18-22]. However, their quality of remineralization such as topography and 

fluoride level of remineralized surface are rarely investigated. The objective of this study was to 

investigate the topography and to determine the fluoride composition that deposit on the surface of 

remineralized incipient caries lesions using scanning electron microscope and energy dispersive x-

ray spectroscopy. A low concentration and high frequency approach was represented by 1,100 ppm 

fluoride dentifrice. On the other hand, commercial fluoride varnish represented the professional 

topical fluoride agents indicating a high concentration and low frequency manner in caries 

prevention. Besides, the fluoride varnish manufactured in Thailand by Dental Innovation 

Foundation under the Royal Patronage was also included for the test of remineralizing quality. The 

results from this study might provide the better understanding in different mechanism of action 

between high and low fluoride concentration. 

MATERIALS AND METHODS   

Sample preparation 

The study’s protocol was approved by the Human Ethic Committee, Faculty of Dentistry, 

Chulalongkorn University (Ethic No. HREC-DCU 2017-032). Twenty-five buccal and lingual 

surface of human permanent premolar teeth which were free of caries, restoration, hypoplasia, 

cracks, white spot lesion and other enamel defects were included in the study. These included 

samples were examined by visual examination, using explorer and under stereomicroscope 

observation (10X magnification). 

The teeth were ground flat and polished by 1,000, 2,000 and 4,000 grit abrasive paper to 

expose fresh enamel and remove the fluoride rich layer that may interfere the demineralization in 

pH cycling. The low speed cutting machine (ISOMET1000TM, Buehler, USA) was utilized to 

section the selected teeth into a block size 2×5×3 mm3. Samples were pooled and randomly 

assigned to 5 groups, each containing 5 samples: artificial saliva (Group A), 1,100 ppm fluoride 

dentifrice, Colgate total® (Colgate-Palmolive, Thailand)  (Group B), 22,600 ppm fluoride varnish, 
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Duraphat® (Colgate-Palmolive Company) (Group C), 22,600 ppm fluoride varnish, ClinproTM (3M 

ESPE company)(Group D) and 22,600 ppm fluoride varnish manufactured in Thailand by Dental 

Innovation Foundation, DIF-FLV (Group E). 

Artificial caries formation 

The solution preparation for this process was referred to Ten Cate and Duijsters, 1982 [23]. 

In brief, the demineralized solution contained 2.2 mM CaCl2, 2.2 mM NaH2PO4, 0.05 M acetic acid 

and pH 4.4 was adjusted using 1M KOH 3 ml. The samples were immersed in the demineralized 

solution for 4 days at 37 °C in the incubator shaker to create the initial caries lesions 150-200 µm 

depth [18]. The solution was changed every 24 hours. After demineralization, each sample was 

rinsed in deionized water for 20 seconds and dried carefully with tissue paper.  

Fluoride treatment and pH-cycling 

For group C, D and E, 0.02 ml fluoride varnish was applied following the manufacturers’ 

instructions. While the samples in group B were immersed in 3 ml fluoride dentifrice slurry for 2 

minutes. The dentifrice slurry was prepared by thoroughly mixing a 3:1 ratio of deionized water and 

dentifrice (by weight) [18]. Then, the treated samples were stored in artificial saliva (methyl-p-

hydroxybenzoate 2.0 g, sodium carboxymethyl cellulose 10.0 g, KCl 0·625 g,  MgCl2·6H2O 0·059 

g, CaCl2·2H2O 0·166 g, K2HPO4 0·804 g, KH2PO4 0·326 g in 1000 ml of water, pH 7) [24] for 24 

hours. Then, all of the samples were subjected to the pH cycling involving 3 hours of 

demineralization, 2 hours of remineralization, 3 hours of demineralization and 15 hours of 

remineralization for 10 days [18]. The demineralized solution contains 2.2 mM CaCl2, 2.2 mM 

NaH2PO4, 0.05 M acetic acid, pH 4.7 adjusted using 1M KOH. The remineralized solution: 1.5 mM 

CaCl2, 0.9 mM NaH2PO4, 0.15 M KCl, pH 7 adjusted using 1M KOH [23]. The samples in group B 

were immersed in 3 ml dentifrice slurry after demineralized process for 2 minutes. Each sample 

were rinsed through the deionized water for 20 seconds before immersed in the other solution. The 

time employed in rinsing the samples and changing the solution was not exceed 1 hour. 

Energy Dispersive Spectroscopy (EDS) and Scanning Electron Microscope (SEM) 

After pH-cycle, five samples from each group were attached to carbon sheet and mounted on 

an aluminum stub for EDS analysis at  an acceleration voltage of 15kV [25]. The resulting X-ray 

was processed for quantitative analysis in order to identify the elements as well as computed the 

element concentrations. For each sample, ten points of 150 µm x 150 µm area were randomly 

selected [26]. The elemental concentration of fluoride was calculated from the total elemental 

composition of the enamel surface and expressed as mean weight percent (wt%). After EDS, three 

air-dried samples from each group were sputtered with a thin layer of gold and attached to the 

aluminum stubs for SEM analysis. The surface of the sample was scanned at the magnification of 

15000X, 40000X and 60000X.  
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Figure 1.  The pH-cycling protocol 

Statistical analysis 

Significant difference in the fluoride composition among 5 groups was analyzed by one way 

ANOVA test and Games-Howell test at the 95% level of confidence. For all statistical analyses, 

SPSS statistic 22 was employed. 

RESULTS AND DISCUSSION 

Fluoride composition on remineralized surface 

The mean and standard deviation of fluoride content of the treated enamel surface after 10 

days pH-cycling are shown in Figure 2. The application of fluoride dentifrice and fluoride varnish 

significantly increased fluoride content on enamel surface when compared with the artificial saliva 

group (p<0.005). Duraphat® showed the highest fluoride content (0.2284±0.1975) followed by DIF-

FLV (0.1844±0.0029), ClinproTM (0.046±0.0040) and 1,100 ppm fluoride dentifrice 

(0.0398±0.0039), respectively. Both Duraphat® and DIF-FLV showed a significantly higher fluoride 

content when compared to ClinproTM and 1,100 ppm fluoride dentifrice (p<0.005). However, no 

significant difference in fluoride content was observed between Duraphat® and DIF-FLV (p=0.328).  
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Figure 2. The mean and standard of fluoride content of the treated enamel surface after entering 10 

days pH-cycling 

Same letters indicate statistically significant difference (p<0.005) 

For morphological observation of caries lesion showed porous appearance to confirm our 

protocol in artificial caries formation (Figure 3a, 3b, 3c). The scanning electron microscope image 

of enamel surface treated by 1,100 ppm fluoride dentifrice, fluoride compound appeared as the 

cluster of spherical globules which were loosely packed. These fluoride globules showed an average 

size of approximately 0.5-0.6 µm in diameter. The observed globule sizes from by 1,100 ppm 

fluoride dentifrice were varied in a range from 20-100 nm (Figure 3d, 3e, 3f).  

Fluoride compound formed by fluoride varnish showed distinctive pattern when compared 

to those formed by 1,100 fluoride dentifrice. Fluoride varnish produced a uniformed layer of 

densely packed fluoride particle at 60-100 nm in diameter. Similar remineralized surface 

morphology was observed within all 3 types of fluoride varnish treatments (Figure 3d-3o). The 

SEM image of Duraphat® (Figure 3g, 3h, 3i) and DIF-FLV (Figure 3m, 3n, 3o) showed a higher 

density of fluoride compound globules when compared with ClinproTM (Figure 3j, 3k, 3l). Less 

variation of the size of spherical globules was found in fluoride varnish than 1,100 ppm fluoride 

dentifrice.  
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Figure 3. The scanning electron microscope images of enamel samples 

Nowadays, caries management methods focus on early detection of initial lesion to provide 

a great opportunity to reverse the ongoing process and eliminate the need for restorations [27]. 

Topical fluoride agents play an important role in remineralization by forming the calcium fluoride 

on the surface of initial caries. Calcium fluoride in enamel carious lesions after topical fluoride 

application is considerable, thereby the deposition of calcium fluoride is expected to be an 
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important mechanism of remineralization [28]. Caries prevention effect of topical fluoride agents 

greatly depend on several factors. Type of fluoride compounds, form of vehicles, and fluoride 

concentrations determined the duration and frequency of application. These variables may affect the 

outcome of caries prevention due to the different mechanism of action. 

The scanning electron microscope (SEM) has been employed as a tool to study the 

crystalline structure and morphological characters of treated surface. It allows the visualization at 

the surface of dental substrate [29, 30]. Energy dispersive x-ray spectroscopy (EDX or EDS) has 

been used to determine the elements that deposit on the surface of samples. The surface component 

can be analysed and displayed in mean weight percent (wt%) of the total elemental composition 

[31]. It is well established that the presence of calcium fluoride can be detected using chemical or 

ultra-structural analysis [31, 32]. To confirm that the globular compound on the surface is calcium 

fluoride, we have compared with the negative control groups (no fluoride exposure) which showed 

no globular precipitation on the surface. Next, the result from EDS showed that element detect on 

the treated surface was fluoride and calcium with a trace of phosphate, oxygen and chloride. Lastly, 

the SEM image of Duraphat® in this study, a globular compound, was similar to the previous report 

[33]. 

According to our findings, all the fluoride treatments, both low and high concentration, were 

able to increase the fluoride content on the treated surface. This can be implied that the use of 

topical fluoride either fluoride varnish or 1,100 ppm fluoride dentifrice resulted in the deposition of 

a protective layer of calcium fluoride on surface of initial caries lesion. However, statistically 

significant differences among the fluoride treatments were found. Both Duraphat® and DIF-FLV 

had a significantly higher fluoride content than 1,100 ppm fluoride dentifrice. Duraphat® and DIF-

FLV are formulated to provide 22,600 ppm available fluoride ions. The SEM images of Duraphat® 

and DIF-FLV showed a layer of densely packed globules which EDS analysis showed the highest 

fluoride composition of 0.2284% and 0.1844%, consecutively. 

The use of fluoride varnish indicates a high concentration and low frequency manner 

resulting in the deposition of fluoride on the surface [6]. On the contrary, the use of fluoride 

dentifrice is a low concentration and high frequency approach resulting in a slow penetration in to 

the deeper subsurface caries lesion [8]. This was suggested by the SEM image of Duraphat® and 

DIF-FLV showed a densely packed calcium fluoride on treated surface which had a fluoride 

composition of 0.2284% and 0.1844%, significantly higher than 1,100 ppm fluoride dentifrice 

(0.0398%). Another explanation of this finding is a natural tree resin (colophony or rosin) or shellac 

which attributed to the adherence to the tooth surface allowing prolonged the interaction of fluoride 

and enamel over time. Owing to its ingredient, fluoride varnish allows the good adherence and the 

prolonged contact time between fluoride and tooth surface. In corresponding to the study of 

Caslavska et al., 1991, after the application of sodium fluoride (NaF) on enamel, the calcium 

fluoride level presents in enamel substantially 6 weeks after treatment and modest amount persists 

for as long as 18 months. Therefore, it is more likely that calcium fluoride still presents for several 

weeks after the application of high fluoride concentration [34]. 

According to the instructions, the active ingredient of these fluoride varnish is 5% sodium 

fluoride. All fluoride varnish used in this study contain 22,600 ppm fluoride concentration. 

Moreover, our study equally controlled the amount of fluoride varnish used in the experiment. 

Duraphat® and DIF-FLV had a significantly higher fluoride content than ClinproTM. The SEM 

image of Duraphat® and DIF-FLV confirmed a higher density of calcium fluoride globules when 
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compared with ClinproTM. The EDS analysis of ClinproTM showed a lower fluoride composition 

than Duraphat® and DIF-FLV. The explanation may be the difference of ingredient. However, 

several studies found no significant difference in remineralization effect between Duraphat® and 

ClinproTM [12, 35, 36]. Our data provided only fluoride composition and validated with the 

morphological image. Further study about how the difference in remineralized surface topography 

and level of fluoride composition affect physical properties of enamel is needed. 

According to the elemental analysis, the fluoride content of Duraphat® and DIF-FLV was 

not significant difference. The SEM images of remineralized surface after the application of both 

fluoride varnish and entering the 10 days pH-cycling were similar. The images showed a densely 

packed of spherical globules which was in accordance with the previous studies of Nelson et al., 

1983, Øgaard, 1990  [30, 33]. Duraphat® has been widely used as an effective measure to prevent 

caries by professional in several countries including Thailand. Despite a great benefit in caries 

prevention, the expenses for imported fluoride varnish are costly in developing countries. Dental 

Innovation Foundation under Royal patronage aimed to develop the fluoride varnish in Thailand 

which can be comparable to the commercially available fluoride varnish in term of safety and 

preventive efficiency. From our preliminary data, DIF-FLV rapidly released high dose of fluoride 

within the first few hours after application and promoted the remineralization of artificial root caries 

in vitro by micro CT analysis. In this study, DIF-FLV had shown the high level of fluoride 

compound and the similar topography of remineralized surface resembled to Duraphat®. Taken all 

together, DIF-FLV might be considered as one of the effective topical fluoride agents in promoting 

remineralization. However, our results in this current study are an in vitro model. Other qualitative 

effect of topical fluoride agents in remineralization such as surface hardness and acid resistance 

should be considered in the future study. 

CONCLUSION 

Fluoride content of the treated enamel surface after the application of fluoride varnish 

manufactured in Thailand is comparable to Duraphat® and is significantly higher than ClinproTM and 

1,100 ppm fluoride dentifrice. Each topical fluoride agent reacts with the initial caries surface 

differently, producing its own pattern. After 10 days pH-cycling, the application of fluoride varnish 

even a single application results in a homogenous scatter and densely pack of calcium fluoride 

globules while the regularly use of 1,100 ppm fluoride dentifrice precipitates in a loosely cluster of 

calcium fluoride agglomerates. Regarding fluoride content and morphology, fluoride varnish 

manufactured in Thailand produced the surface protection comparable to Duraphat®. 
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Abstract 

 Neutrophils are a key effector cell in innate immunity that rapidly defense to bacterial 

infection via phagocytosis and neutrophil extracellular trap (NET). NET function is still unclear; 

however, it could be trap pathogenic bacteria at the route of entry to reduce spread over of bacteria. 

NET is characterized by the disruption of the nuclear membrane allowing decondensed chromatin 

with release of granule components such as neutrophil elastase (NE). Several compounds and 

techniques to test NET formation were proposed by different laboratories with individual bias and 

in house reagents that hard to compare those results and follow technique. Therefore, a common 

method to quantification of NET formation is a need for further study on function and signaling 

pathway of NET. In this study, the protocol for analysis of NET formation using 

immunofluorescent assay was investigated. Isolated neutrophils from peripheral blood samples 

from healthy donor (n = 6) were incubated with different doses of phorbol 12-myristate 13-acetate 

(PMA) and lipopolysaccharides (LPS) at different time points. Three-color fluorescent staining for 

NE, H2A histone and nuclear DNA was performed to determine the percentages of total NETotic 

neutrophils with identified early and late phases using scanning confocal microscopy. The 

percentages of NETotic neutrophils were increased as dose-dependent manner of PMA and LPS 

and time-dependent. Neutrophils treated with PMA (100 ng/mL) alone for 90 min showed 

significant increased late phase of NETotic neutrophils when compared to untreated neutrophils. 

This technique is specific and commercial reagent available that could be useful for determines 

NETotic neutrophils. 

Keywords: NET formation, neutrophil function, infection, immunofluorescent assay, confocal 

microscopy 

INTRODUCTION 

Neutrophils are key effectors of the innate immunity because they can recognize, ingest and 

destroy many pathogens without the aid of the adaptive immunity [1]. Neutrophils make up the first 

wave of immune cells that cross the blood vessel wall to site of infection and initiation of 

inflammatory response [2]. At the inflammatory site, neutrophils are activated to perform several 

tasks including cytokine secretion, degranulation and phagocytosis. Here, the mechanisms of 

neutrophils against to bacterial infection are categorized into 3 steps; inflammation, phagocytosis 

and neutrophil extracellular traps (NETs) [3]. Indeed, neutrophils can kill bacteria extracellularly by 
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release of chromatin covered with granule contents and selected cytoplasmic constituents providing 

NETs [4, 5]. The process of NET generation, called NETosis, is a specific type of death, different 

from necrosis and apoptosis [6]. After neutrophils are primed and adhered on endothelium, the 

mechanisms of phagocytosis or NETosis will be occurred. However, precise stimulus recognition 

and mechanisms involved in the selection of future response of neutrophils remain to be discovered 

[7]. 

After stimulation, the neutrophil chromatin undergoes decondensation followed by mixing 

of euchromatin and heterochromatin that is mediated by neutrophil elastase (NE) and 

myeloperoxidase (MPO), storage in the azurophilic granules [8]. First, NE degrades the linker 

histone H1 and the core histones, leading to chromatin decondensation that is enhanced by MPO 

[9]. During NET formation, histone H3 undergoes a modification (the “citrullination”) that converts 

arginine residues to citrulline. The citrullination of histones is catalyzed by peptidylarginine 

deiminase 4 that is localized in the nucleus of neutrophils. Subsequently, the nuclear membrane is 

damaged leading to chromatin expands inside the cell and is mixed with granular antimicrobial 

factors. Finally, the cell membrane breaks and NETs are event released [7, 9]. Furthermore, NETs 

have been shown to play a role in both of infectious, such as sepsis and non-infectious, for instance, 

thrombosis, fibrotic diseases, cardiovascular diseases or cancer. Therefore, interpretation of the 

NETosis mechanism has become a highly important topic in health [10]. 

The identification of NET has been observed by different protocols and techniques. Analysis 

of NETosis was need to prime neutrophils with stimuli as found in physical condition. Moreover, 

stimuli treated neutrophils have to performed to the induction of NETosis as positive control. 

Therefore, several stimuli such as lipopolysaccharides (LPS), phorbol 12-myristate 13-acetate 

(PMA), inflammatory cytokines (interleukin (IL) 6 and IL-8), calcium ionophore, ionomycin and 

non-commercial antibody agents were investigated to the induction of NETosis at different time 

points [11]. It is cannot summarized that which agonist and what incubation time could be used as 

standard protocol. Moreover, several techniques such as electron microscopy and 

immunofluorescent staining were modified for analysis of NETosis [4, 12, 13]. Electron 

microscopy for NETosis was high-resolution to analyze the morphology of the lobular complexes in 

neutrophils as the assembled fiber formation [4]. However, this technique needs special skill and 

expensive instrument. Immunofluorescent staining for NETosis using flow cytometry was measured 

the double expression of H3citrulline and MPO in neutrophils. However, this technique is limited 

because the late phase of NETosis is cell clumping that could be interfere [13]. Immunofluorescent 

staining for NETosis using fluorescent and confocal microscopy was also determined fluorescent 

signal of NET markers such as NE, MPO, H1/H2A/H3citrulline histone and nuclear DNA with 

neutrophil morphology which benefic for measure percentage or quantifying area of NET formation 

in the field [12]. This technique could be distinguished NETosis and necrosis or apoptosis as well as 

easy to count number of NETs through signal. However, the limit of fluorescence microscopy is 

cannot apply for high throughput screening. There have been many laboratories that used 

immunofluorescent staining for NETosis. However, the individual bias and in house reagents were 

proposed that hard to compare those results and also used as a standard protocol. Therefore, a 

common method to quantification of NET formation needs for further study on function and 

signaling pathway of NETs.  
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 In this study, the stimuli and incubation time for induce in vitro human NETotic neutrophils 

and analysis of the percentages of total NETotic neutrophils with identified early and late phase 

stages using immunofluorescent assay and measuring by scanning confocal microscopy were 

established. 

MATERIALS AND METHODS 

Subjects 

 Peripheral blood samples were collected from healthy donor (n=6) and processed within 3 h. 

The study protocol has been approved by the Mahidol University Institutional Review Board 

(approval number COA No. MU-CIRB 2017/043.1403). Written informed consent was obtained 

from all individual participants included in the study. 

Analysis of neutrophil extracellular trap formation using confocal microscopy 

 Isolated neutrophils from peripheral blood samples were collected as described in previous 

study [14]. Human neutrophils (2×105 cells) were seed on 13 mm glass coverslips in 24-well-plates 

containing absence or present of PMA (100 - 1,000 ng/mL), LPS (100 - 1,000 ng/mL) in 10% 

autologous plasma-RPMI1640 media for 15 - 90 min at 37C, 5% CO2. Cover glasses containing 

attached neutrophils were fixed with 4% paraformaldehyde solution to performed 

immunofluorescent staining (modified from [15]). Samples were stained with primary antibodies 

(mouse anti-neutrophil elastase mAb, Thermo Scientific and rabbit anti-histone H2A polyclonal 

antibody,Thermo Scientific), consequently, secondary antibodies (FITC conjugated F(ab')2-goat 

anti-mouse IgG (H+L) cross-adsorbed, Thermo Scientific and Cy5 conjugated goat anti-rabbit IgG 

(H+L) cross-adsorbed, Thermo Scientific) and 4',6-diamidino-2-phenylindole, dihydrochloride 

(DAPI) (Thermo Scientific). The NET formation was analyzed under Confocal Laser Scanning 

Microscope (FV10i-DOC, Olympus) using cell^Sens software (Olympus). One hundred neutrophils 

per condition were counting from 2 different coverslips with difference regions, 10 fields were 

discarded between counted region. The neutrophils were captured images using the Z-stack with a 

200 lens. The intensities of FITC and Cy5 are represented NE and chromatin, respectively. It’s 

were measured for each region of interest (ROI). After cells stimulation, a fraction of cells had 

decondensed nuclei and increase intensity of Cy5, indicating NET formation [12]. 

STATISTICAL ANALYSIS 

 Data were analyzed using GraphPad PRISM 5.0 (GraphPed Software, Inc.). Comparisons 

between parameters were evaluated with a non-parametric Mann-Whitney U test. The threshold for 

statistical significance for all comparisons was P < 0.05. 

RESULTS AND DISCUSSION 

Definition of NET formation 

 Isolated neutrophils from donor were treated with 100 ng/mL PMA and 100 ng/mL LPS for 

90 min at 37oC, 5% CO2. Untreated neutrophils were used as control. Fixed neutrophils on cover 

glass were stained with fluorochrome conjugated antibodies specific to NE (green, cytoplasmic 

protein), H2A (red, nuclear protein that express during chromatin decondensation) and nuclear 

DNA (blue) for analysis of NET formation measuring by scanning confocal microscopy (Figure 1). 

Morphology and intensity of NE and H2A were measured to classify the resting stage of neutrophils 
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or no NET formation and positive NET formation that was divided into 2 phases; early and late 

phase [12]. Resting stage of neutrophils as found in untreated condition were defined by 3-5 lobes 

of nucleus (Figure 1a-d) which stains weakly with H2A signal (red) and brightly with NE signal 

(green) (Figure 2a). 

 

Figure 1. Scanning confocal microscopic analysis of neutrophil extracellular trap formation. 

Isolated neutrophils from peripheral blood samples were incubated with absence or present of 

combined PMA/LPS for 90 min at 37C, 5% CO2. (a-d) Untreated and (e-p) PMA/LPS treated 

neutrophils were stained with fluorochrome conjugated antibodies specific to NE (green), H2A 

histone (red) and nuclear DNA (blue) to analyze fluorescent intensity and morphology that can 

identified as negative NETosis as shown in (a-d) and positive NETosis as shown in (e-h) for early 

phase and (i-l) for late phase. 

PMA/LPS-treated neutrophils were found both early and late phase (Figure 1e-p). Early 

phase of NET formation, neutrophils rapidly become adherent and lose of nuclear lobe (Figure 1e-

h). The intensity of fluorescent signal of H2A signal (red) during early phase of NETosis was 

higher than resting stage and the nuclei in early phase of NET formation begin decondense (Figure 

2b). Late phase of NET formation, nuclei change to homogenous mass that can divided into 2 forms 
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[5]; 1) slow cell death form as shown in Figure 1i-l that nuclear delobulation, chromatin 

decondensation and plasma membrane rupture; and 2) non-lytic form as shown in Figure 1m-p that the 

secreted expulsion of nuclear chromatin and release NE. Moreover, the relative staining intensity of NE and 

H2A histone was specified in the line plots of individual neutrophils. The relaxation of chromatin during 

NETosis results in the highly expression of H2A. H2A histone as marker for chromatin staining was 

increased fluorescent intensity than NE signal and also loses of lobe to mass as well as may reveal to slow 

cell death formation of NET (Figure 2c). Thus, the late phase of NET formation could be a good marker for 

NET activity. 

 

Figure 2. Relative fluorescent analysis of neutrophil elastase and H2A histone. Multi-color staining 

for NET analysis were performed and examined the fluorescent intensity of NE and H2A histone to 

identification of (a) negative NETosis, (b) early and (c) late phase of positive NETosis. Distance 

was the length of nucleus per neutrophil. 

Concentration of PMA and LPS to induction of NETosis 

 Isolated neutrophils from donor (n = 3) were treated with different doses of PMA combined 

with different doses of LPS for 30 min at 37°C, 5% CO2. Untreated neutrophils from individual 

subjects were used as control. Multi-color staining for NET analysis was performed. One hundred 

of neutrophils were count and calculated the percentages of total NETs of neutrophils, and then, 

identified the positive NETs into early and late phases to re-calculated as the percentages of early 

and late phase of total NET positive neutrophils. Untreated neutrophils at 30 min incubation had 

20±2% total NET of neutrophils as spontaneous NET formation (Figure 3a). All those positive 

NETs were present early phase; no late phase was found in untreated neutrophils. Combined 

different doses of PMA (100, 500 and 1,000 ng/mL) with 100 ng/mL LPS treated neutrophils were 

significant increased the percentages of total NET formation as dose-dependent manner of PMA 

(mean±SD, 39±10%, 67±14% and 91±4%, respectively) when compared to untreated neutrophils (P 

< 0.05). Combination of different doses of LPS (100, 500 and 1,000 ng/mL) with 100 ng/mL PMA 
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treated neutrophils were also significant increased the percentages of total NET formation as dose-

dependent manner of LPS (39±10%, 74±2% and 88±4%, respectively) when compared to untreated 

neutrophils (P < 0.05). However, the late phase of NET formation was no present in those 

conditions (Figure 3b). Therefore, the data represented combined PMA and LPS could be used as 

agonist to induced NET formation of isolated neutrophils. However, the incubation time was too 

short. 

Figure 3. The concentration of agonists induced neutrophil extracellular trap formation. Isolated 

neutrophils from peripheral blood samples (n = 3) were incubated with absence or present of 

different doses of PMA and LPS for 30 min at 37C, 5% CO2. Multi-color immunofluoresent 

staining was performed. One hundred neutrophils per condition were count and calculated the 

percentages of (a) total NET formation of neutrophils and (b) early and late NET formation of total 

NET positive neutrophils. Experiments were duplicated. 

Incubation time for PMA/LPS induced NETosis 

 PMA (100 ng/mL) alone or combined with LPS (100 ng/mL) (PMA/LPS) were treated 

isolated neutrophils from donor (n = 3) for 15, 30, 60 and 90 min at 37°C, 5% CO2. Untreated 

neutrophils at each time point from individual subjects were used as control. The percentages of 

total NET formation of PMA alone or PMA/LPS treated neutrophils were significant increased as 

time-dependent manner when compared to same condition at different time points (Figure 4). At 15 

min incubation, the percentages of total NET formation in PMA alone and PMA/LPS treated 

neutrophils were significant increased as time-dependent manner (22±10% and 39±9%, 

respectively) when compared to untreated neutrophils (11±6%) (P < 0.05) (Figure 4a). 

However, the late phase of NET formation was not found at 15 min (Figure 4b). Similarly, 

at 30 min incubated neutrophils with PMA alone or PMA/LPS were significant increased the 

percentages of total NET formation (52±6% and 52±5%, respectively), but not late phase when 

compared to untreated neutrophils (24±12%) (P < 0.05). After neutrophils incubated with PMA 

alone or PMA/LPS for 60 min, the percentages of total NET formation were also significant 

increased (68±11% and 78±12%, respectively) when compared to untreated neutrophils (22±3%) (P 

< 0.05). Finally, PMA alone or PMA/LPS treated neutrophils for 90 min was significant increased 

the percentages of total NET formation (76±6% and 82±11%, respectively) when compared to 

untreated neutrophils (21±7%) (P < 0.05). Moreover, PMA alone and PMA/LPS treated neutrophils 

for both 60 and 90 min were represent the late phase of NETs. The percentages of the late phase of 
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NET at incubation time 90 min (PMA alone 21±6% and PMA/LPS 28±2%) was higher than at 60 

min (PMA alone 5±2% and PMA/LPS 8±4%) (P < 0.05) (Figure 4b). Moreover, the late phase of 

100 ng/mL PMA and 100 ng/mL LPS treated were not significant difference when compared to 100 

ng/mL PMA at 90 min. 

 

Figure 4. The incubation time for PMA/LPS induced neutrophil extracellular trap formation. 

Isolated neutrophils from peripheral blood samples (n = 3) were incubated with absence or present 

of PMA alone (100 ng/mL) or combined PMA (100 ng/mL) and LPS (100 ng/mL) for 15-90 min at 

37C, 5% CO2. Multi-color immunofluoresent staining was performed. One hundred neutrophils 

per condition were count and calculated the percentages of (a) total NET formation of neutrophils 

and (b) early and late NET formation of total NET positive neutrophils. Experiments were 

duplicated.  
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CONCLUSION 

 Neutrophils are stimulated with inducer under go to release NET formation from healthy 

donor. The ability of NETosis based on individual subjects, type of agonists, concentration of 

agonists and incubation time. NET formation can spontaneously occur in in vitro study that 

neutrophils treated with 100 ng/mL PMA alone were stimulated consequence to highest formation 

of the late phase of NETosis at 90 min. This technique was useful to further determination of NET 

formation. 
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Abstract 

The aim of the study was to add the value of by-products from industrial freshwater catfish 

processing. The fish oil from the adipose tissues of freshwater hybrid catfish (Pangasius larnaudii x 

Pangasianodon hypophthalmus) were extracted. The oil was examined and analyzed for identify the 

physical and chemical properties, heavy metal contents and bacterial contamination. Fatty acid 

compositions were determined by gas chromatography (HPLC). The saponification numbers and 

peroxide value of fish oil was determined according to the standard of oil from Thai food and drug 

administration (Thai FDA). Results revealed that freshwater fish oil was appeared in yellow liquid 

form at room temperature. In addition, mono-unsaturated fatty acids (MUFA) were found higher 

than saturated fatty acids (SFA) and the average amount of important MUFA included omega-3, 

omega-6 and omega-9 which were found at 1.05%, 11.72% and 43.52%, respectively. 

Subsequently, E.Coli and Samonella Spp. were tested, and the resulted showed that non-detectable. 

Since, fish oil can also act as a source of beneficial fatty acids. Therefore, freshwater hybrid catfish 

oil can be utilized for edible purposes and as a component in both food and pharmaceutical 

industries. 

Keyword freshwater fish oil, fatty acid composition, physical properties, chemical properties,  

heavy metal contamination 

INTRODUCTION 

Fish oil is the lipid fraction extracted from fish and fish by-products. Presently, the 

production of fish oil is becoming more demanding as there is a sizeable and growing world market 

demand for high quality fish oil. Apart from its various uses as consumable oil, it is also considered 

an important component in both pharmaceutical and food industries [1]. Fish oil is important not 

only for their application in food, but also for industrial applications, such as the production of 

pharmaceuticals, cosmetics, paints and so more [2]. Fish oil is different from other oils mainly 

because of the unique variety of fatty acids it contains high level of unsaturated fatty acid (omega-3 

FFA and omega-6 FFA) which are essential to the human body. This is known as the 

eicosapentaenoic acid (EPA) and the docosahexaenoic acid (DHA) [3]. Today’s consumer market, 

up to 50% of the whole fish is commonly discarded as waste but this waste could be better utilized 

in several ways, such as by flesh recovery approach, extraction of oil, enzymes, vitamins, or flavor 

materials, and apply through the production of gelatin or intermediate moisture animal feed 

products [3]. As part of the 50% common waste, the adipose tissue makes up 5-10 % of the total 

body weight of the fish. So far, these kind of fish wastes has not been properly or fully utilized. 
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Therefore, fish wastes utilization for valuable products or waste to wealth concept could be 

reasonable and helpful for fish farmers. 

The freshwater hybrid catfish (Pangasius larnaudii x  Pangasianodon hypophthalmus ) 

belongs to freshwater catfish family. This hybrid catfish is presently commercially produced 

throughout the Mekong river in northern part of Thailand including in inland freshwater aquaculture 

farms. It has become one of the most popular freshwater fish species and has a high demand 

especially in the European and US markets. Because of its white flesh and mild flavor were lending 

to an extreme competitive price in the market [3]. Some freshwater catfish particularly in the 

Mekong region show a varying amount of crude fat content of the head and the body. Different 

factors have been found to affect the fatty acid composition of the fish lipids, such as species, age, 

diet, habitat, environment, season and body portion [1]. Lipids in the muscle containing saturated 

fatty acids different from those extracted from the head or flaccid body; catfish cultivated in 

floating cages versus those cultivated in ponds [3]. 

Increased consumption of fish fatty acid has been found to reduce death due to cardiovascular 

heart disease. The biochemical basis for cardio-protective effects of n-3 fatty acids are may be multi-

factorial and may collectively result in increased heart rate variability (anti-arrhythmic), reduced 

atheroma development (anti-atherogenic), and decreased platelet reactivity/aggregation (anti-

thrombotic). As an alternative to fish consumption, omega-3 fatty acids and other fish oils can be 

extracted from fish products and offered as fish oil supplements. There are certain health concerns 

associated with excessive consumption of predatory fish like tuna and salmon because they contain 

high levels of toxic mercury [4]. According to standard of oil from Thai FDA, the freshwater fish oil 

was determined the peroxide value and saponification numbers and heavy metal contents for safety of 

consumers. 

This work was aimed to add the value of by-product from industrial freshwater catfish 

processing, analyzed of fatty acid composition, some physical properties, chemical properties, heavy 

metal contents and bacterial contaminations of the crude lipids extracted from the adipose tissues of 

freshwater hybrid catfish, to find out their potential to be used as raw materials for the manufacturing of 

nutraceutical products. 

MATERIALS AND METHODS 

1. Raw Materials 

The frozen adipose tissues of hybrid catfish (Pangasiuslamaudii x Pangasianodon 

hypophthalmus) were obtained from Thai Panga Farm, Kalasin Province, Thailand. 

2. Lipid Extraction 

     To initiate the extraction of lipids from the raw materials, the frozen adipose tissues were 

steamed at 80-100°C for 20 min. Hot adipose tissues were put in a filter sack and squeezed by 

screw compressor and which were then centrifuged at 4,000 rpm for 10 min in order to separate the 

solid particles. Percentage yield of crude lipids was calculated. Crude lipid samples were later kept 

in a freezer until they were used for further analysis [3]. 

3. Fatty Acid Analysis 

   For fatty acid analysis, the crude lipid samples were sent to the Central Laboratory 

(Thailand) Co Ltd., Chiang Mai branch, for analysis of the fatty acid composition which included 
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fatty acids released on triglyceride hydrolysis. An in-house method based on AOAC (2005) 996.06 

was used [3]. 

4. Analysis of Physical Properties  

    For the analysis of the physical properties of the crude lipid samples, they were used per 

analysis, as follow: 

- Color (L*, a*, b*) at room temperature (30 + 5°C) and 40°C, were measured by Tri- 

Stimulus Colorimeter (JUKI: model JC801) 

- Viscosity at 40°C was measured by Viscotester (ROIN: model VT-04) and a measuring 

time indicated when 50 ml oil sample flowed through a 0.2 mm orifice at 30 cm height 

- Turbidity at 40°C was measured by Turbidimeter (HACH: model 2100 N) 

- Specific gravity at 40°C, as measured by 100 ml Specific-gravity bottle 

- Melting point was analyzed by modified AOSC method Cc 3-2521or softening (open 

capillary tube melting) point method 

- Smoke point was analyzed by modified AOSC method Cc 9a-48 [21] or Cleveland open 

cup method [3]. 

5. Analysis of Chemical Properties  

                5.1 Determination of saponification value 

It is the number of KOH required to saponify 1 gram of oil. Saponification value through hydrolysis 

of ester under alkaline condition was determined according to the method of (AOCS, 1993) [4]. 

5.2 Determination of Peroxide value 

            Determination of Peroxide Value, that is defined as the milliequivalents of active 

oxygen per kilogram of oil (meq of O2 kg-1) expressed in the unit of milliequivalents, when 

potassium iodide reacts with a mixture of oil and chloroform/acetic acid in dark according to the 

standard method of AOCS (1993) [5]. 

            6. Heavy metal contents      

               For heavy metal contents analysis, the crude lipid samples were sent to the Central 

Laboratory (Thailand) Co Ltd., Chiang Mai branch, for analysis of the heavy metal contents. In-

house method based on AOAC (2016) 2013.06 and AOAC (2016) 999.10 were used. 

            7.  Bacterial contamination 

                 For bacterial contamination analysis was carried by the crude hybrid fish oil the Central 

Laboratory (Thailand) Co Ltd., Chiang Mai branch, by using the standard methods of AOAC 

(2016) 991.14 and ISO 6578-1:2017 (E). 

RESULTS AND DISCUSSION 

Analysis of the fatty acid composition 

 Results of the analysis of fatty acid composition of the freshwater catfish (Table 1) showed 

that 100 g of the oil extracted the hybrid catfish contained a total of 37.99 g of saturated fatty acids 

and 56.29 g unsaturated fatty acid with monosaturated fatty acid at 48.43 g, which was mostly 
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omega-9 such as oleic acid at 43.52 g. As for polyunsaturated fatty acids (13.58 g) which contained 

eicosapentaenoic acid (EPA) at 0.09 g and docosahexaenoic acid (DHA) at 0.29 g. For unsaturated 

fatty acid belonging to omega-9 (oleic acid) extracted from freshwater fish oil at 43.52 g, was 4x 

higher than in marine fish oil [6]. 

Table 1. Fatty acid composition of freshwater fish oil 

Fatty acid composition of freshwater fish oil Average SD 

Saturated fatty acids 37.99 0.41 

caprylic acid (C8:0) 0.04 0.06 

lauric acid (C12:0) 0.10 0.07 

myristic acid (C14:0) 3.36 0.00 

pentadecanoic acid (C15:0) 0.17 0.04 

palmitic acid (C16:0) 26.82 0.40 

heptadecanoic acid (C17:0) 0.35 0.08 

Stearic acid (C18:0) 6.78 0.13 

arachidic acid (C20:0) 0.13 0.04 

Monounsaturated fatty acids 48.43 1.75 

palmitoleic acid (C16:1n7) 3.34 0.01 

trans-9-elaidic acid (C18:1n9t) 0.16 0.08 

cis-9-oleic acid (C18:1n9c) 43.35 1.73 

cis-11-eicosenoic acid (C20:1n11) 1.35 0.04 

erucic acid (C22:1n9) 0.12 0.02 

nervonic acid (C24:1n9) 0.06 0.01 

Polyunsaturated fatty acids 13.58 1.33 

Fatty acid composition of freshwater fish oil Average SD 

cis-9,12-linoleic acid (C18:2n6) 10.47 0.51 

γ-linolenic acid (C18:3n6) 0.14 0.14 

α- linolenic acid (C18:3n3) [ALA] 0.75 0.18 

cis-11,14-eicosadienoic acid (C20:2) 0.64 0.06 

cis-8,11,14-eicosatrienoic acid (C20: 3n6) 0.71 0.10 

cis-11,14,17-eicosatrienoic acid (C20:3n3) 0.08 0.04 

arachidonic acid (C20: 4n6) 0.39 0.06 

cis-5,8,11,14,17-eicosapentaenoic acid  

(C20: 5n3) (EPA) 

0.09 

0.05 

4,7,10,13,16,19-docosahexaenoic acid (C22:6n3) (DHA) 0.29 0.21 

Unsaturated fatty acids 56.29 0.45 

omega-3 1.05 0.47 

omega-6 11.72 0.81 

omega-9 43.52 1.73 

  Note: Values expressed as mean ± SD. (n=2)  
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Analysis of the physical properties of freshwater fish oil 

 The physical properties of fish oil from freshwater hybrid catfish indicated that fish oil appeared in 

yellow liquid form at room temperature. The crude lipid at 40°C of hybrid catfish was found to be 

transparent as shown in Table 2. And the smoke point of the crude lipids of hybrid catfish was 192.3 °C 

(Table 2). In case of its melting points, it was found to be at about 33°C. The main reason for these high 

melting points could be described by the fact that their compositions contained. 

Table 2. Some physical properties of crude lipids of freshwater hybrid catfish 

Physical Properties Results 

Colour 

Solid form at room temperature (30 + 5°C) 

L* 

a* 

b* 

Liquid form at 40°C 

L* 

a* ns 

b* 

Viscosity at 40°C 

Viscotester (Poise) 

Orifice (sec) 

Turbidity at 40°C (NTU) 

Specific gravity at 40°C (g per cm²) 

Melting point (°C) ns 

Smoke point (°C) 

 

 

82.66b ± 3.10 

34.55c ± 0.88 

68.33b ± 1.51 

 

58.29b ± 0.03 

-14.10 ± 0.23 

- 40.47b ± 0.12 

 

0.35b ± 0.00 

57a ± 4 

4.48a ± 0.26 

0.9027c ± 0.0031 

33.0 ± 1.5 

192.3b ± 8.5 

 

a, b, c Means with different superscript in the same row are significantly different (p < 0.05)  

ns Means in that raw are not significantly different (p > 0.05) 

Analysis of Chemical properties of freshwater fish oil 

            The chemical properties of fish oil from freshwater hybrid catfish indicated that peroxide 

value, as defined by the milliequivalent of active oxygen per kg of oil, from the adipose samples of 

the freshwater hybrid catfish was measured at 4.32 mEq/kg fish oil, which was within the allowed 

range of the Food and Drug Administration (FDA) (less than 10 mEq/kg), the lower the peroxide 

value, the lower the ability of the oil to go rancid. Meanwhile the Saponification value was 196.30 

mgKOH/g, (Table 3), saponification value is the number of milligrams of due to the formation of 

brown pigments from the reaction potassium hydroxide required to neutralize the fatty acid of 

carbonyls produced from oxidation of polyunsaturated resulting from the complete hydrolysis of 1g 

of the fatty acids with amino acids and proteins. The freshwater fish oil was having the normal 

saponification value and had the less prone to rancidity. Thus it can be said that chemical properties 

of the fish oil extracted from the freshwater hybrid catfish was within the standard level. 
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Table 3. Chemical properties of freshwater fish oil 

Test Result Unit LOD 

Peroxide Value 

Saponification number 

4.32 

196.30 

mEq/kg 

mgKOH/g 

- 

- 

Analysis of heavy metal contents 

              For heavy metal contents analysis, the crude lipid samples were sent to the Central 

Laboratory (Thailand) Co Ltd., Chiang Mai branch, In-house method based on AOAC (2016) 

2013.06 and AOAC (2016) 999.10 were used.  Results showed that all heavy metal contents in the 

freshwater fish oil as in table 3 were in the very least amount or not detected at all. 

Table 4. Heavy metal contents of freshwater fish oil 

Test Result Unit LOD 

Aesenic (As) 

Copper (Cu) 

Lead (Pb) 

Mercury (Hg) 

Tin (Sn) 

Zinc (ZN) 

Not detected  

0.64 

< 0.050 

Not detected 

Not detected 

Not detected 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

0.050 

- 

- 

0.0080 

0.50 

1.00 

Analysis of bacterial contamination of freshwater fish oil 

 The table 5 showed that by using the standard methods of AOAC (2016) 991.14 and ISO 

6578-1:2017 (E), indicated that the presence of two types of bacteria, Escherichia coli and 

Salmonella spp., in the freshwater fish oil was either in the very least amount or not detected at all.  

Table5.  Bacterial contamination of freshwater fish oil 

  Test Result Unit LOD 

Escherichia coli 

Salmonella spp. 

< 10 

Not detected 

CFU/ g 

In 25 g 

- 

- 

CONCLUSION 

The fish oil extracted as a lipid fraction from freshwater hybrid catfish for use in industries 

in order to increase the value due to its favorable chemical and physical properties especially as 

they are within the standard level for consumption as prescribed by Thai food and drug 

administration. Indeed, the use of the fish oil from freshwater hybrid catfish as in this study is 

within the recommendations for consumption and by both food and pharmaceutical industries.  
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Abstract 

 Obesity can cause chronic kidney disease by increasing in oxidative stress. We interested in 

the antioxidant effects of agomelatine, a drug for major depression treatment. In this study, we 

aimed to investigate the therapeutic effects of agomelatine on the kidney function in high-fat diet 

induced obese rats. Male Wistar rats were divided into normal diet (ND) group and high-fat diet 

group. The rats were fed for 16 weeks and then, high-fat diet group was divided for two subgroups, 

high-fat diet (HF) and high-fat diet with agomelatine (20 mg/kg/day) treatment (HFAM). All 

animals were treated for four weeks and they were sacrificed. Marked obesity associated with 

increased plasma cholesterol and trended to increased insulin resistances were observed in HF rats. 

Kidney function was impaired as indicated by the significant increase in estimated glomerular 

filtration rate (eGFR). These results were related to the increased renal oxidative stress as the 

malondialdehyde (MDA) was slightly increased in HF rats. After agomelatine treatment, all 

metabolic parameters were improved. Therefore, agomelatine may use as a supplementary drug to 

restore metabolic disorder and insulin resistance to slow the progression of kidney dysfunction in an 

obese condition. 

Keywords: obesity, agomelatine, oxidative stress, kidney function 

INTRODUCTION 

Obesity is an imbalance between energy intake and energy expenditure. It can cause from 

many factors including the genetic background, hormones, and environmental factors [1] resulting 

to the accumulation of excessive fat in adipose tissue [2]. There was reported that obesity was 

associated with chronic kidney disease (CKD) and end stage renal disease (ESRD) [3] as shown in 

the reduction of estimated glomerular filtration rate (eGFR) in higher body mass index [4-6]. It is 

also reported that chronic energy accumulation causes oxidative stress [7]. Moreover, the excessive 

fat accumulation leads to the adipocytes hypertrophy and secrete pro-inflammatory cytokines such 

as (TNF-α, Interleukin-1 and 6) [8] which resulting to activate nicotinamide adenine dinucleotide 

phosphate oxidase (NOX) activity and also activate nuclear factor kappa B (NF-ĸB) to transcript the 

pro-inflammatory genes such as inducible nitric oxide synthase (iNOS) to promote ROS production 

in the kidney [9, 10]. 

Agomelatine is a drug in the treatment of major depression in adults. It is a structural 

analogue of melatonin. The action of this drug is though non-selective melatonergic (MT1/MT2) 

receptors and selective serotonin 5-HT2C receptor antagonist [11]. It is rapidly absorbed (>75%) 

after oral administration but it’s metabolized in the liver by CYP1A1, CYP1A2 and CYP2C9 

extensively which leading to low absolute bioavailability [11, 12]. In major depression, it is used 

with a daily dose of 25 mg [13] and its half-life is about 1-2 hours. The inhibition of 5-HT2C is 

directly acts to anti-depression. Moreover, it also improves the effect in sleep together with its 

antidepressant effect [14]. Interestingly, the beneficial effects of agomelatine in the mimic action of 

melatonin to decreasing oxidative damage by directly scavenged free radicals and also activated the 
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transcription of antioxidants enzymes genes in several tissues as shown in the reduction of 

malondialdehyde and increased in antioxidant levels [15-17]. 

In the present study, we aimed to investigate the therapeutic effects of agomelatine on the 

kidney function in high-fat induced obese rats. We hypothesized that supplementation of 

agomelatine in obese rats could restore metabolic parameters and insulin resistance leading to slow 

the progression of kidney dysfunction. 

MATERIALS AND METHODS 

Methodology/Experimental design 

Male Wistar rats were obtained from the National Animal Center, Salaya Campus, Mahidol 

University, Thailand. The animal facilities and all protocols were approved by the Laboratory 

Animal Care and Use Committee at Faculty of Medicine, Chiang Mai University, Chiang Mai, 

Thailand. All experiment rats were housed under controlled temperature at 25 ± 1ºC, lighting at 12 

hrs light/dark cycle and fed on normal laboratory diet and water ad libitum. 

After 1 week of acclimatization, the animals were randomly divided into two groups. 

Normal diet group (ND; n=3) was received standard chow (19.77% fat) while the other was 

received high-fat diet (57.60% fat) for 20 weeks.After 16 weeks of experimental period, ND group 

was received normal saline. The animals in high-fat diet group were divided into two subgroups 

(n=3); high-fat diet (HF) group which was given normal saline and high-fat diet plus agomelatine 

(HFAM) group which was given with agomelatinedissolved in normal saline. Agomelatine (Les 

Laboratoires Servier (Gidy, France) was used at a dose of 20mg/kg/day and all animals were treated 

by oral gavage. The treatment period was continued for 4 weeks. At the end of experiment (week 

20), the body weight was recorded, blood and urine were collected. All animals were sacrificed for 

collecting and weighting of visceral fat and kidneys. 

Metabolic parameters 

After fasting for 5-6 hours, the rats were anaesthetized by isoflurane and blood samples 

were collected from lateral tail vein. The plasma and urine glucose, triglyceride and cholesterol 

concentration were determined by the enzymatic colorimetric method using a commercial kit 

(Biotech, Bangkok, Thailand, Bioversion). Plasma insulin concentration was measured using the 

enzyme-linked immunosorbent assay (ELISA) (Millipore, MI, USA). 

To determine insulin resistance, the fasting plasma glucose and insulin concenration were 

calculated. The Homeostasis Model Assessment (HOMA) was determined using the following 

equation. The increase HOMA index represents a high degree of insulin resistance [18]. 

HOMA-IR=  Fasting insulin (μU/ml) x Fasting glucose (mmol/L) / 22.5 

Renal function assessment 

 The serum and urine creatinine were measured by the following enzymatic colorimetric 

methods using commercial kits (Diasys Diagnostic Systems GmbH, Holzheim, Germany) and the 

data were expressed as ml/dl. Urine microalbumin was detected by commercial assay kit (Roche 

Diagnostics International Ltd CH-6343, Rotkreuz, Switzerland) and the data were expressed as 

mg/g creatinine.  
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The estimated glomerular filtration rate (eGFR) was calculated by the following equation:- 

  eGFR (ml/min) = Urine creatinine (mg/dl) x Urine flow rate (ml/min) 

      Serum creatinine (mg/dl) 

MDA level assessment in the renal cortex  

 The renal cortical tissues were cut and suspended in CellLyticMT mammalian tissue 

lysis/extraction reagent (Sigma Aldrish, MO, USA) containing 1% complete protease inhibitor 

cocktail (Roche Applied Science, IN, USA) according to the manufacturer’s protocol. The tissues 

were homogenized and centrifuged at 1,600 g for 10 minutes at 4°C. The supernatants were 

collected for determination of MDA concentration using commercial TBARs assay kit from 

Cayman Chemical (Ann Arbor, MI, USA). Each sample was expressed as total MDA level to total 

protein concentration (nmol/mg protein). 

Statistical analysis 

All data are expressed as the mean ± standard error of mean (SEM). To compare between 

multiple treatments, one-way ANOVA followed by Fisher’s Least significant difference test (LSD) 

were used. Values of p less than 0.05 were considered significant. 

RESULTS AND DISCUSSION 

Results 

Effect of agomelatine treatment on metabolic parameters 

 After 20 weeks, HF rats showed significantly increased in bodyweight, fat weight and 

cholesterol levels in plasma (Table 1, Figure 1) when compared to the normal diet rats (p<0.05). 

There were slightly increased but not significantly different in triglyceride, insulin, fasting blood 

glucose levels and HOMA index (Figure 2) when compared among the experimental groups. 

However, agomelatine administration in HFAM rats significantly decreased body weight and fat 

weight when compared to the HF rats (p<0.05). In addition, there were slightly decreased in the 

level of triglyceride, cholesterol, fasting blood glucose and significantly decreased serum insulin 

and HOMA index in HFAM rats after agomelatine treatment. These results indicated that 

agomelatine could restore the metabolic parameters and improve insulin resistance in obese rats. 

Table 1. Metabolic parameter after agomelatine treatment 

Parameters ND HF HFAM 

Body weight (g) 565.00±12.58 791.67±23.33* 701.67±23.33*,# 

Fat weight/tibia length ratio 4.41± 0.15 9.31±0.66* 6.72±0.06*,# 

Triglycerides (mg/dl) 79.6±10.15 93.77±14.62 69.77±3.32 

Cholesterol (mg/dl) 59.38±4.97 83.60±3.13* 80.00±2.98* 

Fasting blood glucose (mg/dl) 118.68±3.48 119.12±4.64 115.61±5.70 

Values are mean ± standard error of the mean (SEM, n = 3 per group).  *p<0.05 compared with ND, #p<0.05 

compared with HF,  ND: normal diet fed rats; HF: high-fat diet rats; HFAM: high-fat diet with agomelatine 

treated rats.  
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Figure 1. Effect of agomelatine treatment on serum insulin in high-fat diet-induced obese rats. 

Values are mean ± standard error of the mean (SEM, n = 3 per group). #p < 0.05 versus HF. ND: 

normal diet fed rats; HF: high-fat diet rats; HFAM: high-fat diet with agomelatine treated rats. 

 

 
 

Figure 2. Effect of agomelatine treatment on HOMA index in high-fat diet-induced obese rats. 

Values are mean ± standard error of the mean (SEM, n = 3 per group). #p < 0.05 versus HF. ND: 

normal diet fed rats; HF: high-fat diet rats; HFAM: high-fat diet with agomelatine treated rats. 

Effect of agomelatine treatment on kidney parameters 

 As shown in the Figure 4, eGFR was increased significantly when compared with ND rats 

(p<0.05). Interestingly, after agomelatine administration, the eGFR was significantly reduced when 

compared with HF rats (p<0.05). Although serum creatinine and microalbumin did not different in 

HF compared with ND rats. These results indicated that agomelatine could prevent kidney 

impairment in obese rats.  
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Figure 3. Effect of agomelatine treatment on serum creatinine levels in high-fat diet-induced obese 

rats. Values are mean ± standard error of the mean (SEM, n = 3 per group). ND: normal diet fed 

rats; HF: high-fat diet rats; HFAM: high-fat diet with agomelatine treated rats. 

 

Figure 4. Effect of agomelatine treatment on eGFR in high-fat diet-induced obese rats. Values are 

mean ± standard error of the mean (SEM, n = 3 per group). *p<0.05 compared with ND, #p < 0.05 

versus HF. ND: normal diet fed rats; HF: high-fat diet rats; HFAM: high-fat diet with agomelatine 

treated rats. 
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Figure 5. Effect of agomelatine treatment on microalbuminuria in high-fat diet-induced obese rats. 

Values are mean ± standard error of the mean (SEM, n = 3 per group). *p<0.05 compared with ND, 
#p < 0.05 versus HF. ND: normal diet fed rats; HF: high-fat diet rats; HFAM: high-fat diet with 

agomelatine treated rats. 

Effect of agomelatine treatment on oxidative stress in kidney 

 Figure 6 showed that MDA level in HF group was increased although the significant 

difference was not observed when compared with ND group. Agomelatine administration also 

showed to reduce the level of MDA when compared with HF rats. 

 

Figure 6. Effect of agomelatine treatment on MDA in high-fat diet-induced obese rats.  Values are 

mean ± standard error of the mean (SEM, n = 3 per group). ND: normal diet fed rats; HF: high-fat 

diet rats; HFAM: high-fat diet with agomelatine treated rats. 
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DISCUSSION 

 As shown in the Table 1, high-fat diet consumption for 20 weeks resulting to increase in 

body weight, fat weight and plasma cholesterol which was consistent with the previous study [19]. 

The data also showed that HF group slightly increased plasma insulin level and HOMA index 

which represented insulin resistant state. This finding indicated that insulin resistance was 

developed in obese model. Previous studies reported that obesity plays a role in the development of 

insulin resistance by releasing of pro-inflammatory cytokines such as tumor necrosis factor alpha 

(TNF-α) and interleukin 6 (IL-6) from the adipose tissue. These cytokines might cause the impaired 

insulin signaling [20-22]. 

Oxidative stress is the condition caused by the imbalance between reactive oxygen species 

(ROS) and antioxidants. Highly reactive molecules can damage the components in the cells 

including protein, lipids and DNA [23]. Previous study showed that lipid peroxidation was 

indicated by the increased MDA level in hepatic, cardiac and kidney tissues [24]. In this study, we 

found that HF group trended to increase in MDA level in the kidney. This result indicated that 

obese condition might promote oxidative stress in the kidney. Moreover, we found the slightly 

increase in microalbumin with a significantly change in eGFR indicating that the impaired kidney 

function was observed in this condition. 

Previous studies demonstrated that the elevated plasma free fatty acid in obese condition can 

enter to the kidney cells and increase the activity of β-oxidation enzymes and increase ROS in the 

cell through the electron transport chain [25, 26]. The expansion and hypoxia of adipocytes in obese 

condition lead to the secretion of pro-inflammatory cytokines such as (TNF-α) and (IL-6). These 

cytokines can activate NADPH oxidase (NOX) 4 activity and promote ROS production in the 

kidney [8, 9]. Obesity also related to the renin-angiotensin-aldosterone system (RAAS) by 

increasing angiotensinogen and angiotensin II synthesis and resulting to activate NOX activity 

through the angiotensin type 1 receptor [27, 28]. From these results, it can be indicated that the 

increase in renal oxidative stress in obese rats might cause the damage of kidney cells in this study. 

Administration of agomelatine for 4 weeks in obese rats attenuated the impairment of kidney 

function. This protective effect was associated with the improvement in metabolic profiles and 

insulin resistance. It has been reported that could improve serum lipid profile by reducing 

triglyceride level, counteracted insulin resistance and reduced low density lipoprotein (LDL) [29]. 

Therefore, agomelatine might restore kidney function by the improvement of metabolic profiles and 

insulin resistance. 

 Moreover, agomelatine trended to improve oxidative damage in the kidney as shown by the 

reduction of MDA level. It has been reported that agomelatine inhibited the expression of TNF-α 

[16, 30], improved blood urea nitrogen (BUN) and creatinine, superoxide dismutase (SOD) activity, 

glutathione (GSH) and MDA in the kidney [15]. Thus, the possible mechanism of agomelatine in 

the improvement of kidney function might be due to the decrease in oxidative stress and improve in 

insulin resistance which occurred in obese condition. However, further study needs to be 

investigated to explore the mechanisms of action of agomelatine to restore renal function in the 

future.  
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CONCLUSION 

The results from this study demonstrated that high-fat diet consumption led to obesity and 

subsequent insulin resistance. The alteration of metabolic parameters resulted in kidney dysfunction 

through the increased oxidative stress condition. Agomelatine treatment could restore these 

alterations. Therefore, we concluded that agomelatine might improve kidney function by 

attenuating insulin resistance as well as oxidative stress in obese model. 
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Abstract 

Obesity is one of the defining criteria of metabolic syndrome that is an independent risk 

factor for the kidney disease. The common cause of obesity is the consumption of high-fat diet 

which can lead to renal lipotoxicity and subsequent renal dysfunction through several pathways 

including oxidative stress and the alterations in lipid metabolism such as an increase in de novo 

lipogenesis. Atorvastatin is a popular lipid lowering drug in clinical treatment. The action of 

atorvastatin is the inhibition of 3-hydroxy-3-methylglutaryl-coenzyme A reductase (HMGCR) 

enzyme in de novo cholesterol synthesis pathway. Several studieshave reported atorvastatin has 

significant antioxidant, anti-inflammatory, and anti-apoptotic effects. This study aimed to 

investigate the effects of atorvastatin on metabolic profiles and kidney function in high-fat diet 

induced-obese rats. The rats were divided into two groups as normal diet (ND) and high-fat diet 

(HF). After obesity being induced by high-fat diet for 16 weeks, the high-fat diet (HF) group was 

randomly divided into high-fat diet only (HF) and high-fat diet treated with atorvastatin (HFA) (10 

mg/kg/day) by oral gavage. The results showed that plasma cholesterol, insulin, glucose, and 

HOMA index were markedly increased in HF group. Renal lipid accumulation has been obeserved 

as shown by the elevation of renal cholesterol and triglyceride content. HF was also shown to 

impair renal function as indicated by an increase in serum creatinine and albuminuria along with a 

decrease in urine creatinine. Moreover, MDA level was increased in HF kidney indicating oxidative 

stress in these obese rats. After treated with atorvastatin, metabolic parameters, kidney function and 

MDA level were improved. These data indicated that atorvastatin can restore the kidney 

dysfunction in high-fat diet induced-obese rats. These alterations may be due to the effects of 

atorvastatin on metabolic parameters, insulin resistance, oxidative stress and renal lipid 

accumulation. 

Keyword: obesity, lipid accumulation, high-fatdiet, renal, statins 

INTRODUCTION 

Obesity is a major health problem worldwide and one of defining criteria of metabolic 

syndrome which is closely related to the development of chronic kidney disease (CKD) [1]. The 

most common cause of obesity is the consumption of high-fat diet which causes the elevation of 

plasma lipids subsequently leading to the accumulation of fat both in adipocytes and ectopic organs. 

The excessive fat accumulation leads to the infiltration of macrophages and proinflammatory cells 

into the tissue and causes chronic low grade inflammation.  This leads to the development of insulin 

resistance which is a well-known risk factor for kidney injury and dysfunction [2, 3] indicated by 

the reduction of glomerular filtration rate (GFR) and albuminuria [4]. 

Atorvastatin is a popular lipid lowering drug and acommonly used “statin” in clinical 

management. The main action of atorvastatin is the inhibition of HMG-CoA reductase, the rate-

limiting enzyme in cholesterol synthesis. Atorvastatin not only acts as a lipid lowering agent but 
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also shows pleiotropic effects, such as an inhibition of inflammatory response, an improvement in 

endothelial function, antioxidant, antithrombotic and anti-apoptotic effects [5]. Previous studies 

have demonstrated that atorvastatin has beneficial effects in preventing gentamycin-induced kidney 

injury [6] and also in improving renal function in type 1 diabetic rats which observed as the 

decrease in serum creatinine, urinary protein excretion and the improvement in histological features 

[7].  However, the details of the pleiotropic effects of statins in obesity-induced kidney injury have 

not yet been clarified. This study aimed to investigate the protective effects of atorvastatin on the 

metabolic parameters, insulin resistance, renal function and lipid accumulation in high-fat diet-

induced obese rats. We hypothesized that atorvastatin improves renal function in obese rats by 

ameliorating insulin resistance, oxidative stress and renal lipid accumulation.   

MATERIALS AND METHODS 

Animals 

Male Wistar rats, weighing 150-180 g, were obtained from the National Animal Center, 

Salaya Campus, Mahidol University, Thailand. The animal facilities and protocols were approved 

by the Laboratory Animal Care and Use Committee at Faculty of Medicine, Chiang Mai University, 

Chiang Mai, Thailand. All rats were housed in a room temperature 25°C and at a light-dark cycle of 

12:12 hour. After adaptation for a week, the rats were randomized into two groups: normal diet 

group (ND, n=3) and high-fat diet group (HF, n=6).HF rats were received the diet composed of 

59.28% fat and ND rats were received a standard chow (19.79% fat). After 16 weeks, the rats in 

high-fat diet group were divided into two subgroups as 1) high fat diet only group (HF, n=3) and 2) 

high fat diet plus atorvastatin (HFA, n=3). Atorvastatin, dissolved with normal saline, was 

administered at a dose of 10 mg/kg/day by oral gavagefor 4 weeks.At the end of experiment (week 

20), measurement of body weight, 24 hour urine collection and oral glucose tolerance test (OGTT) 

were performed. After 12 hours of fasting, the rats were anesthetized using isoflurane inhalation and 

sacrificed. Then, the weight of visceral fat was recorded, the kidneys were collected and blood 

sample was taken from inferior vena cava. 

Metabolic parameters 

The plasma glucose, triglyceride and cholesterol levels were determined using commercial 

assay kits (Biotech Bangkok, Thailand). Plasma insulin was measured by ELISA kit (Millipore, MI, 

USA). Homeostasis Model Assessment (HOMA) index was calculated by multiplying the fasting 

insulin level (μU/ml) with the fasting glucose level (mmol/L) and then dividing the result by 22.5. 

 Renal function assessment 

 The serum creatinine was estimated by enzymatic colorimetric method using commercial kit 

(Diasys Diagnostic Systems GmbH, Holzheim, Germany). To investigate the urine albumin and 

estimated glomerular filtration rate (eGFR), the rats were placed inmetabolic cages for collection of 

urine for 24 hours. The urine albumin was measured by commercial assay kit (Roche Diagnostics 

International Ltd CH-6343, Rotkreuz, Switzerland). Estimated glomerular filtration rate (ml/min) 

was calculated by multiplying the urine creatinine level (mg/dl) with urine flow rate (ml/min) and 

the result was divided by serum creatinine level (mg/dl).  
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Renal lipid accumulation assessment 

Renal cortical tissues were homogenized in isopropanol and mixed with vortex for 10-15 

seconds. Then the homogenate was centrifuged. Renal triglyceride and cholesterol contents were 

determined in supernatant by enzymatic colorimetric method using a commercial assay kit (Biotech 

Bangkok, Thailand). 

Malondialdehyde (MDA) level assessment in the renal cortex 

To determine the renal oxidative stress status, renal cortical tissue were cut and suspended in 

Cell Lytic MT mammalian tissue lysis/extraction reagent (Sigma Aldrich, MO, USA) containing 

protease inhibitor cocktail (Roche Applied Science, IN, USA) following to the manufacturer’s 

protocol. Then the tissues were homogenized and centrifuged. Supernatant was collected for 

determination of MDA level using commercial TBARs assay kit from Cayman Chemical (Ann 

Arbor, MI, USA). 

 Statistical analysis 

All data are expressed as the mean ± standard error of mean (SEM). To compare between 

groups, one-way ANOVA test followed by Fisher's Least significant difference (LSD) was used. 

Values of p less than 0.05 were considered as significant. 

RESULTS AND DISCUSSION 

Results 

Effect of atorvastatin treatment on metabolic parameters 

The parameters after 20 weeks of obesity induction by high-fat diet are shown in table 1. 

The HF group showed significant increase in body weight and fat weight when compared to the ND 

group (p<0.05). In contrast, there were no significant increase in cholesterol, triglyceride and 

fasting blood glucose when compared between these two groups. HF rats treated with atorvastatin 

attenuated body weight gain and there were the decreasing trend in fasting blood glucose and lipid 

profiles such as plasma triglycerides and cholesterol in atorvastatin treated group. These results 

suggested that atorvastatin can attenuate body weight gain induced by high-fat diet and tended to 

improve metabolic parameters. 

Table1. Metabolic parameter after atorvastatin treatment 

Parameters ND HF HFA 

Body weight (g) 581.67 ±16.41 736.67±47.81* 630± 5 

Fat weight (g) 17.44 ± 2.46 41.70±3.69* 37.10 ±5.07* 

Triglycerides (mg/dl) 83.1 ±13.15 86.27 ±17.46 80.77 ± 6.33 

Cholesterol (mg/dl) 62.86 ±4.79 77.65 ±3.126 65.03 ±5.44 

Fasting blood glucose (mg/dl) 122.63±4.74 115.17±6.63 103.77±8.36 

Values are mean ± standard error of the mean (SEM, n = 3 per group). *p<0.05 vs ND, ND: normal 

diet fed rats; HF: high-fat diet rats; HFA: high-fat diet with atorvastatin treated rats.  
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Effect of atorvastatin treatment on insulin resistance 

Although fasting blood glucose was not significantly different among the experimental 

groups (Table 1), HOMA index and insulin level tended to increase in HF group (Figure 1 and 2). 

In addition, these changes were significantly reduced by atorvastatin treatment (p<0.05). These data 

indicates that insulin resistance might occur in high-fat diet-induced obese rats and it was attenuated 

by atorvastatin treatment. 
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Figure 1. Effect of atorvastatin treatment on serum insulin in high-fat diet-induced obese rats. 

Values are mean ± standard error of the mean (SEM, n = 3 per group). #p < 0.05 versus HF. ND: 

normal diet fed rats; HF: high-fat diet rats; HFA: high-fat diet with atorvastatin treated rats. 
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Figure 2. Effect of atorvastatin treatment on HOMA index in high-fat diet-induced obese rats. 

Values are mean ± standard error of the mean (SEM, n = 3 per group). #p < 0.05 versus HF. ND: 

normal diet fed rats; HF: high-fat diet rats; HFA: high-fat diet with atorvastatin treated rats. 

 Effect of atorvastatin treatment on kidney function parameters 

 At 20 weeks, eGFR was significantly increased in HF group when compared with ND rats 

(p<0.05) (Figure 3) indicating that glomerular hyperfiltration was occurred in high-fat diet-induced 

obese rats. Interestingly, atorvastatin was shown to normalize the increase in eGFR in obese rats 

although the statistical significant was not shown. The occurrence of glomerular hyperfiltration was 

also supported by the increasing trend of microalbuminuria in HF group (Figure 5). However, the 

level of serum creatinine was not different among the three groups (Figure 4).  
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 Effect of atorvastatin treatment on oxidative stress in kidney 

 There was no significance difference in MDA level among the experimental groups (Figure 

6). However, in HF rats, when compared to ND group, showed an increasing trend in MDA level 

which was tended to be attenuated by atorvastatin. 
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Figure 3. Effect of atorvastatin treatment on estimated glomerular filtration rate (eGFR) in high-fat 

diet-induced obese rats. Values are mean ± standard error of the mean (SEM, n = 3 per group). 

*p<0.05 compared with ND. ND: normal diet fed rats; HF: high-fat diet rats; HFA: high-fat diet 

with atorvastatin treated rats. 
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Figure 4. Effect of atorvastatin treatment on serum creatinine level in high-fat diet-induced obese 

rats. Values are mean ± standard error of the mean (SEM, n = 3 per group). ND: normal diet fed 

rats; HF: high-fat diet rats; HFA: high-fat diet with atorvastatin treated rats.  
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Figure 5. Effect of atorvastatin treatment on microalbuminuria level in high-fat diet-induced obese 

rats. Values are mean ± standard error of the mean (SEM, n = 3 per group). ND: normal diet fed 

rats; HF: high-fat diet rats; HFA: high-fat diet with atorvastatin treated rats. 
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Figure 6. Effect of atorvastatin treatment on renal cortical MDA level in high-fat diet-induced 

obese rats. Values are mean ± standard error of the mean (SEM, n = 3 per group). ND: normal diet 

fed rats; HF: high-fat diet rats; HFA: high-fat diet with atorvastatin treated rats. 
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Figure 7. Effect of atorvastatin treatment on renal triglyceride level in high-fat diet-induced obese 

rats. Values are mean ± standard error of the mean (SEM, n = 3 per group). ND: normal diet fed 

rats; HF: high-fat diet rats; HFA: high-fat diet with atorvastatin treated rats. 
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Figure 8. Effect of atorvastatin treatment on renal cholesterol level in high-fat diet-induced obese 

rats. Values are mean ± standard error of the mean (SEM, n = 3 per group). ND: normal diet fed 

rats; HF: high-fat diet rats; HFA: high-fat diet with atorvastatin treated rats. 

Effect of atorvastatin treatment on renal lipid accumulation 

Although the alterations of renal lipid accumulation were not statistically significant, renal 

triglyceride and cholesterol showed an increasing trend in HF group and a decreasing trend in HFA 

group (Figure. 7-8). 

DISCUSSION 

The present study demonstrates that high-fat diet consumption for 20 weeks induced obesity 

and promoted glomerular hyperfiltration which findings were consistent with that of a previous 

study [8]. The increasing trend in plasma insulin level and HOMA index represented the insulin 
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resistance in obese rats. Insulin resistance is accepted to be one of the key features of metabolic 

syndrome. The relationship between obesity and insulin resistance is well established and the 

severity of insulin resistance isknown to be accelerated by lipotoxicity [3, 9]. In HF rats, the plasma 

and renal triglyceride levels showed an increasing trend when compared to chow-fed rats. The 

accumulation of triglyceride can lead to the production of toxic lipid metabolites such as 

diacylglyceral (DAG) and ceramide. The lipid metabolites, by promoting serine phosphorylation of 

insulin receptor, can inhibit PI3K/Akt pathway and thus blunting the signaling of insulin pathway 

[10]. 

The physiological action of insulin in glucose homeostasis is associated with increasing 

translocation of glucose transporters (GLUT) from cytosol to the cell membrane promoting the 

glucose uptake into the cells [11]. The resistance of peripheral tissue to insulin resulted in decreased 

insertionof GLUT tothe cell membrane thus decreasing glucose uptake into the cell. In the present 

study, the change in blood glucose level was not statistically significant which might be due to the 

small number of animals (n=3). Similarly, the parameters concerning renal lipid accumulationdid 

not show any significant difference but they tended to increase in HF group. Previous studies have 

observed that the alteration of lipid metabolism in obese condition was associated with 

theupregulated expression of the transcription factors, sterol regulatory element-binding proteins 

(SREBP) 1c and 2 [12, 13]. SREBP is involved in lipid synthesis pathway and by increasing lipid 

synthesis can lead to lipid accumulation. The lipotoxicity from the accumulation oflipid metabolites 

augments the severity of insulin resistance becoming a vicious cycle and ultimately leading to 

cellular damage. 

Oxidative stress is the imbalance between reactive oxygen species (ROS) and antioxidant 

enzymes. Several studies have reported the exaggerated production of reactive oxygen species in 

obese condition [14, 15]. Increase in fatty acid production and β-oxidation in obesity can generate 

excessive amounts of free radicals by increasing the activity of electron transport chain in 

mitochondria. Moreover, the activity of NADPH oxidase enzyme (NOX) is increased in obese 

condition thus generating excessive ROS resulting in oxidative stress and cell damage. In fact, the 

increase in the production of ROS preceded the increase in plasma lipid and insulin resistance in 

high-fat diet-induced obesity [14]. In this study, although the differences in renal MDA level were 

not significant among the groups, it showed an upward trend in HF group. 

Oxidative stress can damage the cells and promote the renal dysfunction in several models 

including obesity [16, 17]. Thus, we investigated the renal function in obese condition. We found 

that glomerular hyperfiltration, represented by increased estimated glomerular filtration rate, was 

observed in HF group. Some study reported the increase in eGFR as an early marker of progressive 

kidney dysfunction in the obese population [18]. Glomerular hyperfiltration is also a proposed 

mechanism for renal injury in clinical condition [18]. Although, microalbuminuria was not 

significantly different among the groups, the higher level of microalbuminuria was observed in HF 

group. These pathologies might be associated with the alteration of renal hemodynamic in obesity 

[19]. These results indicated that obesity is associated with impaired renal function. 

Treatment with atorvastatin for 4 weeks in high-fat diet-induced obese rats could maintain 

body weight and reduce glomerular hyperfiltration and tend to decrease renal lipid accumulation 

and oxidative stress. Moreover, atorvastatin could improve the blunting of insulin signaling 

pathway. Although the results were not statistically significant, the beneficial effect of atorvastatin 

might come from the inhibition of HMGCR, the rate-limiting enzyme in cholesterol synthesis or 
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mevalonate pathway. The mevalonate pathway can not only synthesize cholesterol but also produce 

small signaling proteinsthat are associated with renal damage [20] such as Rho, Ras and Rac. These 

small signaling molecules have been reported to activate NADPH oxidase leading to generation of 

ROS and to upregulate transcription factors for pro-inflammatory cytokines resulting in fibrosis 

[20]. Several studies have reported the renoprotective effect of atorvastatin in a variety of models 

such as gentamycin-induced kidney injury [21] and type 1 diabetes [7]. Atorvastatin was found to 

improve kidney function by mitigating oxidative stress, ER stress, inflammation and fibrosis. As 

atorvastatin inhibits the mevalonate pathway, it has the potential to alleviate the lipid accumulation 

which is the cause of lipotoxicity in hepatocyte [22]. 

From previous studies [7,20-22], the possible mechanisms of atorvastatin in the 

improvement of kidney function might be the results of decreased oxidative stress, inflammation 

and insulin resistance associated with the attenuation of lipotoxicity which occur during obesity. In 

the present study, we did not found the significant difference between the groups except in body 

weight, insulin, HOMA index and eGFR. It may be due to the fact that the number of rats was not 

sufficient to illustrate the significant changes. Further studies are needed to explore the mechanism 

of action of atorvastatin to prevent kidney dysfunction in obese model. 

CONCLUSION 

The results obtained from this study demonstrate that high-fat diet consumption leads to 

obesity which is related to renal hyperfiltration. Atorvastatin can attenuate the body weight gain and 

renal hyperfiltration although it had no significant effect on the metabolic parameters, renal lipid 

accumulation and renal oxidative stress marker. Further studies are still needed to investigate the 

effect of atorvastatin on kidney injury and dysfunction in obese condition. 
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Abstract 

 Talaromyces marneffei is an opportunistic dimorphic fungal pathogen that causes 

peniciliosis in immunocompromised patients, especially HIV infected patients. T. marneffei has an 

ability to grow in the phagosome of macrophages. Iron acquisition is an important process for 

pathogenic fungi to survive inside the host environment and is controlled by a complex mechanism. 

AcuK transcription factor has been shown to regulate iron acquisition in Aspergillus fumigatus. Its 

ability is to regulate other genes in the siderophore synthesis. Orthologous genes were found in T. 

marneffei genome. This study aimed to investigate a role of acuK in control of iron assimilation in 

T. marneffei. Growth of T. marneffei on different levels of iron was investigated by using biomass 

measurement method. Talaromyces marneffei was culture in various concentrations of FeCl3 and 

phenanthroline in both yeast and mycelium forms. Talaromyces marneffei growth is induced by the 

higher concentrations of iron in both forms. Expression of acuK gene was verified by using 

quantitative reverse transcription-polymerase chain reaction (qRT-PCR) method. In contrast to the 

growth, acuK expression was down-regulated upon the sequential reduction of iron. The result 

suggested the negative regulation of acuK on iron assimilation in T. marneffei. 

Keywords: acuK, siderophore, iron, Phenanthroline, Talaromyces marneffei, qRT-PCR 

INTRODUCTION 

Talaromyces marneffei is an opportunistic dimorphic fungal pathogen that causes 

penicilliosis in immunocompromised patients, especially HIV infected patients. Talaromyces 

marneffei is capable to grow in two modes; at room temperature (25ºC) it grows as a mold, and a 

single-celled yeast form is evident at 37 ºC. Countries of endemicity include Thailand, Vietnam, 

Hong Kong, Southern China, Taiwan, India, Indonesia, Myanmar, and Laos. In addition to these, 

incidences of infection among AIDS patients who had traveled throughout endemic areas were 

reported, including patients from European countries, United States and Japan [1]. 

 Iron is an indispensable cofactor for a variety of cellular processes in all eukaryotes and 

most prokaryotes, including respiration, amino acid metabolism, and biosynthesis of DNA and 

sterols. The ability of pathogens to survive inside hosts is controlled by the interplay between the 

pathogens efforts to grow and the host’s response to inhibit this growth, through immune and 

nutritional restriction mechanisms. For microbial infection, the host restricts free iron through 

sequestration, as part of the acute-phase response, by reducing the release of iron into the blood and 

extracellular fluids, as well as increasing intracellular ferritin-bound iron storage [2]. Pathogenic 

fungi have developed various strategies to acquire iron including two high-affinity uptake 

mechanisms, reductive iron assimilation (RIA), and siderophore-mediated iron uptake. For a 

number of pathogenic fungi, it has been shown that disruption of iron uptake results in virulence 

defects [3, 4, and 5]. Siderophores are low molecular mass and ferric iron-specific chelators that are 

excreted during iron starvation. The best-characterized siderophore biosynthetic pathway is in the 

mailto:patthamapp@yahoo.com
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pathogenic fungus Aspergillus fumigatus, in which genes involved in both extracellular and 

intracellular siderophore production have been identified [6, 7, and 8]. 

 Previous studies found that iron has an effect on growth of T. marneffei [10]. Additionally, 

the RIA and siderophore-mediated iron uptake has been shown to be dominant in the yeast 

pathogenic form of this fungus. Both mechanisms are controlled by SreA transcription factor [11]. 

In fungi, control of iron homeostasis is generally regulated by several conserved transcriptional 

factors and is mediated by iron availability [12, 13, 14, 15, and 16]. Recently, A. fumigatus AcuK 

transcription factor Zn2Cys6 has been shown to regulate genes in the biosynthesis of siderophores. 

Talaromyces marneffei genome contains an acuK orthologous gene of A. fumigatus, but its 

biological function has not been investigated. This study aimed to investigate the effect of different 

levels of iron on acuK expression and growth rate of Talaromyces marneffei. 

MATERIALS AND METHODS 

Fungal strain and culture conditions 

Talaromyces marneffei F4 strain (ATCC 200051) was grown on a malt extract agar. The 

conidial suspensions were prepared by scraping off the conidia from the surface of the mold colony 

with a cotton swab and suspending in a 10 ml phosphate buffer saline solution, filtered through 

sterile glass wool. The conidia were counted using a hemocytometer. 

The conidial suspensions were inoculated into Sabouraud Dextrose Broth (SDB) and 

Aspergillus nitrogen-free medium (ANM) with a final concentration of 108 conidia/ml. For various 

iron concentration conditions, the media were supplemented with ferric chloride solution (FeCl3) to 

final concentrations of 10, 30, and 100 µM. For iron depleted condition, a phenanthroline (an iron 

chelator) was added to final concentration of 200 µM in a presence of 10 µM FeCl3. Iron-repleted 

conditions were prepared by addition of FeCl3 to a final concentration of 1 mM in the iron-depleted 

conditions. The cultures were incubated at either 25 ºC or 37 ºC for 36 hours with 200 rpm 

continuous shaking.  

RNA extraction and cDNA synthesis 

The cells were harvested by centrifugation at 4,500 rpm for 10 min. About 2 g wet weight of 

the cells were homogenized in 800 ml of TRIZOL reagent and RNase-free glass beads in a screw 

cap microcentrifuge tube. The cells were mechanically broken in bead beater (Biospec, 

Bartlesville.OK, USA). The disrupted cells were separated from the glass beads by centrifugation at 

13,000 rpm in a micro-centrifuge, and the supernatant was transferred to a new tube. The samples 

were added with 0.2 ml of chloroform per 1 ml of TRIZOL reagent, vortexed vigorously for 15 

seconds, and the mixture incubated at room temperature for 2 to 3 minutes. The samples were 

centrifuged at 12,000 rpm for 15 minutes at 2-8 °C. Following centrifugation, the upper aqueous 

phase containing RNA was carefully transferred to a new tube. The RNA was precipitated by 

adding 0.5 ml of isopropyl alcohol per 1 ml of TRIZOL reagent, incubated at 15-30 °C for 10 

minutes and centrifuged at 12,000 rpm for 10 minutes at 2-4 ºC. The RNA pellets were washed with 

75% RNase-free ethanol, air dried and dissolved in Diethyl pyro-carbonate treated water (DEPC). 

The total RNA was treated with DNase to prevent DNA contamination. After that, the RNA was re-

precipitated with 0.1 volume 3 M sodium acetate and 2.5 volume absolute ethanol. RNA 

concentrations were measured by using Nanodrop 2000 (Thermo Scientific, USA). A PCR was 

performed to detect DNA contamination in the RNA sample, with ActF (5’-
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GGTGATGAGGCACAGTC-3’) and ActR (5’-GAAGCGGTCTGGATCTC-3’) primers that 

amplify an actin gene. In DNA-free RNA, the 600-bp band of actin gene should not be amplified. 

One microgram of the isolated total RNA was converted to cDNA using ReverTra Ace® 

qPCR RT Master Mix (TOYOBO, Japan). First, the RNA solutions were incubated at 65ºC for 5 

mins and then chilled on ice. The reverse transcription reaction was then performed in 2 µl of 5X 

RT master mix buffer, containing oligo dT primers and reverse transcriptase enzyme. The reverse 

transcription reaction was incubated at 37ºC for 30 min. 

Quantitative reverse-transcription polymerase chain reaction (qRT-PCR) 

Quantitative reverse-transcription polymerase chain reaction (qRT-PCR) in this study was 

performed using the SYRB Green qPCR mix (Thunderbird SYBR Green Chemistry, TOYOBO, 

Japan), and intensity of fluorescent signal was detected using a 7500 Real-time PCR System 

(Applied Biosystems, Foster City, CA). Amplification of acuK was performed in the PCR with 

Real_AcuK_F primer (5’-CCTCCGCCACGGATCATAGTG-3’) and Real_AcuK_R primer (5’-

ACACCGTCGTGGCATGCATC-3’). The acuK were detected using the following conditions: one 

cycle of 95 ºC, 60 s; followed by 40 cycles of 95 ºC, 60 s. The housekeeping actin gene was used as 

endogenous control for qRT-PCR. Calculation of a relative acuK expression was performed using 2-

(ΔC
t
) (where ΔCt = Ct actin-Ct acuK). 

Biomass measurement method  

To study the effect of iron on growth of T. marneffei, the conidia (1108 cell/ml) were 

inoculated into ANM broth with various iron concentrations; normal conditions (10 µM, 30 µM and 

100 µM FeCl3), iron depleted conditions (supplemented with 50 µM, 100 µM, and 200 µM 

phenanthroline) and iron repleted condition (depleted condition supplemented with 1 mM FeCl3), 

then incubated at 25 ºC and 37 ºC for 36 and 60 hours respectively. Mycelia and yeast cells were 

harvested, dried at 50°C for 5 days and weighed. 

Statistical analysis 

The data were analyzed using an independent paired sample t-test with significant value of 

p<0.05. All statistical analysis was performed using SPSS v.16.0. 

RESULTS AND DISCUSSION 

An acuK gene is conserved in Talaromyces marneffei 

 To characterize an acuK gene in the genome of Talaromyces marneffei, a BLAST search 

was performed using acuK of Aspergillus fumigatus (accession number XM_744619) on the whole 

genome sequence of T. marneffei on the NCBI database. Part of a contig containing acuK gene of 

Talaromyces marneffei (accession number ABAR01000002.1) was analyzed using FGENESH 

program (http://www.softberry.com). The data showed that the acuK open reading frame is 4,751 

bp in length and contains 3 exons. The transcript (mRNA) sequence has 2,001 bases and encodes 

666 amino acids. Moreover, the predicted gene included a transcription start site (TSS), coding 

sequence first (CSF), coding sequence intermediate (CSI), coding sequence last (CSL) and Poly 

adenylation site (PolyA) (Figure 1.). The acuK in T. marneffei was compared to the previously 

reported orthologous genes in A. nidulans and A. fumigatus. The nucleotide sequence showed 46.06 

http://www.softberry.com/
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and 44.96 % identity, and the amino acid sequence showed 49.39 and 50.15 % similarity to the gene 

and polypeptide sequence in A. nidulans and A. fumigatus, respectively. 

 

Figure 1. An acuK gene presented open reading frames (ORF) encompassing three exons. 

Investigation of the acuK expression by using qRT-PCR method 

 The acuK gene has been shown to involve in control of siderophore biosynthesis in A. 

fumigatus [14]. To investigate whether acuK gene could be involved in the iron acquisition in T. 

mareneffei, the fungus was cultured in different iron conditions and acuK transcript levels were 

determined in mold and yeast forms. The qRT-PCR result showed that acuK gene is iron-dependent 

expressed in both forms of T. marneffei (Figure 2.). Expression levels of acuK in the yeast form are 

higher than in the mold form. Additionally, the expression pattern in both forms showed sequential 

reduction upon the elevated concentrations of FeCl3. In the mycelial form, at low iron (10 µM) the 

acuK relative expression is 2 and 3 fold compared to the expression levels at 30 and 100 µM, 

respectively. Similar pattern is shown in the yeast form. However, the yeast form needs higher 

concentrations of FeCl3 at 200 and 300 µM to down-regulate the acuK expression. This result can 

be explained by the normal growth of the yeast form needs to high irons. In this form, the genes in 

RIA and siderophore biosynthesis systems were up-regulated as shown in Pasricha et al. [10]. These 

results suggested the possible function of acuK in negatively control of the genes responsible to 

reduce the iron toxicity. This function corresponds to the role of acuM in A. fumigatus [15]. In iron 

sufficient condition, the AcuM suppress SreA function, resulting in repression of iron uptake 

mechanisms at reductive assimilation (RIA) and siderophore biosynthesis. Regarding to our result, 

the acuK of T. marneffei and acuM of A. funigatus, could have had a similar role. It could inhibit 

the action of sreA under iron sufficiency or excess conditions. This assumption needs further 

investigation. 
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Growth of Talaromyces marneffei in different levels of iron 

 Nutrient acquisition and assimilation is a fundamental of growth and survival for all 

organisms. Iron is the important cofactor to cellular metabolism. Therefore, the differences of iron 

availability always affect the growth of pathogenic fungi during infection. To study effect of irons 

in growth of T. marneffei, the fungus was cultured in iron-depleted and iron-repleted conditions 

compared with the growth in normal culture.  The result of dry weight measurement in normal 

condition with 10- 3 showed that high iron concentrations have improved growth of 

the fungus both in mold and yeast phases (Figure 3.). In contrast, the growth was inhibited when 

phenanthroline was added sequentially to generate iron-depleted conditions. This result could be a 

result from cease of metabolism from iron insufficiency. Iron repletion condition found that the 

fungal growth is increased compared to the normal conditions and depletion condition. This result 

indicated that the concentrations of iron affected growth of mold and yeast forms of T. marneffei. 

Iron supports growth of both mold and yeast forms of T. marneffei in the sufficient iron 

concentration at 1 mM FeCl3. In contrast, the iron depleted condition halt the growth of T. 

marneffei. 

  

Figure 2.  Relative expression levels of acuK in mold and yeast forms of T. marneffei on 

different levels of iron concentrations. 
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CONCLUSION 

The data of qRT-PCR showed differential expression of acuK. At the same concentration of 

FeCl3, acuK is expressed higher in the yeast form than the mold form. In addition, acuK expression 

is sequentially reduced upon the increased concentrations of iron. Sufficient concentrations of iron 

are importance for growth of T. marneffei. Studies have shown that the higher iron, the decreased of 

acuK expression. This result demonstrated an important of acuK in negative control of genes in iron 

acquisition. In order to study the function of acuK gene, it is important to generate ∆acuK strain and 

study the level of target genes expression, that is involved the iron acquisition and other processes. 

The benefit of this research is to know primarily that the iron is associated with the expression of 

acuK gene and growth of T. marneffei. Since the AcuK is the fungal specific transcription factor, 

interfering of iron metabolism by inactivation of this factor could be useful for therapeutic 

application in the future. 

  

Figure 3 Talaromyces marneffei growth at 25 (A) and 37ºC (B) in normal conditions with 10, 30 

and 100 μM FeCl3, iron depletion with addition of 50, 100 and 200 μM phenanthroline in 

Aspergillus nitrogen-free medium (ANM)  medium with 100 μM FeCl3, and iron repletion 

condition with addition of 1 mM FeCl3 in the iron-depleted conditions. 
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Abstract 

 The purpose of this study was to compare the sealing ability between the oval-shape root 

canals filled with gutta-percha (GP)/AH Plus or bioceramic coated cone (BC point)/bioceramic 

(BC) sealer by matched single cone or continuous wave of vertical compaction (CWV) technique, 

using bacterial leakage method. Scanning electron microscope (SEM) was executed to observe 

sealer-dentin, cone-sealer interfaces. Sixty four extracted mandibular premolars from orthodontic 

patients were used in this study. All roots were mechanical instrumented until master apical file size 

#40/.06 was obtained, then divided into 4 experimental groups (n=12 of each) and 2 control groups 

(n=8 of each). For 4 experimental groups, the specimens were obturated with difference materials 

and technique; Group 1: GP/AH Plus with matched single cone technique, Group 2: GP/AH Plus 

with CWV technique, Group 3: BC point/BC sealer with matched single cone technique and Group 

4: BC point/BC sealer with CWV technique. E. faecalis was used to evaluate sealing ability for a 

60-day observation period. The results showed group 2 and 3 had less leakage than the others. 

However, statistical analysis using Kaplan-Meirer analysis revealed non-significant differences 

among the experimental groups (p < 0.05). Regarding SEM observation, 2 samples of each 

experimental group were randomly selected. The observation showed that root canals filled with 

GP/AH plus using matched single cone showed more gaps and voids than the other groups. 

Keywords: Matched single cone, Continuous wave of vertical compaction, Bioceramic sealer, 

Bacterial leakage 

INTRODUCTION 

 The main purpose of endodontic treatment is eradication of microorganisms from the root 

canal space and prevention of re-infection. The procedures involve chemo-mechanical 

instrumentation and filling the root canal system with appropriate root filling material. Complete 

three-dimensional obturation of root canal system with the desirable properties root filling materials 

is important for endodontic success [1, 2] and can delay the penetration of bacteria. 

 According to the difficulty in total disinfection of the root canal system [3] and the problem 

of coronal leakage, the obturation procedure should provide an excellent seal within the entire root 

canal system to prevent coronal and apical leakage [4]. The better outcome of root canal obturation 

depends on the materials and techniques selected that can be filled the total space root canal and 

providing a fluid tight seal in order to prevent re-infection. However, the current obturation 

mailto:kriangkraipin@yahoo.com
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materials and techniques are incomplete in prevention of leakage [5], so further development of 

new obturation materials with superior sealing ability still required. 

 Gutta-percha (GP) and AH Plus, an epoxy resin–based sealer, have been used as the gold 

standard for comparison with other new developing root filling material and showed high success 

outcome. [6]. However, many in vitro studies have claimed that gaps and voids may be seen due to 

shrinkage of GP after cooling [7, 8]. AH Plus has very good physical properties, such as low 

solubility, small expansion, mechanical adhesion to dentin and good sealing ability. However, due 

to the hydrophobic property, it does not adhere well to canal walls in the presence of moisture [9]. 

Moreover, it lacks of chemical bond between the GP cone and the components of sealer [10]. 

 According to the introduction of bioceramic technology to endodontics, the new root filling 

materials have been developed. Bioceramics materials were introduced to use in endodontic as root 

end filling materials and root repair cements, then as root canal sealer and surface-coating for GP 

cones [11, 12].  Bioceramic sealer (BC sealer) has been designed as a premixed in syringe to avoid 

non-homogeneous mixing, improve the convenience in deliver sealer into root canal and speed up 

the obturation method [13]. This method is so-called synchronized hydraulic condensation [14], 

which using the synchronized master GP cone to carry sufficient sealer to seal the apex. By using 

this material with the recommended obturation technique, the precision matching of the master cone 

to the prepared canal is very important. The proper size of selected cone that fit to the canal can 

minimized the amount of sealer used and can reduce any dimensional change of sealer after setting 

[15]. It seems that matched single cone technique is proper for round canal. Actually, a cross 

section of root canals is usually oval in shape, therefor it has discrepancy between the master cone 

and the prepared canal and using of matched single cone technique in oval shape canal is still 

unclear. 

 The obturation techniques are also important for the success of root canal treatment. Various 

techniques have been proposed to achieve the best outcome. However, it is not clearly indicated that 

one obturation technique is superior to the others. 

 Continuous wave of compaction technique was developed by Buchanan [16]. This technique 

requires a selected plugger and electric heat source which applied a continuous wave of heat to 

soften and down pack a fitted cone to the apical portion of the canal. Then, the remaining canal will 

be filled by further increments or thermoplasticized injection of gutta-percha. It is less time 

consuming and has been showed less microbial coronal leakage in comparison to lateral compaction 

technique [17]. However, some studies showed no significant difference in bacterial leakage 

between the two techniques [18, 19]. The major concern of this technique is the risk of periodontal 

injury from excessive heat generation and extrusion of filling materials into the periapical tissue 

[20]. 

 More recently, due to the advancement of rotary Ni-Ti instrumentation systems, the matched 

single cone obturation technique has been proposed. This technique speeds up the root canals filling 

time while minimizes the pressure applied to the root canal walls and does not require accessory 

cones. This technique aims at a combination of single cone and root canal sealer in a uniform mass 

to prevent failure observed among multiple cones [21]. The disadvantage of this technique is that 

the majority of sealers is soluble and will cause microleakage [22]. However, due to the 

development of bioceramic sealers, the manufacturers claimed that sealers are non-shrinkage and 

can create chemical bond between bioceramic-coated core material and root canal walls, which can 

reduce the penetration of bacteria [23]. 

 To evaluate sealing ability of root filling material, a number of methods have been proposed 

such as dye penetration, radioisotope tracing, fluid filtration and leakage of bacteria. To simulate 
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the clinical situation, bacterial leakage model have been used to analyze sealing ability of different 

systems of root canal filling materials. The most common method is the two-chamber system, 

which allows the tested bacteria to permeate from the upper chamber through the filled root into the 

medium in the lower chamber. The bacterial leakage can be detected by turbidity or a change in 

color of the medium [24]. 

 Leakage of obturated canal usually occurs due to lacking of complete adaptation and sealing 

between the obturation material to root canal wall as well as the presence of voids within the filled 

root canal. To evaluate the adaptation of materials to root canal walls, any gaps/voids within 

obturation materials and penetration of sealer into dentinal tubule, SEM analysis can be performed 

by two-dimensional (2D) assessment [25, 26]. 

 The purpose of this study is to compare the sealing ability between the oval-shape root 

canals filled with GP/AH Plus or BC point/BC sealer by matched single cone or continuous wave of 

vertical compaction technique, using bacterial leakage method. Scanning electron microscope 

(SEM) observation was executed to evaluate sealer-dentin and cone-sealer interfaces. 

MATERIALS AND METHODS 

Tooth preparation 

 Sixty four extracted mandibular premolars from orthodontic patients whose ages range from 

20 to 25 years old was used for this study. Each selected tooth was free of caries, cracked or 

fracture line and contain straight, fully developed root with a single root canal. Information about 

name and gender were not available. 

 All teeth were kept in 0.1% thymol solution until used. First, all teeth were verified 

radiographically in bucco-lingual and mesial-distal dimensions using conventional radiograph 

(Careestream dental, Rochester, NY, USA) to confirm that each tooth has only a single canal and all 

selected teeth have the similar thickness of root canal walls. The crowns were removed and the 

coronal surface of root was prepared perpendicular to the long axis of the root with a micro-blade 

cutting instrument (Acutom-50, Struers, Copenhagen, Denmark). All roots were prepared and 

polished until approximately 11 mm length from the sectioned coronal surface to the apex of the 

root was obtained. To determine working length, #10 K-file (Dentsply-Maillefer, Tulsa, OK, USA) 

was inserted and passed through the apical foramen, and the working length was obtained by 

subtracting 1 mm from the measurement. If the #10 K-file cannot pass through apical foramen, the 

tooth was excluded, the tooth which the apical foramen larger than #20 K-file also excluded. Then, 

a smooth glide path was obtained using #15 K-file at the working length. 

  Root canal instrumentation was performed with the crown-down technique using a series of 

RaCe nickel titanium rotary file (FKG Dentaire SA, La Chaux-de-Fonds, Switzerland). To begin 

with, a RaCe Ni-Ti rotary file taper #40, taper .10 will be used at the coronal 1/3 of root canal 

following by the rotary file #35, taper .08 to approximately 2/3 length of the canal. Then, the apical 

1/3 was prepared using the rotary file #25, taper .02 to the working length. After that, the canals 

were sequentially prepared with rotary file #25/.04, #25/.06, #30/.06, #35/.06 and finally #40/.06 as 

a master apical file (MAF). The speed and torque of motor were set at 600 rpm and 1.5 Ncm 

respectively according to the recommendation from the manufacturer. RC prep® (Premier Dental 

Philadelphia, PA, USA) was used as lubricant. Canals were irrigated with 1 ml of 2.5% NaOCl and 

recapitulation with #15 K-file after each instrumentation sequence. After complete instrumentation, 

a final irrigation using 3 ml of 17% EDTA (Endo Clean, M Dent, Bangkok, Thailand) was done for 

1 min, following by a use of 2.5% NaOCl for 5 ml in order to remove smear layer.  



 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 

84 

Root canal obturation 

 The root canals were randomly assigned into four groups with 12 roots of each. In addition 

another 16 roots were used as either negative control or positive control, 8 roots of each. Before 

obturation, the canals were dried using sterile paper points #40 taper .06 (FKG Dentaire SA, La 

Chaux-de-Fonds, Switzerland), 3 paper points per each canal. Six experimental groups and two 

control groups were obturated with different materials or different obturation techniques as follows: 

 Group 1: Matched single cone technique of GP with AH Plus sealer 

 AH plus sealer was mixed in equal amount of paste A and paste B to obtain a 

homogenous consistency. The sealer was loaded into root canal using size 30 lentulo spiral shorter 1 

mm from the working length. A 40/0.06 GP cone was inserted and fitted to the length without any 

further compaction. The System B heat source was placed at the canal orifice and activated to sear 

off GP cone. A proper size of plugger was used to lightly compact GP at this level. 

 Group 2: Continuous wave of warm vertical (CWV) compaction of GP with AH Plus 

sealer 

 These roots were filled with GP and AH Plus sealer (Dentsply- Maillefer, Tulsa, OK, 

USA) using a continuous wave of compaction technique (System B, Analytic Endodontics, Orange, 

CA, USA). Before obturation, the proper size pluggers (Buchanan-type; SybronEndo, Orange, CA, 

USA) that can reach to apical, middle and coronal one-third were selected. AH Plus sealer was 

mixed to obtain a homogenous consistency. The sealer was loaded into root canal using size 30 

lentulo spiral shorter 1 mm from the working length. Then, a GP master cone size 40 taper .06 

(FKG Dentaire, SA, La Chaux-de-Fonds, Switzerland) was slowly inserted into the canal until 

working length. The System B heat source, which was set the temperature at 150ºC, was used to 

pack down and sear off the master cone into 5 mm from the established working length. A smallest 

selected plugger was used to vertically compaction of soften gutta-percha. The Obtura II system 

(SybronEndo, Orange, CA, USA) was prepared according to the manufacturer’s instruction and 

heated to 150ºC in the delivery system. Silver injection needle of 23 gauges will be used for all 

obturation. The needle will be inserted until it bound to down-packed GP in the apical portion. 

Then, the thermoplasticized GP was injected to the half-length of root canal. The soften GP was 

compacted using a middle-size selected plugger. Finally, the remaining root canal was back-filled 

until the orifice level, and the soften GP was vertically compaction with a largest selected plugger. 

 Group 3: Matched single cone technique of BC point with BC sealer 

 Following the manufacturer’s instruction, the BC sealer in a syringe with an intra-canal 

tip was inserted into the canal at coronal one third and then gently dispensed a small amount of 

sealer into the canals. A 40/0.06 BC point was inserted and fitted to the length without any further 

compaction. The System B heat source was be placed at the canal orifice and activated to sear off 

BC point. A proper size of plugger was used to lightly compact BC point at this level. 

 Group 4: Continuous wave of warm vertical (CWV) compaction of BC point with BC 

sealer 

 A 40/0.06 BC point was coated with a thin layer of premixed TotalFill BC sealer (FKG 

Dentaire, SA, La Chaux-de-Fonds, Switzerland), and slowly inserted into the canal until the 

working length. The obturation was performed with the continuous wave of compaction technique 

similar to Group 2.  
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 Group 5: The eight roots in this positive control group were kept opened without any use 

of root filling materials. 

 Group 6: This negative control group was composed of eight prepared roots, two in each 

group which, were obturated with the same techniques and materials in the four experimental 

groups. 

 Radiographs were taken in mesial-distal and buccal-lingual dimension for all teeth to 

confirm the quality of root canal obturation. Then all obturated roots were sealed with two coats of 

colored nail polish (Revlon, Inc., NY, USA) except for the 3-mm apical area. In the negative 

control group, the roots were entirely coated with the nail varnish along the total surface of the root 

to seal apical foramen.  

 Teeth were stored in moist gauzes, kept in closed containers and placed in an incubator at 

37°C for 7 days before bacterial leakage testing [27, 28]. 

Leakage Apparatus Preparation 

 The apparatus composes of two chambers (Figure 1). The upper chamber is a 1.5-ml 

microcentrifuge tube (Treff Lab, Schweiz, Switzerland) containing the tested root. The 

microcentrifuge tubes were cut at the bottom, and the obturated roots were inserted into the tubes 

until the area of uncoated roots protruding through the cut end. The junction and gap between the 

tube and the root were sealed with cyanoacrylate adhesive (3MTM Super Glue Gel, 3M Company, 

Maplewood, MN, USA) to prevent leakage of the connection. The upper chambers were then 

sterilized in ethylene oxide gas for 12 h. 

 The lower chamber of leakage apparatus was a 10-ml glass vial containing 5 ml phenol red 

broth base containing 1% glucose. The lower chambers were sterilized by autoclave (Steam 

Autoclave HV-110, Hirayama, Tokyo, Japan) at 121 ºC, pressure 15 pounds for 15 min.  

 To confirm the efficacy of sterilization, the glass vials were further incubated for 24 h for 

sterility check. After the sterilization, the microcentrifuge tubes were placed into the vial with 3-mm 

of root apex submerging in to the broth. If the contamination occurred, the turbidity will be seen 

and the apparatus will be discarded. 

 

 

Figure 1. Bacterial leakage model  
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Bacterial Leakage Test 

 For the coronal leakage assay, a standard strain of E. faecalis (ATCC 29212) was used as 

the indicator. The 24-h culture of E. faecalis in Brain Heart Infusion (BHI) broth was standardized 

to a McFarland scale of 0.5 (approximately 1.5 x 108 CFU/ml). Then, 500 μl of the bacterial 

suspension was added into the upper chamber of the leakage apparatus. Then, the apparatus was 

placed in 5% CO2 incubator at 37°C and 100% humidity.  

 The bacterial leakage into the lower chambers was checked daily for 60 days. To ensure 

the viability of the bacterial indicator, 200 μl of E. faecalis broth was removed and 200 μl of new 

fresh broth was added every two days. The turbidity and color of the broth in the lower chamber 

indicates bacterial leakage. To confirm the leakage of E. faecalis, gram staining was carried out 

from the turbid broth to inspect the cell morphology of E. faecalis. In addition, the characteristic 

growth in BHI agar was identified by the appearance of smooth, creamy or white colonies of E. 

faecalis [29] The specimens contaminated with other bacteria were excluded. Time-to-leakage (in 

days) was determined and recorded for each samples. Number of leaked and non-leaked samples 

from each experimental group was also recorded and calculated into percentage of leakage. 

SEM observation for sealer penetration 

 For SEM observation, two filled roots from groups 1-4 were randomly selected. Horizontal 

section was made at each level of root canal- apical 1/3, middle 1/3 and coronal 1/3 (at 3, 6 and 9 

mm from the anatomical root apex respectively) using a slow-speed diamond saw with water-

coolant (IsoMet TM Low Speed Saw). Thereafter, the specimens were embedded in resin. Then, the 

section surfaces (at the 3, 6 and 9 mm level from the apex) were polished using silicon-carbide 

papers grid 800, 1,200, 2,000 and 4,000 sequentially. Sectioned surfaces were then treated with 

10% phosphoric acid solution for 5 s and then 2.5% NaOCl for 5 min to remove any organic and 

inorganic contents around the sealer tags. After that, the specimens were washed with distilled 

water and dehydrated in desiccator. After that the specimens were sputter coated with gold and 

analyzed under SEM (JSM-6610LV, JEOL Ltd., Tokyo, Japan). 

RESULTS AND DISCUSSION 

Bacterial leakage 

 All positive control teeth showed bacterial leakage rapidly within 48 h, indicating the 

ability of bacterial suspension to penetrate the prepared root canals. However, the lower chamber of 

negative control teeth remain uncontaminated throughout the experiment, indicating that the seal 

created between the two chambers of the system was effective.  

 All samples which were taken from the lower chambers after the occurrence of color 

changed and turbidity (Figure 2) confirmed the leakage of E. faecalis only. The gram staining 

showed gram positive short chains or cocci in clusters. In addition, the characteristic growth in BHI 

agar exhibited the appearance of creamy colonies of E. faecalis. 

 Regarding the days of contamination, all experimental groups show leakagae along the 

observation period. Group 2 and group 3 showed the better result with a mean of 40.6 ± 25.49 days 

and 40.3 ± 25.66 days respectively while group 1 and group 4 showed nearly equal results with a 

mean of 32.4 ± 22.82 and 31.8 ± 26.25 days, respectively. However, statistical analysis using 

Kaplan-Meirer analysis to estimate the median time of leakage revealed non-significant differences 

among the experimental groups (p < 0.05) as shown in table 1.  
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Figure 2. Leaked sample showing change in color and turbidity of the broth in lower chamber (left) 

compare to non-leaked sample (right) 

 

Table 1. Minimum, mean and maximum days at which microleakage occurred 

Groups n 
Minimum 

(days) 

Mean ± 

SD 

Maximum 

(days) 

P 

value 

1. AH Plus matched 

single cone 

10 3 32.4±22.82 60 

0.6059 
2. AH Plus CWV 10 4 40.6±25.49 60 

3. BC sealer matched 

single cone 

10 5 40.3±25.66 60 

4. BC sealer CWV 10 3 31.8±26.25 60 

 Regarding the percentage of samples that leaked at the end of 60 days, they were found 

that 70% of samples in group 1 showed leakage, while 40%, 40% and 60% of samples in group 2, 3 

and 4 respectively showed leakage. However, the observed differences were found to be statistically 

non-significant (As shown in table 2). 

Table 2. Comparison between the different experimental groups according to the % of 

contaminated and non-contaminated samples after exposure to bacterial suspension for 60 days 

 Matched 

single cone 

GP + AH 

plus 

CWV 

GP + AH plus 

Matched 

single cone 

BC  point + 

BC sealer 

CWV 

BC  point + 

BC sealer 
P value 

 No. % No. % No. % No. % 

0.538 
Leaked 7 70 4 40 4 40 6 60 

Non-

leaked 
3 30 6 60 6 60 4 40 
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SEM findings and Figures 

 The root canal walls-root filling material interface of horizontal section showed more 

gaps in matched single cone GP/AH Plus group than the others. The comparison between BC sealer 

in matched single cone and CWV group found that there were more voids in sealer of matched 

single cone group (Figure 3). 

 
Figure 3. Micrograph of horizontal sections on apical, middle and coronal 1/3 of experimental 

groups (A: AH plus with matched single cone technique, B: AH Plus with CWV compaction 

technique, C: BC sealer with matched single cone technique, D: BC sealer with CWV compaction 

technique) 

 The elimination of bacteria from the root canals and the prevention of recontamination of 

the obturated root canal are keys for the successful of root canal treatment. Several obturation 

materials have been proposed as alternatives to the GP and zinc oxide eugenol-based sealers. In 

addition, various new obturation techniques have been also introduced to correct the disadvantages 

of conventional lateral compaction technique. In this regard, warm vertical compaction techniques 

have been widely used to fill root canal system in three-dimension [1, 30]. Furthermore, according 

to the preparation of root canal with Ni-Ti rotary systems, it makes the prepared root canal to have 

more conical than manual preparations. Tapered single cones were introduced in order to match 

with the final shaping instrument. With the corresponding of the diameter of instrument and GP 
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cone, the quality of obturation would be superior to the classic single cone technique [31]. 

Continuous wave of warm vertical compaction technique have been developed to improve the 

adaptation of root filling material to the root canal walls, as the heated GP can fill canal 

irregularities [32]. However, this technique was not employed as the manufacturer of BC sealer 

recommends the use of matched single cone technique. Some studies have evaluated the quality of 

matched single cone technique in term of sealing ability [33-36] but they showed the vary results. 

The inconsistent results may be due to the difference of the shape of original canal and type of root 

filling materials used. 

 CWV technique seems to provide better filling of canal irregularities and lateral canals. 

In fact, previous studies claimed that match single cone technique provides inadequate seal in oval-

shaped canals. The matched single cone technique should be limited to round canals because in 

oval-shaped canals the use of matched single cone may result in void especially in coronal 2/3 level 

[37]. 

 In this study we need to examined the sealing ability of new root filling material and 

sealer which claimed that they can form hyroxyapatite and non shrinkage so mandibular premolars 

were used because they have oval shaped canals, providing space between round GP cone or BC 

point and the root canal walls, such space will need large amount of sealer between the root filling 

material and root canal walls, which requires the use of a sealer with optimum sealing ability in 

order to obturate the root canal system by match single cone technique. 

 As the length of filling the filling material has an effect on the rate of bacterial leakage, 

the length of all teeth were fixed to 11 mm. The root canals were prepared till Ni-Ti rotary file size 

40 taper 0.06 for effective irrigation and standardized to volume of the canals. 

  Bacterial leakage is one of the most wildly used to evaluate coronal leakage because it 

provides data that are clinically relevant and more biologically significant than other methods [38, 

39]. In this study, E. faecalis, which is facultative anaerobic bacteria, was used to test leakage 

through the obturated root canals. This strain are predominant in failed previously treated teeth [40] 

thus this bacterial seem relevant to clinical practice. 

 Some specimens were thoroughly contaminated at early dates of evaluation imply that 

there is poor correlation between the quality of root canal obturation and the image on radiograph. 

 The result in this study has shown that the root canals filled with GP/AH Plus using 

matched single cone technique and BC point/BC sealer filled with CWV technique seem to leak 

more than the other groups. However, there was no significant difference in bacterial leakage 

between four experimental groups. The result of our study corresponds to previous study done by 

Zhang et al [41]. This study compared the sealing ability of BC sealer to AH Plus and found no 

significant difference in fluid leakage among the group as well as no time effect on leakage. 

Another study by Hasnain et al. [42] conflicted with our result.  They compared the apical sealing 

ability of sealers using dye penetration method and found that the best result were obtained with 

root canal filled by matched single cone with BC point/BC sealer followed by GP/BC sealer, 

GP/AH Plus and GP/Hybrid Root SEAL. 

 Regarding the obturation techniques used in this study, CWV technique could have 

affected the seal of BC sealer. The setting time of BC sealer includes a hydration reaction and a 

hydroxyapatite formation reaction. Apply of heat may accelerate the reaction rate and causes a 
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reduction in setting time and flow [43] ; however, there are no studies to explain the exact 

mechanism of the heat on BC sealer. This requires further study. 

 Various type of irrigants have been used for disinfect root canal system which may 

cause alteration in chemical and structural composition of root canal dentin. 17% EDTA was used 

as irrigant for final rinse in this study. Previous study had been demonstrated that EDTA decrease 

wetting ability of root canal walls [44], thus create the preferable condition for the adhesion of 

hydrophobic materials such as AH Plus and causes efficient micro retention. However, BC sealers 

have hydrophilic property, the decrease wetting ability of root canal walls prohibited adhesion of 

these materials [45]. A study of Al-Zaka et al. [46] found that root canals obturated with BC sealer 

and using EDTA as final irrigation showed more leakage than the others group. 

 There are many techniques for evaluation of endodontic leakage which have yielded 

controversial results. Wu et al. [47] demonstrated the lack of correlation between bacterial leakage 

and fluid infiltration in obturated roots. Similary, Barthel et al. [48] found no difference between 

bacterial and dye penetration. It has been shown that a bacterial leakage model is more clinically 

relevant compared to other technique but the correlation between the amount of microleakage and 

the clinical outcome of root canal treatment is still unclear and needs further study. 

 Regarding SEM observation, the results showed that there are more gaps between sealer 

and root canal walls in GP/AH Plus group using matched single cone than the other groups. It 

seems that the hydraulic pressure from the matched master cone unable to carry the AH Plus sealer 

to seal total space of root canal. AH Plus contains resin and has faster setting time, therefore it tends 

to shrink and cause debonding from the root canal wall. 

 The findings of this and other in vitro studied have shown that neither the obturation 

technique nor filling material used can totally prevent microbial leakage. The optimum obturation 

technique should be used to ensure the integrity of the root canal filling. Moreover, the choice of 

sealer should be considered when selecting the obturation technique [49]. 

 It was difficult to directly compare results from this study with those of other studies as 

many different factors have effects on the results. These include shape of root canal, preparation 

technique, obturation materials and techniques, model design, organism used and sample size. 

Because of inherent limitations of the studies, data should be interpreted with caution. 

CONCLUSION 

 Within the limitation of this study, it can be concluded that matched single cone obturation 

technique show the same result of microleakage as continuous wave of warm vertical compaction 

technique in filled oval-shaped root canals. Further study must be done with more samples to 

determine the significant level of microleakage from both sealers and techniques. The thickness of 

root canal walls of selected teeth should be calibrated to the similar thickness and the compaction 

force using in obturation technique should be controlled because the excessive force may lead to 

root fracture. In addition, SEM testing with more samples is also needed to evaluate the ability of 

the sealer to penetrate into dentinal tubules. 
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Abstract 

 Vibrio parahaemolyticus is a Gram-negative halophilic bacteria inhabiting in worldwide 

marine environment including seawater and seafood. It is a causative agent of gastroenteritis in 

humans who consume contaminated undercooked seafood. Clinical V. parahaemolyticus strains 

harbor virulence genes namely thermostable direct hemolysin (tdh) and tdh-related hemolysin (trh). 

Most of environmental V. parahaemolyticus isolates lack of tdh and trh. However, presence of 

pathogenic isolates possessing tdh and/or trh in the environment were sporadically reported. The 

present study aimed to determine occurrence of V. parahaemolyticus and to detect virulence genes, 

tdh and trh, from isolates collected from seawater at Bang Poo Resort, Thailand during December 

2016 to February 2017. Total 377 isolates from 83 seawater samples were selected from 

Thiosulfate-citrate-bile salts-sucrose (TCBS) agar plates. Of total 377 isolates, 344 (91.2%) were 

positive for V. parahaemolyticus by biochemical tests. Of 377 isolates, only 251 isolates (66.6%; 

251/377) were positive for species specific gene (ldh) by polymerase chain reaction (PCR). 

Furthermore, one (0.2%; 1/377) isolate was positive for both tdh and trh genes. Two (0.5%; 2/377) 

isolates were positive for only trh gene, whereas the isolate possessing only tdh gene was not 

detected in this study. In summary, V. parahaemolyticus isolates were recovered from seawater at 

Bang Poo Resort, Thailand. Although majority of isolates were non-pathogenic, a number of 

isolates possessed virulence genes were reported. Obtained information is useful for public health 

awareness of potentially pathogenic organism that persist in environment surrounding human 

recreational area. 

Keywords: Vibrio parahaemolyticus, tdh, trh, seawater, Thailand 

INTRODUCTION 

 Vibrio parahaemolyticus is a Gram-negative marine bacteria. This organism is commonly 

isolated from aquatic environment, zooplankton and marine animals including oysters, clams and 

shrimps. V. parahaemolyticus is a causative agent of gastroenteritis in humans who consume 

contaminated undercooked seafood. In 1950, the first outbreak of gastroenteritis caused by V. 

parahaemolyticus occurred in Japan due to consumption of fermented sardine, Shirasu [1]. 

Subsequently, gastroenteritis cases of V. parahaemolyticus infection were reported worldwide [2-5]. 

V. parahaemolyticus strains that were isolated from gastroenteritis patients are capable of producing 

Thermostable direct hemolysin (TDH) and/or TDH-related hemolysin (TRH) [6, 7]. The 

hemolysins, TDH and TRH, are encoded by tdh and trh genes, respectively. The tdh and trh are 

mailto:chonchanok.the@mahidol.ac.th
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important virulence factors of V. parahaemolyticus and have been recognized for pathogenic 

markers [6]. Majority of clinical V. parahaemolyticus strains possesses tdh and/or trh genes [8]. 

However, most environmental V. parahaemolyticus isolates lack of tdh and trh genes were reported 

from many countries such as Japan, Mexico, France, Iran, Span and Jordan [4, 9, 10-13]. 

 In Thailand, Teiwvilai [14] reported that the prevalence of V. parahaemolyticus in water 

from growing shrimp ponds and shrimp waste ponds in the south of Thailand were 33.3% and 

pathogenic strain (tdh+ and/or trh+) was not found.  To date, little is known about prevalence of V. 

parahaemolyticus in seawater in Thailand. The present study aimed to determine occurrence of V. 

parahaemolyticus and virulence genes detection of collected isolates from seawater at Bang Poo 

Resort, an estuary area that is famous for human recreational activities and is located at the Gulf of 

Thailand. Examination of V. parahaemolyticus in such area will generate useful information for 

public health awareness of potentially pathogenic organism that persist in the environment. 

MATERIALS AND METHODS 

 Water samples (n=83) were collected from 2 sampling sites at Bang Poo Resort in Samut 

Prakarn province, Thailand (Figure 1). Water from sampling site no. 1 located at open water zone 

and site no. 2 located near mangrove area (Figure 2). 

 

 

 

 

 

 

 

 

Figure 1. Map of Bang Poo Resort, Samut Prakarn province, Thailand 

 

 

Figure 2. Location of sampling sites at Bang Poo Resort, Samut Prakarn province, Thailand. 

Site no.1 located at open water zone and site no.2 located near mangrove area.  

Site no.2 
 

Site no. 1 
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Bacterial isolation  

Direct method 

 Water samples were collected for 3 months during December 2016 to February 2017. Water 

samples were collected from 30 centimeter (cm) depth from surface [14] by sterile bottles and 

transported to laboratory at Department of Microbiology, Faculty of Public Health, Mahidol 

University, Bangkok, within 3 hours after sampling. The 25 µl from each 1 ml water sample was 

spread onto 4 plates of Thiosulfate-citrate-bile salts-sucrose (TCBS) agar plates and incubated at 

37oC for 18-24 h. 

Enrichment method 

 The 50 ml of each water sample was added into 50 ml of 2X alkaline peptone water (APW) 

with 3% NaCl. After incubation at 37oC for 18-24 h, each enrichment sample was streaked on two 

TCBS agar plates and incubated at 37oC for 18-24 h. Three to five suspected green V. 

parahaemolyticus colonies on TCBS plates were selected from direct method and enrichment 

method. Each isolate was subcultured in Trypticase soy agar (TSA) plate with 3% NaCl for 

biochemical identification and 20% glycerol stock containing 600 µl of Luria-Bertani (LB) broth 

with 3% NaCl and 600 µl of 40% glycerol. 

Biochemical identification 

 All suspected V. parahaemolyticus isolates were tested for oxidase reaction. The oxidase 

positive isolates were confirmed for V. parahaemolyticus by Triple sugar iron (TSI) test, Lysine 

indole motility (LIM) test and Salt tolerance test (peptone with 0 and 3% NaCl). The suspected V. 

parahaemolyticus isolates from TSA plate were scraped into 20% glycerol stock and stored at -80oC 

until use. 

Polymerase chain reaction (PCR) method 

Single PCR for species specific lecithin dependent hemolysin gene (ldh) detection 

 The suspected V. parahaemolyticus cultured on TSA with 3% NaCl were subcultured to LB 

broth with 3% NaCl and incubated at 37oC 18-24 h for DNA extraction by boiling method.  

Preparation of genomic DNA from bacterial cells by boiling method was adapted from Teiwvilai 

[14]. The extracted DNA was used for DNA template of PCR amplification. In this study, V. 

parahaemolyticus strain VP902 (ldh+, tdh+ and trh+) was used for ldh, tdh and trh positive control. 

The PCR condition was adapted from previous study [15]. PCR amplification was performed in 

PCR Thermal cycler (PCR ThermoHybaid PHCL-46-001), under following condition; denaturation 

at 94oC for 3 min, 30 cycles of denaturation at 95oC for 1 min, annealing at 58oC for 1 min and 

extension at 72oC for 1 min. The final extension was at 72oC for 10 min. The ldh gene was 

amplified by the following primer sets: 5’-AAAGCGGATTATGCAGAAGCACTG-3’ (ldh- 

Forward), 5’-GCTACTTTCTAGCATTTTCTCTGC-3’ (ldh-Reverse) [16]. 

Multiplex PCR for virulence genes (tdh and trh) detection 

 Multiplex PCR condition for amplification of tdh and trh genes followed as previously 

described by Chonsin et al. [15]. PCR amplification was performed in PCR Thermal cycler, under 

following condition; denaturation at 94oC for 3 min, 30 cycles of denaturation at 95oC for 1 min, 

annealing at 51oC for 1 min and extension at 72oC for 1 min. The final extension was at 72oC for 10 
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min. The tdh and trh genes were amplified with the following primer sets: 5’-

GTACCGATATTTTGCAAA-3’ (tdh-Forward), 5’-ATGTTGAAGCTGTACTTGA-3’(tdh-

Reverse) [17] and 5’-CTCTACTTTGCTTTCAGT-3’ (trh-Forward), 5’-TACGCTTATATAGGC 

GCTTA-3’(trh-Reverse) [18]. 

 All PCR products of studied isolates were analyzed by gel electrophoresis. The 3 µl of PCR 

products were loaded on 1.5 % agarose gel with Diamond™ Nucleic Acid Dye (Promega, USA) 

and electrophoresed in 1X Tris borate EDTA (TBE) buffer at the constant 100 volt for 40 min. The 

3 µl 100-bp DNA ladder (Thermo scientific, USA) was used for standard size markers. DNA was 

visualized by Gel documentation system (Bio-Active, Israel). 

RESULTS  

Conventional culture method 

 A total of 83 water samples were collected from Bang Poo Resort during December 2016 to 

February 2017 (Table 1). A total of 83 water samples showed green colonies on TCBS agar. All 83 

water samples (100%; 83/83) positive for V. parahaemolyticus. Among these 83 V. 

parahaemolyticus positive samples, 377 green colonies on TCBS agar were selected. Of 377 

selected colonies, 344 (91.2%; 344/377) colonies were positive for V. parahaemolyticus identified 

by conventional culture method. 

Table 1. Detection rates of Vibrio parahaemolyticus isolated from water samples collected from 

two sampling sites in Bang Poo Resort during December 2016 to February 2017 by 

conventional culture method  

No. of studied 

samples 

 

No. of suspected  

V. parahaemolyticus 

isolates (green colonies on 

TCBS) 

Conventional culture method 

No.(%) of positive 

samples 

No.(%) of positive 

isolates 

83 377 83 (100) 344 (91.2) 

Polymerase chain reaction (PCR) method 

PCR for detection of species specific gene ( ldh)  and virulence genes (tdh and trh) of 

V. parahaemolyticus 

 Detection of ldh gene was performed by single PCR (Figure 3) and detection of virulence 

genes (tdh and trh) was performed by multiplex PCR (Figure 4). From all 83 collected samples, 82 

(98.8%; 82/83) samples were positive for ldh gene (Table 2). Of total 377 selected isolates, 251 

(66.6%; 251/377) isolates were positive for ldh gene (Table 2). All V. parahaemolyticus isolates 

were examined for virulence genes (tdh and trh). As a result, two isolates (0.5%; 2/377) from two 

water samples (2.4%; 2/83) were positive for trh gene. Only one isolate (0.2%; 1/377) from one 

water sample (1.2%; 1/83) was positive for both tdh and trh genes. In addition, no isolate harbored 

tdh gene in this study.   
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Figure 3 Detection species specific gene (ldh) of Vibrio parahaemolyticus by single PCR (Lanes 1 

- 6). The 1.5% agarose gel showing DNA bands with expected size of ldh gene (450 bp). Lane M: 

100 bp DNA marker (Thermo Scientific, USA); Lane 1: reference strain VP902 (ldh+); Lane 2: 

negative control (DI water); Lanes 3-6: strains D9SW5.3, I9SW5.4, D9SW6.1 and D9SW6.2, 

respectively. 

 

 

   

Figure 4 Detection virulence genes (tdh and trh) of Vibrio parahaemolyticus by multiplex PCR 

(Lanes 1-5). The 1.5% agarose gel showing DNA bands with expected of tdh (382 bp) and trh (276 

bp) genes. Lane M: 100 bp DNA marker (Thermo Scientific, USA); Lane 1: reference strain VP902 

(tdh+/trh+); Lane 2: negative control (DI water); Lanes 3-5: strains D14SW11.2, I9SW10.5 and 

D10SW4.1, respectively. 

  

  M             1            2            3             4           5             

100 bp 

1,000 bp 

500 bp 
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tdh (382 bp) 

trh (276 bp) 

M        1        2       3        4       5       6 
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Table 2. Detection of species specific (ldh) gene and virulence genes (tdh and trh) for Vibrio 

parahaemolyticus isolated from water samples collected from two sampling sites Bang 

Poo Resort during December 2016 to February 2017. 

Genes 

PCR  method 

No.(%) of positive samples 

N=83 

No.(%) of positive isolates 

N=377 

ldh+ 82 (98.8) 251 (66.6) 

tdh+ 0 (0) 0 (0) 

trh+ 2 (2.4) 2 (0.5) 

tdh+trh+ 1 (1.2)  1 (0.2) 

DISCUSSION AND CONCLUSION 

 In the present study, results showed 83 (100%) water samples and 344 (91.2%; 344/377) 

isolates were positive for V. parahaemolyticus detection by conventional culture method. Other 

green colonies on TCBS agar that were not V. parahaemolyticus may represent other Vibrio spp. 

such as Vibrio vulnificus and Vibrio mimicus [19, 20]. Furthermore, PCR was used to detect species 

specific gene (ldh) and virulence genes (tdh and trh) of V. parahaemolyticus isolates. Detection of 

total 251 V. parahaemolyticus isolates (66.6%; 251/377) from 82 water samples (98.8%; 82/83) 

were positive for ldh gene. Prevalence of V. parahaemolyticus in present study is higher than 

previous studies from the Atlantic west coast of Spain, the southern coast of the Caspian Sea in 

Jordan and the Chesapeake Bay in United State of America (USA) [20, 12, 21]. Davis et al. [22] 

reported low prevalence (2.7%) of V. parahaemolyticus in spring and high prevalence (28.3%) in 

summer which has highest temperature at the Chesapeake Bay, USA. Those authors demonstrated 

that variable seawater temperature was related to prevalence of V. parahaemolyticus. Since water 

temperature during sampling period in the present study was warmer than that of the Western 

countries, it is reasonable that prevalence of V. parahaemolyticus in Thailand is higher than that of 

previously reported. When comparing between conventional culture method and PCR method, 

conventional culture method showed higher detection rate of V. parahaemolyticus than the PCR. 

However, four biochemical tests used in this study may not be sufficient to identify definitely. 

Species specific gene by PCR should be subsequently determined for the definite identification of 

V. parahaemolyticus especially in environmental isolates (false positive 24.6%). 

 In the present study, two isolates (0.5%; 2/377) from two samples (2.4%; 2/83) possessed 

trh gene. Only one isolate (0.2%; 1/377) from one sample (1.2%; 1/83) possessed both tdh and trh 

genes, while isolate possessing only tdh gene was not detected. These results supported the fact that 

most environmental V. parahaemolyticus isolates lack of tdh and trh genes [4, 9]. However, 

previous studies from other countries reported higher percentage of tdh gene than trh gene in water 

samples [13, 23, 24]. Furthermore, percentage of virulence genes from two sampling sites were 

different in the present study. Only one trh+ isolate was found at site no.1 and two isolates that 

possessed tdh+trh+, and trh+ were found in site no.2. This finding agreed with the study of Baker-

Austin et al. [25]. However, V. parahaemolyticus tdh+ isolates might persist in the study site-open 
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sea but could not be detected in the period of this study. This might be related to various 

environmental factors (temperature, salinity, pH, etc.) [26], or climate change effected to the 

survival of these pathogenic virulence V. parahaemolyticus including the viable but non culturable 

state of V. parahaemolyticus which mostly exist in the environment [27].  

In conclusion, V. parahaemolyticus were isolated from seawater at Bang Poo Resort. 

Majority of isolates were non-pathogenic, yet a number of isolates possessing virulence genes were 

reported. However, non-V.parahaemolyticus colonies on TCBS agar reflecting high diversity of 

Vibrio population at Bang Poo Resort remain to be identified for the new insights into persistence 

of other potentially pathogenic Vibrio spp. in the environment related to human recreational area. 
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Abstract 

 Pythium insidiosum is an aquatic fungus like organism, which is the causative agent of 

pythiosis, the endemic in Thailand. Because of there is no drug in this treatment for this disease up 

to this day, the treatment of choices for pythiosis is surgical removal and most often leads to 

disabilities in the affected patients. Thus the search for new compounds for treatment of pythiosis is 

still necessary. In our previous study, crude extract from Klebsiella pneumoniae ST2501, the 

bacterial isolated from environmental sources shown promising results in antifungal activities 

against P. insidiosum. In the present study, the antifungal activities of crude extract from K. 

pneumoniae ST2501 and their fractions against 11 clinical P. insidiosum isolates were evaluated 

using different end point methods: disc diffusion assay and broth dilution minimal cidal 

concentration (MCC) assay. Crude ethyl acetate extract was separated by column chromatography 

and subsequently eluted with a gradient of two solvents by gradually increasing the polarity of the 

elution solvent system. The eluents were collected and monitored by thin layer chromatography, 

producing five groups of eluting fractions. The antifungal activities of crude extract and their 

fractions against the mycelia form of P. insidiosum were evaluated using disc diffusion assay (0.5 

mg/µl; 20 μl/disc). The crude fraction which shown strong activity was evaluated in quadruplicate 

by using broth dilution MCC at the final concentrations ranging from 0.870 to 3.132 mg/ml. 

According to the results of disc diffusion assay, crude extract and fraction No. 1 have strong activity 

by given the inhibition of 100% of mycelium growth. Crude fraction No. 1 was evaluated antifungal 

activities against P. insidiosum by using broth dilution MCC. Seven out of 11 P. insidiosum isolates 

were inhibited at 1.566 mg/ml (63.6%); three isolates were inhibited at 1.74 mg/ml (27.3%) while 

only one isolate was inhibited at 1.914 mg/ml (9.1%). These results suggested that new compounds 

with potential therapeutic activity against pythiosis may come from microorganism or nature. 

However, further in vivo studies were needed to validate our findings as well as the acute toxicity 

testing in animal models and crude fraction No. 1 could be purified and identified structure in the 

near future. 

Keywords: Pythium insidiosum, Oomycete, Susceptibility tests, Antifungal 

INTRODUCTION 

The oomycete water mold, fungus-like eukaryotic microorganism, Pythium insidiosum, is 

the etiologic agent of the life-threatening infectious disease of humans and animals, called 

“pythiosis”. The disease has been increasingly reported worldwide, mostly in tropical and 

subtropical regions. Pythiosis in animals was first described in horses in 1901 and then it has been 

increasingly found worldwide. While human pythiosis was first reported from Thailand in 1985, in 

mailto:chupra@kku.ac.th
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the thalassemic male from rural areas developed granulomatous ulcer and then several cases have 

been reported all over Thailand, suggesting that human pythiosis is an endemic in Thailand [1-5]. 

Thailand is an agricultural country and an aquatic environment, it allows several plants such as rice 

and corn to survive and support the life cycle of P. insidiosum [5]. Once the zoospores are in 

contact with mammalian or plant tissue (in wetlands areas) they encyst on the surface of the injured 

tissues. The encysted zoospores secrete a sticky amorphous glycoprotein that mediates the adhesion 

of zoospores to tissue before they enter the tissues [1, 2]. Thus, exposure to contaminated water 

from irrigation and reservoirs could be considered a significant source of infection for farmers and 

workers in agricultural areas [7]. The most common clinical presentations of human pythiosis are 

vascular pythiosis (infection of arterial tissue resulting in occlusion and aneurysm) and ocular 

pythiosis (infection of corneal tissue resulting in keratitis and ulcer). In contrast, animals with 

pythiosis usually present with cutaneous or gastrointestinal tract infection [5, 6].Therapeutic options 

include surgery, immunotherapy and antimicrobial agents; however, the success of these practices is 

variable. Antifungal drugs are ineffective against this pathogen because of their cytoplasmic 

membrane lacking of ergosterol (the target of most antifungal drugs). The treatment of choice for 

pythiosis is surgical debridement of infected tissue or organ, though there have been reports of high 

recurrence rates (45 %). Immunotherapy is another alternative which has been widely used in the 

treatment of equine pythiosis. Although this is thought to be a safe method with healing rates 

ranging from 60 to 70 %, there have been several nonresponsive cases, mainly in horses and 

humans [2]. Due to difficulties in the treatment of this serious disease, several research groups have 

engaged instudies aiming to evaluate both the in vitro and in vivo susceptibility of P. insidiosum, 

seeking drugs with antimicrobial activity against this important oomycete [8-17]. Similarly, a study 

has reported the benefit of diketopiperazine and pyrrolnitrin, compounds in a Pseudomonas stutzeri 

environmental strain which have shown promising results in antimicrobial therapy against P. 

insidiosum indicating that bioactive compounds from microorganisms can be an advantage in the 

treatment of pythiosis [13]. Studies on the anti-Pythium insidiosum activity screening of the 

environmental bacterial isolates have shown that P. insidiosumis quite sensitive to crude extract 

from Klebsiella pneumoniae ST2501 [18]. Based on these previous reports, the objective of this 

study is to investigate the antifungal activities of crude extract from K. pneumoniae ST2501 and 

their fractions against 11 clinical P. insidiosum isolates using different end point methods: disc 

diffusion assay and broth dilution minimal cidal concentration (MCC) assay. 

MATERIALS AND METHODS 

Extraction and isolation of Klebsiella pneumoniae ST2501 

The bacterial inoculum concentration were prepared by 0.5 McFarland Standard (3x108 

CFU/ml), 700 µl of bacterial starter were inoculated by aseptically in a 1,000 ml glass bottle 

containing 700 ml of Brain Heart Infusion (BHI) broth and each time were provided with 6 bottles 

(×5 times), and incubated at 37 ºC on an orbital shaker at 200 rpm for 48 hours. Bacterial cells were 

removed from the culture by centrifugation at 7,500 rpm for 20 min at 4ºC. The supernatant from 

each bottle was collected and sterilized by filter through 0.45 μm pore sized membrane. The cell-

free supernatant from each bottle was pooled and concentrated to ten-fold dilution by rotary 

evaporator at 60 ºC, 72 mbar (Buchi Rotavapor, Switzerland). The concentrate cell-free supernatant 

was made with equal volume (v/v) of organic solvent; Ethyl acetate (EtOAc)(×3 times). The 

organic solvent layer were separated and dehydrated with sodium sulfate anhydrous (Na2SO4), then 

evaporated until dry by rotary evaporator at 40 ºC, 240 mbar (Buchi Rotavapor, Switzerland).  
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The crude EtOAc extract was subjected to column chromatography on silica gel 60 and 

subsequently eluted with a gradient of two solvents; dichloromethane (CH2Cl2) and methanol 

(MeOH) by gradually increasing the polarity of the elution solvent system. The eluents were 

collected and monitored by thin layer chromatography (TLC). TLC was performed on silica gel 60 

F254 (Merck) precoated aluminium sheets. The compounds were visualised under UV light and by 

spraying with acidic anisaldehyde solution followed by heating. Based on their TLC characteristics, 

the fractions that contained the same major compounds (which show the same Rf values in the same 

solvent system) were combined to give five fractions, No. 1–5. 

Table 1.General information of 11 clinical Pythium insidiosum isolates 

Pythium insidiosum information   Patient information  

ID Strain  Clinical isolate of pythiosis  Age/sex  Years  Residential province (Thailand)  

2  MCC29  Disseminated   NA  NA  Ratchaburi 

10  MCC5  Vascular   49/F  1993  Bangkok  

14  SIMI-18093  Ocular   50/F  1995  SamutSakhon 

17  SIMI-6666  Ocular   42/M  1986  KamphaengPhet 

25  SIMI-2989-42  Vascular   72/F  1999  SuphanBuri 

26  SIMI-322-37  Ocular   26/M  1994  NA  

29  SIMI-7873  Vascular   31/F  1988  Chanthaburi 

30 SIMI-7874 Vascular   31/F  1988  Chanthaburi 

31  SIMI-8659  Vascular   52/M  1988  SuphanBuri 

32  SIMI-8727  Vascular   19/M  1988  Yasothon 

34  SIMI-9743  Ocular   53/F  1989  Yasothon 

MCC mycology culture collection at the Department of Microbiology, Mahidol University, Bangkok, 

Thailand; SIMI microbial culture collection at the Siriraj Hospital Microbiology Laboratory, Mahidol 

University, Bangkok, Thailand; NA data not available; M male; F female 

Antifungal susceptibility testing 

For screening of antifungal activity, the crude EtOAc extract was tested by disc diffusion 

assay. Eleven isolates, obtained from clinical cases in human pythiosis occurred in Thailand (Table 

1), were maintained in Sabouraud Dextrose Agar (SDA), at 37 °C for 7 days. After Incubation, 

standardized mycelia of 1 cm of diameter were entered on surface of SDA, at 37°C for 1 day. Then, 

0.5 mg/µL of crude extract were impregnated on sterile discs (6.0 mm) and placed on a SDA plate. 

A disc with EtOAc only was used as negative control disc (no drug control). The activity was 

determined by visual observation and represents the inhibition of mycelium growth of P. insidiosum 

after 3, 6 and 9 days of incubation. Each fraction from chromatographic methods was tested using 

the same procedure described for crude extract. 

From the antifungal activity screening by disc diffusion assay, the crude fraction No. 1 

which shown strong activity was evaluated by broth dilution MCC assay at serial concentrations 

ranging from 0.870 to 3.132 mg/ml. Mycelia fragments of tested P. insidiosum were incubated at 
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35◦C for7 days on SAB agar to detect the MCC of the hyphal growth. MCC was determined by no 

growth of P. insidiosum over time. The experiment was repeated four times. 

Hemolysis assay 

Human red blood cells from healthy donors were washed three times with phosphate buffer 

saline (PBS) (pH 7.4) by centrifugation at 1500 rpm for 10 min and prepared 2% red blood cell 

(RBC) suspension. A 2% RBC suspension was incubated at 37 ºC for 1 h with different 

concentrations of crude fraction No.1 ranging from 2000.0 µg/mL to 3.9 µg/mL. Triton X-100 

(0.1% v/v) was used as the positive lysis control and PBS suspension was used as negative control. 

A small amount of supernatant was taken after 5000 rpm, 5 min centrifugation as test samples and 

added into a 96-well plate (100 μl/well). The absorption was measured at 540 nm using a Varioskan 

Flash Multifunction Microplate Reader (Thermo fisher, Finland). The percentage of maximum 

hemolysis activity was determined. A concentration that causes a lysis of less than 5% was 

considered as non-toxic. 

Hemolysis Ratio (%) = (ASample – APBS) / (ATriton X-100 – APBS) × 100% 

RESULTS AND DISCUSSION 

EtOAc extract from fluid secretion cell-free filtrates of K. pneumoniae ST2501 was 

separated by column chromatography (CC) and preparative TLC, leading to five groups of eluting 

fractions. Fraction No. 1 was eluted with 100%CH2Cl2 and obtained as brown semisolid. Fraction 

No. 2 was eluted with 1%, 3%, 10%, and 20%MeOH-CH2Cl2 and was found as a black semisolid. 

Fraction No. 3 was eluted with 20%MeOH-CH2Cl2 and was obtained as brown oil. Fraction No. 4 

was eluted with 20%, 25%, 30%, and 50%MeOH-CH2Cl2, the pale yellow solid is present as a 

lower layer and brown semisolid is the upper layer of this fraction. Fractions No. 5 was eluted 

with100%MeOH and obtained as black semisolid. The results of physical characteristic are shown 

on Figure 1 and the yields are shown in Table 2. 

 

Figure 1. Physical characteristic of crude fractions from Klebsiella pneumoniae ST 2501. 
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Table 2.Percentage yield of crude fractions from Klebsiella pneumoniae ST 2501  

Fraction 

 No. 

Physical properties Percentage 

yield (w/w) Color Consistency 

1 Brown Semi solid 26.81 

2 Black Semi solid 12.90 

3 Brown Oil 29.39 

4 Pale yellow 

Brown 

Solid 

Semi solid 

21.07 

5 Black Semi solid 9.83 

Crude EtOAc extract and their fractions in this study were evaluated to antifungal activity 

against P. insidiosum using disc diffusion assay. Most of the crude fractions that developed on SDA 

were apparently not active since they did not form a clearing zone. In relation to the no-drug 

control, crude extract and crude fraction No. 1 demonstrated strong activity. Disc diffusion of 

antifungal activity against P. insidiosum of crude extract and crude fraction No. 1 are shown on 

Figure 2. 

 

Figure 2. Disc diffusion of antifungal activity against Pythium insidiosum. P. insidiosum was 

inoculated at the center of the plate and tested crude extract and the crude fractions were placed at 

the edges. Crude extract and crude fraction No. 1 inhibited the mycelial growth of P. insidiosum. 

KP = crude extract of K. pneumoniae ST2501; 01 = crude fraction No. 1; 02 = crude fraction No. 2; 

N = negative control (EtOAc); no-drug control. 

  

01 

KP 

N 

02 
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Crude fraction No. 1 which shown strong activity was considered for the serial dilution to 

determine the MCC (Table 3). Seven out of 11 P. insidiosum isolates were inhibited at 1.566 

mg/mL (63.6%); three isolates were inhibited at 1.74 mg/mL (27.3%) while only one isolate was 

inhibited at 1.914 mg/mL (9.1%). 

Table 3. Pythium insidiosum isolates obtained from the human pythiosis,  evaluated for minimal 

cidal concentration(MCC) of crude fraction No.1 (in percentage of v/v, mg/mL of dry weight of 

crude fraction on. 1) 

Pythium insidiosum isolates 

(ID) 

MCC of crude fraction No. 1 

%V/V 
mg/mL of crude fraction no. 1 

(according to dry weight) 

P. insidiosum isolate No. 2 0.09 1.566 

P. insidiosum isolate No. 10 0.09 1.566 

P. insidiosum isolate No. 14 0.09 1.566 

P. insidiosum isolate No. 17 0.11 1.914 

P. insidiosum isolate No. 25 0.1 1.74 

P. insidiosum isolate No. 26 0.09 1.566 

P. insidiosum isolate No. 29 0.1 1.74 

P. insidiosum isolate No. 30 0.1 1.74 

P. insidiosum isolate No. 31 0.09 1.566 

P. insidiosum isolate No. 32 0.09 1.566 

P. insidiosum isolate No. 34 0.09 1.566 

 

µg/mL 

2000.0 

1000.0 

500.0 
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62.5 

31.3 

15.6 

7.8 

3.9 

Negative control 

Positive control 

 

Figure 3.(A) Cytotoxicity of crude fraction No.1 were checked using a hemolysis assay against 

human erythrocytes. Erythrocytes suspension was incubated with different concentrations of crude 

fraction No.1. Negative control = only buffer; Positive control = 100% hemolysis. The assay was 

performed in duplicate. (B) Hemolysis Ratio (%) of crude fraction No.1 against human 

erythrocytes.  
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In vitro cytotoxicity 

Cytotoxicity of crude fraction No.1 was checked using a hemolysis assay against human 

erythrocytes. The crude fraction No.1 from K. pneumoniae ST 2501 was evaluated for cytotoxicity 

and was found to be non-toxic up to a concentration of 2000.0 µg/mL (i.e. causes less than 5% 

lysis) (Fig. 3). As the crude fraction No.1 from K. pneumoniae ST 2501 was found to have ground 

level cytotoxicity as well as good antifungal activity, its anti- P. insidiosum potential was further 

investigated using various antifungal susceptibility assays. 

The anti-P. insidiosum activity of crude extract from environmental bacterial isolates has 

been studied [18]. The current study evaluated the antimicrobial activity of crude extract from K. 

pneumoniae ST2501 against P. insidiosum. This oomycete is a fungus-like microorganism against 

which antifungals available are ineffective [2]. In this study, the results evidenced that crude extract 

from K. pneumoniae ST2501 and crude fraction No.1 presented the strong antifungal activity 

against all P. insidiosum isolates tested (n = 11) by disc diffusion assay (0.5 mg/µl; 20 μl/disc). 

These concentrations partly differ from those found in previous studies, which have demonstrated 

that some of these crude extract from environmental bacterial isolates and purified compound; 

diketopiperazine from Pseudomonas stutzeri environmental strain can show either higher or lower 

concentrations according to the percentage yield of crude and the conditions of antifungal activity 

testing [13, 18]. 

CONCLUSION 

Drug cytotoxicity is of major concern. In the present study, crude fraction No.1 from K. 

pneumoniae ST 2501 exhibits potent anti- P. insidiosum activity in vitro and low hemolytic activity, 

indicating that is an excellent candidate for development as a new antimicrobial agent. However, 

further in vivo studies are needed to validate our findings as well as the acute toxicity testing in 

animal models or in cell line and crude fraction No. 1 could be purified and structure elucidation in 

the future. Further studies related to its mechanism of action may reveal novel targets. 
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Abstract 

 The objective of this study was to develop the web application of online trading system for the koleh 

boat models and the golden leaves frames in Muang Narathiwat which is to increase the sale distribution 

channel. The purposes of this research were: 1) to develop the web application of online trading system for the 

koleh boat models and the golden leaves frames, 2) to evaluate the user’s satisfaction. Usage of this tools to 

develop the web that divided into 2 types; 1) development of the web application system and 2) evaluation for 

user’s satisfaction which divided into 2 types of questioners; 1) the general information and 2) user’s 

suggestion about web application. Furthermore, both types of the questioners were categorized into 2 sections; 

1) evaluation of the functional of web application system and 2) user’s evaluation about the design of web 

application. The results showed that the study to develop the web application of online trading system for the 

koleh boat models and golden leaves frames in Muang Narathiwat. Another result, the study of evaluation of 

the web application’s functions and web application’s design showed that the overall of the satisfaction’s 

evaluation was in good level. The study of evaluation the web application’s functions of accuracy of product 

calculation was very good level and another aspects was in good level. Moreover, the satisfaction’s evaluation 

of the beauty and attractiveness of pictures into ordering product, the appropriateness of image size, font size, 

font style, color of web page, product description, correctness in linking the web application, appropriateness of 

web application’s composition, necessity of member register before ordering and overall attractiveness of web 

application showed good level. 

Keywords: Web application development, online trading system, koleh boat models, golden leaves 

        frames, Muang  Narathiwat 

INTRODUCTION 

The growth of the internet and the world wide web has resulted in a large number of web 

applications. The development of these applications and the practices used to their development are 

different from traditional software development (Murugesan et al., 1999). E-commerce is the use of 

electronic communications and digital information processing technology in business transactions to 

create, transform, and redefine relationships for value creation between or among organizations, and 

between organizations and individuals (Lallana et al., 2000). According to Rohini et al. (2015) reported 

that E-commerce is “a business model that enables an organization or an individual to conduct business 

over an electronic network mostly internet”. Therefore, running a business need to rely on using the 

information technology especially electronic commerce which system uses internet as a medium into 

communicate and the trading business can be operated 24 hours a day by the system lead to create the 

trade without the limitless areas entrepreneur able to communicate directly with customers by do not 

waste time into communicate between each other and they also help businesses to reduce costs. 

Narathiwat province has been producing and services the outstanding and a unique local products such 

as the koleh boat models and the golden leaves frames. 
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Thus, the importance of this research, it recognizes the necessary of development of the web 

application of online trading system and evaluate the user’s satisfaction about friendly features design in 

web application of the koleh boat models and the golden leaves frames in Muang Narathiwat. 

MATERIALS AND METHODS 

Population and sampling group 

Population 

The population that to use in this study was fourteen different entrepreneur from koleh boat 

models and golden leaves frames shops in Muang Narathiwat. 

Sampling group 

The sampling group in this research divided into two samplings that consist of purposive 

sampling and snowball sampling. We selected entrepreneur from the koleh boat models and the golden 

leaves frames shops in Muang Narathiwat to use the purposive sampling. Another sampling, snowball 

sampling, there were the sample that selected based on the information from shop’s recommendations. 

Including inquiries from resort and hotel guests in Muang Narathiwat. 

Research Design 

In this case study, the researchers designed and developed the processing into five-step the 

process followed as: 

Step 1: to study for basic of the koleh boat models and golden leaves frames shops in Muang 

Narathiwat, according to the research of web application of online trading system and including the 

satisfaction’s evaluation of entrepreneurs to use web application for online trading system. 

Step 2: to study the pattern of homepage that suitable to be used for users.  

Step 3: to design the web application of the system that divided into 2 parts which consist of 

part 1; there were visitors and customers; this section consist of homepage, history page, list of product 

page, method of order system page, payment notification page, about us page and contact us page and 

part 2; there was admin that responsible for the configuration, and reliable operation of computer 

systems; especially multi-user computers, such as management system membership information, 

product category detail, picture of products, manage various items, order management. 

Step 4: to create the manual guide for using the web application. 

Step 5: Testing the web application program about working properly or not and testing about 

the assess of the web application that built exactly as expected of satisfaction of questionnaire 

Equipments 

The research tools can be summarized as follows: 

The structured of questionnaire 

Data collection in this study for development the web application of online trading system 

that use the questionnaire from entrepreneurs for analysis and designing of this system (Table 1). 

To test the self-evaluation of program based on the MBNQA framework 

To create the questionnaires for testing the web application of self-evaluation based on the 

MBNQA framework. The questionnaires are closed-end with 2 parts follow as: Part 1; questionnaires 

covered about the general information of users. And part 2; questionnaires covered about the opinions of 

users for using the web application after finishing the trial. To evaluate the suitability and efficiency of 

the web application that the questionnaire divided into 2 aspects each aspect was15 questions; the first 
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aspect was the function of the web application that evaluated working of system and second aspect; 

there was the design’s evaluation of the web application that divided into 5 level of questionnaires 

(Table 2) 

Table 1. The structured of questionnaire for web application development of online trading system  

   for koleh boat models and the golden leaves frames shops in Muang Narathiwat 

General information  

Gender Men, Women 

Age (years) 21-30, 31-40, 41-50, > 51 

Status of questioner Entrepreneur, Employee 

Evaluation of satisfaction 
level of evaluation 

1 2 3 4 5 

Enciiculavnaonoivaulavs  

 a ccuracc to order  

 accuracc into cataloc editinc  

 accuracc into cataloc diarlac  

 accuracc into rroduct calculation  

 s reed into inforsation diarlac  

Evaluation of design  

 beauty and attractiveness of pictures into 

ordering product. 

 

 appropriateness of image size  

 appropriateness of font size.  

 appropriateness into used font style.  

 appropriateness into used the color of web 

page 

 

 appropriateness of product description.  

 correctness in linking the web application  

 appropriateness into composition of web 

application 

 

 necessity into register the member before 

order. 

 

 overall of attractiveness of web application  
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          Table 2. The table showed the score level of evaluation  

level of evaluation  score 

strongly Agree 5 

agree 4 

agree with some cases 3 

disagree 2 

strongly disagree /no action 1 

Data analysis  

The total data of this research from questionnaires to evaluate by using statistical to calculate the 

average score and standard of deviation based on Steel and Torrie (1980). 

The score level of evaluation of system's suitability and efficiency of web application of online 

trading system for the koleh boat models and the golden leaves frames in Muang Narathiwat (Table 3) 

Table 3. The table showed that the evaluation of system's suitability and efficiency of web application 

evaluation of the system's suitability and efficiency Score  

very good 4.51-5.00 

good 3.51-4.50 

moderately 2.51-3.50 

modified 1.51-2.50 

the web application can not be used 1.00-1.50 

4.51-5.00= verc cood , 3.51-4.50= cood , 2.51-3.50= soderatelc, 1.51-2.50= sodified, 1.00-1.50= the 

arrlication can not be uaed 

RESULTS AND DISCUSSION 

Web application development of online trading system 

The study of web application development of online trading system to develop the web 

application of online trading system for the koleh boat models and the golden leaves frames in Muang 

Narathiwat, the results showed that created new web application of online trading system of the koleh 

boat models and the golden leaves frames in Muang Narathiwat, the web application system divided 

into 2 parts which consist of part 1; visitors and customers and part 2; admin. 

Part 1 visitors and customers; this section consist of homepage, history page, list of 

product page, method of order system page, payment notification page, about us page and contact us 

page (Figure 1) 
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Figure 1. To present about home page of screen  

Part 2 Admin; there was responsible for the configuration and reliable of operation 

of computer systems, especially multi-user computers, such as management of membership information, 

product category detail, picture of products, to manage about various items and order management 

(Figure 2). 

Evaluation of satisfaction  

The study of satisfaction’s evaluation about general information of questioners that showed 

general details such as gender, age, status of questioners. The sample groups of this research were 

collected from fourteen different entrepreneurs of the koleh boat models and the golden leaves frames 

shops in Muang Narathiwat, the results showed that gender showed 7 men (50%) and 7 women (50%) 

and majority of aged respondents was 31-40 years that answered the questionnaire with the highest 

number (6 persons, 43%), the second respondents was 21-30 year olds (5 persons, 36%), the third 

respondents was 41-50 years old (2 persons, 14%) and more than 50 year olds respondents answered the 

questionnaire with the lowest number was 1 person (7%) (Table 4).  
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Figure 2. To present of information’s management of screen 

Table 4. The table showed the general information of questioners in Muang Narathiwat 

general information 
 

number (N) percentage (%) 

gender 
men 7.00 50 

women 7.00 50 

age (years) 

 21-30  5.00 36 

31-40  6.00 43 

41-50 2.00 14 

> 51 1.00 7 

status of questioner 
entrepreneur 14.00 100 

employee 0.00 0 

The study of evaluation of the web application’s functions from fourteen different entrepreneurs 

of the koleh boat models and the golden leaves frames shops in Muang Narathiwat, the results showed 

that the overall of the satisfaction’s evaluation of web application’s functions was in good level which 

score was in 4.26 (85.14%, S.D.=0.72). The highest satisfaction’s evaluation is accuracy of product 

calculation was in 4.57 there was very good level (91.43%, S.D.=0.65). Another results showed that 

consists of accuracy to order, accuracy of catalog editing, accuracy of catalog display and speed of 

information display that there were good level which the number were in 4.14 (82.86%, S.D.=0.77), 

3.79 (75.71%, S.D.=0.80), 4.43 (88.57%, S.D.=0.51) and 4.36 (87.14%, S.D.=0.63) respectively (Table 

5). The results of web application’s functions as mention above showed the highest satisfaction is 

accuracy of product calculation because in this study used several tools to develop the web application 

such as Appeserv 2.5.10, Notepad++, PHPMyAdmin Database Manager (called WAMP), Illuster and 

Photoshop which this tools lead to accuracy and easy to manage the web application system for 

entrepreneurs. according to Nina (2011) reported that the WAMP is the abbreviation of the package: 

Apache, MySQL, and one of Perl,PHP, or Python in Microsoft Windows operating system. It is a kind 

of open source software that can be used to build dynamic websites or servers. They are all 

independently-created programs, however, it has increasingly high compatibility degree because they 

often be put together to use. Therefore, they formed a powerful web applications platform. According to 
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Oluwatolani1 et al. (2012) reported that WAMP server is used to extract information from RDF store 

where in SPARQL query is embedded in PHP program. This work can be further enriched to achieve 

intelligent fuzzy retrieval. The semantic web is better suited for data integration and for knowledge 

representation. Another reported, WAMP is a windows web development environment. It allows you to 

create web applications with Apache, PHP and a MySQL database. Alongside, PhpMyAdmin allows 

you to manage easily your databases (Anonymous, 2018). However, Cristina et al.(2001) reported that a 

class of dynamic solutions should also be considered for example, the web server could monitor its 

download times and reduce the amount of information sent during peak times. Transmitting only some 

of the embedded files will reduce the web page content quality. In this case a compromise between the 

quality of the web page and the performance of the server has to be made. It may also be possible for the 

client to monitor the speed of the download and control how much information they want to receive. In 

this way the client's perception of the web page. 

Tcbien5.nThe table showed the evaluation of web arrlication’a functions of online tradinc acates for the 

koleh boat sodela and golden leavea frasea in Muang Narathiwat 

evaluation of 

functions  

level of evaluation averace 

acore 

percentace 

(%) 

S.D. 

 

1 2 3 4 5 

accuracc to 

order 

(N) 0 0 3 6 5 4.14 82.86% 0.77 

(%) 0 0 21.43 42.86 35.71 

accuracc of 

cataloc editinc 

(N) 0 1 3 8 2 3.79 75.71 0.80 

(%) 0 7.14 21.43 57.14 14.29 

accuracc of 

cataloc diarlac 

(N) 0 0 0 8 6 4.43 88.57 0.51 

(%) 0 0 0 57.14 42.86 

accuracy of 

product 

calculation 

(N) 0 0 1 4 9 4.57 91.43 0.65 

(%) 0 0 7.14 28.57 64.29 

areed of 

inforsation 

diarlac 

(N) 0 0 1 7 6 4.36 87.14 0.63 

(%) 0 0 7.14 50.00 42.86 

level of satiafaction 4.26 85.14 0.72 

4.51 - 5.00 = verc cood, 3.51 - 4.50 = cood, 2.51 - 3.50 = soderatelc, 1.51 - 2.50 = sodified,  

1.00 - 1.50 = the arrlication can not be uaed, S.D.; atandard deviation. 
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Tcbien6.nThe table showed that the evaluation of web arrlication’a deaicn of online tradinc acates  

   for the koleh boat sodela and golden leavea frasea in Muang Narathiwat 

evaluation of web 

application’s 

design 

  
level of evaluation 

averace 

acore 

percentace 

(%) 
S.D. 

1 2 3 4 5 

beautc and 

attractiveneaa of 

ricturea into 

orderinc rroducts 

(N) 0 0 0 10 4 

4.29 85.71 0.47 
(%) 0 0 0 71.43 28.57 

arrrorriateneaa of 

isace aize 

(N) 0 0 2 7 5 
4.21 84.29 0.70 

(%) 0 0 14.29 50.00 35.71 

arrrorriateness of 

font aize 

(N) 0 2 5 3 4 
3.64 72.86 1.08 

(%) 0 14.29 35.71 21.43 28.57 

arrrorriateneaa of 

font atcle. 

(N) 0 0 2 6 6 
4.29 85.71 0.73 

(%) 0 0 14.29 42.86 42.86 

arrrorriateneaa of 

color of web race  

(N) 0 0 0 8 6 
4.43 88.57 0.51 

(%) 0 0 0 57.14 42.86 

arrrorriateneaa of 

rroduct 

deacrirtion 

(N) 0 1 2 5 6 
4.14 82.86 0.95 

(%) 0 7.14 14.29 35.71 42.86 

correctneaa in 

linkinc the web 

arrlication 

(N) 0 0 2 7 5 
4.21 84.29 0.70 

(%) 0 0 14.29 50.00 35.71 

appropriateness of 

web application’s 

composition 

(N) 0 0 3 7 4 
4.07 81.43 0.73 

(%) 0

0 
0 1.43 0.00 8.57 

necessity of 

member register 

before ordering 

(N) 0 0 4 8 2 
3.86 77.14 0.66 

(%) 0 0 28.57 57.14 14.29 

overall of 

attractiveneaa of 

web arrlication 

(N) 0 0 3 5 6 
4.21 84.29 0.80 

(%) 0 0 21.43 35.71 42.86 

level of satiafaction 4.14 82.71 0.76 

4.51 - 5.00 = verc cood, 3.51 - 4.50 = cood, 2.51 - 3.50 = soderatelc, 1.51 - 2.50 = sodified,  

1.00 - 1.50 = the arrlication can not be uaed, S.D.; atandard deviation. 
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The study of evaluation of web application’s design of online trading system for the koleh boat 

models and golden leaves frames in Muang Narathiwat, the data collection of this study from fourteen 

different entrepreneurs of the koleh boat models and the golden leaves frames shops in Muang 

Narathiwat, the results showed that the overall of satisfaction’s evaluation of web application’s design 

was in good level which score was 4.14 (82.71%, S.D.=0.76). In addition, the results showed that the 

satisfaction’s evaluation of beauty and attractiveness of pictures into ordering products, appropriateness 

of image size , font size , font style, color of web page, product description, correctness in linking the 

web application, appropriateness of web application’s composition, necessity of member register before 

ordering and overall attractiveness of web application showed good level which the number were in 

4.29 (85.71%, S.D.=0.47), 4.21 (84.29%, S.D.=0.70), 3.64 (72.86%, S.D.=1.08), 4.29 (85.71%, 

S.D.=0.73), 4.43 (88.57%, S.D.=0.51, 4.14 (82.86%, S.D.=0.95), 4.21 (84.29%, S.D.=0.70), 4.07 

(81.43%, S.D.=0.73), 3.86 (77.14%, S.D.=0.66) and 4.21 (84.29%, S.D.=0.80) respectively (Table 6). 

This research showed the results as mention above due to the design of web application that easy to use 

and comfortable reading and the content of web pages is complete. Moreover, font style and color 

reflects of this web application lead to identity of their koleh boat models and the golden leaves frames 

shops. According to Rohini et al. (2015) reported that world wide web has become a major resource in 

modern business; it gives business new opportunities. An online website can be compared to a shop’s 

interior .If the website is attractive, provides easy navigation, multiple options in terms of brands, color 

and design the customer would stay on the site. 

Another research, Jean-Eric Pelet et al. (2009) reported that the impact of the colors of e-

commerce websites on consumer memorization and buying intention showed a significant effect of 

color on memorization, conveyed by mood. The interaction of hue and brightness, using chromatic 

colors for the dominant (background) and dynamic (foreground) supports memorization and buying 

intention. In addition, Another study reported the effect of web page text/background colour 

combination on readability, retention, aesthetics, and behavioural intention found that major findings 

were: (a) colours with greater contrast ratio generally lead to greater readability; (b) colour combination 

did not significantly affect retention; (c) preferred colours (i.e., blues and chromatic colours) led to 

higher ratings of aesthetic quality and intention to purchase; and (d) ratings of aesthetic quality were 

significantly related to intention to purchase (Richard and Patrick, 2004). Moreover, reported that visual 

design is the first important characteristic to make a good website. It includes five aspects to help to 

build the website. These aspects are page layout, navigation, consistency, embedding pictures or flashes, 

and using appropriate colors. From these aspects, a well designed website shows responsive, 

personalized, and contrast traits to its audience. And another reported the second important 

characteristic to make a good website. It includes three aspects that contribute to building a great 

website. These aspects are font size, font family and font color. From these aspects, readability activates 

interactive trait (Faisal, 2010). However, Semia et al. (2008) studied about guidance in web applications 

design the results showed that the approach provides two types of guidance: (1) guidance in the 

selection of the most appropriate process-model, (2) guidance in the selection of the most appropriate 

method components. 

CONCLUSION 

The study of the web application development of online trading system for the koleh boat models 

and golden leaves frames in Muang Narathiwat, the results showed that this research created the new 

web application of online trading system for the koleh boat models and the golden leaves frames in 

Muang Narathiwat. Moreover, the study of evaluation of the web application’s functions and web 

application’s design of the koleh boat models and golden leaves frames in Muang Narathiwat showed that 
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the overall of satisfaction’s evaluation was in good level. The evaluation of the web application’s functions 

for accuracy of product calculation showed very good level and another aspects were good level. 

In addition, the satisfaction’s evaluation of the beauty and attractiveness of pictures into ordering 

product, the appropriateness of image size, font size, font style, color of web page, product description, 

correctness in linking the web application, appropriateness of web application’s composition, necessity of 

member register before ordering and overall attractiveness of web application showed good level. 
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Abstract 

 In this study biochar made from longan branches was used incorporated with compost to 

examine its influence on soil chemical properties, soil temperature and plant growth. It was applied 

at 0, 2.5, 5, 10 and 20% v/v to the soil in a 6-month pot experiment. The chemical properties of the 

soil after the experiment showed positively changes as affected by biochar used at all application 

rates. pH changes ranged from +3.9% in 5%biochar treatment to +6.6% as the highest in 10% 

biochar applied treatment. Electrical Conductivity (EC) increased from 45% in the 2.5% treatment 

to 70% in 20% treatment. The organic matter (OM), P and K showed similar results followed the 

different rate of biochar application: the higher the biochar content the higher the nutrients content 

volume. OM contents were increased from 41% in the 2.5% biochar treatment to 200% in the 20% 

biochar treatment. P increased from 46 to 447% and K increased from 33 to 162%. The soil 

temperature was lowest in the 5% biochar application rate at all time, however, with no significant 

difference from other treatments. The results suggested that longan biochar positively influenced 

the soil properties change and plant growth. The 5% biochar application rate resulted in the lowest 

soil temperature and highest plant growth, but the relationship is inconclusive and debatable. 

However, further field experiment under natural condition and longer period is needed to have more 

information for better conclusive summary. 

Keywords: longan biochar, soil temperature, chemical properties, loamy sand 

INTRODUCTION 

Soil fertility is a very important factor for plant growth and productivity. However, soil 

temperature also play an important role. Y. Arai-Sanoh, (2010) [1] showed that high soil 

temperature of 37°C negatively affected rice (Oryza sativa L. cv. Koshihikari) yield. In wheat 

(Triticum aestivum L.) the soil temperature strongly impacts the plant growth more than the air 

temperature [2]. The soil temperature is influenced by the air temperature. The phenomenon is 

distinct particularly in the current global warming where the air temperature is rising. Agricultural 

management practices to cope with this problem is urgently needed. Biochar has been used widely 

as soil amendment in agriculture dates back 2,000 years ago [3, 4]. It positively affected both the 

soil fertility and crop productivity [5,6,7]. In soils, biochar improved physical [8, 9, 10], chemical 

[11, 3] and biological properties [12, 13]. The chemical properties benefited from biochar 

application include, such as, pH, chemical contaminations, cation exchange capacity, nutrient 

content and toxicity [14, 15, 16, 17, 18]. In addition, biochar also influences soil temperature. The 

application of biochar impact soil temperature change both positively and negatively by 
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mechanisms of increasing soil total porosity and improving soil water content via the ability to 

retain water of biochar [19]. It also helps regulate soil temperature [20] that consequently the 

temperature fluctuation between day and night is not dramatic and that positively affect crop yield. 

However, the influences of biochar on soil qualities depended largely upon many factors, include: 

feedstocks [21, 22], application rates [23, 24], volatile matters content [25] and soil properties and 

conditions [26, 27]. This study aimed to (1) investigate the influence of biochar produced from 

longan tree branches on degraded loamy sand chemical properties, and (2) examine the biochar 

effects on soil temperature change. The biochar effects will be measured incorporating with longan 

tree growth in a 6-month pot experiment. The soil was derived from the longan orchard (outside 

longan canopy) located at Wiang Pa Pao District, Chiangrai province, Thailand. 

MATERIALS AND METHODS 

Soils 

Soil for the pot experiment was a combination prepared from 14 locations in an area of 

1,400m2 at Wiang Pa Pao District, Chiangrai Province, Thailand. The soils from each location were 

taken from 0-30cm. depth. They were mixed together, sieved to less than 2mm. in size and the plant 

remains were removed. The soil was air-dried for 48hrs. before use. After that the composited soil 

sample was analyzed in a laboratory (Office of Agricultural Research and Development Region 1, 

Department of Agriculture, Chiangmai, Thailand) for basic properties before further treated with 

biochar in the next step of the experiment. The original soil property analysis consisted of: Soil 

texture (hydrometer method); OM (Walkley – Black method); N (estimated from OM - Kjeldah); P 

(Bray II) and K (Ammonium Acetate 1 N pH7 extraction). 

Biochar 

Biochar was produced from longan tree branched derived from annually pruning. The 

branched of approximately 1-3 inches diameter were chopped into about 0.5m. in length before 

charring. The woods then air-dried for 1 month to remove some moisture. The biochar kiln was 

made from a modification of a 200-liter metal drum. The woods were gathered inside a smaller 

metal drum (50-liter metal drum) and covered before inserted into the 200-liter drum. Fire were set 

inside the bigger drum (outside the smaller drum) for approximately 3-4 hrs. till the woods were 

completely charred. The highest temperature inside the drum reached 550 C° after two hours of the 

burning of the fuel. The derived longan biochar was cooled down by water. They were shredded to 

be less than 2mm. before further use. It needs to be grinded before further use because the smaller 

size will enable it to be better mixed with soil. 

Pot Experiment 

The pot experiment was a completely randomized design (n=4) under natural rain 

conditions. The biochar was applied to soil at 0 (Control), 2.5, 5, 10 and 20% (v/v). 5% compost 

was added (with the same amount) to each replicate to fertilize the plant growth as is general 

practices. Each pot was planted with a young (1 years old) longan tree (Dimocarpus longan Lour) 

for later growth study. The pots are made from plastic with the size of 15” diameter x 10” height 

with small holes underneath for excess water to drop off. The final treatments, thus, consist of: 0% 

biochar (Control), 2.5 (T2), 5 (T3), 10 (T4) and 20% (T5) biochar applied treatments.  
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Soil Chemical Properties 

The soil chemical properties were analyzed at the beginning and the end of the study (after 6 

months). These included: pH, EC, P, K and OM. Soil pH was measured using field pH meter 

(Takemura Soil PH & Moisture Meter DM13) at every 15 days. Soil EC was measured at every 15 

days using a field EC tester (Electrical Conductivity Water Tester Aquarium Long Probe 1999 

microSiemens/cm EC Meter). The other chemical properties (P, K and OM) were measured at the 

beginning and the end of the experiment in laboratory (see details in the Soils subsection).  

Soil Temperature 

Soil temperatures in the pot were measured every 15-30 days using a pen type temperature 

meter (Testo 0560 1111 mini thermometer). The measured depth was 10cm and near the tree 

(avoiding the edge of the pot where the measurements could be affected by the temperature from 

the pot surface particularly at the sun exposure side). The measurements were conducted in a 

manner of avoiding any possible impacts from watering the trees. 

Longan Growth 

The growth of young longan trees (1 year of age) were implied from height, leave numbers 

and basal trunk circumference. The measurements were one time in a month. The height was 

measured from the base of the tree to the apical bud using plastic (flexible) measuring tape. The tree 

basal circumference was also measured using the plastic tape. The examined point was at 5cm 

height above ground to avoid error that may occurred when the soil surface shrinks after long period 

of watering. Since the longan leaf is a compound leaf, the leaf numbers will be identified from the 

compound leaf not the leaflets within the compound leaf. 

RESULTS AND DISCUSSION 

pH and EC 

 The soil acidity (pH) slightly changed after the 6-month period. At the end of the experiment 

the treatment with 0 and 5% biochar showed reduction of pH values while the rest showed 

increasing values. Most of the treatments, excepted the 20% treatment, had pH dropped after 3 

weeks before bouncing back in a short period and dropped again after two months. The decrease of 

the pH in a short period at the beginning could be attributed to the acidic nature of the biochar and 

the oxidation of biochar in soil [28]. The pH of all treatments continuously increasing slightly after 

that till the end of the experiment. Overall, the changes ranged from -2.5 to +21.2% from the 5% 

and the 20% biochar application rates respectively. At the end of the experiment, the 10% biochar 

applied rate showed significant difference with the 0% biochar (control) (p < 0.05). All treatments 

revealed higher pH than the control (Fig. 1). 

 The soil EC of all treatments with biochar showed increasing values more than the control 

treatment at the end of the experiment (Fig. 2). All treatments behaved similarly on the rise and fall 

of the EC values. At the end of the experiment, the EC changed from -11% in the Control to +20% 

in the 5% biochar treatment. Soil EC fluctuations could had been caused by the changes on 

concentration of ions in the soil pore spaces. In this study of non-saline soil, the EC may be an 

estimation of moisture [29] especially that the experiment was conducted during rainy season that 

the rain water consequently affected the dilution of the ions in soil pore spaces. The EC dropped 

could happened during the heavy rain periods that made the ions concentration in the soil to be low 

(i.e. low EC value).  
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Figure 1. pH of all treatments at the end of the experiment. Bars indicate standard errors. Asterisk 

indicate significant difference with control at p < 0.05. 

 

Figure 2. EC of all treatments at the end of the experiment. Bars indicate standard error. 

Two asterisks indicate significant difference with control at p < 0.001. 

P, K and OM 

The soil chemical properties at the end of the experiment indicated that biochar application 

in soils strongly affected the amount of nutrients remained in the soil. P, K and OM contents in the 

soils increased with the increment of the biochar application rates. Figure 3, 4 and 5 showed the 

amount of the nutrients and OM in the soils of all treatments. The treatments with biochar applied 

contained higher amount of the nutrients and OM comparing with the original soil and the Control 

with the differences mostly significant (p< 0.05) and very significant (p < 0.01). The remaining 

amount of the K and OM in the soils were at the optimum levels for plant growth. This result 

indicated the adsorption capacity of biochar when used as soil amendment [30, 21]. 
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Figure 3. OM of all treatments after 6 months. Note the standard error bars displayed in vertical. 

Two asterisks indicate a very significant difference comparing with Control (p < 0.01) 

 

 

Figure 4. Soil Potassium (K) content after 6 months. Note vertical standard error bars. One and two 

asterisks indicate significant (p<0.05) and very significant (p<0.01) differences of treatment 

comparing with Control respectively. 

 

Figure 5. Soil phosphorus (P) content after 6 months. Note vertical standard error bars. One and 

two asterisks indicate significant (p<0.05) and very significant (p<0.01) differences of treatment 

comparing with Control respectively. 
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Soil Temperatures 

The soil temperatures from the pots were reducing from the beginning in April to the end of 

the experiment in Aug. This temperature declination is due to the seasoning change in Thailand: 

summer: mid-February to mid-May; rainy: mid-May to mid-October; winter: mid-October to mid-

February. The air temperature measured the same time with the soil temperature were mostly higher 

than the soil temperature excepted the first measurement (Fig. 6). The first measurement showed 

that the temperature from the air was lower than from the soils. Generally, the air temperature 

mostly always higher than the soil temperatures and that is true for the rest of the data set that were 

measured in the before noon (10-12am.) time. In contrast, the first measurement soil temperatures 

were the only measurement that was higher than the air temperature and this measurement was 

conducted in the afternoon (16.00pm.). The soil in the afternoon gained heat from the sun longer 

than that of the soil measured in the morning and consequently resulted in higher temperature than 

in the air. 

All treatments temperature fluctuated similarly through the 6-month experiment. The 10% 

biochar applied treatment almost always high while the 5% treatment was also almost always low 

excepted at the beginning. The other treatments temperatures were in between those two treatments. 

However, the differences of the soil temperatures between the 5% biochar and the 0% (control) 

treatments are not significant, indicating of inconclusive summary that this amount of biochar 

application rate is the best to reduce soil temperature. 

 
Figure 6. Soil and air temperatures from pot experiment. Bars indicate standard errors 

Longan Growth 

 

The growth was identified solely from the height of the tree because the other two means 

(leave amount and basal trunk circumference) contained too much errors: a slow growth of the 

trunks circumference during each measurement (<1-2mm.) resulting in large error in each 

individual measurement; the leave numbers were not used due to the severe damages by insect 

pests. The growth consequently identified by the height. Even though plant growth depends on 

various factors, soil temperature also play an important role. Soil temperature affects plant 

physiology such as root and shoot growth and nutrient uptake [29, 30]. The treatment with 5% 

biochar revealed the highest tree height with the significant different comparing with the 0% 

(control) (p < 0.05) (Fig. 7). However, due to the soil temperature difference between the 5% 

biochar and the 0% biochar were not significant, the summary on the 5% biochar treatment 

temperature relationship with the best plant growth is still inconclusive. 
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Figure 7. Longan tree heights after 6 months. Asterisk indicates significant difference (p < 0.05)  

CONCLUSION 

Biochar made from longan tree branches showed positive effects on plant growth, soil 

temperature and soil chemical property improvement when used in a degraded loamy sand. Soil pH 

increased to near neutral but still slightly in the acidic zone. Soil EC in all treatment with biochar 

significantly increased above the control. The positive relationship between the volume content of 

the P, K and OM and the biochar application rates indicated the adsorption capacity of the biochar, 

i.e. the more the biochar, the higher the nutrient contents (in soil). The best longan growth was from 

the 5% biochar treatment and this strongly related to the soil temperature in this treatment that 

almost always at the lowest value (no significant difference with the control). This study results 

suggested that longan biochar help improved soil temperature and chemical properties in degraded 

loamy sand, and as a result, the plant growth. However, study in a field circumstances to investigate 

more natural conditions and in longer period is needed to be performed for better understanding on 

the subject.  
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Abstract 

 The relationship between properties of soil and climate conditions on the quality 

(physicochemical properties) ofnPhuket pineapple was investigated. Fifteen fully ripe Phuket pineapples 

and soil samples were taken from 20 Phuket pineapple plantations in Phuket Province. Climate data was 

obtained from the Thai Meteorological Department. The results revealed that soil textures were sandy loam, 

sandy clay loam, and loam. Average values of soil pH, EC, OM, NH4
+, NO3

-, available P, K, Na, Ca, Mg, 

Fe, Mn, Cu, Zn, B, Cl- and S were 4.5, 0.038 dS/m, 2.30%, 39.2, 37.4, 35, 33, 9, 103, 14, 49.15, 6.35, 0.35, 

0.56, 0.55, 14.19, and 17 mg/kg, respectively. Physical and chemical characteristics of 300 Phuket 

pineapples showed that mean weight, length, and width were 1,078 g, 16 and 11 cm, respectively. Most 

colors of ripe Phuket pineapple pulp, measured with R.H.S. System, were 13B, 13C, 12B, and 12A, when 

transformed to L, a and b system, they were 85, 6, and 63, respectively. The average firmness of the fruit was 

8.42 N. Mean titratable acidity, pineapple juice pH, and total soluble solid (TSS) were 0.66%, 3.80, and 

16%, respectively. Climate data, averages of temperature, relative humidity, air pressure, wind speed, annual 

precipitation, and overall precipitation, were 28.5oC, 75.2%, 1,009.1 hPa, 6.2 km/h, 2,935, and 4,421 

mm, respectively. Simple and multiple linear regressions were applied to test any relationship between soil 

properties and climate conditions on the features of Phuket pineapple. Only Cu and TSS relation was found 

in SLR analysis with R2 of 0.47 as the model presented TSS = 15.2838 + 2.0886(Cu). MLR further 

conducted also demonstrated the relationship between Na (X1) and Cu (X2) on TSS (Y) with R2 of 0.62 as 

the model displayed TSS = 15.8163 - 0.0605(Na) + 2.1263(Cu). No relationship between all climate variables 

on physicochemical characteristics of Phuket pineapple was found. 

Keywords: Phuket pineapple, Phuket, Geographical indication, Soil properties, Climate 

INTRODUCTION  

 Phuket pineapple, Ananas comosus, Queen Cultivar, one of the most economically and 

symbolically important plants grown particularly in Phuket Province, has been registered as a 

geological indication (GI) by the Department of Intellectual Properties since 26 October 2007; due 

to specification of the product when grown in Phuket area. Phuket pineapple uniquely features a 

sweet and slightly sour taste, aroma smell, low fiber, eatable crispy core with yellow texture (1). 

Phuket pineapple is not only grown in Phuket Province, but is also cultivated in Phangnga and 

Krabi Provinces, including other cultivated areas of Thailand such as Chumphon (Sawee variety), 

Trat (Tratsithong variety), Chiang rai (Phulae, most renowned Phuket pineapple cultivar grown 

outside Phuket), Phetchaburi (Phetchaburi 1) and Pattani (Pattani). All the pineapples grown outside 

Phuket Province have the same genotype characteristics of Queen group, but different in phenotype 
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characteristics; (2,3) possibly depending on soil fertility, geography, climate condition, 

crossbreeding, etc.. 

 Although the plant has been cultivated throughout Phuket Province, mostly in Thalang 

District, its product quality still varies primarily depending on soil fertility, climate condition, 

cultivation and management practices; for instance, altitude, soil texture, original plant nutrient in 

soil, formula and amount of applied fertilizer, etc.. Due to high market demand, Phuket pineapple 

products are sometime inadequate, resulting from increasing number of domestic and international 

tourists each year. Phuket pineapple retailers will collect Phuket variety pineapples (called for 

Phuket pineapple grown outside Phuket area in accordance with GI regulation) leading to product 

quality problems. Phuket pineapple produced outside Phuket province is somewhat lower in quality 

than that produced in Phuket. For example, lower total soluble solid, lighter yellow color, and a less 

crispy core and texture, including fragrance. This possibly results from the differences in soil 

properties, climate condition, as well as cultivation practice, especially in regards to the method of 

fertilizer application. However, its product price is cheaper. 

 Little knowledge is known or provided on the soil properties used to grow Phuket pineapple. 

Most of them are grown in the 1st to 3rd year of rubber tree plantations (Figure 1a) then moved to 

other new rubber tree plantations. Only few owners have their own lands and repeat their crop 

production. In the last decade, rubber tree gardens in Phuket are decreasing dramatically in favor of 

construction serving the expanding tourism industry. 

 Knowledge of physical and chemical characteristics of soil, including climate information 

relating to the quality of Phuket pineapple product, will be useful for pineapple farmers to improve 

planting practices to get higher quality product, or at least similar quality attribute of fruit through 

Phuket pineapple farms. Furthermore, it will provide specific data to registered GI Product and can 

be used to enhance its product quality when grown outside Phuket area. 

Therefore, the aims of this study are 1) to examine soil properties, Phuket pineapple 

characteristics, and climate condition for growing the Phuket pineapple 2) to see whether or not 

there is a relationship between physical and chemical properties of soil and climate condition 

effecting or relating to the physical and chemical features of Phuket’s most famous fruit 3) to support 

GI product data 4) to improve Phuket pineapple cultivation and management practices inside and outside 

Phuket Province. 

MATERIALS AND METHODS 

Soil and Phuket pineapple sampling 

 Soil and Phuket pineapple samples, taken only in Thalang District at the time (no Phuket 

pineapple farm found in Kathu District and only one pineapple farm existed in Muang District, but 

it was not in a ripening stage), were collected from 20 Phuket pineapple plantations. 

 Fifteen fully ripe Phuket pineapple samples (Figure 1c) were obtained from each pineapple farm 

(Figure 1a,1b).  
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                          (a)                                              (b)                                              (c)                           

Figure 1 (a) Phuket pineapple grown in 1st to 3rd year of rubber tree; (b) not grown in rubber tree  

(c) Fully ripe Phuket pineapple 

Soil samples were taken at the base of the harvested pineapple plants (total 15 points in each 

farm) at the depth of 15-20 centimeters (Figure 2). 

     

Figure 2 Collecting soil sample at the base of harvested Phuket pineapple plant. 

Soil testing and preparation 

 All soil samples collected from each pineapple cultivation were mixed thoroughly and air-

dried to make a composite sample. Dried, pulverized, and sieved soil samples were determined for 

the following physical and chemical properties; texture (hydrometer) (4); pH (soil:water, 1:1) (5); lime 

requirement (Woodruff’s method) (6); electric conductivity (soil:water, 1:5) (7); organic matter 

(Walkley-Black method) (4); extractable ammonium and nitrate (2N KCl/Kjeldahl method) (8); 

available phosphorus (Bray II) (9); exchangeable Ca, Mg, Na, K (1 NH4OAc, pH 7 extraction) (4); 

extractable Fe, Mn, Cu, Zn (DTPA method) (4); extractable B (Hot water/Azomethine method) (10); 

extractable S (CaH4(PO4)2•H2O method) (4); extractable chloride (water extraction) (11). 

Determination of Phuket pineapple quality  

  Fully ripe Phuket pineapples, 15 fruits/farm, were measured and analyzed for weight, size, 

firmness (penetrometer), color (RHS Color Chart) (12), total soluble solid (TSS) (refractometer), 

juice pH (pH meter), and titratable acidity (TA) (AOAC 942.15 method) (13).  
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Climate Data 

 Climate data comprising of temperature, relative humidity, air pressure, wind speed, annual 

precipitation, and overall precipitation covering a growth period (year 2014 to 2016) of sampled 

pineapple plants were acquired from the Phuket Airport Observing Station, Thai Meteorological 

Department. 

Data Analysis 

 Soil, climate, physical and chemical components of Phuket pineapple data were averaged 

across the two replications (except for climate data). Relationships between soil and/or climate data 

and physical on chemical characteristics of Phuket pineapple were tested with simple and multiple 

linear regressions. Assumption violations of a linear regression were also tested before fitting a 

regression model using a residual plot, Cook’s distance, DFITTS, DFBETAS and Variance 

Inflation Factor (VIF). Any assumption violated will be fixed with data transformation or 

alternative statistics. Variable selection using sequential variable selection techniques (forward 

selection, backward elimination and stepwise regression) was further conducted and followed by a 

model selection among all subset using the Cp statistic and coefficient of determination (r2). The 

best multiple linear regression model will be chosen to predict the characteristics of Phuket 

pineapple (y as a function of explanatory X variable, dependent variable) that are related to soil 

and/or weather condition variables (depending on what x variables are chosen for the model) 

(14,15). All statistical analyses were performed with the SAS statistical analysis software. 

RESULTS AND DISCUSSION 

Mean values of the physical and chemical characteristics of the soil used for growing Phuket 

pineapple plant were as follows; soil textures were sandy loam, sandy clay loam, and loam suitable for 

pineapple growth due to well-aerated soil; soil pH was 4.5 with no lime requirement due to high tolerance to 

low pH of the plant. It is corresponding with the research reporting that the Queen Cultivar can be grown on 

tropical peat soil where a pH of 2.8 without a symptom of nutrient deficiency (16). Phuket pineapple grew 

well in acidic soil in which pH ranged from 3.8 to 6.0, mostly below 5, however, raising soil pH to 

5.5 or at least 5.0 with lime materials would favor the availability of plant nutrient; electrical 

conductivity was 0.038 dS/m; organic matter content was 2.30% indicating low level in cultivated soil  

compared to 3.75% of Phuket (Pk) Series, regular dressing with animal manure or returning crop residues to 

the field are an effective way to improve it; nitrogen content, as ammonium and nitrate, were 39.2 and 37.4 

mg/kg, respectively, the amount of both forms of nitrogen were lower than the suitable level (120 mg/kg) 

(17), nevertheless, no N deficiency symptom was found; available phosphorus was 35 mg/kg, unlike other 

plants, pineapple needs comparatively low phosphorus and its content in most soil was adequate for the 

pineapple plant; exchangeable basic cation concentrations, comprising of K, Na, Ca, and Mg, were 33, 9, 

103, and 14 mg/kg, respectively, the levels of potassium and magnesium were not favorable for pineapple 

cultivation, they were below minimum requirement level (150 mg/kg) with an improper ratio of K and Mg 

(should not be greater than one) (17), although, Ca concentration in soil was suitable for plant; basic 

micronutrient values, composing of Fe, Mn, Cu, and Zn, were 49.15, 6.35, 0.35, and 0.56 mg/kg, 

respectively, concentrations of Fe and Mn in soil were appropriate for pineapple planting, no optimum levels 

of Cu and Zn in soil have been reported; anion micronutrient concentrations of extractable B, Cl- and S 

were 0.55, 14.19, and 17 mg/kg, respectively,nless information available on optimum content or impact on 

productivity or quality of pineapple.  
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Physicochemical data of Phuket pineapple indicated that mean weight, length, and width of 300 

Phuket pineapples were 1,078 g, 16 cm and 11 cm, respectively; the color codes of fresh-cut, ripe Phuket 

pineapples, measured with the R.H.S. System (5th Edition) were 13B, 13C, 12B, and 12A. They were 

among the most color code of fully ripe Phuket pineapple found in Yellow-orange-red group of the R.H.S. 

System. The color codes of the R.H.S. System were then transformed to the international color system, CIE 

Lab, and mean values of L, a, and b, were 85, 6, and 63, respectively; firmness was also analyzed in 3 

positions, top, middle and bottom of the fruit. The mean firmness of three positions on the fruit were 9.91, 

8.24, and 7.12 N, respectively, and the grand mean was 8.42 N; means of titratable acidity (TA), juice pH 

and total soluble solid (TSS) were 0.66%, 3.80, and 16%, respectively. 

According to physicochemical data it revealed that the quality of the fruit even grown in Phuket 

Province were still different, for instance, TSS ranged from 13.6  to 21.2o Brix and the GI standard of 

Phuket pineapple’s sweetness is 17 to 20 o Brix. To improve the quality of GI product and maintain fruit 

quality, management practices such as new fertilizer program, soil and water management appropriate for 

individual pineapple producing region, should be adopted. 

Climate data, averages of temperature, relative humidity, air pressure, wind speed, annual 

precipitation and overall precipitation were 28.5oC, 75.2%, 1,009.1 hPa, 6.2 km/h, 2,935 mm, and 4,421 

mm, respectively. Effects of climate on growth in pineapple are well described in many texts or research 

articles. Temperature, rainfall and water, light intensity, and wind are among the most important climate 

factors influencing pineapple growth (18). All climate variable values were in optimum condition for 

Phuket pineapple cultivation. 

 There was one relationship found between soil properties, Cu (X variable) and chemical 

characteristics of Phuket pineapple, TSS (Y variable), implying that Cu variable can be used to predict 

TSS when tested with a simple linear regression (SLR) at the probability of 0.01 and the coefficient of 

determination (R2) was 0.47 as a simple linear regression model presented below 

                                              TSSn=n15.2838 +n2.0886(Cu) 

 Multiple linear regression (MLR) was applied to see if there was a relationship between multiple 

chemical and physical properties of soil and/or weather condition (X variables), on quality of fruit product 

(in term of chemical and physical characteristics, Y variable). It turned out the relationship between multiple 

X variables, Na (X1) and Cu (X2) on TSS (Y) (p<0.01) with coefficient of determination (R2) of 0.62 

meaning that TSS (highly correlated with sweetness) of the fruit is controlled by the concentrations of Na 

and Cu in soil as a multiple linear regression model displayed below 

                                               TSS =n15.8163 – 0.0605n(Na)n+n2.1263n(Cu) 

 nNo relationship between all climate variables and physical and chemical features of Phuket 

pineapple was found (p>0.05). 

An unexpected result came from the relationship between Na and Cu on TSS of the fruit 

when tested with simple and multiple linear regression analysis. An increase in 1 unit of Na results 

in decrease in 0.0605 unit of TSS, on the other hand, an increase in 1 unit of Cu will increase in 

2.0886 units of TSS as a multiple regression model described earlier. Normally, sweetness or total 

sugar in fruit (in term of TSS due to high correlation between TSS and total sugar) is related to K 

concentration (19, 20), therefore, further study should be done on this issue.  
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No relationship between climate and the quality feature of Phuket pineapple was found in this 

study. This possibly results from the optimum condition of all climate variables during the research 

period. 

CONCLUSION 

 Most of physical and chemical properties of soil used for pineapple cultivation in Phuket 

Province were appropriate for plant growth, except for some parameters such as potassium, 

magnesium, nitrogen, and organic matter still lower than minimum plant requirement. More 

application of those plant nutrients would be favorable to plant growth, yield, and fruit quality, 

furthermore, the ratio of plant nutrient elements, one of the essential factors in plant cultivation, 

K/Mg and Ca/Mg, were not proper in term of plant uptake. 

 The quality of Phuket pineapple grown in Phuket Province differed in some parameters. 

This should be done by strictly following GI manual for growing pineapple plant.  

 All climates were optimum for plant growth at the time of study. No relation between fruit 

quality and climate was found. 

 There was a positive relationship between TSS and Cu in the SLR model as shown below. 

   TSSn=n15.2838 +n2.0886(Cu)                   r2 = 0.47       (p<0.0009) 

 Multiple linear regressions analysis confirmed that two X variables (Cu and Na) can be used 

in the MLR model to predict TSS, but the relationship of both X variables on TSS is opposite. It is a 

positive relationship between Cu and TSS, in other words, the negative relationship between Na and 

TSS as the model presented below 

   TSS =n15.8163 – 0.0605n(Na)n+n2.1263n(Cu)     r2n= 0.62         (p<0.0003) 

 Based on the findings of this research we possibly sweeten Phuket pineapple by adding Cu in Phuket 

pineapple soil. However, further study particularly in field should be done. 
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Abstract 

 This research presents the concept and an initial prototype of digital applications that are 

developed on mobile and web applications for facilitating a crime scene investigation (CSI) center's 

police officers who need to investigate and recover evidence from a crime scene when requested for 

examination by an inquiry official at the police station. The traditional process is still lacking in 

systematic management. The work status cannot be tracked in real time and it is necessary to call 

another officer if the information is required in advance. In the storage section, data are stored using a 

paper-based system that makes it difficult to trace cases later. The researcher uses information and 

communication technologies in designing and developing digital applications to be deployed. This 

system will be able to record information through e-Forms. It supports the taking of photographs, 

drawing crime scene diagrams, the recording of voice and video files, and coordinates of, and directions 

to the crime scene. It can be used anytime and anywhere. The system will store the status of each task 

and send timely alerts with Google Cloud Messaging techniques to let other officers know about 

updates or notifications, immediately. We have created a CSI Application Programming Interface (API) 

to call functions and transfer data between mobile app and web services. In addition, the system can 

automatically generate report documents that help by reducing work time. The result of the usability 

testing assessment is at a good level; it is user-friendly and may be used as a prototype. 

Keywords: digital applications, case management, crime scene investigation 

INTRODUCTION 

At present, the government in Thailand is performing a key role in support of the adoption of 

information technology, modern innovation, information systems, and various digital tools to be applied 

to work in the police organization and others. It can be seen that a major policy plan is the Digital 

Government Development 3 year Plan (A.D. 2016-2018). It is in accordance with the Digital Economy 

Development Plan under the policy framework of Information and communication technology, phase 

A.D. 2011-2020 (ICT2020) aimed to raise the level of the provincial and state agencies to achieve 

Thailand 4.0 or Digital Thailand [1, 2]. These policies will aim to push and drive economic 

development in society and the country to become stable, rich, and sustainable, while developing cities 

to become, so called, smart cities [3]. The world is paying attention to, and continuously developing, 

technology in organizations or agencies, for use in various forms. This may be to reduce the use of 

paper by using electronic documents, messaging services or email documents, or it may be by the use of 

office automation technology, to reduce time when retrieving stored information. This is convenient and 

reduces the workload for personnel while increasing their productivity. Users can employ technology to 

contact and exchange information anywhere in the world. This encourages easier collaboration between 

the different locations. It can be used to collect information in the organization to be used for future 



 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 

141 

benefit, such as retrieving information to help decision making and predictions by management. The use 

of technology brings about modifications to work processes and coordination between the executive and 

staff at various levels of the organization. This will contribute to the work of the government being 

flexible and effective as well as providing people with good service and information to make their lives 

more comfortable. It will create more confidence in the work. 

The Royal Thai Police Headquarters is an organization responsible for providing protection and 

combating crime for the security of the public. This organization is focused on bringing information and 

communication technology to the enterprise for maximum benefit, and is a response to the policy of 

creating a digital country. In the past, the system has been continuously developed including; POLIS 

(Police Information System), AFIS (Automated Fingerprint Identification System), and CDS (Criminal 

Database System) but it still encounters problems as it cannot exchange data between organizations so 

the CRIMES (Criminal Record Information & Management Enterprise System) has been developed. 

This will support the gathering of information investigations, crime prevention, and other work from 

support agencies in the National Police organization. It also facilitates complaints from the public, made 

at a police station, which can be saved within the system and sent to the relevant inquiry officer. In the 

meantime, data is collected and links to the various units can be made quickly [4]. As well as the Police 

Forensic Science Center 4, Khon Kaen, Thailand has other divisional agencies that need to develop 

information systems to support the work of their officers. Modern science can be used to detect, and add 

weight to, the evidence in a case and is effective in helping to catch perpetrators. Science can also 

ensure prosecutions are correct and justice is seen to be done by using the information system for DNA 

screening, etc. [5]. DNA data can be analyzed to find who are the victim and the offender by requesting 

to compare results across the system. 

The Crime Scene Investigation team is an important asset for all Police Forensic Science 

Centers as it is this group which will be requested to examine local crime scenes. A specialist police 

officer will examine the crime scene and provide the evidence found to the inquiry officer who is 

responsible for the case. To support the government IT policy, and to assist future work, the researcher 

has proposed the concept of application designs and development in order to facilitate the case 

management process required to investigate a crime scene. By using web and mobile apps to replace 

paper-based record keeping, the electronic data collection forms are designed to record video and audio 

files, as well as allowing the drawing of maps of the scene. The apps allow systematic gathering of 

information and also help in the coordination between police stations, as it uses a central system of 

requested location inspections and keeps a constant record of information. The collected data can be 

accessed in the form of statistical charts for further analysis of the case. The researcher conducted a real-

life testing, with a sample team of police officers in the department, to analyze the evaluation of this 

proposed system. 

RELATED WORKS 

Gathongthoong [6] proposed to develop software prototypes for mobile computing devices to 

record locations, case studies, and forensic evidence for the Royal Thai Police through web-based 

applications for both computers and smart phones. This would support saving data in an electronic form, 

in a variety of genres, which can be edited to assist the police officers. However, data usage is not 

efficient as when the police want to complete the case report for court, they must use a print copy 

method and there is no photographic support in this case. There are also mobile apps that have been 

developed internationally [7, 8] that focus on filling in the information locally through a multimedia file. 

A copy of the form and the recorded coordinates of the locale, showing the records of cases can be 

searched for and retrieved to produce a summary report of the case. Furthermore, Jakkhupan and 
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Klaypaksee [9] offered a web development using mobile devices for recording crime data and location 

coordinates. A case study of Hat Yai police station brought information to be processed and showed 

data in a crime map format by applying the technology of the Google Maps API. The above systems 

helped to manage data more systematically. Wherever the police are located, they can find or access any 

information, at any time, and reduce paper consumption. However, the systems support data 

management of only one agency, none of the systems can cross coordinate with other agencies, there are 

no intermediaries for displaying the status of each task, it is easy to follow the task, but there is no 

information presentation in the form of a statistical diagram. 

Police I lert U [10] is a mobile application that serves as a means of emergency notification to 

the people of the Metropolitan Police Headquarters, responsible for the Bangkok area. This area has the 

highest number of cases. This system will send basic information about location coordinates, and as a 

result, shorten the time for coordination between the victim and police. Zeng and Lee [11] proposed a 

mobile application that is used to alert individuals to personal emergencies, able to send pictures, and 

location coordinates to a nearby hospital. 

From the example above, the researcher introduced the concept and the limitations of research 

and related systems to help to analyze the system design presented in this research. It will increase the 

efficiency of contact coordination between the location inspection team and the police station which will 

lead to the Push Notification technology sending a warning message immediately. Real-time case 

management can keep track of job status at all times. Moreover, mobile apps also support the recording 

of location data in standard e-Forms instead of using traditional paper, they can save multimedia files 

including video, photos, drawings, diagrams and use the Google Maps API to navigate maps and record 

geographical coordinates. Information can be collected for analysis or displayed as a diagram, for use in 

future planning. 

MATERIALS AND METHODS  

Development of digital applications system for case management that was investigated at the 

crime scene had followed the guidelines of System Development Life Cycle (SDLC), which we divided 

into 6 stages as follows: 

Study of the Original System and Problem Definition 

We studied the process of the original workflow and queried the requirements of users from the 

police in the Police Forensic Science Center 4, Khon Kaen, Thailand. We also inspected the location of 

the actual area to learn about the problems of using the original document form records at an 

investigation scene. The most important details of the design of the system were analyzed in accordance 

with the traditional way of working. 

System Analysis and Design 

The first step was to analyze data and determine the structure of the system based on the 

requirements of its users. The details are as follows 1) The system supports coordination between 

inquiry officials working at various police stations, which will be able to access both the web and 

mobile apps. Notification is sent to the crime scene investigation department, and then a service officer 

will receive a case notification. The case is then sent to a head investigator who records and keeps the 

evidence of the witnesses at the scene. The commander will follow and view the work progress and 

statistical data. Furthermore, there is a limitation of system access based on user functions. The head 

investigator can access the web and mobile apps, while the commander and the service officer can only 

use the web apps. The relationship of the user groups within the system are shown in Figure 1. 2) The is 

a requirement for digital applications for case management that requires scene investigation that include; 

a case tracking system, message alert system, schedule management system, multimedia file 



 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 

143 

management system, internal information management system and production of statics in chart form. 

The design of the system’s work process and coordination between the officers in each group is shown 

in the form of a workflow diagram in Figure 2. 

 

Figure 1. The relationship between user groups and the proposed system. 

 

Figure 2. Work flow diagram for the digital applications system for case management and investigating 

the scene 

 

Figure 3. System architecture of the proposed system. 

Application Development 

The researchers have developed this proposed system, according to the system architecture 

design as in Figure 3. It can be seen that there is a client side and server side, where the server-side 

communicates with the protocol (HTTPS) to prevent network attacks. 

On the client-side, there are two types; a web application and a mobile application, 1) The web 

application segment is provided over the internet; log in is through a web browser which is suitable for 

office use and supports Smartphone applications that do not run on Android. 2) A mobile application 

based on the Android operating system, with JAVA language, it can be used in the office and the locale 
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via a wireless internet connection. It will operate offline using data storage where the backup data is 

stored for offline support. We have created a CSI API to call functions and transfer data between mobile 

app and web services. Both apps will run the Google Maps API service to help in finding the 

coordinates of a scene and can show directions on the map. PUSH Notifications are also supported 

through Google Cloud Messaging (GCM) [12]. It enables data transmission between servers and client 

devices, at any time, to provide information of a location or immediate updates of information. The 

principle of this service on the client side is to register the alert service with the GCM Server, and then 

get a Register ID code to serve as a client identifier that requires receiving messages from the server 

side of the system. 

The server-side was developed with an open source program for website development that 

included PHP, HTML5, JavaScript, and Ajax and uses a MySQL database for storing the data. It uses a 

Web Service as an intermediary to transfer data between mobile devices and the web server by 

converting the data into a JSON format. 

Testing the Application to Check for Defects 

The testing of all internal system implementations was done manually while testing took place, 

both during system development and post-system development. It tested the accuracy of the system and 

checked for defects to be corrected. 

Evaluation of the Usability of the System by the User 

The system used a trial user to evaluate the system, develop feedback, resolve problems 

observed during the user trial, and make adjustments to meet the needs of the user. 

Sampling 

The sample group selection was based on the Nielsen concept [13] that describes the sample 

group selection for software testing to be at least 3-4 users per group. System users were 3 groups as 

developer user groups chosen from 4 groups that were; inquiry official, head investigator, service 

officer, and commander, from which a sample group of 3 users was chosen to observe the results. 

Evaluate the Usability Testing by the User 

The researcher evaluated the quality of the system with the ability to use the system, also known 

as “System Usability Scale (SUS)” by Brooke [14]. Ten topics were applied to evaluate the research (in 

Table 1), and there were five levels of estimation which ranged from mostly disagree to mostly agree, 

divided as odd numbers for positive questions giving a score of 1 to 5 and even numbers are negative 

questions giving a score of 5 to 1, then each score was multiplied by 2.5 and the total scores equaled 100 

points. Based on evaluation and interpretation from Bangor et al. [15] interpretation is divided into 

seven adjective ratings including: Best Imaginable, Excellent, Good, OK, Poor, Awful, and Worst 

Imaginable. Figure 4 shows how the adjective ratings compare to both the school grading scale and the 

acceptability ranges; which was also to divide into 3 levels included that (1) Acceptable was composed 

of Best Imaginable, Excellent, and Good level, (2) Marginal which consisted of High-OK and Low-OK, 

and (3) Not Acceptable was composed of Poor, Awful, and Worst Imaginable. 
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Table 1. System Usability Scale Questions 

No. System Usability Scale 

1 I think that I would like to use this system frequently 

2 I found the system unnecessarily complex 

3 I thought the system was easy to use 

4 I think that I would need the support of a technical person to be able to use this system 

5 I found the various functions in this system were well-integrated 

6 I thought there was too much inconsistency in this system 

7 I would imagine that most people would learn to use this system very quickly 

8 I found the system very cumbersome to use 

9 I felt very confident using the system 

10 I needed to learn a lot of things before I could get going with this system 

 

Figure 4. A comparison of the adjective ratings, acceptability scores, and school grading scales, in 

relation to the average SUS score (from Bangor et al. [15]). 

Maintenance and Improvement of the System  

Feedback highlighted the defects found during the trial of the system that need to be improved 

for it to operate effectively, and be appropriate to the needs of the users. 

RESULTS AND DISCUSSION 

The Results of the Web Application Development 

1) Each screen contains a menu, case lists, receiving case form, schedule management, basic 

information system settings, data management and user permissions. The top bar shows the number of 

notifications and the personal information menu is as shown in Figure 5a. 

2) The main screen is shown in Figure 5a. There are two major parts, the first section displays a 

list of cases that the user will see, based on permissions. Each item displays a status bar for a specified 

case in process and indicates a deadline to send a report for head investigator. Take a look at the case 

list; it will display a list of words that provide a correct match for the search terms. The second part 

shows the proportion of the case, and its trending, by automatic feeds in the form of bar and circle 

graphs that can be selected by case type or sub-case category, and also by the date of the month, as 

shown in Figure 5b. 

3) Automated Notification Message, in the form of a text box, (as shown in Figure 5a) of the 

preliminary data, shown in brief, that can clicked to view full details of all notifications. 
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4) Figure 5c shows support scheduling to head investigators on a daily basis, to browse the 

database, to send work and reminders to the staff. It is displayed in the form of a calendar, schedule, and 

list. 

5) Figure 5d shows the notification case forms. The inquiry official will see on the information 

screen, it displays forms, locates the coordinates of address data, or saves the current coordinates and 

lists of crime scene investigation groups. The service officer will notify the head investigator on duty, 

sent under the schedule, and the head investigator will have the form displayed for filling in the details 

of the location, that can be edited, can manage a multimedia file list, add, delete, and edit items. The 

system also supports automatic drafting of documents referred from standard reporting; these can be 

modified and uploaded to the system. 

       
       (a)                                                                               (b) 

 

       
    (c)                                                           (d) 

Figure 5. Example prototype of the web application 

The Results of the Mobile Application Development 

Usage of this mobile application requires the Android operating system. The screenshots are as 

follows. 

1) The menu of this application shown in the form of a Navigation Drawer which is hidden to 

the left of the screen. It contains a menu, case lists, work schedule, list of police officers, and system 

settings. 

2) The screen displays a list of cases, as shown in Figure 6a, we see all the cases. The color bar 

is used to indicate the status of the case being processed; download a status icon and upload case 

information. There will be a button, for use by investigators, to add new notifications; click on view or 

edit the case list then add a new notification using the information form Figure 6b. The site inquiry 

official can then go to the location record form, as shown in Figure 6c, to save current coordinates, see 

the route to the location and see supporting photographs, drawings, and diagrams of the scene (as Figure 
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6d), record audio and video files and edit additional file description data by logging in, available both 

online and offline. The system checks the access status every time it is used in offline mode and will 

only list the cases where the data was transferred to the mobile. 

3) Message alerts for PUSH notifications are displayed at the top of the screen that will also 

display topic alerts and basic information, as shown in Figure 6e. 

4) The screen shown in Figure 6f will display schedules in a calendar format and there is an 

icon, schedule date, exact location of the head investigator, a list of investigation assistants at the scene, 

and their contact information. 

                  
                 (a)                                        (b)                                         (c) 

                                                  
                 (d)                                          (e)                                         (f) 
Figure 6. Example prototype of the mobile application 

Comparison of the Process between the Traditional System and the Proposed System 

The researchers simulated the situation of the location of an actual scene from Figure 2 by using 

burglary case. We had conducted tests with each police officer involved in this process. The time span 

and satisfaction of each step are as shown in Table 2. It was found that the Received Case, Notified Case 

and Assignment of Case have the most satisfied users with a reduction in duplication of data and 

provision of coordinates to navigate to the location. The data recording of the application is not flexible, 

so it takes time to fill it in. A report can be automatically generated by simply modifying the content and 

rearranging the content of the report a little.  
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Table 2. The Comparison of the process between the traditional system and the proposed system 

Process Measurement System 
Time 

(minute) 

Satisfaction 

Level 

Receiving Case and Notification of Case 
Traditional 5 Moderate 

Proposed 3 High 

Assignment of Case 
Traditional 3 Moderate 

Proposed 1 High 

Data collection at the crime scene 
Traditional 30 Moderately High 

Proposed 40 Moderate 

Issuing a summary report 
Traditional 60 Moderate 

Proposed 30 High 

The comparison of the system features between the proposed system and the traditional system 

is summarized in Table 3. 

Table 3. The comparison of system features between the traditional system and the proposed system 

System Features Traditional system Proposed system 

1. Data Collection Store in document file, delayed search  Data is stored in the database, support for court 

case search, reduced time. 

2.Coordination 

between the police 

station and Police 

Forensic Science 

Center 4 

Contact by phone and radio, The 

notification officer shall record the 

information received and send to the 

inspectors. Sometimes not enough 

information causes delay in later 

inquiries 

Send information through the system and 

support for Push Notification with coordinates 

at the scene to use for navigation on the map, 

Reduced data errors and reduced time added on 

later. 

3. Job tracking Commander and inquiry official 

inquire directly from the service 

officer on the phone or diary 

List of the cases with operational status and a 

reminder of the deadline, easy to check the 

work of the commander which can be tracked 

anywhere, anytime. 

4. Recording 

method and storing 

the data of a crime 

scene. 

Write down multi-page paper form; 

only take pictures with a camera. 

Inspectors bring a summary of the 

case and forwarded to the assistant for 

print report. Storing records in a case 

file. 

Recorded in electronic form via mobile app 

which supports saving image files, video, 

audio, and drawings of a location map. 

Categorized storage. Retrieved through the 

web to create an automated case report file 

instantly, reduces compilation time and 

duplicated data. 

5. Bring 

information to 

exploit or expand in 

the future 

Hard to get data to process or use it 

immediately and must have staff to fill 

in the database. 

To help the boss to see the trend of the case 

clearly. It can be used to produce information 

to make a crime clock and bring the 

coordinates to plot the crime map, See the 

density of cases in the area. 

The Results of the Evaluation of the Usability Testing  

The results measured the ability to use the digital version of the application to manage a case. 

The site must be investigated by the user, divided into two parts; there are a web app and a mobile app 

as shown in Table 4. The average SUS scores, found as overall values of each part were 76.65 and 76.25 

respectively. According to Bangor et al. [15] who proved that the SUS score of the system developed by 

the researcher is between “Good” and “Great”. At the closest level, “Good”, that compared to the 

acceptability ranges as an acceptable group. It is concluded that the developed system is easy to learn 
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and use at a good level. The system can facilitate the handling of cases that require a location inspection 

and its functions are consistent. In the evaluation of the web application discovered that users are good 

at using the web to manage data and report cases on their computer because it is more flexible. The 

mobile apps are used when working offsite and record data summaries. It is comfortable to check the 

status of work and coordinate with other officers. 

Table 4. The evaluation of the usability testing 

Group of User 

SUS Score 

Web App Mobile App 

�̅� Max Min �̅� Max Min 

Inquiry Official 70 87.5 57.5 70 87.5 60 

Head Investigator 80 90 67.5 82.5 87.5 80 

Service Officer 68.3 72.5 62.5 - - - 

Commander 88.3 95 77.5 - - - 

Mean 76.65  76. 25  

CONCLUSION 

The case management system for inspecting locations is a system developed to increase the 

efficiency of the police in proving crime. This research has introduced the use of digital technology to 

design and develop a system to be intelligent modern technology. This is achieved through the use of 

web and mobile applications. It will support the management of crime scene data in electronic systems 

that can be searched from anywhere, at any time, and it is easy to track the status of investigations with 

the case statistics presented graphically. Data access is restricted by the user's position. It is also a 

medium for liaison between the police stations and the location inspection teams under the Proof of 

Evidence Center. The inquiry official can send a notification, via the system, to alert the center to locate 

and facilitate the inspector’s records and location information, instead of writing a paper note. After the 

system development and user trial, the quality assessment and system performance can be summarized 

as; the results of the evaluation and of the ability to use both parts, web and mobile applications, are 

good. The problems encountered during the experiment were due to most users not being familiar with 

writing on mobile devices instead of using paper. However, they were able to learn how to use the 

system quickly and easily. It takes time and practice to use the system more skillfully and to fill in the 

information faster, though users can choose the voice input function instead. This system can be applied 

as a case management system to investigate the location of crimes in other areas. The system is a 

coordinating center for search and analysis of cases in different locations. 

Proposals for future development include; data collected can be analyzed to identify villains 

from their offenses or circumstances by analysis of the statistics or trends of property that are popular 

with thieves. On each occasion, Data Visualization techniques can be applied to view and understand 

the trends. It is easier to store data at a distance, reducing time spent to locate it, and the amount of 

materials used in each case. Analyzing organizational data will help with budget allocation to the 

agency, in the future. The section on mobile app usage patterns is developed to accommodate instant 

conversations between individual users for easy communication. At present, the staff uses a chat 

application such as the LINE app which may allow the data to flow easily but is not available as 

evidence in the work. The app also supports displaying case data in the form a plot according to each 

type of case; including case statistics in each area.  
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Abstract 

 Torch ginger (Etlingera elatior) is the medicinal plant in family Zingibaraceae and widely 

cultivated in Southeast Asia. All parts of torch ginger such as inflorescences, leaves, fruits, and 

rhizome, especially leaves demonstrated the high phytochemical content and biological activity. 

The research work aimed to evaluate the bioactive compound and antioxidant activity from leaves 

extract of torch ginger for cosmetic applications. In the present study, dried leaves of torch ginger 

were extracted with distilled water to obtain the aqueous extract. The leaves extract was evaluated 

for total phenolic content using the Folin-Ciocalteu method whereas the amino acid profile was 

examined using GC-MS technique. The extract was determined its biological activity by ABTS 

radical scavenging and tyrosinase inhibition assays. The results found that the yield of leave 

aqueous extract was 24.30±1.98% and total phenolic content comparative with gallic acid was 

246.52±0.26 mg GAE/g of extract. Furthermore, chlorogenic acid content, a main phenolic 

compound in leave extract, was 27.58 mg/kg. Amino acid profile consisted of glycine, histidine, 

leucine and lycine, their amino acid can improve formation of collagen and reduce the wrinkle 

appearance. The antioxidant activity of the extract showed the IC50 value was 0.039±0.00 mg/mL as 

well as closely resemble with vitamin E derivative (IC50 = 0.044±0.00 mg/mL). Beside that leaves 

extract showed inhibit tyrosinase activity. The finding suggests that the leaves of torch ginger 

extract exhibited high bioactive compounds and their biological activities illustrate the potential to 

be formulated in skin care products. 

Keywords: antioxidant activity, anti-tyrosinase activity, cosmetic product, phenolic content,  

                    torch ginger 

INTRODUCTION 

 Nowadays, bioactive compounds from natural plant are becoming more attractive to be used 

as cosmeceutical ingredients. Their bioactive compounds are rich source of vitamins, essential oils, 

proteins, phenolic compounds and antioxidants etc. Antioxidants play an important role in health 

care as a radical preventer and scavenger in degenerative ailments i.e. cancer, autoimmune 

disorders, hypertension and also in delaying the ageing process. Cosmetic products containing 

natural ingredient are gentle, biodegradable, less toxic properties and environmentally-friendly 

connotations when compared with synthesis cosmetic ingredients [1-5]. 

Torch ginger (Etlingera elatior) is the medicinal plant in largest family of Zingiberaceae and 

widely cultivated in Southeast Asia as spices for food flavoring or selling inflorescence as 

ornamental flower [6]. The botanical characteristics of this plant grow up to 5-6 m tall from grove 

underground and its stout rhizome width 3-4 cm of diameter. The leaves are entirely green, 

lanceolate shape and up to 81 cm of long. The tall stems, formed by the sheaths of leaf, are 
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psuedostems that grow from underground rhizome. The waxy inflorescences which are shaped like 

a spear-head when it is young; when in blossom, the bracts have larger shaped and prominent red to 

pink. The fruits are shaped like a pineapple, green to reddish color with many black seeds inside [7-

9].  

All parts of torch ginger such as inflorescences, leaves, fruits, and rhizome demonstrated the 

biological and pharmacological properties with the potential to healing the illness and infection 

diseases [10]. The phytochemical of torch ginger plant has been reported in few decades. The 

inflorescence showed the methanolic extract containing flavonoids (quercetin and kaempferol), 

terpenoids, saponins, tannins, anthocyanin and carbohydrate [11]. The leaves of torch ginger 

contain flavonoids i.e. isoquercitrin, quercitrin, and (+)-catechin and caffeoylquinic acid (CQA) i.e. 

3-CQA (chlorogenic acid), 5-CQA (neocholorogenic acid), and methyl 5-CQA. Moreover, the 

dominant phenolic compound in leaves is chlorogenic acid [6,12]. Chlorogenic acid is ester forming 

from caffeic acid and quinic acid that is applied in medicine, food and cosmetic. In pharmacological 

property, chlorogenic acid has the potential in antioxidant, anti-inflammatory, anti-tyrosinase, anti-

diabetic, hepatoprotective and cardiovascular activity etc. [13-15] Leaves of torch ginger exhibited 

the total phenolic content and antioxidant activity than those from inflorescences and rhizomes 

approximately 10 to 20 times [16]. Their biological activities of leaves contain radical scavenging 

activity, melanogenesis inhibition and antibacterial activity [16,17]. Furthermore, in the past several 

years, the utilization of leaves has not been reported as it should be as found from inflorescence. 

Therefore, this research work aimed to evaluate the bioactive compounds, antioxidant and anti-

tyrosinase activity of leaves extract of torch ginger for value added as cosmetic products. 

MATERIALS AND METHODS  

Chemicals 

 Folin-Ciocalteu’s reagent and Sodium carbonate (Na2CO3) were purchased from BDH 

Prolabo Chemicals (Pennsylvania, USA). ABTS (2, 2’-azino-bis (3-ethylbenzthiazoline-6-sulfonic 

acid)), gallic acid (C7H6O5), kojic acid (C6H6O4), and L-DOPA (L-3,4-dihydroxyphenylalanine) 

were purchased from Sigma (Steinheim, Germany); and potassium persulfate (K2S2O8), trolox (6-

hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), tyrosinase from mushroom, chlorogenic 

acid (C16H18O9), methanol (CH3OH), and acetic acid (CH3CO2H) were purchased from Sigma-

Aldrich (St. Louis, MO, USA). All chemicals used were of analytical grade. 

Sample preparation 

Leaves of torch ginger were purchased from cultivator in Rueso Districk, Narathiwat 

Province, Thailand. The samples were rinsed with distilled water and cut into small pieces, then 

subsequently dried by air-dried with a hot air oven at 50oc until dry. After drying process, samples 

were grounded into fine powder using a high-speed disintegrator machine and stored in amber zip 

lock bag at room temperature. 

Sample extraction 

 Dried leaves powder (100 g) was extracted three times with distilled water at 50oC for 24 h 

to obtain the leaves extract. The extract solvents were centrifuged at 4000 rpm for 5 min at room 

temperature and filtered through Whatman No. 1 filter paper to separate the pellet from solvent 

extract, after that the sample were evaporated to remove excess solvent under reduce pressure. 

Afterward, the samples were freeze dried and crushed on mortar to obtain the leaves extract 

powder, resulting in a mean of yield was 24.30±1.98%.  
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Phytochemical analysis 

1. Total phenolic content 

Total phenolic content of leaves extract was evaluated by using the Folin-Ciocalteu method 

[18]. The different concentrations of leaves extract solution (200 µL) were added to test tube 

followed by 1000 µL of Folin-Ciocalteu’s reagent (10%) and 800 µL of Na2CO3 solution (7.5%). 

The mixture was incubated for 60 min at room temperature, and then the absorbance of mixture 

solution was measured at 765 nm using spectrophotometer (Thermo Evolution 260 Bio). The result 

of total phenolic content was expressed as mg of gallic acid equivalent per gram of dry extract (mg 

GAE/g extract).  

2. Chlorogenic acid content 

 Chlorogenic acid content was quantified using high-performance liquid chromatography 

(HPLC; Agilent Technologies 1200 series) with C18 column, 5 mm; 250 mm x 4.6 mm; detection 

was carried out by UV absorbance at 280 nm. A mobile phase consisted of absolute methanol (A) 

and 2% aqueous solution of acetic acid was used for determine chlorogenic acid content with 

elution flow rate of 0.5 mL/min. The gradient of elution was performed using different conditions 

as follows: first 9 min, 12% of A in B solution; from 0 min to 5 min, linear gradient from 12 to 15% 

of A in B solution; from 5 min to 15 min, linear gradient from 15 to 30% of A in B solution; from 

15 min to 19 min, isocratic elution of 30% A in B solution; and from 19 min to 27 min, linear 

gradient from 30 to 50% of A in B solution. The amount of chlorogenic acid content of leaves 

extract was expressed in milligram per kilogram of dry extract. 

3. Amino acid profile 

 Amino acid profile was characterized and quantified by Central Laboratory (Thailand) Co., 

Ltd. using in house method based on AOAC official method 994.12, 998.15 (2000) [19] and 

detected by gas chromatography-mass spectrometry (GC-MS). The amount of each amino acid is 

expressed as milligram per 100 gram of dry extract. 

Biological activity 

1. ABTS radical scavenging activity 

 ABTS (2, 2’-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid)) radical scavenging activity 

of leaves extract was evaluated using the ABTS radical cation decolorization assay as followed by 

Re et al. [20] with some modifications. The ABTS•+ was generated by a mixed of the 7 mM solution 

of ABTS with 2.45 mM potassium persulfate (K2S2O8) and allowing the mixture solution stand in 

dark room for 12 h before use. The ABTS•+ solution was diluted to give a final absorbance of 

0.7±0.5 at 734 nm. The different concentrations of leaves extract of 200 µL and 1800 µL of ABTS•+ 

solution were added in test tube and incubated at room temperature for 6 min and used distilled 

water as control reaction. Then, read the absorbance of each reaction at 734 nm using 

spectrophotometer. Trolox was used as a reference substance. The results were expressed as 

milligram trolox equivalent antioxidant capacity per gram of dry extract (mg GAE/g extract) and 

percentage of inhibition was obtained according to the following equation: 

%inhibition =   
(𝐴𝑏𝑠 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐴𝑏𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒)𝑥100

𝐴𝑏𝑠 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 

Where; Abs of control is the absorbance of control without extract and Abs of sample is the 

absorbance of each extract.  
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2. Tyrosinase inhibition activity 

 Tyrosinase inhibition of leaves extract was measured using the dopachrome method which 

used L-DOPA (L-3,4-dihydroxyphenylalanine) as a substrate followed by Sritularak et al. [21] with 

some modifications. Both solutions of 200 U/mL of tyrosinase enzyme and L-DOPA were prepared 

with 20 mM phosphate buffer (pH 6.8). The leaves extract solutions were added in a 96-well plate 

together with tyrosinase solution and allowed the 96-well plate stand at room temperature for 10 

min, after that the L-DOPA substrate solution was added (Table 1). Then, 96-well plate was 

incubated at 37oC for 20 min and the result was determined at 492 nm using microplate reader 

(Biochrom EZ read 400) before and after of incubation. Kojic acid was used as a reference 

substance. The percentage of tyrosinase inhibition was calculated based on the following the 

equation: 

%inhibition =   
(𝐴 − 𝐵) − (𝐶 − 𝐷)𝑥100

(𝐴 − 𝐵)
 

Where; A is the absorbance of control, B is the absorbance of blank control, C is the absorbance of 

test sample, and D is the absorbance of blank sample. 

Table 1. The reaction component of tyrosinase inhibition assay. 

Reaction Phosphate buffer DMSO Sample Tyrosinase L-DOPA 

A Control 140 µL 20 µL - 20 µL 20 µL 

B Blank control 160 µL 20 µL - - 20 µL 

C Test sample 140 µL - 20 µL 20 µL 20 µL 

D Blank sample 160 µL - 20 µL - 20 µL 

Statistical analysis 

Values are expressed as mean ± S.D. Statistical analysis was analyzed by Statistical Package 

for the Social Sciences (SPSS) version 17.0 for windows using one-way analysis of variance 

(ANOVA) with Tukey's HSD test. Statistical significance was determined at p < 0.05. 

RESULTS AND DISCUSSION 

Phytochemical analysis 

1. Total phenolic content 

 Many phenolic compounds derived from plant are more effective antioxidant than vitamin 

C, E and carotenoids [22]. Thereby, total phenolic content of leaves extract was evaluated using the 

Folin-Ciocalteu method and expressed in mg GAE/g extract. The result shown that the aqueous 

leaves extract of torch ginger contain high amount of phenolic content comparative to gallic acid of 

218.95±4.55 mg GAE/g extract (Table 2). Furthermore, when compared with inflorescence extract 

of torch ginger from another author, aqueous and ethanolic extract had total phenolic content of 

618.9±16.40 and 520.4±15.26 mg GAE/100 g extract, respectively [11]. Chan et al. [17] reported 

the total phenolic content of methanolic extract of leaves and rhizome of 2390±329 and 326±76 mg 

GAE/100 g fresh weight. Consequently, torch ginger are sources of phytochemical components 

with especially in leaves extract, they also have benefit to antimicrobial, anti-inflammatory, anti-

aging and can absorb through skin barrier [3].  
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Table 2. Total Phenolic and chlorogenic acid content of leaves extract of torch ginger  

Sample 
Total phenolic content 

(mg GAE/ g extract) 

Chlorogenic acid 

(mg/kg) 

Leaves extract 246.52 ± 0.26 27.58 

 

 

Figure 1. High-performance liquid chromatography chromatogram at 280 nm of chlorogenic acid 

standard (A), and leaves extract of torch ginger (B) 

2. Chlorogenic acid content 

 Chlorogenic acid or 3CQA (3-caffeoylquinic acid) is hydroxycinnamic acid derivative 

obtained through esterification of caffeic acid and L-quinic acid, the other isomers of them include 

4- CQA or cryptochlorogenic acid and 5CQA or neochlorogenic acid [2,23]. Chlorogenic acid is 

valuable active substance involving in anti-inflammatory, antioxidant and antityrosinase [13,24], 

and naturally found in dietary fruits and vegetable such as peach, prune, potato, green coffee bean 

and also in leaves of torch ginger. In addition, the dominant phenolic compound in leaves of torch 

ginger is chlorogenic acid [15,25]. In our study, the chlorogenic content in leaves extract of torch 

ginger was 27.58 mg/kg (Table 2) and HPLC chromatogram showing retention time of chlorogenic 

acid of 20.195 min (Figure 1). Li et al. [13] found out that after 48 h chlorogenic acid suppress the 

melanogenesis in B16 melanoma cell with a decrease of melanin pigment level. In conclusion, 

chlorogenic acid exhibits the antioxidant and antityrosinase properties that shown the potential of 

cholorogenic acid as a whitening substance to formulate in cosmetic products. 

3. Amino acid profile 

 Amino acid has been shown to be the important role for the antioxidant activity in oils and 

fats [26]. Thereby, the amino acid profile was determined using in house method based on AOAC 

official method 994.12, 998.15 (2000) [19], detected by GC-MS as shown in Table 3. Among in 

amino acid profile of 19 items that contained in leaves extract of torch ginger, include cysteine, 

glycine, histidine, leucine, lysine, proline and tyrosine have the significant benefit in cosmeceutical 

properties. Matsui et al. [27], reported that tyrosine are strong antioxidant activity against with 

A 

B 
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peroxyl radical at low concentration and it helps to transport the lipophilic substance into deep 

layers of the skin [28]. Proline is involved to improve the wrinkle through the enhancement of the 

elasticity of stratum corneum [29]. Moreover, in section of collagen, the mixture of proline and 

branched-chain amino acids has benefit in recovering biosynthesis of collagen after UV exposure 

and amino acid of lysine, and leucine involved the significant of collagen formation [30-33]. The 

amino acid of cysteine, glycine and histidine exhibit the anti-inflammatory properties [34]. The 

results suggested that these amino acids exhibited the cosmeceutical properties for restoring and 

resolving the skin aging problem. 

Table 3. Amino acid content of leaves of torch ginger extract  

Compound (mg/100 g) Leaves extract Compound (mg/100 g) Leaves extract 

Alanine 74.35 Lysine 138.50 

Aspartic acid 94.67 Methionine <5.00 

Cystine 24.65 Phenylalanine 141.67 

Glutamic acid 202.82 Proline 28.02 

Glycine 41.16 Serine 122.65 

Histidine 19.36 Threonine 12.05 

Hydroxylysine <5.00 Tryptophane 9.99 

Hydroxyproline 7.79 Tyrosine 26.08 

Isoleucine 83.64 Valine 57.41 

Leucine 112.74   

Biological activity 

1. ABTS radical scavenging activity 

 The antioxidant activity of leaves extract was determined using ABTS radical scavenging 

activity according to the procedure described by Re et al. [20] with some modifications. This 

method was based on direct reduction via electron transfers, which measured the decay of 

absorbance at 734 nm and the result expressed as trolox equivalent antioxidant capacity [35]. In the 

result, antioxidant activity of leaves extract of torch ginger was increased with the increasing of 

extract concentration. Leaves extract showed the IC50 value of ABTS radical scavenging of 

0.039±0.00 mg/mL together with closely resemble with vitamin E derivative (IC50 = 0.044±0.00 

mg/mL) (Figure 2) (Table 4). In addition, the antioxidant substance of leaves extract was 

1030.74±10.82 mg TEAC/ g extract. The antioxidants have been reported to involve with 

prevention of cellular damage form free radicals in oxidation process resulting in reducing the 

process of skin aging. The free radicals in group of reactive oxygen species (ROS) are the main 

cause of oxidative stress with enhancing the aging process, mostly the ROS is related to external 

factors such as air pollution, UV radiation and pathogenic bacteria etc. [36,37] Hence, leaves extract 

of torch ginger we study here that contained phenolic compounds, amino acid and antioxidant 

agents have the potential to be formulated as cosmetic products for prevent harmful of cellular 

damage and skin aging from free radicals.  
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Figure 2. ABTS radical scavenging activity of leaves extract of torch ginger 

2. Tyrosinase inhibition activity 

 Tyrosinase is a key rate-limiting enzyme in pathway of melanin synthesis directly. However, 

overproduction of melanogenesis may cause of hyperpigmentation and melanoma on skin. 

Consequently, tyrosinase inhibitor contained in cosmetic product has becoming more popular as 

whitening agent for suppression the tyrosinase activity [38,39]. Thereby, tyrosinase inhibition assay 

was determined by using dopachrome assay that followed the method of Sritularak et al. [21] with 

some modifications. The result found that the leaves extract of torch ginger showed the moderate 

tyrosinase inhibition activity with IC50 value of 47.02±2.00 mg/mL and kojic acid was used as 

standard with the IC50 value of 0.204±0.05 mg/mL (Table 4). 

Table 4. ABTS radical scavenging and antityrosinase activity of leaves of torch ginger extract 

Sample 
Antioxidant activity 

(mg/mL) 

Antityrosinase activity 

(mg/mL) 

Leaves extract 0.039±0.00a 47.02±2.00a 

Trolox 0.044±0.00b - 

Kojic acid - 0.204±0.05b 

CONCLUSION 

The present study demonstrated the leaves extract of torch ginger that exhibited the effective 

bioactive compounds include total phenolic, chlorogenic acid, and amino acid content. In biological 

activities, the extract demonstrated the very effective activity with closely resemble with vitamin E 

derivative and suppressed tyrosinase activity. The bioactive compounds and biological activities of 

leaves of torch ginger of this study provide a strong potential to improve and restore the skin 

damage especially skin aging which are caused by free radicals. Moreover, they suppressed the 

melanogenesis process to provide a skin lightening useful to formulate as a cosmetic products in 

further work. 
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Abstract 

 The wastewater from automotive paint industry was originated from water spraying during 

car painting. It consisted of high amount of organic pollutants and dark color then the treatment 

must be recognized before delivery to the wastewater treatment plant of Laem Chabang Industrial 

Estate. The aim of this study was to combine chemical coagulation with Sequential Batch Reactor 

(SBR) for removal of COD, BOD, TSS and turbidity. The precipitation was optimized by Jar test 

method. Chemical coagulation was performed by Al2(SO4)3 3,354 mg/L with fast mixing at 100 

rpm for 3 min. The slow mixing was fixed at 40 rpm for 20 min. The flow rate was adjusted at 400 

mL/min and DO 3.53 mg/L. The removal efficiency for COD, BOD, Color, TSS and turbidity were 

50.35, 38.10, 81.81, 87.08, and 94.71%, respectively. The SBR model can be modified to 

conventional SBR system at automotive paint industry. 

Keywords: sequential batch reactor, chemical-coagulation, automotive paint wastewater, COD 

INTRODUCTION  

Currently automotive paint industry was developed to achieve the products that were 

environmentally friendly by minimizing volatile organic compounds (VOCs). The water based 

paints and powder paints was investigated to eliminate organic solvent for dilution and free from 

hazardous materials. The new materials and technologies was cultivated by electronic material and 

biotechnologies [1]. 

The new functional materials including rod-shaped metal nanoparticles were investigated for 

absorption wavelength changes due to ratio of the long and short axis. Plate-shaped silver 

nanoparticles were the other material to change the absorption wavelength according to the ratio of 

the maximum length and thickness [2].  

The automotive paint products played an important role in everyday life. “We color our life” 

was one of the Campaigns from paint industries that made the beautiful and colorful world such as 

buildings, cars and so on. Not only the colorful scenario, the more useful of paints are to protect and 

extend the life of exterior and interior surface of buildings, furniture, automobiles and others [3]. 

Automotive paints are used for two main purposes; 1) to protect the underlying metal from 

corrosion and  2) to decorate the car. Previously, automotive paints and their painting processes 

have disposed thousands of tons of pollutants into the atmosphere. In the last decade, the 

fundamental changes in automotive paints are environmentally concerned including waterborne 

mailto:srcstk@ku.ac.th
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paints, base coat/clear coat systems, urethane top coat and plastic media blasting [4]. Although the 

raw materials and technologies for automotive paint production were improved, the wastewater was 

still chemically contaminated from spraying process. According to spraying process, water curtain 

was applied for collecting and transferring atmospheric pollutants into water based pollution. The 

wastewater was simply collected and treated than air pollution. The wastewater discharged were 

then consisted of organic pollutants such as alcohols, ketone etc. [5]. The conventional sequential 

was examined to reduce all organic pollutants but the qualities of the treated water were not meet 

the requirement of Industrial Estate Authority of Thailand (IEAT) standards. Since the treatment 

system was belonged to the paint industrial plant, the treatment ability was limited by two 

possibilities; 1) strictly not modify the conventional SBR treatment plant by installation of new 

facilities and 2) to apply suitable chemicals for better precipitation. Then, the aim of this study was 

to combine chemical-coagulation followed by sequential batch reactor (SBR) for removal of COD 

and color in wastewater collected from spraying process to meet the requirement of IEAT standards 

of COD discharge Limit (750 mg/L). Color appearances are not to be disgusted prior delivery to 

central wastewater treatment [6]. 

MATERIALS AND METHODS 

Wastewater 

The automotive paint industry (API) was located in Laem Chabang Industrial Estate (LCB), 

Chonburi, Thailand. The wastewater namely WAPI (wastewater automotive paint industry) was 

mainly contaminated with hydrocarbons including alcohols, ketones, etc. WAPI performed dark 

gray color with high amounts of organic pollutants providing in terms of BOD and COD. The main 

characteristics of wastewater were presented in Table 1. 

Table 1. Characteristics of  WAPI influent. 

Parameter Unit Discharge Limit Value Range 

pH 

Temperature 

- 

ºC 

5.5-9 

not more than 45 

6.81 ± 0.03 

27.42 ± 0.03 

COD 

BOD5 

Total Suspended Solids, TSS 

Color 

Turbidity 

DO 

mg/L 

mg/L 

mg/L 

unit 

NTU 

mg/L 

750 

500 

200 

600 

- 

- 

1566.67 ± 57.74 

689.66 ± 85.32 

63.46 ± 6.81 

 

74.77 ± 0.68 

0.40 ± 0.09 

Coagulation process 

The stepwise of the test was started with 500 mL of WAPI followed by various amounts of 1 

N Al2(SO4)3 (Ajax Finechem). The solutions were rapidly mixed at 100 rpm for 3 min followed by 

slow mixed at 40 for 20 min. The pH was controlled at 1-10 adjusting with 1 N NaOH (Carlo Erba) 

or 1 N H2SO4 (Carlo Erba). The optimum condition was evaluated from COD and color removal. 

Three replications might be provided for each individual condition. Another coagulant, FeCl3 (Carlo 

Erba) was performed with the same manner as Al2(SO4)3. The optimum coagulant and conditions 

were applied to SBR system. 
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Analytical methods 

COD was determined by open reflux method with K2Cr2O7, BOD5 and TSS were conducted 

in accordance with Standard Method [7]. The pH was measured by a digital pH meter (Docu – 

pH+). The Turbidity value was measured by a turbidity meter (Lovibond). Wastewater color was 

directly measured with a UV-Vis spectrophotometer (Biochrom Libra S60) at 312 nm. Since the 

wastewater color was the mixture of many colors, the quantity of paint could not directly measure 

in terms of concentration. The color was then relatively measured in absorbance unit. 

Optimization of Jar test  

The Jar tests were performed in a Jar test device (PHIPPS&BIRD 7790-902B) with the 

following steps and temporization; 1) 500 mL of WAPI samples was delivered into the jar device 

with and adjusted to the various pH range (1-10) and mixed thoroughly; 2) a definite volume of 

coagulant solution Al2(SO4)3 was added with fast mixing at 100 rpm for 3 min, followed by the 

slow mixing at fixed at 40 rpm for 20 min. The mixed solution was left until 30 min for settling 

down. The settling time interval was resulted from Juan Ma et al. [12] and Sudbandid [5] since 

wastewater characterizations and types were similar. The pH value in each jar device was controlled 

by adding 1 N NaOH or 1 N H2SO4. Preliminary study for amounts of coagulant was examined in a 

Jar test by adding Al2(SO4)3 in the range 342 mg/L - 3354 mg/L and the relationship between 

turbidity and dosage of Al2(SO4)3 were determined.  

Three replications might be provided for each individual condition. FeCl3 was used as 

another coagulant in the range was 323 mg/L - 3180 mg/L instead Al2(SO4)3 in the same manner. 

The precipitation condition was optimized. 

The SBR model  

The sequential batch reactor system was made of acrylic sheet; the system comprised of 3 

reactors as shown in Figure 1(a) and actual SBR system in Figure 1(b). The system was mimicking 

the previous biological treatment plants as in the factory. The biological treatment was not suitable 

for such a kind of waste because all organic pollutants were non-biodegradable. Chemical 

precipitation might be suitable for removal of color and COD. The wastewater (Influent) was 

pumped to reactor (a) with a working volume 6 L, and operated cycle by motor and propeller. The 

optimized conditions from Jar test were applied to the mimic system. The aeration was performed in 

reactor (b). The treated water from reactor (a) slowly flew gravitational downward to reactor (b). 

The air flow rate was controlled at 400 mL/min for 20 min to maintain the dissolved oxygen (DO) 

concentration at 3.53 mg/L during the aerobic stage. The effluent was slowly flown to reactor (c) 

that used as equalization tank before discharging to Leam Chabang central wastewater treatment.  

 
Figure 1. Sequential Batch Reactor: (a) flow diagram; (b) actual SBR system.  
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RESULTS AND DISCUSSION 

Effect of pH on turbidity  

 The optimal pH depended on many involved factors such as, wastewater, coagulation type, 

pH, settling time etc. The relationship between pH and turbidity of Al2(SO4)3 and FeCl3 was 

presented in Figure 1. The turbidity decreased when pH increased because of lower solubility of 

metal compounds in alkali pH. The optimal precipitating efficiency was obtained at pH 7. The 

dosage of Al2(SO4)3 and FeCl3 were 2362 mg/L and 2240 mg/L, respectively. The high turbidity 

removal efficiencies were 94.71% and 99.41%, respectively. 

 The turbidity of wastewater after precipitation with Al2(SO4)3 and FeCl3 (Figure 1) showed 

similar directions. The turbidity was initially rapid decreased from 1-5 and then slightly decrease 

behind pH 5. The lowest turbidities was observed at pH 7 and slightly increased. Furthermore, 

increase of pH inverted the coagulation efficiency of WAPI since Al2(SO4)3 provided slightly acidic 

property, which obviously showed good conformities with the results of Yan et al. [8]. 

 

Figure 1. Effect pH on Al2(SO4)3 / FeCl3 

Effect of chemical coagulant 

 The optimum dosage of coagulant was observed by the relationship between turbidity and 

dosage (Figure 2). It was found that the turbidity removal was optimized at 2362 mg/L and 2240 

mg/L of Al2(SO4)3 and FeCl3, respectively. The higher the dosage, the lower the turbidity. The 

coagulation achieved the overall highest removal COD, color and turbidity of Al2(SO4)3 was 

50.35%, 81.81% and 94.71%, respectively. 

The removal efficiency of COD by FeCl3 was highest at pH 7 (Figure 1) and FeCl3 dosage 

was 2240 mg/L (Figure 2). It can be seen that the COD removal by FeCl3 performed in the same 

manner of Al2(SO4)3 as seen in Figure 2. The removal efficiencies COD and turbidity were 30.64% 

and 99.41%, respectively. However, it was observed that when the amount of FeCl3 was greater 

than 2240 mg/L, the turbidity of solution was slightly increased but the COD removal efficiency 

slightly decrease.  
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Figure 2. Effect of dosage Al2(SO4)3 and FeCl3 on turbidity. 

Difference from FeCl3, when the amount of Al2(SO4)3 was greater than 2362 mg/L, the more 

soluble of precipitation was observed. Excess of Al2(SO4)3 caused the high amount of Al3+ in 

wastewater.  The hydrated Al3+ taken place from the dissociation of Al2(SO4)3 (eq. 1) is hydrolyzed 

to give 3 moles hydronium ion (H3O
+) [9], due to hydrolysis of Al3+ (eq. 2).  

Al2(SO4)3   2Al3+ + 3SO4
2-   (1) 

Al3+ + 3H2O   Al(OH)3 + 3H3O
+  (2) 

The water pH was acidified enhancing solubility of precipitation. The high turbidity was 

observed (Figure 2). 

Treatment efficiency of Chemical-Coagulation combined with SBR process  

 In this study, to design SBR model for treatment wastewater automotive paint. The problem 

was that the COD highest out of standard in Laem Chabang Industrial Estate. In the SBR model 

using dosage Al2(SO4)3 3354 mg/L the pH range 5-7. The removal efficiency for COD, BOD, color, 

TSS and turbidity were 50.35, 38.10, 81.81, 87.08, and 94.71%, respectively present in Table 2. In 

experiment used condition the jar test method applied to SBR model. The optimum dosage was 

Al2(SO4)3 2362 mg/L of the Jar test and the SBR model dosage was Al2(SO4) 3354 mg/L. The 

different amount of chemical coagulant may be originated from mixing abilities; type of propeller, 

stirring character; and reactor size. However, the amount of chemical coagulant may be adjusted in 

the working SBR plant.  

Actually, the SBR provides high performance in biological treatments [11] more than 

chemical treatment. Anyway, SBR system can be found in some chemical wastewater treatment 

plants e.g. wastewater contaminated with ink, paint and chemicals [5, 12, 13]. The SBR reactor also 

applied for pretreatment has been proven as an efficient alternative method for COD removal as 

reported by Yan et al. [8]. The moderate organic matter removal was 43.6% in terms of COD, result 

was reported by Guerreiro et al. [14]. Chemical coagulation itself cannot remove COD because 

some small soluble molecules such as alcohol and ketone etc. were still remained in effluent after 

treatment. The overall parameters and removal efficiencies were presented in Table 2.  
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Table 2. The overall parameters and removal efficiencies of effluent. 

CONCLUSION 

The chemical treatment of WAPI from spraying process in an aerobic sequencing batch 

reactor (SBR) combined with chemical coagulation as a pretreatment step has been proven to be an 

efficient alternative for COD and color removal. Jar test was a preliminary procedure for dosage of 

Al2(SO4)3 and FeCl3. The optimum conditions comprised of 2362 mg/L at pH 7. Al2(SO4)3 was 

selected for suitable chemical coagulation applied to due to highest removal efficiencies of COD 

and color, easy to prepare by good solubility, easy to handle and low cost. The qualities of treated 

water exceeded IEAT standards except COD. The soluble COD still remained in the treated water  

because of the restrictions on the treatment system. According to the limitations, the alternative 

techniques including electrostatic precipitation [15], activated carbon adsorption [16] and so on may 

be investigated. 
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Abstract 

 This research investigated the evacuation of fire from university education building. 8 

stories building with height of 28 meters, all floors were in 3.2 meters high, total area of 9,635 

square meters, with 3 evacuation route. Moreover, the sprinkler system has not been installed in the 

building which have an occupancy load capacity of 1,354 occupants according to NFPA 101, Safety 

Life Code. The simulation used Pathfinder program which carried out 3 cases; 1) the first case 

assumed all occupants in the building evacuate at the same time (Full evacuation) and all exit stairs 

were available. 2) the second case assumed all occupants in the building evacuate at the same time 

and right exit stair not available because of the fire from laboratory room. And 3) the third case 

occurred fire on 3rd floor assumed occupants in the 3rd floor began to evacuate before another floor 

(Phased evacuation) and all building stairways were available. The simulation results showed that 

the evacuation times were 509 seconds, 661 seconds, and 535 seconds, respectively. This building 

can be safely evacuated from normally, using the phase evacuation method can improve the safety 

of the occupant during evacuation. 

Keywords: evacuation time, education building, pathfinder program 

INTRODUCTION  

 Safety within the Education building of a university is very important for students and all 

university staff. This research paper studies the fire evacuation process from the education building 

of a university. The structure of the building follows the Building Control Act, BE 2522 (1979), 

Ministerial Regulation No. 33 (1992) [3]. Within this building there is a Lecture Room, a laboratory 

for engineering, a small meeting room, storage room, a library, a control room and the professor’s 

leisure room. The research paper uses the Pathfinder program which is used to simulate the fire 

evacuation process, via calculating the number of occupants and analyze the scenario where the 

building is on fire according to NFPA 101 Safety Life Code [4]. The aim of this research paper is to 

investigate and analyze the time needed to safely evacuate from the building and devise a plan to 

improve the evacuation process for the university building. 

MATERIALS AND METHODS  

Education building model 

The building used for this research is a building of engineering faculty, with the total area at 

9,635 Meters Square, height of 28 meters with 8 floors. There are no water springer system installed 

on the building. Within the building there are 3 fire evacuation routes which are the right fire 

evacuation stair, the central evacuation stair and the left fire evacuation. Which can be seen figure 

1.  
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Figure 1. Building’s model which was created with Pathfinder program with 3 Stairways 

Simulation program 

Pathfinder is a simulation program of human pedestrian finding the exit, be able to analyze 

both two and three dimensions which is developed on the concept of walkway, obstructs and stair 

[1, 2].  This program uses two primary options for occupant motion: a SFPE mode and a steering 

mode. The SFPE mode implements the concepts in the SFPE Handbook of Fire Protection 

Engineering. This is door width controls a flow model, where occupant density determines walking 

speeds within each room and flow through doors. The steering mode is based on the idea of inverse 

steering behaviors. Pathfinder's steering mode allows the more complex behavior to naturally 

emerge as a byproduct of the movement algorithms - eliminating the need for explicit door queues 

and density calculations [6]. Which can be seen in Figure 2. Additional information in reference 

[4,8]. 

               
Figure 2. a) SPPE mode                 b) Steering mode 

Occupant load and speeds 

The load of occupant in the building model must not be less than the number of persons 

which is determined by, dividing the total floor area of the simulated building and use by the 

occupant load factor as specified in Table 1 [4].  
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Table 1. Occupant Load Factor 

Use m2/person 

Business Use  

  - Concentrated Business Use 

 

4.6 

Educational Use 

  - Laboratories 

 

4.6 net 

Industrial Use 

  - General and high hazard industrial 

 

9.3 

Storage Use 

  - In other than storage and mercantile occupancies 

 

46.5 

Formula to calculate the number of occupant according to NFPA 101 from formula 1 

Occupant             =
Area (m2)

Occupant Load Factor(m2

Person⁄ )
                                          (1) 

Using formula 1 to calculate the total occupant for the building is 1354 person which can be seen on 

Table 2 

Table 2. Shows occupants number on each floor  

Number of 

Occupant 

Floor 

1 

Floor 

2 

Floor 

3 

Floor 

4 

Floor 

5 

Floor 

6 

Floor 

7 

Floor 

8 

Total 

(Person) 

135 176 265 258 157 178 179 6 1354 

Calculating the occupant number using the NFPA 101, the amount of occupant within the 

building will be over the actual number of occupant using the building. This also applies to the 

position of each occupant which is randomize according to the total room area. Storage rooms and 

such are normally not occupied but are occupied in the simulation according to NFPA 101.  

Occupant’ moving speed are shows in Table 3. The occupant’s moving speed is affected by 

many factors, such age, gender and shoulder width, but in this research, only age and gender effects 

the simulation of evacuee’s speed [7,9]. 

Table 3. Moving speed of occupant base on age and gender [8] 

Gender Man 

< 30 years 

Woman 

< 30 years 

Man 

30-50 years 

Woman 

30-50 years 

Speeds (m/s) 1.85 1.55 1.62 1.19 

Evacuation Scenario 

Evacuation of occupant was simulated by analyzing the fire’s situation, according to NFPA 

101 standards by having at least 1 occupant in each room at the farthest travel distance from the exit 

which is separated into 3 cases. The pathfinder setting for these 3 cases as been set to use the 

steering mode which allows the simulation to be more realistic. The parameter for occupant to 

switch stairways is when their moving speed becomes less than 0.25 meters per second. [8] 

 1) Simulate occupants evacuating from the building at the same time (Full Evacuation) and 

fire escape route in normal condition. This is the most common form of evacuation, which is when 

occupants hear the emergency siren and evacuate. As shown in Figure 3.  
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Figure 3. Position and amount of occupants inside the building of case 1 

 2) Simulate occupants evacuating from the building at the same time (Full Evacuation) with 

the right stairway unavailable due to the fire from room 10301 which has spread to the stairway 

entrance. Shown in Figure 4. 

 

Figure 4. Position of fire and unusable stairway on the 3rd floor. 

 3) Simulate the evacuation of 256 occupants on 3rd floor follow by occupants on lower 

floors who start to evacuate when the last person on the 3rd floor enters the fire escape stairway 

(Phase Evacuation). All fire escape stairways are in normal condition. As shown in Figure 5 

 

Figure 5. Number of occupants on the 3rd floor as describe in case 3. 
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RESULTS AND DISCUSSION 

Simulation results 

Results of case 1 (can be seen in Figure 6, Case 1) shows the total evacuation time of case 

one to be 509 seconds. During the beginning we can see that some people choose to switch 

evacuation route the most between 53 seconds to 138 seconds after evacuation begins. Occupants 

were switches evacuation route due to congestion in the evacuation routes. After 264 second all 

remaining 411 occupants in the building have entered the evacuation stairway and will not change 

evacuation route. 

Results of case 2 (can be seen in Figure 6, Case 2) shows the total evacuation time from the 

building to be 661 seconds. During the beginning of the evacuation a large number of occupants 

above floor 3 moves whom were position to the right of the building all evacuated using the central 

evacuation route. At 41 seconds occupants start to switch between the central and left evacuation 

route due to the amount of congested in the stairway. After 269 seconds the remaining 554 

occupants have entered the evacuation stairway without further route changes. 

Results of case 3 (can be seen in Figure 6, Case 3) shows the total evacuation time from the 

building to be 535 seconds. Every occupants on the 3rd have all entered the evacuation stairways by 

91 seconds. Occupants on all other floors begin to evacuate at 91 second, during this case 

evacuating occupants switch their evacuation route only once. After 214 seconds the remaining 663 

occupants enters the evacuation stairway without further route changes. 

 

Figure 6. Graph showing total evacuation time for Case 1, 2 and 3. 

 

Figure 7. All occupants enter evacuation stairway without route change. 
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 Figure 6 shows that case 1 take the shortest time to evacuate all occupant out of the building, 

Case 1 uses the full evacuation method. While Figure 7 shows that Case 3 take the shortest time for 

occupants to enter the evacuation stairway which is considered a safe zone during a fire [4]. Case 2 

uses the phase evacuation method. Case 2 takes the longest evacuation time as occupants have to 

switch evacuation stairways more often as the congestion on both stairway is similar, due to the 

right stairway on the 3rd floor being usable. 

 During the initial phased of the evacuation, occupants are more likely to switch evacuation 

stairways as the entrances to stairways can be congressed and queued. Occupants cease changing 

stairways during the middle phased of evacuation as all occupants are able steadily evacuated from 

that stairway as switching to another stairway would increase the travel distance. Phase evacuation 

takes less time for occupants to enter the stairways compare to full evacuation. This is due to the 

phase evacuation setting, where occupants on the fire source’s floor, starts period to the evacuation 

of the whole building. This allows the stairways to be less congested and reduce queuing time. 

CONCLUSION 

From the simulation’s result, we found the total evacuation time for each case to be 509 

(8.29 min), 661 (11.01 min), and 536 (9.23 min) seconds. According to Building Control Act, BE 

2522 (1979), Ministerial Regulation No. 33 (1992) [3] it is obliged for occupants within buildings 

to be evacuated within 1 hour. Which shows that this building is designed correctly and is safe as 

the evacuation time for each case is lower than require. Phase evacuation method allows the 

occupant in the building to enter the evacuation stairways faster, reducing their chance of 

encountering dangerous situation cause by the fire. To improve the safety of this building, the 

central stairway should be re-engineered into a fire evacuation stairway. Additionally this building 

can supervise and maintain their fire alarm system. 
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Abstract 

 Coffee pulp (Coffea arabica) is by-product from coffee processing in industry. It has been 

used as compost and animal feed. This research aimed to add the value of coffee pulp as biological 

compound due to the chlorogenic acid was obtained the main phenolic component in coffee pulp 

and useful for cosmetic ingredient. Furthermore, the reports presented that chlorogenic acid is the 

phenolic compound for anti-aging and brightening skin. Therefore, the coffee pulp was extracted 

with distilled water and then the aqueous was evaluated the total phenolic content and antioxidant 

activity. The coffee pulp extract was measured the total phenolic content (TPC) using the Folin-

Ciocalteu reagent method. Moreover, chlorogenic acid of coffee pulp extract was analyzed by 

HPLC technique. Furthermore, its antioxidant activity was tested using ABTS radical scavenging 

assay. It was found that yield of coffee pulp extract was 38.5%, TPC was 45.12±1.08 mgGAE/g of 

extract and also chlorogenic acid was 17.8 mg/kg. Additionally, the extract displayed antioxidant 

activity 61.24±3.78 mgTEAC/g of extract. The finding of this study suggests that phenolic content 

and its antioxidant activity of coffee pulp extract which are benefit for skin. Consequently, the 

coffee pulp extract is proper to formulate in cosmetic products. 

Keywords: antioxidant activity, anti-tyrosinase activity, coffee pulp extract, cosmetic ingredient, 

total phenolic content 

INTRODUCTION 

 One of the most important consumed beverages in the world is coffee. It has been 

consuming for decades. It is also the second largest traded commodity after crude oil [1]. Only two 

species; Arabica (Coffea arabica) and Robusta (Coffea canephora) are produced to be the well-

known coffee beverage for the worldwide consumers [1]. Coffee is produced widely in 60 tropical 

and subtropical countries [2]. 

 For both consuming and producing countries, coffee is a considerable cash crop. Coffee is 

cultivated in many countries in Asia such as India, Indonesia, Vietnam and Thailand. Each year, big 

amount of Robusta coffee are produced in the South of Thailand, while small amount of Arabica 

coffee are produced in the cooler highland areas of the North. Besides, grounded and roasted 

Arabica are completely used in the country [3]. 

 In coffee industry abundant waste or agricultural residues are produced during the 

processing coffee, for example, coffee pulp and cherry husk which are considered to be residues or 

by-products [4]. Amount of coffee by-products is one of the most extreme environmental pollution 

problems, and therefore, there are some development attempts and researches to transform the 

residues, especially the coffee pulp for the value added products through biotechnological process 

which is also the waste management and the reduction of coffee by-products [4, 5, 6].  
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 For the waste utilization and the reduction of environmental pollution, the limited 

applications of coffee pulp and husk have found to be used for animal feed, fertilizer, compost, 

mushroom cultivation, etc. However, the methods of using were not very technically efficient, 

though the quantity were available [5]. 

 Nowadays, some efforts have been made to utilize coffee pulp extract for the development 

of value addition in commercial that is important consideration for cosmetic products. 

 Coffee pulp contains many biological activity substances such as phenolic compounds, 

caffeine and tannins [7]. There are many of phenolic compounds and chlorogenic acid, the 

important phenolic compound in coffee pulp [8]. It is beneficial for skin. 

 Recently, the quality of cosmetic products plays the important role on many people’s daily 

life because they care for their health and beauty and this causes the fast growing of cosmetic 

business in the world. Most of people are interested in using the natural extract which is the best 

choice for the quality of life. 

 The aim of this study was to determine total phenolic content and chlorogenic acid in coffee 

pulp extract and also evaluate antioxidant activity on nourishing skin. Furthermore, the value-added 

of coffee pulp as cosmetic ingredients is investigated. 

MATERIALS AND METHODS 

Sample Extraction 

Coffee pulp (Coffea arabica) was obtained from Hillkoff Co., Ltd. Chiang Mai province. 

Coffee pulp (Figure 1) was dried in hot air oven at 50°C for 24 h and grounded it in the blender into 

powder. Then, we extracted the sample with distilled water at 60°C for 6 hours and then centrifuged 

at 4,000 rpm for 3 minute and filtrated by using Whatman No.1. We then evaporated it by Vacuum 

rotary evaporator and used freeze dryer to obtain the extract. The percentage of yield was finally 

calculated. 

 

Figure 1. coffee pulp 

Determination of Total Phenolic Content 

The total phenolic content in coffee pulp extract was determined according to the Folin-

Ciocalteu reagent assay [9]. Folin-Ciocalteu solution 1,000 µl was mixed with sodium carbonate 

800 µl and 200 µl of coffee pulp extract in varying concentrations. The mixture was incubated for 1 

hour at room temperature. The absorbance at 765 nm was measured. The total phenolic content was 

expressed as gallic acid equivalent (GAE) in milligrams per gram of dry coffee pulp extract. 
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Determination of chlorogenic acid by high performance liquid chromatography (HPLC) 

 The chlorogenic acid in coffee pulp extract was determined by high performance liquid 

chromatography (HPLC). Analysis was carried out with HPLC, mobile phase: solvent A (absolute 

methanol, HPLC grade) and solvent B (2% acetic acid in aqueous solution). The HPLC condition 

was initially at 9 min, 12% of solvent A in solvent B, then at 0-5 min, 12-15% of solvent A in 

solvent B and then, at 5-15 min, 15-30% of solvent A in Solvent B and at 19-27 min, 30-50% of 

solvent A in solvent B. The flow rate was 0.5 ml/min, wavelength 280 nm, sensitivity 0.16 AUFS. 

The injection volume at 5 µl. chlorogenic acid was used as standard. 

ABTS radical scavenging activity 

Antioxidant activity was determined by ABTS radical scavenging assay [10]. The coffee 

pulp extract 200 µl was prepared in varying concentrations, then adding ABTS radical solution of 

1,800 µl. The mixture was incubated for 6 min. The absorbance at 765 nm was measured. ABTS 

radical scavenging activity was expressed as trolox equivalent (TEAC) in milligrams per gram of 

dry coffee pulp extract. 

RESULTS AND DISCUSSION 

Extraction of coffee pulp  

The coffee pulp extract was dark brown color (Figure 2) and the yield percentage was 

38.5%. In this study, coffee pulp was extracted with distilled water since it is environmentally 

friendly solvent and we avoided using harmful organic solvents [11]. 

 

Figure 2. Coffee pulp extract. 

Determination of Total Phenolic content and chlorogenic acid  

 The total phenolic content of coffee pulp was 45.12±1.08 mgGAE/g of extract. There are 

many phenolic compounds in coffee pulp, and chlorogenic acid was the main phenolic component. 

Chlorogenic acid is phenolic compounds formed by the esterification of cinnamic acids [8]. It was 

widely used in cosmetic formulation due to the biological activity such as antioxidant activity, 

photo-aging activity and anti-inflammatory activity [8]. 

The result obtained from HPLC analysis of chlorogenic acid was 17.8 mg/kg. Figure 3 

shows the HPLC chromatogram of chlorogenic acid standard and Figure 4 displays the HPLC 

chromatogram of coffee pulp extract. This chromatogram shows the peak of chlorogenic acid 

compared with chlorogenic acid standard in Figure 3. 
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Figure 3. Chromatograms showing chlorogenic acid standard analyzed with HPLC. 

 

Figure 4. Chromatograms showing chlorogenic acid in coffee pulp extract analyzed with HPLC. 

ABTS radical scavenging activity 

 Antioxidant can prevent oxidative stress that is the imbalance between the production of free 

radical and antioxidative defense system in favor of free radicals [12]. Antioxidant can protect skin 

from aging, photo-aging and photocarcinogenesis of skin [13]. The antioxidant activity of coffee 

pulp extract was evaluated by ABTS radical scavenging assay. It was found that the extract showed 

antioxidant activity 61.24±3.78 mgTEAC/g of extract. 

CONCLUSION 

The coffee pulp extract provided total phenolic content and antioxidant activity. Chlorogenic 

acid is main phenolic content in coffee pulp extract. The compound can prevent skin damage, anti-

aging and useful for cosmetic ingredient. The many reports found that chlorogenic acid is also anti-

inflammatory and anti-tyrosinase which can brighten the skin. The results of this study showed that 

numerous waste or agricultural residues in coffee industry can be add value of coffee pulp to be 

cosmetic ingredient. Moreover, further study need to evaluate other biological activities of coffee 

pulp extract and its mechanism of action for cosmetic ingredient. In addition, the irritation test and 

clinical study will be tested in human in future study. 
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Abstract 

 This research aimed to simulations of water spray suppression system for transformers. 

There were 22 nozzles covering the entire transformer area. The nozzles installed in accordance 

with NFPA 15, Standard for Water Spray Fixed Systems for Fire Protection. A Fire Dynamics 

Simulator provided by National Institute of Standards and Technology (NIST) was used in this test. 

The simulated transformer which the dimensions were width 3.2 meters, length 4.3 meters and 

height 4.04 meters. The transformer rates were at 36/48/60 MVA. Heat release rate of transformer 

oil was 95,004 kW. There were 2 fire scenarios: 1) simulated by transformer oil flowing to all the 

upper and oil tank side surface area, and 2) simulated by transformer oil flowing on all ground area. 

In this simulation, researcher defined that the water spray suppression system cannot suppress fire, 

but be able to control heat that transfer to all nearby building. 

Keywords: water spray suppression system, transformer, fire dynamic simulator. 

INTRODUCTION 

Transformer is an electric tool that converts electric pressure (voltage) which is highly 

important to power plants. Inside of a transformer has a fuel source that is a transformer oil fuel 

which is fully loaded in tanks. Oil fuel has functions of releasing heat and insulating transformers. 

In case of fire, an extreme impact will cause damages to properties and neighbor buildings. This is 

due to transformers are installed outside buildings. Also, from NFPA15 transformer requires to 

install water spray system and the net rate is defined not to be lower than 0.25 gpm/ft2 (10.2 

(L/min)/m2) [5]. Therefore, this research will perform an efficiency test for fire hazard water spray 

system for a transformer that design accordance with NFPA 15 by using fire dynamics simulator 

program to test an efficiency of fire hazard water spray system. Furthermore, the research will study 

about heat radiation process toward buildings and other nearby objects. An objective to install fire 

protection system is to prevent damages to properties, including transformer itself, other neighbor 

buildings, and other surroundings. 

MATERIALS AND METHODS 

Fire dynamics simulator set up method 

Water spray systems of a transformer rating 36/48/60 MVA are test in this research. 

Including 3 phases, 3.2 meters in width, 4.3 meters in length, and 4.04 meters in height (Figure 1). 

A transformer has 22 nozzles of fire hazard water spray system which divides into three parts. In 

each part of water spray nozzle will has a different angle, 45° and 90° [1] measured vertically from 
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the floor (Figure 2). There are heat detector tools installed in 13 places (Figure 3). Table 1 will 

shows installation descriptions: 

Table 1: Water spray and heat detector tools installation positions. 

Layers 
Water Spray Heat Detector 

No. Nozzles No. Angle 

1 9-10 45° 13 

2 1-8,11-12 45° 1-12 

3 13-22 90° - 

In addition, there are two-sided fireproof wall which located at the left and behind the 

transformer, according to Figure 1. Plus, it has surrounded constructions on 3 sides which are a 

chiller room; that are 13 meters from the transformer and is 6.5 meters high, a 15 meters filter house 

which is 7 meters behind the transformer and a 2 meters tree and steam line 9.5 meters on the right 

side of the transformer (Figure 4). 

Fire dynamic simulator program belongs to the National Institute of Standards and 

Technology (NIST) of the United States. It uses to study fire situation in a virtual reality model. 

Researchers drew 3D transformer on Solid work version 2013 program then put the designed 

structure into AutoCAD version 2016 to change filename extension. Allow the designed structure 

file to be able to view on Pyrosim program. Where, Pyrosim able to set a value of characteristics of 

a material, install water spray system and heat detector tools, and measure temperature to receive a 

realistic result. 

 

Figure 1. A transformer model which is used in this experiment 

 

Figure 2. 22 nozzles of water spray around the transformer.  
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Figure 3. All position of 13 sets of heat detector tools. 

 

Figure 4. The ranges between testing transformer model and surrounding construction materials. 

Water Spray System 

Heat transfer between vapor and air [9] Reynold’s number for vapor has various value of 

diameter (i) which can be express as the following equation: 

𝑅𝑒(𝑖) =  
𝑢 ×  𝑖

𝑣
 

Where, 

u is respectively the velocity 

υ the kinematic viscosity of the air. 

The Nusselt number is defined by the ratio of convection heat transfer to conduction heat. The inner 

diameter of the spray droplets i is [8]: 

𝑁𝑢(𝑖) = 2 + [0.4𝑅𝑒(𝑖)0.5 + 0.06𝑅𝑒(𝑖)
2

3] Pr0.4 

Pr is the Prandtl number of the air, and taken as 0.7. The energy conservation equation is 

expressed as:  
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𝑚(𝑖) =  𝐶𝑝

𝑑𝑇(𝑖)𝑤

𝑑𝑡
= ℎ(𝑖)𝑆(𝑖)[𝑇 − 𝑇(𝑖)𝑤] 

where,  

m(i) is the mass fraction  

T(i)w is the temperature of droplets with diameter I, respectively.  

S(i) is the external surface area of droplets 

T is the ambient temperature. 

Grid Sensitivity Analysis 

 The simulation of fire dynamics simulation (FDS) is based on the principle of dividing the 

model into small parts. In a manner called “Computational cell” or “grid” And it calculates the 

speed, temperature, pressure, density and concentration of gas. Applying the rules of mass 

conservation and energy in each small part is divided [3]. Grid sensitivity analysis has proceed to 

receive a numerical results that has the closest trend to the reality [1]. This can be categorized into 

three types, fine, moderate, and coarse values that can be calculated by [6]. The size and number of 

grids obtained from the calculation affects the verification and validation of simulation results. 

Grids that are small (fine) have a large number of grids. It is likely that the simulation results will be 

more accurate than the larger ones (Coarse). However the size of the grid. This will result in the 

CPU time for a given simulation period. Sometimes, the calculation time may be too long to accept 

or the capacity of the computer cannot be stored. Therefore, consider selecting the appropriate grid 

size [3]. In this research, too. When analyzing grid size and experiment. Suitable grids for testing 

the efficiency of the water spray system in both cases are moderate. Where grid sizes and number of 

grids that shown in Table 2. 

Tablen2 Grid sizes and number of grids 

  Cell size (m) Number of cell 

Coarse 

Moderate 

Fine 

1.487 

0.595 

0.372 

3,360 

55,510 

253,700 

Determination of characteristics in Pyrosim. 

Heat release rate is an energy released by fire that is measured as kilowatt (kW) [7], uses a 

symbol �̇� for oil fuel tank of transformer is a pool fire type burning fuel [4].  

Heat release rate formula [2] 

�̇� = �̇�"∆𝐻𝑐,𝑒𝑓𝑓𝐴𝑓(1 − 𝑒−𝑘𝛽𝐷) 

Where,  

�̇�"= burning or mass loss rate per unit area per unit time (kg/m2 -sec)  

Af = horizontal burning area of the fuel (m2)  

k𝛽= empirical constant (m-1) 

D = diameter of burning area (m)  
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Diameter of burning area can be calculated by 

D = 


fA4
 

Flow rate of fire spray nozzle [1] has different flow rate in each nozzle which requires to 

specify into Pyrosim, which has density value of sprinkled water not less than 10.2 (L/min)/m2 

followed the NFPA 15 rule [5]. This can be calculated by the following equation: 

Qnozzle= 
(𝑇𝑜𝑡𝑎𝑙 𝑡𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑒𝑟 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎)×(10.2 (L/ min)/𝑚2)

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑛𝑜𝑧𝑧𝑙𝑒
 

Table 3 Summary value for Pyrosim input. 

 

 

 

Fire dynamics simulator 

There are 2 simulator scenarios, the first scenario is a fire simulation causes by a leakage of 

transformer oil fuel which covers all of the top area including the side area of the fuel tank. The 

second scenario is a fire simulation causes by a leakage of transformer oil fuel on to the floor 

around the transformer. In addition to this, there will be a spray delay of 30 seconds due to installed 

fire detection devices are pilot spray nozzle fire detector in the same area as opened pilot spray 

nozzle so delay time will be set as 30 seconds. 

RESULTS AND DISCUSSION 

The result of fire hazard water spray simulation for fixed characteristic values in fire 

dynamic simulator program using 300 seconds of simulating time to observe fuel heat rate and heat 

transfer rate to surrounding areas. The simulation is divided into two scenarios. 

1) Simulated by transformer oil flowing to all the upper and oil tank side surface area 

2) Simulated by transformer oil flowing on all ground area. 

From the two simulations, it appears that after 30 seconds water spray system start 

functioning. This is because the open system, as shown in Figures 5 and 7, and 300 seconds at the 

end of the test, showed no heat transfer, causing the neighboring buildings to not be affected by the 

burns. Heat transfer not exceeding 8 kW/m2, as shown in Figures 6 and 8. 

  

Characteristics Values 

Heat Release Rate (kW) 

Heat Release Rate Per Area (kW/m2) 

95,004 

1,266 

Flow Rate (L/min) 34.8 
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Figure 5. After 30 seconds water spray system start functioning, scenario 1. 

 

Figure 6: An appearance of heat flux at the time of 300 seconds, scenario 1. 

 

Figure 7. After 30 seconds water spray system start functioning, scenario 2. 

 

Figure 7: An appearance of heat flux at the time of 300 seconds, scenario 2. 

From graph 1, temperature of the heat detector when compared to the time of the first 

scenario, a fire simulation that causes by a leakage of  transformer oil fuel which covers all of the 

top area including the side area of the fuel tank, founded that the temperature when fire occurs in 

each position is unequal. The highest heat values are at position 10-12 because they are the nearest 

to the fire and they accumulate hear from the wall. For position 1-9 and 13 have a lower heat value 

since they have a better heat transfer radiation.  
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From graph 2, temperature of the heat detector when compared to the time of the second 

scenario, a fire simulation causes by a leakage of  transformer oil fuel on to the floor around the  

transformer, the temperature of fire occurs at a different position has a different value which is 

similar to the first scenario. Due to the center of the fire is at the bottom in both scenarios. Founded 

that position 3-7, 10, and 13 have a lower temperature than position 1-2, 8-9, 11, and 12 because of 

the lower position has a better heat transfer radiation since there is no obstacle. 

 

(a) 

 

(b) 

Graph 1, a fire simulation that causes by a leakage of  transformer oil fuel which covers all 

of the top area including the side area of the fuel tank  - ) a) Low temperature heat detector device, 

(b) High temperature heat detector device.  
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(a) 

 

(b) 

Graph 2, a fire simulation causes by a leakage of  transformer oil fuel on to the floor around 

the transformer – (a) A low temperature heat detector device, (b) A high temperature heat detector 

device 

Discussion from a fire hazard water spray model for transformer in both scenarios are 1) a 

fire simulation causes by a leakage of transformer oil fuel on to the floor around the transformer and 

2) a fire simulation that causes by a leakage of transformer oil fuel which covers all of the top area 

including the side area of the fuel tank, founded that the design density according to NFPA 15 was 

10.2 (L / min) / m2. It can control the risen of heat rate and also prevent heat radiation to 

surrounding areas which migrate a damage to properties. Therefore, the design of NFPA 15 is 

suitable and can be used.  
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CONCLUSION 

This research has designed the water spray system according to NFPA 15, Standard for 

Water Spray Fixed Systems for Fire Protection, the design density is 10.2 (L/min) / m2. Using Fire 

Dynamics Simulator  ) FDS( to test. The data is configured from the transformer rating 36/ 48/60 

MVA was Heat release rate, heat release rate per area, flow rate and set up function of water spray 

system to be virtual and get the most realistic results. In summary, Density design of transformer 

according to NFPA 15 can be used effectively to extinguish a fire, control a fire, protect exposures, 

and prevent a fire. 
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Abstract 

 Spirogyra neglecta and Rhizoclonium hieroglyphicum are freshwater green macroalgae in 

Northern of Thailand and have been used for the traditional foods according to their nutrients. 

These algae extracts displayed the biological activities, including anti-inflammatory, anti-oxidant 

and anti-diabetic activities as well as reduced blood glucose and triglyceride. The previous research 

reported the phenolic compounds are the active components in the freshwater green algae. This 

research aimed to determine the heavy metal contamination using ICP-MS (inductive coupled 

plasma mass spectrometer) and biochemical properties of aqueous extracts of both algae. The 

results showed the percentage yield of aqueous extracts of S. neglecta and R. hieroglyphicum were 

35.51% and 38.41%, respectively. The contents of heavy metals which are arsenic, lead, mercury, 

cadmium and chromium were not detected in both of the algae extracts. The appearance of S. 

neglecta extract was dried dark green powder and R. hieroglyphicum extract was dried brown 

powder. The total phenolic contents were determined using Folin-Ciocalteu reagent method and 

analyzed abundance of important component using LC-MS (liquid chromatography mass 

spectrometer). The results showed that the S. neglecta aqueous extract (SA) and R. hieroglyphicum 

aqueous extract (RA) contained 107.02±1.03 and 8.58±0.10 mgGAE/ g extract, respectively. The 

isoquercetin contents of SA and RA were 288 and 264 mg/kg extract, respectively. The antioxidant 

capacity found in SA and RA were 379.01±3.08 and 4.95±0.08 TEAC/g extract, respectively in 

ABTS radical scavenging model. It can be concluded that both of the algae extracts were safe for 

consumption and have antioxidant potential which have been used as functional ingredients in food. 

Keywords: Rhizoclonium hieroglyphicum, Spirogyra neglecta, phenolic contents, isoquercetin, 

        antioxidant capacity. 

INTRODUCTION 

 Spirogyra neglecta is a genus of filamentous green algae of the Chlorophyta division. It is 

commonly found in freshwater areas and there are more than 400 species of Spirogyra in the world. 

Spirogyra sp. is an edible freshwater macroalga, consumed as traditional food in the north and 

northeast of Thailand due to its high nutrient content including vitamins, minerals and phenolic 

content [1]. Rhizoclonium hieroglyphicum has been naturally grown in the north of Thailand. It is 

commonly known in Thai as “Kai.” Local people have traditionally used this alga as an ingredient 

in several northern Thai dishes. The alga exhibits maximum growth during the dry season 

(November-March), when the temperature and velocity of water are low [2]. The nutritional value 

of dried algae consists of protein 16.7%, carbohydrate 55.7%, lipid 18.1%, fiber, vitamin (A, B, C 
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and E) and minerals [3,4]. These algae extracts display the biological activities, including anti-

inflammatory, anti-gastric ulcer, anti-bacterial, anti-oxidant, anti-cancer, anti-mutagenic and anti-

diabetic activities [5-13] as well as reduced blood glucose and triglyceride. [14]  Besides, the 

freshwater algae extracts are loaded with  bioactive compounds such as polysaccharide and 

polyphenolic components (gallic acid, isoquercetin, quercetin, catechin and tannic acid etc.) [13]. 

Phenolics which are the secondary metabolite and the anti-oxidant substance displayed the 

biological properties. The chemical structure of phenolic consists of a hydroxyl group bounded 

directly to an aromatic hydrocarbon group [15]. They were found in plant, fruits, vegetables and 

beverages [16]. Isoquercetin and catechin displayed the main phenolic components in S. neglecta 

extract [13], [17]. This study was to determine the heavy metal contamination and biochemical 

properties of aqueous extracts of freshwater green macroalgae for safety of consumption and 

antioxidant potential which have been used as functional ingredients in food. 

MATERIALS AND METHODS 

Chemicals 

 Folin-Ciocalteu reagent (Merck, Germany), Sodium carbonate, Gallic acid, 2,2'-azino-bis 

(3-ethylbenzthiazoline-6-sulphonic acid); ABTS (Sigma-Aldrich, USA), Postassium persulphate 

(Sigma-Aldrich, USA), Trolox (Sigma-Aldrich, USA), isoquercetin (Sigma-Aldrich, Germany). All 

other chemical regent used in this study were of analytical grade. 

Preparation of algae extracts 

 S. neglecta was collected from Nakuha village, Muang district, Phrae province, Thailand. R. 

hieroglyphicum was collected from Nongbuea village, Thawangpha district, Nan province, 

Thailand.  The macroalgae were dried in the oven at 55 to 60°C for 48 hours. Each of dried algae 

was boiled with distilled water at 95 to 100°C for 1 hour. The algae extract solution was 

concentrated using a rotary evaporator and was lyophilized with a freeze dryer to obtain the dried 

extract. They were kept at -20°C until use. 

 

Fig.1 (a) Characteristic of fresh S. neglecta and (b) cell under the microscope (10x). 

 

 

Fig.2 (a) Characteristic of fresh R. hieroglyphicum and (b) cell under the microscope (40x).  

(a) (b) 

(a) (b) 
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Determination of the heavy metal contamination  

The determination of heavy metals (arsenic (As), lead (Pb), mercury (Hg), cadmium (Cd) 

and chromium (Cr)) contents in algae extracts were analyzed using inductive coupled plasma mass 

spectrometer (ICP-MS) on an Agilent 7700 Series ICP-MS (Agilent technologies, Germany). The 

dry ashing method was used for sample preparation according to the AOAC method (2000). The 

sample test (0.2g) weigh into crucible and dry at 500 ºC (temperature-controlled furnace and slowly 

raise temperature to 500 ºC) for 16 hours. Remove the sample ash, let cool to room temperature and 

added 10ml 1M hydrochloric acid to dissolve ash by heating on hot plate. Transfer to 25ml 

volumetric flask and added 1M hydrochloric acid to volume 25ml and mixed. The standard curves 

of mixed standard solution were used to evaluate the heavy metal contents. 

Determination of the total phenolic contents 

 The total phenolic contents of algae extractsnwere determined using the Folin-Ciocalteu 

method. [18] Sample solution (0.2 ml) was mixed with 1.0 ml of 10% Folin-Ciocalteau reagent and 

0.8 ml of 7.5% sodium carbonate. The absorbance of the reaction mixture was measured 

spectrophotometer at 765 nm after 1 hour of incubation at room temperature. Results were 

expressed as gallic acid equivalents (GAE) per gram of extract. 

Determination of Isoquercetin 

 The determination of isoquercetin content was analyzed using liquid chromatography and 

mass spectrometry techniques on an Agilent Technologies 1100 series, equipped with a 

LiChroCART RP-18e column (4.6mm x 150 mm x 5sm) and diode array detector recording at 270, 

330, 350 and 370nm. The mobile phases were a binary solvent system consisting of acetonitrile (A) 

and 10mM Ammonium formate, pH 4 (B). The gradient used was 5min 100%B, 5min 20%A, 

10min 20%A, 40min 40%A. The isoquercetin contents were generated and calculated from the peak 

area of chromatogram. 

ABTS radical scavenging activity 

The ABTS radical cation (ABTS•+) scavenging method was modified. [19] The ABTS•+ was 

produced by reacting 7 mM ABTS stock solution with 2.45 mM postassium persulphate and 

allowing the mixture to stand in the dark at room temperature for 12-16 hours before use. The 

ABTS•+ solution was diluted with deionized water to an absorbance of 0.70 (±0.05) at 734 nm. Each 

of extracts (200 μl) was mixed with 1.8 ml of diluted ABTS•+ solution. The decrease of absorbance 

was recorded after mixing. Trolox was used as standards. The results were expressed in mM Trolox 

equivalents (TEAC) per gram of extract. The assay was performed in triplicate. 

RESULTS AND DISCUSSIONS 

The results showed the percentage yield of aqueous extracts of S. neglecta and R. 

hieroglyphicum were 35.51% and 38.41%, respectively. The appearance of S. neglecta extract was 

dried dark green powder and R. hieroglyphicum extract was dried brown powder. (Table1) The both 

algae extracts have been dissolved in water. The contents of heavy metals as arsenic, lead, mercury, 

cadmium and chromium were analyzed using ICP-MS were not detected in the both of algae 

extracts. S. neglecta and R. hieroglyphicum have been consumed as traditional food in the north of 

Thailand. They could be contaminated with a number of heavy metals. The arsenic, lead, mercury, 

cadmium and chromium are well known that an overdose of trace elements is harmful to health. It 

was reported in Japan that consuming cadmium contaminated rice could cause Itai-Itai disease [20]. 
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Table 1 Percentage yield (%) and the appearance of macroalgae (S. neglecta and R. 

hieroglyphicum) extracts. 

Sample Percentage of yield (%) Appearance 

S. neglecta 35.51 dark green powder 

R. hieroglyphicum 38.41 brown powder 

Algae, a group of marine or freshwater organisms provided the total phenolic contents and 

antioxidant capacity that they have been associated the quality of extract including color, flavor, 

properties, and nutrition [21]. The total phenolic contents were determined using Folin-Ciocalteu 

reagent method found that the S. neglecta aqueous extract (SA) and R. hieroglyphicum aqueous 

extract (RA) contained 107.02±1.03 and 8.58±0.10 mgGAE/ g extract, respectively. The phenolic 

substances are known to possess the ability to reduce oxidative damage [22], probably by trapping 

free radicals directly or scavenging them through a series of coupled reactions with antioxidant 

enzymes [23]. Phenolic compounds were reported to have many pharmacological properties (e.g. 

anti-inflammatory, anti-gastric, anti-mutagenic and anti-cancer activities [5-12]. The antioxidant 

capacity found that SA and RA were 379.01±3.08 and 4.95±0.08 mM TEAC/g extract, respectively 

in ABTS radical scavenging model (Table 2). The ABTS radical scavenging method has been 

widely used to evaluate the antioxidant capacity of compounds due to the simple, rapid, sensitive, 

and reproducible procedure [24]. Thus, SA and RA displayed the antioxidant capacity of phenolics 

were extracted by hot water and the phenolic hydroxyl groups are good hydrogen donors. They are 

also attributed to their ability to chelate metal ions involved in the production of free radicals [25]. 

Table 2 Total phenolic contents, Isoquercetin contents and ABTS radical scavenging capacity of S. 

neglecta and R. hieroglyphicum) extracts. 

Extracts Total phenolic contents 

(mgGAE/ g extract) 

Isoquercetin contents 

(mg/ kg extract) 

ABTS radical scavenging 

capacity (mM TEAC/ g 

extract) 

S. neglecta 107.02 ±1.03 288 379.01±3.08 

R. hieroglyphicum 8.58±0.10 264 4.95±0.08 

 
Fig.4 Isoquercetin chromatogram of S. neglecta aqueous extract using LC-MS. 
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Fig.5 Isoquercetin chromatogram of R. Hieroglyphicum aqueous extract using LC-MS. 

 The LC-MS (liquid chromatography mass spectrometer) analysis of SA and RA showed in 

Fig.3-5. They found that the isoquercetin content of SA and RA were 288 (at retention time (RT) 

16.013) and 264 (at RT 16.045) mg/kg extract, respectively. Isoquercetin (quercetin -3-O-

glucopyranoside) is one of the most common glycosides of quercetin occurring in various fruits and 

vegetables, and currently one of the most popular flavonoids used in various food supplements with 

a large number of potential health benefits [26,27]. However, SA and RA were indicated the 

biomarker of extract for functional ingredients in food. 

CONCLUSION 

This study indicated that macroalgae extracts from S. neglecta and R. Hieroglyphicum are 

safe for consumption without the heavy metal contamination including arsenic, lead, mercury, 

cadmium and chromium. The LC-MS analyses of phenolic compounds indicated the presence of 

isoquercetin as bioactive compounds. The extracts of S. neglecta and R. Hieroglyphicum 

demonstrated antioxidant activity. It can be concluded that both of the algae extracts were safe for 

consumption and have antioxidant potential which have been used as functional ingredients in food. 
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Abstract 

 Thailand beekeeping has faced two main mites infections, there are Tropilaelaps 

mercedesae and Varroa destructor mites. They are very important for honey bee health and one of 

the economic losses factors of beekeeping in Thailand. In this study, we studied virus detection on 

the Tropilaelaps mercedesae and Varroa destructor by using the RT- PCR in Chiang Mai.  Thirty 

Tropilaelaps mercedesae and Varroa destructor samples were detected with seven honey bee virus 

such as Deform Wing Virus(DWV), Acute Bee Paralysis Virus(ABPV), Chronic Bee Paralysis 

Virus(CBPV), Varroa Destructor Virus -1(VDV-1), Sacbrood Virus(SBV), Kashmir Bee 

Virus(KBV) and Black Queen Cell Bee Virus(BQCV). We found that Tropilaelaps mercedesae 

have infected four honey bee viruses. Such as DWV, ABPV, CBPV and VDV-1. At the Varroa 

destructor, there have three honey bee viruses infected. Such as DWV, ABPV, and VDV-1. The 

percentage detection of DWV and ABPV are 100% detected and VDV-1 is 77 in Varroa destructor. 

And the Tropilaelaps mercedesae have DWV is 100% infected, ABPV is 57% infected, CBPV is 

30% infected and VDV-1 is 23 % detected. When compared the virus infection between the 

Tropilaelaps mercedesae and Varroa destructor mites, Tropilaelaps mercedesae have more virus 

infection than Varroa destructor. 

Keywords: Varroa destructor, Tropilaelaps mercedesae, Honey Bee Virus and RT-PCR 

INTRODUCTION 

In Thailand, Apis mellifera L. European honey bee was introduced to Chulalongkorn 

University, Bangkok Thailand in the early 1940s by Professor Supachai Wattana. In 1953, Professor 

Saman Worakitta, Introduced European honey bee from Australia to Kasetsart University, Bangkok 

Thailand (Wongsiri, 1988). In the 1970s, there were imported large numbers of A. mellifera from 

Taiwan to Lamphun and Chiang Mai in northern Thailand for commercial purposes (Wongsiri et 

al., 1995, Akratanakul, 2000). Today, A. mellifera beekeeping record in Thailand has more than 

500,000 colonies and 1,000 beekeepers all over the country (Suwannapong et al., 2011). A. 

mellifera beekeeping was spread out in northern Thailand, especially in Chiang Mai province 

(Thapa and Wongsiri, 1997). And beekeeping has two main mites infections, there are Tropilaelaps 

mercedase and Varroa destructor mites. 

Tropilaelaps mites are primary brood ectoparasites of the giant Asian honeybees (Apis 

dorsata and Apis laboriosa) (Delfinado-Baker et al. 1989). The mites can only survive in colonies 

with the presence of brood in which they readily feed and reproduce while inside the cells, and they 

can live 1-3 days on adult bees (Kitprasert 1984; Woyke 1984; Koeniger and Musaffar 1988; 

mailto:drhminoo@gmail.com
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Rinderer et al. 1994). Tropilaelaps mites were infected with Apis mellifera when imported to Asia 

regions.  The first reports identified Tropilaelaps clareae was the most serious parasite of Apis 

mellifera colonies in Asia (Burgett et al. 1983). Morgan 2007). It is the most serious threat to Apis 

mellifera colonies in the Philippines (Cervancia, 1993). In Thailand, Tropilaelaps mercedesae was 

found on Apis cerana brood (Anderson and Morgan, 2007). 

Varroa mites are originally parasitized mites from the Asian honey bee (Apis cerana) 

(Anderson and Fuchsm, 1998; Anderson 2000, Anderson and Trueman, 2000). The Varroa mite is 

considered a major pest of honey bees Apis mellifera (Crane, 1978). And Varroa destructor is the 

most important pest of A. mellifera and it plays a main role in losses of honey bee colonies (Martin, 

2001). Varroa females entering to the brood cells and reproduction on the worker or drone larvae 

about 20–40 hr before the cells are sealed (Boot, et al., 1992). The adult female mite and progeny 

feed on the hemolymph of pupae from a single feeding site (Kanbar and Engels, 2003).  

Deform Wing Virus(DWV) infection detected to be widespread throughout the world. The 

symptoms of DWV in bees have crumpled, vestigial wings and bloated abdomen. Then infected 

Bees were dead after emergence infection. Sometimes asymptomatic bees can see in bee colonies. It 

can be seen healthy bee but heavily infected. and the other strains of DWV elevated to the bees 

behaviour aggressive and affected to the sensory response, learning and memory in adults 

(Tentcheva et al., 2004, Muz and Muz, 2015). Chronic Bee Paralysis Virus (CBPV) detected in 

adult bees from every continent, except South America.  CBPV manifests itself in adult bees 

through two different type of symptoms, which are the trembling of the wings and bodies, and then 

they cannot fly and drop down in front of colonies. The other symptoms can be seen hairless, greasy 

black bees caused by nibbling attacks from healthy bees in the colony. They became flightless, 

tremble and die. At the larval and pupal stages also infected with the virus. In this condition can be 

detected in faecal material and is efficiently transmitted by feeding (Dietemann et al., 2015).Acute 

Bee Paralysis Virus (ABPV) is a common virus that detected in healthy colonies (Allen and Ball, 

1996) and reported in Apis mellifera from North America, Europe, Oceania, Asia, Africa, and the 

Middle East (de Miranda et al., 2010, Dietemann, et al., 2015, Ellis and Munn,2005).When the bees 

infected by  ABPV, they cannot control their body movement and their flight. The infected bees 

became hair loss, dark and shiny. The infested bees retreat on top bars and die there having their 

wings extended (de Miranda et al., 2010). Varroa Destructor Virus-1 (VDV-1) closely related to 

DWV but reported more specific to Varroa destructor (Ongus, et al., 2006). However, DWV and 

VDV-1 viruses replicate in Varroa mites as well as in honey bees (Ongus et al., 2004; Yue and 

Genersch, 2005; Zioni et al., 2011) and both viruses have been detected at high titres in different 

honey bee tissues (Gauthier et al., 2007; Zioni et al., 2011).  VDV-1 and DWV appear to co-exist in 

bees and mites as part of the same species-complex (de Miranda et al., 2010; Gauthier et al, 2011; 

Moore et al., 2011; Martin et al., 2012). 

Many kinds of bee virus are related to honey bee mites such as Varroa and Tropilaelaps 

mites. When any kind of mites was infected with Apis mellifera colonies, honey bee virus infection 

was followed. Tropilaepals mercedase infected colonies were found Deformed Wing Virus (DWV), 

Black Queen Cell Virus (BQCV), Sacbrood Virus (SBV), Kashmir Bee Virus (KBV), Acute Bee 

Paralysis Virus (ABPV), and Chronic Bee Paralysis Virus (CBPV) (Forsgren, et al., 2009; Dainat, 

et al., 2009; Chanpanitkitchote, et al., 2017). Varroa mites infected colonies were found DWV, 

ABPV, CBPV, BQCV, KBV, SBV, Varroa destructor virus-1 (VDV-1) and Slow Bee Paralysis 

Virus (SBPV) (deMiranda, et al., 2011;Francis, et al., 2013; Moore, et al., 2015; Roberts, et al., 
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2017). Varroa destructor virus-1 (VDV-1) is genetically closely related to DWV but is reported to 

be more specific to Varroa destructor than to bees (Ongus, 2006). SBV is the most widely 

distributed of all the viruses detected in almost colonies throughout the world. SBV infects mainly 

larvae but also adult bees, although they present no disease symptoms. SBV have the clearest 

symptoms and appear a few days after capping. The virus was infected in adult bees without 

symptoms (Lee and Furgala,1967). Infected larvae were be seen in spring. The Asian honey bee, 

Apis cerana, frequently faced with lethal by various kind of sacbrood virus. Such as Thai Sacbrood 

Virus (TSBV), Chinese Sacbrood Virus (CSBV) or Korean Sac brood (Tentcheva et al., 2004). 

KBV was first isolated from adult A. mellifera and from Apis cerana in Kashmir, India, and later 

found in A. mellifera from Canada, the USA, New Zealand and Australia Spain and several other 

countries in Europe and Oceania. Kashmir Bee Virus (KBV) they did not show symptoms but they 

have a different lethal dose at individual and colony level. BQCV infection is more prevalent in 

adult bees than pupae. BQCV infection in honey bee has been reported in North America, Central 

America, Europe, Oceania, Asia, Africa, and the Middle East. The Black Queen Cell Virus (BQCV) 

have blackened queen cells walls with dead pupa. When Infected to the larval stage the larvae have 

a pale yellow colour sac and similar with sacbrood. The virus is present in adult bees but not 

significant symptoms (Dietemann et al., 2015). 

In this study, we take seven virus detections on thirty Tropilaelaps mercedase 15 honey bee 

colonies in Chiang Mai province and thirty Varroa destructor mites from Nan province in Thailand 

in 2017. 

MATERIALS AND METHODS 

Thirty adults female Tropilaelaps mercedease were collected from a sealed brood of A. 

mellifera from 15 colonies in Chiang Mai Province and thirty adults female Varroa destructor were 

from a sealed brood of A. mellifera 15 colonies from Nan province. All mites samples were kept in 

Eppendorf tube and placed in the ice box for 24-hour safe carrying (Miranda, et al, 2013). All mites 

samples were frozen at -40 °C deep freezer until RNA extraction procedure. Frozen honey bees 

were crashed in sterilized 1.5 ml tubes and add 1ml of TRIzol (Invitrogen) reagent per 50-100 mg 

of honey bee tissue, 0.2 ml of Chloroform per 1 ml of TRIzol, 0.5ml of 100% isopropanol and 1 ml 

of 75% ethanol were add by manufacturer procedure and add 30µl of the RNA free water and kept 

in - 40 ℃ until cDNA synthesis.  

For the first strand cDNA synthesis system used Invitrogen SuperScript RT-PCR kit. 

Prepared the new 0.2 ml of sterilized PCR tubes and the Invitrogen cDNA extraction kits procedure. 

For the first standard cDNA synthesis system used Invitrogen SuperScript RT-PCR kit. In the order 

to synthesize cDNA, 3µl of total isolated RNA was mixed with 1 µl of Oligo (dT) 20 50 µM, 1µl of 

10mM dNTP mix and 5 µl of DEPC treated water (OminiPur, USA). Then incubated at 65ºC for 5 

min. And add 2 µl of 10x RT buffer( 200mM Tris-HCl( pH8.4), 500mM KCL), 4 µl of 25mM 

MgCl2, 2 µl of 0.1M DTT, 1 µl of RNaseOUT TM and 1 µl of Super Script® III RT and incubated 

at 50ºC for 50 minutes and 85ºC for 5 minutes. Finally, add 1 µl of RNase H and incubated at 37 ºC 

for 20 minutes. And cDNA samples were Kept at -20 ºC for PCR amplification. 

PCR was conducted using 1 µl of cDNA sample, 1µl of 25 nmole DNA oligo primers 

1.0µM of each forward and reverse primer showed in table (1) and add 0.25µl of Taq (Invitrogen) 

DNA Polymerase Recombinant, 0.25µl of 10mM dNTP, 0.75µl of 50 mM MgCl2, 2.5µl of 10x 

PCR buffer and sterile distilled water were added to total 25µl. PCR reaction was performed using 
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an initial denaturation of 10 min at  95 °C followed by 40 cycles of 10s at 95 ° C, annealing step of 

16s at 60 °C, and extension for the 20s  at 72 °C and Final extension of 10 min at 72°C. 

To analysis, the significant differences between Tropilaelaps mercedase and Varroa 

destructor mites used SPSS (20). 

Table 1. Virus Primers sequences 

Virus Names Sequence References 

Deform Wing Virus 
For 5’- GGA TGG TCC GCG GCT AAG A-3’ 

Rev 5’-CGG CAG ATA TAA CAG TAC TTG -3’ 

Sanpa, and Chantawannakul, 

2009 

Varroa Destructor 

Virus-1 

For 5’- GCA GAG GAG GCC AGT GCT -3’ 

Rev 5’- TTT AAA TAG AAA GTC ACG AAT C -3’ 
Zinoi, et al., 2011 

Acute Bee Paralysis 

Virus 

For 5′-TGA GAACAC CTG TAA TGT GG-3′ 

Rev 5′- ACC AGA GGG TTG ACT GTG TG-3′ 

Sanpa, and Chantawannakul, 

2009 

Chronic Bee 

Paralysis Virus 

For 5′-AGT TGT CAT GGT TAA CAG GAT ACG AG-3′ 

Rev 5′-TCT AAT CTT AGC ACG AAA GCC GAG-3′ 

Sanpa, and Chantawannakul, 

2009 

Black Queen Cell 

Virus 

For 5′-GGA CGA AAG GAA GCC TAA AC-3′ 

Rev 5′-ACT AGG AAG AGA CTT GCA CC-3′ 

Sanpa, and Chantawannakul, 

2009 

Kashmir Bee Virus 
For 5′-GAT GAA CGT CGA CCT ATT GA-3′ 

Rev 5′-CAG TTA AGG GGT GTT GTT GC-3′ 

Sanpa, and Chantawannakul, 

2009 

Sacbrood Virus 
For 5′-GGA TGA AAG GAA ATT ACC AG-3′ 

Rev 5′-CCA CTA GGT GAT CCA CAC T-3′ 

Sanpa, and Chantawannakul, 

2009 

RESULTS 

After detection of thirty Tropilaelaps mites and thirty Varroa mites RNA with seven honey 

bee virus. Tropilaelaps mites have infected four honey bee virus and Varroa mites have three. In 

Tropilaelaps mites have infected with Deform Wing Virus (DWV), Acute Bee Paralysis Virus 

(ABPV), Chronic Bee Paralysis Virus (CBPV) and Varroa Destructor Virus- 1(VDV-1). DWV is 

100% infected, ABPV is 57% infected, CBPV is 30% infected and VDV-1 is 23 % detected (Figure 

1). And Varroa mites have infected with DWV, ABPV, and VDV-1. DWV and ABPV are 100% 

detected and VDV-1 is 77% detected (Table 2). There have four different virus infections were 

found such as single virus infection, two virus infections., three virus infection and four virus 

infections. When the comparing the number of virus combination infection in Tropilaelaps 

mercedease are more than Varroa destructor mites (Table 3). When we calculated the correlation 

between virus and mites by using SPSS software, we found that Tropilaelaps mites were significant 

at the 95% (P > 0.05) correlated with the virus. Tropilaelaps mites are mostly related with DWV, 

ABPV, VDV-1 and CBPV viruses than Varroa mites. 
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Table 2. Comparing the percentage of virus detection on Varroa destructor and Tropilaelaps 

mercedease mites in Chiang Mai and Nan Province 

No. Virus detection on 

Varroa destructor 

% Virus detection on 

Tropilaelaps mercedease 

% 

1 DWV  DWV 100% 

2 ACBP 100 ACBP 57 

3 CBPV 0 CBPV 30 

4 VDV-1 77 VDV-1 23 

Table 3. Comparing the percentage virus combination infections in Varroa destructor and 

Tropilaelaps mercedease mites in Chiang Mai and Nan Province 

Varroa destructor Tropilaelaps mercedease 

No. of 

Virus 
Type of infection % 

No. of 

Virus 
Type of infection % 

1   1 DWV 10 

 

2 DWV, ABPV 23 2 DWV, ABPV 

DWV, CBPV 

DWV, VDV-1 

37 

13 

20 

 

3 DWV, ABPV, VDV-1 77 3 DWV, ABPV, CBPV 

DWV, ABPV, VDV-1 

17 

3 

DISCUSSION 

The Tropilaelaps mites breeding on their honey bee hosts are different behaviour with 

Varroa mites, in that a mature mated female enters a bee brood cell that contains a developing bee 

larva and the mother mites eat the haemolymph and produces several offspring that all feed on the 

haemolymph of the developing bee. Tropilaelaps mites have different action unlike Varroa mites, 

the survival of Tropilaelaps mites was depended to access to bee brood (larvae or pupae) for their 

feed, their mouthparts and body shape cannot feed on adult bees. Therefore, the Tropilaelaps mites 

cannot feed or survive for more than about 74 hours (Wilde, 2000). Varroa mites can feed on adult 

bees. Tropilaelaps mites can only survive for a few days in the absence of bee brood (Woyke, 1984; 

Koeniger and Musaffar, 1988; Rinderer et al., 1994). This limited food source restricts their ability 

to disperse, as they can only disperse on adult bees on which they cannot feed. Tropilaelaps 

mercedesae can be infected 90% of the brood in A. mellifera colonies (Kiprasert, 1984). 

Nowadays, there  have18 viruses have been identified from honey bees (Allen and Ball, 

1996); many of them cause persistent infections in seemingly healthy bee colonies (Tentcheva et al., 

2004). Honey bee viruses in mites support a putative role of mites in vectoring the viruses (Hung et 

al., 2000; Ongus et al., 2004; Tentcheva et al., 2004; Shen, 2003; Shen et al., 2005). The Varroa 

mite may transmit the viruses among bees and its feeding might induce or activate viral replication 

in some ways (Ball, 1983; Bailey and Ball, 1991). Varroa mites in honey bee viral diseases, we 

quantitatively compared with and Tropilaelaps mites, Tropilaelaps mites found the more viruses 

infection. DWV, ABPV and VDV-1 are commonly infected in two mites species. In Tropilaelaps 
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mites DWV is 100% infected, ABPV is 57% infected but in the Varroa mites, DWV and ABPV are 

100% infected. When compare VDV-1 virus there have VDV-1 is 77% in Varroa mites and in the 

Tropilaelaps mites have VDV-1 is 23 % infected. Therefore, Virus infection on Tropilaelaps mites 

is more serious than Varroa mites. When they infected high infestations on A. mellifera brood, the 

adult bees with deformed wings (De Jong et al., 1982; Burgett et al., 1983) and they becoming 

reduced body weights (Kiprasert, 1984). There was no treatment on the infected colonies the 

Tropilaelaps mites population rapidly increased to high levels and invariably lead to the death of 

entire colonies (Atwal & Goyal, 1971; Ritter, 1988; Woyke, 1985). Varroa infestation is an 

important factor in bee mortality and colony collapses. Sometimes, Varroa kills an apparently 

healthy colony in a few months. However, little is known about how Varroa mites kill bees. Its 

frequent co-occurrence with severe viral infections in honey bee colonies, it is considered that mites 

could activate latent viral infections (Allen and Ball, 1996). 

Conclusion 

Both Tropilaelaps and Varroa mites are brood parasitic mites, but Varroa mites can be 

infected on the adult stage of bees than Tropilaepaps mites. In the brood infected condition, the 

population of Tropilaepaps mites are faster than Varroa mites, in this condition Tropilaepaps mites 

have more chance to destroy the bee colonies than Varroa mites. And Tropilaepaps mites can carry 

more virus than Varroa mites. Therefore we can conclude Tropilaepaps mites are more dangerous 

than Varroa mites for the commercial beekeeping in Chiang Mai and Nan province. 
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Abstract 

 The red and white pericarp color of rice is due to Rc/rc gene located in chromosome 7. 

Unlike white pericarp, red rice pericarp contains proanthocyanidin which has been proven to benefit 

human health. This study was conducted to study the inheritance of Rc/rc gene in F2 plant and F3 

seed population of Thai rice varieties, Red Hawm (red pericarp) and RD49 (white pericarp). The F1 

seed population was formed by cross pollination of Red Hawm and RD49. F1 plants were planted 

and screened with Indel-Rc-F/Indel-Rc-R marker. Heterozygous plants were selected and self-

pollinated to produce F2 seeds. The F2 plants were planted in the field and self-pollinated to produce 

F3 seeds. The developed Indel-Rc-F/Indel-Rc-R marker by Lim and Ha (2013) which was 

previously used in a study regarding the assessment of molecular marker for red rice pericarp was 

used in genotyping Rc/rc gene. The inheritance was analyzed using chi-square for the genotypes of 

F2 plant population as well as the phenotype of F3 seed population of Red Hawm and RD49. The 

results revealed that Indel-Rc-F/Indel-Rc-R marker followed the Mendelian inheritance genotypic 

ratio of 1:2:1 and 3:1 phenotypic ratio. Moreover, RcRc and Rcrc genotypes showed red pericarp 

phenotype while rcrc genotype showed white pericarp phenotype in F3 seeds. This means that Rc/rc 

gene controls the red color in the pericarp of Red Hawm and RD49 population. Based from these 

results, Indel-Rc-F/Indel-Rc-R marker can be used to improve RD49 to become red pericarp variety 

with high yield. 

Keywords: inheritance, rice pericarp, Rc/rc gene, F2 plant, F3 seed 

INTRODUCTION 

Rice (Oryza sativa L.) is the most consumed cereal grain and the staple food of an estimated 

3.5 billion people worldwide. Rice production and consumption are highest in Asian populations 

[1]. Rice pericarp can vary from white, brown, red and purple. Red and purple rice contain 

proanthocyanidin also called condensed tannins [2] which were proven to have health benefits. 

 Rc gene in chromosome 7, consisting of 7 exons and 6 introns, was responsible for the red 

color in rice pericarp [1] [3]. Rc gene encodes for basic helix-loop-helix (bHLH) transcription factor 

responsible for the regulation of proanthocyanidin production. The rc allele has a 14-bp deletion in 

exon 6 resulting in truncation of the protein before the bHLH domain which causes the change from 

red to white pericarp [4]. 

According to Chao [5] the pericarp color of rice varies from white, grey-brown, red to 

purple. Several researchers like Parnell and Ayyangar [6], Nagai [7] and Hector [8] have reported 

that red and white colors form a simple Mendelian inheritance pair segregating in a 3: 1 phenotypic 

ratio in F2 in which red is dominant over white. 

The objective of this research was to study the inheritance of Rc/rc gene controlling the red 

and white pericarp color by genotyping F2 plants and phenotyping F3 seed population of Thai rice 
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varieties, Red Hawm (red pericarp) and RD49 (white pericarp). The result of this study will be used 

to produce RD49 with red pericarpusing molecular marker-assisted selection (MAS). 

MATERIALS AND METHODS 

Plant materials 

The study used two Thai rice varieties: Red Hawm, a red pericarp, aromatic, photo-period 

sensitive and tall variety, and; RD49, a white pericarp, non-aromatic, semi-dwarf, high-yield, non-

photoperiod sensitive and disease- and insect-resistant variety which were both acquired and 

released by the Thai Rice Department, Bangkok, Thailand. 

The research was conducted in the laboratory and experimental field of Excellence Unit on 

Rice Improvement of Maejo University, Department of Genetics, Faculty of Science, Maejo 

University which is located in San Sai, Chiang Mai, Thailand. 

Breeding scheme of RD49 and Red Hawm population 

Figure 1 shows the schematic diagram of the activities undertaken to generate the rice seeds 

which were subjected to genetic and phenotypic analyses. Plants were grown inside the greenhouse 

facility starting from 2014 dry season.  Each plant was transplanted into individual pot 20 days after 

seed sowing. 

In 2014 dry season (season 1), the cross started with Red Hawm and RD49 in the 

greenhouse which generated F1 seeds. 

In 2014 rainy season (season 2), F1 seeds were planted and F1 leaves were screened with 

Indel-Rc-F/Indel-Rc-R marker. F1 plants were screened with Indel-Rc-F/Indel-Rc-R marker. 

Heterozygous plants were selected and self-pollinated to produce F2 seeds. 

In 2015 dry season (season 3), F2 seeds were planted in the field.  F2 plants were used for 

genotyping and self-pollinated producing F3 seeds which were used for phenotyping. 

DNA extraction 

Total genomic DNA was extracted from fresh leaves of rice plants using Genomic DNA 

Purification Kit (Thermo Scientific, USA) according to the manufacturer’s instruction. The 

extracted DNA samples were refrigerated at -20˚C for further PCR analysis. 

PCR and gel electrophoresis 

Fifteen (15.0) µl reactions containing 2.0 µl of genomic DNA, 0.6 µM of each primer of 

Indel-Rc-F/Indel-Rc-R and 2X Green Gotaq®Reaction Buffer Master Mix (Promega, Madison, WI, 

USA).  The forward sequence for Indel-Rc-F primer was CAGGCACCACACAGAGAATG while 

the reverse sequence for Indel-Rc-R primer was GGTTGGCACTGAAATCACCT [11]. Using 

thermal cycler (Veriti® Thermal Cycler, USA), Indel-Rc-F/Indel-Rc-R was  amplified using the 

following conditions: (1) pre-denature at 94˚C for 2 min; (2) 35 cycles of run, each followed by 

denature at 94˚C for 1 min (3) anneals at 53˚C for 1.30 min (4) extension time of 1.30 min and (5) 

the final extension at 72˚C for 5 min.  4% Nusieve (Lonza) gel was prepared containing SYBR 

Green (Thermo Fisher Scientific, USA) in 1X TBE buffer (89mM Tris with pH 7.6, 89 mM Boric 

acid, 2mM EDTA). The gel was run at constant voltage of 80 V for 90 min and visualized using 

Molecular Imager ® (GelDocTM XR, Bio-Rad). 
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Figure 1. Formation of F1, F2 and F3 seed population of Red Hawm (red pericarp) and RD49 (white 

pericarp) population.  The formation of F1 seeds was done in Season 1 (2014 Dry Season).  F2 seeds 

were produced in Season 2 (2014 Rainy Season) and the study of inheritance of Rc/rc gene as well 

as growing 187 F2 plants and F3 seeds were done Season 3 (2015 Dry Season).  The  symbol 

means self-pollinated seeds. 

Field cultivation 

 Germination of F2 seeds were done in trays with soil medium. Each tray had tags which 

indicated the plot number, season and pedigree. Seeds were carefully scattered in trays and covered 

with soil. The trays were laid in the field provided with screen to protect from birds and rats. After 

28-30 days, the rice seedlings were pulled out carefully from the tray and were transplanted. 

The rice seedlings were transplanted with spacing of 25 x 25 cm with 1 plant per hill. 

Application of fertilizer following the rate of 12-6-6 kg/rai N-P2O5-K2O was done twice as 

recommended. In the first 7 days after transplanting, 6-6-6 of N-P2O5-K2O was applied. The second 

application was done 45 days after transplanting in which 6-0-0 of N-P2O5-K2O was applied. 

Moreover, Trichoderma and Beauveria were used as bio-pesticide in controlling insects and pests. 

Tagging of plants was done in random in each population and the leaves of each F2 plants were 

collected for genotyping. 

Genotyping of 187 F2 plant population 

Genotyping was done in F2 plants. Based on the study of Sweeney et al. [2], Rc allele 

controls the red color in rice pericarp. On the other hand, rc allele has 14-bp deletion in exon 6 

which caused frameshift mutation resulting to white color in pericarp [2]. 

Indel-Rc-F/Indel-Rc-R marker developed by Lim and Ha [11] was also used in the previous 

study of Dela Cruz, L. et al. [12] regarding molecular marker assessment. Indel-Rc-F/Indel-Rc-R 

marker was tested for polymorphism between Red Hawm and RD49 varieties. Indel-Rc-F/Indel-Rc-

R marker was used to screen F2 plant population where the genotypes were recorded. The genotypic 

 

100 plots 
(16515-166142) 
  -1 row each 
plot 
  - 11 plants 
each row 
Total plants: 
200  

Total plot 
harvested: 198 F3 
seeds 

F4seeds  
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symbols were assigned as follows: RcRc for homozygous allele from Red Hawm, rcrc for 

homozygous allele from RD49 and Rcrc for heterozygous. 

Phenotyping of 187 F3 seed population 

Each individual F2 tagged plants were harvested one month after flowering and reaped 

manually using a sickle. To secure the seeds, paper envelopes were used with corresponding 

detailed markings such as plot number, season and pedigree. Dry leaves and other unnecessary parts 

were removed before putting each in the prepared envelope. Threshing was done and seeds were 

placed in hot air oven for 6 days at 50°C to break dormancy. After 6 days, the seeds were removed 

from the oven, weighed and de-husked for phenotyping. The seeds were observed based on the 

color of the pericarp and compared with the same red pericarp color as Red Hawm and white 

pericarp color as RD49. F3 seeds were scored as red and white. 

Statistical analysis 

The chi-square was used to test whether the inheritance of red color in pericarp was caused 

by Rc/rc gene and also to test if it followed the Mendelian inheritance. Chi-square (2) test was 

performed to test the goodness of fit of the F2 plant population for the genotypic marker as well as 

the phenotype of F3 seed population by comparing the observed frequency distribution with 

expected value. 

RESULTS AND DISCUSSION 

Indel-Rc-F/Indel-Rc-R molecular marker used in screening F2 plant population 

 Result of the gel electrophoresis in screening F2 plant population using Indel-Rc-F/Indel-Rc-

R marker showed different banding patterns of the segregating population as shown in Figure 2. To 

prove that Rc/rc gene is involved in controlling the red and white color in this population, chi-

square test was used. The computation of genotype is compared at 0.05 probability level as critical 

value where it intersects with 2 degrees of freedom (number of categories, 3 minus 1) with 5.99 as 

the value. On the other hand, 0.05 probability level as critical value intersects with 1 degree of 

freedom (number of categories, 2 minus 1) in phenotypes was 3.84. Since the calculated chi-square 

value for the genotype is 1.50 less than 5.99, we accept the hypothesis that the data fits the 

Mendelian genotypic ratio of 1:2:1. Moreover, the calculated chi-square value for the phenotype is 

0.4 less than 3.84, we accept the hypothesis that the data fits the Mendelian phenotypic ratio of 3:1 

as shown in Table 1. 

 

Figure 2. Amplification pattern of the segregating F2 plant population using Indel-Rc-F/Indel-Rc-R 

marker under UV transilluminator wherein RD49 and Red Hawm were shown in lanes 1 and 2, 

respectively, while lanes 3-22 were the segregating F2 plant population. RcRc genotype for 

homozygous allele from Red Hawm, rcrc genotype for homozygous allele from RD49 and Rcrc 

genotype for heterozygous.  M indicates the 100-bp ladder.  
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Table 1. Chi-square (2) analysis for the genotypic segregation of F2 plant population using Indel-

Rc-F/Indel-Rc-R marker and phenotypic F3 seeds of Red Hawm and RD49 population. 

Genotype Phenotype 

Classes Observed Expected 
1/(O-E)2 

/E 
Class Observed Expected 2/ (O-E)2/E 

RcRc 42 46.75 0.48 
Red 144 140.25 0.1 

Rcrc 102 93.50 0.7 

rcrc 43 46.75 0.32 White 43 46.75 0.3 

Total 187 187 1.50ns   187 0.4ns 

1/ns indicates that there is no significant difference from 5.99 at the P=0.05 probability level 
2/ns indicates that there is no significant difference from 3.84 at the P=0.05 probability level 

The sample of the de-husked F3 seed population was shown in Figure 3 together with the 

genotype that corresponds to each plot number. F3 seeds were compared to donor parent Red Hawm 

and recurrent parent RD49. where the F3 seed population with red pericarp resemble Red Hawm 

and those with white pericarp resemble RD49. The genotype of F2 plants corresponds to the 

phenotype of F3 seeds. RcRc and Rcrc genotype had red pericarp while rcrc genotype had white 

pericarp. This means that Rc/rc gene controls the red and white color of the pericarp in F3 seed 

population of Red Hawm and RD49. 

 

Figure 3. The de-husked donor and recurrent parent as well as the F3 seeds in 2015 dry season 

which were used in phenotyping. The F3 seeds with each corresponding genotypes were compared 

to Red Hawm (donor parent with red pericarp) and RD49 (recurrent parent with white pericarp). 

 Rysbekova et al. [13] analyzed several crosses of red and white cultivars. All the parental 

forms with red pericarp are homozygous for Rc gene. The disjoining of all F2 hybrids (red and 

white) in the second generation with the dominant red and recessive white pericarp was statistically 
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consistent with the ratio of 3:1 at high reliability of actual obtained and theoretically expected 

values.  Sahu et al. [14] studied the red pericarp where they studied five crosses between white and 

red cultivars. The F1 phenotypes of the first three crosses were found to have red pericarp. In 

observing F2 population, only white and red pericarp were seen which fitted the 3:1 ratio of Mendel. 

Moreover, the study conducted by Gealy [15] on F2 population was derived from LA3 or TX4 red 

rice segregated in ratios of approximately 3(red):1(white) in seed coloration, consistent with single 

dominant gene control of this trait. Our study showed the same result in which the dominant Rc/rc 

gene was responsible for the red color in rice pericarp in Red Hawm and RD49 population. The 

result also followed the Mendelian inheritance with 1:2:1 for the genotype and 3:1 for the 

phenotype. 

 However, on the other cross made by Sahu et al. [14], F2 population segregated into red and 

white pericarp (45:19) in which Kaudidhul variety was imparted by three genes involving two 

major genes either of them complementing with another dominant gene to be responsible for the 

trait. 

CONCLUSION 

 The inheritance of red pericarp of Red Hawm using F2 plant population of the cross between 

red pericarp Red Hawm and white pericarp RD49 was studied by genotyping using Indel-Rc-

F/Indel-Rc-R marker. Results followed the Mendelian genotypic ratio of 1:2:1 while the phenotype 

of F3 seed population followed the Mendelian phenotypic ratio of 3:1. Red pericarp color was 

observed in RcRc and Rcrc genotypes while rcrc had white pericarp color. This proves that Rc/rc 

gene in Red Hawm (red pericarp) and RD49 (white pericarp) controls the red and white color in this 

population. Moreover, Indel-Rc-F/Indel-Rc-R marker can be used in incorporating red pericarp to 

RD49 while maintaining its high yield and other good agronomic traits. 
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Abstract 

 The virgin coconut oil (VCO) was extracted from fresh and mature coconut meat (Cocos 

nucifera Linn.) without using chemical or high-heat in process. The VCO is colorless and clear, it has 

the aroma of fresh coconut. This study was undertaken to determine the fatty acid composition and 

pharmacological activity of VCO which benefit for skin, including anti-tyrosinase and anti-collagenase 

activities. The properties of fatty acid profile of the VCO were found mainly medium chain fatty acids 

(about 70%) that contain with caproic acid, caprylic acid, capric acid and lauric acids. Of the saturated 

fatty acids, VCO was primarily 48.41% lauric acid, 16.33% myristic acid, 8.80% caprylic acid, 6.67% 

capric acid, and 6.36% palmitic acid. Anti-tyrosinase activity was evaluated using L-DOPA as 

enzymatic substrate whereas collagenase inhibitory activity was also performed with FALGPA as 

enzymatic substrate. The result revealed that VCO exhibited anti-tyrosinase and anti-collagenase 

activities with IC50 values of 761.89  18.85 mg/mL and 625.93  11.62 mg/mL, respectively. However, 

VCO inhibited tyrosinase lower than kojic acid (IC50 = 0.39  0.01 mg/mL) and collagenase inhibition 

of VCO was lower than EGCG (IC50 = 0.015  0.004 mg/mL). From these results indicate that VCO 

obtain the potential of functional ingredient in cosmeceutical product such as whitening and aging 

skincare according to decrease hyperpigmentation and wrinkles of facial skin. The optimal 

concentration of VCO will be formulated in further study. 

Keywords: anti-collagenase activity, anti-tyrosinase activity, cosmeceutical product, 

        virgin coconut oil 

INTRODUCTION 

The virgin coconut oil (VCO) was extracted from fresh and mature coconut meat (Cocos 

nucifera Linn.) without using chemical or high-heat in process. The VCO is colorless and clear, it has 

the aroma of fresh coconut. It displays several biological activities like anti-inflammatory, analgesic and 

antipyretic properties in vivo [1]. Traditionally, virgin coconut oil is used to moisturize for skin and hair. 

Tyrosinase is a copper-containing enzyme that catalyzes the synthesis of melanin and other 

pigments from tyrosine [2]. Melanin is a dark biological pigment that found in hair, skin, eyes, and other 

tissue. The overproduction of tyrosinase cause hyperpigmentation that is a common problem in middle 

aged and elderly people [3]. Tyrosinase inhibitors have become increasingly important for medicinal 

and cosmetic products that may be used as powerful skin-whitening agents for treating hyperpigmented 

skin [4]. 

 Collagenase enzyme is a metalloproteinase which can degrade molecules such as aggrecan, 

elastin, fibronectin, gelatine, laminin, and collagen [5]. Collagenase inhibitors may have beneficial 

effects to maintain healthy skin by preventing dermal matrix degradation. Therefore, the purpose of this 
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study were to determine the fatty acid composition, anti-tyrosinase and anti-collagenase activities of 

virgin coconut oil. 

MATERIALS AND METHODS  

Determination of fatty acid composition 

The analysis of fatty acid was conducted by Agilent gas chromatography (Agilent technologies 

6890N) equipped with flame ionization detector (FID) on a capillary column (100 m length, 0.25 mm 

internal diameter and 0.20 μm film thickness). The column was initially set at 140 °C and held for 5 

minutes, then increased to 250 °C at a rate of 3 °C/minutes and held for 17 minutes at 250 °C. 

Determination of anti-tyrosinase activity 

The determination of tyrosinase inhibition activity was measured by the method of Lim et al., 

2009 [6]. L-DOPA was used as a substrate. A 40 μL of 2.5 mM L-DOPA solution, 80 μL of 0.1 M 

phosphate buffer (pH 6.8), 40 μL of test samples and 40 μL of tyrosinase solution (200 unit/mL) were 

mixed and incubated at 37 °C for 30 minutes. The dopachrome formulation was measured at 475 nm. 

The data were expressed as percentage of inhibition of tyrosinase activity. All determination were 

carried out in triplicate. Kojic acid was used as a standard tyrosinase inhibitor control. 

Determination of anti-collagenase activity 

Collagenase inhibition activity was determined according to the protocol of Van Wart and 

Steinbrink [7] with a slight modification. Briefly, 10 μL of the test samples was mixed with 10 μL of 

collagenase solution and 190 μL of N-[3-(2-furyl) acryloyl]-Leu-Gly-Pro-Ala (FALGPA) solution. The 

absorbance at 340 nm was measured immediately after adding substrate and then continuously for 5 

minutes using a microplate reader. All assays were performed in triplicates. Epigallocatechin gallate 

(EGCG) was used as a positive control. 

RESULTS AND DISCUSSION 

Virgin coconut oil had a high proportion of medium chain fatty acids (MCFAs) that was 

primarily 48.41% lauric acid, 8.80% caprylic acid, 6.67% capric acid and 0.71% caproic acid. The 

results of fatty acids composition were shown in Table 1. The total saturated fatty acids was 89.43% 

while the total unsaturated fatty acids was 4.04%, which consisted of omega 3 (0.02%), omega 6 

(0.54%) and omega 9 (3.43%).  

The saturated fatty acid, lauric acid and capric acid have been shown to possess antibacterial and 

anti-inflammatory properties against Propionibacterium acnes [8-10]. They attenuated P. acnes-induced 

ear swelling in mice and significantly reduced IL-6 and IL-8 production in P. acnes-stimulated SZ95 

sebocytes [10]. 

The tyrosinase inhibitory activity of the virgin coconut oil and kojic acid are shown in Figure 1. 

The IC50 value of tyrosinase inhibitory activity was determined from the linear regression lines. The IC50 

values of the virgin coconut oil and kojic acid were found to be 761.89  18.85 and 0.39  0.01 mg/mL, 

respectively. 

Virgin coconut oil and EGCG could inhibit collagenase activity, as illustrated in Figure 2. The 

EGCG at 0.05 mg/mL showed the inhibition collagenase activity of 65.48  2.70%. The virgin coconut 

oil at 150, 300 and 600 mg/mL presented the inhibition collagenase activity of 9.51  1.03%, 23.99  

1.02% and 47.47  0.89%, respectively. The IC50 values of the virgin coconut oil and EGCG were found 

to be 625.93  11.62 and 0.015  0.004 mg/mL, respectively.  
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Table 1. Fatty acid composition of virgin coconut oil 

   Fatty acid composition Content (g/100g) 

     Caproic acid (C6:0) 0.71 

     Caprylic acid (C8:0) 8.80 

     Capric acid (C10:0) 6.67 

     Lauric acid (C12:0) 48.41 

     Myristic acid (C14:0) 16.33 

     Palmitic acid (C16:0) 6.36 

     Stearic acid (C18:0) 2.04 

     cis-11,14,17-Eicosatrienoic acid (C20:3n3) 0.02 

     cis-9,12-Linoleic acid (C18:2n6) 0.54 

     cis-9-Oleic acid (C18:1n9C) 3.43 

 

Figure 1. Concentration-response (inhibition of tyrosinase activity) curves of the virgin coconut oil and 

kojic acid. 

 

Figure 2. Effect of the virgin coconut oil and EGCG on collagenase inhibitory activity.  
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CONCLUSION 

The virgin coconut oil obtained the potential of functional ingredient in cosmeceutical product 

such as whitening and aging skincare according to decrease hyperpigmentation and wrinkles of facial 

skin. 
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Abstract 

 The pectins isolated from banana’s (Musa acuminate) peel were used to evaluate the 

potential immunostimulation and the influence on disease resistance in giant freshwater prawn 

(Macrobrachium rosenbergii) through injection. Two studies were conducted. For the studies of 

phagocytic activity and clearance efficiency, test and control groups were composed of six prawns 

each. For the experiment of susceptibility of prawn to Lactococcus garvieae, test and control groups 

comprised of 10 prawns each in triplicate. The prawn ranged averaging 15.0±2.0 g (mean±SD). The 

prawns which received the banana’s peel water-soluble pectin (BWP) or banana peel chelating-

soluble pectin (BCP) at 10, 20, and 40 µg (g prawn)-1 significantly increased phagocytic activity 

and clearance efficiency against Lactococcus garvieae after 1, 3, and 7 days. For susceptibility test, 

M. rosenbergii was injected with BWP or BCP at 10, 20, and 40 µg (g prawn)-1 for 3 days and then 

challenged with L. garvieae at 2x106 and 4x106 cfu prawn-1, respectively. The survival rates of M. 

rosenbergii injected with BWP at 20 and 40 µg (g prawn)-1 were significantly higher than those of 

BWP at 10 µg (g prawn)-1 and saline control after challenge with L. garvieae for 96 – 144 hours. 

The prawns received BCP at 10, 20, and 40 µg (g prawn)-1 after 48 hours recorded survival rates 

significantly higher than that of saline control. It can be concluded that the BWP and BCP could be 

used as an immunostimulant for prawns through injection to enhance immunity and resistance 

against L. garvieae. 

Keywords: Macrobrachium rosenbergii, immunity, pectins, Musa acuminate, immunostimulant. 

INTRODUCTION 

The giant freshwater prawn (Macrobrachium rosenbergii) is important for the economic 

development and grows in the tropical and subtropical zones of the world [19]. Disease outbreaks 

are one of the major problems in the sustainable development of giant freshwater prawn culture in 

Taiwan [5, 13]. The prawn farming has been severely impacted by epidemics associated with yeasts 

in the cold season [13], bacteria and virus in the hot season [2, 5], which have caused serious 

economic losses. Several antibiotics have been used to control disease outbreaks in the shrimp 

culture industry, which lead to promoting the spread of antibiotic-resistant pathogens in culture 

species and the environment [27].  

Banana (Musa acuminate) is the second largest produced fruit in the world and is very 

popularly cultured in Taiwan [8]. The waste peel of banana or plantains poses the problem of 

disposal without causing environmental pollution in the countries of the processing industries of 

banana and plantains [36]. However, banana peel is a rich source of crude fat (3.8-11%), crude 

protein (6-9%), starch (3%), vitamins and total dietary fiber (43.2-49.7%) [17]. Dietary fiber which 

is a polysaccharides mainly consists of soluble and insoluble fractions such as lignin, pectin, 
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cellulose and hemicellulose are an extremely diverse set of biopolymers in banana peels [7]. 

Soluble fibers are well known to lower serum cholesterol and to help reduce the risk of colon cancer 

[3, 14]. A total dietary fiber content of about 50% (based on dry basis) in banana and plantain peels 

[6]. Extracting pectin from the banana and plantain peels could increase their added value. which 

are polysaccharides that mainly consists of pectin. 

The banana peel Musa paradiasiaca (kadali) powder and aqueous ash extract were effective 

against fungus Aspergillus niger [23]. In addition, the water extract of fresh banana peel showed the 

highest inhibitory effect against both Moraxella catarralis, and Staphylococcus aureus, followed by 

S. pyogenes, Enterobacter aerogenes and Klebsiella pneumonia [4]. The hot water banana peel 

(Musa acuminate) extract had the efficiency to enhance the growth performance, anti-hypothermal 

stress, immunity and disease resistance against Lactococcus garvieae in giant freshwater prawn [24-

26]. 

In recent years, pectin has been the subject of extensive research because it is important in the 

food, cosmetic and pharmaceutical industries [18]. Pectin extracted from the cell wall of almost all 

plants is a family of galacturonic acid-rich polysaccharide and has multiple positive effects on 

human health including lowering cholesterol and serum glucose levels, preventing or reducing 

carcinogenesis, and stimulating the immune response [9, 15, 18, 32]. Pholdaeng and Pongsamart 

[22] reported that, pectic polysaccharide (pectin) extract from Durio zibethinus had significantly 

increased the immune response and resistance against Vibrio harveyi and white spot syndrome virus 

(WSSV) in Penaeus monodon. In the study of Emaga et al. [6] found that banana peels is also a 

good source of pectin 10 – 21 % containing glucose, galactose, arabinose, rhamnose, xylose, and 

galacturonic acid. Raising the possibility of the pectin from banana peels extract may have 

performance effect to enhance the immunity of shrimps and prawns. 

This study aimed to examine the immune responses of giant freshwater prawn 

Macrobrachium rosenbergii, and its resistance against Lactococcus garvieae following injection 

with banana Musa acuminate, peel water-soluble pectin (BWP) and banana peel chelating-soluble 

pectin (BCP). The immune parameters of prawns injected with BWP and BCP were determined, 

including phagocytic activity and clearance efficiency of prawn to L. garvieae. 

MATERIALS AND METHODS 

Banana peels pectin preparation 

The banana fruits (M. acuminate) in the green stage was obtained from the Neipu market, 

Pingtung, Taiwan. The Bananas were soaked in sodium bicarbonate (NaHCO3) solution for 10 

mins, and then washed with tap water to remove the contaminants. In the present study, the peels 

ripeness stage 7 (yellow and presenting a few brown spots) were used. The peels were cut and dried 

in a hot-air oven (60 0C) until it attains constant weight. Then, banana peels were ground with a 

grinder to obtain powder samples and kept in a dry environment before the experiments. Pectins 

were extracted from the banana peels powder by using a modified method of Habibi et al. [10], 

[11]. The sequential extraction with water (1.0 g in 10 mL distilled water) was done twice at 60 0C 

for 2 h and the residue was extracted twice by 0.5% ammonium oxalate at 60 0C for 2 h. After 

extraction, the extracts were filtered, and the solution was centrifuged three times at 104 rpm for 10 

mins. Both supernatants were precipitated with four ethanol volumes, named as banana peel water-

soluble pectin (BWP), and banana peel chelating-soluble pectin (BCP), and were dried using a hot 

air oven at 60 0C.  
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Experimental animal 

Juvenile prawns M. rosenbergii were obtained from an aquafarm at National Pingtung 

University of Science and Technology in Pingtung, Taiwan. The prawns were placed in the concrete 

pond (5 x 5 x 1 m) provided with aeration and acclimatized to culture environment (28 ± 1 0C) and 

pH 7.1 – 7.6 for 2 weeks. Only prawns in the intermoult stage were used for the study [20]. During 

the acclimation period, the prawns were fed commercial prawns diet twice daily. All experiments 

followed the guidelines in the Laboratory Animal Use and Care. 

Culture of pathogens 

The strain of L. garvieae was cultured at 28 ± 0.5 0C on tryptic soy agar (TSA, Difco) for 24 

h. Then transferred to 50 mL of tryptic soy broth (TSB, Difco), where it remained for 24 h at 28 0C 

before being centrifuged at 7155 xg for 15 min at 4 0C. The supernatants were removed and the 

bacterial pellets were re-suspended in a 0.85% saline solution as a stock bacterial suspension for the 

susceptibility study, phagocytic activity and clearance efficiency studies. 

Effect of BWP and BCP on the phagocytic activity and clearance efficiency of M. rosenbergii 

The phagocytic activity and clearance efficiency of prawns (15.0 ± 2.0 g) that were injected into the 

ventral sinus of the cephalothorax with the BWP or BCP at 0, 10, 20, and 40 µg (g prawn)-1 were 

determined at the beginning and after 1, 3, and 7 days of injection. Six prawns for each treatment 

and sampling time were used for this study. Twenty microliter of a bacterial suspension (1 x 108 and 

2 x 108 cfu mL-1 for BWP and BCP tests, respectively) resulting in 2 x 106, and 4 x 106 cfu prawn-1 

for BWP and BCP tests, respectively, were individually injected into the ventral sinus. After 

injection, the prawns were kept for 2 h in separate tanks containing 40 L of water at 28 ± 0.5 0C. 

Then, 100 µL of haemolymph was collected from the ventral sinus and mixed with 200 µL of sterile 

anticoagulant (0.8 g sodium citrate, 0.34 g EDTA, and 10 µl Tween 80 in 100 ml of distilled water, 

at pH 7.45 with the osmolality adjusted to 490 mOsm kg-1 with NaCl). This mixture was then 

divided into two equal subsamples to respectively evaluate the phagocytic activity and the clearance 

efficiency. 

 Phagocytic activity was measured following the method of Weeks-Perkins,Chansue 

andWong-Verelle [33]. Two hundred Haemocytes cells were counted and the phagocytic rate (PR) 

was expressed as: 

PR = ( 
𝑝ℎ𝑎𝑔𝑜𝑐𝑦𝑡𝑖𝑐 ℎ𝑎𝑒𝑚𝑜𝑐𝑦𝑡𝑒𝑠

𝑡𝑜𝑡𝑎𝑙 ℎ𝑎𝑒𝑚𝑜𝑐𝑦𝑡𝑒𝑠
) x 100 

Clearance efficiency was measured following the method of Adams [1] . The 100 µl volume 

of diluted haemolymph was further diluted to 1000 µl with a saline solution. Three 50-µl portions 

of this diluted haemolymph sample were spread on separate TSA plates and incubated at 28 0C for 

24 h before the colonies were counted using a colony counter. The number of colonies of prawn 

receiving saline was expressed as the control group, and the numbers of colonies of prawn receiving 

BWP or BCP at 0, 10, 20, and 40 µg (g prawn)-1 after 1, 3, and 7 days were expressed as the test 

groups. The clearance efficiency to L. garvieae, defined as the percentage inhibition (PI) was 

calculated as: 

PI = 100 − (
cfu in test group

cfu in control group
) × 100 
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Effect of BWP and BCP on the susceptibility of M. rosenbergii to pathogen 

The prawns (10.0 ± 1.5 g) received individually with BWP or BCP at 0, 10, 20, and 40 µg (g 

prawn)-1 into the ventral sinus of the cephalothorax for 3 days, before challenge with L. garvieae. 

Twenty microliters of a bacterial suspension (1 x 108 and 2 x 108 cfu ml-1 for BWP and BCP 

injected, respectively) resulting in 2 x 106 and 4 x 106 cfu prawn-1 were injected slowly into the 

ventral sinus of the cephalothorax. After the injection, each treatment group of 10 prawns was kept 

in 60 L polyethylene tank (10 prawns per replication) containing 40 L of freshwater and 28 ± 1.0 
0C. During the experiment, prawns were continually fed with artificial diet. The survival rates were 

counted on a daily basis for the total experiment period of 144 h. 

Statistical analysis 

One-way analysis of variance (ANOVA) was used to analyze the data. A Duncan multiple 

range test (DMRT) was used to compare the significant differences among treatments using the 

SPSS (20.0). Before analysis, percentage data were normalized using an arc-sine transformation. 

The significant differences were performed at p<0.05. 

RESULTS 

Effect of BWP and BCP on the phagocytic activity and clearance efficiency of M. rosenbergii 

Phagocytic activity of prawn that injected with the BWP and BCP at 10, 20, and 40 μg (g prawn)-1 

were higher than those of prawns received saline from 1 to 7 days. After 3 days, phagocytic 

activities of prawns that received the BWP and BCP at 10, 20 and 40 μg (g prawn)-1 had increased 

by 98.4%, 106.7% and 105.6%, and 44.1%, 47.6% and 36.9%, respectively, compared to the saline 

control. However, no significant differences in phagocytic activity were observed among prawn that 

received BWP at 10 – 40 µg (g prawn)-1 for 3 to 7 days (Fig. 1A, B). The similar tendency was 

observed in clearance efficiencies of prawns that received saline and BWP and BCP at 10, 20, and 40 

μg (g prawn)-1 (Fig. 2A, B), and had increased by 74.9%, 71.3% and 61.5%, and 74.9%, 73.5% and 

67.5%, respectively. 
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Fig. 1 Phagocytotic activity of M. rosenbergii injected with the BWP (A) and BCP (B). Each bar 

represents the mean value from 6 samples with the standard error. Bars with different letters 

indicated significantly differ (P<0.05) among treatments. 

 

 

Fig. 2 Clearance efficiency of M. rosenbergii injected with the BWP (A) and BCP (B). Each bar 

represents the mean value from 6 samples with the standard error. Bars with different letters 

indicated significant differences (P<0.05) among treatments.  
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Table 1. The survival rates of M. rosenbergii challenged with L. garvieae, when the prawns were injected 

with different dosages of banana peel water-soluble pectin (BWP) for 3 days. 

Bacterial dose conc. BWP No. 

prawns 

Survival rates (%) at different times after challenge (h) 

(cfu prawn-1) µg (g prawn)-1 24 48 72 96 120 144 

saline 40 30 100 100 

76.7±3.3c 

90.0±5.8ab 

100.0±0.0a 

83.3±3.3bc 

100 

73.3±3.3c 

76.7±3.3bc 

100.0±0.0a 

83.3±3.3b 

100 

56.7±3.3c 

60.0±0.0c 

96.7±3.3a 

83.3±3.3b 

100 

50.0±0.0c 

50.0±0.0c 

96.7±3.3a 

83.3±3.3b 

100 

46.7±3.3b 

46.7±3.3b 

86.7±3.3a 

80.0±0.0a 

2x106 saline 30 96.7±3.3a 

2x106 10 30 100.0±0.0a 

2x106 20 30 100.0±0.0a 

2x106 40 30 83.3±3.3b 

Different letters in the same column indicated significantly different among treatments (p<0.05). Values are 

mean±S.E. (n = 30 prawns in each) 

Table 2 The survival rates of M. rosenbergii after challenged with L. garvieae, when the prawns were 

injected with different dosages of banana peel chelating-soluble pectin (BCP) for 3 days. 

Bacterial dose conc. BCP No. 

prawns 

Survival rates (%) at different times after challenge (h) 

(cfu.prawn-1) µg (g prawn)-1 24 48 72 96 120 144 

saline 40 30 100 100 100 100 100 100 

4x106 saline 30 86.7±3.3b 63.3±3.3b 50.0±0.0b 50.0±0.0b 50.0±0.0c 50.0±0.0b 

4x106 10 30 93.3±3.3ab 86.7±3.3a 86.7±3.3a 86.7±3.3a 80.0±0.0b 76.7±3.3a 

4x106 20 30 96.7±3.3a 86.7±3.3a 83.3±6.7a 83.3±6.7a 83.3±6.7ab 83.3±6.7a 

4x106 40 30 100±0.0b 96.7±3.3a 93.3±3.3a 93.3±3.3a 93.3±3.3a 90.0±5.8a 

Data in the same column with different letters are significantly different (p<0.05) among treatments. Values 

are mean±S.E. (n = 30 prawns in each) 

DISCUSSION 

Many researchers have been interested in the application of pectin extract in fruits and plants for 

food, cosmetic and pharmaceutical industries. In addition, studies demonstrating the enhancement 

of the immunity of aquatic animals such as those of  Pholdaeng and Pongsamart [22] that reported 

that the pectin from Durio zibethinus has potential to be an antibacterial, antiviral, and disease 

resistance in Penaeus monodon. This study showed consistent outcome, the survival rates of M. 

rosenbergii via injection with BWP and BCP at concentrations of 20-40 µg (g prawn)-1 were 

significantly higher than those injected with saline control after challenge with L. garvieae after 3 

days. Moreover, studies have examined the use of plant polysaccharide extracts in shrimp and 

prawn for enhancing immunity and resistance to pathogens; for instance, the giant freshwater prawn 

M. rosenbergii injected and fed with hot-water extracts of M. acuminate peel showed increased 

non-specific immune responses, together with increased resistance to L. garvieae infection [24-26], 

Mohan et al. [16] reported that Ganoderma lucidum polysaccharides (GLPs) extract at 2.5 g kg-1 via 

oral in M. rosenbergii showed insignificant alteration in antioxidant and metabolic enzymes’ 

activity indicating good health status of prawns. In an in vivo administration, of white shrimp L. 

vannamei via immersed and injected with polysaccharides such as the hot-water extracts from 
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Gracilaria tenuistipitata [12, 34] Sargassum duplicatum [35], and Spirulina platensis [31] exhibited 

enhanced resistance to V. alginolyticus infection. These suggested that prawns via injection 

administration at 20 µg (g prawn)-1 or more increased its immune ability and resistance from L. 

garvieae infection.  

The phagocytosis and clearance efficiency are the important cellular and humoral defence 

mechanism, respectively, for eliminating microorganism infection in crustaceans. Clearance from 

the circulation is induced by humoral factors such as agglutinins, lectins, cytotoxic factors, and 

antimicrobial factors, which cause bacterial aggregation in the circulating haemolymph, and 

enhance the clearance rate [29, 30].The study showed significant increase either phagocytic activity 

or clearance efficiency, this correlates well with the resistance against L. garvieae when prawns via 

injection with BWP and BCP at 10 – 40 µg (g prawn)-1 after 3 days. This is in accordance with the 

result of the giant freshwater prawn injected and fed with banana peels hot-water extract which 

showed significant increase in both clearance efficiency and phagocytic activity [24-26]. In an in 

vitro study, pectin extracted from Lycium ruthenicum could significantly promote macrophage 

proliferation and enhance the secretion of nitrogen monoxide [21]. Beside, Sansone et al. [28] found 

that the non-starch polysaccharides (NSP) from banana were able to activate the macrophages and 

the effect of phagocytic activity was dependent on the polysaccharide concentration. In the present 

study, the BWP and BCP revealed enhanced immune responses and resistance of M. rosenbergii by 

injection administration. 

CONCLUSION 

The present study revealed that BWP and BCP isolated from banana’s peel has the potential to 

enhance the immunity of M. rosenbergii by increasing phagocytic activity and clearance efficiency 

against L. garvieae and combining together increased its resistance to L. garvieae infection through 

injection administration. The BWP and BCP has the potential to be a prospective immunostimulant, 

which contributes to the promotion of an innate immunity of giant freshwater prawns. 
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Abstract 

 This study aimed to explore capabilities of Thaichote (formerly known as THEOS) satellite 

imagery for land use/land cover extraction in urban and suburban area. Land use/land cover map of 

Khon Kaen metropolitan and suburban areas was extracted from Thaichote satellite image using 

geographic object-based image analysis (GEOBIA) techniques. Normalized difference vegetation index 

(NDVI), Normalized difference water index (NDWI), Built-up area index (BAI) and Principal 

component analysis (PCA) were derived from atmospheric corrected reflectance data of the Thaichote's 

four spectral bands, and were used as inputs for GEOBIA in addition to the standard Red, Green, Blue, 

and Near-infrared bands. Hierarchical image segmentation was performed to split the multi-spectral 

satellite image into homogenous regions and objects. Expert rule set based on the objects' color, shape, 

texture, and contextural were developed to classify land use/land cover of objects within the city's 

metropolitan and suburban areas with the help of SEaTH (Separability and Threshold) tool. The 

classified land use/land cover objects included road, residential area, gated housing complex, 

commercial area, bare soil, water body (clear and turbid) and vegetation area (dense and sparse). The 

land use/land cover map provided a quick and accurate geographic information around Khon Kaen city, 

which can be used effectively in change analysis for urban and regional planning. 

Keywords: urban planning, object-based image analysis, land use classification, Thaichote, 

        satellite image. 

INTRODUCTION 

Detection of urban development is a crucial subject for urban and natural resource management. 

It provides quantitative assessment on population distribution, energy consumption, air pollution, 

impacts on natural resources and living quality. There is no universal pattern of urban expansion and 

urban sprawl as they depend on regulations, socioeconomics, infrastructures, and population behaviors 

of each country and region. Developed countries and developing countries display different patterns of 

urbanization [1]. Nevertheless, most of the existing urban land use classification methods from satellite 

or aerial images were developed and tested in a well-planned urban areas of the developed countries. 

Furthermore, many studies were only conducted on a small section of a city, not the whole city and its 

suburbs. Most of the time these classification methods are not practical for urban area in developing and 

underdeveloped countries [2], and by focusing only on a small section of the cities, they failed to 

capture the whole dynamic urban development. The fact that there are many more populations living in 

developing countries and underdeveloped countries than in developed countries (International Monetary 



 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 

224 

Fund, 2017) should convince that more urban classification studies should be performed in the less 

privilege countries. 

High resolution remote sensing data has proven to be essential for mapping complex urban area 

[2-7]. Fortunately, as of 2018, there are several high resolution earth observation satellites to choose 

from, such as QuickBird, WorldView, Ikonos, GeoEye-1, Thaichote, etc. Moreover, with an advent of 

the affordable and high resolution UAV imagery and Light Detection and Ranging (LiDAR) data, 

remote sensing data will be captured more frequently and at higher spatial and spectral resolution than 

ever. These higher resolution images are easy for a human to interpret, but have proven to be difficult 

for automated classification. Therefore, it is crucial that more accurate and more efficient image analysis 

and classification methods are continue to be developed to cope with the increasing availability and 

higher details of remotely sensed data, especially in an urban area where objects are complex and 

relatively small with high heterogeneity. This study aimed to explore capabilities of Thaichote (formerly 

known as THEOS) satellite imagery for land use/land cover extraction in urban and suburban area of a 

major provincial city of Thailand using geographic object-based image analysis (GEOBIA) techniques. 

MATERIALS AND METHODS 

Study area 

The study area was around the city of Khon Kaen in Mueang Khon Kaen district, Khon Kaen 

province, which includes Khon Kaen city metropolitan area and its suburbs, covering parts of Sila, Ban 

Thum, Mueangkao, Phra Lap, Ban Ped and Daeng Yai subdistrict. Khon Kaen is one of the major cities 

in northeastern Thailand. Similar to other provinces in the northeast, agriculture is the leading economy 

sector of Khon Kaen province. Rice paddy field and farmland amount to most of the province's area. 

Khon Kaen city is the capital of Khon Kaen province, and is located in the middle of the northeast 

region between latitude of 16.398° - 16.483° North and longitude of 102.802° - 102.876° East (see 

Figure 1). 

 Khon Kaen is a fast growing city with an international airport and several regional government 

offices. The number of housing units and traffic have significantly increased in recent years. The 

satellite image of the study area covers 350 km2 (18 x 19.44 km2). The highlighted area in Figure 1 have 

total population of 278,397, with an average density of 816 populations per km2. Khon Kaen city 

municipality has the highest number and density of populations of 120,045 and 2,610 inhabitants per 

km2. The relatively flat study area has elevation varies from 96 to 196 meter above sea level, with 

higher elevation in the north-center of the study area around Dang Yai and west of Sila subdistrict. The 

area is diverse in land use ranging from high-rise condominium, shopping mall, residential area, gated 

housing development, industrial area, government complex, and university campus to rice paddy field, 

farmland, golf courses, solar farm, perennial plantations, lake, river, and pond. Buildings' and houses' 

rooftops are of various types; metal sheet, zinc, concrete, straw, and various colors of rooftop tiles and 

slates. Major roads are made of asphalt and concrete, while dirt road can be seen throughout rural areas 

along crop fields. 
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Figure 1. Satellite image of the study area, Khon Kaen city metropolitan and nearby subdistricts in 

Mueang Khon Kaen district, Khon Kaen province 

Data Collection and Data Pre-processing 

Thaichote satellite captures images using 4 multi-spectral bands (Red, Green, Blue, Near-

Infrared) and a panchromatic band at 15 and 2 meter resolution, respectively. The Thaichote images of 

the study area were provided by Geo-Informatics and Space Technology Development Agency 

(GISTDA). The images were acquired on 2-May-2015, and stored with radiometric resolution of 8 bit in 

all bands (see details of the images in Table 1). 

Four steps of data pre-processing were performed on the images, image pan-sharpening, 

geometric correction, atmospheric correction (radiometric correction), and spectral enhancement. First, 

image pan-sharpening process was performed through image fusion of the higher resolution 

panchromatic image and the multi-spectral images to increase spatial resolution of multi-spectral image 

(from 15 meter to 2 meter). Gianinetto et al. [8] compared combinations of resampling methods of 

bilinear and cubic convolution and pan-sharpening methods of Gram-Schmidt and Principal 

Components spectral sharpening, and found that the best combination was the Principal Components 

cubic convolution pan-sharpening. However, GISTDA has also provided a pan-sharpened image of the 
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study area which used the customized pan-sharpening algorithm developed specifically for Thaichote 

images. The pan-sharpened image provided by GISTDA had better image fusion quality comparing to 

the Gram-Schmidt and Principal Components spectral sharpening, thus the provided pan-sharpening 

image was used for this study.   

The second step of data pre-processing was geometric correction. Geometric correction or image 

registration is performed to correct spatial distortion and error of the image. The spatial distortion has 

already been corrected during the pan-sharpening process by GISTDA. The pan-sharpened image was 

rectified with an aerial orthophoto using image-to-image, nearest neighbor resampling and first-order 

image transformation. World geodesic survey 1984 (WGS84) datum and the Universal Transverse 

Mercator (UTM) Zone 48N were used as the reference coordinate system. 

Table 1. Thaichote satellite image data details. 

Date Band Spectral Range 

(nm) 

Spatial Resolution 

(m) 
Gain Value Radiometric 

Resolution 

02-May-2015 

02-May-2015 

02-May-2015 

02-May-2015 

02-May-2015 

Panchromatic 

Blue 

Green 

Red 

Near-Infrared 

450-900 

450-520 

530-600 

620-690 

770-900 

2 

15 

15 

15 

15 

1.52253 

1.46853 

1.50071 

1.71019 

1.67119 

8-bit 

8-bit 

8-bit 

8-bit 

8-bit 

 The third step, the atmospheric correction, was performed to acquire top of atmospheric (TOA) 

reflectance value that the satellite sensor received. This step removed gain and bias of the sensor, as well 

as, adjusted reflectance values according to sun angle and exo-atmospheric solar irradiance. 

Phongaksorn et al. [9] provided detailed steps to calculate TOA reflectance of Thaichote satellite. 

However, it is important to note that in order to receive the absolute reflectance value, the calculation 

must be performed using the original pixel value from the multi-spectral image. Since this study used 

the pan-sharpened image, in which the pixel values have been resampled and fused, the calculated value 

would not be true TOA reflectance value. Nevertheless, the result could still provide accurate relative 

TOA reflectance values for spectral index calculations such as the Normalized Difference Vegetation 

Index (NDVI). There are two steps in calculating the TOA reflectance. First, the 8-bit digital number 

(DN) value of each band must be converted back to radiance (Wm-2 sr-1 μm-1) that the sensor received 

with Eq.1. Each band's radiance was then converted into TOA reflectance with Eq.2. 

𝐿𝜆
𝑖

=  
𝐷𝑁𝑖

𝐺𝑖

where 𝐿𝜆
𝑖

  is the spectral radiance at sensor aperture of band 𝑖 

 𝐷𝑁𝑖  is the digital number of  band 𝑖 

 𝐺𝑖  is the Thaichote sensor Gain number of band 𝑖 

𝜌𝑇𝑂𝐴
𝑖 =  

𝜋 ∗ 𝐿𝜆
𝑖

∗ 𝑑2

𝐸𝑆𝑈𝑁𝑖 ∗ cos(𝜃𝑠)

where 𝜌𝑇𝑂𝐴
𝑖  is the TOA reflectance of band 𝑖 

 𝐿𝜆
𝑖   is the spectral radiance at sensor aperture of band 𝑖 
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 𝑑 is the distance from earth to sun of the data collection date 

(astronomical unit) 

 𝐸𝑆𝑈𝑁𝑖 is the mean exo-atmospheric solar irradiance 

 𝜃𝑠 is the sun zenith angle (radians) (cos(𝜃𝑠) can be substituted with 

sin(𝜃𝑒) where 𝜃𝑒 is the sun elevation  

Phongaksorn et al. [9] went further to derive surface reflectance value from TOA reflectance, 

using the Second Simulation of the Satellite Signal in the Solar Spectrum (6S) model developed by 

Vermote et al. [10]. However, the model does not support Thaichote sensor, thus the validity of the 

result obtained from the model is questionable. Additionally, Gianinetto et al. [9] mentioned that 

atmospheric correction is not neccessary if there is no external reference data or use of spcetral libraries. 

However, in order to produce vegetation index and other spectral indices more accurately, TOA 

correction was performed for this study. 

The final step of data pre-processing was spectral enhancement. After TOA reflectance value 

is acquire for each multi-spectral band, Principal Component Analysis (PCA) and spectral indices were 

calculated from these values. According to [7], the best index for impervious surface is their proposed 

Soil and Vegetation Index (SVI). However, similar to other high performance impervious surface 

indices, SVI uses Short-Wave Infrared (SWIR) band, which Thaichote sensor does not have. Thus, this 

study is limited to indices which only use the traditional 4 bands of Red, Green, Blue, and Near-infrared 

(NIR). There are 3 useful of such indices, Normalize Difference Vegetation Index (NDVI) (Eq.3) [11], 

Normalized Difference Water Index (Green) (NDWIGreen) (Eq.4) [12], Spectral Shape Index (SSI) (Eq.5) 

[13], and Built-up Area Index (BAI)(Eq.6). NDVI is the standard index for detecting vegetation, or lack 

thereof. NDWIGreen is a substitute of NDWISWIR for detecting water body. SSI is used to detect water and 

shadow, and BAI is used for identifying built-up area. 

𝑁𝐷𝑉𝐼 =  
𝑁𝐼𝑅 − 𝑅𝑒𝑑

𝑁𝐼𝑅 + 𝑅𝑒𝑑

𝑁𝐷𝑊𝐼𝐺𝑟𝑒𝑒𝑛 =  
𝐺𝑟𝑒𝑒𝑛 − 𝑁𝐼𝑅

𝐺𝑟𝑒𝑒𝑛 + 𝑁𝐼𝑅

𝑆𝑆𝐼 =  |𝑅𝑒𝑑 + 𝐵𝑙𝑢𝑒 − 2 ∗ 𝐺𝑟𝑒𝑒𝑛|

𝐵𝐴𝐼 =  
𝐵𝑙𝑢𝑒 − 𝑁𝐼𝑅

𝐵𝑙𝑢𝑒 + 𝑁𝐼𝑅

The geometric correction, atmospheric correction and spectral enhancement were completed 

using ESRI ArcMap software.  Principal component analysis was performed on PCI Geometica 

software. The spectral indices and PCA values were normalized into 8-bit value (0-255) for faster 

processing time during segmentation and classification process in eCognition software. The set of input 

used for land use/land cover extraction is shown in Table 2 (PCA band 4 was excluded due to high 

degree of noise).  
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Table 2. List of layer inputs and the initial weights of each layer and segmentation parameter 

Layers Weight Shape Color Compactness Smoothness 

Red 1 0.1 0.9 0.5 0.5 

Green 1 0.1 0.9 0.5 0.5 

Blue 1 0.1 0.9 0.5 0.5 

NIR 1 0.1 0.9 0.5 0.5 

NDVI 1 0.1 0.9 0.5 0.5 

NDWI 0 - - - - 

SSI 0 - - - - 

BAI 0 - - - - 

PCA1 1 0.1 0.9 0.5 0.5 

PCA2 1 0.1 0.9 0.5 0.5 

PCA3 1 0.1 0.9 0.5 0.5 

Notes: NDWI, SSI and BAI were used in classification process but were omitted in the 

segmentation process. The weight of shape and color were changed to 0.3 and 0.7 
respectively to segment geometric shape of urban objects. 

Land use/Land Cover Extraction 

The Object-Based Image Analysis (OBIA) classification method is preferred over the 

traditional per-pixel classification when dealing with high resolution satellite imagery as many studies 

have proven its superiority [3-4, 14-15]. A new term, Geographic Object-Based Image Analysis 

(GEOBIA), has been recently coined [16] when OBIA method is used for land use/land cover 

classification. The GEOBIA method aims to delineate objects, which is a collection of many pixels with 

similar properties, by analyzing their feature properties. The advantage of GEOBIA is that, instead of 

analyzing just spectral value of a single pixel, it analyze the whole object unit, which includes the 

object's spatial, texture, shape, and contextural features [17]. Thaichote pan-sharpened images have a 

relatively high spatial resolution of 2 meter, thus GEOBIA method was used for this study. 

Image Segmentation 

The primary step in all object-based image analysis is the image segmentation process. In this 

step, the image is subdivided into homogeneous image segments. Each image segment is regarded as an 

object, where its properties are then used to distinguish different objects at object unit level in the 

classification process. The eCognition software was used to perform both segmentation and 

classification steps. This study uses the multiresolution segmentation algorithm, which is based on the 

bottom-up region growing algorithm called Fractal net evolution [18].  Objects, starting from a single 

pixel, are merged with each other to form a larger object using pair-wise comparison process. The 

merging threshold is set in a form of a scale level number, which determines the maximum 

heterogeneity (standard deviation) allowed for the merged objects. The heterogeneity is calculated from 

2 main features of an object, 'shape' and 'color'. The total heterogeneity ∆ℎ𝑡𝑜𝑡𝑎𝑙  of two merged object 

can be calculated as in Eq.7.  
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  ∆ℎ𝑡𝑜𝑡𝑎𝑙 = 𝑤𝑐𝑜𝑙𝑜𝑟 ∗ ∆ℎ𝑐𝑜𝑙𝑜𝑟 +  𝑤𝑠ℎ𝑎𝑝𝑒 ∗ ∆ℎ𝑠ℎ𝑎𝑝𝑒    (7) 

  1 = 𝑤𝑐𝑜𝑙𝑜𝑟 +  𝑤𝑠ℎ𝑎𝑝𝑒      (8) 

where ∆ℎ𝑡𝑜𝑡𝑎𝑙 is the total heterogeneity 

 𝑤𝑐𝑜𝑙𝑜𝑟  is weight of color feature 

 𝑤𝑠ℎ𝑎𝑝𝑒  is weight of shape feature 

 ∆ℎ𝑐𝑜𝑙𝑜𝑟   is spectral heterogeneity 

 ∆ℎ𝑠ℎ𝑎𝑝𝑒 is shape heterogeneity 

The spectral heterogeneity ∆ℎ𝑐𝑜𝑙𝑜𝑟is a sum heterogeneity of digital number value of each multi-

spectral band in an image pixel. It can be calculated with the following equation (Eq.9): 

∆ℎ𝑐𝑜𝑙𝑜𝑟 =  ∑ 𝑤𝑐 (𝑛𝑚𝑒𝑟𝑔𝑒 ∗ 𝜎𝑐,𝑚𝑒𝑟𝑔𝑒 − (𝑛𝑜𝑏𝑗1 ∗ 𝜎𝑐,𝑜𝑏𝑗1 + 𝑛𝑜𝑏𝑗2 ∗ 𝜎𝑐,𝑜𝑏𝑗2))𝑐  (9) 

where ∆ℎ𝑐𝑜𝑙𝑜𝑟 is spectral heterogeneity 

 𝑐  is number of spectral bands in the image 

 𝑤𝑐  is weight of Band 𝑐 

 𝑛𝑚𝑒𝑟𝑔𝑒 is total number of pixels in the merged object 

 𝜎𝑐,𝑚𝑒𝑟𝑔𝑒 is the standard deviation of band 𝑐 of the merged object 

 𝑛𝑜𝑏𝑗1  is total number of pixels in the first object 

 𝜎𝑐,𝑜𝑏𝑗1  is the standard deviation of band 𝑐 of the first object 

 𝑛𝑜𝑏𝑗2  is total number of pixels in the second object 

 𝜎𝑐,𝑜𝑏𝑗2  is the standard deviation of band 𝑐 of the second object 

The shape heterogeneity ∆ℎ𝑠ℎ𝑎𝑝𝑒consists of 2 distinct shape characteristics, 'smoothness' and 

'compactness'. Smoothness describes the similarity between the object's border and a perfect square, 

while compactness compare the object's border to a perfect circle. The equations to derive these values 

are as follows: 

  ∆ℎ𝑠ℎ𝑎𝑝𝑒 = 𝑤𝑐𝑜𝑚𝑝𝑎𝑐𝑡 ∗ ∆ℎ𝑐𝑜𝑚𝑝𝑎𝑐𝑡 + 𝑤𝑠𝑚𝑜𝑜𝑡ℎ ∗ ∆ℎ𝑠𝑚𝑜𝑜𝑡ℎ    (10) 

   1 = 𝑤𝑐𝑜𝑚𝑝𝑎𝑐𝑡 + 𝑤𝑠𝑚𝑜𝑜𝑡ℎ     (11) 

 ∆ℎ𝑠𝑚𝑜𝑜𝑡ℎ = 𝑛𝑚𝑒𝑟𝑔𝑒 ∗
𝑙𝑚𝑒𝑟𝑔𝑒

𝑏𝑚𝑒𝑟𝑔𝑒
−  (𝑛𝑜𝑏𝑗1 ∗

𝑙𝑜𝑏𝑗1

𝑏𝑜𝑏𝑗1
+ 𝑛𝑜𝑏𝑗2 ∗

𝑙𝑜𝑏𝑗2

𝑏𝑜𝑏𝑗2
)    (12) 

 ∆ℎ𝑐𝑜𝑚𝑝𝑎𝑐𝑡 = 𝑛𝑚𝑒𝑟𝑔𝑒 ∗
𝑙𝑚𝑒𝑟𝑔𝑒

√𝑛𝑚𝑒𝑟𝑔𝑒
− (𝑛𝑜𝑏𝑗1 ∗

𝑙𝑜𝑏𝑗1

√𝑛𝑜𝑏𝑗1
+ 𝑛𝑜𝑏𝑗2 ∗

𝑙𝑜𝑏𝑗2

√𝑛𝑜𝑏𝑗2
)   (13) 

where ∆ℎ𝑠ℎ𝑎𝑝𝑒 is shape heterogeneity 

 𝑤𝑐𝑜𝑚𝑝𝑎𝑐𝑡  is weight of 𝑐𝑜𝑚𝑝𝑎𝑐𝑡𝑛𝑒𝑠 

 𝑤𝑠𝑚𝑜𝑜𝑡ℎ  is weight of 𝑠𝑚𝑜𝑜𝑡ℎ𝑛𝑒𝑠𝑠 

 ∆ℎ𝑐𝑜𝑚𝑝𝑎𝑐𝑡 is 𝑐𝑜𝑚𝑝𝑎𝑐𝑡𝑛𝑒𝑠𝑠 of the object's shape 

 ∆ℎ𝑠𝑚𝑜𝑜𝑡ℎ is 𝑠𝑚𝑜𝑜𝑡ℎ𝑛𝑒𝑠𝑠 of the object's shape 

 𝑛𝑚𝑒𝑟𝑔𝑒 is total number of pixels in the merged object 

 𝑙𝑚𝑒𝑟𝑔𝑒 is perimeter of the merged object 

 𝑏𝑚𝑒𝑟𝑔𝑒 is the shortest bounding box of the merged object 

 𝑛𝑜𝑏𝑗𝑖 is total number of pixels in the object 𝑖 

 𝑙𝑜𝑏𝑗𝑖 is perimeter of the object 𝑖 

 𝑏𝑜𝑏𝑗𝑖 is the shortest bounding box the object 𝑖  



 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 

230 

Total heterogeneity value is calculated for each adjacent pair of merged objects. The value is 

then compared to the scale level threshold to determine if the merging is allowed. By setting the scale 

level value larger, the potential size of each segmented object would also be larger. The scale level is 

unit less. There is no standard set of optimal scale levels as it depends on size of objects and image 

resolution. This means that satellite images of different locations form different satellites would have 

different optimal scale level [4]. The optimal scale level was found to be 60 for this study. The weights 

for shape and spectral (color) parameter were set to 0.1 and 0.9 respectively for extracting vegetation 

and water land cover, while the weight of 0.3 and 0.7 were used for shape and spectral (color) parameter 

weights for urban objects such as roads, buildings and gated housing complex. The weights of shape's 

compactness and smoothness were set to 0.5 each. 

Image Classification 

Once the image has been segmented into homogeneous objects, each object was classified 

based on their feature properties through a series of expert rules. These features range from mean 

spectral and spectral indices value, shape, size, neighbors' classes, and texture. The texture feature used 

in the analysis were calculated based on Haralick's Gray Level Co-occurrence Matrix (GLCM) proposed 

by [19] and Gray Level Difference Vector (GLDV) [20]. A series of expert rule set was created to 

classified objects based on these features. In addition to trial and errors approach, the SEaTH 

(Separability and Threshold) tool [21] was also used to identify the most optimal feature and threshold 

for separating objects' classes. SEaTH calculate separability using Bhattacharyya distance (B)[21] and 

Jeffries–Matusita distance (J)[22], as shown in Eq. 14 and Eq.15 respectively. The Jeffries–Matusita 

distance has a range from 0 to 2, where 0 indicates that the feature values of the two classes being 

compared are completely correlated and not separable, while 2 represent the best separability feature. 

The threshold separation value (T) was determined by Bayes’ rule described in Eq. 16. The satellite 

image of the study area was classified into land use/land cover classes shown in Table 3. 

𝐵 =  
1

8
(𝑚1 − 𝑚2)2

2

𝑠1
2 + 𝑠2

2 +
1

2
𝑙𝑛 [

𝑠1
2 + 𝑠2

2

2𝑠1𝑠2
]

𝐽 = √2(1 − 𝑒−𝐵)

𝑇 =  
1

𝜎𝑐1
2 − 𝜎𝑐2

2 [𝑚𝑐2
𝜎𝑐1

2 − 𝑚𝑐1
𝜎𝑐2

2 ± 𝜎𝑐1
2 √(𝑚𝑐1

− 𝑚𝑐2
)

2
+ 2𝐴(𝜎𝑐1

2 − 𝜎𝑐2
2 )]

where 𝑚𝑖  is mean of feature value of class i 

 𝜎𝑖
2 is variance of feature value of class i 

 𝑤𝑠𝑚𝑜𝑜𝑡ℎ  is weight of 𝑠𝑚𝑜𝑜𝑡ℎ𝑛𝑒𝑠𝑠 

RESULTS AND DISCUSSION 

 The classification result is shown in Figure 2. It is important to note that the pan-sharpened 

image used in this study was affected by the image fusion process, which introduced noises and mixed 

value pixels. Therefore the classification performance was affected, especially in a dense urban area. 

The GLDV 2nd Angular moment and GLDV Contrast (all directions) features were useful for identifying 

orderliness and homogeneity (or lack thereof) of an object's texture pattern. The result of SEaTH 

separability analysis of the samples object classes was used as a guideline to create expert rule set to 

classify each land use/land cover class. The SEaTH result is shown in Appendix A.  
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Table 3. Classification Hierarchy 

Main Class Child Class 

Bare Earth  

 Bare Soil/Bright Soil 

 Dark Soil 

Impervious  

 Building Rooftop 

 Concrete 

 Road 

 Road/Pavement 

 Mixed Residential 

 Red Roof (Gated housing complex) 

 Blue Roof (Gated housing complex) 

 Dark Roof (Gated housing complex) 

 Pale Roof (Gated housing complex) 

 Orange Roof (Gated housing complex) 

 Mixed Color Roof (Gated housing complex) 

 Cemetery 

Vegetation  

 Dense Vegetation 

 Sparse Vegetation 

Water  

 Canal 

 Clear Water 

 Turbid Water 

Other  

  In the final rule set, water was extracted first with Mean PCA 1 and GLDV contrast PCA1 

features, while Turbid water was extracted with Mean NDWI and GLDV contrast PCA3. Canal was 

then extracted from water with shape feature, length/width ratio. Next, vegetation classes where were 

classified with NDVI where 0.43 was used as the threshold value of Dense vegetation and 0.32 for 

Sparse vegetation. Dark soil, Bare soil and Bright soil were extracted with Mean RGB, Mean PCA 1, 

Mean PCA 3, Red ratio, GLDV contrast PCA1 and GLDV contrast PCA3. Road bright/Pavement 

represented bright concrete road or pavement, which are usually found in modern gated housing 

complexes, were extracted with Mean PCA1 and shape Density feature due to its branching 

characteristics. The urban area, Mixed residential class, was then classified with Mean PCA1, Mean 

PCA3, Mean RGB, GLDV contrast PCA1 and GLDV contrast PCA3. Red ratio and Blue ratio were 

used to distinguish red-orange roof and blue roof of gated housing complexes from the Mixed 
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residential class. Gated housing complexes with dark roof was extracted based on Mean RGB and 

Standard Deviation of RGB. The Pale and Mixed color roof were extracted based on their shape. All 

color roof class were also classified based on their borders to Road bright/Pavement. Road class was 

extracted mainly with shape Density and Shape index, along with length width ratio. NDVI was also 

used to distinguished road, however, due to mixed pixel value, roads which have trees or green space on 

the side could exhibit abnormally high NDVI value. Road segments within dense urban area were also 

problematic due to low quality of segmentation result. In this case, instead of segments of road with 

high length/width ratio, the segments became compact and merged with surrounding buildings 

regardless of any combination of shape-color weight values were used (Figure 3). This could be the 

limitation of a pan-sharpened satellite image with 2 meter resolution with 4 standard multi-spectral 

bands, until a more effective segmentation method is developed. 

 The most difficult classes to distinguish were between Orange/Red roof and Bare soil due to 

their similar spectral value and spectral indices signature. Most of the time, they can be distinguished by 

GLDV contrast, however, there existed some patches of soils with sparse trees and dark pattern which 

resembled the GLDV contrast value of gated housing complex (Figure 4). It is also important to note 

that GLDV and GLCM produced similar texture value for both of their contrast and Angular 2nd 

moment value. However, GLDV's separability scores were often ranked higher in SEaTH analysis tool, 

thus this study only calculated GLDV to save processing time. In addition, eCognition software only 

offers the two aforementioned Haralick texture analysis methods. There are other texture descriptors 

which could potentially distinguish the manmade geometric pattern and natural pattern more effectively, 

such as the histogram of equivalent pattern analysis used in [23], and should be incorporated in the 

future studies. The eCognition software also provides manual segmentation and classification to correct 

these errors. 

CONCLUSION 

This study explored the land use/land cover extraction capability of Thaichote satellite imagery 

using GEOBIA classification technique with the help of SEaTH analysis tool. The result showed that 

Thaichote imagery could be used effectively to extract detailed land cover and urban objects, such as, 

residential area, gated housing complexes of different roof colors, roads, concrete and bright rooftops, 

different types of bare soil, water body, canal, and dense and sparse vegetation. The accuracy suffered 

due to noises from image fusion during pan-sharpening process, especially in dense urban area which 

consist of various type of built-up objects. Road classification proved to be especially problematic in the 

dense urban area due to poor road segmentation result. Gated housing with orange and red color roof 

were also difficult to distinguish due to their similar spectral signatures. The errors produced from the 

rule set need to be manually corrected. Nevertheless, the pan-sharpened image of Thaichote imagery is 

an effective remote sensing data source for monitoring and detecting urban land use/land cover. In 

addition, GEOBIA is a quick and efficient method for extracting land use from high resolution satellite 

imagery with the aid of SEaTH analysis tool for building up an expert classification rule set. 

In order to improve the output results, further studies are needed for both segmentation and 

classification process of the GEOBIA. As shown in Figure 3, segmentation algorithm used by the 

eCognition software could not delineate road segment in a dense urban area properly. Possible 

improvement could be made by adding texture analysis to the segmentation process in addition to the 

shape and color features. On the other hand, object classification result could be improved by 

incorporating more effective texture analysis algorithms which are not available in eCognition software, 

such as the Local Binary Pattern algorithm.  
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      (a)       (b) 

  

   (c)       (d) 

 

Figure 2. Classification output.  
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Figure 3. Segmentation problem of roads within dense urban area 

    
      (a)         (b) 

Figure 4. (a) Soil patches with similar spectral signature and GLCM/GLDV texture value to (b) Gated 

housing complex with orange or red roofs. 
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Appendix A: A table showing class separability results from SEaTH tool (showing only the top two features 

of each comparison and vegetation classes were omitted because NDVI and NIR were 

considerably the best separating indices for them) 

Class Class compared Feature J Direction Threshold 

Bare Soil Blue Roof Red Ratio 2 > 0.34599 

Bare Soil Blue Roof Blue Ratio 1.99 < 0.32582 

Bare Soil Bright Soil GLDV Ang.2nd PCA3 1.07 < 0.082541 

Bare Soil Bright Soil Blue Ratio 0.98 > 0.2835 

Bare Soil Canal Mean Red 1.97 > 84.32 

Bare Soil Canal Mean PCA1 1.97 < 165.32 

Bare Soil Concrete Mean PCA3 1.99 < 141.49 

Bare Soil Concrete Mean Blue 1.8 < 116.28 

Bare Soil Dark Roof GLDV Contrast PCA3 1.94 < 324.93 

Bare Soil Dark Roof GLDV Ang.2nd PCA3 1.91 > 0.029836 

Bare Soil Dark Soil Mean Red 1.88 > 90.71 

Bare Soil Dark Soil Blue Ratio 1.87 < 0.30792 

Bare Soil Cemetery Mean NDVI 1.89 < 134.68 

Bare Soil Cemetery GLDV Ang.2nd PCA2 1.76 > 0.073312 

Bare Soil Mixed Residential Red Ratio 1.98 > 0.36014 

Bare Soil Mixed Residential Blue Ratio 1.97 < 0.31176 

Bare Soil Mixed Roof GLDV Contrast PCA3 1.99 < 421.49 

Bare Soil Mixed Roof GLDV Contrast NIR 1.98 < 224.64 

Bare Soil Orange Roof GLDV Contrast PCA1 1.81 < 1158.86 

Bare Soil Orange Roof GLDV Ang.2nd NIR 1.54 > 0.040329 

Bare Soil Red Roof GLDV Contrast PCA3 1.99 < 348.168 

Bare Soil Red Roof GLDV Contrast NIR 1.99 < 244.98 

Bare Soil Road Density 1.96 > 0.77948 

Bare Soil Road GLDV Ang.2nd PCA3 1.47 > 0.042104 

Bare Soil Road 

Bright/Pavement 

GLDV Ang.2nd PCA3 1.77 > 0.036893 

Bare Soil Road 

Bright/Pavement 

GLDV Contrast PCA3 1.58 < 285.82 

Bare Soil Turbid Water Mean NDWI 1.91 < 186.18 

Bare Soil Turbid Water Mean PCA 2 1.85 < 201.22 

Bare Soil Water Mean PCA1 1.92 < 155.07 

Bare Soil Water Mean NIR 1.9 > 94.98 

Blue Roof Bare Soil Red Ratio 2 < 0.34599 
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Class Class compared Feature J Direction Threshold 

Blue Roof Bare Soil Blue Ratio 1.99 > 0.32583 

Blue Roof Bright Soil Blue Ratio 2 > 0.32178 

Blue Roof Bright Soil Red Ratio 2 < 0.34589 

Blue Roof Canal Mean Blue 1.85 > 80.24 

Blue Roof Canal Mean PCA3 1.66 > 183.63 

Blue Roof Concrete Blue Ratio 1.97 > 0.33937 

Blue Roof Concrete Mean Red 1.93 < 107.36 

Blue Roof Dark Roof Mean PCA3 1.98 > 172.44 

Blue Roof Dark Roof Blue Ratio 1.91 > 0.34222 

Blue Roof Dark Soil GLDV Contrast PCA3 1.99 > 369.36 

Blue Roof Dark Soil Mean PCA3 1.99 > 169.18 

Blue Roof Cemetery Mean BAI 1.92 > 143.2 

Blue Roof Cemetery Blue Ratio 1.91 > 0.34198 

Blue Roof Mixed Residential Blue Ratio 1.97 > 0.33974 

Blue Roof Mixed Residential Red Ratio 1.91 < 0.32868 

Blue Roof Mixed Roof Blue Ratio 1.99 > 0.33616 

Blue Roof Mixed Roof Mean PCA3 1.96 > 174.66 

Blue Roof Orange Roof Mean PCA3 1.99 > 154.24 

Blue Roof Orange Roof Red Ratio 1.99 < 0.33872 

Blue Roof Red Roof Mean PCA3 2 > 116.6 

Blue Roof Red Roof Red Ratio 2 < 0.35818 

Blue Roof Road Density 1.95 > 0.76511 

Blue Roof Road Blue Ratio 1.84 > 0.34289 

Blue Roof Road 

Bright/Pavement 

Blue Ratio 1.99 > 0.3339 

Blue Roof Road 

Bright/Pavement 

Red Ratio 1.98 < 0.3335 

Blue Roof Turbid Water GLDV Contrast PCA3 1.99 > 449.65 

Blue Roof Turbid Water Mean NDVI 1.97 > 66.83 

Blue Roof Water GLDV Contrast PCA3 1.95 > 709.62 

Blue Roof Water GLDV Contrast PCA1 1.87 > 775.19 

Bright Soil Bare Soil GLDV Ang.2nd PCA3 1.07 > 0.08254 

Bright Soil Bare Soil Blue Ratio 0.98 < 0.2835 

Bright Soil Blue Roof Blue Ratio 2 < 0.32178 

Bright Soil Blue Roof Red Ratio 2 > 0.34589 

Bright Soil Canal Mean PCA1 1.99 < 146.46 
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Class Class compared Feature J Direction Threshold 

Bright Soil Canal Mean Red 1.99 > 90.33 

Bright Soil Concrete Mean PCA3 1.99 < 135.709 

Bright Soil Concrete Red Ratio 1.93 > 0.37281 

Bright Soil Dark Roof Mean PCA1 1.98 < 125.25 

Bright Soil Dark Roof Mean NIR 1.97 > 105.37 

Bright Soil Dark Soil Mean PCA1 1.99 < 137.05 

Bright Soil Dark Soil Blue Ratio 1.98 < 0.3017 

Bright Soil Cemetery Mean NDVI 1.95 < 131.9 

Bright Soil Cemetery Red Ratio 1.88 > 0.37482 

Bright Soil Mixed Residential Blue Ratio 1.99 < 0.30731 

Bright Soil Mixed Residential Red Ratio 1.99 > 0.36304 

Bright Soil Mixed Roof Blue Ratio 1.92 < 0.29597 

Bright Soil Mixed Roof Red Ratio 1.89 > 0.37494 

Bright Soil Orange Roof GLDV Ang.2nd NIR 1.17 > 0.038724 

Bright Soil Orange Roof GLDV Contrast PCA1 1.1 < 1946.13 

Bright Soil Red Roof Blue Ratio 1.95 < 0.3 

Bright Soil Red Roof Mean PCA1 1.91 < 109.4 

Bright Soil Road Density 1.95 > 0.76291 

Bright Soil Road Red Ratio 1.65 > 0.37931 

Bright Soil Road 

Bright/Pavement 

Mean PCA3 1.82 < 95.92 

Bright Soil Road 

Bright/Pavement 

Red Ratio 1.67 > 0.38054 

Bright Soil Turbid Water Mean NDWI 1.88 < 187.6 

Bright Soil Turbid Water Mean PCA2 1.7 < 205.24 

Bright Soil Water Mean PCA1 1.99 < 133.04 

Bright Soil Water Mean NIR 1.98 > 103.18 

Canal Bare Soil Mean Red 1.97 < 84.32 

Canal Bare Soil Mean PCA1 1.97 > 165.32 

Canal Blue Roof Mean Blue 1.85 < 80.24 

Canal Blue Roof Mean PCA3 1.66 < 183.63 

Canal Bright Soil Mean PCA1 1.99 > 146.46 

Canal Bright Soil Mean Red 1.99 < 90.33 

Canal Concrete Mean RGB 1.99 < 88.27 

Canal Concrete Mean Green 1.99 < 87.71 

Canal Dark Roof Mean Blue 1.69 < 77 
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Class Class compared Feature J Direction Threshold 

Canal Dark Roof Mean RGB 1.68 < 73.5 

Canal Dark Soil Mean RGB 1.71 < 73.51 

Canal Dark Soil Mean Blue 1.62 < 76.2 

Canal Cemetery Mean PCA1 1.94 > 167.64 

Canal Cemetery Mean NIR 1.92 < 97.98 

Canal Mixed Residential Mean Blue 1.93 < 81.36 

Canal Mixed Residential Mean RGB 19.3 < 77.967 

Canal Mixed Roof Mean RGB 1.98 < 80.5 

Canal Mixed Roof Mean Blue 1.96 < 82.41 

Canal Orange Roof Mean PCA1 1.77 > 175.83 

Canal Orange Roof Red Ratio 1.67 < 0.36569 

Canal Red Roof Mean RGB 1.99 < 83.63 

Canal Red Roof Mean Red 1.99 < 88.3 

Canal Road Mean Blue 1.7 < 78.95 

Canal Road Mean RGB 1.67 < 75.58 

Canal Road 

Bright/Pavement 

Mean PCA1 1.99 > 141.76 

Canal Road 

Bright/Pavement 

Mean RGB 1.99 < 87.32 

Canal Turbid Water Mean PCA2 1.94 < 196.27 

Canal Turbid Water Mean NDVI 1.8 > 57.57 

Canal Water GLDV Ang.2nd NIR 0.98 < 0.08975 

Canal Water GLDV Contrast NIR 0.97 > 108.39 

Concrete Bare Soil Mean PCA3 1.99 > 141.49 

Concrete Bare Soil Mean Blue 1.8 > 116.28 

Concrete Blue Roof Blue Ratio 1.97 < 0.33937 

Concrete Blue Roof Mean Red 1.93 > 107.36 

Concrete Bright Soil Mean PCA3 1.99 > 135.7 

Concrete Bright Soil Red Ratio 1.93 < 0.37281 

Concrete Canal Mean RGB 1.99 > 88.27 

Concrete Canal Mean Green 1.99 > 87.71 

Concrete Dark Roof Mean Blue 1.98 > 100.1 

Concrete Dark Roof Mean RGB 1.97 > 102.19 

Concrete Dark Soil Mean Green 1.99 > 88.86 

Concrete Dark Soil Mean RGB 1.99 > 91.1 

Concrete Cemetery Mean NDVI 1.85 < 133.93 
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Class Class compared Feature J Direction Threshold 

Concrete Cemetery Mean PCA2 1.83 > 126.32 

Concrete Mixed Residential Mean Green 1.86 > 113.11 

Concrete Mixed Residential Mean RGB 1.85 > 114.3 

Concrete Mixed Roof Mean Blue 1.96 > 103.94 

Concrete Mixed Roof Mean RGB 1.94 > 106.12 

Concrete Orange Roof Mean PCA3 1.99 > 138.69 

Concrete Orange Roof Red Ratio 1.72 < 0.3682 

Concrete Red Roof Mean PCA3 1.99 > 107.66 

Concrete Red Roof Mean Blue 1.99 > 93.02 

Concrete Road Density 1.92 > 0.74317 

Concrete Road Mean Blue 1.59 > 120.9 

Concrete Road 

Bright/Pavement 

GLDV Ang.2nd PCA3 1.26 > 0.036764 

Concrete Road 

Bright/Pavement 

Mean PCA3 1.19 > 190.14 

Concrete Turbid Water GLDV Contrast PCA3 1.63 > 334.46 

Concrete Turbid Water GLDV Ang.2nd NIR 1.55 < 0.066491 

Concrete Water Mean Blue 1.98 > 102.51 

Concrete Water Mean RGB 1.98 > 104.08 

Dark Roof Bare Soil GLDV Contrast PCA3 1.94 > 324.93 

Dark Roof Bare Soil GLDV Ang.2nd PCA3 1.91 < 0.029835 

Dark Roof Blue Roof Mean PCA3 1.98 < 172.44 

Dark Roof Blue Roof Blue Ratio 1.91 < 0.3422 

Dark Roof Bright Soil Mean PCA1 1.98 > 125.25 

Dark Roof Bright Soil Mean NIR 1.97 < 105.37 

Dark Roof Canal Mean Blue 1.69 > 77 

Dark Roof Canal Mean RGB 1.68 > 73.5 

Dark Roof Concrete Mean Blue 1.98 < 100.1 

Dark Roof Concrete Mean RGB 1.97 < 102.19 

Dark Roof Dark Soil GLDV Contrast PCA3 1.94 > 317.136 

Dark Roof Dark Soil GLDV Ang.2nd PCA3 1.9 < 0.029744 

Dark Roof Cemetery Mean NDVI 1.99 < 126.23 

Dark Roof Cemetery Mean PCA2 1.99 > 141.08 

Dark Roof Mixed Residential Mean Blue 1.13 < 91.44 

Dark Roof Mixed Residential Mean PCA3 0.99 < 151.15 

Dark Roof Mixed Roof Mean BAI 1.63 > 165.105 
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Class Class compared Feature J Direction Threshold 

Dark Roof Mixed Roof Mean NDWI 1.59 > 166.356 

Dark Roof Orange Roof Mean PCA3 1.86 > 103.91 

Dark Roof Orange Roof Red Ratio 1.8 < 0.36552 

Dark Roof Red Roof Std.Dev SSI 1.99 < 75.48 

Dark Roof Red Roof Mean PCA3 1.97 > 98.44 

Dark Roof Road Density 1.99 > 0.80836 

Dark Roof Road Shape index 1.54 < 4.1389 

Dark Roof Road 

Bright/Pavement 

Mean PCA1 1.99 > 124.13 

Dark Roof Road 

Bright/Pavement 

Mean NIR 1.97 < 103.95 

Dark Roof Turbid Water GLDV Contrast PCA3 1.93 > 362.57 

Dark Roof Turbid Water GLDV Ang.2nd PCA3 1.74 < 0.02966 

Dark Roof Water GLDV Contrast PCA1 1.78 > 706.6 

Dark Roof Water GLDV Contrast NIR 1.65 > 120.95 

Dark Soil Bare Soil Mean Red 1.88 < 90.71 

Dark Soil Bare Soil Blue Ratio 1.87 > 0.30792 

Dark Soil Blue Roof GLDV Contrast PCA3 1.99 < 369.36 

Dark Soil Blue Roof Mean PCA3 1.99 < 169.18 

Dark Soil Bright Soil Mean PCA1 1.99 > 137.05 

Dark Soil Bright Soil Blue Ratio 1.98 > 0.3017 

Dark Soil Canal Mean RGB 1.71 > 73.51 

Dark Soil Canal Mean Blue 1.62 > 76.2 

Dark Soil Concrete Mean Green 1.99 < 88.8 

Dark Soil Concrete Mean RGB 1.99 < 91.1 

Dark Soil Dark Roof GLDV Contrast PCA3 1.94 < 317.13 

Dark Soil Dark Roof GLDV Ang.2nd PCA3 1.94 > 0.02974 

Dark Soil Cemetery Mean NDVI 1.98 < 0.3455 

Dark Soil Cemetery Mean PCA2 1.95 < 131.355 

Dark Soil Mixed Residential GLDV Contrast PCA3 1.91 < 306.99 

Dark Soil Mixed Residential GLDV Ang.2nd PCA3 1.91 > 0.028954 

Dark Soil Mixed Roof GLDV Contrast NIR 2 < 145.14 

Dark Soil Mixed Roof GLDV Ang.2nd PCA3 2 < 411.05 

Dark Soil Orange Roof GLDV Contrast PCA1 1.94 < 585.14 

Dark Soil Orange Roof GLDV Ang.2nd PCA2 1.92 > 0.04521 

Dark Soil Red Roof GLDV Contrast NIR 2 < 161.33 
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Class Class compared Feature J Direction Threshold 

Dark Soil Red Roof GLDV Contrast PCA1 2 < 801.81 

Dark Soil Road Density 1.93 > 0.755 

Dark Soil Road GLDV Contrast NIR 1.47 < 84.23 

Dark Soil Road 

Bright/Pavement 

Mean PCA1 1.99 > 134.98 

Dark Soil Road 

Bright/Pavement 

Mean RGB 1.99 < 90.36 

Dark Soil Turbid Water Mean PCA2 1.99 < 174.49 

Dark Soil Turbid Water Mean NDVI 1.99 > 79.27 

Dark Soil Water Mean BAI 1.37 < 174.3 

Dark Soil Water Mean NIR 1.36 > 82.18 

Cemetery Bare Soil Mean NDVI 1.89 > 134.685 

Cemetery Bare Soil GLDV Ang.2nd PCA2 1.76 < 0.0733 

Cemetery Blue Roof Mean BAI 1.92 < 143.2 

Cemetery Blue Roof Blue Ratio 1.91 < 0.34198 

Cemetery Bright Soil Mean NDVI 1.95 > 131.9 

Cemetery Bright Soil Red Ratio 1.88 < 0.37482 

Cemetery Canal Mean PCA1 1.94 < 167.64 

Cemetery Canal Mean NIR 1.92 > 97.98 

Cemetery Concrete Mean NDVI 1.85 > 133.938 

Cemetery Concrete Mean PCA2 1.84 < 126.32 

Cemetery Dark Roof Mean NDVI 1.99 > 126.235 

Cemetery Dark Roof Mean PCA2 1.99 > 0.33592 

Cemetery Dark Soil Mean NDVI 1.98 > 0.34555 

Cemetery Dark Soil Mean PCA2 1.95 < 132.24 

Cemetery Mixed Residential Mean PCA2 1.93 < 127.706 

Cemetery Mixed Residential Mean NDVI 1.9 > 133.965 

Cemetery Mixed Roof GLDV Ang.2nd PCA2 1.99 < 0.08364 

Cemetery Mixed Roof Mean PCA2 1.88 < 122.86 

Cemetery Orange Roof Mean NDVI 1.89 > 134.145 

Cemetery Orange Roof Red Ratio 1.65 < 0.36955 

Cemetery Red Roof Mean NDVI 1.99 > 125.869 

Cemetery Red Roof GLDV Ang.2nd PCA2 1.92 < 0.07619 

Cemetery Road Density 1.9 > 0.7257 

Cemetery Road Mean NDVI 1.42 > 140.08 

Cemetery Road 

Bright/Pavement 

Mean NDVI 1.95 > 131.63 
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Class Class compared Feature J Direction Threshold 

Cemetery Road 

Bright/Pavement 

Mean PCA2 1.88 < 125.16 

Cemetery Turbid Water Mean NDVI 2 > 109.66 

Cemetery Turbid Water Mean PCA2 1.99 < 164.03 

Cemetery Water Mean NIR 1.92 > 97.81 

Cemetery Water Mean BAI 1.91 < 143.5 

Mixed Residential Bare Soil Red Ratio 1.98 < 0.36014 

Mixed Residential Bare Soil Blue Ratio 1.97 > 0.31176 

Mixed Residential Blue Roof Blue Ratio 1.97 < 0.33974 

Mixed Residential Blue Roof Red Ratio 1.91 > 0.32868 

Mixed Residential Bright Soil Blue Ratio 1.99 > 0.30731 

Mixed Residential Bright Soil Red Ratio 1.99 < 0.363 

Mixed Residential Canal Mean Blue 1.93 > 81.36 

Mixed Residential Canal Mean RGB 1.93 > 77.97 

Mixed Residential Concrete Mean Green 1.86 < 113.1 

Mixed Residential Concrete Mean RGB 1.85 < 114.3 

Mixed Residential Dark Roof Mean Blue 1.13 > 91.44 

Mixed Residential Dark Roof Mean PCA3 0.99 > 151.16 

Mixed Residential Dark Soil GLDV Contrast PCA3 1.91 > 306.99 

Mixed Residential Dark Soil GLDV Ang.2nd PCA3 1.91 < 0.02895 

Mixed Residential Cemetery Mean PCA2 1.93 > 127.7 

Mixed Residential Cemetery Mean NDVI 1.9 < 133.96 

Mixed Residential Mixed Roof Mean BAI 1.27 > 161.92 

Mixed Residential Mixed Roof GLDV Ang.2nd PCA2 1.17 < 0.1042 

Mixed Residential Orange Roof Mean PCA3 1.96 > 118.576 

Mixed Residential Orange Roof Red Ratio 1.91 < 0.35865 

Mixed Residential Red Roof Red Ratio 1.99 < 0.36479 

Mixed Residential Red Roof Mean PCA3 1.99 > 102.728 

Mixed Residential Road Density 1.98 > 0.8017 

Mixed Residential Road Length/Width 1.53 < 2.8725 

Mixed Residential Road 

Bright/Pavement 

Mean PCA1 1.9 > 107.31 

Mixed Residential Road 

Bright/Pavement 

Mean NIR 1.7 < 113.39 

Mixed Residential Turbid Water GLDV Contrast PCA3 1.89 > 346.92 

Mixed Residential Turbid Water GLDV Ang.2nd PCA3 1.77 < 0.02878 

Mixed Residential Water Mean PCA1 1.65 < 173.12 
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Class Class compared Feature J Direction Threshold 

Mixed Residential Water GLDV Contrast PCA1 1.62 > 674.01 

Mixed Roof Bare Soil GLDV Contrast PCA3 4.99 > 421.49 

Mixed Roof Bare Soil GLDV Contrast NIR 1.98 > 224.64 

Mixed Roof Blue Roof Blue Ratio 1.99 < 0.3361 

Mixed Roof Blue Roof Mean PCA3 1.96 < 174.66 

Mixed Roof Bright Soil Blue Ratio 1.92 > 0.2959 

Mixed Roof Bright Soil Red Ratio 1.89 < 0.3949 

Mixed Roof Canal Mean RGB 1.98 > 80.5 

Mixed Roof Canal Mean Blue 1.96 > 82.414 

Mixed Roof Concrete Mean Blue 1.96 < 103.93 

Mixed Roof Concrete Mean RGB 1.94 < 106.12 

Mixed Roof Dark Roof Mean BAI 1.63 < 165.1 

Mixed Roof Dark Roof Mean NDWI 1.59 < 166.35 

Mixed Roof Dark Soil GLDV Contrast NIR 2 > 145.14 

Mixed Roof Dark Soil GLDV Contrast PCA3 2 > 411.05 

Mixed Roof Cemetery GLDV Ang.2nd PCA2 1.99 > 0.08364 

Mixed Roof Cemetery Mean PCA2 1.88 > 122.86 

Mixed Roof Mixed Residential Mean BAI 1.27 < 161.927 

Mixed Roof Mixed Residential GLDV Ang.2nd PCA2 1.17 > 0.1042 

Mixed Roof Orange Roof GLDV Ang.2nd PCA3 1.77 < 0.029 

Mixed Roof Orange Roof Mean PCA3 1.7 > 93.2 

Mixed Roof Red Roof Std.Dev SSI 1.96 < 77.1 

Mixed Roof Red Roof Mean PCA3 1.75 > 94.75 

Mixed Roof Road Density 1.99 > 0.861 

Mixed Roof Road Length/Width 1.59 < 2.3863 

Mixed Roof Road 

Bright/Pavement 

Mean Blue 1.87 < 469.292 

Mixed Roof Road 

Bright/Pavement 

Mean RGB 1.85 < 214.7 

Mixed Roof Turbid Water GLDV Contrast PCA3 1.99 > 12.1 

Mixed Roof Turbid Water GLDV Contrast NIR 1.99 > 0.01616 

Mixed Roof Water GLDV Contrast NIR 1.99 > 189.23 

Mixed Roof Water GLDV Contrast PCA1 1.99 > 906 

Orange Roof Bare Soil GLDV Contrast PCA1 1.81 > 1158.86 

Orange Roof Bare Soil GLDV Ang.2nd NIR 1.54 < 0.0403 

Orange Roof Blue Roof Mean PCA3 1.99 < 154.248 



 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 

246 

Class Class compared Feature J Direction Threshold 

Orange Roof Blue Roof Red Ratio 1.99 > 0.3387 

Orange Roof Bright Soil GLDV Ang.2nd NIR 1.17 < 0.03872 

Orange Roof Bright Soil GLDV Contrast PCA1 1.1 > 1946.13 

Orange Roof Canal Mean PCA1 1.77 < 175.83 

Orange Roof Canal Red Ratio 1.67 > 0.36569 

Orange Roof Concrete Mean PCA3 1.99 < 138.693 

Orange Roof Concrete Red Ratio 1.72 > 0.3682 

Orange Roof Dark Roof Mean PCA3 1.86 < 103.913 

Orange Roof Dark Roof Red Ratio 1.8 > 0.3655 

Orange Roof Dark Soil GLDV Contrast PCA1 1.94 > 585.144 

Orange Roof Dark Soil GLDV Ang.2nd NIR 1.92 < 0.04521 

Orange Roof Cemetery Mean NDVI 1.89 < 134.145 

Orange Roof Cemetery Red Ratio 1.65 > 0.3695 

Orange Roof Mixed Residential Mean PCA3 1.96 < 118.576 

Orange Roof Mixed Residential Red Ratio 1.91 > 0.3586 

Orange Roof Mixed Roof GLDV Ang.2nd PCA3 1.76 > 0.029 

Orange Roof Mixed Roof Mean PCA3 1.7 < 93.209 

Orange Roof Red Roof GLDV Ang.2nd PCA3 1.73 > 0.0364 

Orange Roof Red Roof GLDV Ang.2nd PCA1 1.68 > 0.0192 

Orange Roof Road Density 1.95 > 0.76498 

Orange Roof Road Mean PCA3 1.51 < 89.557 

Orange Roof Road 

Bright/Pavement 

Mean PCA3 1.78 < 98.88 

Orange Roof Road 

Bright/Pavement 

GLDV Ang.2nd PCA3 1.54 > 0.03928 

Orange Roof Turbid Water Mean NDWI 1.86 < 187.795 

Orange Roof Turbid Water GLDV Contrast PCA1 1.83 > 1160.53 

Orange Roof Water GLDV Contrast PCA1 1.9 > 813.71 

Orange Roof Water Std.Dev Red 1.78 > 10.2 

Red Roof Bare Soil GLDV Contrast PCA3 1.99 > 348.17 

Red Roof Bare Soil GLDV Contrast NIR 1.99 > 244.987 

Red Roof Blue Roof Mean PCA3 2 < 116.6 

Red Roof Blue Roof Red Ratio 2 > 0.3582 

Red Roof Bright Soil Blue Ratio 1.95 > 0.3 

Red Roof Bright Soil Mean PCA1 1.91 > 109.42 

Red Roof Canal Mean RGB 1.99 > 83.6378 
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Class Class compared Feature J Direction Threshold 

Red Roof Canal Mean Red 1.99 > 88.3059 

Red Roof Concrete Mean PCA3 1.99 < 107.668 

Red Roof Concrete Mean Blue 1.99 < 93.0268 

Red Roof Dark Roof Std.Dev SSI 1.99 > 75.48 

Red Roof Dark Roof Mean PCA3 1.97 < 98.44 

Red Roof Dark Soil GLDV Contrast NIR 2 > 161.33 

Red Roof Dark Soil GLDV Contrast PCA1 2 > 801.81 

Red Roof Cemetery Mean NDVI 1.99 < 125.87 

Red Roof Cemetery GLDV Ang.2nd PCA2 1.92 < 0.076198 

Red Roof Mixed Residential Red Ratio 1.99 > 0.3648 

Red Roof Mixed Residential Mean PCA3 1.99 < 102.72 

Red Roof Mixed Roof Std.Dev SSI 1.96 > 77.1 

Red Roof Mixed Roof Mean PCA3 1.75 < 94.7275 

Red Roof Orange Roof GLDV Ang.2nd PCA3 1.73 < 0.0364 

Red Roof Orange Roof GLDV Ang.2nd PCA1 1.68 < 0.0192 

Red Roof Road Density 1.99 > 0.8941 

Red Roof Road Std.Dev SSI 1.95 > 0.007 

Red Roof Road 

Bright/Pavement 

Mean Blue 1.98 < 92.53 

Red Roof Road 

Bright/Pavement 

Mean Green 1.97 < 91.8 

Red Roof Turbid Water GLDV Contrast NIR 1.98 > 237.14 

Red Roof Turbid Water Mean PCA2 1.99 < 182.07 

Red Roof Water GLDV Contrast NIR 2 > 209 

Red Roof Water GLDV Contrast PCA1 1.99 > 1006 

Road Bare Soil Density 1.96 < 0.7794 

Road Bare Soil GLDV Ang.2nd PCA3 1.47 < 0.0421 

Road Blue Roof Density 1.95 < 0.7651 

Road Blue Roof Blue Ratio 1.84 < 0.3428 

Road Bright Soil Density 1.95 < 0.7629 

Road Bright Soil Red Ratio 1.64 < 0.3793 

Road Canal Mean Blue 1.7 > 78.95 

Road Canal Mean RGB 1.67 > 75.58 

Road Concrete Density 1.92 < 0.743 

Road Concrete Mean Blue 1.59 < 120.9 

Road Dark Roof Density 1.99 < 0.808 
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Class Class compared Feature J Direction Threshold 

Road Dark Roof Shape index 1.54 > 4.139 

Road Dark Soil Density 1.93 < 0.755 

Road Dark Soil GLDV Contrast NIR 1.47 > 84.2308 

Road Cemetery Density 1.9 < 0.7257 

Road Cemetery Mean NDVI 1.42 < 140.086 

Road Mixed Residential Density 1.98 < 0.8017 

Road Mixed Residential Length/Width 1.53 > 2.872 

Road Mixed Roof Density 1.99 < 0.8609 

Road Mixed Roof Length/Width 1.59 > 2.3863 

Road Orange Roof Density 1.95 < 0.7649 

Road Orange Roof Mean PCA3 1.51 > 89.557 

Road Red Roof Density 1.99 < 0.8941 

Road Red Roof Std.Dev SSI 1.92 < 76.74 

Road Road 

Bright/Pavement 

Density 1.67 < 0.6626 

Road Road 

Bright/Pavement 

Mean Blue 0.82 < 109.98 

Road Turbid Water Density 1.94 < 0.7647 

Road Turbid Water Mean NDVI 1.76 > 53.577 

Road Water Density 1.96 < 0.7795 

Road Water Shape index 1.71 > 3.705 

Road 

Bright/Pavement 

Bare Soil GLDV Ang.2nd PCA3 1.77 < 0.036 

Road 

Bright/Pavement 

Bare Soil GLDV Contrast PCA3 1.58 > 285.83 

Road 

Bright/Pavement 

Blue Roof Blue Ratio 1.99 < 0.333 

Road 

Bright/Pavement 

Blue Roof Red Ratio 1.98 > 0.334 

Road 

Bright/Pavement 

Bright Soil Mean PCA3 1.83 > 95.93 

Road 

Bright/Pavement 

Bright Soil Red Ratio 1.67 < 0.38 

Road 

Bright/Pavement 

Canal Mean PCA1 1.99 < 141.76 

Road 

Bright/Pavement 

Canal Mean RGB 1.99 > 87.33 

Road 

Bright/Pavement 

Concrete GLDV Ang.2nd PCA3 1.26 < 0.0368 

Road Concrete Mean PCA3 1.19 < 190.14 
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Class Class compared Feature J Direction Threshold 

Bright/Pavement 

Road 

Bright/Pavement 

Dark Roof Mean PCA1 1.99 < 124.12 

Road 

Bright/Pavement 

Dark Roof Mean NIR 1.97 > 103.95 

Road 

Bright/Pavement 

Dark Soil Mean PCA1 1.99 < 134.9 

Road 

Bright/Pavement 

Dark Soil Mean RGB 1.99 > 90.367 

Road 

Bright/Pavement 

Cemetery Mean NDVI 1.95 < 131.62 

Road 

Bright/Pavement 

Cemetery Mean PCA2 1.88 > 125.162 

Road 

Bright/Pavement 

Mixed Residential Mean PCA1 1.9 < 107.3 

Road 

Bright/Pavement 

Mixed Residential Mean NIR 1.7 > 113.4 

Road 

Bright/Pavement 

Mixed Roof Mean Blue 1.87 > 101.4 

Road 

Bright/Pavement 

Mixed Roof Mean RGB 1.85 > 103.6 

Road 

Bright/Pavement 

Orange Roof Mean PCA3 1.78 > 98.89 

Road 

Bright/Pavement 

Orange Roof GLDV Ang.2nd PCA3 1.54 < 0.0392 

Road 

Bright/Pavement 

Red Roof Mean Blue 1.98 > 92.53 

Road 

Bright/Pavement 

Red Roof Mean Green 1.97 > 91.8 

Road 

Bright/Pavement 

Road Density 1.67 > 0.6627 

Road 

Bright/Pavement 

Road Mean Blue 0.82 > 109.99 

Road 

Bright/Pavement 

Turbid Water Mean NDVI 1.66 > 48.635 

Road 

Bright/Pavement 

Turbid Water GLDV Ang.2nd NIR 1.63 < 0.0596 

Road 

Bright/Pavement 

Water Mean PCA1 1.99 < 130.2 

Road 

Bright/Pavement 

Water Mean NIR 1.98 > 101.74 

Turbid Water Bare Soil Mean NDWI 1.91 > 186.2 

Turbid Water Bare Soil Mean PCA2 1.85 > 201.3 

Turbid Water Blue Roof GLDV Contrast PCA3 1.99 < 449.6 
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Class Class compared Feature J Direction Threshold 

Turbid Water Blue Roof Mean NDVI 1.97 < 66.83 

Turbid Water Bright Soil Mean NDWI 1.88 > 187.6 

Turbid Water Bright Soil Mean PCA2 1.7 > 205.3 

Turbid Water Canal Mean PCA2 1.94 > 196.28 

Turbid Water Canal Mean NDVI 1.8 < 57.57 

Turbid Water Concrete GLDV Contrast PCA3 1.63 < 334.46 

Turbid Water Concrete GLDV Ang.2nd NIR 1.56 > 0.0665 

Turbid Water Dark Roof GLDV Contrast PCA3 1.93 < 362.58 

Turbid Water Dark Roof GLDV Ang.2nd PCA3 1.74 > 0.0297 

Turbid Water Dark Soil Mean PCA2 1.99 > 174.5 

Turbid Water Dark Soil Mean NDVI 1.99 < 79.27 

Turbid Water Cemetery Mean NDVI 2 < 109.66 

Turbid Water Cemetery Mean PCA2 1.99 > 164.03 

Turbid Water Mixed Residential GLDV Contrast PCA3 1.89 < 346.92 

Turbid Water Mixed Residential GLDV Ang.2nd PCA3 1.77 > 0.0288 

Turbid Water Mixed Roof GLDV Contrast PCA3 1.99 < 469.3 

Turbid Water Mixed Roof GLDV Contrast NIR 1.99 < 214.8 

Turbid Water Orange Roof Mean NDWI 1.86 > 187.8 

Turbid Water Orange Roof GLDV Contrast PCA1 1.83 < 1160.5 

Turbid Water Red Roof GLDV Contrast NIR 1.99 < 237.14 

Turbid Water Red Roof Mean PCA2 1.99 > 182.1 

Turbid Water Road Density 1.94 > 0.764 

Turbid Water Road Mean NDVI 1.76 < 53.57 

Turbid Water Road 

Bright/Pavement 

Mean NDVI 1.66 < 48.63 

Turbid Water Road 

Bright/Pavement 

GLDV Ang.2nd NIR 1.63 > 0.0595 

Turbid Water Water Mean RGB 1.426 < 91.31 

Turbid Water Water Mean Red 1.416 < 92.43 

Water Bare Soil Mean PCA1 1.923 > 155.069 

Water Bare Soil Mean NIR 1.904 < 94.9801 

Water Blue Roof GLDV Contrast PCA3 1.95 < 709.626 

Water Blue Roof GLDV Contrast PCA1 1.87 < 775.191 

Water Bright Soil Mean PCA1 1.99 > 133.041 

Water Bright Soil Mean NIR 1.98 < 103.188 

Water Canal GLDV Ang.2nd NIR 0.981 > 0.089 
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Water Canal GLDV Contrast NIR 0.972 < 108.39 

Water Concrete Mean Blue 1.98 < 102.518 

Water Concrete Mean RGB 1.98 < 104.087 

Water Dark Roof GLDV Contrast PCA1 1.78 < 706.6 

Water Dark Roof GLDV Contrast NIR 1.65 < 120.948 

Water Dark Soil Mean BAI 1.37 > 174.3 

Water Dark Soil Mean NIR 1.36 < 82.188 

Water Cemetery Mean NIR 1.92 < 97.8 

Water Cemetery Mean BAI 1.91 > 143.5 

Water Mixed Residential Mean PCA1 1.654 > 173.126 

Water Mixed Residential GLDV Contrast PCA1 1.62 < 674 

Water Mixed Roof GLDV Contrast NIR 1.99 < 189.23 

Water Mixed Roof GLDV Contrast PCA1 1.99 < 906 

Water Orange Roof GLDV Contrast PCA1 1.9 < 813.7 

Water Orange Roof Std.Dev Red 1.78 < 10.2 

Water Red Roof GLDV Contrast NIR 2 < 209.077 

Water Red Roof GLDV Contrast PCA1 1.99 < 1006.73 

Water Road Density 1.96 > 0.779 

Water Road Shape Index 1.71 < 3.7 

Water Road 

Bright/Pavement 

Mean PCA1 1.99 > 130.2 

Water Road 

Bright/Pavement 

Mean NIR 1.98 < 101.73 

Water Turbid Water Mean RGB 1.426 < 91.31 

Water Turbid Water Mean Red 1.416 < 92.43 
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Abstract 

 In this research, the nuclear technique has been performed to determine the coal ash content 

by dual-energy gamma-ray transmission due to non-destructive technique, no-complicated sample 

preparation, a short measuring time and convenient analysis process. As the aim of this research, the 

new approach has been investigated by using BGO detector instead of NaI(Tl) detector for the dual-

energy gamma-ray measurements of 59.6 and 661.7 keV. As the results from the study on the 

detection efficiency of the high-energy gamma radiation of 661.7 keV, the efficiency by using BGO 

detector was about 2-3 times higher than that by NaI(Tl) detector. This implied to more safety by 

using high efficient detectors due to decrease in a source radioactivity or a short measuring time. 

For analyzing the coal ash content by using the dual-energy gamma-ray transmission, the 

calibration linear equation of transmittance ratios and coal ash content was firstly achieved by the 

coal standards with known ash contents. Finally, the coal samples from different sources have been 

analyzed the coal ash contents from 30.2% to 51.8% by using the calibration equation. The results 

of coal ash contents by this developed technique were a quite difference from the results by the 

standard method. However, the contents of coal ash in the coal samples from the same source have 

been obtained with a small deviation even in the different physical forms. This indicated that this 

developed nuclear technique of the dual-energy gamma-ray transmission of 59.6 and 661.7 keV by 

using BGO detector is a new promising approach to determine the coal ash content as the real time 

and on-belt analysis. 

Keywords: Dual-Energy Gamma-Ray Transmission, Coal, Ash analysis, BGO detectors 

INTRODUCTION 

 As well-known, coal plays an important role as the essential resources of electricity 

generation and economic substance [1-2]. The main compositions of coal are carbon, hydrogen, 

oxygen, nitrogen, sulfur, aluminium, silicon and calcium etc. [3-5]. There are perhaps some trace 

elements, metal elements or even heavy elements which compounded in coals from several mines in 

worldwide [6-8]. Normally, coals which derived from different source sites have definitely different 

qualities i.e. physical properties, chemical composition and efficiency of combustion. In principle, 

natural coal is classified into 4 types as lignite, sub-bituminous, bituminous and anthracite [1-2]. 

The coal quality is simply categorized by the content of coal ash, sulfur content and efficiency of 

combustion. The coal quality analysis is one of the important procedures to bring about the proper, 

effective and worthy utilization of coal [7-8]. As compared with the chemical techniques or 

combustion methods, the coal ash analysis by nuclear techniques has excellent advantages due to 

the viewpoints of non-destructive technique, no-complicated sample preparation, a short measuring 

time and convenient analysis process [9-11]. As for one of the nuclear techniques to determine the 

coal ash analysis, the dual-energy gamma-ray transmission has been continuously developed and 
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successfully used in coal industry in some countries for about 30 years [9-16]. Moreover, there have 

already been some commercial systems of the dual-energy gamma-ray transmission [17-20]. 

However, the new approach in this research by using Bismuth Germanate (BGO) detector instead of 

typical Sodium Iodide (Thallium) (NaI(Tl)) detector has been investigated to measure the dual-

energy gamma-ray transmission of 59.6 and 662 keV. The relationship between the natural 

logarithm ratios of transmittance or the ratio of linear attenuation coefficient of low-energy and 

high-energy gamma transmission, 
Ln(Ix/I0)Low

Ln(Ix/I0)High
=  

µ1

µ2
, and the ash contents in coal samples has been 

explored by developing the linear calibration equation [21]. According to theoretical aspect, BGO 

scintillator has higher detection efficiency than NaI(Tl) scintillator for the measurement of high-

energy gamma radiation because the bismuth component of BGO has a large probability of gamma-

ray photoelectric absorption due to its properties of high-density and large atomic number [21-23]. 

This implies to more safety by using high efficient detectors resulting in utilization with a lower 

source radioactivity or a short measuring time. Therefore, the dual-energy gamma-ray transmission 

by using BGO detector has been investigated for the new approach with more safety in this project. 

MATERIALS AND METHODS 

To set up the experimental system for dual-energy gamma transmission of 59.6 and 661.7 

keV, the radioactive sources of Am-241 and Cs-137 were used and the block diagram of radiation 

measurement system is shown in Fig 1.  The measurements of gamma-ray transmission through the 

coal samples were performed for 300 seconds and repeated for 3 times. The BGO and NaI(Tl) 

radiation detectors in the same size of 2''x2" were used for measurements. First of all, the detection 

efficiency and the energy resolution of each detector were conducted by measuring the standard 

sources of each gamma spectrometry of 59.6 and 661.7 keV. There were totally 13 coal samples in 

2 groups; 7 standard samples with known ash contents and 6 unknown samples with unknown ash 

contents. All coal samples were crushed into very fine powder in a particle size of 75 micron. The 

ash contents of 7 standard samples were known or evaluated by the chemical standard method of 

proximate analysis by following ASTM3174. Secondly, the calibration equation for ash content 

analysis was developed by the relationship of the chemical standard method and the gamma ray 

transmission technique. The transmitted intensity of both gamma rays through the coal samples was 

obtained from each gamma-ray transmission measurement. Then the natural logarithm ratios of 

transmittance of low- and high-energy gamma rays of  
Ln(Ix/I0)Low

Ln(Ix/I0)High
 were derived. The relationship of 

the natural logarithm ratios of  
Ln(Ix/I0)Low

Ln(Ix/I0)High
  by the nuclear technique and the ash contents by the 

chemical standard method was achieved as the linear calibration equation to estimate the ash 

content. Lastly, the unknown coal samples were measured by the dual-energy gamma ray 

transmission and analyzed their ash contents by using the calibration equation. 
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Fig. 1 Schematic arrangement of gamma measurement system (adapted from Ref.21) 

RESULTS AND DISCUSSION 

3.1 Advantages by using BGO detector 

Firstly, the detection efficiency and the energy resolution of gamma spectrometry by using 

BGO detector have been investigated to compare with the case of NaI(Tl) detector.  By using BGO 

detector, the experimental results showed that the detection efficiency and the energy resolution 

were 16.75% and 0.36% of gamma spectrometry of 59.6 keV from Am-241 standard source.  In 

case of NaI(Tl) detector, slightly higher efficiency and better resolution have been achieved. In 

contrary, higher-energy gamma spectrometry of 661.7 keV from Cs-137 standard source by using 

BGO detector presented with higher efficiency of 13.76 % and resolution of 0.11%. Meanwhile, the 

measurements by NaI(Tl) detector revealed with the efficiency lower than about 2 times and still a 

bit better resolution as summarized in Table 1. Subsequently, the dual-energy gamma radiation of 

59.6 and 661.7 keV have been beamed by the lead collimator with a diameter size of 1 cm in front 

of the detector as shown in Fig.1. Analogously, the relative detection efficiency and the energy 

resolution of BGO detector were a bit higher intensity and worse resolution as compared with the 

measurements by NaI(Tl) detector in Table 2. This aspect of higher detection efficiency of BGO 

detector has been arisen from higher probability of gamma-ray absorption by its properties of high-

density and large atomic number material [22-23]. In addition, the response functions of BGO and 

NaI(Tl) detectors at 0.662, 4.4, and 10.0 MeV have been studied by using Monte Carlo simulations 

[23]. The results demonstrated the efficiency of BGO detectors superior than that of NaI detectors 

with the inferior resolution for higher-energy gamma measurement. This reveals the good consistent 

viewpoint of higher efficiency at higher-energy gamma measurements by BGO detectors. 

In brief, all about this advantage of the high-efficiency of BGO detector means that it leads 

to more safety by decreasing in a source radioactivity or a short measuring time for dual-energy 

gamma spectrometry by using BGO detector.  
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3.2 Conventional method to determine the mass attenuation coefficient by single 

energy gamma transmission. 

To determine the mass attenuation coefficient of coal samples by the conventional nuclear 

method, the single energy gamma-ray transmission has been simply performed by a variation of the 

mass density thickness. Therefore, each gamma spectrometry of 59.6 and 661.7 keV from each 

source were operated not in the same time. Two coal samples with known ash contents of 7.87% 

and 37.1% were assessed their attenuation coefficient by varying their mass density thicknesses 

from 2.9061 to 14.5307 g/cm2. From the experimental results, the relationships of the transmittance 

ratio of radiation intensity (Ix /I0) and the density thickness (mass per area) were obtained for each 

Table 1 The detection efficiency and the energy resolution of gamma spectrometry of 59.6 and 

661.7 keV. 

Detector 
At 59.6 keV  At 661.7 keV  

Efficiency (%eff) Resolution  Efficiency (%eff) Resolution  

BGO 16.75 0.36 13.76 0.11 

NaI(Tl) 18.88 0.16 6.19 0.07 

Table 2 The intensity and the resolution of dual-energy gamma spectrometry with  using 

collimator. 

Detector At 59.6 keV  At 661.7 keV  

Intensity (cps) Resolution Intensity (cps) Resolution  

BGO 13252 0.34 2895 0.11 

NaI(Tl) 10636 0.14 1381 0.07 

As shown in Fig.2, the spectra of gamma-ray transmission of 59.6 and 661.7 keV have 

been achieved by BGO detector as compared with that measured by NaI(Tl) detector. As the 

second advantage by using BGO detector, the 137Ba X-ray radiation of 30.97 keV was detected 

only in case of measurements by using NaI(Tl) detector but not by BGO detector because this x-

ray peak was able to interfere the spectra of 59.6 keV. 

 
Fig.2 Gamma spectra of dual energy transmission of 59.6 and 661.7 keV by BGO and NaI(Tl) 

detectors 
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gamma spectrometry of 59.6 and 661.7 keV of each coal sample as revealed in Fig 3 and Fig.4, 

respectively .As valuable results, each equation of these relationships could relate to the mass 

attenuation coefficient (/) of each certain gamma energy. Finally, the ratios of mass attenuation 

coefficients of low energy and high energy gamma spectrometry,  
µ59.6 keV

µ661.7 keV
 , of each sample were 

accomplished in Table 3. This demonstrated the relationship between the ratios of mass attenuation 

coefficients and the ash contents in the direct-change. Generally, this conventional single-energy 

method is not convenient and takes a long time by doing several measurements of many samples 

with a variation of density thicknesses. In contrary, to evaluate the ash content in coal sample by the 

ratio of the mass attenuation coefficient of low energy and high energy gamma spectrometry, the 

dual-energy gamma transmission of 59.6 and 661.7 keV were simultaneously measured in only one 

measurement as discussed in the next section. As summarized, the ratios of  
µ59.6 keV

µ661.7 keV
  were obtained 

as 2.4359 and 2.8684 of the coal samples with known ash contents of 7.87% and 37.1% by the 

empirical exponential equations and the average values of  2.36020.1453 and  2.75560.1790 

respectively. In roughly, the ratios of the mass attenuation coefficients of low-energy and high-

energy gamma spectrometry, 
µ59.6 keV

µ661.7 keV
 , and the ash contents showed some relationships as having 

higher ratio by higher ash content. As the similar achievement, the on-line nuclear ash gauge based 

on techniques of single and dual energy -ray transmissions has been investigated [24]. The 

empirical formulation relating the ash contents to the -ray transmitted intensities was a fairly-linear 

equation and the attenuation coefficient by higher-energy -ray measurement was much better than 

that by lower energy by showing the much smaller error. The relationship between the ash content 

and the attenuation coefficient was in the proportional change. 

 
Fig .3 The relationships of the transmittance ratios of intensity (Ix/I0) and the density thickness of 

gamma spectrometry of 59.6 and 661.7 keV of coal sample with ash content of 7.87%  
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 Fig 4  The relationships of the transmittance ratios of intensity  (Ix/I0) and the density thickness of 

gamma spectrometry of 59.6 and 661.7 keV of coal sample with ash content of 37.1  % 

Table 3 The mass attenuation coefficient (/) of each certain energy and the ratios of attenuation 

coefficients of low energy and high energy gamma spectrometry of coal sample with ash 

contents of 7.87 % and 37.1  % 

%ash in  

coal samples 
µ/ 

at 59.6 keV 

µ/ 

at 661.7 keV 

µ𝟓𝟗.𝟔 𝐤𝐞𝐕

µ𝟔𝟔𝟏.𝟕 𝐤𝐞𝐕
 

from equation 

µ𝟓𝟗.𝟔 𝐤𝐞𝐕

µ𝟔𝟔𝟏.𝟕 𝐤𝐞𝐕
 

by averaging 

7.87 0.190  0.078 2.4359 2.36020.1453  

37.1 0.218 0.076  2.8684 2.75560.1790 

3.3 Dual energy gamma transmission to determine the ash contents in coal samples 

3.3.1. Calibration equation by prepared standards with known ash contents  

 According to the corresponding relationship of the ratios and the ash content as discussed 

above, the calibration equation or curve has been investigated in the first step before appraising the 

ash content in unknown coal samples. The coal standard samples were prepared from the coal 

samples with the known ash contents from 2.72% to 42.2%. After that, the dual-energy gamma 

transmissions of all coal standard samples have been performed in order to obtain the natural 

logarithm ratios of the transmittance ratios of radiation intensity of low and high energy gamma 

spectrometry, 
Ln(Ix/I0)Low

Ln(Ix/I0)High
, as equaled to the ratios of the mass attenuation coefficients of low energy 

and high energy gamma spectrometry, 
µ59.6 keV

µ661.7 keV
, as shown in Table 4. Subsequently, the relationship 

between the transmittance ratios of 
Ln(Ix/I0)Low

Ln(Ix/I0)High
 by the dual-energy gamma-ray transmission from 

2.4661 to 3.4233 and the coal ash contents in the standard samples by the chemical method was 

investigated.  In Fig.5, the linear calibration curve of this relationship of the transmittance ratios of 
Ln(Ix/I0)Low

Ln(Ix/I0)High
 and the ash contents was obtained as the linear equation of y = 50.311x -120.99  with 

the R2 of 0.9805, whereas y is the ash content and x is the natural logarithm ratio. As the identical 

y = e-0.218x

R² = 0.9956

y = e-0.076x

R² = 0.9885
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results, the dual-energy gamma transmission for the quantitative measurement has been also 

investigated by the linear relationship between the coal ash percent and the mass absorption 

coefficient [12]. From the development of the portable low radioactivity probe for coal ash analysis 

[25], the equation between the ash values by the laboratory versus the ash values by the probe 

showed the satisfactory agreement with low deviations. 

Table 4 The ratios of mass attenuation coefficients of low energy and high energy gamma 

spectrometry, 
µ1

µ2
, equal to their natural log ratios of transmittance ratios, 

Ln(Ix/I0)Low

Ln(Ix/I0)High
 and the ash 

contents. 

Standard 

No. 

%Ash in coal 

sample 

Transmittance 

ratio at 60 keV 

Transmittance 

ratio at 662 keV 

𝐋𝐧(𝐈𝐱/𝐈𝟎)𝐋𝐨𝐰

𝐋𝐧(𝐈𝐱/𝐈𝟎)𝐇𝐢𝐠𝐡
=  

µ𝐋

µ𝐇
, 

Sd1 2.72 0.1909 0.5109 2.4661 

Sd2 7.87 0.1841 0.5211 2.5964 

Sd3 11.30 0.1688 0.5049 2.6029 

Sd4 14.72 0.1767 0.5289 2.7217 

Sd5 19.67 0.1654 0.5174 2.7305 

Sd6 26.10 0.1577 0.5355 2.9572 

Sd7 42.10 0.1271 0.5284 3.2336 

 
 

Fig .5  Linear relationship of the ratios of  
Ln(Ix/I0)Low

Ln(Ix/I0)High
  and ash contents in the standard samples 

3.3.2. Determination of ash contents in unknown coal samples 

By using the calibration equation to determine the ash content in unknown coal samples, the 

unknown coal samples have been measured by the dual energy gamma spectrometry to find out the 

transmittance ratios of  
Ln(Ix/I0)Low

Ln(Ix/I0)High
 . As shown in Table 5, the ash contents were evaluated by their 

ratios from 3.0004 to 3.4351 leading to the results of 30.2% to 51.8% of ash contents with a high 

%difference from 1% to 22% as compared with the results from the chemical standard method of 

ASTM3174. 
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However, the sample Un3 and Un5 have been analyzed as the results of the nearly same ash 

contents of 51.8% and 51.2% from a bit different ratios of 3.4351 and 3.4233 by this developed 

technique but the results of the big different ash contents of 41.9% and 64.0% by the chemical 

method. This was caused by the different elemental composite or compounds of ash in coal 

samples. Therefore, x-ray fluorescence is required to clarify this issue.  

As for the interesting points in the case of measurements of coal samples of 7.87% and 

37.1%, the conventional single-energy gamma transmission method of coal sample of 7.87% has 

given rise to the transmittance ratio of 2.4359 as compared with the ratio of 2.5964 by the dual-

energy gamma transmission method with a quite low difference of 6%. The transmittance ratio of 

2.8684 of coal sample of 37.1% was obtained by the single-energy method and 2.8545 by the dual-

energy method with a bit low difference of 0.5%. This confirmed to the advantage of this modified 

dual-energy gamma transmission method by only one time of measurement, less consumption of 

measuring time and less complicated processes. Furthermore, the ash contents in the coal samples 

from the same source with different thicknesses or different physical forms have been assessed as 

the results as the ratios of 2.3602±0.1453 and 2.7556±0.1790 with a low deviation of 6.2% and 

6.5%, respectively. Additionally, the measurement uncertainties in the on-line measurements of 

coal ash content by gamma-ray transmission have been evaluated [16, 26] and the principal 

uncertainties have been reported from the systematic error on the radiation intensity [26]. This error 

could be eliminated by the exact correction factor and be reduced by a shorter sample time interval. 

This means to the important role of a short measuring time and this has been reached by using the 

high-efficiency BGO detector. 

Table 5  The natural log ratios of transmittance ratios of low and high energy gamma spectrometry, 
Ln(Ix/I0)Low

Ln(Ix/I0)High
 to determine the ash contents in unknown coal samples 

coal 

sample 

No. 

Transmitt

ance ratio  

at 60 keV 

Transmitt

ance ratio  

at 662 keV 

𝐋𝐧(
𝐈𝐱
𝐈𝟎

)
𝐋𝐨𝐰

𝐋𝐧(
𝐈𝐱
𝐈𝟎

)
𝐇𝐢𝐠𝐡

=  
µ𝐋

µ𝐇
, 

The Ash 

content by 

Dual energy 

transmission 

The Ash 

content by 

ASTM3174 

% 

Difference 

Un1 0.1474 0.5287 3.0047 30.2 34.8 14 

Un2 0.1183 0.5325 3.3861 49.4 49 1 

Un3 0.1263 0.5476 3.4351 51.8 41.9 21 

Un4 0.1306 0.5361 3.2653 43.3 49.5 13 

Un5 0.1106 0.5257 3.4233 51.2 64 22 

Un6 0.1139 0.5205 3.3277 46.4 42.2 10 

CONCLUSION 

In summary, the experimental results discovered that using BGO detector for dual-energy 

gamma transmission brings about higher detection efficiency at higher-energy gamma spectrometry 

as the main advantage of safer working with decreasing in a source radioactivity or a shorten 

measuring time. As the second advantage by using BGO detector, the low energy radiation of 30.97 

keV has not been appeared in measurements to interfere the analyzing spectra of 59.6 keV. The 

conventional single-energy method was not convenient and took a long time by doing several 

measurements. Therefore, the ash contents in unknown coal samples have been determined by the 

dual-energy gamma spectrometry by using the calibration equation with a bit high %difference 

from the results by the standard method. However, the ash contents of coal samples from the same 
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source in the different physical forms have obtained with a bit low deviation. So, this developed 

technique by BGO detector is a new promising approach to determine the ash content as the real-

time and on-belt analysis in one rapid measurement. 
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Abstract 

 Thiocyanate (SCN-) could be found in cyanide–contaminated water resources as a 

detoxification product of highly toxic cyanide. A new approach for determination of thiocyanate in 

water sample was developed in this research based on the reaction of thiocyanate on polymer resin 

surface modified with copper-pyridine complex to form dithiocyanato dipyridine copper (II) 

[Cu(SCN)2(Py)2] complex. The color of polymer resin was changed from blue to green respectively, 

with increasing in gradient concentration of thiocyanate. The color change could be observed by 

naked eyes and the color intensity could be determined by Image-J program. Experimental 

parameters influencing the determination of thiocyanate including concentration of copper, volume 

of pyridine, and detection time were optimized. Under optimal condition, good linear responses 

were obtained in a concentration range of 0.2 – 2.5 mM with a detection limit of 0.05 mM. The 

developed method was applied to determine thiocyanate in various water samples. The recovery 

study was carried out at two concentration levels, showing recovery values in the range of 99.1-

102.3% with the relative standard deviations less than 1%. 

Keywords: thiocyanate, polymer resins, complexation reaction, colorimetric determination. 

INTRODUCTION 

Thiocyanate ion (SCN-) could be found in cyanide–contaminated water resources as its 

detoxification product. Cyanide reacts readily with thiosulfate to produce SCN- (eq.1) and any 

industry wastewater containing cyanide are a potential source of SCN- contamination. 

CN-  +   S2O3
2-  → SCN-   +  SO3

-   ………. (1) 

Both thiocyanate and cyanide are enzyme inhibitors. Thiocyanate is toxic to living cells due 

to its strong tendencies to bind with proteins and act as non-competitive inhibitor [1]. Thiocyanate 

can be introduced into environment by different natural and industrial processes including bio-

degradation of sulfur compound and biomass, pesticides and herbicide production, acrylic fiber 

production, manufacturing of thiourea, metal separation, electroplating, fabric dyeing, and printing 

in photography. Several analytical techniques such as atomic absorption spectrometry [2], high 

performance liquid chromatography (HPLC) [3], gas chromatography [4], ion chromatography (IC) 

[5], flow injection analysis [6], fluorimetry [7] have been applied for SCN- determination. However, 

many of these methods are complicated, time-consuming, costly, and hardly portable. With the 

advantage of on-site analysis, simplicity, no requirement for sophisticated instrument or skillful 

technicians, colorimetric methods have drawn considerable attention. Most of colorimetric methods 

for thiocyanate detection are based on the formation of red-brown complex with Fe3+ [8-9] or a 

green complex with Cu2+ and pyridine [10-11]. The red-brown complex is unstable, and the 

presence of several ions (e.g. Cl- and CN-) can interfere the analysis [8]. Therefore, to avoid such 

problems, the reaction of thiocyanate with pyridine and copper (II) ions was adopted to detect 
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thiocyanate (eq.2). The complex could be extracted in organic solvent phase to observe the content 

of green color complex. 

Cu2+  +  2SCN-  + 2Pyridine                Cu(SCN)2(Pyridine)2     ……….(2) 

Accordingly, toxic organic solvent was used in this method for thiocyanate determination. 

To overcome this drawback, a new approach is proposed in this research based on the combination 

of dithiocyanato dipyridine copper(II) [Cu(SCN)2(Py)2] complex onto solid to observe the color on 

solid by naked-eye and to detect thiocyanate at very low concentration without using toxic organic 

solvent. Amberlite XAD-7 polymer resin, a polyacrylic ester polymer, was selected as solid phase. 

It exhibits good physical properties such as porosity, uniform pore size distribution, and chemically 

homogeneous non-ionic structure. These properties have been shown to be good adsorbents for 

large number of uncharged compounds [12-13]. In this method, the material color changes from 

blue in the absence of thiocyanate to green in the presence of thiocyanate. This method was also 

applied to detect thiocyanate in water samples. 

MATERIALS AND METHODS 

stairetaM 

 All the chemicals were of analytical reagent grade. Copper(II) nitrate (Cu(NO3)2
 .2.5H2O) 

and pyridine reagent was purchased from Baker analyzed and Merck, respectively. Amberlite XAD-

7 resins and potassium thiocyanate (KSCN) were obtained from Sigma and Fluka, respectively. All 

solutions were prepared in de-ionized (DI) water. 

Preparation of Amberlite resins 

 Amberlite XAD-7 was stirred with methanol to eliminate some impurities for 15 minutes. 

After solid separation, DI water was added and continuously stirred for 5-10 minutes. Then the 

resins were filtered, dried at 80 oC and kept for further use. 

Colorimetric determination of Thiocyanate 

The resins surface was modified with copper-pyridine complex by adding 0.05 M of 

copper(II) solution (1.00 mL) and 0.10 mL pyridine onto resin (0.1 g). The mixture was stirred for 5 

minutes and then thiocyanate solution was added to copper-pyridine modified resins and stirred for 

1 minute. After discarding the solution, the solid was filtered onto a well-plate for color 

observation. The image of the solid was taken in the light studio box and imported into Image-J 

program, a free image processing and analysis software [14] for measuring the color intensity. All 

experiments were performed in triplicate. 

RESULTS AND DISCUSSION 

Colorimetric determination of Thiocyanate 

 The Amberlite XAD-7 was modified by adding Cu2+ and pyridine onto resin to form a 

copper-pyridine complex. After adding thiocyanate, dithiocyanato dipyridine copper(II) 

[Cu(SCN)2(Py)2] complex was formed and extracted on resins. Because Amberlite XAD-7 have a 

hydrophobic surface suitable for the adsorption of neutral [Cu(SCN)2(Py)2] complex. Therefore, the 

change of material color could be observed. The color on material changed from blue in the absence 

of thiocyanate to green in increasing thiocyanate concentration.  
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Figure 1 Absorbance spectrum of color resin in the presence of various thiocyanate concentration. 

 The presence of [Cu(SCN)2(Py)2] complex on Amberlite XAD-7 with difference amount of 

thiocyanate was characterized by a diffuse reflectance ultraviolet visible spectrophotometer (DR-

UV-Vis) in the range of wavelength from 400 to 800 nm. Fig 1 shows that the absorbance spectrum 

of material with the complex was shifted to shorter wavelength compared to that observed in the 

absence of thiocyanate. Moreover, the absorbance values increased when increased concentration of 

thiocyanate. 

Optimization of the condition 

The evaluation of those experimental parameters that have impact on the performance of 

determination is shown as followings. 

The effect of the time for the modification of copper-pyridine complex onto resins was 

investigated at 1, 5, 10, and 30 minutes as shown in Table 1. Based on the observation of color by 

naked-eyes, there was no distinguishable difference in color of complex on resin either using the 

extraction of 1, 5, 10 or 30 minutes. By using one-way ANOVA to compare the color intensities 

obtained at different extraction times, there was no significant difference in color intensities of the 

resins used in the determination of 0.20 mM thiocyanate (P = 0.976) or 2.5 mM thiocyanate (P = 

0.922) at the 95% confidence level (α= 0.05). As Amberlite XAD-7 structure show a moderate 

polarity due to carbonyl groups on surface, they could interact with polar copper-pyridine complex. 

Therefore, the extracting of the complex occurred rapidly on the resin surface. To shorten the 

analysis time, the time for thiocyanate complex extraction on the resins of 1 minute was selected.  

Table 1 Color of complex on Amberlite XAD-7 observed at the different time of modification 

(color intensity as blue values are given under each photo). 
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Table 2 The effect of sample volume. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 The volume of samples is one of an important variable affecting the  sensitivity of the 

detection. In this work, the sample volume was varied in the range from 1.00 to 15.00 mL as shown 

in Table 2. The use of sample volume of 15.00 mL provided a clear color change of complex on 

resin obtained in the analysis of different concentrations of thiocyanate. When the volume was low 

(1.00 and 5.00 mL), there was no color change on the resin despite an increase in thiocyanate 

concentration, indicating that the amount of thiocyanate was not sufficient to react with copper-

pyridine complex on the surface. Meanwhile, the application of sample volume of 10 mL gave the 

distinct color change at only high concentration of thiocyanate. Therefore, 15.00 mL of sample 

volume was chosen for the further experiments. 

Furthermore, the effect of detection time for observation of the color change on resins was 

investigated at 1, 5 and 10 minutes. Results in Table 3 show that there was no distinguishable 

difference in color of complex on resin. It indicated that the [Cu(SCN)2(Py)2] complex formation 

and extraction on the resin was rapid. Therefore, to faster the analysis, 1 minute of detection time 

was selected for thiocyanate determination. 

Selectivity test 

 The selectivity of the method was evaluated by testing the effect of several anionic species 

that can be found in water sample. Various anions, including Cl-, SO4
2-, NO3

-, F-, Br-, and I- (40 

mM) was individually added into sample containing 0.1 or 2.0 mM thiocyanate to obtain a binary 

mixture. The mixtures were used in the analysis and the results are shown in Table 4. It was found 

that the complex color on Amberlite XAD-7 resins obtained after the detection of 0.1 mM and 2.0 

mM thiocyanate were not significantly different in the absence and in the presence of these anions. 

The method is selective toward thiocyanate detection. 
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Table 3 The effect of time for thiocyanate determination. 

Detection time 

(minutes) 

Concentration of SCN- (mM) 

0 0.1 0.5 1 2 2.5 

1 

      

5 

      

10 

      

Table 4 Interference test with various anions. 

Analytical Performance 

Under the optimized conditions, the linear responses were obtained in the concentration of 

thiocyanate in the range from 0 to 2.5 mM as presented in Fig. 2. A distinct color change could be 

observed. The color intensity was measured by Image-J program in blue scale and used to plot 

calibration curve (Fig. 3). The material color changed from blue in the absence of thiocyanate to 

light blue and green with increasing thiocyanate concentration and therefore, the color intensities in 

blue scale decreased. 

          
           A             B              C              D              E              F 

Figure 2 Color of resin observed at different concentrations of thiocyanate, (A) 0 mM, (B) 0.2 mM, 

(C) 0.6 mM, (D) 1.0 mM, (E) 2.0 mM, and (F) 2.5 mM thiocyanate. 

 The calibration curve shows a good linear relationship with R2 = 0.9895. The limit of 

detection (LOD) was calculated at a signal-to-noise ratio at 3. Accordingly, a LOD of 0.05 mM was 

obtained for thiocyanate determination. These results show a potential of this method for the 

determination of thiocyanate in water samples.  
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Figure 3 Plot of intensity versus SCN- in the range of 0 - 2.5 mM. 

 In comparison with previously reported colorimetric methodologies [9,15], in terms of the 

detection limit and range of linearity. The linear range and limit of detection of developed method 

are comparable to the reported method. Moreover, the time consumption of this method is also 

better than the reported colorimetric method. 

Analysis of water samples 

 To evaluate the validity and the reliability of the proposed method in practical applications, 

the determination of thiocyanate in natural water, tap water, and drinking water were performed. 

The water samples were spiked with thiocyanate at two concentration levels and the recoveries were 

observed to evaluate the accuracy of the method. The results are shown in Table 5. The recovery 

values for the analysis of thiocyanate in samples were in the range of 99.1-102.3% with the relative 

standard deviations less than 1%. These results indicate that this method can be used for analysis of 

thiocyanate in real samples with acceptable accuracy and precision.  

Table 5 The application of the proposed method for analysis of thiocyanate in water samples. 

Sample Added amount 

(mM) 

Average 

(mM) 

Recovery 

(%) 

RSD (%, 

n = 3) 

Natural water 0.20 0.21 102.6 0.7 

1.00 1.02 102.3 0.2 

Tap water 0.20 0.19 99.7 0.6 

1.00 1.02 101.8 0.8 

Drinking water 2.00 0.19 99.1 0.5 

1.00 1.02 101.9 0.5 

CONCLUSION 

 In this work, a simple and selective method for thiocyanate determination based on the 

formation of dithiocyanato dipyridine copper(II) [Cu(SCN)2(Py)2] complex on resins was 

developed. The change of material color related to thiocyanate concentration could be clearly 

observed by naked-eye. By using camera and Image J program, the color intensities could be 

obtained and a standard calibration curve for determination could be constructed in the range of 0 to 

2.5 mM. This method was successfully applied to the determination of thiocyanate in real water 

samples with satisfactory results and the method would be useful for analysis of thiocyanate in 

other types of samples. 
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Abstract 

 Phenolic compounds are becomimg substances for health promoting. Tinospora crispa is a 

very rich in natural phytochemical especially, phenolic compound and possessed a broad range of 

pharmacological activities. In the present study, a complete randomize design with three replicate 

was used to evaluate the best extraction method for highest amount of crude extracts from T. crispa 

stem. The solution from extraction by 6 different solvents (aqueous, 50, 60, 70, 80 and 95% 

ethanol) with solid-to-solvent ratio of 1:6 were dried at 60 degree Celsius and weighted. The results 

showed that the crude extracts from 6 solvents were 9.35, 9.06, 8.37, 7.91, 6.50 and 5.65% base on 

dried T. Crispa, respectively. Extractant from aqueous extraction had evaporated for more than 5 

days, longest drying time and consumed highest energy than ethanol solvents, extraction by 50 and 

60% ethanol had evaporated for more than 3 days, 70% ethanol evaporated within 3 days while 80 

and 95% ethanol evaporated within 2 days but lower amount of crude extract. It can be concluded 

that extraction by 70% ethanol had high amount of crude extract and low energy consume. 

Therefore, the extraction of T. crispa crude extract by 70% ethanol was suitable to producing crude 

extract of T. crispa. 

Keywords: Tinospora crispa, phenolic compounds, extraction. 

INTRODUCTION 

Tinospora crispa, also known as Bora phet in Thailand is belongs to the Menispermaceae 

family which can grow widely in Southeast Asia and China and has been used as low cost 

alternative medicine for illnesses [1]. In present, T. crispa are popular used as herbal medicine and 

this herb has been used traditionally in the treatment of rheumatism, urinary disorder, fever, 

malaria, diabetes, internal inflammation, fractured, scabies, hypertension, reducing thirst, increasing 

appetite, cooling down the body temperature, and maintaining good health [2]. Phytochemical 

analyses of T. crispa revealed the presence of alkaloid, flavonoids, flavone glycosides, triterpenes, 

diterpenes and diterpene glycosides, cis clerodane-type furanoditerpenoids, lactones, sterols, lignans 

and nucleosides [2]. Numerous studies showed that the crude extract of T. crispa possessed a 

several of pharmacological activities such as immunomodulatory [3], antioxidant [4], antimalarial 

[5], cardioprotective [6], anti-diabetic activity [7] and cytotoxic activity [8]. Phenolic compound 

can be protected the plant against UV radiation, pathogen attack [9] and insect pests [10] which 

compose one of the most broad range groups of chemicals in the plant kingdom and more than 8000 

such compounds have been isolated and described [11]. It is know that herbal extract play a role in 

the prevention of extensive diseases. T. crispa crude extract increased CD4+ and CD8+ T 

lymphocytes in chickens [12] and T. crispa aqueous extract also possessed antibacterial activity 

against Escherichia coli [13]. Herbal extract had potential to against harmful effect of pathogens 

infections, decreased mortality in poultry and fast bacterial clearance from host [14]. Moreover, the 

dietary of T. crispa powder improved growth performance without any risks in broiler [15]. 
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Numerous studies suggest that T. crispa extract increasing animal production and 

immunomodulatory effect. The positive effect on growth performance in broilers may be attributed 

to active principles of T. crispa which promote the health of animal, increased feed consumed and 

improved feed efficiency. Therefore, T. crispa crude extract could be used as an alternative animal 

feed additive from nature for replacing some part of antibiotics, activating immunomodulatory, 

increasing and improving livestock production. However, there are many techniques to extraction 

from plant such as soxhlet extraction, maceration, supercritical fluid extraction, subcritical water 

extraction and ultrasound assisted extraction. Not only extraction method which effect on extraction 

yield but also the solvent used for extraction. The solvent characteristic and temperature are the 

most important parameter that usually have the greatest impact on the bioactive compounds extract 

from herb material. In general, aqueous and alcohol solutions have a difference influence on the 

extractability of phenolic compound. The extraction is selected in according with the purpose of 

extraction such as the natural substances, the physicochemical properties, availability of reagent and 

equipment, cost and safety concerns [16]. The amount of crude extract depends on the polarity 

solvent, pH, temperature, extraction time and sample composition [17]. Under the same extraction 

time and temperature, solvent and sample composition are known as necessary parameters [17]. The 

aim of this study is evaluation of T. crispa extraction by using difference solvents and find out the 

lowest cost and energy consumed of extraction to determine the best solvents to producing in the 

large scale industries. 

MATERIALS AND METHODS 

Plant Materials 

T. crispa stems were harvested from T. crispa plants, which growing under natural 

environment in Mae La Noi district, Mae Hong Son province, Thailand.  

T. crispa Stem Extraction 

 Mature stems of T. crispa were collected and washed with tab water, cut into 2-3 cm and 

dried under the sun for one day and dried at 60 degree Celsius by hot-air oven for 4 days or until the 

stems were perfectly dried. The dried stems (Figure 1a) were ground with hammer mill. The 

particle size of T. crispa was about 2 mm of diameter. (Figure 1b) 

Ground T. crispa stems were randomly divided into 6 difference solvents (aqueous, 50, 60, 

70, 80, 95% ethanol) 3 replication each with solid-to-solvent ratio of 1:6 at room temperature for 24 

hours and shook with orbital mixer incubator at 25 degree Celsius, 250 rpm for 4 hours and filtered 

with cheesecloth. Solvent from each solvent was dried under 60 degree Celsius by hot-air oven. The 

crude extracts and drying time were evaluated. 
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  a         b 

Figure 1. Dried T. crispa stem (a); ground T. crispa (b) 

Statistical analysis 

The mean values and the standard deviations were calculated from the data obtained from 

the experiment in the triplicates. The data were analyzed by one-way analysis of variance 

(ANOVA) at 5% level of significance and Duncan Multiple Range test (DMRT) as post-hoc test.  

RESULTS AND DISCUSSION 

The percentage yield of T. crispa crude extract obtained from six different concentrations of 

aqueous and ethanol (50, 60, 70, 80 and 95%) presented in Figure 2. It showed that the amount of 

crude extract was increasing when decreasing concentration of ethanol in the solvent solution. The 

highest amount of crude extract was observed when extraction by aqueous, 50 and 60% ethanol 

(P<0.05) while the lowest amount of crude extract was observed when using 80 and 95% ethanol 

(P<0.05). Extraction by 50, 60 and 70% ethanol were no significance (P>0.05) but extraction by 

70% ethanol was lower than extraction by aqueous, 50 and 60% ethanol and higher than 80 and 

95% ethanol (P<0.05)  

These results indicate that increasing the water concentration in the solvent enhances 

extraction percentage yield. Compounds other than phenolic compound may have been extracted 

and contribute to higher yield. This may be attributable to increase solubility of proteins soluble and 

carbohydrates soluble in water than in ethanol [17]. This result similar with extraction by aqueous, 

acetone, ethanol and methanol. They found that the aqueous extract contained the highest yield of 

dry matter [18]. 

The drying time of solutions from different solvents are presented in Table 1. The drying 

time of extraction by aqueous had evaporated for more than five days, longest drying time and 

consumed highest energy among the ethanol solvents. The extraction by 50 and 60% ethanol had 

evaporated for more than three days, 70% ethanol had evaporate within three days while 80 and 

95% ethanol had evaporated within two days, shortest drying time and lowest consumed energy but 

these solvents also had low percentage yield of crude extract. 
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Figure 2. Percentage of crude extract from difference solvents. 

Table 1. Effect of different solvents on drying time. 

Solvent Drying time (Days) 

Aqueous > 5 

50% Ethanol > 3 

60% Ethanol > 3 

70% Ethanol 3 

80% Ethanol 2 

95% Ethanol 2 

CONCLUSION 

Base on the result, it were concluded that extraction by distilled water had highest crude 

extract but extractant from 70% ethanol had high amount of crude extract and low energy consume. 

Therefore, the extraction of T. crispa crude extract by 70% ethanol is suitable method. 
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Abstract 

 The culture hybrid catfish (Pangasius larnaudii X Pangasianodon hypophthalmus) were fed by 

three levels of fish oil (FO) supplement in fish feed (control, 1% FO, and 2% FO) in 4 months. The best 

result of growth in terms of weight gained, average daily growth (ADG), feed conversion ratio (FCR) 

were obtained from fish feed supplemented with 1% FO significantly different (p<0.05). Moreover, 

reproductive index such as 17 β-estradiol (female) 1,577±5.26 pg/ml and  testosterone (male) 3.28±0.41 

ng/ml were higher than the control (1.97±0.23, 113.12±43.33 pg/ml and 2.56±0.95 ng/ml, respectively 

(p<0.05). The oocyte and spermatocyte stage of fish fed with 1% FO and 2% FO were developed better 

than control. However, fish flesh qualities (nutrition composition and color) of all groups were not 

significantly different (p>0.05). This study could be summarized that fish oil supplemented in fish feed 

increased growth and reproductive index abilities of hybrid catfish. Therefore, this result could be 

supported the demand of hybrid catfish aquaculture. 

Keywords: hybrid catfish, fish oil, growth, fish flesh qualities, reproductive index. 

INTRODUCTION 

The aquaculture industry generated a large amount of income into Thailand, especially the 

frozen fish fillet and other processed foods. The production and export of frozen fish fillet products has 

been growing. In processing of frozen fish fillets, there are a lots of by-products such as bone, fat, 

visceral and skin. The fish oil was consumed as a supplement or used in the animal feed industry. 

Mainly imported from marine fish oil and expensive. Therefore, the freshwater fish oil is used as a fish 

feed supplement for increase growth, reproductive and fish flesh qualities. By-product of the freshwater 

fish are processing with value added and the reduction of waste from the aquaculture industry as well. 

 From previous study fish oil of Maejo Buksiam hybrid catfish (Pangasianodon gigas X 

Pangasianodon hypophthalmus) contain saturated fatty acids (13.83 g/100g) and unsaturated fatty acids 

(81.17 g/100g). Moreover, it has omega 3, 6 and 9 as 0.73, 8.42 and 42.28 g, respectively. The 

unsaturated fatty acids (HUFAs), such as docosahexaenoic acid (DHA, 22:6n-3), eicosapentaenoic acid 

(EPA, 20:5n-3), and arachidonic acid (ARA, 20:4n-6), was required by fish for their normal growth and 

reproductive [1]. The appropriate amount of fat in fish feed should not exceed of 12% [2]. There was 

reported catfish with 1.5% fish oil supplemented feed increased growth performances, reduce the stress 

of oxidation and caused the fish to withstand unsuitable environments [3]. The study proximated 

composition of different part (dorsal, ventral and lateral line) of Mekong giant catfish (Pangasianodon 

gigas) had protein, fat and ash content in average 16.88, 4.45 and 1.24 g/100 g, respectively. Fillet color 

was lightness (L* value), redness (a* value) and yellowness (b*value) in average 51.40, 14.55 and 

25.83, respectively [4]. In terms of reproduction performance in male European sea bass (Dicentrarchus 

labrax, L.) fed two commercial pellet diet enriched polyunsaturated fatty acid (PUFAs) during the 

reproductive season it found that the reproductive performance and survival rate were enhanced better 

than wet diet [5].  

http://www.e-manage.mju.ac.th/person_detail.aspx?pid=MzY1OTkwMDA1NzUyOQ==
mailto:kriang1122sak@gmail.com
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At present no reported research can establish brood stock and marketable fish by using feed 

supplement with fish oil. Therefore, the aimed of this study was to investigate the growth performance, 

fish flesh qualities and reproductive index of the hybrid catfish (Pangasius larnaudii X Pangasianodon 

hypophthalmus). 

MATERIALS AND METHODS 

Fish and experimental 

The hybrid catfish (Pangasius larnaudii x Pangasianodon hypophthalmus) of 1 year old with 

average weight of 1.54 kg were reared 4 months (April to August of 2017, spawning season ) in 4x3x2 

meter cages (15 fish/cage). The nutrition analysis of the three feed formulas were moisture, ash, protein, 

crude fiber, fat and carbohydrate based on AOAC [6]. The fish were fed daily on pellet feed containing 

30% protein at 3% of their body weight. The three replications of three treatments were fed with diets 

containing three different levels of fish oil (FO): 0%, 1%, and 2%). Completely randomized design 

(CRD) were used in the experiments. 

Formulation and Proximate fish feeds 

Table 1. Formulation and proximate composition of the experimental diets (% air dry basis). 

 Control 1% FO 2% FO 

Ingredients    

   Fish meal 15 15 15 

   Soybean meal 37 37 37 

   Broken-milled rice 32 27 26 

   Rice bran 15 20 20 

   Vegetable oil 1 0 0 

   Fish oil 0 1 2 

   Energy (Kcal/g) 406.4 408.5 413.8 

Proximate composition    

   Moisture  8.97 8.94 9.45 

   Ash 6.99 7.14 6.70 

   Protein 32.53 33.37 31.59 

   Crude Fiber 8.13 8.74 8.73 

   Fat 6.02 5.82 6.52 

   Carbohydrate 37.36 35.99 37.01 

Growth Performance 

The body weight of 15 fishs/treatment were recorded; growth was described using five 

parameters: weight gain (WG), average daily gain (ADG), feed conversion rate (FCR), food conversion 

efficiency or food efficiency (FCE), and survival rate (SR). The following formulae were used to 

calculate these parameters: 

Weight gain (WG) = final weight-initial weight 

Weight Average daily gain (ADG) = final weight-initial weight/days 

Food conversion efficiency or food efficiency (%FCE) = (weight gain x 100/days) 

Feed conversion ratio (FCR) = total feed (g)/weight gain (g) 

Survival rate (SR) = initial fish number x 100/ final fish number 
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Reproductive index  

1. Gonad histology the ovaries and testes were removed from three females and three males in 

August 2017. The ovary and testis samples were fixed in a solution of 10% formalin. Fixed ovaries were 

then dehydrated with a graded series of ethanol solutions, and embedded in paraffin wax. Sections 4 μm 

thick were stained with haematoxylin and eosin. The oocytes and spermatocytes stages were determined 

under light microscope at magnification levels of 40x and 100x [7].  

2. Gonadosomatic index (GSI), nine male and nine female fish were randomly sampled. The 

body weight and gonad weight of all the fish were measured using a digital scale. The GSI of the 

ovaries and testis were calculated using the following equation, Gonadosomatic index (%GSI) = gonad 

weight x 100/body weight [7]. 

3. Blood samples were collected from the caudal vein of each fish. One-milliliter blood samples 

were centrifuged at 10,000 rpm for 5 minutes and the serum was stored at -80 0C. Three samples of 17β-

estradiol and testosterone were measured by an electro-chemiluminescence immunoassay analyzer.  

Fish flesh qualities (Sized 1.78 kg/fish) 

1. Proximate analysis of fish flesh includes protein, fat, ash, moisture and fiber based on AOAC 

[6], were used 3 fish/ treatments. 

2. Fatty acid profile of fish oil by GC (Gas-chromatography) based on AOAC [8]. 

3. Meat color was analyzed the color measuring tool of Chroma Meter CR-400 (KONICA 

MINOLTA, Japan), were used 3 fish/ treatments. The meat color measuring was used with the L* a* b* 

color system (CIELAB). L* is the brightness, a* is in the red color trend and +b* is in the yellow color 

trend. 

Statistical Analysis 

The data were expressed as mean ± standard error (S.E.) and analyzed via one-way analysis of 

variance (ANOVA). In case of significant differences (p<0.05), the Tukey honest significant difference 

(HSD) post hoc test was applied and using SPSS version 17. 

RESULTS AND DISCUSSION 

Fatty acid composition in fish oil 

The fatty acid composition in crude oil of Maejo Buk Siam hybrid catfish (Pangasianodon gigas 

x Pangasianodon hypophthalmus,) were saturated fat 13.83 g and unsaturated fats 81.17 g, Omega 3, 6 

and 9 fatty acids were 0.73, 8.42 and 42.28 g, respectively (Table 2). 

Growth performance 

Growth performance of hybrid catfish in fish feed supplemented with 1% FO differences with 

the control (Table 3). It displays that the effects of four semi-purified feed has the source of fatty acids 

(oleic, linoleic, cod liver oil and soybean lecithin) on the growth of juvenile South America catfish 

(Pseudoplatystoma faciatum) for 2 months. It found that soybean lecithin was the highest growth and 

contained lowest lipid level. Arachidonic acid level significantly higher in muscle and liver of fish fed 

with oleic and linoleic acid feed than fed with soybean lecithin diets [9]. 
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Table 2. Fatty acid composition in fish oil of freshwater hybrid catfish (Pangasianodon gigas x 

Pangasianodon hypophthalmus). 

Fatty acid composition (g/100g) Crude oil 

Lauric acid (C12:0) 1.35 

Myristic acid (C14:0) 5.84 

Pentadecanoic acid (C15:0) 0.10 

Heptadecanoic acid (C17:0) 0.14 

Stearic acid (C18:0) 5.97 

Arachidonic acid (C20:0) 0.10 

Behenic acid (C22:0) 0.08 

Lignoceric acid (C24:0)  

Saturated fatty acid 13.83 

cis-10-Pentadecenoic acid (C15:1n10) 30.74 

Palmitoleic acid (C16:1n7) 2.29 

cis-10-Heptadecenoic acid (C17:1n10) 0.01 

Trans-9-Eladic acid (C18:1n9t) 0.25 

cis-9-Oleic acid (C18:1n9c) 42.27 

cis-11-Eicosenoic acid (C20:1n11) 0.99 

Erucic acid (C22:1n9) 0.02 

Monounsaturated fatty acid 76.64 

cis-9,12-Linoleic acid (C18:2n6) 7.07 

gamma-Linolenic acid (C18:3n6) 0.32 

-Linolenic acid (C18:3n3) 0.41 

cis-11,14-Eicosadienoic acid (C20:2) 0.31 

cis-8,11,14-Eicosatrienoic acid (C20:3n6) 0.52 

cis-11,14,17-Ecosatrienoic acid (C20:3n3) 0.01 

Arachidonic acid (C20:4n6) 0.51 

cis-13,16-Docosadienoic acid (C22:2) 0.07 

cis-5,8,11,14,17-Eicosapentaenoic acid (C20:5n3) 0.10 

4,7,10,13,16,19-Docosahexaenoic acid (C22:6n3) 0.02 

Polyunsaturated fatty acid 9.52 

Unsaturated fatty acid 81.17 

n-3 fatty acid 0.73 

n-6 fatty acid 8.42 

n-9 fatty acid 42.28 
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Table 3. Growth performance of hybrid catfish at 4 months. 

Growth performance Control 1% FO 2% FO 

Initial weight (kg) 1.57±0.06a 1.48±0.03a 1.57±0.08a 

WG (g/fish) 185.88±43.35a 354.90±37.27c 234.27±55.72b 

ADG (g/fish/day) 1.68±0.48a 2.96±0.31b 2.60±0.62b 

FCR 3.47±0.17b 3.00±0.07a 3.20±0.05ab 

FCE (%)  29.96±0.98a 33.41±0.75b 31.23±0.51ab 

SR (%) 100.00±0.00a 100.00±0.00a 100.00±0.00a 

Display value is mean ± Standard error (SE), n = 45. 
a, b, c means with different superscript in a row was significantly different (p<0.05). 

 

Figure 1. Hybrid catfish (Pangasius larnaudii X Pangasianodon hypophthalmus) from different level 

of fish oil supplemented in fish feed. 

Fish flesh qualities 

From table 4 proximate composition of fish flesh was not significantly different (p> 0.05) 

protein (18.95-19.51%) and fat (4.37-5.79%). From table 5 fish flesh color hybrid catfish of three 

treatments were not significantly different (p> 0.05). The average values of  L*, a* and b* were 51.77, 

24.72 and 8, respectively. A observation was reported by Chaijan et al [4] protein, fat and color (L*) of 

fish flesh Mekong giant catfish (Pangasianodon gigas) were 19%, 4.45% and 51.40, respectively [4]. 

Table 4. Proximate composition of the fish flesh of hybrid catfish at 4 months (% dry matter basis). 

Proximate composition (% ) Control 1% FO 2% FO 

Moisture 23.98±1.86a 24.87±1.03a 24.11±1.55a 

Ash 1.23±0.24a 1.09±0.27a 1.08±0.38a 

Protein  19.27±2.85a 18.95±3.73a 19.51±4.45a 

Fat  4.74±3.17a 5.79±3.45a 4.37±4.57a 

Display value is mean ± Standard error (SE), n = 9. 
a no means with different superscript in a row was significantly different (p>0.05). 

  

1% FO 

2% FO 

Control 
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Table 5. Fish flesh color of hybrid catfish at the culture fish feed 3 groups. 

Fish flesh color Control 1% FO 2% FO 

L* 50.77 ± 1.30a 52.36 ± 0.95a 52.17 ± 1.56a 

a* 24.80 ± 0.86a 24.79 ± 0.66a 24.57  ± 0.47a 

b* 8.03 ± 0.41a 7.86 ± 0.06a 8.10  ± 0.14a 

Display value is mean ± Standard error (SE), n = 18. 
a, b, c means with different superscript in a row was significantly different (p<0.05). 

From table 6 during spawning season the reproductive of fish feed with 1% FO supplemented in 

17 β-estradiol 1,577.00 ± 5.26 pg/ml and testosterone 3.28 ± 0.41 ng/ml  were higher than other 

treatment group (p<0.05). However, the reproductive index (GSI) was not significantly different 

(p>0.05) but better than control. According to Sutthi et al. [10], As stated, reproductive performance in 

F2 catfish hybrid (Pangasianodon gigas x P. hypophthalmus) with normal fish feed had highest 

testosterone 1.33±0.35 ng/ml and 17 β-estradiol 49.05±8.60 pg/ml. As previous study the nine-year old 

female P. gigas were cultured in earthen ponds showed the highest levels of 17β-estradiol, at 

47.28±37.28 pg/ml but the fish was not reached sexual maturation [11]. It can conclude that fish oil was 

enhanced precursor of the master steroid hormone (prostaglandin) [12]. The oocyte stage of fish feed 

with 1% FO and 2% FO had migrating germinal vesicle (MGV) and germinal vesicle breakdown 

(GVBD) better develop more than control (Figure 3). Rojtinnakorn and Thepnarong [13], reported that 

the oocyte stage of the Pangasianodon hypophthalmus were in 4 stages, stage 1 central germinal vesicle 

(CGV) stage 2 migrating germinal vesicle (MGV) stage 3 peripheral germinal vesicle (PGV) stage 4 

maturation (germinal vesicle breakdown, GVBD). It was reported by Mengumphan et al. [11]. The 

spermatocyte of testis was found that spermatid (SD) and spermatozoa (SZ) higher in treatment 2% fish 

oil than 1% and control (Figure 4). Similar results were obtained for the following Sutthi et al. [10]. In 

terms of the male hybrid F2 catfish histology found spermatids, and spermatozoa during spawning 

season. 

 

Figure 2. Meat color from different level of fish oil supplemented in fish feed. 

Table 6. Valuation estradiol hormone and gonadosomatic index (GSI).  

Maturity Control 1% FO 2% FO 

17 β-estradiol (pg/ml) 113.12 ± 43.33c 1,577.00 ± 5.26a 694.60 ± 3.10b 

Testosterone (ng/ml) 2.56 ± 0.95ab 3.28 ± 0.41b 1.73  ± 0.34a 

GSI 1.97±0.23a 3.34±1.07a 4.42±1.28a 

Display value is mean ± Standard error (SE), n = 9. 
a, b, c means with different superscript in a row was significantly different (p<0.05).  

     1% FO   2% FO Control 
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Figure 3. The oocyte stage of hybrid catfish (Pangasius larnaudii X Pangasianodon hypophthalmus) 

(40x) consisting of primary growth phase (PG), central germinal vesicle (CGV), migrating germinal 

vesicle (MGV), germinal vesicle breakdown (GVBD) and germinal vesicle (GV). 

 
Figure 4. The spermatocyte of hybrid catfish (Pangasius larnaudii X Pangasianodon hypophthalmus) 

consisting of spermatogonium (SG), spermatocyte (SC), spermatid (SD) and spermatozoa (SZ). 

CONCLUSION 

The results of this study the hybrid catfish (Pangasius larnaudii X Pangasianodon 

hypophthalmus) treated with feed supplemented with 1% FO had ADG  highest (2.96 ± 0.31 g/fish 

/day).The GSI, 17 β-estradiol and testosterone levels (3.34±1.07, 1,577 pg/ml and 3.28 ng/ml ), of fish 

fed with 1% FO were the highest. Moreover, the oocyte stage and spermatozoa  were developed better 

than control. However, feed supplemented with fish oil did not affect the fish flash quality and color of 

hybrid catfish. 
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Abstract 

 This research presents the microstructures and mechanical properties for partial replacement 

of cement with kaolin waste (KW) and using natural rubber latex as an admixture. Ordinary 

Portland cement was partially replaced with kaolin waste 15% by weight of cement. The natural 

rubber latex used in this research were 10, 20 and 30% by weight of cement. Nonionic surfactant 

was added in cement before mixed with natural rubber latex (2% by weight of cement). The 

specimens were packing into an iron mold sample size 4×4×16 cm3. Then, the specimens were kept 

at room temperature for 24 hours and were moist cured in the water bath at 28 days. After that, the 

microstructures were examined by scanning electron microscopy (SEM). The phase formation was 

characterized by X-ray diffraction (XRD) techniques. The compressive strength and flexural 

strength were also investigated. From the results, the optimum compressive and flexural strength 

were obtained with the percentages of cement replaced by 15% kaolin waste and 30% natural 

rubber latex addition were 45 N/mm2 and 4.938 N/mm2 respectively. 

Keywords: Cement paste, Kaolin waste, Natural Rubber Latex, Flexural strength 

INTRODUCTION 

Nowadays, the cement industry is focused on looking for new supplementary cementing 

materials with an important research interest, particularly from industrial wastes. It is well known 

that active supplementing improves some qualification of cement; especially those related to 

mechanical strength and durability [1-3]. Metakaolinite is one of the most studied for 

supplementary cementitious materials and it is normally obtained from kaolinite activation, through 

dehydroxylation. This product shows good pozzolanic activity and improves the properties of 

cement materials. The possibility of using these clay wastes in the manufacture of cementitious 

materials was if these wastes are activated, they transformed themselves into highly pozzolanic 

materials, close to Metakaolinite from natural kaolinite and similar to silica fume in pozzolanic 

activity [4-5].  

Currently, many researchers have been effectively developed various kinds of polymer and 

latex, e.g., styrene-butadiene rubber (SBR), poly(vinyl alcohol) (PVA), epoxy, polyacrylate (PA), 

and natural rubber late or para rubber for utilizing in construction materials or cement-based 

materials such as for use in mortar or pavement, due to their excellent properties compared to 

conventional cement mortar or concrete [6-7]. Especially gives the approval to improve important 

properties of fresh and hardened mortars and concretes such as flexural strength, cohesion, and 

adhesion [8-9].  
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Therefore, the objective of this research is to study the effect of natural rubber latex from 

para-rubber as an admixture for improving the flexural strength of kaolin waste as partial 

replacement of cement in ventilator blocks, paving blocks and interlocking block applications. 

MATERIALS AND METHODS 

Materials 

The kaolin waste (KW) used for this research came from a Ceramic Industry (Apichoke 

Limited Partnership, Lampang Thailand), which processes primary kaolin, produces two types of 

wastes. The first type derives from a separation of sand from ore and the second type of waste 

results from wet sieving to separate the finer fraction and purify the kaolin. The kaolin waste was 

sieved size, dried and ground for 180 minutes. The chemical and mineralogical composition is 

shown in Table I. A commercial ordinary Portland cement (OPC) type I was used as a reference. 

The chemical and mineralogical composition of the kaolin waste and cement are shown in Table I. 

Methods 

The blended cement was prepared by replacing 15% by weight of the cement by a kaolin 

waste. The natural rubber latex (NRL) were added in this research were 10, 20 and 30% by weight 

of cement. Nonionic surfactant was added in cement before mixed with natural rubber latex (2% by 

weight of cement). Optimum water to cement partially replaced with kaolin waste ratio equal 0.325. 

The specimens were packing into an iron mold sample size 5x5x5 cm3 and 4×4×16 cm3. Then, the 

specimens were kept at room temperature for 24 hours and were moist cured in the water bath at 28 

days. 

Characterization 

Chemical characterization was carried out by X-ray fluorescence (XRF), Phase formation 

was studied by X-ray diffractometer (XRD). Morphological characterization was done using a 

scanning electron microscopy (SEM)and the compressive strength and flexural strength were also 

investigated by using the universal testing machine. 

Table 1 Chemical characterization of raw materials by X-ray fluorescence. 

Raw 

materials 

Oxide composition 

Al2O3 SiO2 P2O5 K2O CaO Fe2O3 ZrO2 TiO2 MgO LOI+ SO3 

Portland 

Cement 
1.77 12.101 0.38 0.708 76 4.750 0.052 0.244 0.321 3.51 

Kaolin 

waste 
12.658 74.967 0.898 5.411 0.302 1.815 0.039 < 0.01 < 0.01 3.26 

RESULTS AND DISCUSSION 

The cement properties were investigated after 28 days of curing shows the mineralogical 

compositions of the OPC and the kaolin waste blended cement pastes with NRL addition (Fig.1). A 

majority component of anhydrous cement, Alite (A) was still present after 28 days of curing, while 

with less intensity. Portlandite (CH) was produced due to the hydration of cement compounds, 

mainly C3S and C2S. The hydration of C3A present in the cement paste results in calcium aluminate 

hydrates, C4AH13.  In addition, the KW blended cement hydration produced similar hydration 

phases as reference cement paste, following portlandite and CSH gel. Moreover, the X-ray 

diffraction patterns of NRL exhibited rubber’s characteristic peaks at around 18.  
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Fig. 1. XRD patterns of hydrated OPC and KW blended cement at 28 days, KW powder and NRL. 

 

Fig.2 SEM micrograph of kaolin waste blend cement (a) and kaolin waste blend cement with 

natural rubber latex addition with 10% (b), 20% (c) and 30% (d)by weight of cement. 

 Scanning electron microscopy was used to study the microstructure of kaolin waste blend 

cement and kaolin waste blend cement with natural rubber latex addition. Fig. 2(a) showed the 

microstructure of kaolin waste blend cement (15% by weight of cement) after the hydrated age of 

28 days. The kaolin waste blend cement was less porous, this suggests that kaolin waste contributed 

to produce a denser microstructure in cement paste due to its micro filling ability and pozzolanic 

activity [10]. 

 Micrographs of a fracture surface of a kaolin waste blend cement with natural rubber latex 

addition with 10%, 20% and 30% by weight of cement were shown in Fig. 2(b-d). The porosity and 

cracks were found between the hydration product due to the nonionic surfactant. However, the 

microstructure of kaolin waste blend cement with 30% by weight of cement the hydration products 

(c) (d) 

(b) (a) 

CH 

CSH 

Ettringite 
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were not found but the surfaces may appear to be smooth due to NRL full filled the porosity and 

good flexural strength. Moreover, the fracture surface shows a bulk region and the NRL phase have 

not been pulled out. Continuance is observed in the natural rubber cement interface indicating the 

better adhesion of these rubbers to the cement [11]. The values of compressive strength for PC–KW 

system are presented in Fig 3(a). The highest compressive strength of the percentages of cement 

replaced by 15%KW at curing age 28 days were 45 N/mm2. Kaolin waste which contains an 

amount of silica and aluminum oxide, as in cement, is important as a minor cement substitute. The 

major and the most important mineral content of Portland cement are the calcium silicates, C3S and 

C2S. When water is added to cement, the hydration starts topically and showed a product of cement 

hydration which was calcium silicates hydrate (CSH) and calcium hydroxide (Ca(OH)2) [9,12]. In 

the second stage, the lime reacts pozzolanically with the KW and produces additional hydration 

products of a fine pore structure. SiO2 will combine with the released Ca(OH)2 which contains more 

calcium silicates hydrate (CSH). The pozzolanic reaction maybe following [13]:  

   3Ca(OH)2 + SiO2 =3CaO ⋅ SiO2 +3H2O (CSH) 

Moreover, there are two properties that comprise the activity of KW as an additive: chemical 

activity (usually pozzolanic) and micro filler effect (particle reinforced) [14]. From fig. 3(b), the 

best flexural strength results which were obtained with the condition of 30% natural rubber latex by 

weight of cement at curing age 28 days were 4.938 N/mm2. Natural rubber latex is primarily 

because of the unique characteristics of NR latex, such as high strength, flexibility, and elasticity 

[12,15].

 

Fig.3 Showed (a) compressive strength of cement paste and KW blended cement (15%), (b) flexural 

strength of kaolin waste blended cement with NRL addition. 

CONCLUSION 

From the results, it can be concluded that the partial replacement of cement by kaolin waste 

(by use of 15% by weight of cement) has a good influence on the compressive strengths of the 

cement paste. The flexural strength of kaolin waste blend cement could be improved by the addition 

of Natural rubber latex (NRL). However, the improvement in flexural strength due to NRL addition 

seems to be moderate and there is the possibility of developing high strength blend cement using 

suitable pozzolan materials. 
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Abstract 

 Evaluation of special rice genotypes helps breeders in the identification of useful traits that 

could be used from selecting superior genotypes or as source of genetic variability that could be 

exploited for present and future breeding programs.  Six special rice varieties/lines namely CL-1, 

Dujali Black, Porac-1, Blonde Red, Luna Red and CLH10-3-4 were evaluated to determine the 

agronomic and yield components and to characterize their grain physical attributes and milling 

qualities. The evaluation was undertaken during dry season (December 2016 to April 2017) and was 

done under irrigated lowland condition at the Research Experimental Station, CLSU. It was 

revealed that most of the special rice varieties/lines were matured early (104-112 days). All 

varieties/lines were short to intermediate type (83.9-128.1 cm). More productive tillers were 

produced from Blonde Red (19 tillers). Longer panicle was measured from CL-1 with 26 cm. 

Highest percent spikelet fertility was recorded from Blonde Red (84.7%), Dujali Black (84.6%) and 

Porac-1 (84.1%).  In terms of 1000 grain weight, Luna Red produced heaviest grains of 30.3 g. 

Grain yield was highest in Dujali Black (6.2 t/ha), CL-1 (5.9t/ha), Porac-1 (5.8t/ha) and Blonde Red 

(5.8t/ha).  In terms of grain quality, CL-1 and CLH10-3-4 produced long-slender type of grains 

while Porac-1, Blonde Red, Luna Red and Dujali Black were identified with wider grains of 2.3, 

2.3, 2.3 and 2.2 mm, respectively. All the varieties/lines had higher translucent grains. Milling 

recovery in terms of percent brown rice (76%), milled rice (70%) and head rice (35%) were highest 

in Blonde Red. 

Keywords: agronomic, genotypes, irrigated lowland, special rice. 

INTRODUCTION 

 Rice is classified in terms of grain color which ranges from various shades of white, brown, 

red, pink, purple and black. Most common varieties of rice have white pericarp and are commonly 

consumed by humans. On the other hand, pigmented rice, which belongs to special rice varieties, 

contains pigments in the aleurone layer composed of mixture of anthocyanins [1]. This special rice 

is considered as enriched rice for taste and health benefits due to the presence of anthocyanins [2]. 

Numerous studies on special rice have been reported to have anti-viral, anti-allergic, anti-

inflammatory, anti-tumor and anti-oxidant activities. Although, this special rice is becoming more 

popular recently and it is consumed as functional food due to health benefits. Cultivating this rice 

faces some problems including low yield potential and limited seeds in the market. Moreover, local 

farmers and consumers are not familiar with available varieties for cultivation. 

 In the Philippines, a kind of special rice (pigmented and scented rice) is less studied 

compared to ordinary rice (white). Therefore, information on special rice genotypes with regards to 

agronomic and some grain quality traits are very limited. Further information to be generated in this 
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study are necessary to produce and process quality rice for health conscious consumers and to 

formulate meaningful breeding strategy for developing improved genotype of special rice with 

superior grain quality. 

Central Luzon State University (CLSU) introduced different special rice varieties/lines and 

produced advanced lines from hybridization. Most of the characterizations were focused on 

morphological and agronomic characteristics. However, less research on characterization of the 

grain qualities has been done. Since, special rice is consumed for health purposes, it is quite 

imperative to evaluate unique characteristics of some introduced special rice varieties/lines grown 

under irrigated lowland condition. Information that can be gathered in this study can offer to 

consumer in the right variety/line and processing in order to retain functional and nutritional values 

of this type of rice. It will also help breeders for characterization of improved lines and may aid in 

their further utilization of special rice. By clearly identifying grain quality characteristics, rice 

breeders can target ideal attributes of special rice that are economically significant in crop 

improvement. 

MATERIALS AND METHODS 

Planting Materials 

Different varieties/lines of special rice that were used for agronomic, yield and grain quality 

characterization are in the list: CL-1 (Basmati 370), Dujali Black, Porac-1, Blonde Red, Luna Red 

and CLH10-3-4. The Basmati 370 originated from India and acquired from the International Rice 

Research Institute, Philippines while the other varieties/lines came from the germplasms collection 

of Research Office, Central Luzon State University. 

Land Preparation 

A total area of 532.5 m2  under wetland cultivation was used for this study. Soil samples 

were taken randomly for analysis of organic matter, N, P, K, soil pH and zinc. Land preparation was 

done by plowing and harrowing twice before transplanting after which the area was leveled 

properly. 

Experimental Design 

Field experiment was laid-out following the Randomized Complete Block Design (RCBD) 

with 3 replications. Area was divided into three blocks representing replications; blocks were 

further divided into six plots measuring 4 x 5 m for each variety. Each block was spaced 1m, while 

between plots was 0.5m. 

Raising of Seedlings 

Special rice seeds of 250 grams of each variety were packed separately in net bags and were 

soaked in clean tap water for 24 hours. After soaking, water was drained and seeds were placed in 

net sack for incubation at 35-40 ˚C for 12 hours. Seeds were kept moist by sprinkling water when 

necessary and turned every 3 hours until germinated. After incubation, the pre-germinated seeds 

were spread evenly in each seedbed measuring 0.75 m wide and 2 m length with soil medium 

consisting of one part each of garden soil, organic fertilizer and carbonized rice hull (1:1:1). The 

seedbed was then covered using net to protect seeds from rats and birds. 
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Transplanting 

Fifthteen day old seedlings were transplanted at a distance of 20 x 20 cm, 2-3 seedlings per 

hill. Re-planting within 3-5 days after transplanting (DAT) was done whenever missing hills were 

observed to complete plant population for each variety per plot. 

Water Management 

Plots were irrigated by flooding method. Water level was maintained at depth of 2-3 cm for 

14 DAT, and increased to 5-10 cm for the whole growth and development of plants. Seven to ten 

days before harvesting, irrigation was terminated to prevent lodging and to harden soil for ease in 

harvesting. 

Fertilizer Application, Weed Management, Pest and Disease Control 

Recommended fertilizer rate of 120-30-30 kg of N- P2O5- K2O /ha was applied in split 

applications. Half of N and all phosphorus and potassium were applied at 10 DAT. Second 

application of the remaining nitrogen was applied at 45 DAT. Weeds in the experimental area were 

managed using combination of chemical and manual weeding. Molluscide (Methaldehyde) was 

sprayed at the experimental plot immediately after transplanting for the control of golden apple 

snail following recommended dose of 10 g per 16 liter of water. Control of insects was employed 

using insecticides during the vegetative and reproductive stages. Fungicides like Score and Amistar 

were also applied following recommended dose of 30-40 ml per 16 liter of water. 

Harvesting, Threshing, Drying and Storing 

Harvesting was done when 80-85% of grains in panicle were ripened. Threshing was done 

using mechanical or pedal thresher. Harvested seeds of each variety were placed in net bag for 

drying until the moisture content decreased to at least 12-14%. Moisture content of grains were 

determined using grain moisture meter (Kett Rice tester f511). Cleaning of seeds was done by 

winnowing. Dried rice samples were packed in plastic container and stored at room temperature for 

two months. After storage, bulk sample of each variety was prepared in separate plastic bags 45 x 

30 cm for grain quality evaluation. 

Data collection 

To evaluate performance of special rice varieties/lines, different parameters of yield 

performance and grain quality traits were taken at maturity and post-harvest stage of the rice plant. 

Growth Parameters 

1. Days to maturity. This was obtained by counting the number of days from seed sowing 

until 80-85% ripening of the grains in panicle from 50% of the plant population. 

2. Plant height (cm). It was measured from soil surface to the tip of tallest panicle (awns 

excluded) at maturity from 16 sample plants taken randomly from center rows. 

3. Panicle length (cm). The length was measured from uppermost internode to tip (awn 

excluded) from 16 sample plants randomly selected panicles in each entry. 

Yield Components 

1. Number of productive tillers. This parameter was taken by counting the number of tillers 

with panicle at maturity from 16 sample plants taken randomly from center rows.  
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2. Total number of grains per panicle (filled and unfilled).The number of grains per panicle 

was taken by counting the number of filled and unfilled grains per panicle from 16 

sample plants per plot at maturity. 

3. Spikelet fertility (%). This was taken by dividing the total number of filled spikelets per 

panicle over the total number of spikelets per panicle in 16 panicles per entry. 

4. Weight of 1000-grains (g). Weight of 1000 fully matured and developed filled grains 

was taken from 16 sample plants of each plot. After drying, moisture content was 

determined and weighed using electronic analytical balance. Weight was adjusted to 

14% moisture content.  

5.  Grain yield (tons/ha). This was determined by weighing harvested yield per plot except 

from four border rows and measuring moisture content using moisture meter 

subsequently. Yield expressed in tons per hectare was adjusted to 14%moisture content  

using the formula below: 

Grain Yield (t/ha) =  
net yield per plot (kg)

8.16 sq.m
  x 

10,000 m2

1 ha
x 

1 ton

1000 kg
 x 

100−MC

86
 

6. Harvest index (%). This was done by taking 16 sample hills harvested up to ground level 

then oven dried at 80 ˚C for 24 hours and weighed using electronic analytical balance 

after which grains were separated from plants and weighed again. Harvest index was 

computed using the formula below: 

Harvest Index = 
Total weight of grains

Total weight of plants
 

Grain Quality Evaluation 

Grain Physical Attributes 

1. Grain length and width (mm). Length and width of whole grain was measured from 10 

randomly selected samples of unpolished rice grains using vernier caliper. 

2. Length/Breadth ratio. Grain length and width of ten whole rice grains of each entry was 

measured using vernier caliper. Average ratio of length/breadth was computed using 

formula below: 

Length/Breadth ratio = 
Average length of the grain (mm)

Average breadth of the grain (mm)
 

Classification and recommended value for grain length and length/breadth ratio were based 

on Dela Cruz and Khush [27]. 

 Percent chalky grains. Chalky grains are whole or broken grains, one half or more of which 

is white like the color of chalk; if brittle it is considered chalky. Total of 30-g milled rice samples 

was prepared. Separation of chalky grains was done and then grains were weighed. This was 

computed using the formula below: 

Chalky Grains (%)  = 
Weight of chalky grains (g)

30 (g)of milled rice
 x 100 

Milling Potentials 

1. Brown rice (%). Three hundred grams of paddy rice was dehulled using a machine 

(SATAKE Testing Husker) and resulting brown rice was weighed and expressed as 

percentage of rough rice using the formula below:  
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Brown rice (%) =
   weight of brown rice (g)

weight of paddy rice (g)
  x 100 

2. Milled rice (%). Brown rice was passed through a miller machine (McGill) for 15 

seconds and milled rice was weighed and the percentage was determined using the 

formula below: 

Milled rice  (%) =
   weight of milled rice (g)

weight of paddy rice (g)
  x 100 

3. Head rice (%). Head grains were separated using cylindrical mechanical grader 

(SATAKE Test Rice Grader). Rice that consisted of whole grains was weighed and 

expressed using the formula below: 

Head rice (%) =
   weight of head rice (g)

weight of paddy rice (g)
   x 100 

Classification and recommended value for milling potentials were based on the National 

Cooperative Testing Manual for Rice [25]. 

Data Analysis 

Data on agronomic and yield parameters were statistically analyzed using Analysis of 

Variance (ANOVA) for Randomized Complete Block Design (RCBD) using Statistical Analysis 

Software (SAS) version 9.1.0. Significant differences observed in the ANOVA were further 

analyzed using the Honest Significant Difference (HSD) to compare varietal means. Milling 

potentials and grain physical characteristics were described using the means. 

RESULTS AND DISCUSSION 

Agronomic and Yield Performance 

Days to maturity 

 Days to maturity of the six rice genotypes ranged from 104 to 131 days (Table 1). Analysis 

of variance indicated that there was significant difference in maturity of different varieties/lines. 

Comparison among means pointed out that the longest maturity was recorded in Dujali Black with 

131 days, while Blonde Red and Luna Red were shorter in maturity with only 104 days. Based on 

SES [26], only Dujali Black exhibited late maturing (>130 days), while the rest of the varieties fall 

under early maturing (˂115 days). Earliness is a desirable trait of rice plant. It has advantage for 

farmers to plan for the next crop, thereby maximizing use of land. It also shortens plants exposure 

to adverse environmental condition. 

Plant height (cm) 

The height of six rice genotypes ranged from 83.9 cm to 128.1 cm (Table 1). Significant 

differences were observed among the varieties/lines. Taller plants were produced from Dujali Black 

with 128.1 cm, while Blonde Red exhibited significantly shorter height of 83.9 cm. Based on SES 

for Rice [26], the height of Dujali Black, Porac-1 and CLH 10-3-4 are within the range of 

intermediate type (110-130 cm), the rest of the varieties are within semi-dwarf type. Short plant 

height could be considered as desirable trait over tall plant particularly in terms of lodging 

resistance. In many instances, tall rice variety lodges easily which eventually may contribute to 

yield reduction either in quality or quantity [28]. 

  



 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 
 

292 

Table 1. Agronomic and yield characteristics of six special rice genotypes. 

Varieties/ 

Lines 

Days to 

Maturity 

Plant Height 

(cm) 

Panicle 

Length 

(cm) 

Productive 

Tillers 

Total Number of 

Filled and Unfilled 

Grains 

CL-1 112c 105.8c 26.0a 15ab 156abc 

Dujali Black 131e 128.1e 25.3b 17ab 184a 

Porac 1 129d 119.9d 24.7c 15ab 192a 

Blonde Red 104a 83.9a 22.8e 19a 133bc 

Luna Red 104a 90.8b 23.2e 14b 125c 

CLH 10-3-4 108b 126.0e 24.2d 15ab 167abc 

HSD Value 1.246 0.679 0.392 4.565 58.330 

Column means followed by the same letter (s) are not significantly different at 5% level by HSD. 

Table 1. continued… 

Varieties/ 

Lines 

Spikelet 

Fertility (%) 

Weight of 1000 

Grains (g) 

Grain Yield 

(t/ha) 

Harvest Index 

CL-1 82.2ab 26.4b 5.9a 0.41a 

Dujali Black 84.6a 21.7d 6.2a 0.37a 

Porac-1 84.1a 23.8c 5.8a 0.34a 

Blonde Red 84.7a 22.5dc 5.8a 0.34a 

Luna Red 80.4ab 30.3a 4.7b 0.28b 

CLH10-3-4 75.5b 18.7e 5.5ab 0.35a 

HSD Value 9.298 1.812 1.200 0.083 

Column means followed by the same letter (s) are not significantly different at 5% level by HSD. 

Panicle length (cm) 

The length of panicles ranged from 22.8 cm to 26.0 cm.  Analysis of variance showed 

significant differences among varieties/lines. The longest panicle was measured from CL-1 (26.0 

cm), while Blonde Red (22.8 cm) and Luna Red (23.2 cm) had the shortest panicle. Longer panicle 

could be considered potential good attributes of yield. Sarwar and Ali [3] have reported highly 

significant and strong positive correlation (r=0.85) between panicle length and grain yield. 

Selection of genotypes with longer panicles would be more useful for breeder to increase 

rice production [4]. However, in the study of Salamanca [30], it was revealed that selection of 

panicle length in hybrid rice for increased yield would be ineffective since panicle length is found 

inversely related to the number of grains produced per panicle. This finding was supported by Zafar 

et al. [5], claiming that panicle length contributes positively, yet maximum length of panicle is not 

the factor responsible for higher grain yields. Blonde Red produced shortest panicle, however, the 

higher yield produced could be due to higher spikelet fertility and not directly because of panicle 

length. 

Number of productive tillers 

Number of productive tillers ranged from 14 to19 tillers per plant (Table 1). Significant 

variations were observed among varieties/lines. The highest productive tillers were counted from 

Blonde Red (19 tillers), while the lowest was counted from Luna Red (14 tillers). 
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Since this study was conducted during dry season, tillering ability of this variety/line may 

increase due to sufficient light during study period. This sufficient light contributed to 

photosynthetic activity which is contributory to the production of sufficient tiller. Based on findings 

of Tapic [28], more tillers were recorded during dry season due to more intense light is available for 

plant use, which may eventually lead to more vigorous growth of plants leading to production of 

more tillers per hill. According to Yoshida [28], as cited by Tapic [31], high light intensity brings 

high temperature, which increases rate of leaf emergence, accelerating production of tiller buds. 

According to Moldenhauer et al. [18], more productive tillers are closely associated with 

high grain yield per plant resulting to high yield. This trait contributes to more panicle number per 

unit area as well as more grain production. However, in the study of Badshah et al. [32], panicle-

bearing tiller rate influenced grain yield of rice and excessive tillering lead to high tiller abortion, 

poor grain setting, small panicle size and further reduction in grain yield. This agrees with the study 

of Khatun [29], that most of the genotypes which produced higher productive tillers per square 

meter gave lower filled grains per panicle and vice versa. Furthermore, the number of filled grains 

decreases as the number of productive tillers per unit area increases. It was also noticed by his study 

that Super Basmati, Basmati 370, GRB 1570 and Basmati 385 produced high number of productive 

tillers but due to lower number of filled grains per panicle, did lead to low yield. 

Total number of grains per panicle (filled and unfilled) 

Number of grains per panicle ranged from 125 to 192 grains (Table 1). Significant 

differences were observed among genotypes. Porac-1 significantly produced highest number of 192 

grains per panicle while Luna Red produced lowest number of grains per panicle (125 grains). 

Number of grains per panicle is an important selection criteria for increasing yield per unit 

area [11]. It was also reported by Moeljopawiro [6] and Reuben and Katuli [20] that grains per 

panicle were yield determining component with greatest effect. Pruneddu and Spanu [7] reported 

that genotypes which produced higher number of grains per panicle showed higher grain yield. 

Srivastava and Tripathi [8] also reported that increase in grain yield in hybrid rice is due to the 

increased fertile grain per panicle. 

According to Stansel [9], most critical sunlight requiring period was around heading stage. 

During this period, mean yield reduction of 6.5% was observed for every 1 % reduction in solar 

radiation. Under low light, dry matter is reduced mostly by impaired photosynthesis. Low light 

causes spikelet sterility and impair translocation of carbohydrates from source to developing grain 

during this stage that results in high spikelet sterility [10]. 

Spikelet fertility (%) 

This is ratio of filled spikelets to total number of spikelet. Percent filled spikelet of six rice 

varieties/lines ranged from 75.5 to 84.7% (Table 1). There is significant difference on the percent 

filled spikelet per panicle among varieties/lines. The highest percentage of filled spikelets was 

recorded from Blonde Red (84.7%), Dujali Black (84.6%) and Porac-1 (84.1%), while the lowest 

percentage of filled spikelets of 75.5% was recorded from CLH 10-3-4. Spikelet fertility is 

important trait in rice plant for this may influence overall grain yield performance. 

According to Yoshida [28], as cited by Khatun [29], number of filled spikelet per panicle is 

determined by source of activity relative to the sink size (spikelet number), ability of grains to 

accept carbohydrates, and translocation of assimilates from leaves to spikelets. Considering that 
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more light is available during dry season, most likely, more assimilates were produced and 

translocated resulting in high percentage of filled spikelets. In most cases, higher percentage of 

spikelet fertility produced higher grain yield. Yang et al. [4] also, confirmed that higher sink size 

during dry season was related to higher conversion efficiency of sink at flowering stage. 

Weight of 1000 grains (g) 

One thousand grain weight of six rice varieties/lines ranged from 21.7 to 30.3 g (Table 1). 

Significant variations were noted among varieties/lines in this trait. Luna Red produced heavier 

grains of 30.3 g, while lightest grains were noted from CLH 10-3-4 with 18.7 g compared to other 

varieties/lines. Salamanca [27] mentioned that not all varieties which gave heaviest grains produced 

higher yield or vice versa. The findings contradicted with the suggestion of Morales [11] that this 

character might contribute to yield increase. Also, Tapic [28] showed significant and positive 

correlation of 1000 grain weight to yield. In this study, lines with bigger and heavier grains 

produced highest yield. 

According to Yoshida [28], as cited by Khatun [29], one thousand grain weight is a stable 

varietal character because grain size is rigidly controlled by size of the hull and grain cannot grow a 

size greater than that permitted by hull no matter how favorable the weather conditions are and the 

nutrient supply. Ashraf et al. [12] also reported that weight of 1000 grain is the trait least influenced 

by the environment. 

Grain yield (t/ha) 

Mean values of the grain yield per hectare adjusted at 14% moisture content  ranged from 

4.7 to 6.2 t/ha (Table 1). Analysis of variance showed significant differences among varieties/lines. 

Highest yield was produced by Dujali Black at 6.2 t/ha, while the lowest yield was produced by 

Luna Red at only 4.7 t/ha. Although, Luna Red produced heaviest weight of 1000 grains, the 

number of productive tillers per plant, panicle length and number of filled grains per panicle were 

lower than other varieties/lines which might have caused lower yield. Results are in conformity 

with the findings by Salamanca [30] that higher number of productive tillers and number of filled 

grains per panicle are contributing characters for grain yield regardless of panicle length and 1000 

grain weight. 

Dela Cruz et al. [24] showed that Luna Red registered the lowest yield of 1.42 t/ha (dry 

season) and 3.05 t/ha (wet season). Khatun [29] reported that Super Basmati (2.23 t/ha) and Basmati 

385 (3.14 t/ha) obtained the lowest yields which were lower than that of CLH 10-3-4 obtained in 

this study. Grain yield is a complex character and is multiplicative end product of many yield 

components; hence, the knowledge of existing genetic variations and associations between various 

yield traits assumes importance [34]. 

Many researchers reported that the reason for greater biomass and yield potentials of rice is 

the increased growth rate during vegetative stage as result of rapid expansion of leaf area and 

greater tiller number [19]. Similarly, Cao et al. [17] mentioned that greater biomass and larger 

panicles are due to more efficient sink formation relative to the rate of dry matter accumulation. 

Song et al. [13] also indicated that there is high grain filling percentage, despite large number of 

spikelets.  
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Harvest index 

Harvest index is an indication of better or efficient conversion of biomass into economic 

yield. This study showed that harvest index of special rice varieties/lines varied from 0.28 to 0.41 

(Table 1). Analysis of variance showed significant differences among varieties/lines. The highest 

harvest index was obtained from Dujali Black (0.41), however, no significant difference was noted 

among Porac-1 (0.37), CL-1 (0.35), Luna Red (0.34) and Blonde Red (0.34). The lowest harvest 

index (0.28) among all varieties/lines was from CLH 10-3-4. High harvest index of genotypes is 

desirable attribute and is considered in selecting genotypes either as parents for hybridization or 

genotypes for better production. Ganesan et al. [14] reported that harvest index exhibited positive 

correlation with the number of panicles per plant, panicle length, grains per panicle and 100 grain 

weight. Kiniry et al. [15] suggested that rice yield can be improved through selection of genotypes 

with higher harvest index. 

Grain Quality Traits 

Quality of rice is not always easy to define as it depends on the consumer and intended end 

user of the grain. Different factors such as physical attributes and milling potentials were evaluated 

as they affect grain quality. 

Table 2. Grain physical attributes of six special rice genotypes. 

Varieties/ 

Lines 

Grain 

Length 

(mm) 

Grain 

Size 

Grain 

Width 

(mm) 

Length/ 

Breadth 

Ratio 

Grain 

Shape 

Chalky 

Grains (%) 

CL-1 

CL-1 

7.0 Long 1.8 3.9 Slender 0.84 

Dujali Black 6.1 Medium 2.2 2.7 Intermediate 1.17 

Porac 1 6.0 Medium 2.3 2.7 Intermediate 1.13 

Blonde Red 5.9 Medium 2.3 2.6 Intermediate 0.25 

Luna Red 6.7 Long 2.3 2.9 Intermediate 0.54 

CLH 10-3-4 6.9 Long 1.7 4.1 Slender 1.10 

       

Grain length (mm) 

Table 2 reveals that unpolished CL-1 produced longest grains of 7.0mm, followed by CLH 

10-3-4 (6.9 mm) and Luna Red (6.7mm). Generally, longer grain is preferred trait in rice, and 

normally commands high price in the market. On the other hand, Dujali Black (6.1mm), Porac-1 

(6.0cm) and Blonde Red (5.9 mm) produced medium grains based on SES [26]. 

Grain width (mm) 

Four varieties/lines (Porac-1, Blonde Red, Luna Red and Dujali Black) were identified with 

wider grains of 2.3 mm, 2.3 mm, 2.3 mm and 2.2mm, respectively. Meanwhile, CL-1 and CLH 10-

3-4 had narrow grains of 1.8mm and 1.7 mm, respectively (Table 2). 

Length/Breadth ratio 

Length/ Breadth ratio decides shape of kernel. It was revealed that CLH 10-3-4 obtained 

highest length/breadth ratio of 4.1, followed by CL-1 (3.9), classified as slender. Other 

varieties/lines were classified under intermediate (Table 2). Different countries have different 

preference for the type of rice. Round grain is preferred in Japan, Korea and Puerto Rico, possibly 

because the cooked grains are more sticky, while European consumers prefer long grain [31]. It was 
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reported that in Bangladesh, high income people prefer long slender grains while low income group 

prefers short bold grains because of their high volume expansion [20]. In the Philippines, preference 

studies revealed that Filipinos prefer rice grains which are long and slender, translucent, white, well 

milled, high in head rice, aromatic and soft when cooked [22]. 

Percent chalky grains 

The highest degree of chalkiness was noted from Dujali Black (1.17%), followed by Porac-1 

(1.13%), CLH10-3-4 (1.10%) and CL-1 (0.84%), while chalkiness was lower in Blonde Red 

(0.25%) and Luna Red (0.54%) (Table 2). All varieties/lines were classified as non-chalky, 

indicating higher translucent grains and possibility to have higher head rice recovery during milling 

process. 

If part of milled rice kernel is opaque rather than translucent, rice is often characterized as 

chalky. Chalkiness disappears upon cooking and has no effect on the taste or aroma however it 

downgrades the quality and reduces milling recovery. Chalky grains reduce palatability of cooked 

products, thus, presence of more than 20% chalkiness in rice kernels is not acceptable in world 

markets [16]. 

Milling Potentials 

Grain quality is an important feature of marketing strategies of the rice industry in both 

domestic and international markets as quality influences market price. One of the characters for 

grain quality is milling potentials. Millers base their concept of quality upon total recovery and 

proportion of head and broken rice on milling, therefore, variety should possess high turn-out of 

whole grain (head rice) and total milled rice [23]. Milling potentials of six rice varieties/lines are 

presented in Table 3. 

Table 3. Milling potentials of six special rice genotypes. 

Varieties/ 

Lines 

Brown Rice (%) Milled Rice (%) Head Rice (%) 

Mean Category Mean Category Mean Category 

CL-1 69.0 Poor 56.4 Grade 3 2.0 Grade 3 

Dujali Black 73.3 Poor 64.2 Grade 2 25.8 Grade 3 

Porac-1 70.7 Poor 65.9 Grade 1 32.1 Grade 3 

Blonde Red 76.0 Fair 70.0 Grade 1 35.5 Grade 3 

Luna Red 70.6 Poor 60.2 Grade 2 31.3 Grade 3 

CLH 10-3-4 68.6 Poor 55.2 Grade 3 4.0 Grade 3 

       

Brown Rice (%) 

Brown rice recovery of six rice genotypes ranged from 68.6 to 76.0% (Table 3). Highest 

brown rice recovery was obtained from Blonde Red with 76.0%, while lowest was from CLH10-3-4 

(68.6%) and CL-1 (69.0%). Poor milling recovery of CLH 10-3-4 and CL-1 could be attributed to 

genetic make-up of the varieties, wherein grains are longer, slender and lighter in weight. 

According to NCT Manual [25] for Rice, brown rice was classified into good (80% and above), fair 

(75-79.9%) and poor (below 75%). Based on the results, Blonde Red was classified as fair and the 

rest of the varieties/lines were classified as poor.  
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Milled rice (%) 

Milling yield of rough rice is an estimate of quantity of the total milled rice consisting of 

head rice and broken grains that can be produced from a unit of rough rice [29]. Thus, milling 

quality depends on the proportion of total head rice and broken rice. High percentage of broken 

grains is an indication of poor milling quality, whereas high percentage of whole grains indicates 

high milling quality. 

Milling recovery of different special rice varieties/lines ranged from 55.2-70%. (Table 3) 

Highest milling recovery was noted from Blonde Red (70.0%) followed by Porac-1 (65.9%), Dujali 

Black (64.2%) and Luna Red (60.2%). Lowest milling recovery was recorded from CL-1 (56.3%) 

and CLH 10-3-4 (55.2%). According to NCT Manual [25] for Rice, milled rice was classified into 

premium (70.1% and above), grade 1 (65.1-70%), grade 2 (60.1-65%) and grade 3 (55.1-60.0%). 

Milled rice classification of two varieties/lines (Blonde Red and Porac-1) was classified as grade 1, 

while Dujali Black and Luna Red were classified as grade 2. Two varieties/lines of Basmati rice 

having long grains (CL-1 and CLH 10-3-4) were classified as grade 3. Milling recovery is reported 

to depend on grain shape and appearance, having direct effect on percentage of hulling, milling, and 

head rice recovery. These results agree with Khatun [29], that Basmati 370, Basmati 385 and Super 

Basmati which possessed long-slender grains produced relatively lower total milled rice (62.6-

64.4%) than medium-slender grains of Sigadis Milagrosa (71.5%) and medium grains of Dinorado 

(69.4%). 

Head rice (%) 

The head rice is a quantity of whole grains of milled rice that can be obtained from given 

quantity of rough rice [29]. Head rice is an important parameter in determining economic and 

processing value of rice crop. Head rice yield translates into higher profits because whole rice 

grains command higher price in the market place. 

Head rice recovery of different special rice varieties/lines in this study ranged from 2.0-

35.5%. The highest head rice recovery was noted from Blonde Red (35.5%) followed by Porac-1 

(32.1%), Luna Red (31.1%) and Dujali Black (25.8%). The lowest head rice recovery was recorded 

from CLH 10-3-4 (4.0%) and CL-1(2.0%) varieties/lines. Varieties /lines were classified into 

premium (57% and above), grade 1 (48.0-56.9%), grade 2 (39.0-47.9%) and grade 3 (30.0-38.9%); 

all varieties/lines belonged to grade 3. It can be then implied that varieties/ lines had high milling 

recovery, but had many broken grains due to low head rice recovery. Head rice value depends on 

grain size and shape. Low head rice recovery of CLH 10-3-4 and CL-1 can be attributed to their 

long-slender shape and milling machines used in this study; machines were not suitable for this type 

of grains. It has been indicated that long and slender grains show greater breakage than short and 

bold grains and ultimately the proportion of head rice is reduced. Similar results were found that the 

shorter the grains, the more the head rice grains [33]. This finding was evident in Jasmine, 

Suphanburi 60, Milagrosa, Suphanburi 3, Suphanburi 1, Pandan and E9. It was observed from 

results that Blonde Red obtained the highest head rice, also that of brown rice and milled rice 

recovery among the varieties/lines. Varietal study of Dela Cruz et al. [24] showed that Blonde Red 

registered highest milling recovery of 71.76% and was classified as premium. 
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CONCLUSION 

This study disclosed varietal differences in terms of agronomic, yield and grain quality 

characteristics. High yielding varieties/lines were Dujali Black, CL-1, Porac-1 and Blonde Red 

Varieties/lines with long grains (CL-1 and CLH 10-3-4) have narrow grains. Varieties/lines with 

short (Blonde Red) grains have higher milling recovery than that with a long-slender type of grains. 

Information gained in this study can be utilized in creating breeding program in the improvement of 

grain yield and grain quality of rice. Therefore, collection, conservation, and further evaluation for 

the screening of more genotypes, which produces higher grain yield and better grain quality is 

essential. 
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Abstract 

 M3 generation of fifty mutant lines of rice derived from traditional variety of Pinilisa were 

evaluated to determine the agronomic performance of mutant lines in terms of incidence or 

occurrence of pests and diseases on these mutant lines. Further, the study aimed to select mutants 

for further evaluation. The experiment was set up following Augmented Design with five blocks 

and fifty mutant lines with three checked varieties. Among the mutant lines, the improved traits 

observed are days to 50% flowering and days to maturity. Also the mutants showed promising trait 

in terms of resistance to stem borer as compared with the wild type. However, all the mutant lines 

showed no difference in terms of plant height, percent filled spikelets/panicle, 1000 grain weight 

and computed yield as compared with the local check during this field evaluation of M3 generation. 

Keywords: mutant lines, rice 

INTRODUCTION  

Mutation breeding is done by exposing seeds to chemicals or radiation in order to generate 

mutants variability [1], in the development of new varieties [2] and improving specific characters 

not present in the germplasm [3]. This technique has shown to be useful in rice improvement, 

especially for characters controlled by closely linked genes that are difficult to break by gene 

recombination through simple hybridization [4]. 

Induced mutation is one of the best way of developing a new variety because it reduces the 

time needed to breed a new variety as homozygous lines can be possibly obtained in the M4 

generation (four crop cycles) compared to cross breeding that takes at least 8-10 generations to 

produce a similar line. The traits that can be improved through the use of induced mutations are 

yield, resistance to abiotic stress, tolerance to biotic stress, plant architecture and maturity [2].  

Pinilisa rice is a distinct product of the town of Jones, Isabela, Philippines and was 

cultivated by the town ancestors in at least 500 hectares of rain-fed upland farms. The variety is a 

low yield and has late maturity. The panicle is prominent for it has long peduncle and drooping flag 

leaf. “Pinilisa”, is continuously gaining popularity and acceptance not only in the province but 

throughout the region, because of its aroma, palatability and superior quality. However, due to low 

productivity of 1.013 t/ha, few hectarage are devoted to grow Pinilisa that leads to low availability 

of supply in the market [5]. 
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Low productivity and late maturing are the hindrances in traditional rice varieties to meet 

the demand of consumers to be available in the market and to compete with the other varieties. In 

this existing hindrance, mutation breeding is the best alternative to improve the traditional variety 

Pinilisa which aimed to generate lines of high yielding and early maturing Pinilisa rice cultivar. 

MATERIALS AND METHODS 

A total of 50 mutant lines from the Department of Crop Science, College of Agriculture, 

Central Luzon State University, 25 of which was for early maturing of 112 days after sowing and 

below while the other 25 was for having heavy grain weight of 23g/1000 grain and above (Table 1). 

Table 1. Basis for selection of fifty M2 mutant lines used in planting M3 generation. 

NO. 
MUTANT 

LINES 

M2 

GENERATION 

CHARACTER NO. 
MUTANT 

LINES 

M2 GENERATION 

CHARACTER 

Flowering (DAS) 1000 grain weight (g) 

1 CSMP 62b 80 26 CSMP 51 28 

2 CSMP 15a 80 27 CSMP 55 28 

3 CSMP 125 80 28 CSMP 19 27 

4 CSMP 185 82 29 CSMP 203b 27 

5 CSMP 109 82 30 CSMP 11 27 

6 CSMP 68 83 31 CSMP 81 27 

7 CSMP 92a 83 32 CSMP 61b 27 

8 CSMP 159 84 33 CSMP 204b 27 

9 CSMP 142 84 34 CSMP 121 27 

10 CSMP 17 84 35 CSMP 56 27 

11 CSMP 6 84 36 CSMP 49a 26 

12 CSMP 97 85 37 CSMP 91 26 

13 CSMP 76 85 38 CSMP 34 26 

14 CSMP 107 86 39 CSMP 62b 25 

15 CSMP 53 86 40 CSMP 39 25 

16 CSMP 174 86 41 CSMP 35 25 

17 CSMP 61a 89 42 CSMP 115 25 

18 CSMP 114 90 43 CSMP 122 25 

19 CSMP 139 92 44 CSMP 92b 25 

20 CSMP 200 92 45 CSMP 31 25 

21 CSMP 49a 94 46 CSMP 113 25 

22 CSMP 203a 96 47 CSMP 50 25 

23 CSMP 204a 96 48 CSMP 87 25 

24 CSMP 193 97 49 CSMP 88 25 

25 CSMP 202 98 50 CSMP 15b 23 
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Seed dormancy was breakdown using heat treatment at 50º C in an oven for 2 days. The 

field was laid out following the augmented lattice design with five blocks. Each block had 10 

entries of mutant lines and 3 checked varieties with a total number of 65 entries. Every plot had 6 

rows and 10 hills with a total of 60 hills in each entry. The seedlings were transplanted at 18-days 

after emergence. Planting distance was 20 cm x 20 cm. The recommended rate of 40-20-60 per 

hectare was based on upland rice recommendation of Soil Test Kit result. The percent of pests and 

diseases infestation was rated based on Standard Evaluation System for Rice (2014). Harvesting 

was manually threshed and cleaned using winnowing basket. In working out standard errors for 

comparing the means, an Analysis of Variance (ANOVA) table was prepared by using replicated 

data of check varieties. 

RESULTS AND DISCUSSION  

Days to 50% flowering. The days to 50% flowering were from 82 to 101 days after sowing. 

Based on the Standard Evaluation System (SES) for rice (IRRI, 2014), among the fifty mutants, 

three (3) were early, forty (40) were medium and seven (7) were late to flower. CSMP 204a, CSMP 

204b and CSMP 114 were the earliest to flower with 82 days after sowing (DAS). Among the 

mutant lines, 33 had 1-11 days flowered earlier and 17 mutants had 5-8 days flowered later than 

PSB Rc5 while none of the 50 mutants flowered earlier than NSIC Rc23 (Table 2). 

Table 2. Days to 50% flowering of fifty mutant lines compared to the two check varieties 

NO. 
MUTANT 

LINES 

DAYS TO 

FLOWERING 

DIFFERENCE IN DAYS TO 50% 

FLOWERING TO 

PSB Rc5 NSIC Rc23 

1 CSMP 204a  82 -11 9 

2 CSMP 204b  82 -11 9 

3 CSMP 114  82 -11 9 

4 CSMP 62a  84 -9 11 

5 CSMP 107  84 -9 11 

6 CSMP 35  84 -9 11 

7 CSMP 15b  84 -9 11 

8 CSMP 49b  84 -9 11 

9 CSMP 62b  84 -9 11 

10 CSMP 56  84 -9 11 

11 CSMP 51 92 -1 19 

12 CSMP 55  92 -1 19 

13 CSMP 15a  92 -1 19 

14 CSMP 19  92 -1 19 

15 CSMP 125  92 -1 19 

16 CSMP 203a  92 -1 19 

17 CSMP 185  92 -1 19 
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Table 2 continued... 

NO. 
MUTANT 

LINES 

DAYS TO 

FLOWERING 

DIFFERENCE IN DAYS TO 50% 

FLOWERING TO 

PSB Rc5 NSIC Rc23 

18 CSMP 11  92 -1 19 

19 CSMP 68  92 -1 19 

20 CSMP 159  92 -1 19 

21 CSMP 81  92 -1 19 

22 CSMP 142  92 -1 19 

23 CSMP 61b 92 -1 19 

24 CSMP 97  92 -1 19 

25 CSMP 49a  92 -1 19 

26 CSMP 61a  92 -1 19 

27 CSMP 115  92 -1 19 

28 CSMP 203b  92 -1 19 

29 CSMP 92a  92 -1 19 

30 CSMP 50  92 -1 19 

31 CSMP 87  92 -1 19 

32 CSMP 88  92 -1 19 

33 CSMP 92b  92 -1 19 

34 CSMP 17  98 5 25 

35 CSMP 76  98 5 25 

36 CSMP 121  98 5 25 

37 CSMP 122  98 5 25 

38 CSMP 202  98 5 25 

39 CSMP 193 98 5 25 

40 CSMP 34  99 6 26 

41 CSMP 53  99 6 26 

42 CSMP 39  99 6 26 

43 CSMP 139  99 6 26 

44 CSMP 91  100 7 27 

45 CSMP 174  100 7 27 

46 CSMP 31  100 7 27 
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Table 2 continued... 

NO. 
MUTANT 

LINES 

DAYS TO 

FLOWERING 

DIFFERENCE IN DAYS TO 50% 

FLOWERING TO 

PSB Rc5 NSIC Rc23 

47 CSMP 113  100 7 27 

48 CSMP 200  101 8 28 

49 CSMP 109  101 8 28 

50 CSMP 6  101 8 28 

Legend of the check varieties and critical value: 

NSIC Rc23, 64 

PSB Rc5, 86 

Critical Value, 1.82 

 
 

Table 3. Analysis of variance for check varieties on days to 50% flowering 

SOURCES OF 

VARIATION 
DF 

SUM OF 

SQUARES 

MEAN OF 

SQUARES 

COMPUTED 

F 

TABULAR F 

5% 1% 

Block 4 1.4 0.35    

Check 1 980.1 980.1 529.78 225 s 5625 ns 

Error 4 7.4 1.85    

Total 9      

Analysis of variance showed significant difference in days to 50% flowering at 5% level 

(Table 3). As reported by Rakanawe and Amarasinghe [6], one agronomic trait of rice may effect on 

another trait in different degrees in yield determination. One of the agronomic traits that contributed 

to the determination of rice yield was days to flowering as it affected biomass, number of tillers, 

panicle length and number of spikelets/panicle, resulting to the final yield being greatly varied. The 

flowering time and maturity of cereals and other crops were controlled by the plant’s ability to 

sense season via temperature and daylength sensors, controlled by vernalization and photoperiodic 

sensitivity genes [2]. 

Days to maturity. The days to maturity among the entries ranged from 112 to 131 days 

after sowing. Among the fifty mutant lines, three (3) were within early maturity, forty (40) were 

medium maturity and seven (7) were late maturity (SES, 2014). CSMP 204a, CSMP 204b and 

CSMP 114 were the earliest to mature at 112 days after sowing. In the fifty mutant lines, thirty three 

(33) had 1-11 days earlier maturity and 17 mutants had 5-8 days late maturity than PSB Rc5. 
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Table 4. Days to maturity of fifty mutant lines compared to the two check varieties. 

NO. 
MUTANT 

LINES 

DAYS TO 

MATURITY 

DIFFERENCE OF DAYS TO 

MATURITY TO 

PSB Rc5 NSIC Rc23 

1 CSMP 204a  112 -11 9 

2 CSMP 204b  112 -11 9 

3 CSMP 114  112 -11 9 

4 CSMP 62a  114 -9 11 

5 CSMP 107  114 -9 11 

6 CSMP 35  114 -9 11 

7 CSMP 15b  114 -9 11 

8 CSMP 49b  114 -9 11 

9 CSMP 62b  114 -9 11 

10 CSMP 56  114 -9 11 

11 CSMP 51 122 -1 19 

12 CSMP 55  122 -1 19 

13 CSMP 15a  122 -1 19 

14 CSMP 19  122 -1 19 

15 CSMP 125  122 -1 19 

16 CSMP 203a  122 -1 19 

17 CSMP 185  122 -1 19 

18 CSMP 11  122 -1 19 

19 CSMP 68  122 -1 19 

20 CSMP 159  122 -1 19 

21 CSMP 81  122 -1 19 

22 CSMP 142  122 -1 19 

23 CSMP 61b  122 -1 19 

24 CSMP 97  122 -1 19 

25 CSMP 49a  122 -1 19 

26 CSMP 61a  122 -1 19 

27 CSMP 115  122 -1 19 

28 CSMP 203b  122 -1 19 

29 CSMP 92a  122 -1 19 

30 CSMP 50  122 -1 19 



 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 
 

306 

     

Table 4 continued... 

NO. 
MUTANT 

LINES 

DAYS TO 

MATURITY 

DIFFERENCE OF DAYS TO  

MATURITY TO 

PSB Rc5 NSIC Rc23 

31 CSMP 87  122 -1 19 

32 CSMP 88  122 -1 19 

33 CSMP 92b  122 -1 19 

34 CSMP 17  128 5 25 

35 CSMP 76  128 5 25 

36 CSMP 121  128 5 25 

37 CSMP 122  128 5 25 

38 CSMP 202  128 5 25 

39 CSMP 193 128 5 25 

40 CSMP 34  129 6 26 

41 CSMP 53  129 6 26 

42 CSMP 39  129 6 26 

43 CSMP 139  129 6 26 

44 CSMP 91  130 7 27 

45 CSMP 174  130 7 27 

46 CSMP 31  130 7 27 

47 CSMP 113  130 7 27 

48 CSMP 200  131 8 28 

49 CSMP 109  131 8 28 

50 CSMP 6  131 8 28 

49 CSMP 109  131 8 28 

50 CSMP 6  131 8 28 

Legend of the check varieties and critical value: 

NSIC Rc23, 103 

PSB Rc5, 123 

Critical Value, 1.82 
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Table 5. Analysis of variance for check varieties on days to maturity 

SOURCES OF 

VARIATION 
DF 

SUM OF 

SQUARES 

MEAN OF 

SQUARES 

COMPUTED 

F 

TABULAR F 

5% 1% 

Block 4 1.4 0.35    

Check 1 980.1 980.1 529.78 225 s 5625 ns 

Error 4 7.4 1.85    

Total 9      

 

On the other hand, all mutants matured later than NSIC Rc23. Analysis of variance showed 

significant difference in days to maturity at 5% level (Table 5). The result is a clear indication of a 

good trait among the mutant lines that possesed early maturity. Early maturity is considered as 

desirable trait for rice for it can possibly shorten the period of exposure to the risk of unpredictable 

environmental factors by early harvesting. Short maturity crop can possibly help maximize the use 

of land by more cropping per year [7]. 

Plant height at maturity. The plant height at maturity was from 76 to 97 centimeters. 

Based on the Standard Evaluation System (SES) for rice (IRRI, 2014), out of fifty mutant lines, 41 

were semi-dwarf (˂90 cm.) and 9 were intermediate (90-125 cm.). Tallest height of 97 cm. was 

measured from CSMP 204b while shortest mutant lines were CSMP 204a, CSMP 174 and CSMP 

203b with 76 cm. in height (Table 6). 

  



 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 
 

308 

Table 6. Plant height at maturity of fifty mutant lines compared to the two check varieties 

NO. 
MUTANT 

LINES 

PLANT HEIGHT 

AT MATURITY 

(cm) 

DIFFERENCE OF PLANT HEIGHT AT 

MATURITY TO 

PSB Rc5 NSIC Rc23 

1 CSMP 204a  76 -29 -21 

2 CSMP 174  76 -29 -21 

3 CSMP 203b  76 -29 -21 

4 CSMP 19  77 -28 -20 

5 CSMP 53  77 -28 -20 

6 CSMP 114  77 -28 -20 

7 CSMP 15b  78 -27 -19 

8 CSMP 76  79 -26 -18 

9 CSMP 92a  79 -26 -18 

10 CSMP 97  80 -25 -17 

11 CSMP 17  80 -25 -17 

12 CSMP 92b  80 -25 -17 

13 CSMP 6  81 -24 -16 

14 CSMP 91  82 -23 -15 

15 CSMP 35  82 -23 -15 

16 CSMP 202  82 -23 -15 

17 CSMP 113  82 -23 -15 

18 CSMP 203a  83 -22 -14 

19 CSMP 11  83 -22 -14 

20 CSMP 49a  83 -22 -14 

21 CSMP 62b  83 -22 -14 

22 CSMP 31  83 -22 -14 

23 CSMP 200  83 -22 -14 

24 CSMP 109  83 -22 -14 

25 CSMP 15a  84 -21 -13 

26 CSMP 68  84 -21 -13 

27 CSMP 61b  84 -21 -13 

28 CSMP 121  84 -21 -13 

29 CSMP 107  84 -21 -13 

30 CSMP 193 84 -21 -13 
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Table 6 continued... 

NO. 
MUTANT 

LINES 

PLANT HEIGHT 

AT MATURITY 

(cm) 

DIFFERENCE OF PLANT HEIGHT AT 

MATURITY TO 

PSB Rc5 NSIC Rc23 

26 CSMP 68  84 -21 -13 

27 CSMP 61b  84 -21 -13 

28 CSMP 121  84 -21 -13 

29 CSMP 107  84 -21 -13 

30 CSMP 193 84 -21 -13 

31 CSMP 88  84 -21 -13 

32 CSMP 159  85 -20 -12 

33 CSMP 142  85 -20 -12 

34 CSMP 55  86 -19 -11 

35 CSMP 39  86 -19 -11 

36 CSMP 50  86 -19 -11 

37 CSMP 51 87 -18 -10 

38 CSMP 81  87 -18 -10 

39 CSMP 61a  87 -18 -10 

40 CSMP 115  87 -18 -10 

41 CSMP 122  87 -18 -10 

42 CSMP 125  90 -15 -7 

43 CSMP 56  90 -15 -7 

44 CSMP 62a  91 -14 -6 

45 CSMP 49b  92 -13 -5 

46 CSMP 87  92 -13 -5 

47 CSMP 185  94 -11 -3 

48 CSMP 34  95 -10 -2 

49 CSMP 139  95 -10 -2 

50 CSMP 204b  97 -8 0 

Legend of the check varieties and critical value: 

NSIC Rc23, 97 

PSB Rc5, 105 

Critical Value, 4.61 
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All of the 50 mutants were 2-29 cm. shorter in plant height compared to PSB Rc5 and NSIC 

Rc23. Non-significant difference in height among mutants was observed in 5% and 1% levels of 

significance. The result is an indication that these mutant lines carried traits that were semi-dwarf 

and intermediate in height. According to Mani [8], dwarfness plays an important role in lodging. 

Most of the semi-dwarf cultivars were high yielding because of their lodging resistance, high 

tillering [2] and high harvest index under intensive cultural practices. Several dwarf mutants were 

identified and characterized in rice but most of them originated from induced mutations (chemicals, 

radiation). The semi-dwarf trait is generally related to modern production system as it changes the 

source sink relationship so that more energy is directed towards seed production and less to 

vegetative growth, and amenability to mechanical harvesting [9]. 

Percent filled spikelets/panicle. The percent filled spikelets/panicle was from 26.15% to 70.52%. 

CSMP 92a (70.52%) had the highest percent filled spikelets/panicle and CSMP 62a (26.15%) had 

the lowest (Table 7). Forty seven (47) mutant lines had 0.98-20.71 lower percent filled 

spikelets/panicle and 3 mutants had 14.04-23.66 higher percent filled spikelets/panicle than PSB 

Rc5 while all of the mutant lines had lower percent filled spikelets/panicle compared to NSIC Rc23. 

Result of analysis of variance showed that there was no significant difference in percent filled 

spikelets/panicle at 5% and 1% levels of significance. Among the mutant lines, CSMP 142, CSMP 

114 and CSMP 92a had higher percent filled spikelets/panicle than PSB Rc5. 

Table 7. Percent filled spikelet/panicle of fifty mutant lines compared to the two check 

varieties 

NO. 
MUTANT 

LINES 

PERCENT FILLED 

SPIKELETS/PANICLE 

(%) 

DIFFERENCE IN PERCENT FILLED 

SPIKELETS/PANICLE TO 

PSB Rc5 NSIC Rc23 

1 CSMP 62a  26.15 -20.71 -36.69 

2 CSMP 55  26.54 -20.32 -36.30  

3 CSMP 62b  27.31 -19.55 -35.53 

4 CSMP 76  27.44 -19.42 -35.40  

5 CSMP 88  30.44 -16.42 -32.40  

6 CSMP 17  31.17 -15.69 -31.67 

7 CSMP 109  31.38 -15.48 -31.46 

8 CSMP 174  31.71 -15.15 -31.13 

9 CSMP 185  31.88 -14.98 -30.96 

10 CSMP 39  32.02 -14.84 -30.82 

11 CSMP 31  32.32 -14.54 -30.52 

12 CSMP 91  35.00  -11.86 -27.84 

13 CSMP 203b  35.47 -11.39 -27.37 

14 CSMP 53  37.68 -9.18 -25.16 

15 CSMP 202  38.34 -8.52 -24.50  
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Table 7 continued... 

NO. 
MUTANT 

LINES 

PERCENT FILLED 

SPIKELETS/PANICLE 

(%) 

DIFFERENCE IN PERCENT FILLED 

SPIKELETS/PANICLE TO 

PSB Rc5 NSIC Rc23 

16 CSMP 204b  38.37 -8.49 -24.47 

17 CSMP 139  38.41 -8.45 -24.43 

18 CSMP 35  38.88 -7.98 -23.96 

19 CSMP 115  41.37 -5.49 -21.47 

20 CSMP 6  41.68 -5.18 -21.16 

21 CSMP 19  41.69 -5.17 -21.15 

22 CSMP 107  42.74 -4.12 -20.10  

23 CSMP 11  42.96 -3.90  -19.88 

24 CSMP 125  44.38 -2.48 -18.46 

25 CSMP 15b  44.74 -2.12 -18.10  

26 CSMP 56  45.30  -1.56 -17.54 

27 CSMP 200  45.78 -1.08 -17.06 

28 CSMP 49b  47.84 0.98 -15.00  

29 CSMP 61b  48.67 1.81 -14.17 

30 CSMP 49a  50.28 3.42 -12.56 

31 CSMP 61a  51.54 4.68 -11.30  

32 CSMP 81  51.74 4.88 -11.10  

33 CSMP 113  52.81 5.95 -10.03 

34 CSMP 203a  53.25 6.39 -9.59 

35 CSMP 159  53.48 6.62 -9.36 

36 CSMP 121  53.74 6.88 -9.10  

37 CSMP 68  54.06 7.20  -8.78 

38 CSMP 204a  54.53 7.67 -8.31 

39 CSMP 34  54.55 7.69 -8.29 

40 CSMP 193 54.84 7.98 -8.00  

41 CSMP 97  56.15 9.29 -6.69 

42 CSMP 87  56.81 9.95 -6.03 

43 CSMP 15a  58.82 11.96 -4.02 

44 CSMP 51 58.85 11.99 -3.99 

45 CSMP 50  59.07 12.21 -3.77 

46 CSMP 92b  59.54 12.68 -3.30  
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Table 7 continued... 

NO. 
MUTANT 

LINES 

PERCENT FILLED 

SPIKELETS/PANICLE 

(%) 

DIFFERENCE IN PERCENT FILLED 

SPIKELETS/PANICLE TO 

PSB Rc5 NSIC Rc23 

47 CSMP 122  60.19 13.33 -2.65 

48 CSMP 142  60.9 14.04 -1.94 

49 CSMP 114  61.91 15.05 -0.93 

50 CSMP 92a  70.52 23.66 7.68 

Legend of the check varieties and critical value: 

NSIC Rc23, 62.84 

PSB Rc5, 46.86 

Critical Value, 13.88 

Generally, factors such as weather, soil, fertilizer application and incidence of diseases and 

insects affect filled-spikelet or sterility percentages. Sterility percentage often refers to the 

percentage of unfertilized spikelets plus the percentage of partially filled spikelets [10]. 

Temperatures higher than 35 OC at anthesis may cause high percentage of sterility [11]. 

1000-grain weight (g). The recorded 1000-grain weight ranged from 17.32 grams to 34.55 

grams. The heaviest 1000-grain weight was recorded in CSMP 202 while the lightest grain weight 

was from CSMP 17 (Table 8). Among the mutant lines, 8 mutants had 1.47-2.95 grams lower 1000 

grain weight and forty two (42) had 1.87-14.28 grams higher 1000 grain weight than PSB Rc5. 

While forty eight (48) mutants had 1.49-8.87 grams lower 1000 grain weight and 2 mutants had 

8.24-8.36 grams higher 1000 grain weight compared to NSIC Rc23. CSMP 114 and CSMP 202 

grain weight were better than NSIC Rc23. Results of analysis of variance showed that there was no 

significant difference in 1000 grain weight. Grain weight is one of the most important yield traits in 

rice and is determined by grain size and the degree of grain filling [12]. It is determined by the 

source capacity (photosynthetic leaves) to supply assimilate during the ripening period and by sink 

capacity (developing grain) to accumulate the imported assimilate [12]. Grain weight is an 

important yield component because it gives information on the size and density of the rice grains. 

Under most conditions, the 1,000-grain weight of field crops is a very stable varietal character [11]. 
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Table 8. 1000 grain weight of fifty mutant lines and two check varieties. 

NO. 
MUTANT 

LINES 

1000 GRAIN 

WEIGHT (g) 

DIFFERENCE ON 1000 

GRAIN WEIGHT TO 

PSB Rc5 NSIC Rc23 

1 CSMP 17  17.32 -2.95 -8.87 

2 CSMP 139  19.18 -1.09 -7.01 

3 CSMP 185  19.23 -1.04 -6.96 

4 CSMP 6  20.07 -0.20  -6.12 

5 CSMP 121  20.56 0.29 -5.63 

6 CSMP 193 20.94 0.67 -5.25 

7 CSMP 56  21.13 0.86 -5.06 

8 CSMP 55  21.74 1.47 -4.45 

9 CSMP 125  22.14 1.87 -4.05 

10 CSMP 39  22.28 2.01 -3.91 

11 CSMP 31  22.41 2.14 -3.78 

12 CSMP 49b  22.43 2.16 -3.76 

13 CSMP 204a  22.57 2.30  -3.62 

14 CSMP 204b  22.57 2.30  -3.62 

15 CSMP 97  22.67 2.40  -3.52 

16 CSMP 15a  22.83 2.56 -3.36 

17 CSMP 15b  22.83 2.56 -3.36 

18 CSMP 92b  22.98 2.71 -3.21 

19 CSMP 203b  23.24 2.97 -2.95 

20 CSMP 88  23.27 3.00  -2.92 

21 CSMP 76  23.32 3.05 -2.87 

22 CSMP 203a  23.52 3.25 -2.67 

23 CSMP 53  23.54 3.27 -2.65 

24 CSMP 61b  23.61 3.34 -2.58 

25 CSMP 61a  23.61 3.34 -2.58 

26 CSMP 113  23.63 3.36 -2.56 
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Table 8 continued... 

NO. 
MUTANT 

LINES 

1000 GRAIN 

WEIGHT (g) 

DIFFERENCE ON 1000 

GRAIN WEIGHT TO 

   PSB Rc5 NSIC Rc23 

27 CSMP 122  23.76 3.49 -2.43 

28 CSMP 174  23.85 3.58 -2.34 

29 CSMP 91  24.08 3.81 -2.11 

30 CSMP 92a  24.18 3.91 -2.01 

31 CSMP 81  24.19 3.92 -2.00  

32 CSMP 49a  24.48 4.21 -1.71 

31 CSMP 81  24.19 3.92 -2.00  

32 CSMP 49a  24.48 4.21 -1.71 

33 CSMP 107  24.49 4.22 -1.70  

34 CSMP 62b  24.49 4.22 -1.70  

35 CSMP 159  24.51 4.24 -1.68 

36 CSMP 62a  24.70 4.43 -1.49 

37 CSMP 115  25.25 4.98 -0.94 

38 CSMP 109  25.27 5.00  -0.92 

39 CSMP 68  25.40 5.13 -0.79 

40 CSMP 51 25.56 5.29 -0.63 

41 CSMP 87  25.64 5.37 -0.55 

42 CSMP 50  25.82 5.55 -0.37 

43 CSMP 19  26.16 5.89 -0.03 

44 CSMP 11  26.33 6.06 0.14 

45 CSMP 142  26.76 6.49 0.57 

46 CSMP 35  26.98 6.71 0.79 

47 CSMP 200  27.61 7.34 1.42 

48 CSMP 34  27.68 7.41 1.49 

49 CSMP 114  34.43 14.16 8.24 

50 CSMP 202  34.55 14.28 8.36 

Legend of the check varieties and critical value:  

NSIC Rc23, 26.19 

PSB Rc5, 20.27 

Critical Value, 1.71 
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Computed Yield (t/ha) at 14% MC. The observed computed yield of mutant lines was from 1.41 

t/ha to 2.70 t/ha (Table 9). CSMP 81 (2.70 t/ha) was the highest among the mutant lines and CSMP 

17 was the lowest (1.41 t/ha). Forty two (42) mutants had 0.24-0.56 t/ha lower computed yield and 

8 mutants had 0.40-0.73 t/ha higher compared to PSB Rc5 while all of the mutants had lower 

computed yield in comparison to NSIC Rc23. Analysis of variance revealed that there was no 

significance difference in computed yield. The following mutant lines were significantly better 

yielder than the checked variety PSB Rc5 (1.97 t/ha), CSMP 81 (2.70 t/ha), CSMP 92a (2.66 t/ha), 

CSMP92b (2.59 t/ha), CSMP51 (2.50 t/ha), CSMP61b (2.46 t/ha), CSMP61a (2.45 t/ha), CSMP68 

(2.4 t/ha) and CSMP122 (2.37 t/ha) on the M3 generation. The rest of the mutants had significantly 

lower yield than the two check varieties. The yield of rice is an integrated result of various 

processes, including canopy photosynthesis, conversion of assimilates to biomass and partitioning 

of assimilates to grains (harvest index) [13]; [14] and a complex trait that is influenced by other 

breeding objectives such as plant architecture, maturity and nitrogen utilization efficiency [2]. 

Upland rice yields in traditional system are low, averaging 1-2 t/ha in most growing regions [15]. 

Temanel and Temanel [5] recorded Pinilisa, a traditional variety of rice had a yield of 1.013 t/ha. 

Intensification of management of traditional systems with currently available germplasm is difficult 

because most of the traditional upland rice varieties are tall, low tillering and prone to lodging when 

grown under conditions of favorable moisture and high soil-fertility. 

Table 9. Computed yield of fifty mutant lines compared to the two check varieties. 

NO. 
MUTANT 

LINES 

COMPUTED 

YIELD (t/ha) 

DIFFERENCE ON COMPUTED 

YIELD TO 

PSB Rc5 NSIC Rc23 

1 CSMP 17  1.41 -0.56 -1.35 

2 CSMP 55  1.44 -0.53 -1.32 

3 CSMP 91  1.44 -0.53 -1.32 

4 CSMP 62a  1.51 -0.46 -1.25 

5 CSMP 125  1.51 -0.46 -1.25 

6 CSMP 185  1.52 -0.45 -1.24 

7 CSMP 139  1.52 -0.45 -1.24 

8 CSMP 49a  1.54 -0.43 -1.22 

9 CSMP 76  1.54 -0.43 -1.22 

10 CSMP 53  1.56 -0.41 -1.20  

11 CSMP 174  1.58 -0.39 -1.18 

12 CSMP 62b  1.58 -0.39 -1.18 

13 CSMP 88  1.60  -0.37 -1.16 

14 CSMP 203b  1.63 -0.34 -1.13 

15 CSMP 49b  1.64 -0.33 -1.12 

16 CSMP 87  1.66 -0.31 -1.10  



 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 
 

316 

 

Table 9 continued... 

NO. 
MUTANT 

LINES 

COMPUTED 

YIELD (t/ha) 

DIFFERENCE ON COMPUTED  

YIELD TO 

PSB Rc5 NSIC Rc23 

17 CSMP 6  1.68 -0.29 -1.08 

18 CSMP 113  1.69 -0.28 -1.07 

19 CSMP 202  1.70  -0.27 -1.06 

20 CSMP 159  1.75 -0.22 -1.01 

21 CSMP 121  1.77 -0.20  -0.99 

22 CSMP 50  1.77 -0.20  -0.99 

23 CSMP 15b  1.78 -0.19 -0.98 

24 CSMP 56  1.78 -0.19 -0.98 

25 CSMP 35  1.80  -0.17 -0.96 

26 CSMP 19  1.82 -0.15 -0.94 

27 CSMP 204a  1.84 -0.13 -0.92 

28 CSMP 204b  1.87 -0.10  -0.89 

29 CSMP 114  1.88 -0.09 -0.88 

30 CSMP 39  1.90  -0.07 -0.86 

31 CSMP 31  1.91 -0.06 -0.85 

32 CSMP 11  1.98 0.01 -0.78 

33 CSMP 142  1.98 0.01 -0.78 

34 CSMP 115  1.98 0.01 -0.78 

35 CSMP 193 1.99 0.02 -0.77 

36 CSMP 34  2.00  0.03 -0.76 

37 CSMP 15a  2.02 0.05 -0.74 

38 CSMP 107  2.02 0.05 -0.74 

39 CSMP 109  2.02 0.05 -0.74 

40 CSMP 200  2.14 0.17 -0.62 

41 CSMP 203a  2.18 0.21 -0.58 

42 CSMP 97  2.21 0.24 -0.55 

43 CSMP 122  2.37 0.40  -0.39 

44 CSMP 68  2.40  0.43 -0.36 

45 CSMP 61a  2.45 0.48 -0.31 

46 CSMP 61b  2.46 0.49 -0.30  
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Table 9 continued... 

NO. 
MUTANT 

LINES 

COMPUTED 

YIELD (t/ha) 

DIFFERENCE ON COMPUTED  

YIELD TO 

PSB Rc5 NSIC Rc23 

47 CSMP 51 2.50  0.53 -0.26 

48 CSMP 92b  2.59 0.62 -0.17 

49 CSMP 92a  2.66 0.69 -0.10  

50 CSMP 81  2.70  0.73 -0.06 

Legend of the check varieties and critical value:  

NSIC Rc23, 2.76 

PSB Rc5, 1.97 

Critical Value, 2.27 

 

 

Occurrence of pest and diseases. The percent of infestation of deadhearts and whiteheads 

from the checked varieties and mutants were rated based on the 5th ed. Standard Evaluation System 

for Rice (2014). Pinilisa was observed susceptible to stem borer that led to deadhearts of an average 

of 58 hills from all five replications (Table 10). As reported by Temanel and Temanel [5], Pinilisa 

showed susceptibility to stem borer attack. Among the mutants, CSMP 81 was the most resistant to 

stem borer attack. The 1% infestation of whiteheads was recorded (Table 10). This was followed by 

3 mutants with 5% infestation of whiteheads. Twenty-one (21) entries including the two checked 

varieties particularly PSB Rc5 and NSIC Rc23 were rated with 7% infestation of whiteheads. Some 

twenty (20) mutants were rated with 9% infestation of whiteheads.  
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In field tests in the Philippines, new plant type lines had in some cases been heavily 

damaged by caterpillar pests known as stem borers [16]; [17]. Tillers killed at vegetative stage are 

referred to as “deadhearts” and tillers damaged at reproductive stage form “whiteheads”, panicle 

bearing unfilled grains. Yield losses caused by stem borers are generally lower in semidwarf 

varieties than in the tall varieties that they replaced. This may be a consequence of the shorter 

duration and certain morphological features of the semidwarf varieties [18], including smaller stem 

length and diameter, greater tiller number and the ability to compensate for damaged tillers, 

particularly at the vegetative stage [19]. In rainfed lowlands, 1% dead heart and white earhead 

caused 2.3% or 76 kg/ha yield loss and if there were early dead heart damage, mother tillers or 

primary tillers would be the most affected [20]. The fine-grained aromatic rice cultivars that receive 

premium price in the markets are known to attract stem borers and therefore, suffer serious damage 

from dead hearts and white earheads [21] and Pinilisa belongs to aromatic rice cultivar. 

Table 10. Percent of infestation of stem borer* and whiteheads on checked variety and 

mutant lines 

NO.  

CHECKED 

VARIETY/ MUTANT 

LINES 

TOTAL NUMBER OF 

INFECTED HILLS* 

AND TILLERS 

PERCENT OF 

INFESTATION 

1 Pinilisa 58* 7* 

2 PSB Rc5 16 7 

3 NSIC Rc23 21 7 

4 CSMP 51 12 5 

5 CSMP 62a 25 7 

6 CSMP 55 31 9 

7 CSMP 15a 28 9 

8 CSMP 19 23 7 

9 CSMP 125 25 7 

10 CSMP 203a 41 9 

11 CSMP 185 22 7 

12 CSMP 11 24 7 

13 CSMP 68 15 5 

14 CSMP 159 14 5 

15 CSMP 81 5 1 

16 CSMP 142 22 7 

17 CSMP 61a 17 7 

18 CSMP 97 22 7 

19 CSMP 49a 23 7 

20 CSMP 17 76 9 
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Table 10 continued... 

NO 

CHECKED 

VARIETY/ MUTANT 

LINES 

TOTAL NUMBER OF 

INFECTED HILLS* 

AND TILLERS 

PERCENT OF 

INFESTATION 

21 CSMP 204a 21 7 

22 CSMP 76 53 9 

23 CSMP 121 58 9 

24 CSMP 91 96 9 

25 CSMP 107 20 7 

26 CSMP 34 40 9 

27 CSMP 53 36 9 

28 CSMP 39 70 9 

29 CSMP 174 55 9 

30 CSMP 35 23 7 

31 CSMP 61b 19 7 

32 CSMP 115 51 7 

33 CSMP 203b 35 9 

34 CSMP 204b 18 7 

35 CSMP 122 23 7 

36 CSMP 15b 27 9 

37 CSMP 92a 31 9 

38 CSMP 49b 20 7 

39 CSMP 62b 19 7 

40 CSMP 202 40 9 

41 CSMP 31 19 7 

42 CSMP 114 24 7 

43 CSMP 113 54 9 

44 CSMP 50 25 7 

45 CSMP 139 25 7 

46 CSMP 87 17 7 

47 CSMP 193 42 9 

48 CSMP 88 36 9 

49 CSMP 200 42 9 

50 CSMP 56 20 7 

51 CSMP 109 44 9 
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Table 10 continued... 

NO 

CHECKED 

VARIETY/ MUTANT 

LINES 

TOTAL NUMBER OF 

INFECTED HILLS* 

AND TILLERS 

PERCENT OF 

INFESTATION 

52 CSMP 92b 31 9 

53 CSMP 6 56 9 

Legend on scale (whiteheads) based on SES, 2014 

0 No Injury 

1 1-5 

3 6-10 

5 11-15 

7 16-25 

9 26 and above 

CONCLUSION 

Mutants in its M3 generations still showed unstable agronomic traits which is expected in 

mutation breeding studies. Induced mutation is very potent in creating variation. There are traits 

which can easily deviate from the wild type and there are traits which remain stable inspite of 

subjecting them to mutagen. The days to 50% flowering, days to maturity and resistance to the 

infestation of stem borer are the traits that improved compared to the wild type. Furthermore, there 

are agronomic traits that were not comparable with the local check. 

ACKNOWLEDGEMENTS 

The author wishes to express his profound and sincere gratitude to the institutions that have 

provided their assistance for the completion of this thesis. The Department of Science and 

Technology - Accelerated Science and Technology Human Resource Development Program 

(DOST-ASTHRDP), for the scholarship given him to pursue graduate studies and Central Luzon 

State University. 

REFERENCES 

1. J. Broad, “Useful mutants, bred with radiation”, 

2007,www.nytimes.com>2007/08/28>science (Accessed April 2011). 

2. Q. Shu, B. Forster and H. Nakagawa, “Principles and Applications of Plant Breeding” 

Rome, Italy, 2008, pp.301-323. 

3. P. Sen, G. Rao, S. Subudhi and R. Mishra, “Development of CR Boro Dhan-2. A high 

yielding mutant of rice for boro situation”, 2013, ww-

pub.iaea.org/books/IAEABooks/10598/Plant-Mutation-Reports-Vol-3-No-1-July-2013 

(Accessed July 2013). 

4. S. El-degwy, “Mutation induced genetic variability in rice (Oryza sativa L.)”, 2013, 

ijags.com>uploads>2013/09 (Accessed November 2015). 

  



 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 
 

321 

5. B. Temanel and F. Temanel, “Production Performance of Upland Rice cv. Pinilisa as 

Influenced by Organic, Foliar and Inorganic Fertilizers”, BS Thesis, 2010, Isabela State 

University, Philippines. 

6. L. Ranawake and U. Marasinghe, “Trait effect in different days to flowering groups of rice 

cultivars as described by path analysis”, 2014, http://www.ijsrp.org/research-paper-

0714/ijsrp-p31114.pdf (Accessed September 2016). 

7. R. Tapic, Q. Dela cruz, A. Alfonso, J. Canare, M. Labe and N. Tamayo, “Morphological, 

molecular, cytogenetic and field performance evaluation of mutant lines of rice (Oryza 

sativa L.) cv. NSIC Rc144”, PhD Thesis, 2011, Central Luzon State University, Philippines. 

8. D. Mani, “Characterization and Genetic Analysis of a Very High Tillering and Dwarf Rice 

(Oryza sativa L.) Mutant”, www.ricechip.org/morphology.pdf (Accessed September 2016). 

9. Y. Futsuhara, “Breeding of a new rice variety “Reimei” by gamma-ray irradiation”, Gamma 

Field Symposia, 1968, 7:87-109. 

10. S. Matsushima and T. Tanaka, “Analysis of developmental factors determining yields and its 

application to yield prediction and cultural improvement of lowland rice. LV. Early 

discrimination of non-fertilized rice grains”, Roc. Crop Science Society of Japan, 1960, 

28:365–366. 

11. S. Yoshida, “Fundamentals of Rice Crop Science”, Los Banos, Laguna, Philippines, 1981, 

pp. 17-30, 49- 63, 216-238. 

12. D. Ntanos and S. Koutroubas, “Dry matter and N accumulation and translocation for Indica 

and Japonica rice under Mediterranean conditions”, Field Crop Research, 2002, 74: 93-101. 

13. G. Wu, L. Wilson and A. Mcclung, “Contribution of rice tillers to dry matter accumulation 

and yield”, Agronomy Journal, 1998, 90: 317-323. 

14. J. Ying, S. Peng, Q. He, H. Yang, C. Yang, R. Visperas and R. Cassman, “Comparison of 

high-yield rice in tropical and subtropical environments. I. Determinants of grain and dry 

matter yields”, Field Crops Research, 1998, 57: 71-84. 

15. G. Atlin, H. Lafitte, D. Tao, M. Laza, M. Amante and B. Courtois, “Developing rice 

cultivars for high fertility upland systems in Asian tropics”, Field Crop Research, 2006, 

97:43-52. 

16. J. Sheehy, P. Mitchell, M. Dionora, T. Tadashi, S. Peng and G. Kush, “Unlocking the yield 

barrier in rice through a nitrogen-led environment in the radiation conversion factor”, Plant 

Production Science 3, 2000, 372-374. 

17. L. Sunio,  R. Caldo and M. Cohen, “Field screening of stem borer resistance in “new plant 

type” lines”, International Rice Research Notes 25, 2000, (3), 25-27. 

18. Z. Khan, J. Litsinger, A. Barrion, F. Villanueva, N. Fernandez and L. Taylo, “World 

Bibliography of Rice Stem Borers, 1794-1990”, IRRI, Manila, Philippines, 1991, p.415. 

19. E. Rubia, K. Heong, M. Zaluki, B. Gonzales and G. Norton, “Mechanisms of compensation 

of rice plants to yellow stem borer Scirpophaga incertulas (Walker) injury”, Crop Protection 

15, 1996, 335-340.  

http://www.ijsrp.org/research-paper-0714/ijsrp-p31114.pdf
http://www.ijsrp.org/research-paper-0714/ijsrp-p31114.pdf
http://www.ricechip.org/morphology.pdf


 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 
 

322 

20. K. Muralidharan, and I. Pasalu, “Assessment of crop losses in rice ecosystems due to stem 

borer damage (Lepidoptera:Pyralidae)”,  Crop Protection, 2006, 25:409-417. 

21. E.A. Siddiq, K. Muralidharan, N. Shobharani, I.C. Pasalu, K.G. Pillai and J.R.K. Rao, 

“Basmati Rice, second ed.” Directorate of Rice Research, Hyberdad, India, 1994. 

  



 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 
 

323 

iGRC02010252 

ISOLATION AND SCREENING OF PLANT GROWTH-PROMOTING 

BACTERIA FROM UPLAND RICE (Oryza sativa L.) RHIZOSPHERE 

Harry Jay M. Cavite 1,*, Ariel G. Mactal 2, Jayvee A. Cruz 3, Nemesio V. Tamayo1 and 

Florida C. Garcia2 

1 Department of Crop Science, College of Agriculture, Central Luzon State University, Science City  

  of Muñoz, Nueva Ecija 3120 Philippines 
2 Department of Soil Science, College of Agriculture, Central Luzon State University, Science City 

  of Muñoz, Nueva Ecija 3120 Philippines 
3 Philippine Rice Research Institute, Central Experiment Station, Science City of Muñoz, Nueva  

  Ecija 3119 Philippines 

*Corresponding author, e-mail: harryjaycavite@gmail.com 

Abstract 

 Presently, there is a growing interest in alternative technologies to ensure competitive yields 

of crops while maintaining the long-term ecological balance of the soil. The use of microbial 

inoculants in agriculture is considered as one alternate source to meet the nutrient requirement of 

crops. In this study, 25 isolates of rhizobacteria from upland rice grown in Isabela province, 

Philippines were used. These isolates were biochemically assayed to produce growth-promoting 

activities such as indole-3-acetic acid (IAA) production, phosphate solubilization, 1-

aminocyclopropane-1-carboxylate (ACC) deaminase activity, siderophore production and starch 

hydrolysis. Results showed that among 25 isolates, 12 produced IAA, another 12 were able to 

produce siderophores, showed orange halo around the colonies and 20 showed ACC deaminase 

activity. Additionally, 7 isolates dissolved precipitated tricalcium phosphate with a clearing zone 

around the colonies, but, only 1 isolate was able to hydrolyze starch. Among these, most promising 

isolates IBBw1a, IBBy1 (Ralstonia pickettii), IBBw2e (Burkholderia pyrrocinia) and IBBy2d 

(Acidovorax delafieldii) were selected and identified through BiOLOG GEN III Microbial 

Identification System. Overall, our results indicate that selected rhizobacterial isolates from upland 

rice may have commercial importance to be produced as biofertilizers. 

Keywords: Biolog GEN III System, isolation and screening, plant growth-promoting bacteria,  

                    rhizosphere, upland rice 

INTRODUCTION 

Modern agricultural practices largely rely on high inputs of mineral fertilizers to achieve 

high yields and involve applications of chemical pesticides to protect crops against pathogens and 

pests. These practices are now being re-evaluated and are coming under increased scrutiny as our 

awareness about the negative consequences of excessive use of fertilizers and chemical pesticide 

usage improves [1]. These situations emphasize the need for alternative technologies to ensure 

competitive yields of crops, at the same time maintaining the long-term ecological balance of the 

soil ecosystem. In this context, the use of soil microorganisms as microbial inoculants in agriculture 

is considered as one alternate source to meet the nutrient requirement of crops. 
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Rhizobacteria are the dominant deriving forces in recycling the soil nutrients and 

consequently, they are crucial for soil fertility [2]. Plant growth-promoting rhizobacteria (PGPR) 

are heterogeneous group of rhizobacteria in association with roots which can improve the extent or 

quality of plant growth directly or indirectly. According to Kloepper and Schroth [3], PGPR-

mediated plant growth promotion occurs by the alteration of the whole microbial community in 

rhizosphere niche through the production of various substances such as IAA, gibberellin, 

siderophore, ACC deaminase; and through the mechanism of different growth-promoting traits such 

as phosphate solubilization and antifungal activity. 

Current researches are eyed on the use of these microorganisms as microbial inoculants in 

agriculture due to their potential applications in plant growth and development. Thus, the present 

study was designed to screen and identify rhizospheric bacterial isolates for their multiple plant 

growth-promoting activities in vitro. This study represents a unique opportunity to look for 

promising growth-promoting bacteria that can improve plant health and contribute to higher crop 

yield. 

MATERIALS AND METHODS 

Isolation of Bacteria from Upland Rice Rhizosphere 

Plant and rhizosphere sample collection 

Six upland rice plant samples were carefully and randomly collected from Sindon Bayabo, 

Ilagan City, Isabela, Philippines [17o 7’ 19.497’’ N 122o 0’ 25.206” E (DMS)]. Isolation of bacteria 

from the rhizosphere was performed based on the method of Cruz and Paterno [4]. It was carried 

out by carefully removing the entire root system completely out of soil ground. Then, gently tapped 

to remove soil adhering to the roots. For each plant, 10 g of root samples were transferred into a 

250-mL Erlenmeyer flask containing 100 mL sterile distilled H2O and shaken for 24 h. Root-water 

mixture was diluted and made a series of four ten-fold dilutions. Then, 0.1 mL of 10-3 and 10-4 

dilutions was spread on duplicate Burks agar plates. The plates were incubated at room temperature 

and morphologically different colonies appearing on the medium were isolated and sub-cultured for 

further analysis. 

Media used 

Burks medium was used for the isolation and cultivation of nitrogen-fixing rhizobacteria 

from the rhizosphere samples. This medium is in dehydrated form and prepared only when needed. 

The media were sterilized for 20 min at 121o C before use. 

Purification of bacteria 

Colonies formed were examined in terms of their color. A loopful of each morphologically 

different colony was streaked on duplicate Burks agar plates. Pure cultures were used for further 

experiments. A record of the list of purified bacterial isolates was kept by assigning codes at every 

colony purified to facilitate identification. 
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In vitro Screening of Bacterial Isolates for Plant Growth-Promoting Activities 

 Bacterial isolates were screened and tested for the following plant growth-promoting 

activities: IAA production, phosphate solubilization, ACC deaminase, siderophore production and 

starch hydrolysis. All media in the following assays were sterilized for 20 min at 121o C before use. 

IAA production assay 

To measure IAA production activity of bacteria, a loopful of each bacterial isolate was 

inoculated in nitrogen-free broth which consists of 10.65 g Burks medium and 500 mL distilled 

H2O supplemented with 0.05 g L-1 Tryptophan [4,5]. After seven days of incubation, cultures were 

centrifuged for 10 min at 13,000 rpm in 4o C. Then, IAA in the supernatant were detected 

colorimetrically by Salkowski’s reagent. The reagent used consists of 3.0 mL 0.5 M FeCl3, 90.0 mL 

H2SO4 and 150.0 mL distilled H2O. One mL of the supernatant was reacted with 2.0 mL of the 

reagent. Pink to red color transformation indicates positive reaction. 

Phosphate solubilization assay 

To test phosphate solubilization activity, isolates were grown in modified Pikovskaya’s 

medium containing 5.0 g Ca3(PO4), 0.2 g NaCl, 0.2 g KCl, 0.1 g MgSO4·7H2O, 0.00025 g 

MnSO4·7H2O, 0.00025 g FeSO4·7H2O, 0.5 g (NH4)2SO4, 0.5 g yeast extract, 10.0 g glucose, 20.0 g 

agar and 1,000 mL distilled H2O. Bacterial isolates were spot-inoculated on surface of the agar and 

incubated for five days. Clearing zone around the bacterial growth or colony indicates phosphate 

solubilization [4,5]. 

Phosphate-solubilizing capacity of isolates was semi-quantitatively determined in terms of 

its phosphorus solubilization index (PSI) using Equation 1 below by Islam and Hossain [6]. Using 

desk ruler, total diameter of halo zone was measured by getting length of the halo zone from one 

edge to the other. Same procedure was done also in measuring length of colony diameter. 

 Eq 1.   PSI = 
Total diameter of the halo zone (mm)

colony diameter (mm)
 

ACC Deaminase activity assay 

To test ACC deaminase activity, isolates were grown in nitrogen-free Dworkin and Foster’s 

minimal salts agar medium. Two batches of media were prepared – one supplemented with 0.3 g L-1 

ACC and the other one supplemented with 0.3 g L-1 (NH4)2SO4. Plates were incubated in the dark 

for seven days and growth of isolates on the media was taken as an indicator of efficiency of 

selected isolates to utilize ACC or (NH4)2SO4 and to produce ACC deaminase [4]. 

Siderophore production assay 

To test siderophore production activity, procedure of Schwyn and Neilands [7] was 

followed. Chrome Azurol S (CAS) agar was prepared from four solutions, which were sterilized 

separately before mixing. The blue-dye solution (solution 1) was prepared by mixing the 0.06 g 

CAS (in 50 mL distilled H2O) and 0.0027 g FeCl3 (in 10 mL 10mM HCl) with 40 mL of distilled 

H2O containing 0.073 g of Hexadecyltrimethylammonium bromide (HDTMA). Resulting mixture 

was dark blue in color. Then, MM9/PIPES solution (solution 2) was prepared by first dissolving 3.0 

g KH2PO4, 5.0 g NaCl, and 10.0 g NH4Cl in 100 mL distilled H2O and diluting the solution in 750-

mL distilled H2O. The diluted solution was added with 32.24 g of piperazine-N,N’-bis[2-
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ethanesulfonic acid] (PIPES) and pH was adjusted to 6.8 through drop-by-drop addition of NaOH. 

Then, 15.0 g bacteriological agar was added, mixed and set aside. 

Meanwhile, casamino acid solution (solution 3) was prepared by mixing 3.0 g of casamino 

acid (in 27 mL distilled H2O) and 1.5 g 8-hydroxyquinoline (in 50 mL chloroform). Casamino acid 

(30 mL) was extracted using micropipette from the resulting two-layer solution. Lastly, 20% 

glucose stock (solution 4) was prepared by mixing 20.0 g of glucose in 100 mL distilled H2O. All 

four solutions were sterilized at 121º C for 20 min and CAS agar (blue color) was prepared 

aseptically. 

 Bacterial isolates (four isolates per plate) were spot-inoculated on surface of the agar. 

Siderophore production was determined by formation of orange halos or clearing zone around the 

bacterial colony after 1 week of incubation at room temperature. 

Starch hydrolysis assay 

To test starch hydrolysis activity, isolates were streaked on starch agar consisting of 3.0 g 

beef extract, 10.0 g soluble starch, 15.0 g bacteriological agar and 1,000 mL distilled H2O. After 24 

h of incubation, the surface of plate was submerged with iodine solution to detect presence or 

absence of starch in the vicinity around the bacterial growth. Microbial starch hydrolysis reveals as 

clearing zone surrounding the bacterial growth [8]. 

Selection of Isolates 

Four isolates were selected based on results of the in vitro screening assays. Isolate which 

showed multiple growth-promoting activities was selected for further identification. Special 

attention was also given to isolates which outclass among others in terms of growth-promoting 

activities. This was done in the case of three selected isolates, each of which was IAA-producer, 

phosphate-solubilizer and starch-hydrolyzer, respectively. 

Identification of the Selected Isolates 

Selected bacterial isolates were identified biochemically using the BiOLOG GEN III 

Microbial Identification System analysis. Identification process was performed according to 

manufacturer’s instruction. The GEN III MicroPlate test panel was used, consisting of ninety-four 

phenotypic tests: seventy-one carbon source utilization assays and twenty-three chemical sensitivity 

assays. Isolates were individually grown on Burks agar medium, and then suspended in a special 

“gelling” inoculating fluid (IF) at recommended cell density. Cell suspension was inoculated in to 

the GEN III MicroPlate and was incubated for 24 h to allow phenotypic fingerprint to form. All 

readings and interpretation of results were performed by BiOLOG’s Microbial Identification 

System Software at the Natural Sciences Research Institute (NSRI), University of the Philippines 

(UP) Diliman, Quezon City. 

RESULTS AND DISCUSSION 

Isolation of Bacteria from the Rhizosphere 

A total of 25 nitrogen-fixing bacterial isolates were obtained from the upland rice 

rhizosphere. Isolates were observed as having heavy and thick growth and produced a thick layer of 

mucus. Different colors were observed such as white, yellow, orange and purple. 
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In vitro Screening of Bacterial Isolates for Plant Growth-Promoting Activities 

IAA production assay 

Of the 25 bacterial isolates screened, 12 were positive for IAA production. Prominent 

among the mechanisms of used by plant growth-promoting strains are the bacterial synthesis of this 

phytohormone IAA and the bacterial regulation of the production of ethylene in developing 

seedlings [9]. Pink to red color indication was observed on the twelve positive isolates after the 

reaction of the tryptophan-supplemented culture broths with the Salkowski’s reagent (Figure 1a). 

This color indication confirmed the IAA-producing potential of rhizospheric isolates. 

The appearance of pink or red color can be explained by the mechanism that a complex was 

formed when the reagent containing FeCl3 was added to the culture supplemented with tryptophan. 

Tryptophan is an essential amino acid that can undergo oxidation by way of the enzymatic activities 

of some bacteria. Conversion of tryptophan into metabolic products is mediated by the ability of 

tryptophanase, and consequently, production of IAA in this case. The ability to hydrolyze 

tryptophan with the production of indole is not a characteristic of all microorganisms, and therefore 

it serves as a biochemical marker [10]. 

This property of synthesizing IAA by bacteria is considered as an effective tool for 

screening beneficial microorganisms suggesting that IAA-producing bacteria have a profound effect 

on plant growth. Inoculation with IAA-producing bacteria induces the proliferation of lateral roots 

and root hairs [11], and thus, of significance in crop production. IAA production is a major property 

of rhizosphere bacteria that stimulates and facilitates plant growth. 

Phosphate solubilization assay 

Solubilizing efficiency of twenty-five bacterial isolates was measured using modified 

Pikovskaya’s agar medium containing tricalcium phosphate. Only seven isolates were able to 

produce clearing zone around the colony which is attributed to phosphate solubilization in its 

vicinity (Figure 1b). Similar observation on the same media used was also reported by Cruz and 

Paterno [4] showing clearing zone around bacterial colony as it dissolved precipitated tricalcium 

phosphate. 

The principal mechanism for the formation of clearing zone by the 7 isolates is the secretion 

of organic acids. Sarker et al. [12] have verified this effect on a similar assay, both in solid and 

culture broth media, which interestingly recorded a decrease in pH value of the broth medium used. 

The secretion of organic acids by phosphate-solubilizing bacteria (PSB) have also been well-

documented by Rodriguez and Fraga [13]. 

Phosphorus solubilization index (PSI) of the isolates ranged from 1.25 to 1.60 (Table 1). 

Highest efficiency was exhibited by IBBy1. The PSI results obtained in the solid medium are higher 

than other observations and supported with Nostrati et al. [14], indicating that the strains of 

nitrogen-fixing bacteria isolated from upland rice rhizosphere are effective phosphate-solubilizers. 

Furthermore, these nitrogen-fixing PSB could serve as efficient biofertilizer candidates for 

improving the N and P nutrition of the crop, simultaneously. 

  



 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 
 

328 

The use of these bacteria as inoculants simultaneously increases P uptake and crop yield of 

the plant. Strains of the genera Pseudomonas, Bacillus and Rhizobium are among the most powerful 

phosphate-solubilizers. The enzyme acid phosphatases play a major role in the mineralization of 

organic phosphorous in soil [13]. 

ACC deaminase activity assay 

Of the twenty-five bacterial isolates screened, twenty were positive for ACC deaminase 

activity as indicated by their growth on the Dworkin and Foster’s minimal salts agar medium 

amended with ACC (DF-ACC agar) (Figure 1c). This indicates efficiency of bacterial isolates to 

utilize ACC and to produce ACC deaminase [15]. Production of 1-aminocyclopropane-1-

carboxylate (ACC) deaminase by PGPR has an additional benefit on plants by reducing the stress 

inducible ethylene level in host plants [16].  

It is known that ACC is precursor to plant ethylene levels. Presence of ACC deaminase 

activity in tested bacterial isolates proves mechanism of enzyme ACC deaminase in hydrolyzing 

ACC to ammonia and α-ketobutyrate [2]. This mechanism is evident in several rhizospheric 

bacteria. Production of ACC deaminase hydrolytic enzyme can be useful tool to mitigate plant 

stress caused by adverse environmental stresses, as this reduces the stress inducible ethylene level 

in host plants [17]. A study by Glick et al. [18] proved this claim where bacteria positive of ACC 

deaminase activity reduced the level of stress ethylene, conferring resistance and resulting in better 

growth of plants under various stresses such as salt, flooding, heavy metal and pathogen attack. 

 In crop production, ACC deaminase-containing PGPR are of great significance. These 

bacteria are beneficial to plant growth as plants are often subjected to ethylene-producing stress. 

Thus, by lowering level of ACC in the stressed plant, amount of stress ethylene synthesis is also 

limited as well as damage to the plant [19]. 

Siderophore production assay 

Assay conducted revealed that twelve out of twenty-five bacterial isolates are siderophore-

producers. This was indicated by formation of orange halos in CAS agar by bacteria (Figure 1d). 

This activity explains the iron uptake mechanism of the bacteria. Nitrogen-fixing bacteria, in 

particular, require iron for rhizospheric growth as well as for plant-associated symbiotic activities. 

One of the iron uptake systems involves siderophores and bacteria produce great diversity of ferric 

ion chelators in iron-limited environments [20]. Plants assimilate iron from bacterial siderophores 

by means of different mechanisms; for instance, chelate and release of iron, direct uptake of 

siderophore-Fe complexes, or by ligand exchange reaction [21]. In case of iron chelation, 

siderophores bind to available form of iron (Fe3+) in rhizosphere, thus making it unavailable to 

phytopathogens and protect the plant health. Siderophores-Fe3+ binding complexes are transported 

inside the cell through highly specific transporters [22]. 

Production of siderophores is one of the important traits of PGPR that may influence plant 

growth. A study conducted by Khandelwal et al. [23] proved the growth-promoting trait of 

siderophore when plants inoculated with siderophore-producing bacterial strain produced higher 

soybean yields compared to six other bacterial strains that are not producing iron chelator. 

  



 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 
 

329 

Starch hydrolysis assay 

Only one out of the twenty-five isolates screened was positive for starch hydrolysis activity 

in vitro. A clearing zone around bacterial growth was observed on this isolate (Figure 1e). Based on 

its ability to hydrolyze starch, this starch-hydrolyzing isolate is potential plant growth stimulant. 

Bacteria inoculated in the starch agar were able to produce exoenzymes which subsequently 

hydrolyze starch. 

It is known that starch molecules are too large to enter the bacterial cell membrane. Some 

bacteria are able to excrete exoenzymes such as α-amylase and oligo-1,6-glucosidase which split 

starch into smaller fragments or individual glucose molecules that are of metabolic value to bacteria 

[8]. Organisms that produce and secrete extracellular enzyme α-amylase and oligo-1,6-glucosidase 

are able to hydrolyze starch by breaking glycosidic linkages between sugar subunits. Although there 

are intermediate steps and additional enzymes utilized, overall reaction is complete hydrolysis of 

polysaccharide to its individual α-glucose subunits. 

This assay further revealed that majority of the isolates from the upland rice samples were 

not starch-hydrolyzing bacteria as reflected by the result. This could be due to the low exoenzyme-

producing ability of the isolates. This finding is not new with respect to nitrogen-fixing bacteria, as 

similar results were also found out by Dhevendaran et. al. [10] in their study on the use of different 

carbon sources on the growth of Azotobacter species from medicinal plants. 

 

Figure 1. Positive indicators of the five assays: (a) IAA production - pink to red color, (b) 

Phosphate solubilization - halo zone around the colony, (c) ACC deaminase activity - growth of 

bacteria, (d) Siderophore production - orange halos around the colony, and (e) Starch hydrolysis - 

clearing zone around bacterial growth. 

Selection of Isolates 

 Four isolates were selected for further studies on the basis of their growth-promoting traits 

(Table 1). Three of these isolates (IBBw1a, IBBy1, IBBy2d) outclass among others – each of which 

was positive for IAA production, phosphate solubilization and starch hydrolysis, respectively. The 

other one isolate (IBBw2e) holds multiple growth-promoting activities. These were IAA production, 

phosphate solubilization, ACC deaminase activity and siderophore production. 
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Table 1. Growth-promoting activities of the twenty-five nitrogen-fixing bacterial isolates. 

Isolate 
IAA 

productiona 

Phosphate 

solubilizationb 

ACC 

deaminase 

activity 

Siderophore 

production 

Starch 

hydrolysis 

IBBpa + - + - - 

IBBw1a +++ - - - - 

IBBy1 - + (PSI = 1.6) + + - 

IBBo1 + - + + - 

IBBy2a - + (PSI = 1.5) + + - 

IBBw2a - - + - - 

IBBo2a ++ - + + - 

IBBy3a + - - - - 

IBBw2b - - + + - 

IBBpb + - - - - 

IBBo2b - - + - - 

IBBw2c + - + + - 

IBBy2b - - + - - 

IBBw2d - - - - - 

IBBo2c - - + + - 

IBBy3b - + (PSI = 1.3) + - - 

IBBy2c - + (PSI = 1.3) + - - 

IBBy3c - + (PSI = 1.5) + - - 

IBBw2e + + (PSI = 1.5) + + - 

IBBw1b +++ + (PSI = 1.25) + - - 

IBBw2f - - + + - 

IBBy2d - - + + + 

IBBw1c + - - + - 

IBBw1d + - + + - 

IBBw2g + - + - - 

a light pink +, moderately pink ++, red +++ 
bPSI is phosphate solubilization index 
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Identification of the Selected Isolates 

BiOLOG GEN III Microbial ID System revealed the identity of three selected isolates only: 

Ralstonia pickettii (IBBy1), Burkholderia pyrrocinia (IBBw2e) and Acidovorax delafieldii (IBBy2d). 

The BiOLOG GEN III Microbial ID System is a new breakthrough in bacterial identification which 

enables testing of Gram-negative and Gram-positive bacteria in the same panel. The new redox 

chemistry dissects and analyzes the ability of the cell to metabolize all major classes of 

biochemicals, in addition to determining other important physiological properties such as pH, salt 

and lactic acid tolerance, reducing power and chemical sensitivity. 

All of the identified isolates were Gram-negative as shown by the chemical sensitivity 

assays. In addition, all isolates were found to be lactic acid tolerant and can thrive at pH 6. 

Chemical sensitivity assays further revealed that salt tolerance of the isolates is at 1% level except 

for Acidovorax delafieldii which showed negative for the said assay. Also, selected bacterial strains 

were found to have a reducing capacity as reflected by the tetrazolium test. 

The above findings of the chemical sensitivity assays are in agreement with other similar 

studies. The Gram-negative characteristic is common among of nitrogen-fixing bacteria. 

Dhevendaran et al. [10] isolated and identified nitrogen-fixing bacterial strains from medicinal 

plants which were all Gram-negative. In rice rhizosphere, Islam et al. [24] also reported all Gram-

negative nitrogen-fixing bacterial strains with maximum number belonged to genus Burkholderia. 

Other assays include the carbon source utilization, amino acid test and carboxylic acid test. 

Results revealed that positive characteristics are common among nitrogen-fixing bacteria and could 

be of importance on plant growth-promotion and consequently useful in agricultural technologies. 

Complete biochemical details of the four selected isolates are shown in Table 2. 
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Table 2. Biochemical details of the four selected isolates using BiOLOG GEN III System. 

Carbon Source 
Selected Isolatea 

IBBw1a IBBy1 IBBw2e IBBy2d 

Dextrin - + + + 

D-Maltose + - - - 

D-Trehalose + + - - 

D-Cellobiose + - - - 

Gentiobiose + - - - 

Sucrose + (+) + - 

D-Turanose + - - + 

Stachyose - - - - 

D-Raffinose + - - - 

α-D-Lactose + - - - 

D-Melibiose + + - - 

β-Methyl-D-Glucoside + - - + 

D-Salicin + - + + 

N-Acetyl-D-Glucosamine + - + + 

N-Acetyl-β-Mannosamine - - - + 

N-Acetyl-D-Galactosamine + - - + 

N-Acetyl Neuraminic Acid - - - + 

α-D-Glucose + + + + 

D-Mannose + + + + 

D-Fructose + + + + 

D-Galactose + + + (+) 

3-Methyl Glucose (+) + - + 

D-Fucose + + - + 

L-Fucose + + + (+) 

L-Rhamnose + + - - 

Inosine + - - + 

D-Sorbitol + - + (-) 

D-Mannitol + + + + 

D-Arabitol + + + + 

myo-Inositol + - + + 
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Table 2. Continued. 

Carbon Source 
Selected Isolatea 

IBBw1a IBBy1 IBBw2e IBBy2d 

Glycerol + + (+) + 

D-Glucose-6-PO4 + + (+) + 

D-Fructose-6-PO4 + (+) + + 

D-Aspartic Acid - + + + 

D-Serine - - - - 

Gelatin - - - + 

Glycyl-L-Proline (+) - + - 

L-Alanine + + + + 

L-Arginine + - + + 

a + positive; - negative; (+) mismatched positive; (-) mismatched negative 

 

Table 2. Continued. 

Carbon Source 
Selected Isolatea 

IBBw1 (3) IBBy1 (5) IBBw2 (37) IBBy2 (43) 

L-Aspartic Acid + + + + 

L-Glutamic Acid + + + + 

L-Histidine + + + + 

L-Pyroglutamic Acid + + + + 

L-Serine + + + + 

Pectin + (+) + - 

D-Galacturonic Acid + + + + 

L-Galactonic Acid Lactone + (+) (+) + 

D-Gluconic Acid + + + + 

Glucuronic Acid + + + + 

Glucuronamide + + + - 

Mucic Acid + + + + 

Quinic Acid + + + + 

D-Saccharic Acid - + + + 

p-Hydroxyl-Phenylacetic Acid (+) + + + 
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Table 2. Continued. 

Carbon Source 
Selected Isolatea 

IBBw1 (3) IBBy1 (5) IBBw2 (37) IBBy2 (43) 

Methyl Pyruvate + + + + 

D-Lactic Acid Methyl Ester + - - (+) 

L-Lactic Acid + + (-) + 

Citric Acid (+) + + (+) 

α-Keto-Glutaric Acid + + - + 

D-Malic Acid + - - + 

L-Malic Acid + + + + 

Bromo-Succinic Acid (+) - + + 

Tween 40 + + (+) + 

y-Amino-Butyric Acid + + + + 

α-Hydroxyl-Butyric Acid + - - - 

α-Hydroxyl-D,L-Butyric Acid + + + + 

α-Keto-Butyric Acid - - - + 

Acetoacetic Acid + + - + 

Propionic Acid + (+) + + 

Acetic Acid + + + + 

Formic Acid + - - - 

Identification Results NO ID 

Ralstonia 

pickettii 

(66.8%) 

Burkholderia 

pyrrocinia 

(34.8%) 

Acidovorax 

delafieldii 

(99.9%) 

a + positive; - negative; (+) mismatched positive; (-) mismatched negative.  
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CONCLUSION 

Rhizobacteria associated with upland rice produce growth-promoting compounds that 

promote plant growth. In this study, 25 nitrogen-fixing strains were isolated and proved to be 

promising plant growth promoters in vitro. These bacteria may have commercial importance to be 

developed as potential bio-inoculant that may help reduce the use of chemical fertilizers and 

contribute to higher crop yield; and consequently can address the growing concern on food security 

in a changing climate. However, isolates selected in this study still have to be evaluated on in vitro 

and plant-soil systems with upland rice as test crop in order to uncover their efficacy as effective 

microbial inoculants. 

ACKNOWLEDGEMENTS 

This work was a preliminary thesis study submitted by the first author to Central Luzon 

State University (CLSU), Science City of Muñoz, Nueva Ecija as partial fulfillment for the degree 

of Master of Science in Crop Science. The Department of Science and Technology (DOST) and the 

Philippine Rice Research Institute (PhilRice) Central Experiment Station, Science City of Muñoz, 

Nueva Ecija is greatly acknowledged for providing the necessary fund, facilities and technical help 

for this work. 

REFERENCES 

1. S. Haffeez, “Biofertilizers technology: Need of the day”, 2003, https://goo.gl/w4Q5SU 

(Accessed: November 2016). 

2. B. R. Glick, “Modulation of plant ethylene levels by bacterial enzyme ACC deaminase”, 

FEMS Microbiology Letters, 2005, 251, 1-7. 

3. J. Kloepper and M. Schroth, “Relationship of in vitro antibiosis of plant growth-promoting 

rhizobacteria to plant growth and the displacement of root microflora”, Phytopathology, 1981, 

71, 1020-1024. 

4. J. A. Cruz and E. S. Paterno, “Isolation and screening of actinomycetes for its growth-

promoting activities”, The Asian Journal of Life Sciences, 2014, 23(2):413-427. 

5. S. Shahab, N. Ahmed and N. S. Khan, “Indole acetic acid production and enhanced plant 

growth promotion by indigenous PSBs”, African Journal of Agricultural Research, 2009, 

4(11), 1312-1316. 

6. M. T. Islam, and M. M. Hossain, “Plant probiotics in phosphorus nutrition in crops, with 

special reference to rice”, in “Bacteria in Agrobiology: Plant Probiotics” (Ed. D. K. 

Maheshwari), Springer, Berlin, 2012, pp. 325-363. 

7. B. Schwyn and B. Neilands, “Universal chemical assay for the detection and determination of 

siderophores”, Annals of Biochemistry, 1987, 160, 46-56. 

8. C. Collins, P. Lyne and J. Grange, “Collins and Lyne’s Microbiological Methods”, 7th Edn, 

Butterworth-Heinemann, London, 1995, pp.101-117. 

9. H. Xie, J. J. Pasternak and B. R. Glick, “Isolation and characterization of mutants of the plant 

growth-promoting rhizobacterium Pseudomonas putida GR12-2 that overproduce 

indoleacetic acid”, Current Microbiology, 1996, 32(2), 67-71. 

  



 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 
 

336 

10. K. Dhevendaran, G. Preetha and B. N. V. Hari, “Studies on nitrogen-fixing bacteria and their 

application on the growth of seedling of Ocimum sanctum”, Pharmacognosy Journal, 2013, 

5(2), 60-65. 

11. B. Mohite, “Isolation and characterization of indoleacetic acid (IAA)-producing bacteria from 

rhizospheric soil and its effect on plant growth”, Journal of Soil Science and Plant Nutrition, 

2013, 13(3), 638-649. 

12. A. Sarker, N. M. Talukder and M. T. Islam, “Phosphate-solubilizing bacteria promote growth 

and enhance nutrient uptake by wheat”, Plant Science Today, 2004, 1(2), 86-93. 
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Abstract 

 Ten BC1F2 families derived from the cross between NSIC Rc222 (salt-sensitive) and Jumbo 

Jet (salt-tolerant) were screened for reproductive stage salinity tolerance (EC= 6 dS m-1). Based on 

segregation pattern, T109290 (BC1F2-JJ29-P1) was selected and used as mapping population 

wherein 184 lines from this family grown under normal condition were randomly selected and 

genotyped. The genotypic data was used to correlate with the morphological traits of the 184 

BC1F3-JJ29-P1 lines evaluated at reproductive stage under salinized condition. Exactly 194 markers 

were used to construct the genetic linkage map using inclusive composite interval mapping (ICIM) 

software version 4.1. The linkage map has a total length of 397.45 cM with an average interval size 

of 2.05 cM. Nine Quantitative Trait Loci (QTLs) were identified at reproductive stage with 

logarithm of odds (LOD) > 3.0 located on chromosomes 1, 4, 6, 7 and 11 explaining 2.69 to 70.06% 

of the phenotypic variance. These include QTLs for salinity evaluation score (qSES1.1), days to 

flowering (qDFL6, qDFL11.1, qDFL11.2), plant height (qPTH1, qPTH4), number of fertile 

spikelets (qNFS7) and number of sterile spikelets (qNSS1, qNSS4). It is recommended that fine-

mapping of the identified QTLs be done to help identify closely linked markers for use in marker-

assisted backcrossing. 

Keywords: Jumbo Jet, Salinity, Linkage map, Inclusive composite interval mapping, 

        Quantitative Trait Loci. 

INTRODUCTION 

Rice (Oryza sativa L.), one of the most important food crops in the world, serves as the 

staple food for almost half of the world population. It is widely grown in a diverse range of 

locations and under a variety of climatic conditions including abiotic stresses. Salinity is one of the 

most common abiotic problems in the rice growing countries. High-yielding modern rice varieties 

are generally sensitive to salt stress. Therefore, it is considered as a major factor limiting rice 

productivity in coastal areas. 

Approximately more than 800 million hectares of soil on Earth are salt-affected either by 

salinity (397 Mha) or sodicity (434 Mha) which is over 6% of the total land area in the world [1]. 

Saline soils are usually under waterlogged condition, thus, are potential areas for rice cultivation. 

However, these are left uncultivated or being grown with low-yielding traditional varieties due to 

the lack of suitable tolerant high-yielding varieties. Because of increasing population, food 
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shortages and land scarcity, there is a need to utilize salt affected land to meet the world food 

requirement. 

Attempts to reduce soil salinity using mechanical methods such as reclamation, irrigation 

and drainage are not always practical or economical. Development of new varieties with higher 

ability to cope with salt stress is increasingly needed for rice production in salt-affected areas. The 

transfer of salt tolerance from traditional rice to modern high-yielding varieties will surely increase 

rice production in these areas. Breeding rice varieties with in-built salt tolerance is the most 

promising, economical and socially acceptable approach that will bring millions of hectares of idle 

lands into rice production. 

Salt tolerance which is an important agronomic trait in rice, is a complex trait controlled by 

quantitative trait loci (QTL). The effect of salt stress on rice varies depending on its stage of 

development, where seedling and reproductive stages are considered to be the most vulnerable. This 

phenomenon is known to be regulated by various processes and sets of genes [2, 3]. Tolerance at 

seedling and reproductive stages is important for better crop establishment and grain yield, 

respectively. Isolation of QTLs associated with both stages therefore holds a great potential in 

improving rice tolerance to salinity. 

One way to accelerate the development of salt-tolerant rice varieties is through the use of 

molecular markers that are tightly linked to traits related to salinity tolerance.  This can be 

accomplished via QTL mapping experiments which could detect any QTL associated with the 

symptoms of salinity. The identified QTL on specific chromosomal regions could then be used to 

improve the selection efficiency in conventional breeding through the generated DNA markers [4, 

5]. Salt-tolerant plants in a segregating population can be selected in early generation based on their 

genotype rather than their phenotypes. In conventional breeding, it takes up to 10 years to develop a 

new variety while with the use of molecular markers, breeding period can be reduced to half. 

Therefore, molecular markers are more effective and efficient than phenotypic selection. 

DNA markers are much preferred because they are not strongly affected by environmental 

factors and they exhibit much greater heritabilities compared to conventional method [6]. Several 

DNA markers have been developed and are now being used for identifying chromosomal regions 

that affect quantitative traits. The most recent and more advanced is the use of single nucleotide 

polymorphic (SNP) markers which can overcome the limitations of other molecular markers. QTLs 

controlling adaptation to salinity that will be identified at reproductive stages can serve as novel 

sources of salt tolerance [7] which may accelerate the development of salt-tolerant varieties [8] by 

accurately transferring the identified QTLs at reproductive stage into existing varieties [9]. 

Some traditional rice cultivars have more tolerance to salinity than many elite cultivars and 

they are considered to be good sources of tolerance. However, they generally lack important 

agronomic traits such as good grain quality and high yield. They are also photosensitive and prone 

to lodging due to tall plant stature [10]. Jumbo-Jet (IRGC # 44480) is a newly discovered landrace 

in the Philippines with high salinity tolerance at reproductive stage [11]. This probably possesses 

novel genes for salinity tolerance. Therefore, it is imperative that it should be utilized as parent in 

breeding programs and be subjected to QTL analysis in order to develop superior salt-tolerant 

varieties. 
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MATERIALS AND METHODS 

Plant Materials 

A local landrace (Jumbo Jet) that shows high tolerance to salinity during reproductive stage 

and a salt-sensitive high yielding variety (NSIC Rc222) from the Philippines were used in the 

experiment as parents to produce an F1 (Figure 1). The NSIC Rc222 was used as female parent 

while Jumbo Jet serves as male parent. The F1 was backcrossed to the female parent to produce the 

BC1F1 which was allowed to self to produce the BC1F2. Ten families were generated and evaluated 

in 2015 Dry Season. From this, the best family suited for use as mapping population was selected 

and grown in the following season (2015 Wet Season). 

 

Figure 1. Developmental scheme of BC1F3 mapping population derived from NSIC Rc222 / Jumbo 

Jet genotypes. 

Reproductive Stage Screening 

Reproductive stage screening was conducted for two seasons (2015 Dry and Wet Seasons). 

Salinization was done two weeks before booting stage at an electrical conductivity (EC) of 6-8dS 

m-1 and was maintained until the grains were at the hard dough stage. The EC level was monitored 

twice a week with the use of a digital data logger (DECAGON EM50) to ensure maintenance of the 

salinity level. Jumbo Jet, NSIC Rc222 and two check varieties (FL478 and IR29) were included 

under salinized and normal conditions. FL478 was known to be salt-tolerant while IR29 was known 

for its susceptibility. Yield and yield components were measured following the Standard Evaluation 

System (SES) developed at IRRI [12]. Salt tolerance score was recorded at 100 days after 

transplanting. The modified Standard Evaluation System (SES) of IRRI was used in rating the 

symptoms of salt toxicity, as shown below (Table 1). 

Table 1. Standard evaluation system (SES) for scoring of visual salt injury at reproductive stages 

in rice. 

SCORE OBSERVATION TOLERANCE 

1 Normal growth, no leaf symptoms Highly Tolerant 

3 Nearly normal growth, but leaf tips or few 

leaves whitish and rolled 

Tolerant 

5 Growth severely retarded, most leaves are 

rolled; few elongating 

Moderately Tolerant 

7 Complete cessation of growth; most leaves 

dry; some plants dying 

Sensitive 

9 Almost all plants dead or dying Highly Sensitive 

Data Analysis 
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 The frequency distribution of the ten BC1F2 families (30 individuals each) and the 184 

BC1F3 plants for traits associated with salinity tolerance at reproductive stage were analyzed using 

Microsoft excel 2010. The analysis of variance was done using SAS Statistical Analysis Version 

9.1.3. Also, Pearson’s correlation was performed to determine the relationship of SES score to 

different parameters measured. 

QTL Mapping 

ICIM software version 4.1 [13] was used to construct the genetic linkage map by using 

functions suggested by Kosambi [14] based on genotypic data. The linkage groups were determined 

using command group with logarithm of odds (LOD) > 3.0. The critical threshold value for QTL 

detection was calculated by 1000 random permutations of the phenotypic data to establish an 

experiment-wise significance value at 0.05 [14]. 

RESULTS AND DISCUSSION 

Selection of Mapping Population 

Out of the ten families screened under salinized conditions, clear segregation pattern was 

observed in four families: T109282 (BC1F2-JJ04-P1), T109287 (BC1F2-JJ15-P3), T109290 (BC1F2-

JJ29-P1) and T109291 (BC1F2-JJ29-P2), which showed susceptible and tolerant plants within each 

family (Figure 2). These families were scored 5 or rated as moderately tolerant as a whole. 

However, segregation pattern was most pronounced in T109290 (BC1F2-JJ29-P1) making it as the 

best segregating family suited for use as a mapping population (Figures 2 and 3). 

 

 

Figure 2. Salinity tolerance screening at reproductive stage using ten BC1F2 families of NSIC 

Rc222/ Jumbo Jet under saline (6 dS/m) condition.  

       T109282        T109284        T109288     NSIC Rc222     T109289      Jumbo Jet        T109283 
        (JJ04-P1)          (JJ10-P2)          (JJ17-P1)                                  (JJ17-P2)                                   (JJ04-P2) 
  
  
  
  
  

  (JJ15-P3)                                          (JJ29-P1)                               (JJ29-P2)           (JJ15-P1)        (JJ10-P3) 
  
  
  
  
  

     T109287              FL478            T109290        IR29           T109291         T109286       T109285 
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Figure 3. Segregating rice plants within T109290 (BC1F2-JJ29-P1) family under (a) salinized (b) 

normal conditions. 

 There were 184 BC1F2 plants of the selected family, including parents, sent for SNP 

genotyping at the Genotyping Services Laboratory (GSL) of IRRI. Leaf samples were collected 

from the normal set-up at L4, IRRI using Plant Track. DNA was extracted and Infinium SNP chip 

was used for SNP genotyping. 

Phenotypic Variation among 184 BC1F3-JJ29-P1 lines of NSIC Rc222/Jumbo Jet Under Salt 

Stress (6 dS m-1) at Reproductive Stage 

The injurious effects of salinity on the rice plant especially on grain yield are more intense 

at the reproductive stage than at the vegetative stage [15-16]. Yield is composed of yield 

components such as panicle length, spikelets per panicle and 1000-grain weight which are severely 

affected by salinity [17-19]. To determine the response of 184 BC1F3-JJ29-P1 lines and their 

parents (NSIC Rc222 and Jumbo Jet) to salinity at reproductive stage, they were screened in an 

artificially salinized field right after seedling stage screening. Salinity scoring was done 100 days 

after transplanting to identify tolerant and sensitive plants based on visual symptoms described in 

the Standard Evaluation System Manual of IRRI. The SES scores of the 184 BC1F3-JJ29-P1 lines 

ranged from 3.67 to 9.0 (Table 2). The frequency distribution for the salinity tolerance scores 

among BC1F3-JJ29-P1 lines was close to normal distribution (Table 2). 

Table 2. Mean values for yield-related traits measured in the 184 BC1F3-JJ29-P1 lines and their 

parents (NSIC Rc222 and Jumbo Jet) under salt stress of (6 dS m-1) at reproductive stage. 

TRAIT 

NSIC 

Rc222 

JUMBO 

JET 

MID-

PARENT 

PROGENY 

VALUES MEAN OF 

PROGENIES SKEWNESS Min Max 

SES 8.33 5.67 7.00 3.67 9.00 7.01 -0.52 

DFL 99.00 99.33 99.17 90.33 100.67 96.60 0.04 

PTH 97.00 109.89 103.44 87.89 122.11 107.23 -0.34 

NOP 12.78 11.56 12.17 11.22 19.56 14.37 0.24 

NFS 37.00 135.67 86.34 27.67 176.33 92.92 0.16 

NSS 213.33 261.67 237.50 139.33 332.00 220.65 0.29 

SF 15.15 34.09 24.62 10.49 54.20 29.70 0.13 

HGW 1.21 1.23 1.22 1.06 2.07 1.42 0.37 

GY 1.64 5.29 3.46 1.40 18.14 7.04 0.65 

SB 66.59 64.47 65.53 39.55 147.62 71.41 0.98 

aSES, Salinity evaluation score; DFL, Days to flowering; PTH, Plant height; NOP, Number of 

panicles; NFS, Number of fertile spikelets; NSS, Number of sterile spikelets; SF, Spikelet fertility; 

HGW, 100-grain weight; GY, Grain Yield, SB, Shoot Biomass.  

(a) (b) 
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The mean and range of the yield components of the 184 BC1F3-JJ29-P1 lines and their 

parents are presented in Table 2. It can be observed that the mean values of some of the traits 

studied were near the mid-parental values which show that both NSIC Rc222 and Jumbo Jet 

contributed to the expression of these traits. For example, for PTH, the mean value of lines was 

107.23 and the mid-parental value was 103.44 (Table 2). Similarly, the mid-parental and mean 

values for NFS were 86.34 and 92.92 cm; 237.50 and 220.65 for NSS; and 24.62 and 29.70% for 

SF. Mean of progenies were higher than mid-parental values for PTH, NOP, NFS, HGW, SF, 

HGW, GY and BM and lower for DFL and NSS. 

The frequency distribution for yield components of the 184 BC1F3-JJ29-P1 lines was close 

to normal distribution, except grain yield and shoot biomass which were observed to be moderately 

skewed to the right (Figure 4). This demonstrates that most of the lines have higher grain yield and 

shoot biomass. The skewness value ranged from -0.52 to 0.98, showing continuous segregation and 

indicates quantitative inheritance. Furthermore, transgressive segregation or formation of extreme 

phenotypes in both directions was observed for all the traits but to varying extents. The distribution 

within each trait also indicated that these traits are under polygenic control and that NSIC Rc222 

and Jumbo Jet are both contributing genes for the expression of these traits. 

 

Figure 4. Frequency distribution for yield and yield components of 184 BC1F3-JJ29-P1 plants of 

NSIC Rc222/Jumbo Jet grown under   salinized condition at IRRI, 2015 Wet Season (N = NSIC 

Rc222, J = Jumbo Jet). 
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Correlation of Grain Yield with Yield Components 

Correlation analysis was performed in order to determine the relationship of grain yield to 

its components under salt stress condition. Grain yield had a moderate positive correlation with 

number of fertile spikelets and spikelet fertility and a weak positive correlation with plant height, 

100-grain weight and shoot biomass (Table 3). On the other hand, days to flowering and number of 

sterile spikelets showed negative and weak correlation with grain yield which suggests that the 

genes involved in these two traits are independent from those of grain yield. Grain yield is not 

correlated with the number of panicles. 

Table 3. Correlation coefficients for the association of different morphometric traits of the 184 

BC1F3 lines of NSIC Rc222/Jumbo Jet under salt stress (6 dS m-1) at reproductive stage. 

TRAIT DFL PTH NOP NFS NSS SF HGW GY SB 

SES 0.10* 

-

0.10* 0.09* 

-

0.39** 0.13* 

-

0.39** 

-

0.20** 

-

0.48** -0.14* 

DFL 1 0.04ns 0.01ns 

-

0.22** 0.09* 

-

0.22** 

-

0.17** 

-

0.20** 0.01ns 

PTH 

 

1 0.04ns 0.19** 0.24** 0.04ns 0.14* 0.17** 0.29** 

NOP 

  

1 -0.01ns 0.08* -0.06ns 0.003ns 0.04ns 0.11* 

NFS 

   

1 -0.10* 0.84** 0.32** 0.65** 0.20** 

NSS 

    

1 

-

0.57** 

-

0.19** -0.09* 0.25** 

SF 

     

1 0.37** 0.56** 0.06ns 

HGW 

      

1 0.30** 0.05ns 

GY 

       

1 0.38** 

SB                 1 

ns: not significant; * and **: significant at P < 0.05 and P < 0.01, respectively. 
aSES, Salinity evaluation score; DFL, Days to flowering; PTH, Plant height; NOP, Number of 

panicles; NFS, Number of fertile spikelets; NSS, Number of sterile spikelets; SF, Spikelet fertility; 

HGW, 100-grain weight; GY, Grain Yield; SB, Shoot Biomass. 

Linkage Map Construction 

Exactly 194 markers were used to construct the genetic linkage map (Figure 5) using 

inclusive composite interval mapping (ICIM) software version 4.1 [13]. Kosambi function was used 

to convert the recombination frequency to genetic distances in centimorgam (cM) based on 

genotyping data of BC1F2 lines. Linkage among SNP markers was determined using command 

group with logarithm of odds (LOD) > 3.0. The linkage map has a total length of 397.45 cM with 

an average interval size of 2.05 cM. The intervals between any two markers range from 0.21 cM to 

17.46 cM. The percentage of the total phenotypic variation explained by the QTLs identified for 

each trait was estimated as the PEV value. The data was permuted 1000 times to determine the 

threshold LOD score declaring significant additive QTL.  
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QTL Mapping for Salinity Tolerance at Reproductive Stage 

QTLs for salinity tolerance were identified through inclusive composite interval mapping 

using SNP markers. Based on inclusive composite interval mapping, nine QTLs associated with 

these quantitative traits were identified with LOD > 3.0 (Table 4). These include QTLs for salinity 

evaluation score (qSES1), days to flowering (qDFL6, qDFL11.1, qDFL11.2), plant height (qPTH1, 

qPTH4), number of fertile spikelets (qNFS7) and number of sterile spikelets (qNSS1, qNSS4) 

(Figures 5 and 6). The identified QTLs were located on Chr 1, 4, 6, 7 and 11 explaining 2.69 to 

70.06% of the phenotypic variance. 

Result of the permutation analysis reduced the number of QTLs to those that meet the new 

threshold set by permutation. The average LOD scores of the detected QTLs were greater than 3.27 

at P < 0.05. For the nine QTLs detected for the five traits at the reproductive stage using the 184 

BC1F3 of NSIC Rc222/Jumbo Jet, seven QTLs were reconfirmed namely, QTLs for salinity 

evaluation score (qSES1.1), days to flowering (qDFL6, qDFL11.1, qDFL11.2), plant height 

(qPTH1) and number of sterile spikelets (qNSS1, qNSS4). 

 
 

 

Figure 5. Molecular linkage maps of 12 rice chromosomes created based on the genotypic data of 

the 184 BC1F3 lines of NSIC Rc222/Jumbo Jet using 194 SNP markers. Distances are expressed in 

Kosambi centiMorgan (cM). 
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Table 4. QTLs detected at reproductive stage through inclusive composite interval mapping using 

184 BC1F3 lines of NSIC Rc222/Jumbo Jet under salt stress condition. 

 

N, NSIC Rc222; J, Jumbo Jet; CHR, Chromosome; POS, Position; PVE, Percentage of total 

phenotypic variance explained by a particular QTL; AD, Additive effect; LOD, Logarithm of odds; 

DPE, Direction of phenotypic effect. 

 
Figure 6. Genetic linkage map showing the location of QTLs for salinity tolerance at reproductive 

stage using 184 BC1F3 lines of NSIC Rc222/Jumbo Jet. Distances are expressed in centiMorgans 

(cM).  

TRAITS 

CH

R 

QTL 

NAME 

PO

S 

FLANKING 

MARKERS LOD 

PVE(%

) AD 

DP

E 

Salinity evaluation 

score 1 qSES1.1 50 1319354-1344024 3.56 9.53 0.46 N 

Days to flowering 6 qDFL6 8 6869114-6873833 4.72 6.42 -0.48 J 

Days to flowering 11 

qDFL11.

1 12 

id11000778-

10896517 

18.5

2 29.62 1.12 N 

Days to flowering 11 

qDFL11.

2 83 

11915122-

id11010846 3.38 4.14 0.34 N 

Plant height 1 qPTH1 27 

id1024129-

1225497 

50.4

4 70.06 -8.60 J 

Plant height 4 qPTH4 5 4329392-4400834 3.15 2.69 0.00 N 

Number of fertile 

spikelets 7 qNFS7 11 

7584596-

1d7002749 3.13 7.57 -6.59 J 

Number of sterile 

spikelets 1 qNSS1 37 1272679-1286531 7.53 17.30 

-

21.9

4 J 

Number of sterile 

spikelets 4 qNSS4 20 

id4007444-

id4008430 4.07 8.29 

-

13.5

2 J  
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Figure 7. Chromosome locations of QTLs for salinity evaluation score, days to flowering, plant 

height, number of fertile spikelets and number of sterile spikelets found under salt stress (EC = 6 dS 

m-1) during the reproductive stage of the 184 BC1F3 lines of NSIC Rc222/Jumbo Jet (threshold 

LOD= 3.0). 

Comparison of the New QTLs with Previously Identified QTLs 

Comparison between QTLs identified in this study and previously identified QTLs is based 

on the estimated positions of their flanking markers in 93-11 (Oryza sativa spp L.) through ePCR 

analysis. Almost all QTLs identified in this study are considered novel except for plant height 

(qPTH1) ranged from 38049983- 38224245bp which was found within the previously identified 

QTL (qPH1.1s) [21] located at 29711658- 41532728bp (Table 5a-b). 

Table 5a. Genomic regions associated with salt tolerance at reproductive stage of rice identified in  

this study. 

TRAITS CHR QTL POSITION (bp) MP PARENTS LOD PVE(%) 

SES 1 qSES1.1 41538923- 

42397588 

BC1F2 NSIC Rc222/ 

Jumbo Jet 

3.56 9.53 

DFL 6 qDFL6 28023780- 

28201282 

BC1F2 NSIC Rc222/ 

Jumbo Jet 

4.72 6.42 

DFL 11 qDFL11.1 2514115- 2876450 BC1F2 NSIC Rc222/ 

Jumbo Jet 

18.52 29.62 

DFL 11 qDFL11.2 27015384- 

27387727 

BC1F2 NSIC Rc222/ 

Jumbo Jet 

3.38 4.14 

PTH 1 qPTH1 38049983- 

38224245 

BC1F2 NSIC Rc222/ 

Jumbo Jet 

50.44 70.06 

PTH 4 qPTH4 18253694- 

20507218 

BC1F2 NSIC Rc222/ 

Jumbo Jet 

3.15 2.69 

NFS 7 qNFS7 16744540- 

17422851 

BC1F2 NSIC Rc222/ 

Jumbo Jet 

3.13 7.57 

NSS 1 qNSS1 39833556- 

40425312 

BC1F2 NSIC Rc222/ 

Jumbo Jet 

7.53 17.3 

NSS 4 qNSS4 22435296- 

25245272 

BC1F2 NSIC Rc222/ 

Jumbo Jet 

4.07 8.29 

 aSES, Salinity evaluation score; DFL, Days to flowering; PTH, Plant height; NFS, Number of 

fertile spikelets; NSS, Number of sterile spikelets; MP, Mapping population. 
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Table 5b. Genomic regions associated with salt tolerance at reproductive stage of rice reported in 

different mapping populations. 

TRAI

TS 

CH

R 
MAJOR QTL POSITION (bp) 

M

P 
PARENTS LOD R2% 

SES 4 qSES4 [8] 
 

F2 BG90-2/Hasawi 3.5 9 

 
6 qSES6 [8] 

 
F2 NERICA-L-

19/Hasawi 

16.8 39.7 
DFL 3 qdfl3.3 [20]   RI

L 

IR29/Pokkali 4.52 15.2 

 
5 qDTF5 [8] 

 
F2 BG90-2/Hasawi 2.5 6.5 

 
10 qDTF10.1s 

[21] 
 

F2 FL478/Sadri 7.2 13.3 

 
10 qDTF10 [8] 

 
F2 Sahel/Hasawi 10.4 30.2 

  11 qDTF11 [8] 8804761- 

17815834 

F2 NERICA-L-

19/Hasawi 

17.8 41.6 
PTH 1 qpth1.1 [20] 35006866- 

37789391 

RI

L 

IR29/Pokkali 13.5

6 

39.1 

 
1 qPH1.1s [21] 29711658- 

41532728 

F2 FL478/Sadri 9.4 17 

 
1 qPLH1.1 [22] 19269700- 

23859237 

F2 NSIC Rc222/BRRI 

dhan47 

3.2 14.9 

 
1 qPH-1.1 [23] ND- 40429170 F2 PusaBasmati/Cherivir

uppu 

22.3 47.1 

 
3 qPH-3b [24] 

 
F2 Tarommahalli/Khazar 

 
13.5 

 
7 qPH7 [8] 

 
F2 Sahel/Hasawi 10.9 31.8 

 
11 qPH11 [8] 

 
F2 NERICA-L-

19/Hasawi 

22.7 49.5 

NFS 2 qNFS2.1 [22]   F2 NSIC Rc222/BRRI 

dhan47 

3.4 15.3 
4 qFRSP4.1s 

[21] 
 

F2 FL478/Sadri 4.4 8.3 

 
7 qFG-7 [24] 25082130- ND F2 Tarommahalli/Khazar 

 
8.76 

  9 qnfs9.1 [20]   RI

L 

IR29/Pokkali 4.7 15.7 

 
3 qSTSP3.1s 

[21] 
 

F2 FL478/Sadri 4.8 9.2 

 
7 qnss7.1 [20] 

 
RI

L 

IR29/Pokkali 7.88 25 
  11 qNUFS11.1 

[22] 

  F2 NSIC Rc222/BRRI 

dhan47 

3.5 16.1 

aSES, Salinity evaluation score; DFL, Days to flowering; PTH, Plant height; NFS, Number of fertile 

spikelets; NSS, Number of sterile spikelets; ND, Not determined; MP, Mapping population. 

CONCLUSION 

QTLs for reproductive stage are important in improving the level of salinity tolerance of rice 

which could be done by accurately transferring these QTLs into existing varieties through marker-

assisted selection and pyramiding. It is recommended that fine-mapping of the identified QTLs be 

done to help identify closely linked markers for use in marker-assisted backcrossing. 
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Abstract 

Lentiviral vector (LV) is widely used in β-thalassemia gene therapy by transferring human 

beta-globin gene into the isolated hematopoietic stem cells (HSCs) before autologous stem cell 

transplantation. An efficacy of this treatment needs accurate and precise measurement of infectious 

titration before dosing calculation and absolute viral copy number (VCN) quantitation estimation 

after treatment. Moreover, the assessment of long term follow-up and efficiency of therapeutic 

vector evaluation is still required more precision method. In previous studies, fluorescence-

activated cells sorting (FACs) and real-time quantitative polymerase chain reaction (RT-qPCR) 

techniques are commonly used to estimate the number of viral integration. Nevertheless, FACs 

analysis requires the expression of fluorescent reporter protein for detection and is not able to 

differentiate cells with one or more integrations. In order to quantify integrated copy number, RT-

qPCR analysis based on standard curve still has poor precision. In this study, we developed a novel 

technique to measure the absolute amount of target DNA, known as digital droplet PCR (ddPCR) to 

estimate lentiviral vector copy number and titration in Human Myeloid Leukemia Cell lines (K562) 

cell line. K562 cells were transduced with LV construct containing therapeutic human βA-T87Q gene 

with anti-sickling property. A primer pair was specifically designed to amplify only the lentiviral 

sequence as integrated in host genome. We found that ddPCR enable to estimate VCN and 

infectious titer with high accuracy and precision without relative standard curve. In addition, this 

technique has high sensitivity and low relative standard deviation. The efficiency in VCN 

estimation was further improved by pre-digestion of samples with restriction enzyme. In summary, 

ddPCR is efficient practice to be applied in pre-clinical and clinical settings based on the use of 

K562 cells for calculation of infectious titer and multiplicity of infection (MOI) for HSCs 

transduction. 

Keywords: droplet digital PCR; K562; lentiviral vector; βA-T87Q-globin gene 

INTRODUCTION 

β-thalassemia is the hemoglobin disorder presenting a reduction or absence of β-globin 

synthesis resulting from a genetic deficiency. Gene therapy, the most promising curative treatment, 

is done by using LV to transfer and embed adult human β-globin (βA) gene into host genome called 

“gene addition” before autologous transplantation. In 2001, Pawliuk and colleagues designed a 

therapeutic β-globin lentiviral vector harboring human β-globin gene with point mutation at codon 
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87 encoding with anti-sickling properties (βA-T87Q), initially achieved with correction in transgenic 

mouse model [1] and successfully corrected a severe β-thalassemic mice by syngeneic bone marrow 

transplantation [2]. In clinical study, this vector, a parental LV without insulator referred to as 

HPV524 as shown in Figure 1, was further developed for safety modification to contain two 

elements of 250 bp of chicken hypersensitivity site-4 (cHS4) at 3’ long terminal repeat (LTR) as 

HPV569 [3]. HPV569 was used to transfer a globin gene into HSCs from patient for β-thalassemia 

treatment in 2006 [4]. The efficacy and safety of LV application requires an appropriate integrated 

LV copy number per cell. Normally, more integration site or copy number results in higher 

transgene expression levels and disease correction, posing the risk of insertional mutagenesis [5]. 

Therefore, the accurate measurement of integration vector is required more precisely method for 

viral titration estimation to prepare vector dosing before treatment and monitor follow-up. 

The viral load testing is determined with many assays derived into two categories: non-

functional and functional titration. Firstly, non-functional (physical titer) assay includes p24 antigen 

ELISA and viral genomic RNA concentration by northern blot or reverse transcriptase quantitative 

PCR (RT-qPCR) [6-8]. The drawback of these assays is p24 protein pool varies in p24 antigen 

(including integrated or non-integrated virion) and p24 free-viral particles (non-functional vector). 

These unexpected particles should not be included for determination which will be resulted in 

overestimation of vector titration and copy number [6, 7]. Secondly, functional (infectious titer) 

assay provides more accuracy for vector titration and functional outcome determination. The 

methods include antibiotic-resistant clone selection or plaque assay, reporter protein activity (e.g. 

green fluorescence protein and beta-galactosidase positive cells) and integration into host genome 

[6-8]. The measurement of the number of functional particles has several methods depending on the 

vector type and transgene expression. FACs analysis is the most widely used and straightforward 

technique for fluorescent transgene expression; however, this technique needs a reporter system and 

cannot distinguish cells being integrated one or more viral vectors [7, 8]. The number of integrated 

DNA is determined by RT-qPCR following fluorophore detection such as SYBR green. 

Nevertheless, this technique has several limitations which are requirement of standard curve, the 

false positive occurring from the intercalation process, and high level of template purity and 

concentration requirement [6-8]. Therefore, development of direct method for viral vector 

quantification and more precision is needed. 

To overcome the limitations of indicated techniques, ddPCR is an alternative method to 

determine the absolute DNA copy number, gene expression, rare mutation detection, and high-

resolution copy number variation (CNV) [9, 10]. This technique is done by sample partition of a 

PCR reaction into 20,000 droplets with independent amplification events in a single sample [9]. 

After PCR amplification, each droplet is determined the fluorophore positive or negative signal 

indicating the presence or absence of target DNA, respectively. Then, the copy number of target 

DNA in original sample is analyzed using Poisson statistics [9-13]. The advantages of ddPCR are 

highly sensitivity, more precision, reproducible detection in low amplicon concentration and 

especially without external reference (standard curve) requirement [9-12]. 

In this study, we applied the ddPCR, presented as a novel technique, to quantify infectious 

titer and VCN of the therapeutic βA-T87Q-globin lentiviral vector or HPV524 (Figure 1) in K562 cell 

line. The specific primers (LVBG) of this vector were designed based on our therapeutic vector 

(HPV524). The concentrations of LVBG (vector target) and human Ribonuclease P/MRP Subunit 

P30 or hRPP30 (reference gene) amplicons of each reaction were determined by Poisson statistics. 
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In summary, the determination of VCN using ddPCR is a basis of infectious titer and Multiplicity of 

infection (MOI) calculation of HSCs transduction on K562 cell line and potentially applied in pre- 

and clinical settings of gene therapy application for β-thalassemia patient. 

MATERIALS AND METHODS 

Cell culture  

Human Embryonic Kidney Cell lines (HEK293T) were cultured in treated culture flasks 

with Dulbecco’s Modified Eagle’s Medium or DMEM (HyClone, USA) supplemented with 10% 

fetal bovine serum or FBS (Merck, Germany), 1% L-glutamine (Gibco, England), and 1% 

Penicillin/Streptomycin (100 U/mL penicillin, 0.1 mg/mL streptomycin) (Gibco, England). Human 

Myeloid Leukemia Cell lines (K562) were cultured in non-treated culture vessels with Roswell Park 

Memorial Institute-1640 Medium or RPMI-1640 (HyClone, USA) supplemented with 10% FBS, 

1% L-glutamine, and 1% Penicillin/Streptomycin. Cells were cultured at 37°C under 5% CO2. 

Lentiviral vector production and cell transduction 

 In this study, we utilized the HPV524 expressing the therapeutic human beta-globin (βA-

T87Q) gene. LV was produced from HEK293T using calcium phosphate method as previous 

described [14] followed by ultracentrifugation (Optima XPN-100 Ultracentrifuge). For viral 

titration, K562 cells were seeded for 1×105 cell per well in 300 µL of culture medium in non-treated 

24-well plate (Eppendorf, Germany) in the presence of 8 µg/mL cationic polymer (enhancing 

receptor-independent virus absorption), polybrene, with spinoculation (1,200xg for 1.5 hours, 25°C) 

and incubated at 37°C under 5% CO2. After 24 h, culture transduction was replaced with fresh 

RPMI-1640 culture medium was changed medium every 2-3 days. Transfected K562 cells were 

harvested for genomic DNA (gDNA) extraction by day 12 post-transduction. 

DNA Extraction and Sample pre-digestion with restriction enzyme 

 gDNA was extracted using the AccuPrep® Genomic DNA Extraction kit (Bioneer, Korea) 

according to the manufacture’s procedures. DNA concentrations were measured by NanoDrop 2000 

Spectophotometer (Thermo scientific, USA). 400 ng of purified gDNA was digested with 1 Unit of 

Fastdigest EcoRI (Thermo Scientific, USA), in a total reaction mixture of 20 µL at 37°C for 30 min. 

2 µL of the restriction mixture (40 ng) was directly used in ddPCR. 

Lentiviral copy number and titration 

VCN was determined by ddPCR analysis with specific target (LVBG) and reference 

(hRPP30) primers. LVBG primer, was designed by Primer 3 software 

(http://www.ncbi.nlm.nih.gov/tools/ 

primer-blast/index.cgi?LINK_LOC=BlastHome) which complementary with 3’enhancer of βA-T87Q-

globin gene and RRE element as shown in Figure 1B. Sequence of hRPP30 primer was previously 

published [10]. The final mixture concentration (20 µL) of 200 nM forward and reverse primer, 1x 

supermix, and sample DNA was generated oil bubble using QX200 Droplet generator (Bio-rad, 

USA). Then, PCR was performed by enzyme activation at 95°C for 5 min followed 95°C for 30 

seconds and 60°C for 1 min for 40 cycles, with final signal stabilization step at 4°C for 5 min and 

90°C for 5 min. Finally, droplets were analyzed using QX200TM Droplet reader (Bio-rad, USA). 

LVBG and hRPP30 amplicons for each sample were determined the numbers of viral integration 
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and the reference gene, respectively. hRPP30 gene is a single copy gene per haploid genome that 

means 2 copies per human cell. 

RESULTS AND DISCUSSION 

Specific primer design 

 ddPCR is the technique based on PCR analysis and useful for measuring the number of 

provirus integrations in the host cells and reference gene. In this study, we used HPV524 provirus 

containing the human therapeutic β-globin gene (without insulator) as shown in Figure 1. 

Previously, several universal primer sets have been designed for the measurement by targeting 

sequences on core vector surrounding the transgenes such as Woodchuck Hepatitis Virus 

Posttranscriptional Regulatory Element (WPRE) [6] and glycoprotein (GAG) sequence [15]. 

However, a vector used in our study does not contain the WPRE element, and amplification of 

nonspecific products in PCR has been detected when the GAG primers were applied (data not 

shown). Therefore, LVBG primer pair targeting a region between lentiviral element and 3’enhancer 

β-globin (Figure 1) were designed for this purpose instead. 

 

Figure 1. Schematic representation of the human β-globin (βA-T87Q) lentiviral vector and 

primer design. Transgene composed of human therapeutic β-globin gene with point mutation at 

codon 87 in Exon2 (ACA [Thr] to CAG [Gln]), 2.7 kb of β-Locus control regions containing HS2, 

HS3 and HS4, β-globin promoter and 3’ enhancer, 372 bp IVS2 deletion. Self-inactivating (SIN) 

HPV524 conserved the 400-bp deletion in the U3 of 3’LTR, RRE or Rev-responsive element; and 

human β-globin promoter (βp) [3]. Arrows indicate target specific site either forward or reverse 

direction of LVBG primers located over intersection between RRE and 3’ human β-globin gene 

enhancer. 

ddPCR assay validation 

To optimize an annealing temperature of these primers, a temperature gradient from 64°C to 

56°C was evaluated in the same DNA template. gDNA of K562-transduced cells were purified and 

used as the template for PCR amplification. LVBG and hRPP30 primer pairs were used in 

calculating the amount of β-globin lentiviral vector integration and housekeeping gene, 

respectively. The result showed that both primer pairs could be efficiently applied to ddPCR 

analysis as indicated with positive (blue) and negative (black) droplets distinctly separated to two 

lines in all indicated temperatures. The improvement of separation between positive and negative 

droplets was by reducing annealing/extension temperature of the ddPCR procedure (Figure 2A), 

consistent with previous reports [8, 11]. However, lower temperature may cause non-specific 

amplicon. In our experiments, 60°C was chosen following default thermal cycling condition 

recommended by manufacturer’s manual for the ddPCR master mix from Bio-rad [16]. 

Secondary structure of gDNA template is one of the factors affecting PCR accuracy since its 

complex structure and large size may interfere the generation and quality of droplet partitions [8, 

13]. Therefore, gDNA template should be digested with restriction enzymes prior to use, while 
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those selected enzymes must not cut the ddPCR amplicon. To improve amplification efficiency, 

gDNA was pre-digested with or without EcoRI and further evaluated efficiency of reaction in the 

same condition. Previous studies [8, 12] showed that pre-digestion of gDNA template reduced non-

specific droplets in between positive and negative droplets, called rain falling [11]. Our result 

showed that rain falling was reduced by EcoRI pre-digestion as shown in Figure 2B. Collectively, 

to improve an efficiency of our method, pre-digestion of gDNA template is recommended. 

 

Figure 2. Optimization ddPCR assay condition for detection of target and reference gene. (A) 

The specific primers were tested with 8-point annealing temperature gradient as indicated for 

ddPCR assay. The positive (blue color) and negative (black color) droplets were clearly separated 

both LVBG and hRPP30 in all conditions. (B) Purified K562 gDNA was digested with or without 

EcoRI at 37°C for 30 min before ddPCR analysis. Positive and negative droplets were showed not 

interfered by EcoRI digestion. 

Two key features of ddPCR influencing reliability of measurements are the number of 

partition droplets (event number) and the number of template molecules. Due to the concentration 

of target amplicon (copies/µL) at end-point reactions is calculated with positive droplet divided by 

total partition droplets. Therefore, lower 10,000 droplets per reaction will be rejected for data 

analyzing [13]. Consistent with all reactions of our study about 15,000 - 20,000 total droplets per 

reaction were observed (data not shown).  
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VCN estimation and viral titration in K562 cell line 

To determine VCN of integrated transgene cells, gDNA of transduced cells with varied viral 

volume addition condition were analyzed with ddPCR assay. Previous study, hRPP30 was chosen 

to use as reference gene [12] and evaluated VCN distribution on cloned induced Pluripotent Stem 

Cells (iPSCs). hRPP30 present in two copies in diploid genome was used for normalizing the copy 

number. In this study, positive droplets of LVBG progressively increased after more volume of LV 

was added. Whereas, we observed no change of reference gene (hRPP30) which is similar in size of 

all conditions indicating that the amount of copy number of reference gene is the same quantity 

although we added more viral particles as shown in Figure 3 (right panel). Consistent with the 

concentration of hRPP30 amplicons was observed as the same amount of gDNA template in all 

transgene dilution conditions and VCN could be estimated with lower limit of quantification of the 

technique [12]. Collectively, our designed LVBG and hRPP30 primer pairs were successfully 

determined the VCN of interesting gene in transduced-K562 cell line. 

 

Figure 3. VCN estimation and quantification of lentiviral infectious titer by ddPCR. 

Representative data of gDNA from HPV524 transduced K562 cells was analyzed by ddPCR. LVBG 

positive droplets correlated with LV added. hRPP30 positive droplets was similar in all conditions. 

The infectious titer means the quantity of virus in given volume that can express or integrate 

into host genome. RT-qPCR required standard curve of exactly known VCN to calculate target 

copies from the quantitative cycle (Cq) values [15]; however, the standard curve is not necessary in 

ddPCR. The criteria of ddPCR is the dynamic range, an absolute quantification measurement able to 

detect from a single copy up to 100,000 copies per reaction. The concentration of target amplicon 

(copies/µL) was analyzed by Poisson statistics [9]. VCN of LVBG per cells in all provirus addition 

conditions were calculated as shown in Table 1. An average lentiviral vector (HPV524) titer was 

determined to be approximately 3.67E+08 ± 9.31E+06 TU/mL. The relative standard deviation 

(RSD) of infectious titer of the three independent experiments was calculated about 2.54%. The 

lower percentage of RSD indicated ddPCR method is highly accuracy referring to acceptance 

criteria of RSD required with lower than 25% [8]. Recently, Yu and colleagues reported that 

average infectious titers determined by ddPCR similar with RT-qPCR and higher than FACs. 

Importantly, ddPCR showed the most sensitive and precise among of the three techniques [8]. In 

conclusion, a novel ddPCR method was able to efficiently detect integrated therapeutic lentiviral 

vector in the host genome and applied of infectious titer or functional measurement in pre- and 

clinical study of HSCs gene therapy.  
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Table 1. Results of HPV524 infectious titer determination and VCN calculation by ddPCR in 

difference viral volume addition (µL). Three independent experiments were averaged and assay 

accuracy was determined by calculation of RSD. 

Added 

volume (µL) 

LVBG conc. 

(copies/µL) 

hRPP30 conc. 

(copies/µL) 

VCNa/average 

cells 

Infectious Titerb 

(TU/mL) 

0.1 29.47 ± 1.81 199.33 ± 8.39 0.296 ± 0.01 2.96E+08 

0.3 124.33 ± 23.59 183.33 ± 33.08 1.356 ± 0.08 4.52E+08 

1 450.67 ± 170.46 176.00 ± 74.81 5.181 ± 0.40 5.18E+08 

3 1112.00 ± 246.25 218.33 ± 34.82 10.161 ± 1.12 3.39E+08 

10 2090.00 ± 335.04 181.33 ± 22.01 22.985 ± 0.98 2.30E+08 

   Average Titer 3.67E+08 ± 9.31E+06 

   RSD% 2.54 

aVCN was calculated by the formula: (LVBG copies/hRPP30 copies) x 2. 

bInfectious titer was calculated by the formula: (VCN x # initial cells per well)/ volume of used virus (mL) 

CONCLUSION 

In this study, we successfully validated a novel ddPCR and applied to estimate lentiviral VCN and 

vector titration in K562 cell line. For determination of our integrated vector, specific primers (LVBG) were 

designed to amplify only the therapeutic β-globin lentiviral element as integrated in host genome. Pre-

digestion of sample with EcoRI before ddPCR analysis shows an improvement of the efficacy for our 

method. In addition, VCN was calculated by concentration of transgene amplicons divided by reference 

gene. Infectious titer was estimated to be 3.67E+08 ± 9.31E+06 and 2.54% RSD. Prospectively, the 

performance of ddPCR method for vector copy number estimation will be applied in pre- and clinical 

settings in order to evaluate VCN before dosing calculation of MOI and long term follow-up after treatment 

in β-thalassemic patients. 
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Abstract 

 Northern corn leaf blight disease (NCLB) is a foliar disease of corn (Zea mays L.) caused by 

Exserohilum turcicum (Pass.). The disease epidemic could lead to economic that yield could be loss 

up to 30 percent in epidemic area. The Ht1, Ht2 and HtN1 genes in corn were found to control 

NCLB resistant trait. There is an effort to identify various types of molecular markers associated to 

these genes in order to use for marker assisted selection. Understanding in genetic nature of NCLB 

regards to a primer step in maize breeding programs. The objective of this investigation was to 

study the nature of genetic resistance to northern corn leaf blight (NCLB). In this study, the 

susceptible line “NT58WS6#4” and the resistant line “ChallengerS6-1” were used to develop F1 and 

F2 generations. There were revealed that the inbred line, “ChallengerS6-1”, recorded low disease 

severity (score 1) and the inbred line, “NT58WS6#4”, recorded high disease severity (score 9). F1 

severity ranged was moderate (score 5-7). The segregated ratio of disease resistance in F2 

population was tested by Chi-square analysis. The result showed that Chi-square value was 2.38 

which was less than λ2 (P≤0.05) of 5.99 or non-significant. The phenotype in F2 population was 

fitted to the expected ratio in 3:1. It was consistent with resistance conferred by one dominant gene. 

Keywords: Northern corn leaf blight, Sweet corn, Segregation, Resistance 

INTRODUCTION 

 Sweet corn is one of important agricultural crop in Thailand for both fresh and frozen as 

well as canned industry for export. Northern corn leaf blight disease (NCLB) is a foliar disease of 

corn (Zea mays L.) caused by Exserohilum turcicum (Pass.) and was previously called 

Helminthosporium turcicum (Pass.) (Leonard et al., 1989). It is the most common disease of maize 

and can result in yield reduction of 15-30 percent (data from http://maizedoctor. cimmyt.org) or 

greater, depending on the stage of maize development when the initial infection occurs (Raymundo 

and Hooker, 1981). In susceptible corn hybrids, lesions were also found on the husk of ears or leaf 

sheaths. In partially resistant hybrids, lesions were tended to be smaller due to reduced spore 

formation. In highly resistant hybrids, the only visible disease symptoms might be minute yellow 

spots.  

NCLB was mainly controlled by resistant cultivars. The resistance was either qualitative or 

quantitative. Qualitative resistance was typically race specific and inherited by single genes whereas 

quantitative resistance was race non–specific and oligogenic or polygenic. The category in 

qualitative and quantitative resistance was refered to the distribution of a trait in a population and 

not to its effectiveness (Geiger and Heun, 1989).  

mailto:orapins343@hotmail.com
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Monogenic resistance, was conferred by the so-called Ht genes, resulted in distinct reactions 

to avirulent races of E. turcicum. The Ht1, Ht2, and Ht3 genes were confered a chlorotic lesion 

inhibiting sporulation (Hooker, 1963, 1977, 1981), while HtN was tended the incubation period, 

resulting in delayed symptoms until anthesis (Gevers, 1975; Raymundo et al., 1981). Recently, a 

novel dominant gene, HtP, and a recessive gene, rt, conferring resistance to E. turcicum were 

mapped to chromosome 2.08 and 3.06 bin, respectively (Ogliari et al., 2007). 

Polygenic resistance to NCLB was expressed as a reduction in the development of disease 

severity, including a decrease in lesion number and size, and an increase in incubation period and 

latency period (Raymundo and Hooker, 1982; Li and Liu, 1984; Smith and Kinsey, 1993). QTLs 

conferring incubation period and area under the disease progress curve have always been detected 

on chromosome 8L (Dingerdissen et al., 1996; Freymark et al., 1994; Schechert et al., 1999). QTLs 

for disease severity are found in all chromosomes, except for chromosome 7 and 10 (Welz et al., 

1999; Zheng et al., 2007). QTLs conferring lesion length, lesion width, and lesion area are 

distributed on chromosomes 1, 3, 5, and 8 (Huang et al., 2002). In addition, a region in tasselseed2 

(ts2) has been proposed to participate in jasmonic acid signaling and play an important role in 

resistance to NCLB (Kolkman et al., 2009). 

The effort to identify various types of molecular markers associated to these genes in order 

to use for marker assisted selection. Understanding in genetic nature of NCLB regards to a primer 

step in maize breeding programs. The objective of this research was to study the nature of genetic 

resistance to northern corn leaf blight disease (NCLB) in F2 population of sweet corn (NT58WS6#4  

x  ChallengerS6-1). 

MATERIALS AND METHODS 

 The resistant line used in this study was “ChallengerS6-1” and susceptible line was 

“NT58WS6#4”. F1 plant derived from a cross between “NT58WS6#4” x “ChallengerS6-1” (S x R). 

The 184 F2 segregating individual plants were inoculated and evaluated for resistance to E. 

turcicum originally isolated from corn grown in Chiang Mai, Thailand and conducted in late rainy 

season 2017. Spore suspensions of 105 conidia per ml were inoculated into mid leaves at two-leaf 

stage (V2) at 14 days after planting. Severity of NCLB disease was assessed by scoring 1-9 at 56 

days after planting (1 = resistance and 9 = susceptible) in Figure 1, based on the percentage of the 

total leaf area affected using the standard table (Galiano et al., 2017). 

RESULTS AND DISCUSSION 

The individual F2 plants distributed to homozygous susceptible parents (P1), homozygous 

resistant parents (P2) and the heterozygous (P1 x P2). The distribution of disease score in F2 

population was normal distribution (Figure 2). The distinct phenotypic classes were tested by Chi-

square analysis. Results showed that the Chi-square values of 2.38, was less than λ2 (P≤0.05) of 

5.99 or non-significant. Therefore, the phenotype in F2 population was fitted in the 3:1 ratio 

(Table1). In the similar study, Barakat et al. (2008) studied the genetic behavior of white maize 

resistance to NCLB, the two inbred lines, F1 and F2 populations were tested in the adult stage under 

field conditions. The result showed that F2 disease severity frequency distribution of the F2 

population ranged from less than 5 percent to more than 75 percent. Furthermore, the number of 

plants with low: high NCLB severity was 183:76. This observed ratio fitted the theoretical expected 

ratio, 3:1, and suggested the operation of one gene pair in this cross. Based on the results of the 

present study, it could be stated that the dominant gene action is responsible for the inheritance of 
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NCLB resistance in this maize cross. Moreover, Hooker (1963); Walz and Geiger (2000) reported 

that the Ht1 gene was qualitative resistance and the gene action was partial dominance. 

 

Figure 1. Scoring rate (score 1-9) of resistance in sweet corn to fungal pathogen Exserohilum 

turcicum based on the percentage of the total leaf area affected. 

 

Figure 2. The distribution of F2 population in Exserohilum turcicum resistance. The vertical axis 

indicated the number of plant, and the horizontal axis indicated the NCLB score. 

  

1

No symptom
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Table 1. Phenotypic data of 184 individual plants in F2 population of sweet corn (NT58WS6#4 x 

ChallengerS6-1). 

 

CONCLUSION 

 The study was able to indicate that the Chi-square test of phenotypic data of 184 F2 

population was non-significantly or qualitatively fitted in 3:1 ratio. Chi-square value was 2.38 

which was less than λ2 (P≤0.05) of 5.99. It was consistent with resistance conferred by one 

dominant gene. 
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Abstract 

 This is Abstract section. Microalgae can produce various valuable natural products such as 

pigments, enzymes, unique fatty acids, carbohydrates, lipids, proteins and vitamins. Recently, 

increasing attention has been paid on the declaration of bio-functional proteins from microalgae. In 

this study, the freshwater microalgae were used to produce the protein with autotrophic growth 

nature. The unsupplemented natural water medium was used to cultivate algae in photo bioreactor. 

The biomass was production reached to 0.262 g/L/day. However, algae culture was achieved the 

rational protein productivity was 27.69 mg/L/day. The results showed that microalgae cultivation 

with natural water as medium is a promising method to produce algal protein. This study also 

demonstrated that the present research could be lead to an economical and ecofriendly technology 

of algal protein production. 

Keywords: microalgae, biomass, protein, natural water medium. 

INTRODUCTION 

Currently, there is a huge interest on natural products obtained from microalgal biomass that 

can promote the state of health and well-being for human beings, animals and aquatic creatures. 

Microalgae are able to enhance the nutritional content of conventional food and feed preparation 

and hence to positively affect humans and animal health due to their original chemical composition, 

namely high protein content, amino acids, carotenoids, fatty acids, lipids, vitamins, polysaccharides, 

sterols, phycobilins and other biologically active compounds, more efficiently than traditional crops 

[1–3]. 

The high protein content of various microalgae species is one of the main reasons to 

consider them as an unconventional source of protein [1,4,5]; comprehensive analyses and 

nutritional studies have demonstrated that these algal proteins are of high quality and comparable to 

conventional vegetable proteins [6]. Therefore, algae are potential alternative source of protein. 

 Algae are the most important primary producer in aquatic ecosystem. These organisms 

constitute a total of 25-30,000 species, with a great diversity of forms and sizes and that can exist 

from unicellular microscopic organisms to multicellular of great size. Microalgae is the most 

excellent biomass producer [7], they have much higher growth rates and productivity when 

compared to conventional forestry, agricultural crops, and other aquatic plants [8]. Because of the 

fast growth, many high valuable products are generated. If we can adapt ecological ponds and 

natural water bodies, to produce, to harvest and to utilize the biomass of algae, this valuable natural 

resource might have important contribution to solve the food protein demands. Although, an applied 

algal society still lacked of knowledge/information/data on the potential of algae growth in natural 

mailto:hlchen@dragon.nchu.edu.tw
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system. In the past there are many types of medium applied in the photo-bioreactor and roughly 

could classify into two types of feed, artificial medium such as chemical or fertilizer [9,10] and 

wastewater such as domestic or industrial [11–13]. For the purpose of nature imitation, natural 

medium was from nearby water body without any artificial additive and could be a suitable 

alternative. Furthermore, natural medium could cut down the medium cost and avoid chemical 

nutrition further pollute the water body or environment. Natural water medium deserves us to 

investigate. Unexpectedly, the natural resource of algae production with natural medium is so 

neglected in past. Therefore, the primary objective of this study was to investigate the potential of 

the photo-bioreactor to grow the algae on the natural water medium for protein production. 

MATERIALS AND METHODS 

Microalgae culture and monitoring 

The mixed culture microalgae were collected from the Sustainable resources and sustainable 

engineering research laboratory (SRSE-LAB), Department of soil and water conservation, National 

Chung-Hsing University (NCHU), Taichung, Taiwan. The microalgal species introduced in the 

filtered natural freshwater medium were initially identified microscopically and their succession 

and survival were monitored at regular intervals. In the culture, the species of the genera Anabaena, 

Chlorella, Oedogonium and Oscillatoria were present as the numerically dominant microalgae, 

along with several other minor microalgae including the species of the genera Lyngbya, 

Scenedesmus, Phytoconis, Coccochloris and Phormidium and a few unidentified microalgae. 

Growth medium preparation 

The stream water (Natural water) was collected from nearby Green River (24° 7'27.35"N; 

120°40'22.79"E) at Fu-Te Dao temple, where was near to the University. The collected water was 

filtered through a 0.45 µm filter paper and used as the medium. 

Reactor design and its operation 

The algae were grown in autotrophic condition with 10 days’ detention time, continuously 

for over four and half year’s period with batch fed culture in 4L Continuously Stirred Tank Reactor 

(CSTR) under room temperature and illumination through fluorescent lamps. For the CO2 source, 

we did not use any artificial control or any extra CO2 addition and used the open reactor to make the 

reactor gas exchangeable with atmosphere. This type of design could mimic the real condition in the 

natural ecosystem best. We used three production units: P1, P2, P3 for triplicate and the growth 

system was shown in figure 1. 

Physicochemical analysis 

Chemical analysis methods were presented in Table 1. The physicochemical parameters of 

pH, alkalinity, dissolved oxygen (DO), chemical oxygen demand (COD), ammonia (NH4
+-N), 

Kjeldahl (TKN), nitrate (NO3-N), nitrite (NO2-N), total nitrogen (TN) and total phosphorous (TP); 

and microalgal biomass of total suspended solids (TSS), volatile suspended solids (VSS), fixed 

suspended solids (FSS) were initially measured. Biomass production in biological processes has 

been often expressed as a cell dry weight (DW). By measuring the total suspended solid (TSS) 

concentration in cultures by following standard methods. The same parameters were also 

monitored, throughout the study, at regular intervals, following standard procedures [14].  
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Figure 1. Photo-bioreactor. 

Table 1. Chemical analysis 

Parameter Methoda 

pH Method 423 (pH value) 

Alkalinity Method 403 (alkalinity) 

DO Method 421B (azide modification) 

COD  Method 508B (closed reflux, titrimetric method) 

NH4
+-N Method 417A (preliminary distillation step) with Method 417B 

(nesslerization method (direct and following distillation)) for final ammonia  

TKN Method 420A (macro-kjeldahl method) with Method 417B (nesslerization 

method (direct and following distillation)) for final ammonia 

NO2
--N Method 419 (nitrogen (nitrite)) 

NO3
--N Method 418A (ultraviolet spectrophotometric screening method) 

TP Method 424E (stannous chloride method) following sulfuric acid-nitric acid 

digestion of Method 424C (preliminary digestion steps for total phosphorus) 

TSS Method 209C (total suspended solids dried at 103-105℃) 

VSS Method 209D (fixed and volatile solids ignited at 550℃) 

FSS Method 209D (fixed and volatile solids ignited at 550℃) 

a all processes follow Standard Method. 

Protein analysis 

Protein content was measured by multiplying the nitrogen content of dried algae samples by 

a conversion factor 6.25 [15]. Protein was determined by kjeldahl method. The method involves: 

Digestion, Distillation and Titration. The procedure was adopted from the standard method [14].  
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RESULTS AND DISCUSSION 

Microalgae are one of the most important bioresources that are currently receiving a lot of 

attention due to a multiplicity of reasons [16]. Microalgal biomass contains approximately 50% 

carbon by dry weight [17]. Generally, microalgae use CO2 as the carbon source and light as the 

energy source for metabolic activity. Algae biomass dry weight was measured by TSS for biomass 

total amount [18–20]. Microalgal growth in this study would be presented by dry weight in Figure. 

2. The biomass production was ranged from 0.086 to 0.262 g/L/day with a mean rate of 0.145±0.03 

g/L/day. This study was mimicked ecosystem using natural water medium (without any extra 

chemical/supplements/CO2) to growth algae and results of biomass; it was potentially demonstrated 

well in the study results. 

 

Figure 2. Microalgal biomass production. 

Microalgae growth medium and system analysis 

Microalgae require a number of macro- and micronutrients, chemical and physical factors 

for growth. These factors also affect algal biomass productivity as well as biomass composition. 

The most important factors are: nutrients, pH and alkalinity, light and temperature. The mean values 

of the measured physicochemical and biological parameters of the unsupplemented natural fresh 

water medium and growth analysis are shown in Table 2. Light intensity levels can have a 

significant effect on photosynthesis rates, which are directly related to an algae ability to grow. The 

light source was minimum 25 µmol-1m-2 needed [21]; this study has essential light intensity (27.11± 

2.67 µmol-1m-2). The minimum Microalgae use light energy to fix carbon (C) and combine the 

carbon with elements such as nitrogen (N) and phosphorus (P) at relatively constant stoichiometric 

ratios [22,23]. 

Algae growth is generally equivalent to protein synthesis, where P-rich ribosomes and N-

rich amino acids are the key macromolecules. C/N/P ratios of algae are typically around 106:16:1, a 

ratio called the Redfield ratio [24]. According to the proposed theoretical CNP ratio of algae, there 

was no P and N limiting problem; the results were shown in Table 2. From the data comparison 

between feeding and reactors, both nitrogen and phosphorous nutrient were up-taken huge amount 

by algae, 68.6% as TN and 84.3% as TP, respectively.  However, all the reactors showed the natural 

water medium could provide the basic nutrients to support algae growth. 

  

http://www.sciencedirect.com/science/article/pii/S1011134411002491#f0015
http://www.sciencedirect.com/science/article/pii/S1011134411002491#f0015
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Table 2 Physicochemical analysis. 

Parameter Medium mean & SDa Reactor mean & SDa 

Light Intensity (µmol-1m-2) - 27.02±2.23 

Temperature(°C) - 28.38±2.79 

pH 7.15±0.30 10.13±0.34 

DO (mg/L) 6.02±0.1.20 7.36±5.36 

Alkalinity (mg CaCO3/L) 102.48±20.72 46.39±1165 

COD (mg/L) 5.54±2.61 11.52±4.42  

NH4
- -N (mg N/L) 1.32±1.55 0.61±0.63 

NO3
- -N (mg N/L) 3.00±2.06 0.39±0.43 

NO2
--N (mg N/L) 1.35±1.72 0.08±0.11 

TKN (mg N/L) 2.55±2.36 1.52±1.32 

TN (mg N/L) 7.06±2.03 2.22±1.65  

TP (mg/L) 0.58±0.18 0.09±0.09  

CNP ratio 3.56:12.14:1 47.47:24.35:1 

TSS (g L-1) - 0.145±0.03  

VSS (g L-1) - 0.083±0.02  

FSS (g L-1) - 0.062±0.02  

But the carbon source has shortage on natural water medium. The nutrition content didn’t 

reach the necessary C ratio in the water medium. There must be another carbon source to support 

algae growth. The possible extra source was CO2 in air, because this continuous study reached 4.5 

years. More than 30% of the Raven et al. [25] stated that CO2 emitted into the atmosphere over the 

last 200 years because of the burning of fossil fuels and anthropogenic activates. Consequently, the 

carbon limited medium is good practice for utilize the atmospheric CO2 and it could contribute the 

green house reduction. 

Protein content 

Proteins make up a large fraction of the biomass of actively growing microalgae and 

cyanobacteria, although they are generally undervalued compared to minor products such as omega 

fatty acids [26]. Algae are by far the best protein source, with four times the protein content of C3 

macrophytes. In general, the algal proteins have a high nutritional value, being a rich source of 

aspartic acid, glutamic acid, and leucine, whereas threonine, lysine, tryptophan, sulphur amino acids 

and histidine are limiting, but at higher levels than those found in terrestrial plants [27,28]. 

Microalgal protein production in this study would be presented in Figure. 3. The protein 

amount was ranged from 10.06 to 27.69 mg/L/day with a mean rate of 16.97±4.68 mg/L/day. The 

unsupplemented natural water medium could be potential source for produce protein inexpensive 

method. As a consequence of increasing global demand for proteins in a variety of industrial, 

diagnostic and therapeutic applications, bioreactor systems are becoming more important for the 

production of large quantities of proteins, particularly in cases where traditional sources are limited 

due to cost and/or availability. This study results were demonstrated the potential natural water 

medium and growth system (as a photo-bioreactor). Since the plenty water resources were 

available, in this study could be good demo for utilize the natural resources and to produce valuable 

protein for different applications. 
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Figure 3. Microalgal protein production. 

CONCLUSION 

In this study, a novel strategy is developed that employs fresh water mixed microalgal 

species, grown in an autotrophic condition cultivation platform to produce protein biomass, as 

desired. The utilization of natural water medium which came from water body directly without any 

extra nutrition addition, demonstrated the potential to adopt the algal function. Our results provided 

support for the feasibility of the cultivation of freshwater microalgae by using stream water as water 

source and the nutrient source. The atmospheric air CO2 is the extra carbon source for algae growth. 

This study demonstrated high biomass algae production and our results showed that proper 

operation could promote the production obviously in spite of natural water medium without any 

extra nutrition addition. And the natural water medium is a promising method to produce algal 

protein. Consequently, this study delivered a cost-efficient and environmentally sustainable way for 

biomass production in microalgae containing the reasonable content of protein. 
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Abstract 

 The green algae, is currently one of the most targeted organisms for renewable biofuel 

production. It is an amazing oil producer and increased interests to produce oil for biodiesel 

recently. Accordingly, the algal oil determination method is extremely important. Therefore, the 

purpose of this study is to apply the simplest and inexpensive “hexane solvent extraction method 

without Soxhlet” on algae. In this present investigation, studies on oil extraction were performed in 

freshwater mixed culture algae. With single factor experimental design, this study results illustrated 

the solvent-to-sample ratio were 1:1(v/v) with 20 min shaking, 24 hrs stay and 8 min sonification 

necessary. The sonification could increase the oil extraction about 4 times. From the results 

obtained in the investigation, freshwater mixed culture algae biomass was proved to be a suitable 

source for the oil production. 

Keywords: Freshwater body, Algae, Biomass, Oil extraction 

INTRODUCTION 

Currently we have been confronted with an energy crisis global wide, due to running down 

of nonrenewable resources of fossil fuel. There is an increasing interest to use bio-oil to produce 

biodiesel. Because algae are the most efficient biological oil creator and excellent biomass producer 

whose growth rate is the highest among the plants [1,2], it can be one of the most important 

innovative energy crop on Earth to produce oil of raw material for biodiesel. Consequently, the 

algal oil measurement is extremely important and deserved to give an immediate attention. 

Extraction is one of the fundamental processing steps used for recovering oil from biomass 

for the production of biodiesel. Various methods are available for the extraction of algal oil, such as 

mechanical, enzymatic, chemical extraction through different organic solvents and supercritical 

extraction. Solvent extraction is a common and an efficient technique for oil extraction. Solvent 

extraction involves the transfer of a soluble fraction from a solid material to a liquid solvent. 

Commercial grade n-hexane was used as a solvent for the extraction of oil from biomass for many 

years. Going through literature, there is no paper on oil determination or oil ingredients analysis for 

algae. Most of the paper adopted oil determination methods from other materials directly or referred 

lipid as oil. Even in papers related to biodiesel, they mention methyl ester only [3, 4]. For algae oil 

extraction process, there are several different methods, such as two-phase solvents [5], n-hexane 

with Soxhlet apparatus [2,6,7] and Supercritical Fluid / CO2 extraction method [6], which are 

complicated, high cost or expensive equipments needed [8]. But all they are extraction methods 

only; they are not oil determination methods. Finally, thermochemical liquefaction process is not oil 

determination method either, since it is “oil production” process [2]. Surprisingly there is no any 

method for algae oil measurement. Even in AOAC and AOCS, there is no official method [9, 10]. 

mailto:hlchen@dragon.nchu.edu.tw
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Hexane solvent method is the most popular, simple [11] and inexpensive [2] process. 

Additionally, hexane has lot of advantages as following: high feasibility, low corrosiveness, low 

toxicity [12] and best yield compared with other solvents [13] for oil determination. Consequently, 

hexane solvent method is the best way to go. At present, hexane solvent method without Soxhlet 

was used for many other biomaterials such as vegetable seed oil [11], rice bran [14] etc. Therefore, 

the aim of this study was to investigate the hexane solvent method without Soxhlet for algae. 

MATERIALS AND METHODS 

Apparatus and chemicals 

A lab scale apparatus was carried out in this experiment by following instruments: 

Analytical balance (Shimadzu, MDL AEG-120), Centrifuge (Hettich EBA 3S) and Sonifier 

(Branson Sonifier Model-450). Analytical grade n-Hexane was used. 

 

Figure 1. Photobioreactors (1) fluorescent light, (2) gas exchangeable sponge with atmosphere, (3) 

outlet, (4) stirrer, (5) reactor, (6) in-let and (7) hot plate stirrer. 

Algae culture and sample preparation 

The algae were illuminated through fluorescent lamps and grown in autotrophic conditions 

of algae/bacterial units with 10 days detention time, for 2 and half years with the batch-fed in 4litres 

continuously stirred tank reactor (CSTR) under room temperature. We used triplicate production 

units (Figure 1). Freshwater algae were collected from reactor directly which was mixed culture 

algae were collected from the Sustainable resources and sustainable engineering research laboratory 

(SRSE-LAB), Department of soil and water conservation, National Chung-Hsing University 

(NCHU), Taichung, Taiwan.  

In the culture, the species of the genera Anabaena, Chlorella, Oedogonium and Oscillatoria 

were present as the numerically dominant algae, along with several other minor algae including the 

species of the genera Lyngbya, Scenedesmus, Phytoconis, Coccochloris and Phormidium and a few 

unidentified algae. The species introduced in the filtered natural freshwater medium (natural water 

was collected from nearby Green River (24° 7'27.35"N; 120°40'22.79"E) at Fu-Te Dao temple, 

where was near to the University. The collected water was filtered through a 0.45 µm filter paper 
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and used as the medium) were initially identified microscopically and their succession and survival 

were monitored at regular intervals. 

 Used 50 ml algae biomass from harvested stock to centrifuge at 3000 rpm for 2 min and 

discard the supernatant. Wash with distilled water once, centrifuge and discard the supernatant 

again. 

 

Figure 2 A flowchart to set up the algae oil determination. 

Main steps of experimental procedure and calculation 

The method was adapted and modified from the literature [11, 14], which is not for algae. 

The prepared algae sample was mixed with hexane solvent to shake in a certain time and leave for a 

certain period if necessary. Then suck up hexane and oil was measured gravimetrically after 

evaporating the hexane in a drying oven. The whole experiment was done in triplicate. With single 

factor experimental design, study was conducted according to schematic flowchart in (Fig. 2). (a) 

Hexane volume effect, (b) Shake time effect and (c) Sonification effect (applied with sonification at 

50% duty cycle operating at 20 kHz frequency) were investigated to establish the determination 

method for algae. 

Oil yield was calculated, as followed: 

Oil = (W1-W2) /Vh x 1000 

   

Where:                           

Oil = oil yield (g/L) 

              W1 = extracted oil with test tube (g) 

               W2 = test tube weight (g) 

               Vh = hexane volume (mL) 

               1000 = conversion factor from mL to L  
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Analytical methods 

All the indexes including pH, alkalinity, dissolved oxygen (DO), chemical oxygen demand 

(COD), ammonia (NH4
+-N), Kjeldahl (TKN), nitrite (NO2-N), nitrate (NO3-N), total nitrogen (TN), 

total phosphorous (TP) and algae biomass of total suspended solids (TSS), volatile suspended solids 

(VSS), fixed suspended solids (FSS) etc. were continuously monitored whole growth period 

according to the standard method [15]. 

RESULTS AND DISCUSSION 

The most important parameters are nutrient quantity/quality, light, temperature and pH. And 

other important environmental indexes including of alkalinity, COD, TSS, VSS and FSS were 

continuously monitored with the standard method and presented as monthly average. The measured 

growth environmental parameters of the natural freshwater medium were shown in Table 1. The 

average biomass was 0.14 g/L. 

Table 1 Algae Culture conditions 

Parameter Conditions 

General parameter 

Cultures Mixed 

Medium River water 

Continuous over 2 year’s 

Operational parameter 

Photobioreactor CSTR 

Feeding Batch Feed 

Light Intensity Avg. 30.12 [µmol-1m-2 per µA] 

Detention time 10 Days 

Growth environmental parameter 

Temperature Avg. 27.5   °C 

pH Avg. 10.38 

DO Avg.   7.16 (mg/L) 

COD Avg. 14.88 (mg/L) 

NO3
- -N Avg.   0.24 (mg N/L) 

NO2
--N Avg.   0.08 (mg N/L) 

TKN Avg.   2.00 (mg N/L) 

TN Avg.   2.33 (mg N/L) 

TP Avg.   0.13 (mg/L) 

TSS Avg 0.145 (g/L) 

VSS  Avg 0.083 (g/L) 

FSS Avg 0.062 (g/L) 

Hexane volume effect study 

For oil extraction, the solvent-to-sample ratio is very important. Just as mention before for 

algae oil extraction w/o Soxhlet, there is no paper at all in literature and the method with Soxhlet 

didn’t provide any information on solvent-to-sample ratio [2,6,7]. We do find out lot of papers on 

other materials and we calculated our algae sample with the ratio which is adopted from literature 

with 2 min shake time [14] and got 0.011 ml of hexane.  
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For this quantity, it is very inconvenient to operate in the lab. We chose 3 ml hexane 

initially, compared to 10 ml just for maximum solvent volume in the tube and the result of the study 

was shown in table 2. The better oil yield was occurred in 10 ml significantly and was reconfirmed. 

Table 2 Hexane volume effect study and confirm test 

Hexane volume 

 

Hexane volume effect study test Confirm test 

Oil (g/L) Mean 

Oil (g/L) 

Oil (g/L) Mean 

Oil (g/L) 

3 ml 

 1.36 

1.4 

0.97 

1.4  1.67 1.35 

 1.27 1.73 

10 ml 

 1.98 

1.8 

1.18 

1.7  1.76 2.15 

 1.60 1.87 

The solvent-to-sample ratio of rice bran is 10:1(v/m) [14] and we calculated our ratio is 

6250: 1 (v/m). Since we wanted to measure the oil productivity in growth unit, we collected sample 

directly from reactor. This might be the reason why the ratio is high. The amount of solvent has a 

great impact for oil extraction. The efficiency of oil extraction will be depended on solvent-to-

sample ratio. The amount of solvent increases and the oil yield increases up to the maximum 

extractable oil [16,17] According to this principle, our solvent-to-sample ratio must be high enough 

to extract all the oil in the sample. We suggested that further experiment would go 10ml hexane 

with 10 ml algae sample. In the other word, the solvent-to-sample ratio is 1:1 by volume. 

Shake time effect study 

Shake time is very essential in oil extraction because it is related to the reaction time and the 

mixing of hexane with algae. We chose simple mixing by vigorous hand shake. The study was 

conducted at different time sets and the data was shown in Table 3. Basically the time was followed 

the adopted literature: 2, 5 and 10 min [14]. The better oil yield was occurred in 10 min at first trial, 

20 min in second trial and confirmed that 20 min is the best in the final test. When the reaction time 

increases, the oil yield increases [14] but the increasing extraction time have certain limit, after that 

it’s won’t give more yield [18,19] shown in confirmed test as a peak. 

 There was an extra finding in final test: because of busy working schedule we accidentally 

sat the samples over 24 hrs and we found a lot of more oil yield in final trial than second trial which 

was the same sample. Obstructed the oil extraction by algae cell wall probably is the good reason to 

explain [20] for 24 hrs extended reaction time. 

We all know cell wall is a barrier to intracellular delivery [21]. When cell wall was broken 

down oil extraction increased for Rice bran oil [22], Soybean Oil and Grape seed oil [8,23], Olive 

oil [24], Chlorophyll and pigments extraction [25], etc. For cell disruption, the ultrasonic method is 

efficient [7] but no literature showed any result in algae. Accordingly, next step will be focused on 

sonification process. 
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Sonification effect study 

The study result was shown in Table 4. In the beginning, we chose processing times (0, 1, 3 

and 5 min) and better oil yield was achieved by 5 min to increase oil yield almost twice. For the 

further study, we repeated and extended the sonification time from 6 to 10 min. The results were 

shown in same table at Test II and oil yield increased almost 4 times. 

The study indicated over 8 min was good enough, 9 min in the peak and 10 min possibly 

destroyed the oil. Ultrasound in extraction can disrupt biological cell walls to release the contents 

[26], and destroy oil molecule itself if overdo. The most important benefits usage of ultrasound in 

solid–liquid extraction is to increase the extraction yield [27]. 

For algae cell disruption, Gouveia and Oliveira [7] used 20 min sonification to extract the oil 

and Sawayama et al. [28] used 30 min to extract hydrocarbons and both papers didn’t mention 

about power and operation condition. We used sonification at 50% duty cycle operating at 20 kHz 

frequency and our study showed clearly about the effects on cell wall breakdown to improve the 

algae oil extraction almost 4 times. 

Table 3 Shake time effect test (I, II and III) 

Shake time 

 

Test I Test II Test III 

Oil 

(g/L) 

Mean 

(g/L) 

Oil 

(g/L) 

Mean 

(g/L) 

Oil 

(g/L 

Mean 

(g/L) 

2 min 

 1.73 

1.7 

    

 1.65     

 1.84     

5 min 

 2.40 

2.4 

    

 2.76     

 2.16     

10 min 

 2.83 

2.9 

0.70 

1.3 

2.75 

3.5  2.91 1.40 4.13 

 2.84 1.73 3.46 

15 min 

   1.40 

1.8 

  

   2.01   

   2.06   

20 min 

   2.01 

1.9 

3.64 

3.7    2.05 3.66 

   1.62 3.75 

30 min 

     3.41 

3.6      4.06 

     3.21 

  



 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 
 

375 

Table 4 Sonification effect study. 

With and w/o 

Sonification  

Test I  Test II 

Oil 

(g/L) 

Mean 

(g/L) 

Oil 

  (g/L) 

Mean 

 (g/L) 
w/o 

Sonifer 

 3.64 

3.7 

 

-  3.66  

 3.75  

Sonifier 

1 min 

 3.35 

4.0 

3.78 

4.0  4.09 4.13 

 4.45 3.99 

Sonifier 

3 min 

 4.69 

4.8 

4.68 

4.2  5.15 3.75 

 4.69 4.30 

Sonifier 

5 min 

 6.60 

6.8 

4.31 

4.3  8.01 4.48 

 5.86 4.06 

Sonifier 

6 min 

   6.15 

5.9    5.59 

   5.91 

Sonifier 

7 min 

   7.44 

7.9    8.71 

   7.59 

Sonifier 

8 min 

   13.21 

13.9    14.61 

   13.83 

Sonifier 

9 min 

   15.31 

14.6    14.14 

   14.39 

Sonifier 

10 min 

   14.09 

14.2    13.80 

   14.69 

CONCLUSION 

The oil extracted from freshwater mixed culture algae was found to be one among the 

suitable source for biodiesel production. On the basis of all the observations, following findings 

were obtained: 

1. Sample-to-solvent ratio (1:1, V/V). 

2. Shaking 20 minutes with 24 hrs stay. 

3. Sonification process over 8 min is necessary for cell wall breakage  

The results suggest that the Hexane solvent method was a simple, feasible and effective 

method for oil determination of algae. Extraction of oil from freshwater mixed culture algal 

biomass using ultrasound (sonification process) method showed better results when compared with 

other process and methods were studied. 
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Abstract 

 Bioethanol, a future liquid fuel that can be made from biomass, is receiving more and more 

attention due to the limited fossil fuels reserves, environmental issues, and the high energy demand 

of fast growing up population. The yield of bioethanol produced from lignocellulosic biomass 

depends largely on pretreatment and hydrolysis technologies. Compared with chemical and physical 

pretreatment, biological pretreatment brings more benefits for downstream process (hydrolysis and 

fermentation) and environment. Instead of isolating the microbes colony inside termite gut, this 

study make an effort to use termite as biological reagent directly. Termites digested powdered 

biomass (ratio of material into termite was one: two) for three days and was followed by boiling for 

one hour.  Hydrolysis process was conducted with cellulase enzyme at 50°C for 24 hours. 

Pretreated gooseweed resulted approximately 41% and 14.75% increasing while the untreated 

samples were 5% and 12.5% increasing in total sugar and reducing sugar, respectively. In contrast, 

there was a loss of sugar happened to small-flowered nutsedge so that both total and reducing sugar 

reduced instead of increasing. The results show that pretreatment with termite colony enhanced the 

sugar yield in hydrolysis step when compared with control experiments. 

Keywords: Termite, waste, biomass, biological pretreatment 

INTRODUCTION 

Bioethanol has been considered as an attractive alternative fuel. It is mainly blended with 

gasoline or diesel to enhance the combustion process and reduce the emission of harmful gases [1]. 

Bioethanol ca be produced from the variety of biomass and method that can be grouped into four 

generations: sugar, starch-based materials (first-generation), lignocellulosic materials (second-

generations), algal biomass (third-generations), and advanced biotechnologies (fourth-generations) 

[2]. Even though sugar and starch-based feedstock are main materials for producing bioethanol in 

the world, a huge attention has been paid to the second-generation biomass due to its abundant, 

cheap, and environmental characteristics [3].  

The potential of lignocellulosic materials as promising feedstock for ethanol production has 

been draw attention recently due to its abundant availability and cheap cost [4] .Lignocellulosic 

materials can be simply divided into different groups including forestry residues, agricultural 

residues (sugarcane bagasse, corn stalk, etc.), aquatic plants, herbs, and energy crops (poplar, switch 

grass, giant red, elephant grass, etc.) The main portions of lignocellulosic biomass are cellulose, 

hemicellulose, and lignin which make up 30-50%, 15-35%, and 10-20%, respectively [5]. The 

materials used in this research were chose from weeds that grow in paddy fields available at Chiang 

Mai, Thailand, namely gooseweed and small-flowered nutsedge. These two materials were proved 

to be promising feedstock for bioethanol production [6, 7].  

mailto:jayabalanr@nitrkl.ac.in
mailto:rasujayabalan@gmail.com
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The conversion of lignocellulosic biomass into bioethanol has to undergo a biochemical 

process including four primary steps: pretreatment, hydrolysis, fermentation, and distillation [8]. 

Pretreatment is the most important as it mainly effects on the downstream process. During 

pretreatment, the recalcitrant structure of lignocellulosic biomass is disturbed using chemical, 

physical, or biological factors. However, the use of chemical and physical factors requires energy 

consumption and detoxification in order to achieve high sugar yield as well as ensure safe 

environment for microorganism. In contrast, biological pretreatment is more friendly-

environmentally, consumes less energy and produces fewer inhibitory compounds [9]. Currently, 

biological pretreatment is mostly based on researches of termites and fungal systems. 

Termite can be divided into two groups, so called higher and lower termite. While lower 

termite are hosts to both cellulolytic protozoa and non-cellulolytic prokaryotes, higher termite lacks 

protozoa but possess many different cellulolytic and non-cellulolytic prokaryotes [10]. The 

microbes inside termite gut can degrade and break down lignocellulosic material to simple sugar. 

Generally, scientists try to isolate and apply those microbes to pretreat lignocellulosic biomass. 

However, this needs more effort and a huge of investment to separate and maintain those 

microorganisms in the lab. Therefore, this study aims to explore the effect of direct application of 

termite colony on lignocellulosic biomass to enhance enzymatic hydrolysis for bioethanol 

production. 

MATERIALS AND METHODS 

Material collection and preparation  

Paddy field waste biomass used in this study were gooseweed and small-flowered nutsedge 

collected from rice field located around Maejo University, Chiang Mai, Thailand. The materials 

were taken to Energy center, Maejo University and removed visible contaminants with tab water. 

The fresh materials were then dried in the sun for 24 hours and continually 24 hours at 50°C in hot 

air oven. The dried materials were ground into powder which is able to pass the sieve of 1.0 mm 

and stored in a desiccator for further using (Figure 1). Termite colony were collected in School of 

Renewable Energy campus, Maejo University, Thailand (18°55’34.6’’, 99°1’33.1’’). The pieces of 

the mound were transferred to Energy center lab. Termites were separated from the mound and kept 

in a plastic container for further experiment (Figure 2). 

Biological pretreatment  

The biological method takes advantage of using lower termite to degrade the materials. A 

ratio of material to termite in the study was one to two (w:w). The experiment was carried at 

ambient temperature for three days. The mixture of termite and material were added 100 mL of 

distilled water and boiled for 1 hour and the solution was determined total and reducing sugar 

(Figure 3). In order to compare the effect of biological pretreatment on biomass, control 

experiments were carried out. It includes control termite (Control T), control gooseweed (Control 

GS), control small-flowered nutsedge (Control SMN). 

Enzymatic hydrolysis 

Conical flasks containing 100 mL pretreated sample were adjusted to pH 5 by addition of 

hydrochloric acid and added 2% (v/v) of cellulase (Union Science Company, Thailand). The flasks 

were kept at 50°C for 24 hours [7]. Total and reducing sugar were determined after finishing 

hydrolysis process (Figure 3).  
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Figure 1. Paddy field biomass collection and preparation (A); Sunlight drying (B); Hot air drying 

(C, D); Powdering process (E, F). 

 

Figure 2 Termite collection and preparation. 

Total and reducing sugar analytical method 

Total sugar is analyzed following phenol-sulfuric method which was described by [11]. In 

summary, 500 µL of sample is transferred to test tubes and add with 500 µL of 5% phenol solution. 

The solution is homogenized by vortex and subsequently stand for 10 min. The absorbance (490 

nm) of the reaction solution is measured. The concentration of total sugar in the sample is 

calculated using standard curves.  

The determination of reducing sugar is followed 3,5-dinitrosalicylic acid (DNS) method 

[12]. Sample of 500 µL reacts with 500 µL of DNS solution in a test tube and subsequently boils for 

15 min. The test tube is allowed to be cool down and added 4 mL of distilled water. The absorbance 

at 540 nm is measured. The concentration of reducing sugar in the sample is calculated using 

standard curves.  
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Figure 3 Biological pretreatment; Feeding termite with materials (A and B); Adding 100 mL of 

distilled water and boiling for 1h (C and D); Enzymatic hydrolysis (E). 

RESULTS AND DISCUSSION 

The compositions of gooseweed and small-flowered nutsedge were already figured out and 

reported by Vu et al.,[6,7]. The researcher reported that gooseweed contents 13.69% cellulose, 

11.44% hemicellulose, and 2.51 lignin while small flowered-nutsedge has 22.05% cellulose, 

30.02% hemicellulose, and 2.78% lignin. The holocellulose amount of  both gooseweed and small-

flowered nutsedge are considering as lower as they are in water hyacinth (25% cellulose ad 35% 

hemicellulose) [13].  However, with the large and free availability of these plants in Thailand, it is 

still a promising source for bioethanol production.  

It can be seen that the percentage of lignin of both plants are quite low compared with the 

one of water hyacinth (10%), one of the promising materials for bioethanol production [13]. The 

lignin components have strong negative effects hydrolysis process because it limits the accessibility 

of cellulose to enzyme and adsorbs more amount of enzyme needed for hydrolyzing cellulose [14]. 

Thus, the lower lignin contents make the studied samples more reasonable to be used as feedstocks 

for bioethanol production. 

Low energy requirement, absence of chemical reagent and mild pretreatment condition are 

important advantages of biological method. Unlike pretreatment with brown-, white-, and soft-rot 

fungi whose time needed for the complete process can be reached to several weeks, termite 

digestion was carried out for three days only [15, 16]. It can be seen that total sugar and reducing 

sugar of gooseweed increased significantly after treatment with termite when compared with control 

experiments (Figure 4 and 5). The rate of sugar degradation of total sugar is faster than the rate of 

reducing sugar degradation.  
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Figure 4 Comparison of total sugar before and after enzymatic hydrolysis (T: termite; GS: 

gooseweed; SMN: small-flowered nutsedge; T1: Pretreatment with termite). 

 

 

Figure 5 Comparison of reducing sugar before and after enzymatic hydrolysis (T: termite; GS: 

gooseweed; SMN: small-flowered nutsedge; T1: Pretreatment with termite). 

Total sugar in gooseweed increased approximately 41% after hydrolysis of pretreated 

sample while there was only 5% increasing happened in the untreated gooseweed. On the other 

hand, the increased rate in reducing sugar of gooseweed were 12.5% and 14.75% of untreated and 

treated samples, respectively. In addition, it can be assumed from the control experiments that 

boiling for 1 hour does not have significant effects on total sugar yield. In constrast, the results from 
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pretreated small-flowered nutsedge are inverse. The main reason of this strange phenomenon may 

be caused by the the loss of sugar due to the appearance of fungi that mainly live on soluble organic 

matters including fermentable sugar. 

CONCLUSION 

The study explores the feasibility of termite application on biomass pretreatment. An 

increasing of 41% and 14.75% in total sugar and reducing sugar were found after hydrolysis of 

pretreated gooseweed when compared with only 5% and 12.5% increasing in total and reducing 

sugar of untreated samples. As a result, termite digestion can enhance the efficiency of hydrolysis 

and increase sugar yield. However, biological pretreatment in general and termite – pretreatment in 

particular are quite sensitive with the presence of harmful fungi since it causes loss of sugar. 
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Abstract 

 Corn is the most important cereal both for human and animal consumption and is grown for 

grain and forage worldwide and is a major source of agricultural residues in tropical and subtropical 

regions. Corn crop residues especially stalks have great potential for improving sustainable biofuel 

production. The aim of this work was to evaluate corn stalk which is waste plant material after 

harvesting the corn used as feedstock for bioethanol production. Different pretreatment strategies 

were applied with using sodium hydroxide. The hydrolysis efficiency of pretreated corn stalk waste 

was very good. Optimization of the pretreatment for reducing sugar production from corn stalk 

waste was carried out using central composite design (CCD). Energy from corn stalks bioethanol 

was 0.326 (g/L/h) achieved, also energy productivity was 61.218 KJ/h (i.e. 17.019 W). This study 

strongly suggests corn stalk waste as a promising candidate for bioethanol production from 

lignocellulosic biomass. 

Keywords: corn stalk, pretreatment, central composite design, bioethanol. 

INTRODUCTION 

Biofuels have the potential to be domestically and globally available for energy security, 

with most being carbon neutral or potentially carbon and supportable within the current agricultural 

infrastructure [1,2,3]. Presently, one of the most promising alternatives for petro-fuels is bioethanol. 

Bioethanol can be produced from sugary, starchy and lignocellulosic raw biomass materials. These 

raw materials are divided into two categories: Bioethanol produced from sugary and starchy 

biomass materials [4]. 

Biomass is a renewable source of energy with environment-friendly carbon neutral 

characteristics [5,6]. World-wide a considerable amount of biomass is available in the form of 

wastes whose economy is primarily dependent on agricultural production [7]. In the present work, 

an experimental investigation has been conducted using bioethanol production from Zea mays L. by 

fermentation process. These agricultural plant wastes are having been identified as the key industry 

for expansion to achieve economic advancement along with the development of greener production 

processes, and also plenty of waste available from the industries. These wastes are called as 

biomass, which are value-added materials for fuel production. And the biomass appears to be one of 

the potential energy sources due to its abundance. In addition, the realization of waste biomass for 

producing value-added products and biochemicals increases the economical and sustainable energy 

production opportunities for the biomass industry. 
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Biomass conversion involves three basic steps: (1) Pretreatment of raw feedstock to increase 

the accessibility of enzymes to the polysaccharides; (2) enzymatic hydrolysis to break down the 

lignocellulose constituents into a mixture of fermentable sugars; and (3) microbial fermentation, 

mediated by bacteria or yeast, to convert these sugars to ethanol. Making the transformation of 

lignocellulose to ethanol more economical and practical will require the development of molecular 

redesign of numerous enzymes, biochemical pathways, and full cellular systems [4,7]. One of the 

crucial steps in the ethanol production is the hydrolysis of the hemicellulose and cellulose to 

monomer sugars. The most promising method for hydrolysis of cellulose to glucose is by use of 

enzymes, i.e. cellulases. However, in order to make the raw material accessible to the enzymes 

some kind of pretreatment is necessary. 

Recently, a large number of pretreatment methods have been developed, comprising 

methods working at low pH, i.e. acid based, medium pH, and high pH, i.e. with a base as catalyst. 

Many methods have been shown to result in high sugar yields, above 90% of theoretical for 

agricultural residues, especially for corn stover [8]. For more recalcitrant materials, e.g. softwood, 

acid hydrolysis and steam pretreatment with acid catalyst seem to be the methods that can be used 

to obtain high sugar and ethanol yields. The whole process must be considered when a performance 

evaluation is to be made, as the various pretreatment methods give different types of materials. This 

will affect how the enzymatic hydrolysis should be performed, how the lignin is recovered and also 

the use of the lignin co-product. Therefore, the primary objective of this study was to investigate the 

potential of the pretreated-corn stalk waste by simultaneous saccharification and fermentation 

process for bioethanol production. 

MATERIALS AND METHODS 

Material preparation 

 Z. mays L. (Corn) stalks was used in this study. It was originally dried by sunlight then 

grinded to a size of less than 1-4 cm by a rolling machine and blended up to a size of less than 1 

mm diameter using a house blender. The final product was collected as powder. Finally, it was 

dried then at 50 ºC in a hot air oven before being used for the experiments followed. 

Pretreatment methods 

 The pretreatment was done by using distilled water (control), silage, 2% NaOH, and 1% of 

Trichoderma spp. and with chemical and biological addition solid to liquid ratio of 1:3 were 

conducted at room temperature for 3 days, measured for comparison total sugar and reducing sugar 

analyzed by phenol–sulfuric procedure and DNS method [9]. Before analyzed to take distilled water 

solid to liquid ratio of 1:4 to the condition sample. 

Hydrolysis for Fermentable Sugar Method 

 The enzymatic hydrolysis of agricultural waste powder from the best condition pretreatment 

sample is 2% NaOH. Mixture of water and solid substrate. Two percent (2%) of cellulose enzyme 

was utilized for enzymatic hydrolysis without detoxification before hydrolysis. The pH was 

adjusted to 5.0 by adding diluted HCl and temperature were adjusted to room temperature 

overnight. And assayed total sugar and reducing sugar. Then filtered and evaporated on the hot 

plate to fermentable sugar and checked sugar concentration. 
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Medium and Microorganism (Yeast) Preparation 

 The microorganism Saccharomyces cerevisiae TISTR5020 was used in this study. S. 

cerevisiae TISTR5020 was maintained on YDP agar containing yeast extract 10 g/L, peptone 20 

g/L, glucose 20 g/L and agar 15 g/L pH 5.6 by diluted NaOH for the microbial preservation in the 

aseptic refrigerator at 4 ºC and YDP broth containing and preparing as YDP agar but without agar. 

The media was sterilized at 121 ºC, 15 psi for 15 min in an autoclave. 

 For the inoculum preparation, yeast was inoculated to YDP broth and been put to a shaker 

with 150 rpm for 24 hat 35ºC. The yeast biomass was harvested by centrifugation at 7,000 rpm for 

10 mins at 4 ºC, without centrifuge and used as inoculum. 

Fermentation 

 Cellulosic hydrolysate, obtained from batch hydrolysis, was utilized as a fermentation 

medium. The fermentation medium was not sterilized and ethanol fermentations were carried out 

with 1% of S. cerevisiae was centrifuged in a reactor at 33-35 ºC with a pH adjusted to 5.6 under 

anaerobic conditions. It was then incubated for five (5 days) and corrected the samples 1, 3, 5 days. 

The bioethanol content of each samples were measured using an ebulliometer [4,7]. 

Analytical Methods 

 Total sugar and reducing sugar will be analyzed before and after the pretreatment process 

using phenol-sulfuric acid and DNS standard method [9]. The ethanol content will be using an 

ebulliometer for measuring in triplicates. The ebulliometer used the different boiling point of 

distilled water compare to alcohol solutions. A calculating dial will be used to calculate the 

percentage of ethanol in the solution by comparing two different boiling points from distilled water 

and the solution. Energy content calculations were adopted from Thangavelu et al. [10]. 

Statistical Analysis 

 The data will be presented in mean ± SD (standard deviation) done in triplicates. The 

differences between means will be considered significant when p<0.05. All statistical analyses will 

be performed using the SPSS program version 23.0. 

Response Surface Methodology (RSM) – Central Composite Design (CCD) 

 Response Surface Methodology (RSM) has been widely applied for the optimization of 

ethanol production from pretreated-corn stalk waste. RSM explores the relationships between 

several explanatory operating variables and one or more response variables. Central Composite 

Design (CCD) was applied to study process variables. The experimental runs were carried out 

according to a 36 full factorial design for the three identified design independent variables, namely, 

NaOH concentration % (A), temperature °C (B), time (days) (C) (Table 1). 

Table 1 Variables and levels considered for the production of reducing sugar from corn stalk waste. 

Factors Coded factors Unit Low High 

Temperature A °C 30 40 

Concentration of NaOH B % 1 2 

Time C day 1 3 
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RESULTS AND DISCUSSION 

The products from chemical and biological pretreatment 

 All these pretreatment processes are performed to reduce the recalcitrance of lignocellulose 

to enzymes mainly by reducing the content of lignin and hemicelluloses, increasing accessible 

surface area, reducing the crystallinity of cellulose, increasing porosity, or altering lignin structure 

[11, 12]. 

 

Figure 11 Sugar concentration of corn stalk pretreatment 

In this study corn stalk (Figure 1) can produce total sugar and reducing sugar from silage 

were lowest as 13.965±3.117, 2.293±0.120 g/L while pretreatment with 2% NaOH were the highest 

27.158±0.913, 6.053±1.166 g/L. Total sugar and reducing sugar from pretreatment by water and 1% 

Trichoderma spp. were 17.123±1.574, 2.867±0.546 g/L and 24.667±0.540, 3.960±0.616 g/L. 

Reponses surface methodology: RSM from NaOH pretreatments  

RSM is a powerful mathematical model with a collection of statistical techniques by which 

interaction between multiple processes variables can be identified with fewer experimental trials 

[13,14,15]. It is one of the technique which is used to derive the combined effects of total factors in 

a fermentation process [16]. In this study, the capability of RSM for optimization of ethanol 

production from corn stalks using S. cerevisiae TISTR5020 in batch fermentation process was 

investigated. 

CCD of Reducing Sugar from corn stalk waste: 

Y = 1.878+0.334A+0.466B+0.768C+0.035AB+0.322AC+0.106BC-0.097A²-0.117B²-0.139C² 

 (Eq1) 

Where Y is the predicted reducing sugar (g/L), A, B, and C are temperature, NaOH 

concentration, and time respectively. The obtained equation (Eq 1) was used to predict the amount 

of reducing sugar. In order to examine the Eq1, ANOVA test was conducted and performed in the 

table 2. The results show that the model is statistical significance and the lack of model fit test is 

insignificant. Therefore, it can be concluded that the model can be trusty to predict reducing sugar 

and there is no evidence that the model does not fit the data. Besides, ANOVA test also shows 

significant model terms which is based on the p-values (p<0.05). In this case A, B, C, AC are 

significant model terms. Even though the other terms are insignificant, there is no reduction carried 

on the model due to the statistical meaningful results of normal probability test and coefficient of 

determination.  
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Residuals are estimates of experimental error obtained by subtracting the observed responses 

from the predicted responses. In general, the test of residuals normality is examined using graphical 

methods which are dot plot or histogram graphics. The normal probability plot should produce an 

approximately straight line. In this study, the normality assumption was satisfied as the residual plot 

approximated along a straight line (Figure 2). It agrees with the coefficient of determination (R 

square = 0.859) which is explained that a percentage of 85.9 reducing sugar can be described by the 

three factors. The adjusted coefficient of determination (81.1%) and adequate precision ratio 

(16.425) are greater than 70% and 4 so that this model can be used to navigate the design space 

[17]. In conclusion, the obtained model can be used to predict reducing sugar in a range of 0 - 3.591 

g/L and optimize the pretreatment condition using three factors (NaOH concentration, temperature, 

and time). 

The interactive effects of factors on reducing sugar production were studied by 3D response 

surface plots against any two independent factors while keeping other variables at its central level 

(Figure 3). It can be seen that when a factors is fixed at its central level, the interactive effects of the 

other factors on reducing sugar reduces. In addition, the maximum yield of reducing sugar cannot 

be achieved at the central level. 

Table 2 ANOVA for Quadratic Model of Reducing Sugar from Corn Stalk. 

Source Sum of 

Squares 

df Mean 

Square 

F-

value 

p-value   

Model 34.87 9 3.87 17.65 < 0.0001 significant 
A 3.77 1 3.77 17.16 0.0003 

 
B 7.32 1 7.32 33.36 < 0.0001 

 
C 19.92 1 19.92 90.75 < 0.0001 

 
AB 0.0288 1 0.0288 0.1314 0.7199 

 
AC 2.48 1 2.48 11.32 0.0024 

 
BC 0.2701 1 0.2701 1.23 0.2775 

 
A² 0.3466 1 0.3466 1.58 0.2201 

 
B² 0.5046 1 0.5046 2.3 0.1416 

 
C² 0.7066 1 0.7066 3.22 0.0844 

 
Residual 5.71 26 0.2195 

   
Lack of Fit 0.8763 5 0.1753 0.7619 0.5873 not 

significant Pure Error 4.83 21 0.23 
   

Cor Total 40.58 35         

 
Figure 2 Normal probability plot of the externally studentized residuals from CCD design.  
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(A) 

 
(B) 

 
(C)  

Figure 3. 3D plot showing the effect of temperature and NaOH concentration (A), temperature and 

time (B), NaOH concentration and time (C) on reducing sugar production. 
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Sugar concentration on scale up from pretreatment, enzyme hydrolysis and evaporation  

 Sugar concentration of sorghum stalk from scaling up; Pretreatment with 2% NaOH there 

were reducing sugar and total sugar 6.480±0.538 and 28.263±2.263 g/L. Hydrolysis with 2% 

Cellulase Enzyme there were reducing sugar and total sugar 28.800±7.632 and 151.228±12.470 g/L 

and after evaporation there were reducing sugar and total sugar 62.667±16.518 and 

276.842±6.403g/L. 

Bioethanol production 

 Ethanol yields were presented in Figure 4 at the 1st day there is highest ethanol concentration 

is 0.000 g/L, the 3th day there is the highest ethanol concentration is 23.495±0.670 g/L. 

 

Figure 4 Ethanol Concentration, Total Sugar, and Reducing Sugar throughout Fermentation (Corn 

Stalk). 

Table 4 Energy Productivity. 
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Numchok et al. 

[20] 

Corn 

Stalk 
1234.286 704.854 0.326 3.214 61.218 17.019 This study 

Sugar Bioethanol and Energy Productivity 

 The sugar concentration and sugar productivity from corn stalk 77.143 g/L and 3.214 g/L/h 

were produced for 24 h. Corn stalk fermentation can produce ethanol and ethanol productivity 

23.455 g/L and 0.326 g/L/h were produced for 72 h shown in Table 4. The comparison of energy 

production in Table 4 corn stalk was produced the highest energy from sugar 1,234.286 kJ/L and 

energy from ethanol 704.854 kJ/L in Table 4.  
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CONCLUSION 

This study investigates the simultaneous saccharification and fermentation (SSF) process for 

bioethanol production from corn stalks with efficient pretreatments. The obtained model can predict 

reducing sugar yield with the coefficient of determination of 85.9%. Three independent factors used 

for CCD design (temperature, time, NaOH concentration) are found to be significant terms. For 

optimization study, the optimal values of the factors for maximum reducing sugar yield were 

achieved. Overall, a high yield of 17.019 W energy, in the form of ethanol was obtained through the 

process from corn bioethanol. 
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Abstract 

 The Asian tiger mosquito, Aedes albopictus (Skuse), is an invasive species that can be 

currently found intemperate and tropical Asia (its area of origin), Europe, North and South 

America, Africa and a number of locations in the Pacific and Indian Oceans. A. albopictus globally 

an important vector of human pathogens such as chikungunya and dengue viruses as well as filarial 

nematodes. The aim of this study was to evaluate the toxic effect of leaf and inflorescence methanol 

extracts of C. papaya was exposed to different concentrations against A. albopictus. Bio-efficacy of 

C. papaya leaf and inflorescence extract larvicidal activity was assessed against the first to fourth 

instars larvae and pupae of Asian tiger mosquito under the laboratory conditions. C. papaya show 

varied degrees of larvicidal activity against various instars larvae of A. albopictus. The LC50 of C. 

papaya leaf extracts against the first to fourth instars larvae and pupae were 169, 242, 305, 432 and 

343 ppm and the LC90 389, 557, 651, 869 and 725 ppm, respectively. In addition, the treatment of 

inflorescence extract of C. papaya material shows larvicidal and pupicidal activity of the LC50 

values 162, 221, 298, 411 and 315 ppm. The LC90 values of 384, 530, 633, 845 and 690 ppm, 

against A. albopictus. The present study clearly demonstrates that both of leaf and inflorescence 

extract of C. papaya materials could serve as a potential larvicidal and pupicidal agent. 

Consequently, this study provides first report on the Asian tiger mosquito larvicidal and pupicidal 

activity the combined effect of leaf and inflorescence extract of C. papaya against as objective 

species of A. albopictus. 

Keywords: Carica papaya, Aedes albopictus, larvicide, pupicide. 

INTRODUCTION 

The Caricaceae plant family is known to contain a variety of compounds, which show 

insecticidal, antifeedant, growth regulating and development modifying properties [1,2]. Carica 

papaya, (Family: Caricaceae), and several species of Caricaceae have been used as remedy 

against a variety of diseases [3]. C. papaya is a perennial plant, and it is presently distributed over 

the whole tropical area. C. papaya is commonly known for its food and nutritional values 

throughout the world. The medicinal properties of papaya fruit and other parts of the plant are also 

well known in traditional system of medicine [4]. Papaya is a vital source of vitamins for people in 

the humid tropics, and proteinases obtained from the milky latex extracted from unripe fruits are 

widely used in the food and pharmaceutical industry [2]. Many scientific investigations have been 

conducted to evaluate the biological activities of various parts of C. papaya. 

The leaves of papaya have been shown to contain many active components that can increase 

the total antioxidant power in blood and reduce lipid peroxidation level, such as papain, 

mailto:biobala@nitrkl.ac.in
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chymopapain, cystatin, α-tocopherol, ascorbic acid, flavonoids, cyanogenic glucosides and 

glucosinolates [4]. The plant leaves and seeds are known to contain proteolytic enzymes (papain, 

chymopapain), alkaloids (carpain, carpasemine), sulfurous compounds (benzyl isothiocyanate), 

flavonoids, triterpenes, organic acids and oils. The seeds of C. papaya are reported to possess 

emmenagogue, abortifacient and antifertility properties [5]. The latex from C. papaya is recognized 

as a rich source of plant proteases that are used in pharmaceutical, food and industries. Latex 

originates from specialized cells called laticifers. Upon wounding, laticiferous plants exude latex, 

which serves to protect the plant against predators [6]. Fruit extracts of C. papaya elicit a variety of 

effects in insects, such as antifeedant, growth retardation, reduced fecundity, moulting disorders, 

morphogenetic defects, and changes of behavior [2]. The effects of compounds, products and 

extracts obtainable from C. papaya on insects and effects of C. papaya extracts on many insects 

have been already reported [1].  

In a worldwide consideration, Arthropod-borne dieses and arboviral disease has been said to 

be the most epidemic disease [7]. Thus, the effect of vector borne diseases is a major threat to 

human survival on earth. The Asian tiger mosquito (Aedes albopictus; Family: Culicidae) is native 

to tropical and subtropical areas of southeast Asia [8]. It is an invasive species that has the potential 

to transmit infectious diseases such as dengue and chikungunya fever [9]. A. albopictus has been 

one of the fastest spreading animal species over the past two decades. A. albopictus has spread from 

its native to many other countries around the globe, largely through the international trade in used 

tires [10]. In addition to the ecological problems inherent in rapid spread of any species, of 

particular importance are the serious public health risks posed by the introduction and establishment 

of an aggressive pest and efficient disease vector [11]. 

Recently, there has been a major concern for the promotion of botanicals as environmentally 

friendly pesticides, microbial sprays, and insect growth regulators amidst other control measures 

such as beneficial insects and all, necessitate an integration of supervised control. The development 

of insect’s growth regulators (IGR) has received considerable attention for selective control of 

insect of medical and veterinary importance and has produced mortality due to their high neurotoxic 

effects [12]. Although, biological control has an important role to play in modern vector control 

programs, it lacks in the provision of a complete solution by itself. Recent studies stimulated the 

investigation of insecticidal properties of plant derived from materials or botanicals and concluded 

that they are environmentally safe, degradable, and target specific [11,12]. 

Papaya plant extracts were shown to contain larvicidal and growth inhibitory activity 

against A. stephensi. [13]. The Caricaceae family plants have been known as a potential source for 

insecticide properties. Extracts from the papaya and other plants seeds and leaves have shown 

excellent insecticidal properties against mosquito vector and were at the same time very eco-

friendly [1]. Recently, the efficacy of Caricaceae family plants products on mosquitoes were 

established [14]. The present investigation was undertaken to study the effect of C. papaya against 

the larvae and pupae of Asian tiger mosquito, Aedes albopictus (Skuse). 

MATERIALS AND METHODS 

Collection of eggs and maintenance of larvae  

The eggs of Asian tiger mosquito, A. albopictus (Skuse) were collected from local (in and 

around Sansai, Chiang Mai, Thailand) different breeding habitats with the help of a ‘O’ type brush. 

These eggs were brought to the laboratory and transferred to 18 x 13 x 4 cm size enamel trays 
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containing 500 ml water and kept for larval hatching. The larvae reared in plastic cups. They were 

daily provided with commercial fish food [15] ad libitum. Water was changed alternate days. The 

breeding medium was regularly checked and dead larvae were removed at sight. The normal 

cultures as well as breeding cups used for any experimental purpose during the present study were 

kept closed with muslin cloth for preventing contamination through unidentified mosquitoes. The 

feeding was continued until the larvae transformed into the pupal stage. 

Maintenance of pupae and adult 

The pupae were collected from culture trays and were transferred to glass beakers containing 

500 ml of water with help of a sucker. The glass beaker containing pupae was then kept in 90 x 90 x 

90 cm mosquito cage for adult emergence. The cage was made up of wooden frames and covered 

with polythene sheets on four sides (two laterals, one back and other one upper) and the front part 

was covered with a muslin cloth. The bottom of the cage was fitted with strong cardboard. The 

freshly emerged adults were maintained 27 ± 2°C, 75%-85% RH, under 14L:10D photoperiod 

cycles. The adults were fed with 10% sugar solution for a period of three days before they were 

provided an animal for blood feeding. 

Blood feeding of adult mosquito vector and egg laying 

The adult mosquito was allowed to feed on the blood of a rat (shaved on the dorsal side) for 

the two days, to ensure adequate blood feeding, the fed was continued for five days. After blood 

feeding, enamel trays with water from the culture trays were placed in the cage as oviposition 

substrates. An egg trap (cup) lined with filter paper containing pure water was always placed at a 

corner of the cage. This arranged made collection of eggs easier. 

Plant collection and preparation of extract 

Carica papaya (Caricaceae) were collected from in and around the Maejo University 

campus, Sansai, Chiang Mai, Thailand. C. papaya leaves (CPLE) and inflorescence (CPIFE) was 

washed with tap water and shade dried at room temperature. The dried plant materials were 

powdered by an electrical blender. From the powder 200g of the plant material were extracted with 

2.5 litres of methanol for 24 hrs in a Soxhlet apparatus. The crude plant extracts were evaporated to 

dryness in rotary vacuum evaporator. One gram of the plant residue was dissolved in 100 ml of 

acetone (stock solution) considered as 1% stock solution. From this stock solution concentration 

were prepared ranging from 100, 200, 300, 400 and 500 ppm, respectively. 

Larval toxicity test of plant extract 

A laboratory colony of A. albopictus larvae were used for the larvicidal activity. Twenty-

five number of first, second, third and fourth instar larvae were kept in 500 ml glass beaker 

containing 249 ml of dechlorinated water and 1ml of desired concentration of plant extracts. Larval 

food was given for the test larvae. At each tested concentration 2 to 5 trails were made and each 

trial consisted of three replicates. The control was set up by mixing 1ml of acetone with 249 ml of 

dechlorinated water. 
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Pupal toxicity test 

A laboratory colony of A. albopictus pupae were used for pupicidal activity. Twenty of 

freshly emerged pupae were kept in 500 ml glass beaker containing 249 ml of dechlorinated water 

and 1 ml of desired plant extract at various concentrations was added. Five replicates were set up 

for each concentration and control was setup by mixing 1ml of acetone with 249 ml of 

dechlorinated water. 

Statistical analysis 

The average larval and pupal mortality data were subjected to Probit analysis for calculating 

LC50 (Lethal concentration that kills 50% of the exposed larvae), LC90 (Lethal concentration that 

kills 90% of the exposed larvae) values were calculated by using calculated using the SPSS 9.0 

version (software package) [16, 17]. The values were expressed as mean ± standard deviation of 

five replicates. Results with p < 0.05 were considered to be statistically significant. In addition, all 

data were subjected to analysis of variance (ANOVA), completely Randomised Design (CRD) and 

the means were separated using Duncan’s multiple range test (DMRT) [18]. Results with p < 0.05 

were considered to be statistically significant. Additionally, the control mortalities were corrected 

by using Abbott’s formula [19]. 

Corrected mortality = 
Observed mortality in treatment- Observed mortality in control 

100- Control mortality 
X 100 

 

Percentage of mortality = 
Number of dead larvae 

Number of larvae introduced 
X 100 

RESULTS AND DISCUSSION 

Larval and pupal mortality of A. albopictus after the treatment of methanolic extract of C. 

papaya leaf was observed. Table 1 provides the larval and pupal mortality of A. albopictus (I to IV 

instars and pupae) after the treatment of A. albopictus at different concentrations (100 to 500 ppm). 

Table 1 Larvicidal activity of C. papya leaf extract against tiger mosquito. 

Larval 

instars and 

pupa 

% of larval and pupal mortality  

LC50 (LC90) Concentration of CPLE 

100 200 300 400 500 

I 40a 48a 60a 76a 96a 169 (389) 

II 32b 40a 52b 56b 80b 242 (557) 

III 24c 32c 48a 52b 72c 305 (651) 

IV 20d 28a 40c 44d 60d 432 (869) 

Pupa 16a 20b 28a 40a 68b 343 (725) 

Forty percent mortality was noted at I instar larvae by the treatment of C. papaya at 100 

ppm, whereas it has been increased to 96% at 500 ppm of C. papaya leaf extract (CPLE) treatment. 

Figure 1 illustrated the larval and pupal toxicity effect of CPLE leaves methanol extract against A. 

albopictus. Similar trend has been noted for all the instars of A. albopictus at different concentration 

of CPLE treatment. The LC50 and LC90 values were represented as follows: LC50 value of I instar 

was 169 ppm, II instar was 242 ppm, III instar was 305 ppm and IV instar was 432 ppm, 

respectively.  
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Fig. 1 Larval and pupal toxicity effect of C. papaya leaves methanol extract against Asian tiger 

mosquito. 

The LC90 value of I instar was 536.36 ppm, II instar was 593.90 ppm, III instar was 679.51 

ppm, and IV instar was 715.75 ppm, respectively. The LC 50 value of pupae was 343 ppm, and the 

LC 90 value of pupae was 725 ppm, respectively. 

Table 2 Larvicidal and pupicidal activity of C. papya inflorescence extract against tiger mosquito. 

larval instars 

and pupa 

% of larval and pupal mortality 

LC50 (LC90) Concentration of CPIFE (ppm) 

100 200 300 400 500 

I 32a 44a 56a 68a 84a 162 (384) 

II 28a 32b 52b 56a 72b 221 (530) 

III 20b 24c 36b 52c 56c 298 (633) 

IV 12d 20a 32c 40a 52d 411 (845) 

Pupa 24a 28a 44b 56b 64d 315 (690) 

Table 2 shows the considerable larval and pupal mortality after the treatment of C. papaya 

inflorescence of methanolic extract (CPIFE) for all the larval instars and pupae. The concentration 

at 500 ppm treatment of CPIFE for I instar larval mortality was 84%, respectively. Figure 2 

demonstrated the larval and pupal toxicity effect of CPIFE against A. albopictus.  The LC 50 and 

LC 90 values were represented as follows: LC 50 value of I instar was 162 ppm, II instar was 221 

ppm, III instar was 298 ppm, and IV instar was 411ppm. The LC 90 value of I instar was 384 ppm, 

II instar was 530 ppm, III instar was 633 ppm, and IV instar was 845 ppm. The LC 50 value of 

pupae was 315 ppm, and the LC 90 value of pupae was 690 ppm, respectively. 

Arthropod-borne viruses (arboviruses) have become significant public health problems, with 

the emergence and re-emergence of arboviral diseases almost worldwide. The most populated 

Southeast Asia region is particularly vulnerable. The arboviral diseases such as dengue, Japanese 

encephalitis, West Nile virus, chikungunya fever, hemorrhagic fevers such as Crimean-Congo 

hemorrhagic fever, Kyasanur forest disease virus, etc. are on the rise and have spread 

unprecedentedly, causing considerable burden of disease [20].  
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Fig. 2 Larval and pupal toxicity effect of C. papaya inflorescence methanol extract against Asian 

tiger mosquito. 

Arboviral disease is mainly transmitted by the mosquito Aedes mossquitos. Predominantly 

Aedes albopictus, so called “Asian tiger mosquito” is an invasive species that has the potential to 

transmit infectious diseases such as dengue and chikungunya fever. Figure 3 presented the Asian 

tiger mosquito distribution range and Bonizzoni et al. [21] stated details of the invasive mosquito 

species A. albopictus. One of the most dynamic events in public health is being mediated by the 

global spread of the invasive mosquito Aedes albopictus. Its rapid expansion and vectorial capacity 

for various arboviruses affect an increasingly larger proportion of the world population. It has been 

linked to the transmission of arboviral and filarial infectious diseases. The main objective of the 

current study is to investigate the potential of C. papaya leaves and inflorescence extract for control 

larvae and pupae of tiger mosquito against arboviral and filarial diseases.  

Plant secondary metabolites possess a wide range of biological activities leading to diverse 

types of interactions with other organisms [22]. Secondary metabolites in plants can be divided into 

three main groups according to their biosynthetic origin: terpenoids, nitrogen-containing 

compounds (alkaloids, glucosinolates and cyanohydrins) and phenylpropanoids also known as 

phenolic compounds. C. papaya containing the various secondary metabolites such as alkaloids, 

anthroquinone, catachol, flavonoids, phenols, saponins, steriods, triterpenoids, tannins [23]. The 

leaves are used to relieve the symptoms of asthma and as a vermifuge, in the treatment of gastric 

problems, fever, amoebic dysentery, anti-tumor activity and immunomodulatory effects [4, 24] and 

usually, it has been found that secondary metabolites produced by plants are responsible for their 

chemical defense and toxicity to other animals. Laboratory bioassay of latex from the unripe fruits 

of C. papaya was carried out against A. stephensi, and the LC 50 and LC 90 value was 0.013% and 

0.062%, respectively [13]. 
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Fig. 3 Asian tiger mosquito distribution range. 

Kovendan et al. [14] reported the plant extract showed larvicidal and pupicidal effects after 

24 h of exposure; however, the highest larval and pupal mortality was found in the leaf extract of 

methanol C. papaya against the first- to fourth-instar larvae and pupae of A. aegypti values LC 50 

=I instar was 51.76 ppm, II instar was 61.87 ppm, III instar was 74.07 ppm, and IV instar was 82.18 

ppm, and pupae was 440.65 ppm, respectively. Compared with these results C. papaya leaf 

methanolic extracts was confirmed higher performance on this study, moreover, C. papaya 

inflorescence methanolic extracts was demonstrate that the higher pupicidal properties. This is the 

first report on Asian tiger mosquito using C. papaya inflorescence methanolic extracts. The results 

reported here open the possibility of further investigations of efficacy on their larvicidal and 

pupicidal properties of natural product extracts. 

CONCLUSION 

The present study plants are easily available, accessible, and affordable therefore the usage 

of traditional plants should be promoted among the local residents in order to reduce the man vector 

contact as well as vector-borne diseases. The finding of the present investigation exposed that the 

leaf and inflorescent extract of C. papaya has good larvicidal and pupicidal properties of against 

arboviral and filarial diseases vector, A. albopictus as target species of vector. Further studies such 

as mode of action, synergism with the biocides under field condition are needed. 
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Abstract 

 Rice husk have emerged as a potential future source of feedstock for the production of 

chemicals and biofuels. Torrefaction is the thermal process, similar to coffee roasting, used to pre-

treat biomass in bio-coal production. It has also been called incomplete pyrolysis but to be clear, 

torrefied biomass is not charcoal. Higher temperatures can make the RHP gave the highest quality 

with a torrefaction of temperature at 350°C. Torrefaction can reduce the mass of RHP, resulting in a 

denser, higher-valued product that can be transport is easier. Can be improve the performance of 

biomass fuels better and increase HHV. This end-solid product can be used as a replacement for 

coal or co-fired with coal in electric power plants. 

Keywords: rice husk pellet, biomass fuels, torrefaction process. 

INTRODUCTION 

Torrefaction is a thermal pretreatment technology. It is also defined as isothermal pyrolysis 

of biomass occurring in temperature ranges of 200–300°C and performed at atmospheric pressure in 

the absence of oxygen. Biomass torrefaction has been recognized as a technically feasible method 

of converting raw biomass into a solid that is suitable for commercial and residential combustion 

and gasification applications, given that it has high energy density, is hydrophobic, compactable, 

and grind able, and has a lower oxygen-to-carbon (O/C) ratio. During the initial heating of 

lignocellulose materials, water due to chemical reactions is removed through a thermo-condensation 

process [1-7]. It is occurred at temperatures between 160 and 180°C and results in the formation of 

CO2 at temperatures of 180–270°C, the reaction is more exothermal, and the degradation of 

hemicellulose continue. At these temperatures, biomass begins to brown and give off additional 

moisture, CO2, and large amounts of acetic acid with some phenols that have low energy values. 

During torrefaction, the major decomposition reactions affect the hemicellulose. Lignin and 

cellulose also decompose in the range of temperatures at which torrefaction is normally carried out, 

but to a lesser degree [8-14]. Torrefied biomass retains most of its energy and simultaneously loses 

its hygroscopic properties. At about 280°C, the reaction is entirely exothermic, and gas production 

increases, resulting in the formation of carbon monoxide, hydrocarbons like phenols and cresols, 

and other heavier products. For torrefaction, process temperatures over 300°C are not 

recommended, as these may lead to extensive devolatilization of the biomass due to the initiation of 

the pyrolysis process [3]. 

Torrefaction process that reduces the moisture content of wood biomass and increases its 

energy density, transforming it into a charred material resembling charcoal or coal, which has better 

fuel characteristics than the original biomass. Torrefied biomass is more brittle and less energy 
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intensive. Compared to fresh biomass, storage of the torrefied material can be substantially 

simplified since biological degradation and water uptake is minimized. Through this process, 

volatiles and biopolymers are removed from the wood, along with the moisture and removal of 

smoke producing agents. All that remains of the original wood is a smaller, blackened solid that can 

be made into dense pellets of bio-coal (Figure 1). 

 

Figure 1 Convert biomass into a coal-like of torrefaction. 

Torrefaction is a thermochemical process involving the interaction of drying and 

incomplete pyrolysis. The different parameters that influence the torrefaction process are: (a) 

Reaction temperature, (b) Heating rate, (c) Absence of oxygen, (d) Residence time, (e) Ambient 

pressure, (f) Flexible feedstock, (g) Feedstock moisture and (h) Feedstock particle size. Biomass 

feedstock is typically predried to 10%  or less moisture content prior to torrefaction. Particle size 

plays an important role in torrefaction in that it influences the reaction mechanisms, kinetics, and 

duration of the process, given a specific heating rate. The chemical reactions that occur when 

reactive intermediates are trapped in a thick matrix differ from the situations in which products can 

escape and be swept away in a gas stream. The duration of the process is basically adjusted to 

produce friable, hydrophobic, and energy-rich enhanced biomass fuel. 

Torrefaction concept, the heat required is generated by combustion of the vapours that are 

released in the process. For this purpose, the gases are directed to a dedicated combustion chamber, 

in which the combustion takes place at sufficiently high temperatures. The hot flue gas from the 

combustion is forced along the wall of the reactor to indirectly heat the biomass .Depending on the 

feedstock and required product quality excess heat can be generated for drying purposes or 

electricity production. All kind of different biomasses and residues can be converted in the 

torrefaction process, even very low-density materials. 

Torrefaction process is shown in Figure 2 the below. Four sections can be distinguished in 

this concept: (a) the biomass feeding section; (b) the reactor section, where biomass is converted 

into torrefied material and a combustible gas, (c) the cooling section; the torrefaction product is 

highly flammable, necessitating the need for a cooling system, and (d) the combustor section; the 

produced gases & vapours are burned with an excess of oxygen in the combustor, and the heat 

generated is used to heat the process. 
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Figure 2 Torrefaction process of biomass. 

Torrefaction products during torrefaction, three different products are produced: (1) brown 

to black uniform solid biomass, which is used for bioenergy applications, (2) condensable volatile 

organic compounds comprising water, acetic acid, aldehydes, alcohols, and ketones, (3) 

noncondensable gases like CO2, CO, and small amounts of methane. Release of these condensable 

and noncondensable products results in changes in the physical, chemical, and storage properties of 

biomass .Several studies have also investigated the physical properties and chemical composition of 

the liquids and gases released during torrefaction. Bergman et al provide an overview of the 

torrefaction products, based on their states at room temperature, which can be solid, liquid, or gas 

shown in Figure 3. The solid phase consists of a chaotic structure of the original sugars and reaction 

products. The gas phase includes gases that are considered permanent gases, and light aromatic 

components such as benzene and toluene [15]. 

 

Figure 3 Products formed during torrefaction of biomass. 
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The condensable, or liquids, can be further divided into four subgroups: (1) reaction water 

produced from thermal decomposition, (2) freely bound water that has been released through 

evaporation, (3) organics (in liquid form), which consist of organics produced during 

devolatilization and carbonization, and (4) lipids, which contain compounds such as waxes and fatty 

acids. Condensable and noncondensable products are emitted from the biomass based on heating 

rate, torrefaction temperature and time, and biomass composition. The emission profiles of these 

products greatly depend on the moisture content in the biomass [16]. 

Therefore, in this study was focused on the torrefaction process and make a product which 

resembles coal from a biomass (rice husk pellet biomass). In addition, this study was to investigate 

the influence of reaction temperature, and raw biomass moisture content on specific energy, mass 

yield, and chemical properties of torrefied samples, the condensable and permanent gases, the 

influence of reaction temperature, and raw biomass moisture content on specific energy, mass yield, 

and chemical properties of torrefied samples, and the condensable and permanent gases. 

MATERIALS AND METHODS 

The rice husk used in this study were supplied. The rice husk, and the proximate and 

ultimate analyses of rice husk. The operating conditions for the torrefaction temperature were set as 

250 °C, 300 °C, and 350 °C. The residence times were 15 min, 20 min, and 25 min, respectively. 

Also, 10 °C/min as the heating rates were chosen to examine the mass yield of solid torrefied 

biomass from rice husk. 

The torrefaction equipment is a batch multi-sectional temperature-controlled furnace as 

shown in Figure 4. The furnace volume is about 15 L with a 20 cm × 20 cm × 5 cm perforated pan 

to carry the sample. For conducting a torrefaction experiment, the sample was placed into the 

torrefaction furnace, and nitrogen gas was injected into the furnace at the flowrate of 1 L/min to 

provide the oxygen-free atmosphere. The reaction was processed in four stages. In the first stage, 

the temperature was risen up to 105 °C within 30 min; in the second stage, the sample stayed at 

105 °C for 30 min to remove the moisture; in the 3rd stage, the temperature was risen up to the 

required torrefied temperature; and in the 4th stage, the sample stayed at setting torrefied 

temperature for the setting residence time. 

 

Figure 4 Torrefaction equipment.  
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After torrefaction, the ultimate (Elementar vario EL), proximate, mass yield, higher heating 

value (Parr 6300 Calorimeter) and HGI (kER-60 HGI meter) analyses were conducted to investigate 

characteristics of the torrefied biomass. Also, thermal gravimetric analysis (TGA) was carried out in 

a thermogravimetric Analyzer (Perkinelmer, Simultaneous Thermal Analyzer, STA6000) to 

understand the torrefaction mechanism of the rice husk torrefaction. 

RESULTS AND DISCUSSION 

During torrefaction of rice husk pellet, three different products are produced: (1) brown to 

black uniform solid biomass, (2) condensable volatile organic compounds, and (3) non-condensable 

gases. Table 1, after the rice husk pellet is torrefied at 250°C will be get yield of solid was 85.84%, 

liquid was 10.17 % and gas was 3.99  % At 300°C will be get yield of solid was 45.58 %, liquid was 

35.21 % and gas was 21.19 % At 350°C will be get yield of solid was 25.41 %, liquid was 70.39 % 

and gas was 05.19 % in order. 

Table 1 Products formed during torrefaction of rice husk pellet. 

Proximate analysis is an assay of the moisture, volatile matter, fixed carbon, and ash 

content of a sample. These quantities are determined by measuring the mass loss a sample 

undergoes when heated to 250 °C,300 °C and 350 °C of torrefaction process; each of the tests is 

done under rigorously defined conditions. This lab the use of thermogravimetric analysis (TGA) 

together with the moisture content and ash content experiments to perform proximate analysis on 

samples and calculate the correct volatile matter. 

Four characteristics are measured by the TGA analysis: moisture, volatile matter, fixed 

carbon, and ash of the four components determined by proximate analysis, only the volatile matter 

and the fixed carbon actually burn and liberate thermal energy. Since the moisture and ash contents 

of samples can be quite variable from one sample to another and will further depend on whether the 

sample was partially dried or ‘cleaned’ to remove some inorganic debris, any comparison of 

samples on the basis of the combustible material must be corrected for the presence of moisture and 

ash. Proximate analyses were repeated thrice for calculated about fixed carbon (FC), volatile matter 

(VM), moisture content (MC) and ash content are presented in Table 2. 

The elemental analysis, CHNS analysis, is accomplished by combustion analysis. The 

masses of these combustion products can be used to calculate the composition of the unknown 

sample and also capable of simultaneous determination of sulfur along with CHN in the same 

measurement run. This process is useful as it helps determine if a sample sent is a desired 

compound and confirms the purity of a compound [18]. The ultimate analysis shows that elemental 

carbon increased during the torrefaction process, whereas elemental hydrogen and oxygen 

decreased. The reduction in hydrogen and oxygen contents occurred because volatile components 

containing these atoms were removed during torrefaction, which also caused the relative rise in 

carbon content. Elemental nitrogen and sulfur changed only slightly during torrefaction and their 

contents in rice husk were very low [19].  

Sample of rice 

husk pellet 

 Yield (%)  

Solid Liquid Gas 

RHP (250-030) 85.84 10.17 3.99 

RHP (300-030) 45.58 35.21 19.21 

RHP (350-030) 41.25 39.70 19.05 
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Raw rice husk pellet showed lower carbon and oxygen contents than rice husk pellet after 

torrefaction .Compared with rice husk pellet, torrefied rice husk pellet had higher carbon but lower 

hydrogen and oxygen contents under identical torrefaction conditions, as shown in Table 3. 

Table 2 Proximate analyses of rice husk pellet. 

Sample 
MC  

 (%,ar) 

VM  

(%,ar) 

FC 

 (%,ar) 

Ash  

(%,ar) 

RHP  9.97 71.88 15.94 2.21 

RHP (250-030) 1.81 67.96 20.30 9.93 

RHP (300-030) 1.73 38.63 9.93 18.87 

RHP (350-030) 1.23 33.95 21.85 20.85 

Table 3 Ultimate analyses of rice husk pellet. 

Sample 
C 

(%,dry) 

H 

(%,dry) 

O 

(%,dry) 

N 

(%,dry) 

S 

(%,dry) 

RHP 46.71 6.28 40.08 0.21 0.00 

RHP (250-030) 50.98 5.67 37.08 0.43 0.00 

RHP (300-030) 57.41 3.97 18.73 0.68 0.00 

RHP (350-030) 58.45 3.59 16.17 0.68 0.00 

A Van Krevelen diagram Figure 5 shows the profiles of atomic H/C and O/C ratios in 

samples. Linear relationships were exhibited for rice husk pellet and rice husk pellet in torrefaction 

process, respectively, H/C and O/C ratios of samples decreased as the severity of torrefaction 

increased. The torrefaction process reduced the O/C atomic ratio of rice husk pellet from 1.61 to 

1.33, 0.83 and 0.74 at 250°C, 300°C and 350°C, whereas the H/C atomic ratio from 0.71 to 0.48, 

0.24 and 0.21 at 250°C, 300°C and 350°C in order. Therefore, biomass samples for rice husk pellet 

require relatively higher temperatures in torrefaction process for producing solid fuels. 

 

Figure 5 Van Krevelen diagram of rice husk pellet and rice husk pellet in torrefaction process.  
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The heating value (or energy value or calorific value) of a substance, usually a fuel or food 

(see food energy), is the amount of heat released during the combustion of a specified amount of it. 

The calorific value is the total energy released as heat when a substance undergoes complete 

combustion with oxygen under standard conditions. The chemical reaction is typically a 

hydrocarbon or other organic molecule reacting with oxygen to form carbon dioxide and water and 

release heat. It may be expressed with the quantities: (a) Energy/mole of fuel, (b) Energy/mass of 

fuel and (c) Energy/volume of the fuel. 

The quantity known as higher heating value (HHV) or gross energy or upper heating value 

or gross calorific value (GCV) or higher calorific value (HCV) is determined by bringing all the 

products of combustion back to the original pre-combustion temperature, and in particular 

condensing any vapor produced. Such measurements often use a standard temperature of 15 °C (59 

°F; 288 K) [21,22]. The higher heating value (HHV) is measured using a bomb calorimeter. HHV is 

mainly determined by the elemental carbon and hydrogen contents and increases with torrefaction 

temperature (Table 4). The HHV of rice husk pellet was enlarged from 15.66 to 21.85, 23.08 and 

23.58 MJ/kg at 250°C 300°C and 350°C. It can be concluded that rice husk pellet with torrefaction 

as a pretreatment for biomass markedly improved its HHV. As the HHV of coal is generally in the 

range 25–35 MJ/kg [23], biomass pretreated by torrefaction has potential for use as an alternative 

fuel to coal. 

Table 4 Higher heating value of rice husk pellet. 

Sample Higher heating value (MJ/kg) 

RHP 15.66 

RHP (250-030) 21.85 

RHP (300-030) 23.08 

RHP (350-030) 23.58 

 
Figure 6 X-ray Fluorescence (XRF) results of rice husk pellet samples.  
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The analysis uses the CHON element from the ultimate analysis to calculate the amount of 

non-combustible excess (metals), while the measurement of samples in XRF there are consist of 

several different minerals of highly variable composition and structure are presented in Figure 6. 

At higher temperatures when more CH4 and O2 are flowing through the torch, there was a 

greater amount of CO2 in the baseline because of combustion of the torch reactants. Hydrogen and 

methane production was measured for every experimental case however the amount detected was so 

small it may be considered negligible. For hydrogen, this experimental setup had a very short gas 

residence time of approximately 0.2 seconds and this is why hydrogen was detected infrequently are 

presented in Table 5 [24]. 

Table 5 Results from gas chromatograph of rice husk pellet in torrefaction process. 

Name of gas 
Amount (%) 

RHP 250-030 RHP 300-030 RHP 350-030 

CH4 0.00 0.02 0.20 

CO2 1.31 7.18 16.88 

H2 0.00 0.00 0.00 

N2 90.49 85.49 70.68 

CO 0.32 4.06 10.17 

CnHm 7.88 3.25 2.07 

Raw rice husk pellet was torrefied at 250 °C, 300°C and 350°C, the temperature used in 

these plots is the torrefaction process. For all of the materials, the torrefied temperature is generally 

inversely related to the torrefied duration. It was found that as torrefied temperature increases the 

production rate of CO also increased which is in agreement with other studies. All materials yielded 

higher CO peaks at higher temperatures, as expected. An increase in gas evolution was present at 

350°C for samples. The CO2 gas evolution was determined using the gas chromatograph with 

synthesis gas samples being taken at several points throughout the torrefied stage.  

CONCLUSION 

Higher temperatures can make the RHP gave the highest quality with a torrefaction of 

temperature at 350 °C. Torrefaction can reduce the mass of RHP, resulting in a denser, higher-

valued product that can be transport is easier. Can be improve the performance of biomass fuels 

better and increase HHV. This end-solid product can be used as a replacement for coal or co-fired 

with coal in electric power plants. 
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Abstract 

 Biomass is an important energy source and has a high potential for Thailand, ASEAN 

countries and as well as worldwide. The objective of this study was to study the chemical property 

of agricultural waste on adjust torrefaction time. The biomass in experiment use coconut shell 

charcoal which adjust torrefaction temperature in a range of  250 °C, 300 °C, and 350 °C for 15, 20 

and 25 min, respectively. The residence times were 30 min of torrefaction temperature were 

adjusted with nitrogen. The experiment data was analyzing moisture, volatile, fixed carbon, ash and 

the heating value. It was found that, the adjust torrefaction time of coconut shell charcoal show 

better chemical properties. The overall color of both torrefied sample that tested in high torrefaction 

time was dark black that similar to coal. The study results confirmed that torrefaction temperature at 

350 °C highest the high heating value 30.53 MJ/kg and highest fixed carbon 59.92 %, ar. Therefore, 

this study illustrated that the energy potential of coconut shell charcoal residue could be improved 

through torrefaction process. 

Keywords: coconut shell, charcoal, torrefaction process. 

INTRODUCTION 

Escalating oil price and scarcity of fossil fuels coupled with exploding population have 

resulted in serious energy crisis. Thai government has promoted alternative energy policy include 

biomass, solar wind and geothermal etc. Previously, Thailand has imported more than 80% of its 

fossil fuel as compared to its domestic fuels. For the country policy, biomass fuels are a very 

interesting energy source because Thailand is an agricultural country and more the potential. The 

torrefaction process is one of thermo-chemical process for biomass conversion, because that can be 

increased the high heating value and another quality biomass with leads to increased efficiency in 

direct combustion or gasification process [1]. The basic principle of torrefaction process was to 

eliminate moisture and volatile content with affected on increase energy density and tar removal. 

However, temperature and time were two main variables effect torrefaction process, which directly 

effects on humidity and volatiles reduction. Increasing temperature and time, high energy were 

needed as well. At the same time in the energy consumption, The Increasing of temperature and 

time will directly affect more energy consumption. The using of microwaves is another way to 

reduce the torrefaction process [2]. Therefore, the objective this research was to the effect of 

torrefaction time on agricultural waste chemical properties. The results will be used as a reference 

for testing the microwave torrefaction process in future. 
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PRINCIPLES OF MICROWAVE TORREFACTION 

Biomass torrefaction is a pre-treatment method conducted at 250-350 °C in the absence of 

oxygen. The reaction that results from the decomposition at this temperature level cause biomass 

will become completely dry and will lose its tenacious structure and fiber. The biomass from after 

torrefaction process is torrefied fuel, generally the torrefaction process can reduce mass of material 

by 20-30%, resulting in higher density and higher transport costs than traditional wood chips. The 

applications of torrefied fuel can be used as a coal replacement or co-fired/co-milled with coal in 

electricity generating power plants. Besides, that fuel can be used in gasification process and 

contributed remove tar in producer gas. This article studied the microwave torrefaction of often 

seen and easily obtained agricultural residue, the rice straw, and forage grass, the pennisetum. The 

good performance above-mentioned shows that microwave torrefaction should be feasible for wide 

biomass sources. Compared with conventional methods, the processing time of microwave 

torrefaction can be less to reach the expected mass and energy yields, and only low microwave 

power levels are necessary. Therefore, the energy input (electricity) of microwave torrefaction can 

be relatively less. The torrefaction byproducts (liquid and gas) can be utilized to generate heat or 

electricity, so the overall energy efficiency of microwave torrefaction can be further promoted. 

Besides, with proper refinery and manufacture processes, the byproducts could be regarded as the 

resources of green chemicals. Therefore, in this study was focused on the torrefaction process and 

make a product, which resembles coal from a biomass (coconut shell charcoal). In addition, this 

study was to investigate the influence of reaction temperature, and raw biomass moisture content on 

specific energy, mass yield, and chemical properties of torrefied samples, the condensable and 

permanent gases, the influence of reaction temperature, and raw biomass moisture content on 

specific energy, mass yield, and chemical properties of torrefied samples, and the condensable and 

permanent gases. 

MATERIALS AND METHODS 

The coconut shell used in this study. The operating conditions for the torrefaction 

temperature were set as 250 °C, 300 °C, and 350 °C for 15, 20 and 25 min, respectively. The 

residence times were 30 min, as the heating rates were chosen to examine the mass yield of solid 

torrefied biomass from The coconut shell. The test code uses coconut shell. The number added after 

the code represents the heating rate 10°C/min. 

The torrefaction equipment is a batch multi-sectional temperature-controlled furnace as 

shown in 4. The furnace volume is about 15 L with a 20 cm × 20 cm × 5 cm perforated pan to carry 

the sample. For conducting a torrefaction experiment, the sample was placed into the torrefaction 

furnace, and nitrogen gas was injected into the furnace at the flowrate of 1 L/min to provide the 

oxygen-free atmosphere. The reaction was processed in five stages. In the first stage, the 

temperature was risen up to 105 °C within 20 min in the second stage, the sample stayed at 105 °C 

for 40 min to remove the moisture; in the 3rd stage, the temperature was risen up to the required 

torrefied temperature. In the 4th stage, the sample stayed at setting torrefied temperature for the 

setting residence time  and 5th stage for cool down. 
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Fig. 4. Torrefaction equipment. 

After torrefaction, the ultimate (Elementar vario EL), proximate, mass yield, higher heating 

value (Parr 6300 Calorimeter) and HGI (kER-60 HGI meter) analyses were conducted to investigate 

characteristics of the torrefied biomass. In addition, thermal gravimetric analysis (TGA) was carried 

out in a thermogravimetric Analyzer (Perkinelmer, Simultaneous Thermal Analyzer, STA6000) to 

understand the torrefaction mechanism of the rice husk torrefaction. 

RESULTS AND DISCUSSION 

During torrefaction of Coconut Shell, three different products was produced (1) brown to 

black uniform solid biomass, (2) condensable volatile organic compounds, and (3) non-condensable 

gases [14] .After the Coconut Shell is torrefied at 250°C will be get yield of solid was 69.77%, 

liquid was 19.71 %and gas was 10.52 .%At 300°C will be get yield of solid was 35.55%, liquid was 

41.24 %and gas was 23.21 .%At 350°C will be get yield of solid was 33.69%, liquid was 43.62 %

and gas was 22.70%, as shown in table 2.1 

Table 2.1 Products formed during torrefaction of Coconut Shell. 

Sample of Coconut Shell Yield (%) 

Solid Liquid Gas 

CCS (250-030) 69.77 19.71 10.52 

CCS (300-030) 35.55 41.24 23.21 

CCS (350-030) 33.69 43.62 22.70 

The elemental analysis, CHNS analysis, is accomplished by combustion analysis .In this 

technique, a sample is burned in an excess of oxygen and various traps, collecting the combustion 

products :carbon dioxide, water, and nitric oxide .The masses of these combustion products can be 

used to calculate the composition of the unknown sample and also capable of simultaneous 

determination of sulfur along with CHN in the same measurement run .The analysis of results is 

performed by determining the ratio of elements from within the sample and working out a chemical 

formula that fits with those results .This process is useful as it helps determine if a sample sent is a 

desired compound and confirms the purity of a compound [18].  
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The ultimate analysis shows that elemental carbon increased during the torrefaction process, 

whereas elemental hydrogen and oxygen decreased .The reduction in hydrogen and oxygen contents 

occurred because volatile components containing these atoms were removed during torrefaction, 

which also caused the relative rise in carbon content .Elemental nitrogen and sulfur changed only 

slightly during torrefaction and their contents in coconut shell were very low [19] as shown in table 

2.2. 

Table 2.2 Ultimate analysis )dry basis (of coconut shell and coconut shell charcoal. 

Sample 
N 

(%,dry) 

C 

(%,dry) 

H 

(%,dry) 

S 

(%,dry) 

O 

(%,dry) 

Ash 

(%,dry) 

CCSC 0.43 26.06 0.93 0 28.19 44.40 

CCS 0.24 50.93 5.97 0 42.19 0.68 

CCS )250-030( 0.29 57.05 5.37 0 36.41 0.88 

CCS )300-030( 0.35 74.95 3.75 0 19.72 1.24 

CCS )350-030( 0.36 76.14 3.63 0 18.68 1.19 

Raw coconut shell charcoal showed lower carbon and oxygen contents than raw coconut 

shell and coconut shell after torrefaction .Compared with coconut shell, torrefied coconut shell had 

higher carbon but lower hydrogen and oxygen contents under identical torrefaction conditions. 

The proximate analysis covers the determination of moisture, volatile matter, fixed carbon, 

and ash in raw coconut shell and coconut shell after torrefaction process. The ultimate analysis 

shows that fixed-carbon content increased and volatile matter content decreased after torrefaction 

process. Their moisture content and ash contents in coconut shell were very low as shown in table 

2.3. 

Table 2.3 Proximate analyses of coconut shell and coconut shell charcoal. 

Sample FC ( %,ar  )  VM( %,ar  )  MC (% ,ar  )  Ash (%, ar  )  

CCSC 10.71 36.25 15.53 37.51 

CCS 21.89 68.81 8.68 0.62 

CCS (250-030) 34.77 62.72 1.61 0.86 

CCS (300-030) 58.68 38.67 1.43 1.22 

CCS (350-030) 59.92 37.26 1.65 1.17 

Raw coconut shell charcoal showed lower fixed carbon than coconut shell after torrefaction. 

Compared with coconut shell, torrefied coconut shell had higher fixed carbon but lower volatile 

matter content under identical torrefaction conditions. 

A van Krevelen diagram in Figure 2.1 shows the profiles of atomic H/C and O/C ratios in 

samples .Linear relationships were exhibited for coconut shell and coconut shell in Torrefaction 

process, respectively .In Figure 2.1, H/C and O/C ratios of samples decreased as the severity of 

Torrefaction increased .The Torrefaction process reduced the O/C atomic ratio of coconut shell 

from 0.62 to 0.48, 0.20 and 0.18 at 250°C, 300°C and 350°C, whereas the H/C atomic ratio from 

1.41 to 1.13, 0.60 and 0.57 at 250°C, 300°C and 350°C in order .Therefore, biomass samples for 

coconut shell require relatively higher temperatures in Torrefaction process for producing solid 

fuels.  
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Figure 2.1 Diagram of coconut shell and coconut shell in Torrefaction process. 

The higher heating value (HHV) is measured using a bomb calorimeter. HHV is mainly 

determined by the elemental carbon and hydrogen contents and increases with Torrefaction 

temperature (Table 2.4). The HHV of coconut shell charcoal was 31.25 MJ/kg, while that of 

coconut shell was enlarged from 18.99 to 23.33, 30.32 and 30.53 MJ/kg at 250°C 300°C and  

350°C .It can be concluded that coconut shell with Torrefaction as a pretreatment for biomass 

markedly improved its HHV .As the HHV of coal is generally in the range 25-35 MJ/kg [33], 

biomass pretreated by Torrefaction has potential for use as an alternative fuel to coal. 

Table 2.5 Higher heating value of coconut shell charcoal and coconut shell. 

Sample  Higher heating value  Z (MJ/kg) 

CCSC 31.25 

CCS 18.99 

CCS (250-030) 23.33 

CCS (300-030) 30.32 

CCS (350-030) 30.53 

The carbon monoxide peak had to be manually integrated for this sample and Chem Station 

identified the compound correctly. The next useful piece of information that Chem Station produced 

is the chromatograph report as shown in Table 2. This is the tabulated result of the chromatograph 

given in table form. This data along with all the other data points from the biomass samples were 

analyzed in torrefaction process to better understand the effect of oxygen content and temperature 

on the evolving synthesis gas composition over time. 
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Table 2.6 Results from GC of coconut shell in Torrefaction process. 

Name Name of gas 
Retention Time  

(min) 
Area (pA*s) Amount (%) 

CCS 250-030 

CH4 8.588BB 78.84097 0.01 

CO2 2.975VB 2407.16992 4.40 

H2 0 0 0 

N2 7.150BV 4.43E+04 91.11 

CO 11.305BB 661.25543 1.33 

CnHm - - 3.15 

CCS 300-030 

CH4 8.574BB 852.88269 0.15 

CO2 2.952VV 1.05E+04 19.17 

H2 0 0 0 

N2 7.164BV 3.50E+04 71.92 

CO 11.213BB 3712.66333 7.44 

CnHm - - 1.32 

CCS 350-030 

CH4 8.537BB 2.99E+04 5.41 

CO2 2.947BB 1.23E+04 22.42 

H2 0 0 0 

N2 7.183BV 2.65E+04 54.50 

CO 11.130BB 7143.35986 14.32 

CnHm - - 3.36 

Coconut shell was gasified at 250°C, 300°C and 350°C .The temperature used in these plots 

is the torrefaction process .For all of the materials, the torrefied temperature is generally inversely 

related to the torrefied duration .It was found that as torrefied temperature increases the production 

rate of CO also increased which is in agreement with other studies .All materials yielded higher CO 

peaks at higher temperatures, as expected .An increase in gas evolution was present at 350°C for 

coconut shell. The CO2 gas evolution was determined using the gas chromatograph with synthesis 

gas samples being taken at several points throughout the torrefied stage .At higher temperatures 

when more CH4 and O2 are flowing through the torch, there was a greater amount of CO2 in the 

baseline because of combustion of the torch reactants. Hydrogen and methane production was 

measured for every experimental case however the amount detected was so small it may be 

considered negligible .For hydrogen, this experimental setup had a very short gas residence time of 

approximately 0.2 seconds and this is why hydrogen was detected infrequently .Many industrial 

systems have gas residence times that are significantly longer [25-29]. 

CONCLUSION 

The effect of torrefaction time biomass was affected on moisture content, volatile matter, 

fixed carbon, ash content and heating value. The use of torrefaction at temperature 350 °C was 

received optimal time and the color of both biomass was changed with increased torrefraction 

temperature. The experiment at higher torrefaction temperature while the high heating value and 

fixed carbon content was increased 30.53 MJ/kg and 58.68 %, ar. The volatile matter content, 

elemental hydrogen and oxygen decrease with increased torrefraction temperature.  
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Abstract 

 In recent years, Anaerobic Digestion (AD) of waste and residues from agriculture and 

industrial wastes, sewage sludge, etc. has become as one of the most attractive renewable energy 

sources. This study demonstrates methane fermentation that was carried out with Para grass. Two 

bench scale fermenters namely, dry and wet fermenters were used in this study. All the fermenters 

were operated for 35 days under room temperature. The total biogas production from wet 

fermentation using 2% sodium hydroxide was reached to 15,359 ml and menthe content was 76%. 

Bacterial communities were recorded from the dry and wet fermentation samples was 33,079, and 

65,288, respectively. From the fermentation results, wet fermentation was better than dry 

fermentation because of total amount of methane and on para grass biogas production. 

Keywords: fermentation, wet fermentor, dry fermentor, para grass, biogas. 

INTRODUCTION 

Energy is primary importance in response to the basic need of the people and a fundamental 

factor of production in the business sector and industry [1]. Therefore, the power supply it has to get 

enough energy supply, reasonable price and good quality according with customer required. 

Renewable sources of energy and consumer products are required for sustainable development of 

modern society. Thailand is an agricultural area suitable for growing of many plants, especially 

annual crops that can be used as an energy crop or raw material of agricultural biogas plant [2]. 

Energy demand required to meet the economic growth of Thailand is high and growing every year. 

Accordingly, Thailand, as the country has the potential biogas as a country with a lot of agriculture; 

including raw materials from crops and livestock, it can be used to develop renewable energy in the 

form of biogas is methane gas caused by the decomposition of organic matter in the system [3,4].  

Interest has recently been growing in using the anaerobic digestion of organic waste of farm 

origin, such as manure, crop residues and organic residues from food and agro-industries, to 

generate renewable energy [5]. Agricultural residues from the agricultural, agriculture industry and 

grassland biomass are usually used as feed materials in anaerobic digestion systems in Thailand are 

suitable in numerous ways for producing energy. This can be used as the raw materials for biogas 

production as environmentally friendly renewable energy [5]. Using grassland biomass for 

producing energy especially biogas production currently is the most common. Plant biomass is the 

main source of renewable materials on earth and represents a potential source of renewable energy 

and bio based products. There are so many types of grasses that are popularly grown in Thailand 

[6]. Animal manures have been used as a resource of excellent material for anaerobic digestion with 

mailto:hlchen@dragon.nchu.edu.tw
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clear environmental benefit. Since Thailand economy depend mainly on agriculture activities. 

Therefore, utilization of natural resources for energy production is an extremely important issue.  

Biogas is a green renewable type of energy is generated from a digestion process under 

anaerobic conditions whose application is rapidly emerging as a viable means for providing 

continuous gaseous fuel and power generation. Biogas application includes ensuring energy 

security, decreasing carbon emission, improving economic activity and can be compressed, the 

same way as natural gas is compressed to CNG, and used to power motor vehicles. Para grass 

(Brachiaria mutica) is the tropical weed that no value and pervasive around the farm. It need to cut 

down and removed frequently for fire hazard and disease and vector controls [7]. Addition of grass 

can help raise C:N of the feedstock to be suitable for metabolic activities in anaerobic digestion 

system [8]. The physical structure and chemical composition of lignocelllulosic materials can be 

altered through various methods of pretreatment, breaking down the linkage between 

polysaccharides and lignin, thus making cellulose and hemicelluloses more accessible to hydrolytic 

enzymes [9]. Therefore, pretreatments could accelerate the hydrolysis process and improve the final 

can get more methane production.  

In principle, decomposition of biomass for biogas production can be practiced under wet or 

dry fermentation conditions. Wet fermentation is characterized by a high liquid content and a low 

total solid content, which usually is below 10%. In contrast to this, in dry fermentation the total 

solids content is between 15 and 35%. To control the water content, recirculation of digestate or 

liquid is applied, which may have a great impact on the activity of the underlying community. 

Recirculation may influence the pH, salt and organic loads, which could inhibit the microbial 

activity. Dry fermentation proved to be a convenient technology for the fermentation of substrates 

possessing relatively high dry matter contents. Wet fermentation processes are highly developed 

and at the state of the art. On the other hand, the knowledge and scientific information about dry 

fermentation processes are insufficient. For this reason, further research and development is needed. 

Here, we examined different wet and dry AD processes for the biogas production from para grass. 

And study was to examine the effects of pre-treatment and after results the suitable method is 

selected for scale up study and future applications. 

MATERIALS AND METHODS 

The methodology is illustrated in figure 1. Two bench scale fermenters namely, dry and wet 

fermenters were used in this study. All the fermenters were operated for 35 days under room 

temperature and operational factors were list in Table 1. The Para grass (PG) was collected from 

wetland. Fresh PG was shuddered before used. Shuddered grass was applied solar dryer to get raw 

materials for dry fermentation. Inoculum was obtained from Pig farm. The inoculum sludge was 

filtered to remove particles larger than 1 millimeter. Ten percent of PG and 250 ml of inoculums 

studied with/without PG. PG was crushed by machine into small particles. This cut grass was stored 

and pulverized into small particles before use it. Sodium hydroxide (1% and 2 % NaOH) solution 

was prepared to soak the PG. Dry (Figure 2) and wet fermentation (Figure 3) was evaluated and 

treatments (T) following: 

T-I (No treatment) 

T-II (dry, 1% NaOH) 

T-III (dry, 2% NaOH) 

T-IV (wet, 1% NaOH) and 

T-IV (wet, 2% NaOH).  

https://www.sciencedirect.com/science/article/pii/S1011134411002491#f0005
https://www.sciencedirect.com/science/article/pii/S1011134411002491#t0005
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Figure 1. The flowchart of methodology. 

Table 1. Operational parameters. 

Operational 

parameter 
Dry fermenter Wet fermenter 

Scale Lab Lab 

Fermenter design 

7 L, same container, separated 

for solid (upper part) and 

liquid (lower part) 

7 L 

Water volume 5 L 5 L 

Inoculum  5 % of swine farm waste water 5 % of swine farm waste water 

Operation period 35 days 35 days 

Digestion process  Mono digestion Mono digestion 

Substrate Para grass Para grass 

Fermentation system Batch Batch 

Mixing 
Manual mixing, 

2-3 times per day 

Manual mixing, 

2-3 times per day 
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Figure 2. Dry fermentation: (A) Water bath, (B) Gas holder and gas measuring cylinder, (C) 

Rubber septum, (D) Gas sampling port, (E) Valve, (F) Liquid part with inoculum, (G) Sampling 

port, (H) Dry solid part. 

All the experimental parameters including pH, alkalinity, volatile fatty acids (VFA), 

chemical oxygen demand (COD), total solids (TS), volatile solids (VS), were examined according 

to the standard method [10] (data not shown). Methane (CH4), carbon dioxide (CO2), hydrogen 

sulfide (H2S) and oxygen (O2) were measured by biogas analyzer (BIO5000, UK). The volume of 

produced biogas was measured daily, and the biogas composition was determined every 3 days 

using gas analyzer. All the analytical parameters were examined by triplicate conditions. 

Anaerobic microbial community analytical procedure was adopted from Park et al. [11]. The 

procedure following: to investigate the microbial diversity, DNA in the mixed samples from the 

reactor was extracted, and extracted DNA was afterward purified. A 20 ng aliquot of each sample 

DNA was used for a 50 μl PCR reaction. Partial sequences of the 16S rRNA gene and the variable 

V1–V3 region were amplified from the obtained DNA using primers: Arc8f (5'-

TTCCGGTTGATCCYGCCGGA-3') and Arc519r (5′-TTACCGCGGCKGCTG-3′) for 

methanogen, 16S universal primers 27F (5'-GAGTTTGATCMTGGCTCAG-3′) and 8001R (5'-

TACCAGGGTATCTAATCC-3') were used for amplifying 16s rRNA [11]. The sequences 

generated from pyrosequencing were mainly analyzed with the software MOTHUR for pre-

processing, taxonomic units, taxonomic assignment, community comparison, and statistical 

analysis. The of sequences filtration method and trimming method was followed the Nam et al. 

[12]. 

RESULTS AND DISCUSSIONS 

Feedstock characterization 

The characteristics of para grass biomass; the study parameters including proximate analysis 

(moisture and ash, wt. %), ultimate analysis (carbon, hydrogen, nitrogen, oxygen and sulphur, wt. 

%), biochemical analysis (TS and VS %, COD mg/l, Alk mg/l- CaCO3, VFA mg/g, pH, C:N ratio, 

cellulose, hemi cellulose and lignin). In our study, the composition of para grass dry and wet used 

https://www.sciencedirect.com/science/article/pii/S1011134411002491#b0145
http://www.sciencedirect.com/science/article/pii/S0960852417311124#b0130
http://www.sciencedirect.com/science/article/pii/S0960852417311124#b0130
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clearly indicates that they are containing high nutritious matters. The proximate measurement in the 

Para grass biomass dry and wet was verified; the results moisture and ash were average as 77.3, 

2.79 and 83.01, 5.79 %, respectively. Ultimate analysis both materials have plenty of nutrients for 

biogas containing 41.5% of carbon, 5.3% of hydrogen, 1.3% of nitrogen, 27.3% of oxygen and 

0.3% of sulfide of para grass dry and 37.2% of carbon, 6.6% of hydrogen, 1.4% of nitrogen, 54.1% 

of oxygen and 0.15% of sulfide of wet biomass. Meanwhile, the pH was adjusted between the 

ranges of 7.40 to 7.70 for suitable anaerobic digestion. Methane formations take place within a 

relatively narrow pH interval. The process is severely inhibited if the pH decreases below 6.0 or 

rises above 8.5 when the C, H, O, and N composition of a wastewater or substrate is known, the 

stoichiometric relationship reported by Rodriguez et al. [13]. 

The fiber content of para grass comprised mostly of hemi cellulose and cellulose, in order. 

Higher lignin composition makes it more difficult to degrade in anaerobic group. Fresh para grass 

had higher total solid (TS %) and Volatile solid (VS %) than wet. The carbon in Para grass was 

higher than buffalo dung whereas the nitrogen content was lower. C/N ratios were 32.2 and 24 in 

Para grass dry and wet, respectively and had high moisture suitable for anaerobic digestion. 

 

Figure 3. Wet fermentation: (A) Water bath, (B) Gas holder and gas measuring cylinder, (C) 

Rubber septum, (D) Gas sampling port, (E) Valve, (F) Liquid part with inoculum, (G) Sampling 

port. 

Biogas production 

Grass is an excellent energy crop; it may be classified as a high yielding, low energy input, 

perennial crop. There is tremendous potential for these on-farm digesters using grass silage as a 

bioenergy feedstock [14]. Usage of grassland as a renewable source of energy through biogas 

production will contribute significantly to the protection of the environment, due to the ability of 

grass to sequester carbon into the soil matrix. Additionally, many socio-economic benefits can be 

achieved without harming the food industry [15]. Furthermore, to affect a 10% reduction in 

emissions from the agriculture sector. This eventually, in combination with the preservation of 

grassland, will necessitate grass growth as a new source of renewable energy [14].  
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Figure 4. Daily biogas production. 

Optimal digestion of grass is an area still under active research. The interest in using grass as 

a feedstock for bioenergy and biorefinery systems is due to its high yield potential in terms of 

methane production per hectare; however, its lignin and cellulose content makes it suitable as a 

multiple source of energy and products [16]. Grass biomass is the most important substrate after 

maize silage for biogas plants [17]. Still the use of biomethane from substrates like grass biomass is 

modest compared to other raw materials [18]. The monitoring of the dry and wet fermentation of 

Para grass was performed for 35 days. 

The biogas generation was started after added inoculum. The initial biogas production was 

due to readily biodegradable organic matter in the substrates and presence of methanogens from the 

inoculum. The low methane content was the result of the occurrence of fermentative stage and acid-

forming stage. Fermentative bacteria and acid-forming bacteria were predominant in these periods. 

The biogas yield was then increased because the growth of methanogenic bacteria lifted and became 

established in the fermenter to use end products from the acid forming bacteria digestion to produce 

methane. In this stage, methanogenic bacteria were predominant. After achieving peak values, the 

biogas production began to decline. It was found that during the fermentation process, the soluble 

organic matter was converted to the gas, and the insoluble fibrous matter began dissolving. As 

methane gas has low solubility in water, it was rapidly discharged from the system resulting in 

stabilization of the waste. 

The biogas production and, hence, daily biogas production varied with different treatment 

daily biogas yield are reported in figure 4. Gas compositions were presented in Table 2. All 

experimental (T-I, T-II, T-III, T-IV and T-V) results were provided reasonable amount of CH4 

(50.34%, 57.13%, 62.17%, 73% and 76%, respectively), CO2 (44%, 40%, 35%, 26%, and 23%, 

respectively), O2 % (0.1%, 0.1%, 0.1%, 0.1%, and 0.1%, respectively), and H2S (671 ppm, 605 

ppm, 584 ppm, 447 ppm, and 432 ppm, respectively). Hence, treatment 4 (T-IV) achieved the 

highest methane content and total biogas yield. It was suggested that wet biomass fermentation 

process was superior in energy recovery, saving resources and engineering investment compared 

with dry fermentation process.  
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Table 2. Gas composition from different treatments. 

Gas composition T-I T-II T-III T-IV T-V 

CH4 % 50.34 57.13 62.17 73 76 

CO2 % 44 40 35 26 23 

O2 % 0.1 0.1 0.1 0.1 0.1 

H2S (ppm) 671 605 584 447 432 

Microbial community from dry and wet biogas fermenter 

The compositions of the microbial communities were analyzed dynamically to assess how 

dry or wet fermentation impacted the microbial activity and the adaptation of microbial 

communities to specific processing conditions. For this study, metagenome sequence reads were 

searched for matches to completely sequenced microbial genomes stored in the National Center for 

Biotechnology Information (NCBI) database applying the BLASTn algorithm [Basic Local 

Alignment Search Tool on nucleotide level]. Counts of metagenome reads that match to reference 

genomes with more than 90% sequence similarity are listed for the top 17 genomes in Table 3. As 

shown in Table 3, the cumulative recovered reading of the dry and wet samples was 33,079, and the 

total amount of 65,288. 

Table 3 Genomes metagenome datasets from dry and wet biogas fermenter. 

No Sequence 
Dry 

fermentation* 

Wet 

fermentation* 

1 Clostridium clariflavum DSM 19732  3,923 3,142 

2 Clostridium thermocellum ATCC 27405  2,547 2,491 

3 Clostridium kluyveri DSM 555 1,501 856 

4 Clostridium cellulolyticum H10  0 446 

5 Clostridium cellulovorans 743B 437 321 

6 Desulfotomaculum carboxydivorans CO-1-SRB  396 199 

7 Methanoculleus bourgensis MS2T 952 711 

8 Mahella australiensis 50-1 BON  16,802 49,495 

9 Methanoculleus marisnigri JR1  1,089 1,421 

10 Pelotomaculum thermopropionicum SI  1,154 3,561 

11 Streptococcus infantarius subsp. infantarius CJ18  494 603 

12 Syntrophomonas wolfei subsp. wolfei str. Goettingen  1,472 463 

13 Streptococcus gallolyticus UCN34  604 418 

14 Streptococcus pasteurianus ATCC 43144  698 236 

15 Streptococcus macedonicus ACA-DC 198  0 592 

16 Thermoanaerobacterium thermosaccharolyticum DSM 

571  

511 209 

17 Thermoanaerovibrio acidaminovorans DSM 6589  499 124 

* Number and percentage of reads recruited for each strain determined by BLASTn analyses  
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The presented results clearly indicate that the hypothesis of a core community being present 

in biogas fermenters, operating either under wet or dry fermentation conditions, can be confirmed. 

This is in accordance with several studies examining the microbial taxonomic composition in 

biogas fermenters. Identified differences in taxonomic profiles can be associated with different 

process parameters of the fermenters, such as fed substrate, pH, acid and ammonium 

concentrations, as especially methanogens are sensitive regarding changes in acetate and propionate 

concentrations. 

CONCLUSION 

In conclusion, para grass is a good substrate for anaerobic digestion. The enhancement of 

the biogas yield was attributed to the improvement of biodegradability through NaOH pretreatment. 

As the comparable methane yields and organic materials removal were obtained in dry fermentation 

process of para grass with the wet fermentation process at mesophilic temperature, it might be a 

promising substitute to the conventional process. This study results suggested that wet fermentation 

was more effective than dry fermentation. Wet fermentation was effective in improving the methane 

yield. 
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Abstract 

 Biomass is the widely available and the largest renewable resources for producing biofuels 

to address the diminishing fossil energy reserves and to mitigate the environmental issues from the 

petroleum-based fuels. Torrefaction of energy pará rubber tree, coconut shell and rice husk was 

investigated at three different temperatures (250, 275 and 300 °C) for 30 min to determine product 

yields and its compositions. The energy density of these three biomass increased. The condensable 

liquid products can be further upgraded into high-value platform chemicals. Consequently, this 

study illustrated that the energy potential of pará rubber tree, coconut shell and rice husk could be 

improved through torrefaction process. 

Keywords: pará rubber tree, coconut shell, rice husk, torrefaction, fuel biomass. 

INTRODUCTION 

Agricultural waste that was once a burden could prove valuable as char has various 

commercial uses, such as a cost-saving solid fuel or as a carbon-negative fertilizer. Open burning of 

biomass is a widespread practice, and is estimated to account for 18% of global carbon dioxide 

emissions. Much of this burning takes place on farms, where agricultural residue is burned to clear 

the land for another crop cycle [1]. However, this burning is an environmental burden and a missed 

economic opportunity and to support the straightforward way for the efficient utilization [3-6]. 

Consequently, large amounts of pará rubber tree, coconut shell and rice husk were utilized in low-

value application. To vitalize this waste, some processes have been developed to convert it into 

biofuels, chemicals, and materials. For example, fermentable sugars were obtained by acid 

hydrolysis [7-9], bioethanol and xylitol were produced by enzymatic hydrolysis of pretreated 

corncob [10-12], and furfural is produced through hydrolysis of the hemicelluloses in corncob under 

acidic conditions at high temperatures [5]. In addition, carbon materials such as activated carbon 

have also been developed as absorbent [6]. However, these processes are not widely applied due to 

the high cost for investment as well as the poor economic efficiency under a turbulent market.  

Torrefaction also has a major potential, as the product is compact and easy to transport long 

distances in an economic way. The heating value may be up to 25 MJ/kg dry substance (DS), which 

is in the same range as coal [11-17]. Therefore, it is urgent to develop a more efficient method to 

convert the renewable source in a reasonable way. The study provides a comparative estimation of 

the performance of the conversion of pará rubber tree, coconut shell and rice husk through 

torrefaction, which is meaningful for the potential utilization.  

mailto:wukt@dragon.nchu.edu.tw
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MATERIALS AND METHODS 

The Pará rubber tree, coconut shell and rice husk used in this study were supplied use for 

proximate, ultimate analysis and higher heating value measurements. The coconut shell and rice 

husk pellet, operating conditions for the torrefaction temperature were set as 250 °C, 300 °C, and 

350 °C. The residence times were 15 min, 20 min, and 25 min, respectively. Also, 10 °C/min as the 

heating rates were chosen to examine the mass yield of solid torrefied biomass from rice husk pellet 

and coconut shell. 

The torrefaction equipment is a batch multi-sectional temperature-controlled furnace as 

shown in Figure 4. The furnace volume is about 15 L with a 20 cm × 20 cm × 5 cm perforated pan 

to carry the sample. For conducting a torrefaction experiment, the sample was placed into the 

torrefaction furnace, and nitrogen gas was injected into the furnace at the flowrate of 1 L/min to 

provide the oxygen-free atmosphere. The reaction was processed in four stages. In the first stage, 

the temperature was risen up to 105 °C within 30 min; in the second stage, the sample stayed at 

105 °C for 30 min to remove the moisture; in the 3rd stage, the temperature was risen up to the 

required torrefied temperature; and in the 4th stage, the sample stayed at setting torrefied 

temperature for the setting residence time. 

 

Figure 4 Torrefaction equipment. 

After torrefaction, the ultimate (Elementar vario EL), proximate, mass yield, higher heating 

value (Parr 6300 Calorimeter), GC (Agilent 7890A gas chromate-graph) analyses were conducted 

to assessment of volatile hydrocarbons from biomass burning and X-rays Fluorescence (Supermini 

200 Benchtop WDXRF Spectrometer) can be used to detect the abundances of elements that are 

present in the sample. In addition, thermal gravimetric analysis (TGA) was carried out in a 

thermogravimetric analyzer (Perkinelmer, Simultaneous Thermal Analyzer, STA6000) to 

understand the torrefaction mechanism of the rice husk pellet and coconut shell torrefaction. 

RESULTS AND DISCUSSION 

Four characteristics are measured by the TGA analysis: moisture, volatile matter, fixed 

carbon, and ash. Of the four components determined by proximate analysis, only the volatile matter 

and the fixed carbon actually burn and liberate thermal energy. Since the moisture and ash contents 

of samples can be quite variable from one sample to another and will further depend on whether the 

sample was partially dried or ‘cleaned’ to remove some inorganic debris, any comparison of 
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samples on the basis of the combustible material must be corrected for the presence of moisture and 

ash. Proximate analyses were repeated thrice for calculated about fixed carbon (FC), volatile matter 

(VM), moisture content (MC) and ash content are presented in Table 1. 

The elemental analysis, CHNS analysis, is accomplished by combustion analysis. The 

masses of these combustion products can be used to calculate the composition of the unknown 

sample and also capable of simultaneous determination of sulfur along with CHN in the same 

measurement run. This process is useful as it helps determine if a sample sent is a desired 

compound and confirms the purity of a compound [18]. The ultimate analysis shows that elemental 

carbon increased during the torrefaction process, whereas elemental hydrogen and oxygen 

decreased. The reduction in hydrogen and oxygen contents occurred because volatile components 

containing these atoms were removed during torrefaction, which also caused the relative rise in 

carbon content. Elemental nitrogen and sulfur changed only slightly during torrefaction and their 

contents in raw material were very low [19], as shown in table 2. 

The heating value (or energy value or calorific value) of a substance, usually a fuel or food 

(see food energy), is the amount of heat released during the combustion of a specified amount of it. 

The calorific value is the total energy released as heat when a substance undergoes complete 

combustion with oxygen under standard conditions. The chemical reaction is typically a 

hydrocarbon or other organic molecule reacting with oxygen to form carbon dioxide and water and 

release heat. It may be expressed with the quantities: (a) Energy/mole of fuel, (b) Energy/mass of 

fuel and (c) Energy/volume of the fuel. Higher heating value (HHV) of Pará rubber tree, coconut 

shell and rice husk are presented in Table 3. 

Table 1 Proximate analyses of Pará rubber tree, coconut shell and rice husk. 

Sample 
MC  

 (%,ar) 

VM  

(%,ar) 

FC 

 (%, ar) 

Ash  

(%, ar) 

PRT 11.57 72.94 13.02 2.48 

CCS 8.68 68.81 21.89 0.62 

RHP 9.97 71.88 15.94 2.21 

Table 2 Ultimate analyses of Pará rubber tree, coconut shell and rice husk. 

Sample 
C 

(%,dry) 

H 

(%,dry) 

O 

(%,dry) 

N 

(%,dry) 

S 

(%,dry) 

PRT 47.62 6.05 43.01 0.51 0.00 

CCS 50.93 5.97 42.19 0.24 0.00 

RHP 46.71 6.28 40.08 0.21 0.00 

Table 3 Higher heating value of Pará rubber tree, coconut shell and rice husk. 

Sample Higher heating value (MJ/kg) 

PRT 17.10 

CCS 18.99 

RHP 15.66 
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During torrefaction of rice husk pellet, three different products are produced: (1) brown to 

black uniform solid biomass, (2) condensable volatile organic compounds, and (3) non-condensable 

gases. Table 4, after the rice husk pellet is torrefied at 250°C will be get yield of solid was 85.84%, 

liquid was 10.17% and gas was 99.3%. At 300°C will be get yield of solid was 58.45%, liquid was 

35.21% and gas was 21.19 %. At 350°C will be get yield of solid was 25.41%, liquid was 70.39% 

and gas was 05.19% compare with coconut shell after torrefied will be get yield of solid was 

69.77%, liquid was 19.71% and gas was 10.52%. At 300°C will be get yield of solid was 35.55%, 

liquid was 41.24% and gas was 23.21%. At 350°C will be get yield of solid was 33.69%, liquid was 

43.62% and gas was 22.70% in order. 

Table 4 Products formed during torrefaction of rice husk pellet and coconut shell. 

 

Proximate analysis is an assay of the moisture, volatile matter, fixed carbon, and ash 

content of a sample. These quantities are determined by measuring the mass loss a sample 

undergoes when heated to 250 °C, 300 °C and 350 °C of torrefaction process; each of the tests is 

done under rigorously defined conditions. This lab the use of thermogravimetric analysis (TGA) 

together with the moisture content and ash content experiments to perform proximate analysis on 

samples and calculate the correct volatile matter. For proximate analysis and ultimate analysis of 

rice husk pellet and coconut shell after torrefaction are presented in Table 5 - Table 6. 

Table 5 Proximate analyses of rice husk pellet and coconut after torrefaction. 

Sample 
MC  

 (%,ar) 

VM  

(%,ar) 

FC 

 (%,ar) 

Ash  

(%,ar) 

RHP (250-030) 1.81 67.96 20.30 9.93 

CCS (250-030) 1.61 62.72 34.77 0.86 

RHP (300-030) 1.73 38.63 9.93 18.87 

CCS (300-030) 1.43 38.67 58.68 1.22 

RHP (350-030) 1.23 33.95 21.85 20.85 

CCS (350-030) 1.65 37.26 59.92 1.17 

 

  

Sample 
      Yield (%)  

     Solid           Liquid Gas 

RHP (250-030) 85.84 10.17 3.99 

CCS (250-030) 69.77 19.71 10.52 

RHP (300-030) 45.58 35.21 19.21 

CCS (300-030) 35.55 41.24 23.21 

RHP (350-030) 41.25 39.70 19.05 

CCS (350-030) 33.69 43.62 22.70 
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Table 6 Ultimate analyses of of rice husk pellet and coconut after torrefaction. 

Sample 
C 

(%,dry) 

H 

(%,dry) 

O 

(%,dry) 

N 

(%,dry) 

S 

(%,dry) 

RHP (250-030) 50.98 5.67 37.08 0.43 0.00 

CCS (250-030) 57.05 5.37 36.41 0.29 0.00 

RHP (300-030) 57.41 3.97 18.73 0.68 0.00 

CCS (300-030) 74.95 3.75 19.72 0.35 0.00 

RHP (350-030) 58.45 3.59 16.17 0.68 0.00 

CCS (350-030) 76.14 3.36 18.68 0.36 0.00 

A Van Krevelen diagram Figure 5 shows the profiles of atomic H/C and O/C ratios in 

samples. Linear relationships were exhibited for rice husk pellet and rice husk pellet in torrefaction 

process, respectively, H/C and O/C ratios of samples decreased as the severity of torrefaction 

increased. The torrefaction process reduced the O/C atomic ratio of rice husk pellet from 1.61 to 

1.33, 0.83 and 0.74 at 250°C, 300°C and 350°C, whereas the H/C atomic ratio from 0.71 to 0.48, 

0.24 and 0.21 at 250°C, 300°C and 350°C compare with Figure 6 The torrefaction process reduced 

the O/C atomic ratio of coconut shell from 0.62 to 0.48, 0.20 and 0.18 at 250°C, 300°C and 350°C, 

whereas the H/C atomic ratio from 1.41 to 1.13, 0.60 and 0.57 at 250°C, 300°C and 350°C in order. 

Therefore, biomass samples for rice husk pellet require relatively higher temperatures in 

torrefaction process for producing solid fuels. 

 

Figure 5 Van Krevelen diagram of rice husk pellet and rice husk pellet in torrefaction process. 
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Figure 6 Van Krevelen diagram of coconut shell and coconut shell in torrefaction process. 

The quantity known as higher heating value (HHV) or gross energy or upper heating value 

or gross calorific value (GCV) or higher calorific value (HCV) is determined by bringing all the 

products of combustion back to the original pre-combustion temperature, and in particular 

condensing any vapor produced. Such measurements often use a standard temperature of 15 °C (59 

°F; 288 K) [21,22]. The higher heating value (HHV) is measured using a bomb calorimeter. HHV is 

mainly determined by the elemental carbon and hydrogen contents and increases with torrefaction 

temperature. The HHV of rice husk pellet and coconut shell after torrefied are presented in Table 7. 

It can be concluded that rice husk pellet and coconut shell with torrefaction as a pretreatment for 

biomass markedly improved its HHV then compare with Table 3. As the HHV of coal is generally 

in the range 25–35 MJ/kg [23], biomass pretreated by torrefaction has potential for use as an 

alternative fuel to coal. 

Table 7 Higher heating value of pellet and coconut shell after torrefied. 

Sample Higher heating value (MJ/kg) 

RHP (250-030) 21.85 

CCS (250-030) 23.33 

RHP (300-030) 23.08 

CCS (300-030) 30.32 

RHP (350-030) 23.58 

CCS (350-030) 30.53 
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Figure 7 X-ray Fluorescence (XRF) results of rice husk pellet samples. 

 

Figure 8 X-ray Fluorescence (XRF) results of coconut shell samples. 

The analysis uses the CHON element from the ultimate analysis to calculate the amount of 

non-combustible excess (metals), while the measurement of samples in XRF there are consist of 

several different minerals of highly variable composition and structure are presented in Figure 7 for 

rice husk pellet and Figure 8 for coconut shell samples. 

At higher temperatures when more CH4 and O2 are flowing through the torch, there was a 

greater amount of CO2 in the baseline because of combustion of the torch reactants. Hydrogen and 

methane production was measured for every experimental case however the amount detected was so 

small it may be considered negligible. For hydrogen, this experimental setup had a very short gas 

residence time of approximately 0.2 seconds and this is why hydrogen was detected infrequently are 

presented in Table 5 [24].  
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Table 5 Results from gas chromatograph of rice husk pellet in torrefaction process. 

Name of gas 

Amount (%) 

RHP  

(250-030) 

CCS  

(250-030) 

RHP  

(300-030) 

CCS  

(300-030) 

RHP  

(350-030) 

CCS  

(350-030) 

CH4 0.00 0.01 0.02 0.15 0.20 5.41 

CO2 1.31 4.40 7.18 19.17 16.88 22.42 

H2 0.00 0.00 0.00 0.00 0.00 0.00 

N2 90.49 91.11 85.49 71.92 70.68 54.50 

CO 0.32 1.33 4.06 7.44 10.17 14.32 

CnHm 7.88 3.15 3.25 1.32 2.07 3.36 

Raw rice husk pellet and coconut shell are torrefied at 250 °C, 300°C and 350°C, the 

temperature used in these plots is the torrefaction process. For all of the materials, the torrefied 

temperature is generally inversely related to the torrefied duration. It was found that as torrefied 

temperature increases the production rate of CO also increased which is in agreement with other 

studies. All materials yielded higher CO peaks at higher temperatures, as expected. An increase in 

gas evolution was present at 350°C for samples. The CO2 gas evolution was determined using the 

gas chromatograph with synthesis gas samples being taken at several points throughout the torrefied 

stage. 

CONCLUSION 

A torrefaction study using pará rubber tree, coconut shell and rice husk was carried out to 

better understand the effects of the process conditions and the different compositions of biomass on 

the changes in the properties of the products. The comparison of energy yield, energy densification, 

and main torrefaction parameters were evaluated through a complete analysis of products. The 

results from the different conditions of the torrefaction shows a decent improvement in the palm 

wood chips as the agricultural waste used in this research. 
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Abstract 

 This study investigated the potential of longan leaves as a feedstock for biogas production. 

These results indicated that longan leaves contained rich amount of organic substances and these 

substances are suitable to use in the anaerobic fermentation process to be used to sustain microbial 

life, and transform nutrients into biogas. After the biogas production, gas upgraded process was 

employed. In this study, the obtained biogas from fermenter is continually purified by sodium 

hydroxide solution at different concentrations (1, 2, and 3%) for 20 min. The flow rate is set up at 

38 L/min. The percentage of components of the output biogas are tested every 5 min by gas 

checker. Biogas purification through a chemical process by NaOH. The CO2 removal efficiency 

profile of biogas with CO2 content composition 16.5 % can be removed all of CO2. The concentrate 

of CH4 68.10% after purification CH4 79.9%. 

Keywords: biogas, CO2, H2S, NaOH, CH4 enhancement. 

INTRODUCTION 

The process of biogas production from biomass is an alternative technology that has larger 

potential energy output compared to green diesel, biodiesel, bioethanol, and hydrogen production 

processes. Moreover, anaerobic digestion can be integrated into other conversion processes. From 

an environmental and resource-efficiency perspective biogas has several advantages in comparison 

to other biofuels. The production of biogas via anaerobic digestion (AD) is the most feasible and 

cost-effective route to an energy product [1, 2]. The organic fraction of almost any form of biomass 

(from plants, algae and other microorganisms), including sewage sludge, animal wastes and 

industrial effluents, can be broken down through anaerobic digestion (AD) into CH4 and CO2 

mixture called as ‘‘biogas”. The first methane digester plant was built at Bombay, India in 1859 

[3,4]. AD approaches steadily growing role in the renewable energy mix in many countries. AD is 

the process by which organic materials are biologically treated in the absence of oxygen by 

naturally occurring bacteria to produce ‘biogas’ which is a mixture of CH4 (40-70%) and CO2 (30-

60%) with traces of other gases such as hydrogen, hydrogen sulphide and ammonia [5,6]; the biogas 

process also produces potentially useful by-products in the form of a liquid or solid ‘digestate’ [5]. 

Biogas is a valuable fuel which is produced in digesters filled with the feedstock like dung 

or sewage. All types of biomass can be used as substrates for biogas production as long as they 

contain carbohydrates, proteins, fats, cellulose, and hemicelluloses as main components. The 

composition of biogas and the methane yield depends on the feedstock type, the digestion system, 

and the retention time. In general, the use of plant biomass for energy generation today is 

problematic because of the competition with food or feed production. This is because most of the 
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plants used for energy generation today (crop plants, sugar cane, sugar beets, canola, etc.) have to 

be grown on arable land. Low demand alternatives like switchgrass are only beginning to emerge. 

Normally, biogas is comprised of CH4, CO2, and other trace gas compounds gases such as 

water vapour, H2S, halogenated hydrocarbons, siloxanes, ammonia, nitrogen, and oxygen [6] and 

water, other trace gas compounds and other impurities. The CH4 has an energetic interest because it 

has a high calorific value of the order 9.94 kWh/m3. As against the CO2 is a gas without energetic 

interest and his presence in the biogas in large quantities which can reduce its energetic value. The 

H2S is a corrosive element for metals constitutes motors cogeneration consequently it may destroy 

them and corrode pipes of station for methanation [7, 8]. Since the main components of biogas are 

CH4, CO2 and H2S. Purification and upgrading of the gas is necessary because purified biogas 

provides reductions in greenhouse gas emissions as well as several other environmental benefits 

when used as a vehicle fuel. Reducing CO2 and H2S content will significantly improve the quality 

of biogas. 

The quality of biogas (it is mixture of gases) is an important character for his energetic and 

economic valorization since it depends on the content of gases constituent primarily methane, 

carbon dioxide and hydrogen sulfide [9,10]. Biogas can be used in the engines of transport vehicles 

and blended into natural gas networks, but it also requires the removal of carbon dioxide, hydrogen 

sulphide, and moisture. CO2 is the major contaminant of biogas. It reduces the calorific value when 

biogas is applied for generating heat and electricity and leads to pipeline corrosion in the presence 

of water when biogas is transported. At the same time, anthropogenic CO2 emissions are the main 

contributor to human induced climate change. Therefore, the separation of CO2 from biogas for 

obtaining pure bio-methane and simultaneously highly concentrated CO2 for subsequent 

sequestration or utilization, is important in the process of biogas upgrading [9,11]. 

From the literature, the main techniques for biogas upgrading and purification are: water 

scrubbing, adsorption (physical and chemical), cryogenic separation, membrane technology, 

biological upgrading and in-situ upgrading methods. Removal of CO2 is necessary in order to 

increase the density and calorific value of the gas to meet Wobbe Index quality and specifications. 

The current technologies are: pressure swing adsorption, physical absorption (water and organic 

solvent scrubbing), chemical absorption, cryogenic separation, membrane separation, biological 

methane enrichment. These are discussed in the order of old, current trends, and future technologies 

and ideas [11]. 

Biogas purification and upgrading had been researched extensively in recent years. Hosseini 

and Wahid [12] reviewed biogas purification processes with the focus on contaminants removal, 

while Ryckebosch et al. [137] reported on various techniques for biogas transformation regarding 

their conditions, functioning, bottlenecks and efficiency. Bauer et al. [14] reviewed the commercial 

technologies on biogas upgrading. Most recently, Munoz et al. [15] provided a state of the art 

review on the biogas upgrading technologies with emphasis on biotechnologies for CO2, H2S, 

Siloxanes and halocarbon removal. Sun et al. [16] worked on appropriate biogas upgrading 

technology, focusing on product purity and impurities, methane recovery and loss, upgrading 

efficiency, investment and operating cost. 

Therefore, a good economic and energy quality of biogas when it contains a high content of 

methane and must be without CO2 and H2S. Actually, the production of biogas from methanation 

unit needs a passage in a purification phase for the removal of these harmful gases [6, 7]. Therefore, 

the purification of biogas has become a requirement to obtain a good biogas quality with a high 

calorific value and without of corrosive impurities. Various technologies have been developed and 

available for biogas impurity removal; and chemical processes are economically feasible. Biogas 

purification using chemical method by sodium hydroxide (NaOH) involved and applied in the 

removal of the impurities present in biogas. Therefore, the aim of this work was to prove the 

success of our technique for raw biogas upgrading and the approach presented allows for the 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/corrosion
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/climate-change
https://link.springer.com/article/10.1007/s12649-016-9826-4#CR2
https://link.springer.com/article/10.1007/s12649-016-9826-4#CR7
https://link.springer.com/article/10.1007/s12649-016-9826-4#CR16
https://link.springer.com/article/10.1007/s12649-016-9826-4#CR10
https://link.springer.com/article/10.1007/s12649-016-9826-4#CR12


 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 
 

437 

production of biomethane via low-cost and highly efficient biogas upgrading process using NaOH 

as a chemical purification method. 

MATERIALS AND METHODS 

Material collection, preparation and biogas production 

Longan leaves was obtained at Sansai, Chang Mai, Thailand. The leaves then were crushed 

into small pieces by grinding machine. Pig manure was collected from swine farm at the Faculty of 

Animal Science and Technology Maejo University, Chang Mai, Thailand. The collected samples 

were transferred to the lab of Energy Center Research, Maejo University. The experiment produces 

biogas by batch system using household-scale digesters fabricated from 200 L water tank by 

connecting with biogas storage tang 120 L and solar collector system. The component of biogas 

digester include agitator works by using a motor and heat exchanger has diameter 5 cm and length 

120 cm works by using a water pump. Experiment 4 is study of enhanced biogas production 

efficiency of longan leaves co-digestion with pig manure using the best preparation of longan leaves 

from experiment 3 by temperature control with hot water from solar collector increasing the 

temperature of the digested slurry inside the biogas digester to be within the appropriate range 

under mesophilic temperature at 36-38 °C. 

Biogas purification by sodium hydroxide 

In this study, the obtained biogas from fermenter is continually purified by sodium 

hydroxide solution at different concentrations (1, 2, and 3%) for 20 min. The flow rate is set up at 

38 L/min. The percentage of components of the output biogas are tested every 5 min by gas checker 

(BIOGAS 5000, Geotech). Figure 1 shows the biogas purification system. 

 

Figure 1. Biogas purification system through sodium hydroxide 1) biogas storage container 2) air 

pump 3) sodium hydroxide storage tang 4) Biogas pumping direction. 

Energy content analysis 

Calorific values were estimated according to (Chuanchai and Ramaraj, 2018).The higher 

calorific values (HCV) and lower calorific values (LCV) of pure methane was 39.82 and 35.87 

MJ/m3, respectively. HCV and LCV of produced biogas were determined according to the 

following formula: 

HCVbiogas =0.3989 x MC = 0.0213 (R2 =1)                       Eq. 6 

LCVbiogas =0.3593 x MC = 0.0192 (R2 =1)                       Eq. 7 

Where; MC is the methane content in biogas (%). 
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To utilize biogas as a transport fuel, CO2 and H2S must be removed from the concentration 

to leave biomethane. Biogas purification is the process where any impurities are removed such as 

sulphides and ammonia. Biogas upgrading on the other hand is the process which removes CO2 and 

the end product is bio-methane. The bio-methane which has been upgraded is suitable for injection 

into the national gas grid or vehicle fuel [6]. Biogas needs cleaning for two main reasons; the first is 

to improve the calorific value of the product gas and the second is to reduce the chance of damaging 

downstream equipment which is due to the formation of harmful compounds [14]. 

Analytical methods and statistical analyses 

The pH value was tested by a pH meter (B-711, Horiba,Japan). The composition of biogas 

(CH4, CO2 and O2) was measured using a biogas analyzer (BIOGAS 5000, Geotech). All 

experiments were determined in biological triplicate to ensure the reproducibility. Experimental 

results were obtained as the mean value ± SD. Statistical analyses were performed using the SPSS 

statistical package (SPSS Inc., Chicago, IL, USA). The statistical significances were achieved when 

p<0.05. 

RESULTS AND DISCUSSION 

Biogas production 

Biogas was produced from longan leaves co-digestion with pig manure by solar energy.  

Daily total biogas production of longan leaves co-digestion with pig manure in the enhanced 

fermenter efficiency by solar energy.  Biomass for produce energy can be digested either alone or in 

co-digestion with other materials. Longan leaves co-digestion with pig manure after 45 days the rate 

of biogas production. The biogas accumulated throughout the research period, 103.2 L/kg fresh 

material or is the average total amount of gas 74 L/day. Moreover, the maximum peaks of biogas 

production this system was 234 L on the 12th day. Biogas composition from experimental 

measurements starting from methane content 32.2 on the 1th day. The range of methane content of 

this system was found to vary from 32.2 to 69.1 %, over a 1 to 45-day period.  

The maximum methane content observed was 69.1% on the 35th day of fermentation. This 

study experimental result show than the methane percent contents increases, while the carbon 

dioxide percent contents decrease, basically in the same proportion as same as experimental small 

scale. Panyaping et al. [17,18] stated the performance of the biogas production of anaerobic 

digestion of longan leaves substrate had value of 39 L/day and methane content at 34% on the 15th 

day of fermentation with the rate digester 200 liters at room temperature. This study results were 

demonstrated that biogas yield of enhanced biogas production efficiency of longan leaves co-

digestion with pig manure by solar energy higher biogas production at room temperature. 

Biogas purification through chemical process by NaOH 

NaOH solution is another alternative absorbent for CO2 removal. This experiment is an 

experiment using NaOH to improve the efficiency of biogas. The absorption of CO2 into sodium 

hydroxide solutions has been widely studied. The reaction equations of CO2 with sodium hydroxide 

solution can be written as the following scheme. 

𝐶𝑂2 + 𝐻2𝑂 → 𝐻𝐶𝑂3
− + 𝐻+               (1) 

𝐶𝑂2 + 𝑂𝐻− → 𝐻𝐶𝑂3
−   (2) 

𝐻𝐶𝑂3
− + 𝑂𝐻− → 𝐶𝑂3

− + 𝐻2𝑂                  (3) 
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Reaction (1) has a negligible effect on the rate of CO2 absorption in alkaline solution with 

PH>10. Reaction (2) is followed by an instantaneous reaction (3). The overall reaction between 

CO2 and NaOH solution can be expressed as: 

𝐶𝑂2 + 2𝑂𝐻− → 𝐶𝑂3
− + 𝐻2𝑂              (4) 

Reaction (4) is second-order and may be considered to be irreversible [19]. 

Improvement of biogas is crucial in order to meet requirements which are demanded not 

only by the application of the burners, but also by the gas grid which transports the gas. To obtain 

biomethane of a quality comparable to the natural gas with high methane content, it is necessary 

further enrichment of biogas. The CO2 removal efficiency profile of biogas with CO2 content 

composition 16.5 % volume 12 L under different concentrations of NaOH (1, 2, and 3%) volume 5 

L for 20 min presented in Table 1. This is the most demanding process in terms of the technology. 

In this work, a method for biogas scrubbing and CH4 enrichment process was presented in Table 1. 

The flow rate is set up at 7.6 L/min [19]. The percentage of components of the output biogas are 

tested by gas checker (BIOGAS 5000, Geotech). Based on the results of the three concentrations of 

NaOH, can be removal of all CO2. This results in higher methane content. All three concentrations 

of NaOH gave no difference. 

Table 1. Test and evaluation of the system performance through chemical upgrading. 

Component 

Biogas production analysis 

Before the system 

improve 

After the system improvement 

NaOH 1% NaOH 2% NaOH 3% 

CH4 (%) 68.1 77.7 79.9 77.5 

CO2 (%) 16.5 0.0 0.0 0.0 

O2 (%) 1.8 2.2 2.1 2.1 

H2S (ppm) 89 47 46 50 

Improved methane and caloric values are presented in Table 2. Enhanced biogas (from co-

digestion of pig manure and longan leaves) HCV was 27.17 MJ/m3 and LCV was 24.47 MJ/m3.  

Table 2. Enhanced methane and caloric value. 

Items Before purification After purification 

CH4 68.1% 79.9% 

HCV 27.17  MJ/m3 31.87  MJ/m3 

LCV  24.47 MJ/m3 28.71 MJ/m3 

It was much higher than biogas production from traditional AD (LCV of 18.0–23.4 MJ/m3 

and HCV of 20.0–25.9 MJ/m3) [20], accordingly, this study results verified that high-calorific 

biogas was obtained in this study system after methane was enriched through chemical biogas 

purification. 
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Conclusion 

This study investigated the potential of longan leaves as a feedstock for biogas production. 

These results indicated that Longan leaves contained rich amount of organic substances and these 

substances are suitable to use in the anaerobic fermentation process to be used to sustain microbial 

life, and transform nutrients into biogas. In the scale up part, Biogas production by co-digestion 

longan leaves with pig manure by 2%NaOH for pretreatment. The biogas yield shown that 3,325 L 

and the concentration of methane were 68.1%. From the biogas production, HCV was 27.17 MJ/m3 

and LCV was 24.47 MJ/m3. In the system can enhanced biogas production efficiency by solar 

energy to increase a temperature of the substrate in the biogas digester for 37∘C for 8 h and can be 

removal efficiency profile of biogas with CO2 content composition 16.5 % volume 12 L under 

different concentrations of NaOH the concentrate of CH4 68.10% after purification CH4 79.9%. The 

results suggested that co-digestion of longan leaves and pig manure was a promising approach for 

improving biogas production. 
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Abstract 

 The study aimed to examine the effects of job shadowing for English language teaching for EFL 

Hotel and Tourism students. Students participated in a career exploration activity where they spent a day 

trip with an experienced tourist guide to observe and learn what it is like to do the job on a daily basis. 

The students reflected that they gained valuable first-hand knowledge and authentic work experience. 

Particularly, they learned necessary skills to operate travelling smoothly with customers and other 

related people; they also learned how to use improvisational skills. Apart from the advantages, however, 

after the students have observed the actual job experience, they found that the reality of being on the job 

had a demotivating effect on them due to the tasks’ level of difficulty with the fact that years of 

experience were needed in order to master the job. Another important result was that the researcher also 

came up with the realization that grammatical structures and contents combined with English for 

Specific Purposes (ESP) should be highly considered when designing and developing the instructional 

materials in teaching English for Hotel and Tourism to cater the needs of the students in a particular area 

of specialization. For Hotel and Tourism students, it should include the importance of both verbal and 

non-verbal communication and learning useful phrases and expressions in English such as dealing with 

customers, providing customers the right behavior, administering first aids, describing and telling 

information about tourist destinations, and giving instructions and telling directions. This way, students 

will have background knowledge about the nature of the job they will have in the future and at the same 

time; it will help them build good rapport with people around their workplaces. 

Keywords: job shadowing, English language teaching, Hotel and Tourism students. 

INTRODUCTION 

In tertiary education today, missions within this education are to raise higher-level employment 

skills, to sustain a globally competitive research base, and to improve knowledge dissemination to the 

benefit of society. Significantly, greater emphasis is being placed on teaching students and encouraging 

them to prepare for careers and to be successful in the real-world [1]. 

Particularly, students who study business-related major like Hotel and Tourism, they are highly 

desirable source and are expected to be a well-educated workforce for the tourism-related industry. To 

serve the requirement of this current situation, public and private university that established this 

program attempt to produce qualified and skilled tourism laborforce. They design curriculum or courses 

to provide a particular knowledge and direct experience to students. 

To provide university students’ opportunity to learn based on direct knowledge or experience, it 

can be conducted in different forms, such as field visits, projects implementation, simulations, and case 

studies. This can also include internships, externships, practicums, and job shadowing [2]. 

Among of them, numerous programs have adopted the idea of connecting students with working 

practitioners through a job shadowing activity. Students’ process of spending time with job shadowing 

professionals allows them the opportunity to view, gain confidence, and then demonstrate what they 

have experienced [3] [4]. 

As described by Shardlow and Doel (1996) [5] and Gould (2000) [6], job shadowing is a 

practice of accompanying others to see and learn from their practice. Learning by modelling takes the 
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activity one step further so that, as well as observing an experienced practitioner demonstrate a skill, a 

student will seek to imitate the practitioner’s behavior at a later time. As such, modelling can be used as 

a method for learning very complex behaviors and is one of the more holistic ways to ensure readiness 

for practice. 

Job shadowing can help students learn more about the nature of jobs and work environments as 

well as the education or training required to enter them. By job shadowing and observing an experienced 

practitioner, novice practitioner can develop their own approach to practice. 

From these reasons, it is necessary for the researcher who takes the role of English language 

teacher to find a way to enhance Hotel and Tourism students’ opportunity to learn from their real-life 

experience and encourage them to become ready to be effective in the workforce after completing their 

degree. 

The researcher strongly hopes that the findings will be useful for both language and content 

teachers who take responsibility to provide knowledge and experience for Hotel and Tourism students when 

selecting the most appropriate methods in enhancing students’ learning successful. Furthermore, the study 

may provide some preliminary findings for further studies in the future. 

LITERATURE REVIEW 

Definitions of experiential-based learning (EBL) 

 As described earlier, this study stresses on supporting Hotel and Tourism students to learn from 

their experience. Experiential-Based Learning (henceforth EBL) draws on the work of prominent 20 th 

century scholars who gave experience a central role in their theories of human learning and development 

notably John Dewey, Kurt Lewin, Jean Piaget, William James, Carl Jung, Paulo Freire, Carl Rogers, and 

others [7]. 

According to John Dewey (1915), he defines EBL as learning by doing while Wolfe and Byrne 

(1975) use the term ‘experience-based learning’. Also, it is referred to experiential teaching, experiential 

training and development, problem-based learning (PBL), and other variations of these terms. 

One of well-known models of EBL is Kolb's Experiential Learning Theory (Kolb, 1984). He 

defines EBL as the process whereby knowledge is created through the transformation of experience. 

Knowledge results from the combination of grasping and transforming experience. The theory presents 

a cyclical model of learning, consisting of four stages shown in Figure 1: 

The first stage, concrete experience (Do), is where the learner actively experiences an activity 

such as a lab session or field work. 

The second stage (Observe), reflective observation, is when the learner consciously reflects back 

on that experience. 

The third stage, abstract conceptualization (Think), is where the learner attempts to 

conceptualize a theory or model of what is observed. 

The fourth stage, active experimentation (Plan), is where the learner is trying to plan how to test 

a model or theory or plan for a forthcoming experience. 

Pedagogies facilitate experiential-based learning  

The experiential-based learning is an umbrella term for student work and observational 

experience. It aims at integrating theoretical and practical elements of learning and emphasizing the 

significance of experience for learning. 

The approach is well-known in various settings of informal learning includes a range of 

activities, such as job shadowing, service learning, internships, and apprenticeships - all of which 

provide students with valuable experience in the real-world.  
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Figure 1 Kolb’s Experiential Learning Theory (Kolb, 1984) 

Experiential learning techniques include a rich variety of interactive practices whereby the 

students have opportunities to learn from their own and each other’s experiences, being actively and 

personally engaged in the process. 

Among the various pedagogies that facilitate experiential-based learning, job shadowing has 

been found to be an effective method in enhancing students’knowledge and experience. 

What is job shadowing? 

Shardlow and Doel (1996) [5] and Gould (2000) [6] define job shadowing is a practice of 

accompanying others to see and learn from their practice. Learning by modelling takes the activity one 

step further so that, as well as observing an experienced practitioner demonstrate a skill, students will 

seek to imitate the practitioner’s behavior at a later time. As such, modelling can be used as a method 

for learning very complex behaviors and is one of the more holistic ways to ensure readiness for 

practice. 

In addition, Job shadowing involves visiting worksites to observe and shadow workers as they 

carry out their routine work duties. Job shadowing experiences can range from a few hours to a day, a 

week, or even longer. This is an excellent strategy for younger students because the experiences can be 

brief, fairly tightly controlled, and closely supervised [8]. 

Implementing job shadowing to the students 

It is important to make the job shadowing experience meaningful by connecting it to students. 

Teachers can choose many forms of activities in the following stages: 

1. Pre-job shadowing activities ƒ 

Prior to do job shadowing, students set their own goals and write about their expectations from 

job shadowing. They also prepare questions to ask their hosts or specific task of the job they want to see 

above all others.  

2. During-job shadowing activities  

Students observe and ask their hosts. Students ask their hosts about their career paths and 

suggestions they have for others who are interested in the field.  

3. Post-job shadowing activities ƒ  
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In this step, students conduct reflection activities, summarize what they learned from job 

shadowing, and present their reflections to the class. In addition, students can continue their career 

research in light of what they have extended from their job shadowing experience.  

Research questions 

The present study sought answers to the following 3 research questions: 

1. How does job shadowing experience impact the knowledge of Hotel and Tourism students 

about the tourist guide profession? 

2. How does job shadowing impact English teacher’s future teaching plan? 

3. What are Hotel and Tourism students’ perceptions towards job shadowing? 

METHODS 

Participants  

The participants in this study were 5 undergraduate Hotel and Tourism students who studied in a 

government university in the southern region of Thailand in the academic year 2017. The participants 

consisted of 4 female and 1 male students. They were the second year students. They were young adults 

with an average age of 20. 

In this study, apparently, a number of participants were only 5 students. They were selected by 

the purposive sampling method. The researcher used this technique because the study was a qualitative 

research technique. Another reason was the requirement from the host.  In order to support students to 

maximize benefits from job shadowing, he required only 5 students who particularly intended to 

broaden and improve their English skills and professional skills in Hotel and Tourism to join this 

activity. He also appreciated the enthusiastic and hardworking students. Therefore, the purposive 

sampling technique was used to select sample. 

In this study, the host of job shadowing was an experienced tourist guide. He works in one 

private tour company in Nakhon Si Thammarat, Thailand. He has more than 20 years of working 

experience. He obtained Thailand Tourism Awards in year 2010 and 2011 and Tourist Guide Awards. 

His work responsibilities are providing guide services for groups and individual customers. 

Prior to the study, the host and the researcher planed and provided students with a suitable 

timetable and place when the job shadowing will take place. 

Research instruments 

In this study, the researcher employed 4 qualitative research instruments to triangulate the data 

as follows: 

1. students’ job shadowing observation form, 

2. the researcher’s field note to record data during job shadowing, 

3. students’ presentation session video recording, and  

4. students’ focus group interview. 

Data collection procedures  

Orientation of job shadowing activity 

This study was the first opportunity for all participants to involve in job shadowing. To clarify 

this, it was the first time for them to observe and in-depth expose to the tourist guide working 

environment. Thus, before conducting the study, participants were informed of the purposes and detail 

of the activity. 
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Data collection methods included pre-, during-, and post job shadowing activities.  

Before job shadowing, the first session was an orientation. The host gave students with the 

necessary information for marine tourist guide included: 

1. poisonous and dangerous marine animals and plants, 

2. the use of any possible safety equipment, 

3. first aid administration, and 

4. useful strategy and trick while operating the trip to customers. 

During job shadowing, participants observed and recorded information in the job shadowing 

observation form from the staring of the trip until the end. In this stage, the researcher also recorded 

information in the field note for further analysis. 

After job shadowing, all participants presented what they gained from job shadowing. The 

researcher also conducted students’ focus group interview to gain in-depth information and elicited 

participants’ perceptions towards job shadowing and suggestions to improve future studying. 

Data analysis 

As described previously, this study used qualitative research study thus the qualitative data from 

students’ job shadowing observation form, the researcher’s field note recorded data during job 

shadowing, and student focus group interview were gathered, transcribed, and analyzed thematically. 

RESULTS AND DISCUSSION 

The purposes of this study were to investigate the impact of job shadowing experience on Hotel 

and Tourism students’ knowledge about the tourist guide profession and language teacher’s future 

teaching plan. Also, the researcher studied students’ perceptions towards job shadowing. 

Based on qualitative data analysis, participants reflected that they got many advantages from job 

shadowing. It can provide new insights into what it would be like for them as a successful tourist guide. 

The analyzed data can be presented in the following themes: 

1. Gaining first-hand and authentic work experience 

Apparently, job shadowing engaged participants in a meaningful and direct experiential learning 

process. They were allowed to observe and expose to the experienced tourist guide. All participants 

agreed that a tourist guide was one of their future career selections. 

However, some of them found that the reality of being on the job had a demotivating effect on 

them due to the tasks’ level of difficulty with the fact that years of experience was needed in order to 

master the job. They may explore that they will not have suitable personalities or qualifications for a 

career of tourist guide. To deal with this, the university should support or incorporate information on 

position mobility, job diversity in the industry, and other career information to create greater student 

interest and motivate them in careers. 

The following quote gave the evidence of the participants’ perception: 

“…Before studying this major field, I realized that being a tourist guide was not a 

difficult job. It was very good for me to work, travel, and meet different people in the same time. 

But when I stared to study, my thought was changed. I thought it was very complex and difficult 

job. I felt this job was a place for knowledgeable and patient person…” (Students’ focus group 

interview) 

Although, many courses of Hotel and Tourism program can offer simulation the real world in 

the classroom, participants still believed that an authentic experiential learning created greater valuable 

opportunity to prepare them for future profession or career.  
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The following quotes gave the evidence of the participants’ feedback: 

 “…This experience made me feel more understanding with working of tourist guide. It was my 

new experience. In my class, I had only the opportunity to practice from simulation. I can 

observe experienced tourist guide from the starting the tour until the end….” (Students’ focus 

group interview) 

 “…This experience was so inspiring. The host that I observed during job shadowing was 

incredibly smart, well-spoken, and knowledgeable tourist guide. He gave me a lot of hope and 

inspiration….” (Students’ focus group interview) 

Overall, it can be concluded that students gained valuable experience about knowledge of 

profession from job shadowing. They also perceived positive opinion towards doing this activity. 

It can be seen from this study that encouraging students to participate in job shadowing, this 

way, students will have background knowledge about the nature of the job they will have in the future. 

At the same time; it will help them build good rapport with people around their workplace. 

2. Acquiring vocational skills required in working as a tourist guide 

Participants reflected various areas of competence that was essential in terms of vocational skills 

included: 

2.1 Being a knowledgeable person 

As observed in the real working environment of tourist guide, participants realized that being a 

knowledgeable was one of crucial vocational skills. Successful tourist guide must have sufficient 

knowledge of local place history, geography, geology, culture, administration, and economic structure 

that may be of interest to their customers. That depth of knowledge made customers feel like they were 

getting their money’s worth on a tour. 

Most important, apart from being a knowledgeable tourist guide, participants reflected that 

during working as a tourist guide, they needed to be able to use English more effectively. After 

observing and studying from the host, they needed to practice English in different content. 

The following quote demonstrated the participants’ reflection: 

“….Job shadowing helped me to discover areas where I needed practice in English. In the 

orientation, the host asked us to practice speaking how to give first aids to the customers and 

describe about poisonous and dangerous marine animals and plants in English. …..”(Students’ 

focus group interview) 

2.2 Possessing good people skills 

Participants also reflected that the tourist guide needed to possess people skills. They needed to 

apply his or her competence in adjusting or changing situations. Tourist guide needed to spend 

practically every hour of every day with different customers and all of them will be varied. Being 

patient was a need for them. 

The following quote gave the evidence of the participants’ perception: 

“…..The tourist guide had to tailor the service to each customer and their mood for the day. 

focused on making everyone feel welcome and happy when traveling with us …..” (Students’ 

focus group interview) 

In addition, the tourist guide needed to observe customers’ reactions and energize them to get 

involved in activity.  

As reflected by participants, the experience made them to realize that there were unexpected 

problems or difficulties that may arise during the travelling. In the study, the host modelled how to talk 

or negotiate to the customer who did not obey the rule of travelling like trying to play gamble or 

ignorance of safety behaviors.  
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2.3 Being excellent time management 

Being a successful tourist guide will not only be on time but they will manage the time 

effectively. They know how long customers had at an attraction and what time they were expected to 

return. Thus, for each trip, it was necessary for the tourist guide to keep the group of customer organized 

and on schedule.  

Particularly, they learned necessary skills to operate travelling smoothly with customers and 

other related people; they also learned how to use improvisational skills. 

To maximize the benefit of job shadowing, students also recommended considering slightly 

longer job shadowing in order to provide the opportunity to see multiple areas in the tourist guide 

profession and possibly shadow more than one tourist guide. 

Valuable information for researcher or language teachers who provide material and course for 

Hotel and Tourism students 

As described previously, job shadowing provided first-hand and authentic work experience and 

vocational skills required in working as a tourist guide for Hotel and Tourism students. Another 

important result was that the researcher also came up with the realization that grammatical structures 

and contents combined with English for Specific Purposes (ESP) when designing and developing the 

instructional materials. 

The results of this study showed that teaching Hotel and Tourism students might need to 

consider what that grammatical structures and contents should be integrated when designing 

instructional materials. 

The researcher found that both verbal and non-verbal communication and learning useful 

phrases and expressions in English such as dealing with customers, providing customers the right 

behavior, administering first aids, describing and telling information about tourist destinations, and 

giving instructions and telling directions. This finding will be used as valuable information for other 

English teacher or book publishing company to adjust when designing English course or textbook for 

Hotel and Tourism students. 

Valuable information for the host 

More important, after the completion of this study, the host also reported that he thought the job 

shadowing experience was beneficial for Hotel and Tourism students. He appreciated the opportunity to 

share his experience and knowledge about the tourist guide profession. In addition, he can develop his 

coaching or mentoring skills. 

RECOMMENDATIONS FOR FUTURE STUDY 

Based on the findings of this study, the results were unique for particular group of students. The 

researcher obtained the data from only 5 Hotel and Tourism students. It is recommended that a larger 

sample size and different major field of students should be further studied to increase the degree of 

generalization of the study and may provide significantly different results. 

Most importantly, future studying should include the importance of collaborating between 

content and language teachers when designing the appropriate activities and instruction for Hotel and 

Tourism students. 

CONCLUSION 

To summarize, the current study aimed to examine the effects of job shadowing for English 

language teaching for EFL Hotel and Tourism students. Five Hotel and Tourism students participated in 

a career exploration activity where they spent a day trip with an experienced tourist guide to observe and 

learn what it is like to do the job on a daily basis.  
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This study can support how job shadowing can improve students who needed tour guide 

professional skills. It can be confirmed that job shadowing was one of the university’s experiential 

learning in action.  Students who took part in this activity can increase their ability to connect the 

theories they were learning on campus with practical work in a tourist guide professional. Also, the 

university and private company or workplace can strengthen their good rapport and connection from this 

career exploration activity. 

Significantly, students not only gained  the advantages of professional skills, but also the 

researcher explored what that grammatical structures and contents should be highly considered and 

combined when designing instructional materials when teaching English for Hotel and Tourism 

students. 

Last but not least, the researcher strongly believed that when students had opportunity to expose 

to real working environment of tourist guide through participating in job shadowing; they can have their 

clearer plan for future career. 
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Abstract 

 A development of a series of activities on Environmental Conservation (EC) for enhancing 

critical thinking in Ecology subject of Education Bachelor’s Degree in Science (EBDS) aimed to find 

the effectiveness index of a series of activities and to compare learning achievement outcomes and 

critical thinking before and after the application of a series of activities. The population was 380 of 

EBDS students from 1-5 year students in the first semester, the academic year 2016. The samples were 

60 of the third-year EBDS students in the first semester, the academic year 2016 selected through 

purposive sampling. The research instruments were the series of activities on EC for enhancing the 

critical thinking of EBDS in Chaiyaphum Rajabhat University, an achievement test of 30 items 

conducted by the researcher and the critical thinking test of 54 items with the item difficulty values 

between 0.28-0.80 and the item discrimination values of 0.91, the reliability of the whole test was at 

.084. The statistic for testing hypothesis was t-test. The results indicated that the series of activities on 

EC for enhancing the critical thinking of EBDS students had the effectiveness index as of 0.3342. In 

addition, after using the series of activities, the learning achievement and critical thinking of the students 

scored higher than in the pre-test at the significantly different at .05levels. As the results mentioned 

above, the series of activities on EC for enhancing the critical thinking of EBDS students, in overall, 

appropriated for increasing student's learning achievement and critical thinking. Therefore, it should be 

supported and encouraged to use in learning and teaching management. 

Keywords: Environmental Conservation, Critical thinking, Series of activities. 

INTRODUCTION 

 Environment issues had been affecting human beings for a long time and still continuously 

occurred, that was because human beings lack knowledge and understanding in using natural resources 

including they did not understand the principle of the environmental management and conservation. The 

lack of analytical thinking in using natural resources make it impossible for human beings to live 

together with the environment in happily way and it affected the human being quality of lives (S. 

Rattanalertnusorn, 2006). The problem solving of natural resources and the environment needed to be 

developed by the quality of human beings which caused the change the human behaviors in the aspect of 

natural resources promotion and conservation seriously. One of the ways was to educate the general 

knowledge on the problems of natural resources and environment to the people in order to make them 

aware and participating in solving the problems. But to develop the human beings to be the effective 

persons, be able to solve the problems and be able to behave themselves appropriately, they needed to 

do it systematically steps by steps (S. Silrungtham, 2004). Although the environmental education had 

been provided to the public, the environmental problems were not mitigated because it was still unable 

to reinforce the public to be aware of, to share and to participate in prevention and resolution of the 

environmental problems as expected. That was because the curriculum lacked the integration and 

continuity in the content between year levels of the students and lacked the appropriate learning 

activities. However, environmental education instruction must have the local identity, must develop by 

the educators, must have the basic knowledge in education, and must have the subject for the students to 

mailto:Jeeraporn@cpru.ac.th
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learn as it was a fundamental subject. The course was designed to provide students with the basic 

understanding of their local and cultural contexts (O. Komonnak, 2006). 

 The 21st century is a world of technological communication. You can send a message in just a 

few seconds and this is made the social has changed rapidly. It affects the living of people in the society 

both in positive and negative ways. The social life in this era, it is important to have a critical thinking in 

order to be able to analyze the information. Education is of utmost importance for the readiness for 

living in the society so it is very important that why the lecturers need to train the students the 21 

century skills (C. Saensombat, 2007) because the thinking process help the students solve the problem 

effectively and it also should be developed for everyone. In the way of teaching critical thinking, the 

lecturers must arouse the enthusiasm, create the situation or use the real situation from the environment 

around them and always inquire the students to find the reasons themselves (P. Susaorat, 2008). It was 

consistent with the study of the conservation of natural resources and environment should be organized 

in a way that integrated into all relevant learning groups by bringing the environmental problems that 

occurred in the local, community, to integrate into the school curriculum. It was to develop the students’ 

characteristics in the aspect of the awareness and incorporate in thinking and participating in the 

conservation of the environment. The learning management should emphasize on the learning by doing 

in order to help the students understood and had a good attitude towards the conservation of the 

environment (V. Veeravatnanond and A. Singseewo, 2010, Sayan  Phongpila, 2010, 2011) In the 

teaching of Ecology Subject, The teachers should bring natural resources and environment on the 

context of the community in Chaiyaphum province to teach the students to visualize and encourage 

them to participate in helping to conserve natural resources. 

 Many of the scholars indicated the important of teaching critical thinking such as J. Dewey 

(1933) pointed out that learning to think is the central purpose of education, M. Scriven (1985) “training 

in critical thinking should be the primary task of education”, for students, workers, and citizens, critical 

thinking is an essential tool for performing successfully in a complex and rapidly changing world (D.N. 

Perkins, 1989). Creative thinking is essential to successful management of growth and change in 

organizations (J. Cohen, 2002), Critical thinking is a key element of the new paradigm to educate 

students for the future (W. Eisner, 2003). The responsibility of an educator is to facilitate the learning 

process and promote students’ academic growth (S. Brookfield, 2006) and Garrison, Anderson, and 

Archer, 2010 stated that one outcome educators recently have given more attention to especially in 

higher education is the development of critical thinking skills in their students. From the importance 

mention above, the researcher is interested in developing a series of activities on Environmental 

Conservation for enhancing the critical thinking for Educational Bachelor’s degree in Science. 

MATERIALS AND METHODS 

 This research aimed 1) to find the effectiveness index of the series and activities on EC for 

enhancing the critical thinking of EBDS students. 2) to compare the learning achievement outcomes and 

critical thinking before and after the application of the series and activities on EC for enhancing the 

critical thinking of EBDS students. 

 The population was 380 of EBDS students from 1-5 year students in the first semester, the 

academic year 2016. The samples were 60 the third-year EBDS students in the first semester, the 

academic year 2016 selected through purposive sampling. The research instruments were; first, the 

series of activities on EC for enhancing the critical thinking of EBDS students in Chaiyaphum Rajabhat 

University; second, 2 test sets: Set 1 was a 4-distractor multiple-choice achievement test of 30 items 

which was conducted by the researcher. Set 2 was the critical thinking test (P. Suksri-ngam, 1966) of 54 

items with the item difficulty values between 0.28-0.80 and the item discrimination values of 0.91, the 

reliability of the whole test was at .084. The statistic for testing hypothesis was t-test.  
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A Series of Activities Activities Hours 

Unit 1: The Relation of Organism and 

Environment 

1.1 Survey ecology system 

1.2 Who eat who? 

6 

Unit 2: Community Resources 2.1 Soil sampling 

2.2 Soil testing 

2.3 Survey water resources in community 

2.4 Survey water pollution in community 

8 

Unit 3: Biodiversity 3.1 Soil society 

3.2 Flowing water society 

3.3 Flat water society 

8 

Unit 4: Nature Conservation 4.1 Eco Tourism 

4.2 Ecological foot print 

8 

RESULTS AND DISCUSSION 

 The results of the students’ studies, after using the series of activities on EC for enhancing 

critical thinking of EBDS. 

Table 1 The results of the analysis on the effectiveness index of the series of activities on EC for 

enhancing critical thinking for EBDS students. 

Test 
Total 

scores 

Total scores 

before study 

Total scores 

after study 
E.I 

Learning Achievement  30 523 649 0.3342 

Critical thinking 54 891 1281 0.5349 

Total 134 2542 3153 0.4114 

 1 elrat morF, The series of activities on EC for enhancing critical thinking for EBDS students 

had the effectiveness index level of 0.4114. This may be because 1) the development of the series of 

activities had many steps; it started from studying and gathering the information in learning and 

teaching Ecology Subject, surveying the natural resources and the environment in the community and 

apply the basic information to set the content and learning activities. It made the series of activities meet 

the quality of the community context and the process of creating learning activities in step 1, explore the 

problem, needs and necessary of the society. It was consistent with the study of S. Suksomsiri (2008) 

found that the development of Science Subject Group in the unit of “Pangsida International Park” for 

Prathomsuksa 3 at Sa Kaeo province had 4 steps; (1) studied the basic information, (2) created the 

curriculum, (3) applied the curriculum, (4) evaluated the curriculum and developed the curriculum. The 

students had the learning achievement scores and the awareness of the environment higher than before 

studying and it was higher than the criterion at the significantly different of .01 levels. The skills on 

group process were higher than the criterion at significantly different of .01 levels and 2) the curriculum 

was evaluated for the appropriateness and consistency by the experts. The researcher tried out the 

instruments and then develops the weakness until the series of activities be completed. The activities 

were organized and well communicated to the students. It was consistent with the assessment of the 

curriculum which was divided into three phases: (1) evaluated the curriculum before the 

implementation. (2) evaluated the curriculum during the implementation. (3) evaluated the curriculum 

after the implementation (J. Chueratanapong, 2006). 
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Table 2 The comparison of the mean scores of the learning achievement of the series and activities  

  on EC for enhancing critical thinking of EBDS students. 

Learning Achievement 
Before study After study 

t p X  S.D. X  S.D. 

Total 
13.66 

(35.50) 
4.19 

19.84 

(66.10) 
3.10 -18.03 0.000* 

 From table 2, the students in the experimental group taught by the series and activities on EC 

for enhancing critical thinking of EBDS students had the critical thinking as a whole and each aspect 

higher than before studying at the significantly different level of .05. This was consistent with the study 

of S. Wong-hom (2005) on the comparison of Science learning achievement using 5Es Learning Cycle 

Model. The results revealed that the students had the mean scores on the basic scientific process after 

study in overall and each aspect in 6-7 aspects. They had the scores of scientific attitudes after studying 

higher than before studying at the significantly different level of .05. It was also consistent with 7Es 

Learning Cycle Model (K. Sookharom, 2006; W. Sirimonkon, 2006; R. Romjampa, 2006). The results 

appeared like this might be because the lecturers gave the opportunity to the students to express their 

opinions in accordant with their understanding and the lecturers let the students practice the activities by 

themselves. In case of the students tried to find out the answer themselves help them studied 

meaningfully and actively. The lecturers and students discussed what they gained from the activities, 

and then the students summarize the results from the activities and the knowledge they got. The 

lecturers then paid the important roles of the advisors. The students evaluated their own studies whether 

how much it was correct and how could they apply it in the next study. This activity was taught based 

on the Constructivism which the students conducted their new knowledge and understanding P. Sooksri-

ngam, (1994). 

CONCLUSION 

1. The series of activities on EC for enhancing the critical thinking of EBDS students had the 

effectiveness index of 0.4114. 

2. The students taught by the series of activities on EC for enhancing the critical thinking of 

EBDS students as a whole had the learning achievement scores after studying higher than 

before studying. 

Recommendation 

 The recommendation for implementing the results of the research  

 1. There should be the application of the series of activities on EC for enhancing the critical 

thinking for EDBS students in other courses which focus on the environments and natural resources. 

 2. For using the series of activities on Environmental Conservation for enhancing the critical 

thinking of EBDS students, the user should study the manual thoroughly in order to use it with the 

effectiveness. 

 The recommendation for the further research 

 1. There should be a study on applying the series of activities with other contents and courses. 

 2. There should be a study on the comparison of the effectiveness of the series of activities both 

in Science and other subjects. 
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Abstract 

 The purpose of this study were: 1) to build and develop focusing model on the flipped 

classroom for student’s learning promotion in 3rd year student of Lampang Rajabhat University 2) 

to study the learning achievement after using the model 3) to study the satisfaction result of students 

after using the model  

The sample groups were 194 students from cluster random sampling. The tools were the 

recording of synthesis document, questions for Brainstorming, questionnaires to evaluate quality of 

the model, questionnaires to evaluate quality of online textbook and write-up examination. The 

researcher analyzed data by using mean, standard deviation and t-test (one- sample t-test). The 

research finding results were as follow: 1) There were 4 factors of the flipped classroom for 

student’s learning promotion in 3rd year student of Lampang Rajabhat University model. 2) The 

students learning achievement after using the Model was significantly higher than criteria at level 

.01 3) The satisfaction result level of students after using the model was high. 

Keywords: Flipped Classroom, PAOR, Educational quality assurance, Applying think aloud  

        protocol, Innovation of teaching. 

INTRODUCTION 

 New strategic of Rajabhat University for local development according to 20 years of royal 

policy (2017- 2036) and build a new vision to focus on producing great quality graduate by using 

community and local development teaching method for building strong and sustainable community. 

There are two obligations of the university 1) Producing good quality and efficient graduate 2) 

Making a good research to build knowledge and innovation according to international quality and 

standard. These have to apply the ability, subject detail and always develop education system to 

have appropriate quality and up to date with the upcoming innovation of digital age in 21st century 

that have various way of learning styles and unlimited way to exchange information with each 

other. Therefore, the educational system has to change for this development. For this reason, 

Lampang Rajabhat University must follow the new method, vision and obligation to change the 

learning system of all lecturers from a provider into an inventor of education for students instead. 

The subject “10434118 Educational Quality Assurance” has concluded all information on both 

educational management and educational assurance. There are so many information and detail in 

this subject and students also have no experience in school before, so it would be difficult for them 

to understand all information only learning in the classroom. This subject will be successful when 

students put their effort, review lesson frequently and learn through an activity which will connect 

all lessons together. The result from experimental research of students’ satisfaction toward 3 styles 

of teaching including lecture method, flipped classroom method and self-study method from 
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Yaowatiwa Namakhun (2017) showed that 3rd year students in first semester of “1043411 Statistic 

for educational analysis” subject had high satisfaction score in learning with flipped classroom 

method and also had some recommendation to improve evaluation that can reflect the students’ 

appropriate development. Flipped Classroom teaching style and the evaluation by using Rubric 

development of Think aloud protocol form are one of the teaching system and evaluation technique 

that change the teaching style of the teacher from only lecturer in front of the class into the trainer 

that train each student to do worksheet or activities by using ICT, new popular teaching among 

students, as a new teaching technology together with authentic assessment. These will help students 

who have a lot of works or duty could prepare themselves before the lesson or follow up the class 

more easily by watching the video on the internet. Moreover, this will make students learn how to 

manage their time well (Pakorn Supinanont, 2015). Furthermore, the students who are not good in 

this subject but have high effort can watch the video as much time as they want until they are more 

understand or they can come back to watch the video to review their passed lessons. This will help 

students to not depend themselves only on their own note that might be wrong or couldn’t catch all 

detail of the lesson and also good for the teacher which does not need to teach repeatedly to the 

absent student. The students do not have to spend their times only in the classroom to learn, but use 

times in other activities that more valuable for them such as apply knowledge in class to the real 

situation which students will need the help from the teacher to connect their knowledge with the 

real life and build 21st Century Skills (Vicharn Panich, 2013). 

As the researcher is also a teacher in faculty of education, the researcher saw the important 

to develop complete competence in students according to the university strategic plan policy and 

also focus on the result of Learning by Doing concept that will make student to know inside out by 

turning the teacher into the trainer. The researcher interested in bringing Flipped Classroom method 

and the evaluation by using Rubric development in Think aloud protocol form to improve the 

pattern of Flipped Classroom method. This will help 3rd year student in Lampang Rajabhat 

University in second semester of 2018 who attend educational assessment subject, which is the core 

subject of education faculty. Educational assessment subject’s goal is to develop students to 

understand principles, concepts, regulations and also teach student to be able to use knowledge 

about educational management and assessment to improve learning as well as being a guideline to 

develop teaching technique and learning evaluation for those interested and so on. 

Objectives of the research 

1) To build and develop focusing model on the flipped classroom for student’s learning 

promotion in 3rd year student of Lampang Rajabhat University.  

2) To study the learning achievement after using the model.  

3) To study the satisfaction result of students after using the model. 

 Scopes of the research 

 1) Scope on the Content 

     1.1) Content of Quality Assurance in Education subject (1043118), that integrated 

sciences of evaluation and sciences administrative. 

     1.2)  Using Apply think aloud protocol technic to develop rubric of write-up examination.

 2) Scope on Population 

 The population in this research was 602 3rd year students of Lampang Rajabhat University 

which enroll in Quality Assurance in Education subject (1043118) on second semester of 2017.  
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Definitions 

Flipped classroom method means the construction of learning system connection that let 

students study the content of educational quality assurance subject from the video on the internet. 

Meanwhile, the time in the classroom, teacher will help to guide students on applying their 

understanding or content to connect with the educational quality assurance in real educational 

organization. 

 Applying Think aloud protocol technic to develop write-up examination evaluation standard 

means to build the write-up examination evaluation standard which came from the conclusion of the 

sample group write-up examination answers and summarized the answer in each level to be the 

guideline for giving a score. All answer guidelines came from sample group understanding that 

studied by using Flipped classroom method. 

 Subject integration means to apply evaluation context with educational organization 

management context under educational quality assurance subject to produce the highest benefit by 

focusing on the whole contexts and students could produce their own knowledge more than  only 

provided by the teacher. 

 The learning achievement means the score that got from write-up examination and Rubric 

that developed from Think aloud protocol technic. All were done during learning activity in 

educational quality assurance subject of second semester 2017. 

Criteria  means the score from write-up examination that over or equal to twenty by set up 

the lowest academic result according to the lowest university standard  

Satisfaction means the feeling of students and experts toward model on the flipped 

classroom for student’s learning promotion in 3rd year student of Lampang Rajabhat University 

according to 4 aspects which are utility, feasibility, accuracy and propriety. 

 Utility quality means the model can give needed data to users including administrator, 

teachers and students. In addition, it can use to develop and improve operation realistically. 

 Feasibility quality means the model can be used in reality related with authentic appropriate 

with the present and accepted from relevant people. 

 Propriety quality means the model is appropriate for the university context and relevant 

people in conforming to the goal of education plan and does not have effect to relevant 

participation. 

 Accuracy quality means the model in each component have to be correct, clear and reliable. 

Benefits of the research 

For Students 

1) They can study by themselves while have teacher coaching. 

2) They can apply knowledge to action from Learning by doing process. 

3) They have higher academic achievement. 

4) They have happily studying. 

For teacher 

1) They have teaching innovation which quality is approved. 

2) They can follow up and take care their students individually. 

3) They can create a network of academic cooperation with teachers. 

For University 

1) Achieve the vision mission of the university.  
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MATERIALS AND METHODS 

The researcher created methodology with 2 relevant steps as show in the followings. 

Phase 1 Building and developing focusing model on the flipped classroom for student’s 

learning promotion in 3rd year student of Lampang Rajabhat University have 4 steps. First, 

synthesize factor of teaching model from research (including http://tdc.thailis.or.th/tdc/basic.php 

and https://scholar.google.co.th/) and related document. Second, study the Programmed 

Specification of Quality Assurance in Education subject and concept of Think aloud protocol 

technic which developed rubric of write-up examination. Third, draft the Model (including Course 

Specification, write-up examination, clip VDO of teaching, textbook, Supporting program and 

handbook) then check content validity of questions for brainstorming meeting and questionnaires 

(from Yaowatiwa Nammakhun, 2016) for evaluate quality of model  by 3 experts and check 

reliability of questionnaires from 30 samples (which are not the targeted group). Fourth, arrange 

brainstorming meeting by allowing the experts to make judgment of accuracy, propriety, feasibility 

and utility, followed by providing suggestions to improve model on 20th April 2017 at meeting 

room of Management Education science in Lampang Rajabhat University. 

Table 1 Sample group Conclusion, Tools used in research and Result of data analysis on Phase 1. 

Target group Tools used in research Result and suggestion 

1. Three Experts for checking 

content validity (Target 

group) including experts on 

measurement and 

evaluation, Management of 

education and Curriculum 

and teaching 

1. The recording of synthesis 

document (Apply from Yaowatiwa 

Nammakhun,2016) 

- 

2. Questions for Brain Storming - 

3. Questionnaires to evaluate quality 

of the model 

0.67 IOC1.00  

4. Questionnaires to evaluate quality 

of textbook online (apply from 

ONESQA) 

Cut Item 5,10,12 

5. Write-up examination - 

2. Five Experts for 

brainstorming meeting to 

check model quality 

including experts on 

measurement and 

evaluation, Management of 

education and Curriculum 

and teaching 

1.Questionnaires to evaluate quality 

of Model 

Total : Mean=4.46 SD.=0.21 

Feasibility: Mean=4.40 SD.=0.15 

Propriety: Mean=4.55 SD.=0.28 

Accuracy: Mean=4.50 SD.=0.19 

Utility: Mean=4.41 SD.=0.21 

Suggestion: 1) Clip VDO of teaching should 

be long not more than 60 minutes/clip 2) 

textbook should be add Link to enter the clip 

2.Questionnaires to evaluate quality 

of online textbook  

Mean = 4.89 

SD. = 0.21 

3. Thirty students (not target 

group) 

1.Questionnaires to evaluate quality 

of the model  

Reliability (Cronbach's Alpha)= 0.979  

Phase 2 To try the model in second semester 2017 have 2 steps. Frist, random sampling by 

using cluster random sampling technic which found 194 samples from 8 classes including from 

Mathematics, Physics, General- Science Childhood major. Second, action activity follows the 

model which has 7 lessons and each lesson has activity follows Classroom Action Research 

(PAOR) for study learning achievement and satisfaction result of students after using the model as 

detail show in Table 2. 
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Table 2 The activity of each lesson. 

Step of Spiral of 

self-reflection 

Activity Instructional Media 

1. Planning 1. Students study content from VDO clip by 

themselves. 

2. Students send reflection, question and 

suggestion to teacher by Edmodo program. 

3. Teacher checks reflection and analyzes 

data then revises lesson plan and activity. 

1. VDO clip of teaching  

https://www.youtube.com/watch?v=LN-

T2NfeEOI  

https://www.youtube.com/watch?v=0fIY8P_cVYs 

https://youtu.be/21lRr80EJhI 

https://youtu.be/mWyi6XnWKl0 

https://youtu.be/q6oupqtddWc 

https://youtu.be/a93hb00tDus 

https://youtu.be/9yE6sDaEA3Y 

https://www.youtube.com/watch?v=lnDRtG39esc 

https://youtu.be/aePrv8YLep8 

https://youtu.be/TgZ1GvqS_sQ 

https://youtu.be/Eru2l-OrKRI 

https://youtu.be/tZVfODkIGTI 

https://youtu.be/B4Uc5D7PtXs 

https://youtu.be/WbaAcG41teI 

https://youtu.be/rJxUUoPGUEU 

https://youtu.be/FPbmCaJdyKo 

2. Textbook online 

https://www.edmodo.com 

2. Acting 1.Activities that focus on individual learning. 

2.Activities that focus on group learning. 

3.Activities that focus on collaborative 

learning. 

4.Activities that focus on student learning 

and self-improvement. 

1. worksheet 

2. practice on the textbook 

3. Observing 1.Observing on students answering questions 

and interactions in activities. 

2.Observing student behavior during group 

work. 

3.Group / individual oral examination 

4.Asking students by interview or 

questionnaire. 

5.Timing for group / individual activities. 

6.Observing student present Group / 

Individual  

7.Testing by write-up examination 

1. write-up examination 

2. questionnaire 

 

4. Reflecting 1. Discussing the results together. 

2. Analyzing data from teacher observation. 

1. Edmodo program 

https://www.edmodo.com/home 

Then, the researcher analyzed data from write-up examination and revised rubrics of 

examination from all of quality evaluation samples answer and questionnaire of the model by t-test 

mean and standard deviation. 

RESULTS AND DISCUSSION 

 Results of research 

1) The model on the flipped classroom for student’s learning promotion in 3rd year student 

of Lampang Rajabhat University  have 4 factor including The model have 4 factor including 1) goal 

of model (1.The model promoted students of learning on Quality Assurance in Education subject 

(1043118) 2. The evaluation result of Write-up examination were authentic assessment and give the 

point which develop to the learner correctly 3. The model is teaching innovation which are 

efficiency and effectiveness) 2) Activity by POAR style on 7 circles 3) Instructional Media 

(textbook, Course Specification, Write-up examination, VDO clip, Supporting program and 

handbook) 4) report of result (the learning achievement and course report) which show as Figure 1.  

https://www.youtube.com/watch?v=LN-T2NfeEOI
https://www.youtube.com/watch?v=LN-T2NfeEOI
https://www.youtube.com/watch?v=0fIY8P_cVYs
https://youtu.be/21lRr80EJhI
https://youtu.be/mWyi6XnWKl0
https://youtu.be/q6oupqtddWc
https://youtu.be/a93hb00tDus
https://youtu.be/9yE6sDaEA3Y
https://www.youtube.com/watch?v=lnDRtG39esc
https://youtu.be/aePrv8YLep8
https://youtu.be/TgZ1GvqS_sQ
https://youtu.be/Eru2l-OrKRI
https://youtu.be/tZVfODkIGTI
https://youtu.be/B4Uc5D7PtXs
https://youtu.be/WbaAcG41teI
https://youtu.be/rJxUUoPGUEU
https://youtu.be/FPbmCaJdyKo
https://dict.longdo.com/search/effectiveness
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Figure 1. The model on the flipped classroom for student’s learning promotion in 3rd year student 

of Lampang Rajabhat University. 

The result after the lesson of trial Model for model development using 7 circles on 

classroom action (PAOR), the researcher evaluated 3 parts including Cognitive domain (K), 

Psychomotor domain (P) and Affective domain (A). Then the researcher revised the model which 

showed detail on Table 3. 



 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 

 

462 

Table 3. The result of trial Model for model development using 7 circles on classroom action (PAOR). 

Lesson Measurements and Evaluation of student learning 

(n=192) 

Suggestions from students Revised The Model 

Cognitive 

domain (K) 

Psychomotor 

domain (P) 

Affective 

domain (A) 

K1 K2 P1 P2 A1 A2 

1. History and objective of 

Educational Quality 

Assurance system 

12% 32% 100% 100% 98% 0% 1. VDO Clips should long about 45 minute 

per clip. If it is too long then students always 

feel sleepy and might be not interesting. 

2. Reflex should have rubric which will guild 

line the topic and way to develop quality of 

reflection. 

3. Text book have many words misspelling. 

1. Separate VDO clips to 30-45 minutes per 

clip. 

2. Upload rubric for evaluating reflex of 

students and form of reflex. 

3. Re-check words spelling in textbook and 

re-upload file. 

2. The concept and theory of 

Management of education  

25% 81% 100% 100% 94% 0% 1. Should upload power point file which 

teachers have taught. 

2. Should give technic of self-learning and 

technic of remembering the content. 

3. Should announce the rule of sending work 

and reflex evaluation. 

1. Upload power point file of teaching. 

2. Teachers give technic and answer of 

questions in classroom. 

3. Set the rule of study in lesson and 

describe to students. 

3. PDCA system 67% 87% 100% 100% 96% 0% - - 

4. The law related to 

assurance in educational 

system 

51% 89% 100% 100% 94% 0% - - 

5. Problems and trends in 

the development of 

Educational Quality 

Assurance System in 

Thailand 

71% 91% 100% 100% 92% 0% - - 

6. Internal Educational 

Quality Assurance System 

87% 95% 100% 100% 94% 0% - - 

7. External Educational 

Quality Assurance System 

78% 98% 100% 100% 97% 0% - - 

Note :   K1 = The percentage of students who can pass individual oral examination, K2 = The percentage of students who get score of reflex more than 80 percent 

P1 = The percentage of students who can join and present their activity, P2 = The percentage of students who sent reflex on time 

A1 = The percentage of students who join activity in classroom, A2 = The percentage of students who sleep or talkative in classroom 
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The result of write-up examination which have 3 questions, rubric and answer guideline 

from Think aloud protocol apply technic. The quality of write-up examination show as following. 

Table 4 The quality of write-up examination. 

Quality of write-up examination Question 1 Question2 Question3 

Difficulty (p) 0.416 0.471 0.223 

Discrimination (r) 0.832 0.942 0.446 

Reliability () 0.748 

The result of write-up examination quality found that the difficulty and discrimination result 

have lowest score in question 3 (assessment about ability of synthesis and evaluation level) (p = 

0.223, r = 0.446) and highest score is in question 2 (assessment about ability of application and 

analysis level) (p = 0.0.471, r = 0.942) which has reliability value equal to 0.748. 

2) The result of learning achievement after using the model. 

After the samples study according course specification then they get test with write-up 

examination. The data analyze result which show as table 5. 

Table 5 The data analyze result by t-test statistic. 

One-Sample Statistics 

 N Mean Std. Deviation 
Std. Error 

Mean 

VAR00001 194 29.3402 2.50820 .18008 

One-Sample Test 

 

Test Value = 20 

t df Sig. (2-tailed) 
Mean 

Difference 

99% Confidence Interval 

of the Difference 

Lower Upper 

VAR00001 51.868 193 .000 9.34021 8.8717 9.8087 

 The comparison result with criteria (score equal to 20 from 40 score in total) by using t-test 

statistic found that the students learning achievement after using the model was significantly higher 

than criteria at level .01 

3) The result of satisfaction of students after using the model 

After trial model in 7 circles then they test the affective domain of students by using 

questionnaires assessment according to 4 aspects which are utility, feasibility, accuracy and 

propriety. The data analyze result which show as table 6. 
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Table 6. The result of satisfaction of students after using the model. 

Quality Items Mean SD. Level 

Feasibility quality means the model can be used in reality related with 

authentic appropriateness with the present and be accepted from the 

stakeholders 

4.03 0.11 High 

The model has appropriate learning activity according to the content 4.02 0.77 High 

The model has activity to let students exchange knowledge and opinion 

between each other 

4.05 0.63 High 

The model has learning activity that encourage thinking and making a 

decision 

3.97 0.67 High 

The model has learning activity that encourage students to show their idea and 

thought 

4.11 0.75 High 

The model has learning activity that improve more understanding in the 

lesson 

3.97 0.70 High 

The model has possibility to be able to use in the real situation 4.13 0.65 High 

The model has possibility to be able to be accepted from stakeholders 3.83 0.66 High 

The students can bring assessment result of write-up examination from the 

model to use in learning educational quality assurance subject 

4.14 0.75 High 

Propriety quality means the model is appropriate to the university context 

and stakeholder and be conformed to the educational plan and does not have 

effect to relevant participation 

3.98 0.15 High 

The model is appropriate according to the university’s context 3.89 0.74 High 

The model is related with students’ needed and characteristic 3.85 0.68 High 

The model encourage the analysis, following up and each student development  4.10 0.66 High 

The model is appropriate with learning system of the university 3.88 0.71 High 

The model has evaluation result that clearly improve students’ development 

individually 

4.05 0.72 High 

The model has a clear evaluation standard 4.27 0.70 High 

The Edmodo program is appropriate and easy to use 3.96 0.67 High 

The teaching document is completed, enough and up-to-date 3.88 0.64 High 

Accuracy quality means the model has to be accurate, clear and reliable in 

each component 

4.06 0.06 High 

The model was improved from the believable theories base 4.11 0.84 High 

The model specified the objectives of controlling and monitoring clearly 4.03 0.75 High 

The model sets the way of evaluation and assessment according to the 

learning activity 

4.19 0.69 High 

The model opens an opportunity for students to set learning evaluation 

standards 

4.05 0.70 High 

The model uses various way of evaluation and assessment 4.02 0.72 High 

The model gives an accurate and quick feedback to students 4.07 0.71 High 

The model has an evaluation on process and accurate final result 4.08 0.73 High 

The teaching document is completed, enough and easy to understand 3.97 0.64 High 

Utility quality means the model can provide data to users including 

administrator, teacher and student. In addition, it can use to develop and 

improve operation realistically 

3.94 0.13 High 

The model increase more understandable because students are learning by 

doing 

3.91 0.75 High 

The model increase long-term memory in remembering content for students 3.73 0.67 High 

The model helps students be able to build knowledge by themselves 3.89 0.72 High 
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Quality Items Mean SD. Level 

The model make students bring this learning process to other with apply 

subject 

3.77 0.76 High 

The model makes students be proud of themselves when being to understand 

difficult content by their own 

3.82 0.72 High 

The model improves reasonable judgment in students 3.83 0.74 High 

The model helps students to have more understanding and realize their ability  3.94 0.71 High 

The model increases more working interaction with other 4.02 0.67 High 

The model can be useful to students and other interested in educational 

quality assurance subject by themselves 

4.07 0.70 High 

The model encourage other stakeholders to see benefit in developing the 

model and use this benefit with further development 

3.98 0.70 High 

The result from write-up examination evaluation is worth for students to 

improve and develop their understanding in educational quality assurance 

subject with efficiency 

4.06 0.72 High 

The result from write-up examination evaluation is worth for stakeholders to 

improve and develop their understanding in educational quality assurance 

subject with efficiency 

4.03 0.69 High 

Overall image 4.00 0.12 High 

The satisfaction result of students after using the model was at the high level (Mean=4.00, 

SD.=0.12) including Feasibility (Mean=4.03, SD.=0.11) Propriety (Mean=3.98, SD.=0.15) 

Accuracy (Mean=4.06, SD.=0.06) Utility (Mean=3.94, SD.=0.13) which was the highest The model 

had a clear evaluation standard (Mean=4.27, SD.=0.70) and the model set the way of evaluation and 

assessment according to the learning activity ( Mean=4.19, SD.=0.69). 

Discussion 

 The model have 4 factors including 1) goal of model (1.The model promoted students 

learning on Quality Assurance in Education subject (1043118) 2. The evaluation result of Write-up 

examination used authentic assessment and gave the point which would develop the learner 

correctly 3. The model was using innovation which were efficient and effective) 2) Activity by 

PAOR style on 7 circles 3) Instructional Media (textbook, Course Specification, Write-up 

examination, VDO clip and handbook) 4) Report of the result (the learning achievement and course 

report). These findings were also similarly paralleled with the research finding of Amonrat 

Phraechaiyaphum (2009) Charusak Rattanarungsikun (2005) Kiatsuda Ruaydee (2008) Amonrat 

Jankeal (2011) Darin Tanatip (2002) Jakkapat Dumridhammaporn (2007) Nantatiya Sunsern (1997) 

Saisunee Termsinsuk (2005) whom studies established 6 factors of teaching model including 1) 

Demand analysis 2) Goal of model 3) Technical of teaching 4) Activity in classroom 5) Assessment 

and evaluation of learning and 6) Data reflect to develop. 

The students learning achievement after using the Model was significantly higher than 

criteria at level .01 because the model create activity follow classroom action research (PAOR) 

which have 7 Spiral of self-reflection and each of spiral have 4 step including 1) Planning 2) acting 

3) observing and 4) reflecting (Kemmis, 1988 refer in Suvimol Wongvanit, 2014).In addition,  the 

model used Flipped Classroom teaching technic which Vicharn Panich (2013, p 30-33) write 

advantages of Flipped Classroom including 1) The teacher change teaching method from lecturer to 

coaching such as train students do practice and following individual student 2)  The use of modern 

technology such as ICT which bring the world enter to the school. 3) To help students which busy 

activities such as some student are athletes. Almost everyone has a festival. There are video 
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tutorials on the internet which can study by themselves before enter classroom or easy to study by 

themselves after lesson. In addition, that can help time management of students. 4) To help slow 

learner and studiousness which in the classroom they will receive the attention of most teachers. 5) 

To helps student with different abilities to progress in their ability to learn. Because children can 

replay the video by themselves. 6) The student can manage lesson by themselves such as they can 

replay or stop VDO by themselves. 2) Increase the interaction between students and teachers. 

Because teacher and student have activity in class. 8) Increase the interaction between students and 

students for example good student teach slow learner. 9) The classroom is the power of both the 

online and face-to-face systems to transform or enhance the teacher's role as both a mentor, a 

neighbor, and a specialist. The role of the teacher is not just helping the student to get the subject or 

the content. Inspire encourages and encourages student to dream about their future. That is the 

dimension of the relationship that promotes the development of the disciple. It is found that this 

teaching method is a teaching method that promotes the learning of the students as well. And the 

result on research of Yaowatiwa Nammakhun (2016) found 3rd year student of Lampang Rajabhat 

University like Flipped Classroom technic in high level. 

The satisfaction result of students after using the model was at the high level (Mean=4.00 

SD.=0.12) including Feasibility ( Mean=4.03 SD.=0.11) Propriety (Mean=3.98 SD.=0.15) 

Accuracy (Mean=4.06 SD.=0.06) Utility (Mean=3.94 SD.=0.13) which was the highest The model 

had a clear evaluation standard ( Mean=4.27 SD.=0.70) and the model set the way of evaluation and 

assessment according to the learning activity ( Mean=4.19 SD.=0.69) like the objective of write-up 

examination with assessment advanced thinking skills and Boonchom Srisa-ard  (2017) said, the 

essay test made  examiner write answer according to their own ideas. Although, generally, it was 

adopted less, but it is a tool that is necessary for measurement, especially in opinion measurement, 

ability to advanced thinking skills (Synthesis), explanation ability, and ability to integrate ideas. The 

comprehensive test measure advanced thinking on students at the Master degree and Doctoral 

degree by using write-up examination. To answer in this kind of questions requires knowledge, 

experience and ability to integrate ideas. The test development assessed the actual condition of the 

learner with their acceptance and led to the results of assessment that improve self-development. 

The research applied Think aloud protocol technic to develop rubric of write-up examination which 

changed saying into writing answer according to their idea. Oranuch Sawetrattanasatian (2013) 

mentioned about pros and cons of technic including 1) It is a technique that can get a lot of data 

(Rich Data) and gain insights such as emotions and advanced thinking ability. 2) It does not need a 

lot of samples just only about 10-30 people. 3) The sample don’t have interaction with each other so 

the data is in actual situation and highly reliable. On the other hand, the disadvantages include: 1) 

the information provider concerned with the recording; 2) the analysis of the large amount of 

information 3) the problem about population. Even the original research used small group samples. 

However, when the researcher developed Rubric according to the sample size by calculated 95% of 

the population, the actual amount sample must be only 160 samples, but in this research need to 

increase the amount of sample to 194 samples instead. After testing, the researcher analyzed data by 

analyzing content of all students' answers to determine guideline answer for recheck answer again 

according to criteria and theory. Then returned to re-check test and provided feedback result with 

suggestion to students individually. So the students accepted and appreciate the result of this 

evaluation. 
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CONCLUSION 

 The model on the flipped classroom for student’s learning promotion in 3rd year student of 

Lampang Rajabhat University  have 4 factors including 1) goal of model (1.The model promoted 

students of learning on Quality Assurance in Education subject (1043118) 2. The evaluation result 

of Write-up examination which used authentic assessment and gave the point which would develop 

the learner correctly 3. The model was using teaching innovation which are efficient and effective) 

2) Activity by POAR style on 7 circles 3) Instructional Media (textbook, Course Specification, 

Write-up examination, VDO clip and handbook) 4) Report of the result (the learning achievement 

and course report) Therefore, this could develop learning ability, advanced thinking skill and gave 

good suggestion to students. 

SUGGESTION 

 Suggestion on the application of the model 

 1. The result of trial model gave the suggestion about activity in classroom and instructional 

media which the researcher use them to revise model according to those suggestion. So, if users use 

the model, they should first study handbook and use them with flexibility according to the context. 

 2. The result of the trial model found that it had the highest score of the satisfaction toward 

the model and had a clear evaluation standard and assessment according to the learning activity 

which the model can assess on advanced thinking skills and students’ good attitude toward this 

evaluation. So, if users use the model, they must follow each step of the model. 

 Suggestion for future research 

 1. Should bring the concept of the model to create activity in classroom in other subjects. 

 2. Higher education institutions should create a network of learning activities based on the 

Flipped Classroom concept for learning together. 
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Abstract 

 The purposes of this research were to study design of papyrus mat patterns focused on the 

uniqueness of Chaiyaphum province from papyrus mat weavers, and to investigate the satisfactions 

of stakeholders of papyrus mat patterns of Chaiyaphum uniqueness by using Mathematical 

equations. The quantitative research methodology was deployed in this research a survey was 

employed to collect data. The target groups were a hundred of participants. They were categorized 

in three groups; 10 were Chaiyaphum Rajabhat university lecturers who have experience with local 

products, 20 were the papyrus mat weavers who are the expert of weaving and mat patterns 

designing, and 70 were Mathemitics students of Faculty of Education, Chaiyahpum Rajabhat who 

were studying Calculus III (1036209) in semester 1 of academic year 2016. The research 

instruments composed of graph of linear functions, graph of quadratic functions, graph of 

trigonometry functions, Chaiyaphum province uniqueness, a questionnaire, and GSP program 4.06 

version (Thai version) licensed by Institute for the Promotion of Teaching Science and Technology. 

The statistical analysis was percentage and mean values. The results of this research were that 3 

designs of Chaiyaphum uniqueness; Dok Kra-Jeaw, Kra-Toop, and Nok Ped Nam were used to be 

the papyrus mat patterns using Linear equations, Curve equations, and Trigonometry equations. The 

satisfactions based on the elegance of 3 designs were Dok Kra-Jeaw (93%), Kra-Toop (90%), and 

Nok Ped Nam (88%) respectively. Moreover, the satisfactions rely on the actual availability of mat 

patterns of 3 designs were Nok Ped Nam (95%), Kra-Toop (90%), and Dok Kra-Jeaw (85%). 

Keywords: mat, papyrus mat, papyrus mat pattern, mathematics, mathematical equation. 

INTRODUCTION 

Mathematics has played important roles to human life such as thinking development, 

creativity, logical thinking, and systematic approach to problem analysis. Moreover, it could assist 

people generate systematic planning which can be anticipated, planned, and resolved appropriately. 

Mathematics is a beneficial approach to improve the quality of life, and it also helps to develop 

human beings, the balance of the body, mind, intellect and emotion. These can be thought of as a 

solution to the problem and be able to live together happily (Institute for the Promotion of Teaching 

Science and Technology, 2008). Apparently, people are constantly involved in mathematics in term 

of concrete and abstract such as the purchase of goods or services exchange including patterns on 

clothes, appliances in daily life.  

However, it has found that most people do not like mathematics when talking about 

numbers as complex contents. For example, some people are “hated” with some people claiming 

that they are not intellectual of its concepts, and some of them claim that “not good at math”. 

Furthermore, they claim that mathematics is not used in their everyday life that it is the simple 

reason why many people do not like mathematics. In addition, it is a difficult subject to understand 

and feel “It is not fun” anymore, and the mathematics curriculum does not match to “Natural” of 

mathematics. Mathematics is the beginning of all knowledge, and it is not only science and 

technology but also history, philosophy, language, art, or even the arts. There is no doubt with the 

fact that “Mathematics is everywhere, even where there seems to be no math”. Obviously, the 
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nature of mathematics is findings and problems solving, and the goals of mathematics learning 

could be divided into three parts; calculation, applications, and motivation. According to the goals, 

technology has been developed alongside mathematics that programmers have produced a variety of 

software programs to apply them for calculating as serving the convenience of mathematics study. 

As a consequence, The Geometer Sketchpad (GSP) program is the one to use for mathematical 

process that it can be used to design patterns by calculating equations or functions. 

Significantly, the researcher’s ideology of engaging mathematics and technology to develop 

local products has been inspired because there are many natural raw materials in Chaiyaphum 

Province. Recently, there has been a well known papyrus mats group in Na Fai Sub-district, Muang 

District, Chaiyaphum Province that they aim to produce those products either for using by 

themselves or for sale as a souvenir. However, they have still produced the general papyrus mat 

patterns as their ancient knowledge, while there are many uniqueness of Chaiyaphum which have 

not been applied to produce yet. Therefore, the researcher aims to pin down the papyrus mat 

patterns of Chaiyaphum uniqueness as the representative products of the province by using 

mathematics equations so that the products are used to promote eco-tourism and maintaining a local 

knowledge product sustainably. 

MATERIALS AND METHODS 

 This research anticipated to study design of papyrus mat patterns focused on the uniqueness 

of Chaiyaphum province from papyrus mat weavers, and to investigate the satisfactions of 

stakeholders of papyrus mat patterns of Chaiyaphum uniqueness by using Mathematical equations. 

The target groups were a hundred of participants. They were categorized in three groups; 10 were 

Chaiyaphum Rajabhat university lecturers who have experience with local products, 20 were the 

papyrus mat weavers who are the expert of weaving and mat patterns designing, and 70 were 

Mathemitics students of Faculty of Education, Chaiyahpum Rajabhat who were studying Calculus 

III (1036209) in semester 1 of academic year 2016. The research instruments composed of graph of 

linear functions, graph of quadratic functions, graph of trigonometry functions, the uniqueness of 

Chaiyaphum province patterns, questionnaire, and GSP program 4.06 version (Thai version) 

licensed by Institute for the Promotion of Teaching Science and Technology. 

 The research process was divided in two phases. Phase 1 was a survey in order to collect the 

data the design of papyrus mat patterns focused on the uniqueness of Chaiyaphum province. There 

were 20 papyrus mat weaving and designing experts to give the information about papyrus mat 

patterns. After that, the researcher had got the three popular designs of papyrus mat patterns. Then 

the researcher used GSP program 4.06 version to design the papyrus mat patterns. Next, the 

researchers started Phase 2 that it was the investigation of stakeholders of papyrus mat patterns of 

Chaiyaphum uniqueness by using Mathematical equations. The questionnaire was delivered to 

collect data the satisfactions of stakeholders of papyrus mat patterns of Chaiyaphum uniqueness. 

Finally, the statistic used was percentage for the data analysis process. 

RESULTS AND DISCUSSION 

First of all, the results of research were that there were three designs of papyrus mat patterns 

by using mathematical equations. They were Nok Ped Nam, Dok Kra Jeaw and Kra Toop designs, 

and they were presented in (Figure1, 2, and 3). 
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Figure 1: Nok Ped Nam on the left was a completed design as a sample product; whereas, picture 

on the right was a completed design by using GSP program. 

 

Figure 2. Dok Kra Jeaw on the left was a completed design as a sample product; while, the picture 

on the right was a design by using all equations in this study. 

 

Figure3. Kra Toop on the left was a completed design with color; the right was a striped pattern. 

Figure 1, Nok Ped Nam design, contained graph of circle(𝑥 − 13.59)2 + (𝑦 − 1.82)2 =
6.192, graph of parabola 𝑓(𝑦) = (𝑦2 − 9𝑥) + 5 , and graph of linear function (13 lines). Every 

winter of years in Thailand, there have been many types of Nok Ped Nam flown from Siberia to 

Bueng Wang lake in KhonSwan district. Consequently, KhonSwan district official organization 

aims to remark the amazing event by organizing Nok Ped Nam festival celebration that the festival 

is hold in the New Year every year. It encourages people in the communities all around the district 

to be involved in helping, conservation of nature. In addition, the expectation of the festival for the 

future needs is that the next generations can see these Nok Ped Nam forever (Chayaphum news 

(2010, online)).  
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Figure 2, Dok Kra Jeaw design, was designed by graph of Trigonometry function, graph of 

quadratic function, and graph of linear function. This flower is a symbol flower of Chaiyaphum 

province. The field is located in Tepsatit district of Chaiyaphum province. Dok Kra Jeaw festival 

has been organized from June to August by Chaiyaphum Provincial Admisatrative Organization 

every year. There are a lot of both domestic and oversea tourists to attend this festival. As the 

importance of this flower, it was a reason why Dok Kra Jeaw was selected to design in this research 

from the experts’ satisfactions of papyrus mat pattern weaving and designing. This design was 

applied geometry using curved lines and leaves to make it looks exquisite. Similarly, Panuwat 

Sangium (2010) states about the component of patterns design that the curve is a line to express 

different feelings; tender, docile, sad, and weak. The pattern of placing is used repeat method by 

rotating the flower pattern that it is an appropriate gap of distance. It makes more visible pattern and 

look good from one pattern to the others. Moreover, this design related to the repeat and rhythm 

theory. The repetition is a way to highlight one clearly, and our eyes will look at the points that 

appear from one point to another. This feature of the “rhythm” can take our eyes to see the 

continuity without interruption (Manoch Kongkanan, 1995). 

 Figure 3, Kra Toop design, was designed by graph of linear function, and graph of quadratic 

function in this research. Kra Toop is a famous tradition of Nongbuadeang district that it will be in 

the end of Buddhist Lent. This design was applied patterns that there were different patterns such as 

solid and striped. This leaded the pattern arrangements looked amazing, particular, and beautiful. 

Furthermore, the geometry has several specific forms such as cylindrical shapes, rectangles, 

triangles, ellipses, and circles. These shapes are delivered in many designs, and they are two or 

three dimensions that the characteristic features of these shapes contribute the simplicity, the 

elegance, and the consistent with the contemporary design (Lirsom Satapitanon, 1994:102 as cited 

in Panuwut Sangium, 2010: 93-94). 

 Finally, the results of satisfactions of 3 designs were that the elegance of 3 designs were 

Dok Kra-Jeaw (93%), Kra-Toop (90%), and Nok Ped Nam (88%) respectively. Moreover, the 

satisfactions rely on the actual availability of mat patterns of 3 designs were Nok Ped Nam (95%), 

Kra-Toop (90%), and Dok Kra-Jeaw (85%). The overview of satisfaction was at good level because 

of all designs were evaluated to select by the expert weavers, and these designs were well known 

Chayaphum uniqueness. It has seen that the papyrus mat pattern using mathematical equation with 

GSP program can be applied mathematics process for daily life, and GSP program is a specific 

teaching tool in geometry that students can take advantages. Naree Wangsirotkul (2006) mentions 

that teaching geometry by using GSP will assist students to understand quickly; moreover, Siriporn 

Thipkong (1994) asserts that geometric teaching can provide students’ knowledge, and they can  

apply in their daily life. Likewise, students can learn the relationships between mathematics and arts 

which help them to experience the aesthetics in everyday life. Worrawan Krittayakornnupong 

(2008) studies the series of activity in teaching activities on equivalence by geometric 

transformations and GSP program for Secondary 2 students, it had found that students were 

satisfied with learning about equivalence using geometric and GSP program at good level. Last but 

not least, GSP program can encourage students to learn Mathematics with high level of satisfaction 

(Kannika Phasuk, 2006). 
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CONCLUSION 

1. Three designs of Chaiyaphum uniqueness; Dok Kra-Jeaw, Kra-Toop, and Nok Ped Nam, 

for design papyrus mat patterns using Linear equations, Curve equations, and 

Trigonometry equation. 

2. The satisfactions of the elegance of 3 designs were Dok Kra-Jeaw (93%), Kra-Toop 

(90%), and Nok Ped Nam (88%) respectively. Moreover, the satisfactions rely on the 

actual availability of mat patterns of 3 designs were Nok Ped Nam (95%), Kra-Toop 

(90%), and Dok Kra-Jeaw (85%). 

SUGGESTIONS 

1. There should be conveying the weaving communities to produce mat with Chaiyaphum 

uniqueness designs as a saleable souvenir to earn higher price. 

2. There should be transferring knowledge of mat producing to new generation for creating 

new and modern designs. 
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Abstract 

 This research employed mixed method and aimed to 1) study the problems and guidelines of 

Instructional model of student teachers to enhance Thai teachers’ characteristic in the next decade (A.D. 

2016-2026), 2) create and develop the Instructional model, and 3) confirm and present Instructional 

model. The research methodology was divided into 3 phrases. Phrases 1, the researcher explored 

problems and guildlines to develop the Instructional model; the samples were 4 directors or 

representatives from Chaiyaphum Educational Service Area Office and 4 teachers who received Teacher 

Role Model awards and honorary brooches selected by purposive sampling. Phrases 2, the researcher 

created and developed the Instructional model; the samples used to evaluate the consistency of the 

model were 9 experts who were selected by purposive sampling. Phrase 3, the researcher confirmed and 

presented the Instructional model; the samples were 2 groups of the fourth-year students in the second 

semester of the academic year 2017 in General Science Program who enrolled in the course of 

Internship 2, Course code 1008402 (44 students) by employed lottery method. The samples then divided 

into the control group (22 students), and experimental group (22 students). The independent variable 

was the Instructional model of student teachers to enhance Thai teachers’ characteristics in the next 

decade. The dependent variable was Thai teachers’ characteristics in the next decade. The research 

instruments were the Instructional model lesson plan, the normal lesson plan, and the test of Thai 

teachers’ characteristics in the next decade. The data analysis used mean ( x ), standard deviation (S.D.) 

and t-test. The research results revealed that the Instructional model had 4 components; 1.1) introduction 

of the model consisted of principle, assumption, major concept; 1.2) stages of the model consisted of 3 

stages; 1.2.1) before the internship, 1.2.2 during the internship; it employed GPCA Model consisted of 

1) goal clarified, 2) practice, 3) concluding and applying 1.2.3 after the internship. 1.3) the assumption 

of implementing the Instructional model and 1.4) the support system; 2) the students in the experimental 

group and control group had Thai teachers’ characteristics in the next decade significantly difference at 

.05 levels. The mean scores of the experimental group were higher than the control group. And 3) the 

evaluation of the appropriateness of the Instructional model to enhance Thai teachers’ characteristic in 

the next decade (A.D. 2017-2026) was at the high level. 

Keywords: instructional model, Thai teachers’ characteristics in the next decade. 

INTRODUCTION 

 A teacher plays an important role in shaping and developing a person to thrive in every aspect, 

the people who involve in educational management make an effort to select a qualified person to enter 

teaching profession. Optimizing effectiveness of learning and teaching which contributes to increasingly 

develop the nation’s human resource is one of the attempts to resolve the current issue of 

underdeveloped among the population. Accordingly, professional morals of teacher are required for 

people in teaching profession. In National Education Act of B.E. 2542 and Second National Education 

Act B.E. 2545 chapter 7 concerning teacher, lecturer and educational personnel in section 52, the 

ministry of education must provide systematic teacher trainings and developing processes for teacher, 

lecturer and educational personnel to achieve quality and standard appropriate for high graduate diploma 

in teaching profession through supervisor and cooperation among institutions that have the duty to train 

and develop teacher, lecturer and educational personnel to obtain readiness and strength in order to 

consistently have new personnel prepared and current personnel developed (ONEC., 2002).  
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 The data on educational reform showed that an important problem is unqualified teachers and 

lecturers in terms of academic and professional morals of teacher. This might result from the fact that 

people who decide to take teaching profession are of moderate academic performance, receive obsoleted 

memorization technique based on repetition, possess no passion for teaching and academic profession, 

and have no interest in reading or learning for self-development. In contrast, because such career offers 

regular income, these people enter the profession and merely follow the job descriptions, thus in turn, 

affecting the quality of learners. Also based on information from a research and development of the 

teachers and educational personnel development policy, the problem concerning learning and teaching 

management is one of the factors affecting development of the learners’ quality. This problem stems 

from shortage of systematic teacher development and inconsistent research and development on 

teaching profession. Despite the effort to train professional teacher and support teaching professionalism 

to be recognizable in the society, however, the teachers are found to be deficient in using teaching-aided 

technology in learning and teaching management as well as inefficiency and inability to apply 

information technology to create quality and effective learning and teaching management (OEC., 2010). 

In accordance with educational situation in Thailand during 2007-2008 one of the unfolded problems on 

equality and quality of Thailand’s education in terms of teachers was employment of incompetent 

teachers because they were not thoroughly selected based on their intellectual, temperament, moral 

characteristics and teaching ability. In addition, it was found that these teachers were trained with 

obsolete teaching methods. They were not passionate about reading or research for self-development 

with regard to knowledge and teaching skills including analysis, synthesis and application. In contrast, 

their instruction was based merely on texts and thus, having learners to memorize the information. 

Moreover, these teachers possessed insufficient potential for learning and teaching management because 

they lacked of skills in teaching and were immature in the content of teaching. Such problem was 

caused by an inexperience in teaching and unsteady development, therefore finding the curriculum 

incomprehensible (OEC., 2009). On part of the training of student teachers which is one of the 

important parts in preparing teaching candidates to enter the profession, certain potential and 

expectation are as follows 1) potential on qualification in teaching profession including clothing 

personality, competence in the teaching subject, teaching techniques and classroom management, 2) 

potential on learning and teaching management including study of curriculum and content standards, 

and design of teaching plans and learning and teaching management plans, 3) potential on duties and 

other assigned tasks for teacher before entering to teaching profession with quality and competence (W. 

Kruekam-ai, 2015). 

  As an institution training the student teachers, Faculty of Education, Chaiyaphum Rajabhat 

University has emphasized on and studied existing problems as well as sought guildlines to reinforce 

and develop the quality student teachers for the society. Based on documents and researches, however, it 

was found that the problems of the student teachers were having academic knowledge in low level. Such 

low level was also found on the aspects of researching and English language, teaching methods and 

techniques, creating and developing appropriate teaching mediums, and preparing practical teaching 

plans. On the part of characteristics, the student teachers were found to possess the professional teacher 

characteristics in low level. This also included using polite language, wearing appropriate clothes, being 

punctual, being thrifty as well as passing on thrifty value to the learners, and possessing teacher 

conscientiousness (S. Srithong-In, 2006). Also found in the research, the student teachers were 

incompetent in designing teaching plans as well as the application of these plans into the leaners’ 

context in appropriate manner (U. Songserm, 2012). Moreover, one particular problem found after the 

student teachers’ graduation was their incapability to apply knowledge, notions, principles and theories 

learnt during the training session into practice in learning and teaching management, therefore, 

reflecting in their lack of skills in implementing the knowledge. Such problem is considered significant 
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because it may cause the student teachers to create imbalance between content and pedagogy which may 

result in the student teachers’ focus solely on contents with no regard on the learners’ process of 

learning, thus, becoming the teaching of “texts” instead of teaching the learners to acquire “how to 

learn” method. Accordingly, it is necessary to develop the student teachers’ skill in applying their 

knowledge. Also, it is urgent to find solutions to all existing problems. This is because all problems 

affect the educational administration which, in turn, hindering the student teachers to obtain the 

determined knowledge and competence. The determined knowledge and competence which are 

emphasized by the government are vital in training and developing the quality teachers with true 

teachers’ characteristics in order to enlighten the learners, provide practical skills and develop their 

competence (C. Thong-Ard, 2013) As a lecturer of the student teachers program, the researcher is 

interested in exploring the Instructional model of the student teachers to enhance Thai teachers’ 

characteristics in the next decade so as to enable them to acquire knowledge, be competent in learning 

management for child development, engage in self-teaching, and pursue life-long learning scheme. 

MATERIALS AND METHODS 

 This research employed mix methods and was divided into 3 phrases as follows: 

 Phrase 1, the research explored problems and guildlines to develop the Instructional model of 

the student teachers to enhance Thai teachers’ characteristics in the next decade through 2 steps which 

are 

  1. Synthesize documents on teaching approaches, teachers' competency, good teachers’ 

characteristics from texts, and literatures and relevant researches 

  2.  Conduct interviews from 8 experts who possess following qualifications 

   2.1  4 directors or representatives from Chaiyaphum Educational Service Area Office 
   2.2  4 teachers who received Teacher Role Model award and honorary brooches 

 Research tools included 

   1. Synthesize table for the teacher’s characteristics in the next decade under the 

framework of teaching professional development in accordance to Thailand Quality Framework for 

Undergraduate of Faculty of Education in the 21st century. 

   2. Conduct semi-structured interviews using predetermined issues to lead the discussion 

of the experts, at the same time allowing the interviewees to openly share their opinions in every issue 

under discussion. 

 Data Analysis 

 The data retrieved from step 1 was brought into content analysis, complied and considered for 

its relevancy. Then this data was grouped in accordance to the teachers’ characteristics in the next 

decade.  The data from step 2, however was synthesized so as to find important issues concerning 

guidelines on development of the Instructional model of student teacher to enhance Thai teachers’ 

characteristic in the next decade for the second phrase of research. 

 Phrase 2, the researcher created and developed the Instructional model of the student teachers 

to enhance Thai teachers’ characteristics in the next decade. 

 The researcher drafted Instructional models based on the information derived from the 

synthesis in step 1 as follows: 

 1. Drafting the Instructional model of the student teachers to enhance Thai teachers’ 

characteristics in the next decade 

  1.1 Synthesis of the document in phrase 1 included complete report on a number of 

researches such as A Study on the Trend of Characteristics of Thai Teachers in the Next Decade (B.E. 

2562) (C. Sompongdham, et. al., 2010), Characteristics of Thai Teachers in the Next Decade 
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(A.D.2017-2026) (W. Langka, 2017), 10 Characteristics of American Great Teacher and 10 

Characteristics of Australian Great Teacher by Queensland Government, (P. Siritarangsri, (2014); T. 

Laohacharasseang (2013);  J. Piyawat (2013); K. Srathongnium (2013); S. Yeamnun (2011), Indicators 

for Desirable Characteristics of Teachers in Accordance with Regulations on Educational Standard of 

Indicators for External Assessment including 4 standards with 12 indicators issued by the Office of the 

National Education Commission. The Gazette published by Ministry of Education on Thai 

Qualifications Framework for Undergraduate of Education Program (Five-year curriculum) (the 

Government Gazette, 2001). The Ten New Principles for the Evaluation of Teacher on Professional 

Standard for A Renewal of Professional Practice License. Standard Equivalent to Advanced Diploma of 

National Board for Professional Teaching Standards, 6 Characteristics Based on Advanced Skills 

Teacher Standards of the United Kingdom, World Conference on Higher Education in the Twenty-first 

Century at Paris (1998).  Enhancing Quality of Thai Teacher in the Twenty-first Century (2014), the 

Gazette of the Committees of the Teachers Council on Knowledge, Content of Knowledge , Proficiency 

and Professional Experience under Regulations of the Teachers Council Concerning Professional 

Standard (2013), Basic theories which were used to draft the Instructional model included 

Constructivism, Research Based Learning, Professional Learning Community (PLC), Contemplative 

Education and processes of Coaching and Mentoring. 

   1.2 To draft the Instructional model to enhance Thai teachers’ characteristic in the next 

decade, the researcher applied teaching model of J. and W. (2009) which comprises 1) orientation to the 

model including goal, assumption, major concept which are the basic model of teaching, 2) processes of 

syntax or phases which is the sequences of teaching activities, 3) social system or social interaction 

which provides an explanation on role of teachers and leaners, 4) principle of reaction concerning the 

way in which the teacher would respond to the learner’s action such as giving reward or creating casual 

atmosphere without any evaluation, and 5) Support System giving the learners conditions or necessaries 

to effectively implement the Instructional model. 

  1.3 Relevancy of the Instructional models were examined by 9 experts divided into 3 groups  

    1.3.1  3 university lecturers who possess following qualifications 

     1) Teach in higher education level 

           2) Obtain an academic title of assistant professor or higher 

     3) Receive a diploma in Curriculum and Instruction or related fields 
    1.3.2  3 teachers who taught in basic educational level who possess following 

qualifications 
     1) Teach in basic educational institution for 10 years or more 

     2) Obtain academic title of expert level teachers 

     3) Receive Master’s degree or higher  

    1.3.3 3 experts on learning and teaching management who possess following 

qualifications 

     1) Possess knowledge and competence recognized in higher education level 

     2) Obtain an academic title of associate professor or higher 

     3) Receive a diploma in Curriculum and Instruction or related fields 

   1.4 To evaluate the appropriateness and feasibility of the Instructional models, 

components of the models were compiled and made into 5 point rating scale questionnaire. Then the 

questionnaires were distributed among 3 groups of experts to evaluate the suitability and feasibility of 

the components and processes of the Instructional model of the student teachers to enhance Thai 

teachers’ characteristics in the next decade. 
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   1.5 The results were then analyzed and revised in accordance with the experts’ advises, 

and then a manual for Instructional model of the student teachers to enhance Thai teachers’ 

characteristics in the next decade was drafted. The drafted instructional manual was tried out with the 

student teachers majoring in General Sciences during second semester of 2017 academic year who 

enrolled in Internship 1 Course code 1008402. The results gained from this pilot study would be 

analyzed, revised and finally applied to the sampling groups.  

  2. Instructional model  

   Population and samples  

   Population in this study was 3 groups of 65 student teachers. The students were in their 

4th year of study majoring in General Sciences and enrolled in Internship 2 Course code 1008402. 

   Samples in this study were 2 groups of 44 student teachers. The students were in their  

4th year of study majoring in General Sciences and enrolled in Internship 1 Course code 1008503. The 

research took place during second semester of 2012 academic year. The sample groups were selected 

through drawing, and then these 2 groups were divided into a controlled group of 22 students and an 

experimental group of 22 students. 

   Methodology 

    In this phrase, the research adopted true pattern 3 of true experimental design known as 

Randomize Control -Group Pretest-Posttest Design (M. Ninpan, 2012) as shown in Table 1. 

Table 1 Pattern of research known as Randomize Control -Group Pretest-Posttest Design. 

Group Pre-test Experiment Post-test 

RE TE1 X TE2 

RC TC1 *X TC2 

     R    2 groups of students were randomly selected 

     E    an experimental group taught with the Instructional model of the student 

teachers to enhance Thai teachers’ characteristics in the next decade 

     C    a controlled group with regular teaching 

    TE1, TC1 both groups were tested with learning achievement test 

     X   the students were taught with the Instructional model of the student teachers to 

enhance Thai teachers’ characteristics in the next decade 

       *X  Regular teaching 

    TE2, TC2 both groups were tested with learning achievement test 
     1. In order to prepare readiness, the researcher informed of objectives and enlightened 

university supervisors, mentor teachers, administrators, and the student teachers of notions, theories, and 

principles concerning development of Thai’s teachers’ characteristics in the next decade under the 

project “Learning management to enhance Thai teachers’ characteristics in the next decade”. 

     2. The 2 groups of the student teachers were tested with learning achievement test and 

Thai teachers’ characteristics in the next decade test. 

     3. The researcher followed processes of the Instructional model of the student 

teachers to enhance Thai teachers’ characteristics in the next decade to the control group using Coaching 

and Mentoring process together with process of Contemplative education. In addition, weekly meeting 

based on the idea of PLC was held among groups of supervisors, mentor teachers, and the student 

teachers. Each meeting lasted approximately 3 hours during the initial session the students’ internship. 

    Research tools included 1) the learning achievement test for Internship 1 which was a 

60-item multiple choice test with 4 options for each question, 2) Thai teachers’ characteristics in the 
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next decade test which comprised 5 aspects namely knowledge and experience, teaching 

professionalism, learning and teaching management, morals, ethics and codes for teachers, and 

innovative and information technology. The latter test was a 60-item multiple choice test with 4 options 

for each question, along with spirituality of teachers test and skills and competence evaluation test 

which were 5 point rating scale. The tests were evaluated by the experts who assess their 

appropriateness, and then the tests were applied to the pilot group of the study. After that, the test items 

which were qualified in accordance with standard appropriate item difficulty were test for reliability. As 

a result, the learning achievement test received 0.82 and the teachers’ characteristics in the next decade 

test received 0.76 for the reliability. 

   For data analysis, the researcher analyzed the data from scores from the teachers’ 

characteristics in the next decade test and the learning achievement test using t-test. Moreover, teaching 

evaluation in educational institution and the teachers’ characteristics in the next decade test were 

analyzed using percentage. 

Phrase 3, the researcher confirmed and presented the Instructional model of student teacher to 

enhance Thai teachers’ characteristic in the next decade through following processes: 

  1. Focus group discussions were conducted in order to confirm and evaluate the Instructional 

models from new groups of experts who shared similar qualifications as follows 

  1.1 Three university lecturers who possess following qualifications 

   1) Teach in higher education level 

         2) Obtain an academic title of assistant professor or higher 

   3) Receive a diploma in Curriculum and Instruction or related fields 
  1.2 Three teachers who taught in basic educational level who possess following 

qualifications 

   1) Teach in basic educational institution for 10 years or more 
   2) Obtain academic title of expert level teachers 

   3) Receive Master’s degree or higher 

  1.3 Three experts on learning and teaching management who possess following 

qualifications 

   1) Possess knowledge and competence recognized in higher education level 

   2) Obtain an academic title of associate professor or higher 

   3) Receive a diploma in Curriculum and Instruction or related fields 

  2.  Revision in accordance with the experts’ was made, then the completed version of 

Instructional model of the student teachers to enhance Thai teachers’ characteristic in the next decade 

was presented. 

Research Findings 

 The research results of phrase 1, the study of problems and guidelines to develop Instructional 

model of the student teachers to enhance Thai teachers’ characteristics in the next decade was revealed 

in Table 2. 

 The research results of phase 2: Creating and developing Instructional model of student teachers 

to enhance Thai teachers’ characteristics in the next decade.  

The results revealed that: 

  1. The results of creating the Instructional model to enhance Thai teachers’ characteristics in 

the next decade consisted of 4 components: 

   1) The introduction of the model 

     The student teachers who will be the successful teachers in the future must have the 

Thai teachers’ characteristics in the next decade which can be practiced.  
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Tabler2 Synthesis of problems and practical guidelines for the Instructional model Design. 

Components of Instructional models Practical Guidelines 

1. Explore problems and guidelines to 

develop Instructional models 

1. Principles, objectives and desirable competence are 

determined based on basic information retrieved from the 

synthesis of problems and needs in step 1. 

2. Determine content of knowledge 

necessary for enhancing Thai 

teachers’ characteristics in the next 

decade 

 

3. Organize activities and experiences 

 

2. Select content of skill for practice and potential of the 

student teachers in accordance to the professional 

experience standard published in the Gazette of the 

committees of the teachers councils concerning knowledge, 

proficiency and professional experience of practitioners of 

the teaching profession in accordance with Professional 

Standards B.E. 2556  

3. Arrange Contemplative education and the processes of 

Coaching & Mentoring, PLC in relevant to notions and 

principles of Learner-centered Approach in 3 steps 

     3.1) A meeting in educational institutions should be held 

among involving bodies namely school administrators, 

mentor teachers, the student teachers, educational 

supervisors prior to the internship begins so as to inform 

processes and details of Instructional model. 
     3.2) During the internship in the educational institutions, 

GPMA Model is applied as follows 

          3.2.1) Goals clarified   

          3.2.2) Practice  

          3.3.3) Concluding and Applying Organize PLC for the 

student teachers 

     3.3) After the internship, the student teachers are to 

present their projects.  
4. Organize the evaluation 4. Arrange the evaluation considering the learning goal to 

enhancing Thai teachers’ characteristics in the next decade. 

   The guidelines are as follows: 

     4.1 evaluate by the supervisors during teaching  

     4.2 evaluate by the stakeholders after teaching 

    The goals of the model 

     To enhance Thai teachers’ characteristics in the next decade 

    Assumption 

     The supervisors, student teachers, school administrators, and mentor teachers need to 

cooperate in working and learning together. They need to realize their roles and cooperate to each other 

with geniality. 

    Major Concept 

     Learning through the process of spiritual education and field experience with 

Coaching and Mentoring, PLC, Contemplative education will lead to the guidelines for a problem 

solving or innovation approach for Thai teachers’ characteristics in the next decade. 

   2)  The stages of the model 

     2.1 Before internship 

        Conducting the 2-day meetings of stakeholders, including school 

administrators, mentor teachers, supervisors, and student teachers using Contemplative education 
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activities and PLC in order to collaborate, integrate, the learning based on culture with positive 

relationship to the quality of teaching and learning management based on the achievement or 

effectiveness of the students and the happiness on working together of the community’s members. This 

is for informing the PLC process through ICT by gathering the teachers, mentor teachers, student 

teachers, to know about the steps of implementation of the Instructional model to enhance Thai 

teachers’ characteristics in the next decade. The roles of those people are to work together on planning 

the lessons, observation and give comment on the teaching of the student teachers. Repeating the 

activities until getting the new innovation, when they find out the innovation that means the student 

teachers has improved. 

     2.2 During Internship 

       The student teachers apply the steps of the model in their teaching at school.  

The stages of the Instructional model consist of 4 stages as follows: 

       Stage 1: Goals clarified (G) is the stage of the preparation for the knowledge 

and skills. It is the stage that the teachers encourage the students to present his or her experiences and 

activities, analyze the objective learning including the value of the cooperative learning. The lecturers 

work as a supervisor and a consultant. 

       Stage 2: Presenting of knowledge and skills (P) is the stage that the student 

teachers learn the content and essential skills through various methods, for example, demonstration, 

situational confrontation, studying from the media and learning resources. The lecturers work as a 

supervisor and a consultant. 

       Stage 3: Practicing (P) is the stage that the student teachers practice through 

various activities and the teachers will be the coaches to monitor and give the advice to the students, 

reflect on thinking and give feedback. For classroom management, there will be lecturers, supervisors in 

the school as coaches and counselors. They will be the observers and after their observation the 

lecturers, students, and mentor teachers will reflect their thinking and feedback about those of the 

activities they had together. 

       Stage 4: Conceptualizing and applying (CA) is the stage that the student 

teachers summarize the results and give suggestions with other students and lecturers, mentor teachers 

including analyzing the performance whether it is consistent with the objectives or not and use it as the 

data for the next time. 

    2.3 After Internship 

     Conducting the meeting of the stakeholders to evaluate the teaching practice of the 

student teachers. 

   3) The assumption of applying the Instructional model 

     Stakeholders, such as the school administrators and mentor teachers, realize and 

cooperate in practicing with coaching and mentoring, observing, reflecting and giving feedback to the 

student teachers. The student teachers plan the lessons, the assessment methods for students’ 

development, the teaching leaning process on child-centered. They are working as facilitators for the 

students and being self-knowledge learners, independent thought person, learning with happiness and 

evaluate the student with an authentic assessment. 

   4) Support system 

     The teacher colleges, school administrators, mentor teachers, community leaders and 

lecturers give the precedence to teach experience of the student teachers by providing the facilities for 

the student teachers.  



 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 

483 

 2. The results of the appropriation evaluate by the experts, found that the concept and theory of 

the model’s development were appropriate at a high level (= 4.32, S.D.= 0.44) and the components of 

the Instructional model was appropriate at a high level (= 4.28, S.D.= 0.12). 

 3. The results of implementing the Instructional model was shown in Table 3-4. 

Table 3: The comparison of Thai teachers’ characteristics in the next decade of control group and   

                experimental group before and after using the Instructional model. 

Thai teachers’ characteristics 

in the next decade 

Number of 

Students 

Total 

scores 
x  S.D. t 

Control Group Before implementing the model 22 60 29.77 2.56 
11.20* 

After implementing the model 22 60 41.86 4.01 

Experimental Group Before implementing the model 22 60 29.27 2.64 22.51* 

After implementing the model 22 60 49.45 2.68 

** Significant at .05 levels. 

  The student teachers in the experimental group taught by the Instructional model of student 

teachers to enhance Thai teachers’ characteristics in the next decade and the student teachers in control 

group had the characteristics after teaching significantly different at .05 levels. And when considering 

the mean scores, it was found that the mean scores of the student teachers in the experimental group 

higher than those in the control group. It was shown in table 3. 

Table 4: The comparison of Thai teachers’ characteristics in the next decade of the student teachers in 

each aspect. 

Thai teachers’ characteristic 

in the next decade 

Total 

Scores 

Before 

implementing 

the model 

After 

implementing 

the model t 

x  S.D. x  S.D. 

1. Knowledge and professional experience 10 3.41 0.85 7.55 1.10 15.11 

2. Teacher qualification 10 3.41 0.90 8.14 1.24 14.04 

3. Teaching and learning management 14 7.45 0.91 10.91 1.23 10.35 

4. Moral and Ethics 12 6.68 0.99 11.00 1.15 12.31 

5. Innovation and technology 14 8.32 0.89 11.86 0.88 12.79 

Total 60 29.27 2.64 49.45 2.68 22.51 

 The student teachers had mean scores on Thai teachers’ characteristics in the next decade before 

and after implementing the model significantly different at .05 levels. The mean scores after 

implementing the model was higher than before implementing the model as shown in Table 4. 

The research results of phrase 3: Confirmation and presentation of the Instructional model of student 

teachers to enhance Thai teachers’ characteristics in the next decade were as follows: 

 The results of focus group discussion by the experts. 

  1) Most experts agreed with the Instructional model and the implementation of the 

Instructional model in developing Thai teachers’ characteristics in the next decade. It has been 

successfully implemented and tested for General Science student teachers. The student teachers are 

satisfied with the results. This can be applied to other subjects. 

  2) Most experts agreed to the appropriateness of the components of the Thai teachers’ 

characteristic in the next decade in 5 components that were: 1) knowledge and professional experience; 

2) teachers qualification; 3) teaching and learning management; 4) morality and ethics, and 5) 

innovation and technology. The experts also commented that there should be the evaluation on the 
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spirituality of teachers and teachers’ skills and proficiency of the student teachers in accordance with the 

standard of Bachelor’s degree of Education Program, the Faculty of Education. 

  3) Most experts agreed that the importance of implementing the Instructional model was the 

stages of the model. The stakeholders who involved in the activities such as supervisors, mentor 

teachers, school administrators and student teachers should be clearly defined the roles in each activity. 

There should be the evaluation of the effectiveness of the Instructional model and the satisfactory of 

student teachers on the Instructional model. 

  4) Most experts agreed with the holistic of the Instructional model of the student teachers to 

enhance Thai teachers’ characteristics in the next decade that it had the appropriateness at a high level 

and could be applied in producing and developing teachers. 

DISSCUSSION 

  1. The conducted Instructional model had 4 components; 1) the introduction of the model such 

as the goal of the model, assumption, important concept. 2) the stages of the model consist of 2.1) 

before internship 2.2) during internship with the learning and teaching process called GPCA Model such 

as 2.2.1) goal clarified, 2.2.2) practice, 2.2.3 concluding and applying. 2.3) after internship. 3) the 

condition of using the Instructional model and 4) the support system. The results of the appropriateness 

was at a high level ( x = 4.32, S.D.= 0.44) the component of the Instructional model had the 

appropriateness at a high level ( x = 4.28, S.D.= 0.12). This may be due to the application of the 

teaching style of Joyce and Weil (2009) with the following components: 1) orientation of the model 

consists of goal, assumption, major concept that is the basic of the Instructional model. 2) stages of the 

Instructional model which was sequenced the activities in each step of teaching and each model had the 

different number of steps. 3) social system descript the role of teachers and students. 4) principle of 

reaction tell how the teachers should interact or response to the students acting. It may be rewarded, 

create the free atmosphere without right or wrong. 5) support system; that was the assumpsion or the 

essential on implementing the Instructional model effectively. The researcher synthesized the 

documents, the research on Thai teachers’ characteristics in the next decade of J. Sompong and friends 

(2010) who studied the trend of Thai teachers’ characteristics in the next decade (2019), Thai teachers’ 

characteristic in the next decade of Wilailuk Langa (2018) and the competency and professional 

experience of teacher toward the regulations of the Teachers Council with professional standards (2013) 

to conduct the Instructional model of student teachers to enhance Thai teachers’ characteristic in the 

next decade (A.D. 2018-2026) Chaiyaphum Rajabhat University which was evaluated the consistency of 

the model with the theory, stages of the model by the experts. This was affecting to the quality of the 

Instructional model and could be used in the real situations and this result was consistent with the 

research of Ratchanok Sophapis (2011) on the development of the experience readiness preparation 

model for tourism management students and the results revealed that the conducted model called 

EDCATOPPPP Model. The components of the model were concept that focused on developing the 

students to be quality persons within physical, mental and social well-being, gain the ability for service 

mind and be well adjusting to the changing world. The objective of this model was to develop the 

students in Tourism Management Program to be ready for the internship. The readiness for internship 

consisted of 3 parts: attitude, characteristics and behavior, knowledge and skills, learning techniques and 

assessment. The stages of the learning and teaching management in class had 4 steps: 1) experience: 

Eppp, 2) discussion: Dppp, 3 conceptualization: Cppp, and 4) application: Appp. outside the class in 3 parts: 

1) study tour :Tppp, 2) observe: Oppp, and 3) practice: Pppp and the effectiveness of the model was  

85.93/89.07 and was higher than  the criterion 80/80. 

  2. The results of the development on the Instructional model to enhance the Thai teachers’ 

characteristics in the next decade was found that the experimental group taught by Instructional model 

enhance Thai teachers’ characteristics in the next decade and control group were significantly different 

at the .05 levels. The mean scores of the experimental group were higher than those in the control group. 

This may be because the model was conducted with the systematical process. The researcher studies the 

documents, concept of the curriculum of new generation teachers’ production (P. Sinlarat, 1999; S. 

Wattanawong, 1995) noted that the general characteristics of the 21st century in higher education of 

Education Program of the Faculty of Education. The students were enthusiastic and ideological persons 
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and interested in what they want to know. They wanted to be accepted from their friends, lecturers, and 

societies, be self-directed learners and always interested in life and environment then teaching and 

learning management should be aligned with the needs of students in the field of education and should 

be linked to their experiences and contexts. In the stages of the Instructional model the researcher 

integrated the learning and teaching process with Coaching and Mentoring, PLC among supervisors, 

mentor teachers, student teachers and this is affecting the student teachers’ constructivism and the Thai 

teachers’ characteristic in the next decade. It was consistent with the research of K. Chaowatthanakun. 

(2010) who studied on the development of a mentoring model for enhancing competency in teaching 

and conducting classroom action research for pre-service Mathematics teachers. The result indicated 

that the students learning achievement outcome from Mathematics student teachers, before and after the 

implementation of the model were statistically significant differences at the level of .05. And the mean 

scores after studying were higher than before studying. In practicing teaching in the schools and Thai 

teachers’ characteristics in the next decade they need to know 5 components: knowledge and 

professional experiences, teacher qualifications, learning and teaching management, moral and ethics, 

and innovation and technology to apply them with PLC. 

 3. The student teachers had the achievement mean scores of the Internship 1 Course and Thai 

teachers’ characteristics in the next decade before and after implementing the model differently 

significant at .05 levels. The mean scores after the implementing the model were higher than before.  

This may be because of its model could develop the student teachers’ understanding about the 

professional teaching (R. Chaichaowarat, 2016) in order to help the student teachers, mentor teachers in 

the schools grouping and creating value, sharing responsibility for the learning of the learners, observe, 

comment and reflect their teaching by supervisors, mentor teachers who will work as counselors, 

Coaching and Mentoring by Contemplative education, give advice to the student teachers so that they 

can understand and conduct their own knowledge, learning through the real situations, observing and 

practicing teaching, giving the opportunity to develop them at their high potentiality. It could confirm 

that because the student teachers were able to set their own learning issues. They had the ability on 

thinking skills, analyzing, the ability of self-directed learning, had the responsibility, the mean scores on 

achievement in the course of Internship 1 and Thai teachers’ characteristic in the next decade higher 

than before implementing the model.  This is consistent with the research results of S. Charoenchim and 

K. Chaowattanakul (2012) studies on the research model of behavioral development in teaching and 

learning focused on child-centered of the student teachers. It was noted that before and after using the 

model the student teachers had the knowledge about child-centered instruction model significantly 

different at .05 levels. After using the model, the mean scores were higher than before using the model. 

The aspect of instruction management, the student teachers had the ability to manage learning and 

teaching activities, they had improved their ability to manage child-centered learning. They had the 

attitude on child-centered learning management before and after using the model differently significant 

at .05 levels. The mean scores after using the model were higher than before using the model. 

 4. The evaluation of the Instructional model of the student teachers to enhance Thai teachers’ 

characteristics in the next decade had the appropriateness at the high level. This may be because the 

model was developed through a systematic development process by studying the documents, concept 

and theory in new generation of teachers that focused on 21st century these were a longer learning period 

by practicing professional teachers, applying knowledge in teaching, research and development 

presenting to the institutions and the public in 1 year. The education for producing the student teachers 

should have the standards in accordance with professional standards with the knowledge, intelligence, 

teaching ability and moral and ethics and it was consistent with S. Thanaphatchottiwat. (2013) studied 

on the development of a model of teacher professional experience to promote teachers’ characteristics in 

the 21st century. The result noted that the model had 5 components: the introduction of the model, basic 

theory, principle, objective, and teacher professional experience to enhance the teachers’ characteristics 

in the 21st century. In the components of teacher professional experience to promote the 21st century 

teachers’ characteristics were composed of 4 parts: stage, goal, project/activity and evaluation. The 

result of evaluation of the appropriateness and coverage of conceptual framework and desirable 

teachers’ characteristics evaluated by three educators and school administrators, they agreed that the 

model was appropriate and comprehensive. The results of the assessment of the appropriateness of the 

professional experience by 8 experts in overall agreed to the appropriateness at the highest level 
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(Md.=4.54). The results of the appropriateness evaluated by the lecturers at the Faculty of Education 

who had the accountability on professional experience management, the result showed that the model 

was appropriate at the high level (x = 4.35, S.D. = 0.71). 

CONCLUSION 

 1. The conducted Instructional model consists of 4 components: 1.1) concept of the model namely 

the goal, assumption, major concept 1.2) the stages of the model consist of 3 stages: 1.2.1) before 

internship 1.2.2) during internship use GPCA model: 1) goals clarified 2) practice 3) concluding and 

applying 1.2.3) after internship 1.3) the condition of apply using the Instructional model and 1.4) 

support system. 

 2. The comparison of the students in the experimental group who is taught by the Instructional 

model of the student teachers to enhance Thai teachers’ characteristics in the next decade and the 

control group who is taught by the normal instruction had the learning achievement outcomes in the 

course of Internship 1 and Thai teachers’ characteristics in the next decade significantly different at .05 

levels. The mean scores of the students in the experimental group are higher than the control group. 

 3. Before and after using the Instructional model, the student teachers had the achievement 

learning outcome mean scores of the in the course of Internship 1 and the Thai teachers’ characteristics 

significantly different at .05 levels. The mean sores after using the instruction model were higher than 

before using the model. 
 4. The evaluation of Instructional model of the student teachers to enhance Thai teachers’ 

characteristics in the next decade had the appropriateness at the high level. 

Recommendation 

 1. Recommendation for applying the research results 

     1.1 There should be cooperation among relevant persons through Contemplative education 

activities. 

     1.2 There should be an enrichment of knowledge for the student teachers by using academic 

activities and teaching practicum experiences such as the intensive training on teacher standards, group 

activities on presenting teaching before they go to the internship. 

     1.3 There should have an indoctrination of morals and ethics for the student teachers by using 

the activities to support teacher characteristics before they go to the internship. 

 2. Recommendation for further research 

     2.1 There should be a study on other characteristics of Thai teachers such as the spirituality, 

skills, and proficiency of the teachers. 

     2.2 There should be a study on the satisfaction of the student teachers towards the 

instructional model to enhance Thai teachers’ characteristics in the next decade. 

     2.3 There should be an application of the instructional model to enhance Thai teachers’ 

characteristics in the next decade with the other student teachers in different branches both in 

Chaiyaphum Rajabhat University and others university. 
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Abstract 

 This study is a mixed-method research study between quantitative research and qualitative 

research.  In qualitative research, in-depth interview was employed with 1 0  Chinese tourists that 

travelled to Mae Taeng Elephant Park, 5  staffs in Maetang Elephant Park and 1  executive.  The 

quantitative research was conducted by using a questionnaire with 4 0 0  Chinese tourists that 

travelled to Mae Taeng Elephant Park.  Fundamental quantitative data were analyzed with 

descriptive statistics while qualitative data was analyzed with content analysis techniques and 

estimation of causal influence in structural model with deductive statistic with parameter technique 

of Maximum livelihood. 

The findings reveal that Chinese tourists had opinions towards Maetang Elephant Park as 

follows. They mostly travelled with travel agencies and received information from travel agencies. 

The majority visited here for the first time.  Services the tourists mostly selected was elephant 

performance followed by riding elephant or cart, visiting tribal villages, rafting and playing zip line, 

respectively. Tourism activities that the tourists were most impressed was elephant riding followed 

by elephant performance, tribal village visiting, rafting, cart riding and zip-line playing, 

respectively.  The factors that influenced customer’ s loyalty of Mae Taeng Elephant Park Visitors 

with statistical significance at 0.05 were ( 1)  customer expectation, ( 2)  customer satisfaction, ( 3) 

customer’s value perception, (4) customer’s quality perception with causal influence of 0.84, 0.68, 

0.54 and 0.41, respectively. 

Recommendations in the research are (1) constructing good customer’s expectation; in other 

words, creating good feeling and having experience with elephants to bring enjoyment and safety as 

well as excitement. (2) Satisfying customers that use service; services with which the customers are 

pleased and impressed are elephant performance, elephant riding, cart riding, tribal village visiting 

and zip line playing. (3) creating the perception of quality to customers, that is, 1) product: 

emphasizing quality of service quality including elephant performance, elephant riding, cart riding, 

tribal village visiting, rafting and zip-line playing, 2) facility: maintaining naturalness of the place 

with clean toilets, clean dining room and convenient parking space, 3) price: determining 

reasonable price, 4) sale promotion: including travel agencies and online sale promotion and 5) 

service: staffs providing services with honesty, hospitality and politeness and can give advices when 

the tourists have a problem. They also need to provide fast service and reliable security system. 

Keywords: Brand Loyalty, Customer Satisfaction, Customer Complaints, Perceived Val. 

INTRODUCTION 

Tourism is a part of service sector that plays an essential role in driving and restoring 

economy of Thailand and it is regarded as high potential sector. In 2015, 29.8 million foreign 

tourists travelled to Thailand bringing income for 1.2 trillion Baht. Among these people were 

tourists from East Asia, with increasing amount of 66.50% resulted from the rapid increase of 

tourists from China and Malaysia, around 2.9 and 3.4 million people respectively (Department of 

Tourism, 2015: Online).  
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It is undeniable that Chiang Mai is a scenery town that tourists all over the world dream to 

visit at least once in their lifetime. After the movie “Lost in Thailand” (shot at the outstanding 

location of Chiang Mai) was released in China in 2012, the behavior of modern Chinese tourists 

changed as they desired to visit Chiang Mai for different reasons: one was to follow the movie, 

while another was Chinese government allowing travel to Thailand. In 2015, Chinese tourists 

visited Thailand roughly in amount of 2.8 million people (Department of Tourism, 2015: Online). 

Most appealing tourist directories in Chiang Mai included historic sites (for example: Doi 

Suthep Temple, Prasing Temple and Chiang Mai City Gate etc.) or events like animal shows 

(Chiang Mai zoo, Night Safari etc.). Traditional tourist activities such as walks, visiting city’s 

downtown, Chiang Mai city hall, markets, food centers, observing multiple cultural performances 

etc. were very popular as well. Finally, travelling to natural locations: waterfalls and geysers, 

Mountain or health-related venues such as SPAs, traditional Thai massages etc. Nonetheless, 

Elephant Camp in Chiang Mai is one of the most popular location for Chinese tourists. There are 4 

large Elephant Camps that provide services of elephant riding and elephant shows - Mae Taeng 

Elephant Camp, Mae Sa Elephant Camp, Chokchai Elephant Camp and Maetaman Elephant Camp. 

Among these, Mae Taeng Elephant Camp is most famous in Chinese tourists’ opinion, especially 

since it was used in “Lost in Thailand” movie and additionally it also have good marketing 

strategies. Mae Taeng Elephant Camp is quite sizable camp with 98 elephants, 521 employees (383 

regular employees and 188 part-time employees). From around 520,000 tourists visiting this site, 

20% of this amount are Chinese tourists - in 2015 it was 364,000 tourists; the remained include 

Malaysian, Korean and Middle Eastern tourists. Mae Taeng Elephant Camp provides elephant 

shows, elephant riding, ox-cart riding, rafting, most famous Chiang Mai Zip line and living in 

traditional, tribal house. Undoubtedly, Mae Taeng Elephant Camp has been extremely successful in 

operating tourism business for years and because of that it has been awarded by Department of 

Tourism “Excellent Elephant Camp” for last 5 years. Furthermore, it also holds high standard in 

various tourist assets including prizes for Best Tourist Attraction and 5-star Halal Restaurant. The 

impact on local community was undoubtedly enormous, as Mae Taeng Elephant Camp employers 

around 521 people (mahouts, workers, cooks and officers) who create monthly value of 

employment approximately 84 million Baht. Additionally, benefits are shared with tourist and travel 

agencies within around 500 million Baht/year and Mae Taeng Elephant Camp pay government 

taxes at least 100 million Baht/year (Boontha Chailert, 2016: interview). 

Based on the data above that the business of the Mae Taeng Elephant Park has an impact on 

the economy and tourism of the in Chiang Mai province. Creation employment in the community 

And create a good image of the tourism industry. Which The factors that will affect the success of 

Mae Taeng Elephant is the quality of service that result in children born after fulfillment services 

create value in the eyes of consumers. The three factors that contribute to customer satisfaction and 

the customer has no reason to complain. As a result, customer loyalty. 

It is decided that to provide successful strategy of developing tourist attractions in other 

Elephant Camps in Thailand, customer loyalty must be reached, especially with Chinese Tourists. 

Studying should be held on causal influence of tourists’ expectations, perceived quality, perceived 

value, satisfaction and complaints, based on research in Mae Taeng Elephant Camp. The research 

would be used as information for Elephant Camp entrepreneurs in Chiang Mai to define strategies 

that will flourish in successful business. 
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Objectives of the Study 

1. To study Chinese tourists’ expectations, quality perception, value perception, satisfaction, 

complaint and loyalty toward Mae Taeng Elephant Park in Chiang Mai province. 

2. To study the Causal Influence of Expectations, Perceived Quality, Perceived Value, 

Satisfaction and Complaints of Chinese Tourists to the Loyalty of Mae Taeng Elephant Park, 

Chiang Mai, Thailand. 

Expected benefits 

 1. The discovery from this research is used as an information for Mae Taeng Elephant Camp 

and elephant camp entrepreneurs in Chiang Mai Province to improve service for better quality and 

to provide customers satisfaction and assure their loyalty. 

           2. The discovery from this research is used as information for the government to strategize 

standard development for Elephant Camp management in Thailand. 

Scope of the Study 

 This research is scoped as follows: 

1. Content scope: the research focuses on causal influence of expectations, quality perception, 

value perception, satisfaction, complaint of customers on loyalty of Chinese tourists toward Mae 

Taeng Elephant Camp in Chiang Mai Province. 

2. Population Scope: population in this research includes Chinese tourists who visit Mae Taeng 

Elephant Camp in Chiang Mai Province. 

3. Term content: this research takes 1 year from October 2016 to October 2012(The data collected 

only in high season). 

Conceptual framework 

 

Future F. Conceptual framework of research.  
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Research Hypothesis 

The Factors Influencing Chinese Tourists to the Loyalty of Mae Taeng Elephant Park, 

Chiang Mai, Thailand are Customer Expectations, Customer Perceived Quality, Customer 

Perceived Value, Customer Satisfaction and Customer Complaints. 

MATERIALS AND METHODS 

Research is a mixture of quantitative research and qualitative research. Research is a mixture 

of quantitative research and qualitative research. In the qualitative research, there were In-depth 

interview with group of 10 Chinese tourists visiting MaeTaeng Elephant Camp, and In-depth 

Interview with 5 Employees and 1 Owner of Tang Elephant Camp. In the Quantitative research was 

used the Questionnaire to collect data from 400 Chinese tourists visiting Mae Tang Elephant Camp. 

Analyze of data about opinions of Chinese tourists is done with descriptive statistic including 

frequency percent arithmetic and standard deviations. And Analysis of causal influence is done with 

inference statistics such as path analysis with the inference statistics Maximum likelihood. And 

analyze of qualitative data employed content analysis. 

RESULTS AND DISCUSSION 

The research on “The Causal Influence of Expectations, Perceived Quality, Perceived Value, 

Satisfaction and Complaints of Chinese Tourists Loyalty of MaeTaeng Elephant Park, Chiang Mai, 

Thailand” consists of following results discussion. 

 Loyalty of Chinese customers, according to the study, was found that most Chinese tourists 

that visited MaeTaeng Elephant Camp strongly agreed to loyalty to MaeTaeng Elephant Camp with 

mean opinion score of 3.86. They identified that after using services of MaeTaeng Elephant Camp, 

they have shared or wanted to share their excitement and impression with other persons with top 

high mean score at 3.89 followed by future word-of-mouth sharing that they would recommend 

their acquaintances to use services at MaeTaeng Elephant Camp with mean score 3.88. The lowest 

mean was 3.88, which belonged to opportunity to return to use services of MaeTaeng Elephant 

Camp. This point is consistent with the literature review that the customers will repurchase products 

and services of any brands because they have brand loyalty. Brand loyalty is a result of post-

consumption evaluation, which can be explained by the concepts about consumer behavior as 

actions of persons related to decision on selecting, buying and using products or services to respond 

their needs. Customer loyalty is true determination of customers to repurchase products and services 

they are fond of regularly in the future. Although there are changes in situations and marketing 

attempts, they will not affect such customers to change their behavior in buying products or services 

of other brands. Simply speaking, it is the bond customers have with products and services or 

brands which can be measured from willingness, patronage and recommendation (Anuwat Songsom 

et. el, 2012). 

However, brand loyalty also depends on different factors. The study result was found that factors 

influencing customer loyalty of visitors of statistical significance at 0.05 ranked in order of causal 

influence included customer’s expectation, customer’s satisfaction, and customer’s value 

perception, customer’s quality perception with causal influence of 0.84, 0.68, and 0.41, 

respectively. Other points of discussion are as follows. 

1. As to customer’s expectation, the findings reveal that Chinese tourists that visit Mae 

Taeng Elephant Camp had expectation before going to Mae Taeng Elephant Camp. That is 

expectation to have good feeling, expectation to have experience with elephants, expectation of 
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enjoyment and safety and expectation of excitement, respectively. Customer expectation will 

determine customer’s satisfaction. If a customer has high expectation and service is provided 

meeting his/her expectation, he/she will have high satisfaction. However, if the expectation is not 

responded, it will cause extreme dissatisfaction. This point is consistent with Sukhothai 

Thammathirat Open University (2540:18) identifying that expectation of service users is that when 

service users contact any service organizations or businesses, they will expect to access any service. 

The service providers need to perceive fundamental expectation and know how to survey specific 

expectation of service users to respond service meeting their expectation. This will bring highest 

satisfaction or impression if service is provided beyond expectation. Therefore, Mae Taeng 

Elephant Camp should provide services that respond expectation of Chinese tourists in at least 5 

terms including expectation of strange feeling, expectation of having experience with elephants, 

expectation of enjoyment, expectation of safety and expectation of excitement, respectively. 

2.Customer Satisfaction: Piti Tantakasem (2003), Claes Fornell, et, el.,1996) and Gorson 

(2546, page 20) defined satisfaction that customer satisfaction happens with products or services 

meet the needs or exceed expectation of customers. Quality means anything with which the 

customers are satisfied and always mention when they use products or services. The results 

discovered that Chinese tourists that visited Mae Taeng Elephant Camp mostly agreed to being 

satisfied when visiting Mae Taeng Elephant Camp with average score at 3.78. They received 

service that met their needs as high satisfaction the most with mean opinion score of 3.81 followed 

by receiving service of Mae Taeng Elephant Camp that exceeded their expectation with mean 

opinion score of 3.24. Conclusively, Chinese tourists that visit Mae Taeng Elephant Camp were 

highly satisfied and the activity they were impressed most was elephant riding accounted for 

62.89% followed by elephant performance, tribal village visiting, rafting, cart riding, and zip-line 

playing accounted for 66.06, 30.55, 29.50, 20.10, and 13.05 respectively. Therefore, if Mae Taeng 

Elephant Camp wants to expand themarket of Chinese people, it should offer services with focus on 

tourists experiencing elephants including elephant riding, elephant performance and elephant 

feeding. 

According to the study of The American Society of Quality (ASQ), it was found that a cause 

making a business to lose customers is that 2/3 of customers stop purchasing products and services 

because they are not satisfied with products and services and staffs lack of care to customers. 

Simply speaking, a company fails in satisfying customers. Meanwhile, the loss of customers due to 

opponents is accounted for only 9% and another 5% is being persuaded/ forced to use other 

products instead. In addition, the researcher found that 68% of customers that turned to use products 

and services of the opponents was because service staffs lacked of care to customers and 14% was 

dissatisfied with products and services provided by the company, 9% was snatched by the 

opponents, 5% was influenced by intimate persons and 1% was dead. 

Furthermore, there were interesting survey findings that the reason why customers select 

any products and services is impression in service and enthusiasm of service staffs accounted for 

50% while reason of technical/ technological expertise is only 7%. On the contrary, to make a 

decision on stopping the purchase of product/ service is because of dissatisfaction in service 

accounted for 40% while only 8% is unreasonable price and quality. It is obvious that to decide 

purchasing or selecting products and service or stopping the purchase/use is mostly due to 

satisfaction with products and services rather than opponent, price and quality r other influential 

factors. If considering this, we will see that in fact, each producer does not directly compete with 

opponents but it is competition with themselves to follow customer satisfaction and to manage such 
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needs. Any companies that have a better system to perceive information of customer satisfaction 

and can handle with complaints immediately will have advantages over competitors and capture 

market shares. The study on customer’s complaints was found that complaints of Chinese tourists 

towards service of Mae Taeng Elephant Camp did not reach 50%. The points that the tourists had 

complaints and suggestions the most was  narrow dining room while there were many tourists 

accounted for 37.3% followed by dirty toilets after service in some periods, scattering souvenir 

shops, dusty road when they rode a cart, no drinking water service point at Long-necked Karen 

Village, unclean life vest in rafting service, inadequate parking space, difficulty in elephant riding, 

elephants being in the sun in elephant performance activity and unnecessary photograph service as 

they had friends to take care of accounted for 31.23, 31.42, 24.80, 21.02, 12.82, 15.42, 12.53, 12.00, 

and 5.02%, respectively. 

Therefore, customer satisfaction is another essential asset of the business. Although 

customer satisfaction is intangible or monetarily measured compared with assets of the business in 

the past that were measurable or tangible, creating customer satisfaction is vital asset that the 

businesses need to gather and strengthen all the time if they want to maintain competitiveness. It is 

also an instrument to assure future profit. The current businesses ten to possess intangible assets 

more and some have intangible asset more than tangible asset. 

Leading businesses that are successful will think that customer satisfaction is leading 

indicators of turnover tendency in the future of the company because considering the overall 

operation from only financial statement is a study of the past and it cannot assure that in the future it 

can sell products. However, if customers are satisfied with products and services, they will 

repurchase the products and services of the company and recommend then to their close people 

resulting in good overall operation and profit of the company and sale forecasting in the future. 

In US case, according to the study report of Michigan University, American Customer 

Satisfaction Index: ACSI is related to indicators of business’s overall operation at business level 

such as Return on Investment (ROI) or Return on Asset (ROA). ACSI is directly variated to both 

factors with statistical significance and has unidirectional relation with value added that the 

business can construct. Whenever there is a report of ACSI, stock exchange will usually respond in 

the same way with the survey result. Moreover, the researcher can calculate customer satisfaction in 

form of market value. 

Factors influencing customer satisfaction for those who used services at Mae Taeng 

Elephant Camp with statistical significance at 0.05 were (1) customer expectation, (2) customer’s 

vale perception and (3) customer’s quality perception with causal influence at 0.88, 0.29, and 0.59, 

respectively. Hence, Mae Taeng Elephant Camp need to emphasize creating customer satisfaction, 

that is, service meeting needs and service beyond expectation by focusing on responding customer 

expectation, developing product and service quality and paying attention to value’s perception of 

customers. 

3. Customer’s value perception (Vper), from the study, was found that Chinese tourists that 

visited Mae Taeng Elephant Camp mostly agreed to value of Mae Taeng Elephant Camp with mean 

opinion score at 3.26. The point that Chinese tourists identified was top value was service rate of 

Mae Taeng Elephant Camp reasonable with quality with mean opinion score at 3.26 followed by 

money and time worthiness in visiting Mae Taeng Elephant Camp with mean opinion score of 3.25. 

Factors that influenced customer’s value perception of those who visited Mae Taeng Elephant 

Camp with statistical significance at 0.05 included (1) customer expectation, (2) customer’s value 



 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 

494 

perception with causal influence at 0.88 and 0.50, respectively. Therefore, if Mae Taeng Elephant 

Camp wants to have value perception of Mae Taeng Elephant Camp in 2 terms including (1) 

customers feeling that service rate of Mae Taeng Elephant Camp is suitable with quality and (2) 

feeling that visiting Mae Taeng Elephant Camp is worthy financially and timely, it should 

emphasize important factors which are constructing good expectation of customers and maintaining 

product and service quality. 

 4. Quality perception (Qper) was found that factors influencing quality perception of 

customers that used service of Mae Taeng Elephant Camp with statistical significance at 0.05 

included customer expectation with causal influence at 0.91. Quality perception of Chinese people 

towards products and services of Mae Taeng Elephant Camp could be divided in 4 aspects as 

follows. 

(1) Product quality perception: it was found that Chinese tourists that visited Mae 

Taeng Elephant Camp highly agreed to activities of Mae Taeng Elephant Camp that were quality 

and impressive with mean opinion score of 4.14. products to which the Chinese tourists agreed most 

was quality and impression i.e. elephant performance and elephant riding with mean opinion score 

at 4.33 and 4.31, respectively and products the tourists highly agreed to were rafting, tribal village 

visiting cart riding and zip-line playing with mean opinion score of 4.14, 4.05, 4.03, and 3.99, 

respectively. 

(2) Place quality perception: the result shows that Chinese tourists that visited Mae 

Taeng Elephant Camp mostly agreed to the fact that places of Mae Taeng Elephant Camp were 

natural with mean opinion score of 4.00. The point to which the Chinese tourists agreed most was 

that places of Mae Taeng Elephant Camp were located in natural area with mean score at 4.21 while 

the points to which they highly agreed included that external scenery of Mae Taeng Elephant Camp 

was beautiful, elephant riding route of Mae Taeng Elephant Camp was suitable, elephant 

performance venue of Mae Taeng Elephant Camp contained majestic scenery and Mae Taeng river 

for rafting was amazing and safe with internet signal service, place and route of cart riding of Mae 

Taeng Elephant Camp was proper, parking space of Mae Taeng Elephant Camp was spacious, 

places of long-necked Karen tribe village of Mae Taeng Elephant Camp was suitable, zip-line 

service spot was standard and stable, location of Mae Taeng Elephant Camp was convenient for 

travelling with television media for tourists, dining room of Mae Taeng Elephant Camp was clean 

and hygienic and souvenir shops of Mae Taeng Elephant Camp were satisfactory with mean opinion 

scores of 4.18, 4.10, 4.06, 4.04, 4.00, 3.99, 3.98, 3.92, 3.92, 3.95, 3.93, 3.92, 3.89, and 3.88, 

respectively. 

(3) Price quality perception: it was found that Chinese tourists that visited Mae 

Taeng Elephant Camp mostly agreed to suitability of service rate with mean opinion score of 3.68 

when considering service rate of Mae Taeng Elephant Camp. The rate that Chines tourists identified 

was highly reasonable was elephant performance rate with mean opinion score of 3.83 followed by 

cart riding rate, zip-line rate, elephant riding rate, long-necked Karen village visiting rate and 

souvenir rate with mean opinion scores of 3.25, 3.21, 3.64, 3.62, and 3.55, respectively. 

(4) Sale promotion quality perception: the findings reveal that Chinese tourists that 

visited Mae Taeng Elephant Camp mostly agreed to sale promotion of Mae Taeng Elephant Camp 

that was suitable with mean opinion score of 3.23. Sale promotion that Chinese tourists identified 

was mostly proper was various public relation channels such as internet, Facebook, documents and 

sale agents with mean opinions score of 3.74 followed by price motivating such as discount for 
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regular customers, discount when there are few customers etc. and complete information giving of 

Mae Taeng Elephant Camp with mean opinion scores of 3.23 and 3.22 respectively. Sale promotion 

should be emphasized on 2 channels including public relation through travel agencies and online 

networks. Nevertheless, it is because the findings discover that most Chinese tourists travelled with 

travel agencies the most accounted for 67.50% followed by travelling with acquaintances or on their 

own accounted for 21.75%, respectively. 

5.Service quality perception: it was found that most Chinese tourists agreed to service 

quality with mean opinion score of  4.03. Service that the Chinese tourists identified was quality 

most was that service staffs were reliable with mean opinion score of 4.05 followed by that 

receptionists were hospitable and polite and could give advices when the tourists had problems and 

staffs provided service quickly with dependable security system with mean opinion scores of 4.04, 

4.03, 4.02 and 4.00, respectively. 

Perceived quality of consumers, according to the study of Eun Jung Choi and Soo-Hyun Kim 

(2013), found that perceived value of consumers influences customer satisfaction and customer 

loyalty which is repurchase. This is in line with the research study of Nazia Yaseen, et. el (2011) 

finding that perceived value of consumers influenced product purchasing. In addition, the study of 

Francisco Arteaga, et. al. (2010) discovered that perceived value of consumers influenced product 

purchasing and brand loyalty. Such principle is consistent with the findings that factors influencing 

quality perception (Qper) of tourists that visited Mae Taeng Elephant Camp with statistical 

significance at 0.05 were good expectation of customer (Cexp) with direct influence value at 0.91. 

Besides to this, Laksamee Saraban (2556, Online) stated that quality means suitability with 

application, meeting need or consistence with requirements with highest benefit in use and regular 

satisfaction of customers. The products and services should have standard quality with reasonable 

price. 

Therefore, if Mae Taeng Elephant Camp wants to satisfy customers with loyalty, Mae Taeng 

Elephant Camp should maintain service quality; in other words, (1) product: focusing on quality of 

elephant performance, elephant riding, cart riding, tribal village visiting, rafting and zip-line 

playing, respectively (2) place: keeping the place to be natural with clean toilets, clean dining room 

and convenient parking space, (3) price: determining reasonable price with quality, (4) sale 

promotion: having sale promotion through online network and travel agencies and (5) service: staffs  

providing services with honesty, hospitality and politeness and giving advices when the tourists 

have problems with quick service and reliable security system. 

In addition, from in-depth interview with 10 Chinese tourists visiting Mae Taeng Elephant 

Camp, 5 staffs at Mae Taeng Elephant Camp and an executive of Mae Taeng Elephant Camp, in 

overall, Mae Taeng Elephant Camp had quality services that could satisfy customers and could 

manage well. However, there are some points that must be provided and managed better in the 

future as follows. 

1. Dining rooms: the issues were found when there were many tourists at lunchtime making 

the restaurant look uncomfortable and tables were inadequate to customers. More than that, 

cleaning of floor and table was delayed making it look dirty and contracted. The recommendations 

are that it should provide enough tables for customers and staffs should clean the floor and tables 

immediately after the previous customers leave to be prepared for new customers. 
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2. Toilets: the issues were that when there were a number of tourists to use toilet, they would 

be dirty especially the floor and water closet. Recommendations are that Mae Taeng Elephant Camp 

should provide undertakers to clean toilet floors immediately after use. 

3.Cart riding: a problem was that the road was filled with dust during congested traffic and 

the road was muddy during the rain. Recommendation is that the road should be constructed with 

dustless and mud-free quality. 

4.Tribal village: the problem was that there were no drink service booths and convenient 

toilets as well as the background giving. Recommendations are that there should be drink service 

booth and spots to give information about background of the tribe etc. 

5. Rafting service: the problem was that life vests provided for customers were sometimes 

dirty. The recommendation is that there should be life vests cleaning to always look clean. 

6. Parking space: the problem is that parking space is contracted when there are many 

tourists making some cars have no spaces to park or park in risky points. The recommendation is 

that Mae Taeng Elephant Camp should provide additional parking space to be sufficient to needs. 

2. Elephant riding service: a problem is that elephant riding route is difficult to pass 

especially around the river due to slope with risks to elephants and accidents. A recommendation is 

that Mae Taeng Elephant Camp should adjust the route of elephant riding for safety. 

8.Elephant performance venue: a problem is that a place for elephant performance is not 

shady making elephants to stay in the rain and sun while performing. A recommendation is that 

Mae Taeng Elephant Camp should grow some trees or build a hall to create shady place for 

elephants. 

9. Elephant feeding: a problem is that Mae Taeng Elephant Camp does not have elephant 

feeding service as some tourist groups especially independent tourists that want Mae Taeng 

Elephant Camp to provide elephant feeding service. A recommendation is that Mae Taeng Elephant 

Camp should provide elephant feeding service. 

CONCLUSION 

Chinese tourists that visited Mae Taeng Elephant Camp in Chiang Mai Province were 

female slightly more than male, that is, female for 50.25% with age range of 26-39 years for 

35.50% followed by 40-49 years for 32.75%. The majority travelled with travel agencies followed 

by travelling with acquaintances or on their own and travelling with government agencies and 

employer’s organizations, respectively. As to information receiving, they mostly obtained news 

from travel agencies followed by word of mouth, online media and publications movies, 

respectively. For frequency of travelling, the majority visited here for the first time followed by the 

2nd time, 3rd time and 4th time respectively. Speaking of services the tourists mostly selected were 

elephant performance followed by cart riding or elephant riding, tribal village visiting, rafting and 

zip-line playing respectively. Activities the tourists were impressed with the most were elephant 

riding followed by elephant performance, tribal village visiting, cart rafting, cart riding and zip-line 

playing etc. 

The results found that factors influencing loyalty of customers that used services at Mae 

Taeng Elephant Camp were customer expectation before travelling, customer satisfaction, 

customer’s value perception and customer’s quality perception. Therefore, Mae Taeng Elephant 

Camp should emphasize customer loyalty. That is, after customers use service, what will it do to 
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make them introduce this place to others or recommend other to visit and use service of Mae Taeng 

Elephant and to repurchase. Emphasis on following factors should be considered. 

1. Creating good expectation of customers i.e. good and strange feeling, experience with 

elephants, enjoyment, safety, and excitement, respectively. 

2. Bringing satisfaction to customers by providing products and services to meet the need 

and/ or provide services beyond customer’s expectation. Service that the customers are satisfied and 

impressed are elephant performance, elephant riding, cart riding, tribal village visiting and zip-line 

playing respectively. 

3. Constructing value perception of customers. That is, the customers will feel that service 

rate of Mae Taeng Elephant Camp is suitable with quality and travelling to Mae Taeng Elephant 

Camp is worthy financially and timely. 

4. Constituting quality perception of customers. That is, (1) product: emphasizing on quality 

of elephant performance, elephant riding, cart riding, tribal village visiting, rafting and zip line 

playing, (2) place: maintaining facilities to be natural with clean toilets, clean dining room and 

convenient parking space, (3) price: setting reasonable price with quality, (4) sale promotion: 

providing sale promotion through online channel and travel agencies and (5) service: staffs 

providing services with honesty, hospitality and politeness and giving advices when the tourists 

have problems with quick service and reliable security system. 
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Abstract 

A descriptive study undertaken to determine the school head leadership characteristics, 

teachers’ morale and their teaching performance in San Jose City, Nueva Ecija. It involved 143 

secondary school teachers which is 50% of the total teachers of the seven sampled schools using a 

self-developed survey questionnaire. Results revealed that most of the respondents were female, 30-

38 years old, married, with MA/MS units, teaching position as teacher III, monthly income ranging 

from 26,700 - 30,799Php and, served for 1-7 years. Findings indicated that teachers’ compensation, 

interrelationship, teaching position and, services and facilities of the school contributed to teachers’ 

high morale. Teachers’ performance rating was very satisfactory. Highly significant relationship 

found between selected socio-demographic characteristics except sex and teaching performance. A 

significant correlation between school head leadership characteristics only on being responsible in 

“models a personal example” and “provides promises and commitments made”. Likewise, teachers’ 

morale and teaching performance had a significant relationship on teachers’ compensation, 

curriculum, and educational support to community. 

Keyword:rschool head, leadership characteristics, teachers’ morale. 

INTRODUCTION 

Encouraging teachers to aim for excellent teaching performance should be one of the tasks 

of educational leaders. Educational leaders should make way for institutional policies and practices 

to support and boost the morale of teachers. It is very important that leaders should be 

knowledgeable of the factors that may affect the morale of the teachers as this may contribute to the 

effectiveness of their teaching performance in school. 

Improving the teaching performance is not an easy task. New methods of teaching and the 

curriculum offered to students are always forefront of educational discussions. The ever present 

challenge is to find better ways to reach students thus making the teachers competitive enough for 

tough task ahead of them. The growing demands of teaching often make the work environment for 

teachers more stressful and difficult to teach. They leave the educational field for many reasons 

such as poor salary, poor student motivation and sometimes lack of administrative support.  

Ingersoll (2001) states more often teachers are found to leave due to ineffective or poor leadership 

style of the school head. Due to reforms in educational policies, greater demands and challenges 

have been imposed on the school head to increase teachers’ accountability and student results. 

School head (principal) has the power to influence the teacher morale in their school by the 

actions or daily practices they exhibit (Nevill, 2004). Sometimes teachers feel that they are not 

treated as professionals, not appreciated, or are overworked, thus causing low teachers’ morale. As 

a result they are able to teach more successfully instead of having to perform an abundance of 

clerical tasks. Finger (2005) pointed out that a combination of related factors determines the level of 

morale in an organization, and the best way to improve the spirit of a group is for the leader to 

mailto:frccviray@gmail.com
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affect each person in the group personally. In like manner when teachers feel positively about their 

position, they have tremendous positive influence on the students and the school. 

The reverse is also true when teachers have negative feelings about the school, they may 

negatively influence the students and the school. Teachers have the power as a group and as 

individuals to influence a school’s environment. Furthermore, it is very important for educational 

leaders to be aware of factors that affect teachers’ morale and how they may influence student 

achievement. 

Darling and Hammond (2000) noted that satisfaction at work plays a major role in teachers’ 

morale, which results in teachers decision to either “to leave or to stay” in the teaching profession 

all together. Likewise, Cochran and Smith (2004) stated that teachers need school condition where 

they can feel successful, are supported and have opportunities to work collaboratively with other 

educators instead of in isolation. 

Thus, this study was conducted to determine school heads leadership characteristics and 

teachers’ morale, and their relation to teaching performance. Hence, teaching performance is the 

measure of how good the teachers are in sharing their knowledge, their ability to use motivation, to 

apply techniques or strategies, and their guidance skill rolled into one. In addition it examined how 

their school head leadership characteristics could contribute to their morale as they are doing their 

task to perform better and how it also affects their teaching performance. 

METHODOLOGY 

The study is a descriptive research with correlation design. Respondents were 143 

permanent secondary school teachers in 7 schools in the Division of San Jose City, Nueva Ecija 

during the 1st semester of School Year 2017–2018. Data was analyzed using descriptive statistics 

and Pearson Moment Correlation.  Only the respondents’ perception on school head leadership 

characteristics, teachers’ morale and performance rating in their respective schools were measured 

in the study. 

The study was conceptualized through the Path-Goal Theory of House (1971) which asserts 

that good leaders should enhance subordinate job performance. The path-goal approach helps in 

improving the performance of subordinates (teachers) thus, enhancing the goal achievement as: 

when subordinates are confused, the leader tells them what to do and shows them a clear path to 

follow. When the path is shown, the subordinates (teachers) become satisfied and motivated, so 

they accept leaders behavior thus performing effectively. Moreover, it is believed that there is a 

relationship between school head characteristics and teachers’ morale in achieving a better teaching 

performance. The distribution of respondents is shown in Table 1. 
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Development and Pre-testing of Research Instrument 

The research instrument used in the study was developed by the researcher from the path –

goal theory on leadership of House (1971) with the assistance of the members of the advisory 

committee to suit the objectives of the study. The survey questionnaire consisted of five parts to 

answer the objectives of the study, pre- tested for validity and reliability, and administered to 20 

basic education teachers which were not included in the study using the Cronbach Alpha. The over-

all reliability coefficient was r= 0.949, thus the instrument was considered reliable. 

Ethical Principles 

Ethical measures were considered such as the following: 

1. Permits were obtained from the proper authorities before the actual data collection. 

2. Respondents participated voluntarily in this study. 

3. Moderate investment of time was given to the respondents to answer the e questionnaire. 

4. No names of the respondents were disclosed to safeguard their identity. 

RESULTS AND DISCUSSION 

Socio-demographic Characteristics of Respondents 

Respondents’ ages ranges from 21-65 with a mean age of 36.58 and standard deviation of 

9.14. More than thirty seven percent (37.76%) age ranges from 30-38, majority were female 

(67.80%), married (69.20), with MA/MS units (55.20%), Teacher III in teaching position (51.75%), 

with a monthly income of 26,700- 30,799Php (51.75%) respectively, and 57.34% of the 

respondents served for 1-7 years. 

Leadership Characteristics of School Heads 

The school head leadership characteristics variables measured were on being knowledgeable, 

responsible, inspirational, enthusiastic and appreciative. The overall mean was 4.03 described as 

often manifested which only shows that the school heads applied their positive qualities (Table 2). 

Knowledgeable 

Result noted the pooled mean in this aspect was 3.98 (often manifested) which shows that the 

respondents perceived that the school head is knowledge and ability to lead which manifested in 

their leadership characteristics. 

Responsible 

The pooled mean was 3.95 also often manifested in the leadership characteristics of school 

head which means that they are responsible leaders to lead their teachers to common goals and 

objectives. 

Inspirational 

The same result that being inspirational to their teachers often manifested in their leadership 

characteristics. This means that the school head was also the source of inspiration of the teachers in 

the manner of how they were guided on their teaching performance. 

Enthusiastic 

It is significant to note that they were always enthusiastic with a mean of 4.26. Result implied 

that school head was perceive by the respondents to have enthusiasm in leading the teachers, 

motivated them to improve their teaching performance. 

Appreciative 

Appreciation is one of the things that any subordinate like to hear from school head and being 

appreciative with a pooled mean of 4.21 and described as always manifested. This implies that the 
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school head knew when and how to recognize, letting people  knew about his/her confidence and 

abilities,  praise and reward  teachers’ for a job well done. These things were very much appreciated 

by teachers too if they were praised or recognized for their contributions in their school no matter 

how big or small it maybe. 

Further, they were knowledgeable, responsible, inspirational as often manifested in dealing 

with their teachers. This means that school heads lead and act to help a group attain objectives 

through maximum applications of their knowledge and capabilities. 

They do not stand behind a group to push or prod. They placed themselves before the group 

as they facilitate progress and inspire group to accomplish organizational goals. Further, Spreier et 

al., (2006) described that a good leader gain support of others not by telling others what to do, but 

by being often to the group in terms of challenges and responsibilities and goals to be 

accomplished. 

The overall results suggest that the school heads were perceived to have the leadership 

characteristics that a good leader must possess. 

Table 2. Summary on Leadership Characteristics of School Heads. 

 

Teachers’ Morale 

 The teachers’ morale in terms of rapport, teaching satisfaction, interrelationship, teachers’ 

compensation, teaching load, curriculum, teaching position, educational support of community, 

services and facilities of the school, and community expectation. 

Data in Table 3 showed the summary on teachers’ morale with the pooled mean of 3.43 

described as high morale. The highest mean was on teachers’ compensation (3.86), followed by 

interrelationship (3.60), teacher position (3.49) service and facilities of the school (3.47), 

curriculum (3.44), and rapport (3.43). The rest among the variables indicated moderate morale such 

as teaching satisfaction (3.36), teaching load (3.20), and educational support of the community 

(expectations were all described as moderate morale. 

Rapport 

Result indicated that there was an open line of communications and the respondents feel 

appreciated and commended by their school head, which indicates that there is a good rapport and 

relationship between them. Further, if teachers have good rapport with their school head, they 

could feel at ease and can express more their creativity. 
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Teaching Satisfaction 

Teaching satisfaction is a feeling of contentment when the things that one do and expects 

were achieve. Among the variables in this aspect the highest mean was 4.31 (high morale) in 

“teaching enables me to make my greatest contribution to society”, which means that respondents 

exhibit satisfaction in their teaching profession. Edmunds (2009) indicated that teachers’ morale as 

the mental and emotional feelings that are felt from teachers about specific tasks they must have to 

complete so with their job satisfaction. This means that making teachers independent to do their 

task, increases their morale and confidence, thus making them satisfied of what they are doing and 

tasks assigned to them. 

Interrelationship 

With regards to interrelationship between school head and respondents’ also described as 

high morale which shows that good working relationships between school head to teacher can 

contribute to their high morale. Edmonds (2009) stated that teachers’ morale as the mental and 

emotional feelings felt by teachers and influenced by leadership characteristics of principals. Thus, 

the manner on how the school head relate to her/his teachers can elicit better understanding and 

interrelationships, so that working together become more meaningful. 

Teaching Compensation 

The over- all mean in all the variables in this aspect were described high morale, which 

shows that respondents were well compensated which refer to salary, fringe benefits, travel and 

other related remunerations. This implies that they feel motivated in terms of their compensation 

because it is their means to provide for their family and a way to boost their morale. 

Table 3. Summary of Teachers’ Morale. 

 

Teaching Load 

Refers to the working units and hours the teacher works and has a pooled mean of 3.20 

(moderate morale). Respondents perceived that their teaching loads were not well distributed but 

the demands were reasonable. The finding supports the statement of Fisher (2005) that some may 

perceive or accept things differently, and emphasized that a group morale is a real phenomenon but 

depends largely on the individuals within groups. 
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Curriculum 

This means that there are still things to be considered in raising the morale of teachers in this 

aspect. It seems that the respondents perceived that their contributions as teachers are not fully 

recognized yet by the community. 

Teaching Position 

The pooled mean in this aspect was high morale in terms of their belief that teaching gives 

them prestige, enables them to satisfactory standard of living and social status in the community. 

This implies that respondents teaching position gives them honor and pride as teachers. 

Educational Support of the Community 

Result showed teachers have moderate morale as noted in the pooled mean of 3.47. 

However, the statements in this area, the respondents described that community is willing to support 

good program of education, and that the community is good place to raise a family, and the 

community supports ethical procedures on the appointment and re-appointment of teaching staff. As 

cited by Cochran-Smith (2004) noted that teachers need school condition where they can feel 

successful, are supported, and have opportunities to work collaboratively. 

A favorable educational support of the community promotes cooperation and good working 

conditions of teachers’ support of the community and making them motivated to contribute for the 

betterment of the community. 

Services and Facilities of the School 

This area indicated high morale among the respondents. They rated the adequacy of the 

library facilities, and subject area was the highest mean (3.76), efficiency of procedures in obtaining 

materials and adequate classrooms. These attributes gave the teachers the feeling of high morale 

because these facilities are important to their teaching needs. The school facilities and variety of 

building systems (mechanical, plumbing, electrical, power, telecommunications security and 

suppressant systems (Lackney, 2000). These facilities contribute to the morale of teachers, which 

implies that adequate facilities could facilitate to ease the work can enhance teaching performance 

among them. 

Community Expectations 

Community participation is the backbone of every success towards the rapport of school and 

the community which denote as moderate morale. The community appreciates the teachers’ 

cooperation to their program as the highest mean. This means that teachers knew that their 

cooperation were being appreciated, thus making them willing to reach out to build a better 

relationship and cooperation. In addition, the teachers have to coordinate with the community and 

be partners for their endeavors to foster cooperation within the school and community. 

Teaching Performance 

The performance rating of any individual is one of the bases to determine how one works or 

do their job, role or task assigned to them. The result of the performance rating of teachers was 

taken from teachers’ previous evaluation of School Year 2016-2017.Result in Table 4, noted that 

majority (78.32%) of the respondents had very satisfactory performance rating, only 10.49% got an 

outstanding rating, and 11. 19% had satisfactory rating. None however got a poor rating. This 

shows further that the respondents during the time of this study were performing well in the 

Division of San Jose City, Nueva Ecija. 
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Table 4. Performance Rating of Teachers. 

 

Relationship between Socio-demographic Characteristics and Teaching Performance 

Correlation analysis was employed to determine the relationships between the respondents’ 

socio- demographic characteristics and teaching performance (Table 5). 

Data showed that the aforementioned variables were found to have highly significant 

correlation to teaching performance except sex. This indicates that as teachers become matured, 

married, have higher educational attainment, higher teaching position, higher monthly income and 

more years of service the better their teaching performance and improves as a teacher as they grow 

older, because he/ she acquired more wisdom, and could apply new strategies and innovations in 

teaching to improve his/her performance. Sex had no bearing in teaching performance. Therefore, 

the null hypothesis which states there is no relationship between respondents’ socio-demographic 

characteristics and teaching performance is rejected. 

Table 5. Relationship between the Socio- Demographic Characteristics and Teaching Performance. 

 

Relationship between School Heads’ Leadership Characteristics and Teaching Performance 

Correlation analysis was employed to determine whether school head leadership 

characteristics affect teaching performance in terms of being knowledgeable, responsible, inspiring, 

enthusiastic and appreciative. 

Significant correlation was found between teaching performance and perception of 

leadership characteristics as being responsible only on the statements “models a personal example 

of what she or he expects of others” (r=.253), and “provide he promises and commitment makes” 

(r= .218). This shows that school heads must have conviction and be responsible of their actions in 

role modeling and have to honor the promise commitment made to others. Hogan and Kaiser (2005) 

posited  leadership as when one has the capability to persuade others to set aside their own concerns 

and work together in a common goal. Likewise Jago and Vroom (2007) shared the view of 

leadership as responsibility which involves the process of influence. 
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Relationship between Teacher’s Morale and Teaching Performance 

Teacher’s morale is important in the academic environment to foster motivation for them to 

perform well. Correlation analysis was also done to determine the relationship between teachers’ 

morale and teaching performance. It could be gleaned from the result in Table 6 that teachers’ 

compensation (r=0.173), educational support of the community (r=0.177) were found to be 

significantly correlated with teachers’ teaching performance, while curriculum was negatively 

correlated (-.195) to teaching performance. 

Table 6. Relationship between Teachers’ Morale and Teaching Performance. 

 

This implies that teachers’ compensation and the educational support of the community can 

boost and uplift the spirit among the respondents. The negative correlation result on curriculum 

maybe attributed to the reason that some teachers were overloaded or under loaded. 

Darling and Hammond (2003) stated that satisfaction at work plays a major role in teacher’s 

morale, which results in teachers’ decision to either to leave or stay in the teaching profession all 

together. The results also revealed that teachers’ compensation and educational support of the 

community could really contribute to the enhancement of teachers’ morale. 

CONCLUSION 

This study found out that majority of the respondents were female, have MA/MS units, 

teacher III rank with monthly income from 26,700-30,799Php teaching for 1-7 years and have a 

very satisfactory performance rating. 

The school heads were noted to have good leadership characteristics in terms of: being 

knowledgeable, responsible, institutional, enthusiastic and appreciative. 

The respondents were found to have high morale, thus they have good rapport with the 

school head, satisfied, have good interrelationship, well compensated, have fair teaching load and 

engaged in a curricular activities that ensures learners development. Moreover, teaching positions, 

educational support of the community, adequate school service and facilities, and can cope up with 

the expectations of the community were perceived to contribute to teachers’ morale. 

Most of the teachers’ teaching performance were rated “very satisfactory” which denotes 

that teachers were satisfied and motivated to do the tasks assigned to them. 

The age, civil status, highest educational attainment, teaching position, monthly income, and 

years of service were all found to be highly significant to teachers’ performance except sex. 
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Only the aspect of being responsible like “models a personal example”, and provide the 

promises and commitment made” were found to have significantly correlated with the school head 

leadership characteristic and teachers’ performance. 

Teachers’ compensation, subject taught, educational support to the community revealed a 

significant relationship with teachers’ morale and teaching performance. 

A similar study can also be done in a larger sample and other divisions outside Nueva Ecija 

or in different regions to determine other variables that could contribute to better teaching 

performance among regions. 
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Abstract 

A descriptive research to determine the innovative learning strategies and lifelong education 

of 158 permanent employees of San Jose City local government unit (LGU), using purposive and 

random sampling within each department. Collected through standard questionnaire and measured 

by Pearson Product Moment Correlation and t-test. Respondents were 28 to 66 years old, mean age 

of 48.49 years old, married, salary grade (SG) 3 and SG 15. Those with college degree were more 

interested in pursuing lifelong learning in knowledge and skills, self-direction, evaluation, setting of 

goals and adaptable learning strategies. Trainings and seminars were the innovative learning for 

personal development while job promotion for engaging continuing or adult education. Age, was 

related with adaptable learning strategies, civil status to application of knowledge, skill, self-

direction, evaluation and adaptable learning strategies; job promotion to setting of goals and 

application of knowledge and skills. Salary grade were correlated with: relevant training and 

seminars; post-graduate studies and organizational training program. Grade 15 and below salary 

were most interested in availing training and seminars. Highest educational attainment was related 

to relevant training and seminars and post graduate studies. Relationship found in lifelong 

characteristics and innovative learning strategies in the area of on-line training and post-graduate 

studies to locating information. LGU in San Jose City is considered more aggressive in providing 

lifelong education program among employees and should provide budget for this purpose. 

Keyword:rInnovative learning, lifelong education, learning strategies. 

INTRODUCTION 

 Lifelong learning (LL) is defined by the International Labour Organization (ILO) as “all 

learning activities undertaken throughout life for the development of competencies and 

qualifications” where “competencies” cover the knowledge, skills and know-how applied and 

mastered in a specific context; and “qualifications” mean a formal expression of the vocational or 

professional abilities of a worker which is recognized at international/national or sectorial levels. 

LL is synonymous to continuing education, adult education or adult learning, extension work, 

company or workplace training in various Philippine settings. 

 Education and training are right for everyone, and an effort to assure that this right is fully 

exercised by the population. It is important to point out that the inclusion of this principle is not 

only a political-normative matter to ensure respect for one of the fundamental human rights such as 

education and training. In a working paper by Macaranas (2007) entitled, “Lifelong Learning in the 

Philippines”, and  published by International Labour Organization (ILO) citing Human Resource 

Development Recommendation, stated that training and development of human resources must 

indeed play a central role in matters of economic development. The importance is mentioned that all 

persons throughout their life be able to share and access information and guidance, placement 

services and employment seeking techniques. Moreover, some training services continue to be the 

“main responsibility” of the government as in the case of training prior to employment and attention 

mailto:marviluan@gmail.com
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paid to the most disadvantaged social groups (the unemployed, the disabled, and women in a 

situation of poverty or heads of household, young people, immigrants). 

 The construct of lifelong learning has been approached from both individual and societal 

perspectives. Hojat, et al. (2006) defined lifelong learning as ‘‘a concept that involves a set of self-

initiated activities and information seeking skills that are activated in individuals with a sustained 

motivation to learn and the ability to recognize their own learning needs”. The Philippines has a 

very well educated population with very few having no education, however, underemployment rate 

is still high compared to our neighbouring Association of South East Asian Nations (ASEAN) 

countries. Knapper and Cropley (2000) described the characteristics of lifelong learners in terms of 

goal setting, application of knowledge and skills, self-direction and evaluation, locating of 

information and adaptation of strategies in learning, innovation made on adult learning and the 

attitude of the respondents on continuous education. Longworth (2003) argued that lifelong learning 

is needed to deal with new possibilities carefully, wisely, and with a continual focus on values. If 

society fails to foster lifelong learning in a significant portion of its citizens, ‘‘the economic, social 

and cultural aspects of nations, regions, cities and individuals will suffer’’. Furthermore, problems 

encountered while taking up lifelong learning are also being identified. Thus, this study was 

conducted to assess the innovative learning strategies for lifelong learnings in the employment 

sector of the local government of San Jose City, Nueva Ecija and described the socio-demographic 

characteristics of the respondents. 

METHODOLOGY 

 This study was a descriptive method and correlational research method by applying the 

research technique to examine the availability and effectiveness of learning innovation strategy and 

lifelong education in San Jose City. The respondents were permanent employees of LGU-San Jose 

City and selected purposively and randomly. Purposive sampling method was used in choosing 25 

departments out of total 28 departments in the city hall having large numbers of permanent 

employees. Random sampling was used in selecting the 158 respondents within each department. 

Out of 486 total population of permanent employees in the LGU San Jose City, 158 respondents 

was sampled or an equivalent of 32.50% as shown in Table 1. 

Theoretical and Conceptual Framework of the study is anchored on the theory of 

Constructivism (Piaget, 1952) and (Vygotsky, 1978) which try to explain the nature of the human 

knowledge. The constructivism assumes that nothing comes from nothing. That is to say that prior 

knowledge gives rise to new knowledge. The constructivism affirms that learning is essentially 

active. A person, who learns something new, incorporates it to their previous experiences and their 

own mental structures. Each new information is assimilated and deposited in a knowledge and 

experiences network that exist previously in the person. 

The creation of the survey questionnaire was adapted and patterned from Knapper and 

Cropley (2000). A 14-point scale to measure lifelong learning characteristics of a learner, with 

expressed permission to use in any research activity to be conducted. The survey questionnaire was 

divided into five parts: Part 1 elicits the socio-demographic profile of the respondents such as age, 

sex, civil status, job position, monthly income/salary grade and highest educational attainment. Part 

2 draws information on the respondent’s perceived characteristics on how he may described himself 

as a lifelong learner. A five 5-point Likert Scale was used in this part: (5) strongly agree; (4) agree; 

(3) undecided; (2) disagree; and (1) strongly disagree. 
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Table 1. Distribution of Permanent Employees per Department and Samples. 

No. Departments 

No. of 

Permanent 

Employees 

Samples Percent 

1 Office of the Mayor 89 36 40.45 

2 Office of the City Administrator 3   

3 City Engineering Office 61 18 29.51 

4 Franchising and Regulatory Office 6 3 50.00 

5 City Population Office 5 5 100 

6 City Social Welfare and Development Office (CSWDO) 18 6 33.33 

7 City Civil Registrar 5 5 100 

8 City Health Office 52 10 19.23 

9 Permits and License Division 7   

10 Office of the City Assessor 19 8 42.10 

11 City Planning and Development Office (CPDO) 7 3 42.85 

12 Office of the City Treasurer 51 15 29.41 

13 City Public Market Office 7 1 14.28 

14 City Budget Office 9 6 66.67 

15 City Human Resource and Management Office 

(CHRMO) 
9 3 33.33 

16 City Environment and Natural Resources Office 

(CENRO) 
18 6 33.33 

17 Public Information Office (PIO) 2   

18 City Accounting Office 6 6 100 

19 Sanguniang Panglunsod-Office of the Vice Mayor 23 3 13.04 

20 City Cooperative Office 9 4 44.44 

21 City Veterinary Office 13 5 38.46 

22 General Services Office 27   

23 City Tourism Office 6 2 33.33 

24 Department of Interior & Local Government (DILG) 2   

25 City Library 2   

26 Management Information System (MIS) 2   

27 City Slaughterhouse 2 2 100 

28 City Agriculture Office 26 10 38.46 

 Total 486 158 32.50 

Source: Human Resource & Management Office (January 2017). 

RESULTS AND DISCUSSION 

Socio-demographic Characteristics (SDC) of Respondents 

 The ages of respondents were 28 to 66 years old, mean age of 48.49 years old and with a 

standard deviation of 8.367, indicates that the respondents are in their late 40’s. This may imply that 

most of the respondents were on their prime age below the mean of 48.49. Standard deviation score 

indicates that there was a wide variation in the distribution of their ages and simply proves that ages 

28-66 are still considering continuous education throughout life. Majority (78.25%) are married. 

This implies that permanent working married individuals are more interested to undertake lifelong 

learning, maybe because of security of tenure, job promotion and stability. Job position is linked to 

salary grade of the employee. The higher the position, the higher the salary. Salary grade (SG) 1 

being the lowest and salary grade 25 was the highest in this study. This means that most of the 

respondents were receiving SG 15 and below, which shows that these employees are still receiving 

low salaries. When seminar and training opportunity comes, they would like to attend to improve 

their qualifications.  
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 Majority (75.30%) of the permanent employees having college degree were more interested 

in pursuing lifelong learning because they believed that the higher the pursuit of learning, the better 

you will become, and the greater your interest in the quest for knowledge. High school graduates 

with permanent position with graduate studies and elementary graduate, were also interested in 

continuous education. Data shows that some of the respondents would like to earn higher degree for 

their professional growth and advancement. Educational attainment is related to the training needs 

of every individuals. As cited by Cheryklin, A (2006), training helps improve their performance of 

every individual which was also considered by the respondents. Further, the respondents believed 

that training could enhance their knowledge, which also contribute to their skills and will eventually 

increase their chances of getting promoted. 

Table 2. Summary of Mean and Verbal Description of Lifelong Learning Characteristics of the  

 Respondents 

Lifelong characteristics 
Mean 

(n=158) 
Verbal Description 

Setting of Goals   

I prefer to have others plan my learning 3.54 Agree 

I seldom think about my own learning and how to improve it 3.56 Agree 

I feel I am a self-directed learner 3.75 Agree 

I love learning for its own sake 3.83 Agree 

When I learn something new I try to focus on to the details rather than on the 

“big picture” 
3.96 Agree 

                Pooled Mean = 3.72   

Application of Knowledge and skills   

I am able to impose meaning upon what others see a disorder 3.79 Agree 

I try to relate academic learning to practical issues 4.08 Agree 

Table 3 (continuation)   

When I approach new material, I try to relate it to what I already know 4.15 Agree 

              Pooled Mean = 4.00   

Self-direction and evaluation   

I feel others are in a better position than I am to evaluate my success as a 

student 
3.58 Agree 

It is my responsibility to make sense of what I learn at school 4.16 Agree 

                Pooled Mean = 3.87   

Locating Information   

I often find it difficult to locate information when I need it 2.94 Undecided 

                Pooled Mean = 2.94   

Adaptable Learning strategies   

I prefer problems which there is one answer 3.09 Undecided 

I can deal with the unexpected and solve problems as they arise 3.96 Agree 

I feel uncomfortable under conditions of uncertainty 3.49 Agree 

                Pooled Mean = 3.51   

Legend: 4.20 - 5.00  Strongly agree 

  3.41 - 4.20  Agree 

  2.61 - 3.40  Undecided 

  1.81 - 2.60  Disagree 

  1.00 - 1.80  Strongly disagree 
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 Characteristics of Lifelong Learners 

 Table 2 showed the summary of respondents on lifelong learning characteristics. Result 

noted that the lifelong characteristics of respondents in setting of goals, application of knowledge 

and skills, self-direction and evaluation, locating information and adaptable learning strategies. 

Respondents indicated “agree” to all the five identified lifelong learning characteristics. However, 

the highest pooled mean is (4.00) in the application of knowledge and skills, self-direction and 

evaluation (3.87), setting of goals (3.72) adaptable learning strategies (3.51). On the other hand, 

they have noted “undecided” in terms of locating information (2.94). 

Results exhibited that respondents preferred an application of knowledge in terms of lifelong 

characteristics which shows that they would like to learn and to apply their knowledge to whatever 

they do to improve themselves. Further, they also indicated self-direction and evaluation and setting 

of goals were also considered important components of lifelong learning characteristics and 

adapting learning strategies. The data implies that the respondents are willing to learn to keep pace 

with the new trends like how they approach and relate new materials and relate academic learning 

to practical issues. Further, they were undecided in locating information and problems which there 

is one answer. This means that the respondents cannot decide whether they can easily locate 

information nor problems with one answer. Going back to their age, it could be assumed that most 

of them were not adept with the latest technology. As cited by Candy (1990), Sipe (1995) and 

Dunlap and Grabinger (2003) for open teachers, they found out that they valued self-directed 

learning, collaboration and their learning was seen as an opportunity. Moreover, to prepare students 

in higher education to be of lifelong learners, Merriam et al., (2007) noted that education should 

develop learners’ capacity for self-direction, metacognition awareness, and a disposition toward 

learning. 

Organizational Lifelong Learning Program of the Respondents  

 Majority (72.80%) of the respondents answered “yes” of the question on the availability of 

lifelong education program for employees on the application of innovative learning strategies for 

lifelong education. It was construed that LGU-San Jose City believes on lifelong education program 

for civil servants. In a memorandum issued by the Department of Education Secretary Briones, she 

highlighted the Department’s innovative approaches in engaging the support of stakeholders outside 

state and multilateral organizations, especially in attaining Sustainable Development Goal (SDG) 

No. 4 to ensure inclusive and quality education for all and promote lifelong learning. 

 It is very crucial to know that the organization itself has the big role in developing human 

resources. Most organizations nowadays have the mandate to compel their professionals and 

members, a mandate that professionals and their members to continue learning in order to maintain 

their license to practice (Merriam et al., 2007). 

Preferred Innovative Learning Practices 

 Table 3 shows the preferences of the respondents in terms of their innovative learning 

practices particularly in area of professional development, and ranked the most preferred and the 

least preferred innovative learning practices. 

 It is interesting to note that based on the results gathered, “access to relevant training and 

seminars” was the most preferred innovative learning practices with a frequency of 134 and ranked 

as number one;  skills and development program offered by the Technical Education and Skills 

Development Authority (TESDA) was second (47) because of the success stories of TESDA in 

deploying workers locally and internationally, not to mention the availability of testing and 

accreditation centers, taking up “short-term courses” and pursuing “ post-graduate studies”, both 

with 38 respondents.  
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 The advantages of on-line training is one can participate even at home or office provided 

there is an internet connection and can just pay even on-line of the required bills payment. On the 

other hand, the disadvantages of on-line training were noted such as: no actual experience are being 

offered, no skills are being developed into practical and factual exposure if skills are to be 

developed. It implies that although on-line courses were considered good and short-term, this 

learning has limitations when it comes to the development of skills. Even it is explained and 

demonstrated on-line, actual exposure is still important in lifelong learning to sustain life especially 

for the skilled labourers that needs actual exposure to the craft. In the study conducted by 

Macaranas (2007) regarding relevant training and seminars underscored that training and 

development of human resources must indeed play a central role in matters of economic 

development, due to their influence on technological innovation and organization of work, on 

productivity and on competitiveness. This means that the respondents understand the relevance of 

training and seminars, TESDA skills development program, short term courses and post graduate 

studies. Data shows that the respondents were willing to know more about the trends in the industry 

and to have further knowledge and skills, and willing to undergo short term programs and post 

graduate courses because they considered these aspects as needed to develop and improve their 

lives. 

Table 3. Preferred Innovative Learning Practices. 

================================================================== 

Innovative learning practices        Frequency*       Rank  

 

 

 

 

 

 

 

 

 

 

 

 

*multiple responses. 

Reasons of the Respondents in Engaging in Continuous or Adult learning 

 This part dealt with the reasons why people is interested in lifelong education. Table 4 

shows that personal development (72.15%) was the main reason why respondents undergo 

continuous education. It is a well-known fact that majority of Filipinos love education because of 

their culture and belief that being considered “educated” could determine social and economic 

standing in the community. Job promotion (56.96%) is also another reason because of prestige and 

good salaries. Results further revealed that respondents have different motivations in pursuing 

continuous education because they believed and observed that in order to grow in their career, their 

professional career must also be given consideration. It is noted that in order to advance in one’s 

career, one must also aim to develop his or her personal and professional life. 

  

Relevant training and seminars 134 1 

 TESDA skills development program 47 2 

Short-term courses 38 3.5 

Post graduate studies 38 3.5 

Organizational learning program 33 4 

On-line training / courses 26 5 

Home study program 20 6 

Tutorial classes 15 7 

Open university 14 8 

OJT/ apprenticeship 11 9 
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Table 4. Reasons for Continuous Learning or Adult Learning. 

Variables Frequency* (N=158) Percentage Ranking 

Personal development 114 72.15 1 

Job promotion 90 56.96 2 

Monetary benefits 35 22.15 3 

Others 5   3.16 4 

* Multiple responses. 

 It has been pointed out by several studies that adults’ motivation to participate in adult 

learning activities are multiple, complex and subject to change (Merriam and Caffarella, 1999). 

Nowadays understanding the motivational structure related to adult learning is becoming more and 

more important, specifically in the knowledge society and lifelong learning society. The relevance 

of adult learning is widely recognised for equity and social cohesion, democracy, employment and 

economic development. This shows that even if the respondents have already working knowledge 

on their jobs, still they sought for personal development. They knew that having accumulated 

knowledge and skills could help them get promoted besides prestige and additional income. 

Incentives Provided by LGU-San Jose City to those Participating in Lifelong Learning 

Program 

Financial incentives are the primary support given by LGU-San Jose City to each employee 

participating in lifelong learning. Result shows that majority (66.45%) indicated they received 

financial incentives while 33.55% noted other forms of incentives. Data noted that the respondents 

would participate in such endeavour due to financial assistance by taking into consideration their 

salary grade, there were few of them whose salary range were higher than grade 18. Majority of 

them were in the salary grade bracket of grades 1-17. Thus, financial incentives was the most 

common motivation for the respondents to participate. 

 However, in other similar studies conducted in corporate environment, lack of financial 

resources and lack of time allocated by the company were identified as hindrances for development 

(Sambrook and Stewart, 1999). On the other hand, there are still LGUs that lack resources, but it 

does not mean that they do not have plans for the enhancement of lifelong learning. 

Relationship between Socio-Demographic Characteristics and Life-Long Learning 

Characteristics 

Using t-test, at 0.05 level of significance, result as shown in Table 5 concluded that there 

was no significant difference between male and female with characteristics of lifelong learning. 

which contests the findings of Jenkins et al., (2002), who claimed that male public sector workers 

are 4% where more likely to undertake lifelong learning, although this is only significant at the 10 

per cent level. Females with vocational qualifications generally have a significant effect of 

engagement in lifelong learning and more likely to undertake lifelong learning. 
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Table 5. Relationship of Sex and the Characteristics of Lifelong Learners Using T-test. 

=================================================================== 

Characteristics of Lifelong Learners  t-values Level of Significance (p) 

------------------------------------------------------------------------------------------------------------------ 
Setting of goals                                              0.448                            0.655 

Application of knowledge & skills                0.441                            0.660 

Self-direction & evaluation                          -0.168                            0.867 

Locating information                                     1.222                            0.224 

Adaptable learning strategies                         0.851                            0.396 

*  significant at 5% level-two tailed (p < 0.05). 

** significant at 1% level-two tailed (p = < 0.01). 

Relationship of Age and Characteristics of Lifelong Learners 

 Table 6 shows that only one variable “adaptable learning strategies” shows significant result 

at a 0.05 (two-tailed significance). This means that the ages 28-66 among the respondents is 

significant on how they adapt to different learning strategies. The null hypothesis that “there is no 

significant relationship of age and the adaptable learning strategies is rejected because it is found 

correlated at P<0.182. It means that when a person reached maturity, he/she became more interested 

in knowing higher level of learning. On the other hand, lifelong characteristics like setting of goals, 

application of knowledge and skills, self-direction and evaluation and locating information were 

found not to have relationship with age of respondents. Data revealed that the aforementioned 

lifelong characteristics has no bearing with respondents’ age, which further shows that as the 

respondent mature in age, the more they try to adapt to learning strategies. 

Table 6. Relationship of Age and Characteristics of Lifelong Learning. 

Lifelong Characteristics Correlation Coefficient 
Level of Significance   

(2-tailed) 

Setting of goals 0.006 0.944 

Application of knowledge & skills 0.078 0.332 

Self-direction & evaluation 0.130 0.102 

Locating Information 0.223 0.229 

Adaptable learning strategies 0.182* 0.022 

*   significant at 5% level-two tailed (p < 0.05). 

** significant at 1% level-two tailed (p = < 0.01). 

Relationship of Civil Status and the Characteristics of Lifelong Learning 

 Result in Table 7 shows that civil status is significantly correlated with application of 

knowledge and skills, self-direction and evaluation and adaptable learning strategies. Therefore the 

null hypothesis that there is no significant relationship of civil status with lifelong characteristics 

was rejected on the three characteristics but failed to be rejected on the two variables. The results 

show that whether you are married or not you always set goals and are still interested in locating 

information for lifelong learning. In the study conducted by Pires A.O (2009), shows that more than 

half of the respondents exhibited motivation towards lifelong learning; where married (61.8 %) and 

the others single (25 %), divorced and the rest (9 %), living together (4.2 %). 
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Table 7. Relationship of Civil Status and the Characteristics of Lifelong Learning. 

Lifelong Characteristics Correlation Coefficient 
  Level of Significance 

                 (p) 

Setting of goals -0.079 0.325 

Application of knowledge & skills -0.162* 0.043 

Self-direction & evaluation -0.175* 0.028 

Locating information -0.305 0.095 

Adaptable learning strategies -0.163* 0.040 

*   significant at 5% level-two tailed (p < 0.05). 

** significant at 1% level-two tailed (p = < 0.01). 

Relationship of Job Position and Lifelong Learning Characteristics 

 Data in Table 8 indicates that Job position/salary grade is significantly correlated with 

setting of goals (-0.157), a negative correlation, but no to very weak relationship. 

 Setting of goals is significantly correlated because planning skills and supervisory abilities 

are being developed and is highly commendable performance for an employee to be considered in a 

higher position. Also, job position is significantly correlated with application of knowledge (0.256). 

The reasons for significance in application of knowledge and skills were; stiff competition and 

qualification requirements set by Civil Service Commission for civil servants or management skills 

and above par performances among corporate employees. Pursuant to Sec. 12, Rule VI of the 

Omnibus Rules on Merit Promotional Plan, an employee before he/she get to be promoted, a merit 

should be observed, and qualifications and competence are adhered to. Furthermore, all candidates 

to be considered for promotion shall possess the appropriate Civil Service Eligibility, educational 

attainment, years of experience and training required of the position, in accordance with the 

Qualifications Standards. The null hypothesis that there is no significant relationship of job position 

and lifelong characteristics could not be rejected except on two variables “setting of goals (-0.157) 

and application of knowledge and skills (0.256). 

 In a related study conducted by Tough (1971), a Canadian educator and researcher, asserted 

that almost 70% of learning projects are self-planned. 

Table 8. Relationship of Job Position and Lifelong Learning Characteristics. 

            Lifelong Characteristics 
Correlation 

Coefficient 

Level of Significance 

(2-tailed) 

Setting of goals -0.157* 0.049 

Application of knowledge & skills 0.256** 0.001 

Self-direction & evaluation 0.066 0.407 

Locating information -0.090 0.629 

Adaptable learning strategies 0.104 0.193 

*    significant at 5% level-two tailed (p < 0.05). 

**  significant at 1% level-two tailed (p = < 0.01). 
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Correlation of Socio-demographic Characteristics with Lifelong Learning Provided by LGU-

San Jose City as Evaluated Regularly for Continuity and Development 

 Innovative lifelong learning of LGU-San Jose City were significantly related to civil status 

as shown in Table 9 and highly significant with sex and highest educational attainment, which 

means that employees of whatever civil standing, were interested in the lifelong learning program 

of the LGU. There was extremely significant relationship to sex because of the preferences of 

trainings and learnings that they want to earn like information and technology which is so appealing 

to male learners. Also lifelong learning program is highly significant with different levels of 

education. Graduates of doctorate degree wanted supervisory and administrative/management type 

of learnings. 

 Behaviourism, cognitivism, and constructivism explain how people pretend to know 

something. Behaviourism and cognitivism see the knowledge as something external to the learner, 

and the learning process as the act of internationalization of knowledge. Constructivism assumes 

that learner are not empty recipients that we have to fill of knowledge. Cognitive theories stress the 

acquisition of knowledge and internal mental structures (Piaget et al., 1952). 

Table 9. Correlation of Socio-demographic Characteristics with Lifelong Learning Provided by 

LGU-San Jose City as Evaluated Regularly for Continuity and Development. 

Socio-demographic characteristics Correlation coefficient Level of Significance 

(two-tailed) Age -0.082 0.305 

Sex -0.209** 0.008 

Civil status -0.176* 0.027 

Job position/salary grade -0.148 0.063 

Highest educational attainment -0.201* 0.011 

*   significant at 5% level-two tailed (p < 0.05). 

** significant at 1% level-two tailed (p = < 0.01). 

Correlation Coefficients between Socio-Demographic Characteristics and Organizational Adult 

Learning Strategies 

 Table 10 shows the correlation of socio demographic characteristics with organizational 

learning innovation which are necessary for professional advancement and development. Salary 

grade is positively correlated with relevant training and seminars (0.021) and highest educational 

attainment (0.016), post-graduate studies on salary grade (0.001) and highest educational attainment 

(0.006), and organizational learning program on salary grade (0.042). The results imply that low 

salaried permanent employees were more interested in having relevant trainings and seminars, 

attend to organizational/in-house training program of the company and enrol to post-graduate 

studies. 

Correlation Coefficients between Socio-Demographic Characteristics with Respondent’s Reasons 

of Continuous Education 

 Table 11 indicates that personal development is significantly related to salary grade and 

monetary benefits while highest educational development is significantly related to monetary 

benefits and other reasons. This was expected results because when salary grade increases, 

monetary benefits follows. Professional development will also increase because the learner can do a 

lot when he has money to buy learning materials or pay for training fees. Highest educational 

attainment is expected also to have direct correlation with monetary benefits because when an 

employee get a higher degree qualifications, this has direct effect on promotion and increase of 

salary.  
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Table 10. Correlation Coefficients between Socio-Demographic Characteristics and Organizational 

Learning Strategies. 

Adult Learning Strategies 
Socio-demographic Characteristics (sig. two-tailed test) 

Age Sex Civil status SG a/ HEA b/ 

Relevant training & seminars 0.474 0.709 0.266 0.021* 0.016* 

Short-term courses 0.132 0.779 0.378 0.946 0.221 

Tutorial courses 0.430 0.449 0.893 0.250 0.414 

On-line training course 0.875 0.356 0.850 0.884 0.408 

Home study program 0.751 0.064 0.889 0.566 0.909 

Open university 0.206 0.104 0.068 0.096 0.486 

TESDA skills dev’t program 0.371 0.535 0.582 0.889 0.791 

Post graduate studies 0.096 0.779 0.266 0.001* 0.006* 

Organizational training program 0.308 0.910 0.748 0.042* 0.940 

OJT/apprenticeship 0.422 0.789 0.667 0.143 0.968 
 

a/ salary grade    *   significant at 5% level-two tailed (p < 0.05). 

b/ Highest educational attainment ** significant at 1% level-two tailed (p = < 0.01). 

Table 11. Correlation Coefficients between Socio-Demographic Characteristics with Respondent’s 

 Reasons of Continuous Education. 

Adult Learning Strategies 
Socio-demographic Characteristics (sig. two-tailed test) 

Age Sex Civil status SG a/ HEA b/ 

Job promotion -0.191 -0.066 -0.090 0.014 0.010 

Personal development -0.007 -0.020 -0.028 0.227* -0.046 

Monetary benefits -0.130 0.100 0.018 0.160* 0.188* 

Others 0.015 0.106 -0.039 0.096 0.274* 

*   significant at 5% level-two tailed (p < 0.05). 

** significant at 1% level-two tailed (p = < 0.01). 

Relationship between the Characteristics of Lifelong Learners and Innovative Learning 

Strategies 

 Data shows the relationship of five areas of characteristics of lifelong learning (Knapper and 

Cropley, 2000) with the innovative learning strategies such as relevant training and seminars, short 

term course, tutorial classes, on-line training courses, home study program, open-university, 

TESDA development program, post graduate studies, organizational training program and 

apprenticeship. 

Table 12 shows significant relationship of on-line training and post-graduate studies to 

locating information. This means that respondents are willing to avail of graduate programs but on 

what schools to enrol is another issue for them. They also wanted on-line training as substitute for 

formal education but to what and which website or on-line facilities they do not exactly know. It 

implies that one relevant training nowadays is more on communication and technology. On-line 

training is very useful to those who are knowledgeable in operating computers and the internet 

because of the internet enlarges the possibilities to acquire new knowledge to unsuspected limits 

(social constructivism). 
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Table 12. Relationship between Characteristics of Lifelong Learners and Innovative Learning 

 Strategies. 

====================================================================== 
Learning Strategies Goal 

setting 

Application of 

knowledge & 

skills 

Self -

direction & 

evaluation 

Locating 

information 

Adaptable 

learning 

strategies 

Relevant training & seminars 0.047 0.093 -0.031 -0.022 0.020 

Short-term courses -0.034 0.062 0.008 -0.106 -0.004 

Tutorial classes -0.074 0.099 -0.022 -0.062 -0.104 

On-line training -0.025 0.039 0.037 -0.210 * 0.132 

Home study program 0.077 0.112 0.001 -0.050 0.071 

Open university -0.065 0.118 -0.027 -0.126 0.019 

TESDA program 0.010 -0.059 -0.036 -0.080 -0.043 

Post graduate -0.170 0.093 -0.005 -0.187 * -0.039 

Organizational learning -0.096 0.153 0.071 -0.101 0.002 

Apprenticeship 0.098 0.150 0.101 -0.054 0.090 

*   significant at 5% level-two tailed (p < 0.05). 

** significant at 1% level-two tailed (p = < 0.01). 

CONCLUSION 

Based from results of this study, the following conclusions are inferred/generalized: 

1) The respondents were all permanent employees of the local government unit of San Jose City, 

Nueva Ecija. Their ages range from 28-66 years old and the study that sex was not a gender 

issue when it comes to lifelong learning. Married individuals were more interested in engaging 

lifelong learning. Respondents occupying Salary Grade 3 were the ones looking for promotion 

and Salary Grade 15 were the ones looking for job security and supervisory position, and very 

much interested in lifelong education. 

2) Application of knowledge and skills and self-direction and evaluation were identified being the 

highest lifelong characteristics of the respondents. However, they noted undecided in terms of 

locating information. Relevant trainings and seminars and taking up short term courses were 

still the primary choices of the respondents in their innovative learning strategies for lifelong 

learning. A lot of respondents also wanted to take up post-graduate studies provided they are 

supported financially by their institution. 

3) Results showed there was no significant relationship between male and female in setting up 

goals, application of knowledge and skills, self-direction and evaluation, locating information 

and adaptability of learning strategies. Adaptable learning strategy had positive correlation with 

age; civil status posted significant relationship with application of knowledge and skills and 

self-direction and evaluation. Job position shows positive relationship with setting of goals and 

application of knowledge while highest educational attainment posted negative relationship. 

4) Socio-demographic characteristics and innovative learning innovation displayed significant 

relationship is some areas. Salary grade or job position has positive relationship with relevant 

training and seminars, post graduate studies and organizational training program or in-house 

training program. This means that the salaried employees are expecting trainings and seminars 

from LGU-San Jose City, for their professional development and career improvement. The 

results indicate that null hypothesis number two is rejected on three lifelong characteristics. 

Locating information was significantly correlated with innovative learning strategies especially 
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in the area of on-line training and post graduate studies. On-line training is less-time consuming 

and can be substitute for formal education. Significant results found in the two identified 

variables, i.e, locating information with on-line training and post-graduate studies. 

5) Some of the problems identified by the respondents were; they have no money to finance for 

graduate school and they have no time for another formal schooling. That’s why a clear program 

for lifelong education is highly recommended to LGU-San Jose City. 
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Abstract 

The aim of this study is to investigate the effect of foreign direct investment (FDI) on the 

economy of host country by using the sample of ASEAN-FDI inflows to Thailand and Thailand’s 

economic indicators during the year 2005-2017. In order to complete the better implication of FDI 

effect on the economy, this study is incorporated by other economic variables, namely stock market, 

exportation, GDP growth, consumer price index, importation and production of manufacturing 

index. Time series analysis and Bayesian methods are employed to this study as they are useful 

estimators for making a prediction in various applied economic and econometric models. The basic 

background of Bayesian method refers to the Bayes theorem which leads to compute the posterior 

distribution of interested parameters. Additionally, the posterior can be calculated by the prior 

distribution and the likelihood function through the joint distribution. This approach is based on 

multiple linear regression context which confirms the significant effect of FDI to Thai economy. 

Nevertheless, there are FDI inflows from some countries in ASEAN do not have any significant 

effect on Thai economy, although the substantial inflow of FDI. As a consequence, FDI does not 

always boost the economy of host country even though the country acquires more FDI. In other 

words, the contribution of FDI depends on both host country and foreign country; the policy, 

behaviour of host country government, the characteristic and proportion of foreign investment, and 

trade policy. This study is important to imply that the host country government and policy maker 

should emphasize the policy or conditions that allow for maximizing benefits or for minimizing 

costs of FDI effect on the host country. Furthermore, they should exercise with the prudence for 

persuading more FDI inflows from ASEAN and negotiate with foreign investors for working 

conditions, technology transfer, training workers, resources access (i.e. financial resources, natural 

resources), then propose the policy and regulation are suitable and strict. 

Keyword: Foreign direct investment, Thai economy, Bayesian multiple linear regression. 

INTRODUCTION 

There have been many studies about the relationship between Foreign Direct Investment 

(FDI) and economic growth in developing countries. Some researchers fully realize that FDI plays 

as a key driver to propel the economic growth because the effective FDI becomes the new challenge 

for the developing countries to complete sustainable development goals and it is enable to enrich 

the destination country through spillover effects and productivity advancement (see e.g., 

Berthélemy and Demurger [6], Borensztein, De Gregorio and Lee [7], De Mello Jr [13], Khalifah, 

Mohd Salleh and Adam [29]). Nevertheless, Bende‐Nabende, Ford and Slater [5] defended that FDI 

did not take the benefits to affect every developing country, indeed it also brought along the costs; 

therefore, the effect between FDI and the host economy appeared to be the mixed outcomes. The 

beliefs of FDI, that received by the theory and previous studies, stated that FDI produce the higher 

mailto:nartrudee.supsaad@gmail.com
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productivity on the host country. In the economics, Mankiw [31] defined the investment as “ The 

investment means purchases of goods (such as capital equipment, structures and inventories) used 

to produce other goods; not financial investment, such as, stock, bonds, and mutual funds”. 

Therefore, the investment is one of the dynamic components of Gross Domestic Product (GDP). 

When the investment is increased, it gives a production boost, larger exportation, employment 

development; the latter is a rise in consumption and increased tax revenues by government 

spending. Finally, the GDP also rises; the host economy opportunities have expanded. 

Unfortunately, in fact, FDI does not always boost the economy of every host countries. FDI could 

be harmful to the host country as well since FDI might destroy the resource allocation and slow 

down in the economic growth due to trade, price, financial and other factors [18]. The study of 

Encinas-Ferrer, Carlos, and Eddie Villegas-Zermeño [16]  also suggested that FDI could create the 

negative effect on the GDP growth in the host country due to a lower multiplier effect on the host 

country, when the propotion of FDI was smaller than the domesic investment. 

Accordingly, the arguments are very interesting for this study to seek for the better 

implication of FDI effect on the economy in the host country. The study should concern with 

various economic aspects, rather than GDP growth. The other studies have investigated FDI effect 

on the host economy in many ways. The details were as follows: 

a. The effect of FDI inflow on the stock market in the host country 

The research of Claessens, Klingebiel and Schmukler [12] was interested in the effect of 

FDI on the 77 emerging stock markets. They founded that the effect of FDI on the host stock 

market were a positive effect, that led to the financial market developmemt on the host countries. 

The studies of Sayek, Alfaro, Chanda and Kalemli-Ozcan [35] and Baker, Foley, and Wurgler [3] 

argued that FDI might have a negative effect to the stock market development since FDI could be 

the substitution of the short-term investment especially, the short-term of equity and debt 

instruments; therefore they might be the speculator. Desai, Foley, and Hines [14] suggested that an 

increase FDI inflows with the form of intra-company loans or venture capitalist might affect poor 

stock market development in host country. 

b. The effect of FDI inflow on the manufacturing production development in the host 

country 

Borensztein, De Gregorio, and Lee [7] exposed that FDI played as a main channel of 

technology spillovers from the home country to the host country. Multinational enterprises (MNEs) 

provided the high level of technology with higher productivity on the host country. 

c. The effect of FDI inflow on the inflation in the host country 

Trevino, Daniels and Arbelaez [38] discovered the connection between FDI and the 

inflation in the host country through Consumer Price Index (CPI). Their study found that the more 

of FDI inflows rendered a decreasing in CPI rate, then a lower inflation rate. The results indicated a 

negative effect of FDI and CPI and it also helped the host country to lessen inflation rate. The study 

of Reinhart and Rogoff [34] arguged that the increasing FDI inflows might result in the price of 

goods and services boom due to the various of commodities in the host economy, then it induced a 

higher inflation rate. 
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d. The effect of FDI inflow on the exportation and importation in the host country 

Zhang [40] researched the effect of FDI from the rest of the world in China economy. His 

study indicated that FDI inflows were a positive relationship with China export, that promoted high 

production in the local industry. The study of Chaisrisawatsuk, S., and Chaisrisawatsuk, W. [9] 

where was investigated in Thailand economy, found against that an increased FDI inflows could 

drop off the exportation in the host country to other trading partners because they exported the 

products from the host country to the home country and vice versa, that caused the crowding out 

export to the others. Furthermore, the host country had to import more raw materials and 

intermediate goods from the home country and/or the rest of the world because of the dependence 

on the production technology. 

Regarding to the previous studies about the effect of FDI on the different countries. We found 

the important point that how about the effect of FDI inflows on Thailand economy with various 

economic aspects. In Southeast Asia, Chandprapalert [10] stated that Thailand economy was the 

second largest economy and its performance pretty good. Furthermore, Thailand was considered as 

one of important states on ASEAN. Keorite and Moubarak [28] also mentioned that Thailand was a 

popular destination for foreign investors and a newly industrialized country due to the abundance of 

resources and the policy with regarding foreign investors. Additionally, the magnitude impacts of 

FDI was remarkable for the intensive competition among ASEAN members. Most of the available 

investigations were interested in the effect between FDI inflows from ASEAN and Thailand 

economy. Nevertheless, they were not enough substance for considering FDI effect on the host 

economy because they have pointed out only the aspect of the GDP growth. Hence, the other 

economic aspects of the host country, for instance, the stock market, production improvement and 

inflation, should be addressed in the study. Moreover, only a few researchers have applied the 

Bayesian method in their studies, that is a straightforward idea to consider the applied economic 

problems. Simionescu, M. [36] studied the relationship between FDI and EU economic growth 

during the economic crisis. Bayesian linear regression model was employed in his work in order to 

indicate the results regarding the relationship between FDI and EU. The study emphasised that FDI 

was the reciprocal effects on EU economic growth during economic crisis. Furthermore,  

Simionescu recommended that Bayesian linear regression model was more appropriate on time 

series than a traditional linear regression because its coped with the incidence of the increased 

sample size or large number. 

Ultimately, there is little study examining the relationship between FDI and the host economy 

through Bayesian method, especially FDI inflows from ASEAN on Thailand economy. The aim of 

this study is to investigate the effect of FDI on the economy of host country by using the sample of 

ASEAN-FDI inflows to Thailand economy during the year 2005-2017. In order to complete the 

better implication the FDI effect on the host economy; we decide to study the effect of FDI inflows 

from ASEAN on Thai economy with various economic aspects - the stock market development, 

GDP, production improvement, importation, exportation and inflation. Time series analysis and 

Bayesian methods are employed to this study as they are useful estimators for making a 

prediction in the applied economic and econometric models. Thus, This study is designed to 

investigate “How can FDI inflows from ASEAN affect Thai economy?”. 

  



 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 

526 

MATERIALS AND METHODS 

Overview of the Study 

This study is designed to investigate “How can FDI inflows from ASEAN affect Thai 

economy?”. From the evidence between ASEAN and Thailand, during the year 2005-2017. Time 

series analysis and Bayesian methods are employed to this study as they are useful estimators for 

making a prediction. This approach is based on multiple linear regression context which confirms 

the significant effect of FDI inflows from ASEAN to Thai economy. 

Data Collection and specification 

The data sets are collected from the Bank of Thailand (BOT). We employ the time series 

data of quarterly data sets over the period from Q1 2005 to Q1 2017. The sample of FDI data are 

provided by ASEAN FDI inflows to Thailand, which are classified by country, namely Indonesia 

(FDIID), Malaysia (FDIMY), the Philippines (FDIPH), Singapore (FDISG), Brunei Darussalam 

(FDIBN), Viet Nam (FDIVN), Myanmar (FDIMM), Lao PDR (FDILA) and Cambodia (FDIKH). 

In order to complete the better implication the effect of FDI on the economy in the host country; we 

decide to study the effect of FDI inflows from ASEAN on Thai economy with various economic 

aspects. The details are as follows; 

- The stock market development 

      The investigation is followed by the studies of  Claessens, Klingebiel and Schmukler 

[12], Sayek, Alfaro, Chanda and Kalemli-Ozcan [35] and Baker, Foley, and Wurgler, [3]. The stock 

market is defined by the index of Stock Exchange of Thailand (SET) to study the effect of FDI on 

the host country stock market development. 

- The exportation 

      The investigation is followed by the studies of Chaisrisawatsuk, S., and Chaisrisawatsuk, W. [9] 

and Zhang [40]. The exportation is defined by Thailand Export (THEXPORT) to study the effect of 

FDI on the exportation in the host country. 

- The GDP growth 

      The investigation is followed by the studies of  Mankiw [31], Simionescu [36] and 

Adams [1]. The GDP growth is defined by Thailand GDP growth (THGDPGROWTH) to study the 

effect of FDI on the host country GDP growth. 

- The inflation. 

      The investigation is followed by the studies of Reinhart and Rogoff [34], and Trevino, 

Daniels and Arbelaez [38]. The inflation is defined by Thailand Consumer Prices, Core CPI 

(THCPI) to study the effect of FDI on the inflation in the host country. 

- The production improvement 

      The investigation is followed by the study of  Borensztein, De Gregorio, and Lee [7]. 

The production improvement is defined by Thailand Manufacturing Production index (THMPI) to 

study the effect of FDI on the production improvement t in the host country. 

- The importation 

      The investigation is followed by the study of  Chaisrisawatsuk, S., and Chaisrisawatsuk, 

W. [9]. The importation is defined by Thailand Import (THIMPORT) to study the effect of FDI on 

the importation in the host country. 
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Methodology 

Rationale and Overview of Bayesian Method 

Canova [8] indicated that the Bayesian method was a useful estimator in many applied 

economic and econometric models. The basic background of this method was referred to the Bayes 

theorem which leads to compute the posterior of interested parameters. This posterior can be 

computed from prior and the likelihood. Let the vector of parameters of interest  lies in a set A and 

 is the observed variable. Prior information is calculated by a density . The sample of 

information was presented by a density , interpreted as the likelihood, thus we 

have 

 

      (1) 

where  is the marginal likelihood of y,  is the posterior density of , and 

 is the posterior kernel. In the Bayesian statistics, it is able to overcome many problems on 

linear regression model by using the conjugate priors. 

Let      ,    (2) 

Where       

Then, supposing the rank   and , , , .  

The normal likelihood of  is 

    (3) 

Then, by assuming    ; and let  and  

Thus, the posterior kernel becomes, 

 

 

                                                         

  (4) 

The equation (4) can be rewritten as 

,   (5) 

where 

   (6) 

      

         (7) 

    (8) 

and  
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Given ,  

. Therefore, . If a gamma 

density was applied as a prior for , the conditional posterior for  would have been unchanged and the 

conditional posterior for would be a gamma type. All of these is the process of calculating on the 

conditional posteriors. The marginal posterior of beta is proportional, 

to . The kernel distribution is . 

Bayesian Multiple Linear Regression 

This study is interested in predicting Thai economy based on the FDI inflows from ASEAN. 

Specificially, the outcomes are Thai economy in various economic aspects; the stock market development 

(SET), exportation (THEXPORT), GDP growth (THGDPGROWTH), inflation (THCPI), production 

improvement (THMPI), and importation (THIMPORT), and the predictors are provided by ASEAN FDI 

inflows to Thailand, which are classified by country, namely Indonesia (FDIID), Malaysia (FDIMY), the 

Philippines (FDIPH), Singapore (FDISG), Brunei Darussalam (FDIBN), Viet Nam (FDIVN), Myanmar 

(FDIMM), Lao PDR (FDILA) and Cambodia (FDIKH). All of them are stationary by using the Augmented 

Dickey-Fuller Test (ADF test), which is proposed by Dickey and Fuller [15]. The model amd method of this 

study are followed by the research of Kruschke, John K., Herman Aguinis, and Harry Joo [30]. The 

following form is used; 

 

and             (9) 

where the dependent variable, denoted , is randomly distributed around a linear function of the other 

predictors, denoted , where  is the predicted value of , where  is the error term, and the subscript t 

denotes at the time t observations in time series data. Notice that the parameters must be estimated from the 

data: - the intercept, - the regression coefficient for i th predictor (where i = 1,2,…, n predictor),  and - 

the standard deviation for dependent variable. The equation 9 indicates the probability of observed data 

values given any representative values of the parameters with Bayes’ rule. Therefore, we develop the 

empirical models of this study are; 

 

 (10) 

 

 (11) 

 

 (12) 

 

 (13) 

 

 (14) 
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 (15) 

where SET, THEXPORT, THGDPGROWTH, THCPI, THIMPORT and THMPI are dependent variables to 

measure Thai economy in various aspects. FDI inflows which classified by country of ASEAN are the 

independent variables,  the error terms at each model. , , , ,  and  the the intercept term at 

each model,  , , , ,  and  the regression coefficient at each model. 

Markov Chain Monte Carlo (MCMC) Method 

Evans, S. [17] and Kruschke, John K., Herman Aguinis, and Harry Joo [30] showed that MCMC 

method was used to be more specific for estimating the simulation of posterior distribution on the context of 

regression model with Gaussian errors using Gibbs sampling (with a multivariate Gaussian prior on the 

alpha vector, and an inverse Gamma prior on the conditional error variance). The models of this study have 

been taken by the following form , where the errors were assumed to be Gaussian

.Then, the standard semi-conjugate priors were and   

where  and  were a priori independent. 

RESULTS AND DISCUSSION 

Results 

The empirical results that based upon Bayesian regression context were presented by Table 

1-6. The results reveal that there are the mixed effects of ASEAN-FDI inflows on Thailand 

economy. 

Table 1. The posterior mean coefficient of FDI inflows by ASEAN with 95% Highest Density 

Interval (HDI) effect SET index. 

FDI inflow 
FDI of ASEAN effect SET index 

Posterior mean Lower (2.5%) Upper (97.5%) 

Brunei -9.25E-04 -3.32E-02 3.12E-02 

Cambodia 8.21E-04 -1.66E-03 3.30E-03 

Indonesia 2.11E-03 -3.29E-03 7.49E-03 

Lao PDR -1.72E-04 -3.41E-04 -2.44E-06 

Malaysia -1.24E-02 -6.10E-02 3.74E-02 

Myanmar -1.24E-03 -9.37E-03 6.89E-03 

Philipines -1.41E-03 -8.13E-03 5.36E-03 

Sigapore 1.73E-03 -3.06E-03 6.49E-03 

Viet Nam -1.41E-03 -9.29E-03 6.59E-03 

 

Source: Author's estimation. 
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 As shown in Table 1, the FDI inflow from Lao PDR seems to have a significant effect to 

SET index as the estimated coefficient of FDI from Lao PDR is -1.72E-04 with 95% HDI = [-

3.441E-04, -2.41E-04], which indicates that the estimation of all 50,000 parameter in posterior 

draws exclude zero from the 95% HDI and stay outside the region of practical equivalence (ROPE). 

Therefore, we decide to reject the null value. However, the FDI inflows from the other ASEAN 

neighbors do not have the significant effect to SET index as some estimated parameters in posterior 

draws include zero from the 95% HDI and stay inside the ROPE. Therefore, we decide to accept the 

null value. 

Table 2. The posterior mean coefficient of FDI inflows by ASEAN with 95% Highest Density 

Interval (HDI) effect Thailand export. 

FDI inflow 
FDI of ASEAN effect Export 

Posterior mean Lower (2.5%) Upper (97.5%) 

Brunei -1.38E-02 -4.22E-02 1.46E-02 

Cambodia 9.07E-04 -1.28E-03 3.09E-03 

Indonesia 3.63E-03 -1.12E-03 8.37E-03 

Lao PDR -1.78E-04 -3.27E-04 -2.88E-05 

Malaysia 1.54E-02 -2.74E-02 5.93E-02 

Myanmar -5.40E-04 -7.70E-03 6.61E-03 

Philipines -1.44E-03 -7.35E-03 4.53E-03 

Sigapore 1.76E-03 -2.46E-03 5.96E-03 

Viet Nam -7.14E-03 -1.41E-02 -9.87E-05 

Source: Author's estimation. 

As shown in Table 2, the FDI inflow from Lao PDR seems to have a significant effect to Thailand 

export sector as the estimated coefficient of FDI from Lao PDR is -1.78E-04 with 95% HDI = [-3.27E-04, -

2.88E-05]. Moreover, the FDI inflow from Viet Nam might have a significant effect to Thailand export 

sector as the estimated coefficient of FDI from Viet Nam is -7.14E-03 with 95% HDI = [-1.41E-02, -9.87E-

05]. As a result, both FDI inflows from Lao PDR and Viet Nam indicate that the estimation of all 50,000 

parameter posterior draws exclude zero from the 95% HDI and stay outside the ROPE. Therefore, we decide 

to reject the null value. However, the FDI inflows from the other ASEAN neighbors do not have the 

significant effect to export as some estimated parameters in posterior draws include zero from the 95% HDI 

and stay inside the ROPE. Therefore, we decide to accept the null value. 
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Table 3. The posterior mean coefficient of FDI inflows by ASEAN with 95% Highest Density 

Interval (HDI) effect Thailand GDP growth. 

FDI inflow FDI of ASEAN effect GDP growth 

Posterior mean Lower (2.5%) Upper (97.5%) 

Brunei -2.86E-01 -6.89E-01 1.16E-01 

Cambodia 1.40E-02 -1.70E-02 4.49E-02 

Indonesia 6.24E-02 -5.09E-03 1.30E-01 

Lao PDR -1.97E-03 -4.09E-03 1.42E-04 

Malaysia -4.23E-01 -1.03E+00 1.98E-01 

Myanmar 1.03E-01 1.75E-03 2.05E-01 

Philippines -5.51E-03 -8.95E-02 7.92E-02 

Singapore -1.96E-03 -6.19E-02 5.75E-02 

Viet Nam -1.73E-01 -2.71E-01 -7.30E-02 

Source: Author’s estimation. 

 As shown in Table 3, the FDI inflow from Myanmar seems to have a significant effect to 

Thailand GDP growth as the estimated coefficient of FDI from Myanmar is 1.03E-01 with 95% 

HDI interval = [1.75E-03, 2.05E-01], which indicates that the estimation of all 50,000 parameter in 

posterior draws are well above zero or the zero is excluded from the 95% HDI, and they stay 

outside the ROPE. Moreover, the FDI inflow from Viet Nam might have a significant effect to 

Thailand GDP growth as the estimated coefficient of FDI from Viet Nam is -1.73E-01 with 95% 

HDI interval = [-2.71E-01, -7.30E-02], which indicates that the estimation of all 50,000 parameter 

in posterior draws exclude zero and stay outside the ROPE. Therefore, we decide to reject the null 

value. However, the FDI inflows from the other ASEAN neighbors do not have the significant 

effect to GDP growth as some estimated parameters in posterior draws include zero from the 95% 

HDI and stay inside the ROPE. Therefore, we decide to accept the null value. 

Table 4. The posterior mean coefficient of FDI inflows by ASEAN with 95% Highest Density 

Interval (HDI) effect Thailand CPI. 

FDI inflow 
FDI of ASEAN effect CPI 

Posterior mean Lower (2.5%) Upper (97.5%) 

Brunei 4.01E-04 -2.24E-02 2.31E-02 

Cambodia -1.62E-05 -1.77E-03 1.73E-03 

Indonesia -1.46E-05 -3.83E-03 3.78E-03 

Lao PDR -4.04E-06 -1.24E-04 1.15E-04 

Malaysia -5.45E-05 -3.44E-02 3.51E-02 

Myanmar 1.85E-05 -5.72E-03 5.75E-03 

Philippines 1.45E-04 -4.60E-03 4.93E-03 

Singapore 4.45E-05 -3.34E-03 3.41E-03 

Viet Nam 3.31E-05 -5.53E-03 5.68E-03 

Source: Author’s estimation. 
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As shown in Table 4, all of FDI inflows from ASEAN neighbors do not have the significant 

effect to Thailand CPI as the estimation of all 50,000 parameter in posterior draws include zero 

from the 95% HDI and stay inside the ROPE. Therefore, we decide to accept the null value. 

Table 5. The posterior mean coefficient of FDI inflows by ASEAN with 95% Highest Density 

Interval (HDI) effect Thailand MPI. 

FDI inflow 
FDI of ASEAN effect MPI 

Posterior mean Lower (2.5%) Upper (97.5%) 

Brunei -3.69E-03 -2.80E-02 2.05E-02 

Cambodia 5.33E-04 -1.33E-03 2.40E-03 

Indonesia 1.00E-03 -3.06E-03 5.05E-03 

Lao PDR -1.17E-04 -2.45E-04 1.03E-05 

Malaysia -1.87E-03 -3.85E-02 3.55E-02 

Myanmar 2.78E-04 -5.84E-03 6.39E-03 

Philippines 6.17E-05 -4.99E-03 5.16E-03 

Singapore 1.14E-03 -2.46E-03 4.72E-03 

Viet Nam -3.77E-03 -9.70E-03 2.24E-03 

Source: Author’s estimation. 

 As shown in Table 5, all of FDI inflows from ASEAN neighbors do not have the significant 

effect to Thailand MPI as the estimation of all 50,000 parameter in posterior draws include zero 

from the 95% HDI and stay inside the ROPE.  Therefore, we decide to accept the null value. 

Table 6. The posterior mean coefficient of FDI inflows by ASEAN with 95% Highest Density 

Interval (HDI) effect Thailand import. 

FDI inflow 
FDI of ASEAN effect Import 

Posterior mean Lower (2.5%) Upper (97.5%) 

Brunei -1.32E-02 -4.33E-02 1.68E-02 

Cambodia -4.25E-04 -2.74E-03 1.89E-03 

Indonesia 5.07E-03 2.97E-05 1.01E-02 

Lao PDR -1.90E-04 -3.48E-04 -3.19E-05 

Malaysia -2.91E-02 -7.45E-02 1.73E-02 

Myanmar 2.45E-03 -5.14E-03 1.00E-02 

Philippines 7.32E-04 -5.54E-03 7.05E-03 

Singapore 5.76E-04 -3.90E-03 5.02E-03 

Viet Nam -5.41E-03 -1.28E-02 2.05E-03 

Source: Author’s estimation. 
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As shown in Table 6, the FDI inflow from Indonesia seems to have a significant effect to 

Thailand importation as the estimated coefficient of FDI from Indonesia is 5.07E-03 with 95% HDI 

interval = [2.97E-05, 1.01E-02], which indicates that the estimation of all 50,000 parameter in 

posterior draws are well above zero or the zero is excluded from the 95% HDI interval, and they 

stay outside the ROPE. Moreover, the FDI inflow from Lao PDR might have a significant effect to 

Thailand importation as the estimated coefficient of FDI from Lao PDR is -1.90E-04 with 95% HDI 

interval = [-3.48E-04, -3.19E-05], which indicates that the estimation of all 50,000 parameter in 

posterior draws exclude zero from the 95% HDI and stay outside the ROPE. Therefore, we decide 

to reject the null value. However, the FDI inflows from the other ASEAN neighbors do not have the 

significant effect to importation as some estimated parameters in posterior draws include zero from 

the 95% HDI and stay inside the ROPE. Therefore, we decide to accept the null value. 

Discussion 

 The aim of this study is to investigate the effect of foreign direct investment (FDI) on the 

economy of host country by using the sample of ASEAN-FDI inflows to Thailand and 

Thailand economic indicators during the year 2005-2017. In order to complete the better 

implication of FDI on the economy, this study was incorporated by various economic indicators, 

namely stock market, exportation, GDP growth, consumer price index, importation and production 

of manufacturing index. Time series analysis and Bayesian method were employed to this study as 

they were useful estimators for making a prediction. Bayesian method referred to the Bayes 

theorem which leads to compute the posterior distribution of interested parameters. Additionally, 

the posterior can be calculated from the prior distribution and the likelihood function through the 

joint distribution. Moreover, in  this study, we are interested in making a prognostication about Thai 

economy based on FDI inflows by ASEAN. Accordingly, this approach was based on the Bayesian 

multiple linear regression context which confirms the significant effect of FDI to Thai economy. 

Regarding the results of this study, First, the FDI inflow from Lao PDR appears a significant 

negative effect on the stock market of Thailand, which implies that an increase of FDI inflow can 

inhibit the stock market development in the host country. According to the study of Sayek, Alfaro, 

Chanda and Kalemli-Ozcan [35] and Baker, Foley, and Wurgler, [3] founded that FDI might have a 

negative effect to the stock market development since FDI could be the substitution of the short-

term investment especially, the short-term of equity and debt instruments; therefore they might be 

the speculator. Desai, Foley, and Hines [14] suggested that an increase FDI inflows with the form of 

intra-company loans might affect poor stock market development in host country. In fact, the 

investment between Lao PDR and Thailand are rather the venture capitalist, which may lead to poor 

stock market. Our result indicates similar result. In contrast, the result of this study differed from 

Claessens, Klingebiel and Schmukler [12] where the effect was investigated in 77 emerging 

markets. They suggested that the effect of FDI on the host stock market were a positive effect. 

However, it does not appear on this study when investigated in Thailand stock market. 

Second, the FDI inflows from Lao PDR and Viet Nam indicate the negative effects on the 

export. As the study of Chaisrisawatsuk, S., and Chaisrisawatsuk, W. [9], where was investigated in 

Thailand economy, found that an increase of FDI inflows could drop off the export on the host 

country to other trading partners because they exported the products from the host country to the 

home country and vice versa, whereas that caused the crowding out export to the others. According 

to BOT statistic, Thailand has been running a trade surplus and Baht has been appreciation. 

Therefore, these were the cause of reduction in export to the other countries. Regarding with the 
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statistics, The top exports of Thailand to Lao PDR are oil, car, motor vehicles and parts, machinery 

and construction material, iron and steel, chemical products and so on. The top exports of Thailand 

to Viet Nam are vehicle, machinery, electronic equipment plastics, perfumes and cosmetics, other 

food preparations and so on. However, this study does not support Zhang, K. H. [40] argument, 

where was researched in China. His study indicated that FDI inflows from the rest of the world 

were a positive relationship with China export. 

Third, the FDI inflow from Myanmar shows a positive effect on the GDP growth. On the 

other hand, the FDI from Viet Nam shows a negative effect on the GDP growth. As the study of 

Simionescu [36] proved that the FDI inflows could generate the mixed effects on the economic 

growth. Adams [1] also found that FDI effects might be benefits and/or costs on the host country. 

As Mankiw [31] recommended that even if the host country productivity was produced by FDI with 

technology transfers and spillovers, FDI could be harmful to the host country as well since FDI 

might destroy the resource allocation and slow down in the economic growth due to trade, price, 

financial and other factors [18]. Encinas-Ferrer, Carlos, and Eddie Villegas-Zermeño [16] suggested 

that FDI could create the negative effect on the GDP growth in the host country due to a lower 

multiplier effect on the host country, when the propotion of FDI was smaller than the domesic 

investment. Regarding with the BOT statistc, FDI from Viet Nam was small proportion, it invested 

in the real estate. 

 Fourth, the FDI inflow from Indonesia shows a positive effect on Thailand importation. As 

Chaisrisawatsuk, S., and Chaisrisawatsuk, W [9] perceptively stated that as more FDI inflows, the 

host country had to import more raw materials and intermediate goods from the home country 

and/or the rest of the world because of the dependence on the production technology. According to 

the statistic in 2017, Thailand’s import from Indonesia amounted to 7.4 billion of US dollar, such as 

the mineral fuels including oil, vehicles, machinery, electronic equipment, copper and so on. 

Conversely, the FDI inflow from Lao PDR shows a negative effect on Thailand importation 

because Thailand was more abundant in resources and higher technology than Lao PDR. As a 

consequence, Thailand decided to import input and the production have done within the country, 

which caused a reduction in import sector. The explanation is supported by Gray [20], Hussin and 

Saidin [2] and Wadhwa [39]. 

 Finally, the FDI inflows from ASEAN neighbors do not have any significant effects to 

Thailand CPI and MPI. 

CONCLUSION 

This study employed Bayesian multiple linear regression context to confirm the significant 

effect of FDI to Thai economy. Nevertheless, there were FDI from some countries in ASEAN did 

not have any significant effect on Thai economy, although the substantial inflow of FDI. By the 

theory, it belived that FDI generates the positive effect on the economic development of the host 

country. Moreover, other studies indicated a positive effect of FDI on economy. This study also 

confirmed the positive effect of FDI on the host economy. The more FDI inflow to the host country, 

which renders the stock market development, expansion of export, higher GDP growth and import 

reduction. On the other hand, this study founded the negative effect of FDI on the host country. The 

details are as follows: First, the poor stock market development. FDI could be the substitution of the 

short-term investment especially, the short-term of equity and debt instruments; therefore the 
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foreign investment might be a speculation. In addition, FDI inflows with the form of intra-company 

loans or venture capitalist might affect poor stock market development in host country. Second, 

export reduction. An increase of FDI inflows could drop off the export on the host country to other 

trading partners because they exported the products from the host country to the home country and 

vice versa, whereas that caused the crowding out export to the others. Third, a reduction of GDP 

growth, even if the host country productivity was produced by FDI with technology transfers and 

spillovers, FDI could be harmful to the host country as well since FDI might destroy the resource 

allocation and slow down in the economic growth due to trade, price, financial, the insufficient FDI 

proportion and other factors. Fourth, a rise of import. The host country had to import more raw 

materials and intermediate goods from the home country and/or the rest of the world because of the 

dependence on the production technology. 

This study is limited to the effect between FDI inflows by ASEAN and Thai economy and  

there are the weak effects on some countries due to lack of a strong data. Therefore, the FDI flows 

from other counties especially, the rest of the world, Japan, China, United States and other 

economics variables might be added because it is perhaps that some of them to have more 

significant effect and better inference than this study. Finally, The limitation of this study may be 

the benefit to develop the further study. 

As a consequence, FDI does not always boost the economy of host country even though the 

country acquires more FDI. In other words, the contribution of FDI depends on both host country 

and foreign country - the policy, behaviour of government, the characteristic and proportion of 

foreign investment and trade policy. This study is important to imply that the host country 

government and policy maker should emphasize the policy or conditions that allow for maximizing 

benefits or for minimizing costs of FDI effect on the economy. They should exercise with the 

prudence for persuading more FDI inflows from ASEAN, that may be complementary or substitute 

to the Thailand production. For the stock market development, the government should monitor on 

the volume of short-term investment to prevent the stock market fluctuation by the speculation and 

set the conditions (including tax policy) that are too strict for the intra-company loans and venture 

capitalist. For the trade policy, the Thai Board of Investment (BOI) should promote the production 

aimed at export through the import tax exemption on raw materials, nevertheless they should 

beware of the exchange rate and inflation. Furthermore, they should negotiate with foreign investors 

for working conditions, technology transfer, training workers, resources access (i.e. financial 

resources, natural resources), then propose the policy and regulation are suitable. 

ACKNOWLEDGEMENTS 

The author would like to express the deepest appreciation to Asst. Prof. Dr. Pathairat 

Pastpipatkul for his valuable encouragement and making a contribution to this study and 

Mr.Woraphon Yamaka for the good guidance on this study. Moreover, this study was supported by 

Center of Excellence in Econometrics, Faculty of Economics, Chiang Mai University, Chiang Mai, 

Thailand. 

  



 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 

536 

REFERENCES 

1. Adams, S., “Can foreign direct investment (FDI) help to promote growth in Africa?”, 

African Journal of Business Management, 2009, 3(5), 178. 

2. Amadeo, K. J, “Beyond the Great Recession: What Happened and How to Prosper”, World 

Money Watch, 2010. 

3. Baker, M., Foley, C. F., and Wurgler, J., “Multinationals as arbitrageurs: The effect of stock 

market valuations on foreign direct investment”, The Review of Financial Studies, 2008, 

22(1), 337-369. 

4. Bank of Thailand, https://www.bot.or.th (Accessed: March 2017) 

5. Bende‐Nabende, A., Ford, J., and Slater, J, “FDI, regional economic integration and 

endogenous growth: Some evidence from Southeast Asia”, Pacific economic review, 2001, 

6(3), 383-399.  

6. Berthélemy, J. C., and Demurger, S, “Foreign direct investment and economic growth: 

theory and application to China”, Review of development economics, 2000, 4(2), 140-155. 

7. Borensztein, E., De Gregorio, J., and Lee, J. W, “How does foreign direct investment affect 

economic growth?”, Journal of international Economics, 1998, 45(1), 115-135. 

8. Canova, F, “Methods for applied macroeconomic research (Vol. 13)”, Princeton University 

Press, 2007. 

9. Chaisrisawatsuk, S., and Chaisrisawatsuk, W., “Imports, exports and foreign direct 

investment interactions and their effects”, Asia-Pacific Research and Training Network on 

Trade Working Paper Series, 45, 2007. 

10. Chandprapalert, A, “The determinants of US direct investment in Thailand: a survey on 

managerial perspectives”, Multinational Business Review, 2000, 8(2), 82. 

11. Chowdhury, A, and Mavrotas, G. F. D. I, “Growth FDI: What Causes?”, World Economy, 

2006, 29(1). 

12. Claessens, S., Klingebiel, D., and Schmukler, S, “FDI and Stock Market Development: 

Complements or Substitutes?”, 2001, World Bank Working Paper. 

13. De Mello Jr, L. R, “Foreign direct investment in developing countries and growth: A 

selective survey”, The Journal of Development Studies, 1997, 34(1), 1-3. 

14. Desai, M. A., Foley, C. F., and Hines, J. R., “A multinational perspective on capital 

structure choice and internal capital markets. The Journal of Finance, 2004, 59(6), 2451-

2487. 

15. Dickey, D. A., and Fuller, W. A., “Distribution of the estimators for autoregressive time 

series with a unit root.”, Journal of the American Statistical Association, 1997, 74(366a), 

427-431. 

16. Encinas-Ferrer, Carlos, and Eddie Villegas-Zermeño., “Foreign direct investment and gross 

domestic product growth”, Procedia Economics and Finance, 2015, 24, 198-207. 

17. Evans, S, “Bayesian regression analysis”, University of Louisville, 2012. 

18. Essays, UK., “Negative Effects Of Fdi In Host Countries Economics Essay.”, 

http://www.ukessays.com/essays/economics/negative-effects-of-fdi-in-host-countries-

economics-essay.php?vref=1 (Accessed: March 2017). 

  

https://www.bot.or.th/
http://www.ukessays.com/essays/economics/negative-effects-of-fdi-in-host-countries-economics-essay.php?vref=1
http://www.ukessays.com/essays/economics/negative-effects-of-fdi-in-host-countries-economics-essay.php?vref=1


 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 

537 

19. Forte, R., and Moura, R., “The effects of foreign direct investment on the host country's 

economic growth: theory and empirical evidence”, The Singapore Economic Review, 2013, 

58(03), 1350017. 

20. Gray, K. R., “Foreign direct investment and environmental impacts–is the debate over?”, 

Review of European, Comparative & International Environmental Law, 2002, 11(3), 306-

313. 

21. Gujarati, D. N, “Basic econometrics”, Tata McGraw-Hill Education, 2009. 

22. Hardy, D., and Pazarbasioglu, C, “Leading indicators of banking crises: Was Asia 

different?”, 1998. 

23. Hertzberg, M. P., and Beckman, B. A, “Business cycle indicators: Revised composite 

indexes”, Business Conditions Digest, 1989, 29(1). 

24. Hussin, F., and Saidin, N., “Economic growth in ASEAN-4 countries: a panel data 

analysis”, International Journal of Economics and Finance, 2012, 4(9), 119. 

25. Internation Growth Center, “ The multiplier effect of Mozambique’s natural gas discovery 

and FDI bonanza”, https://www.theigc.org/blog/multiplier-effect-mozambiques-natural-gas-

discovery-fdi-bonanza (Accessed: April 2018). 

26. Ismail, N. W., Smith, P., and Kugler, M, “The effect of ASEAN economic integration on 

foreign direct investment”, Journal of Economic Integration, 2009, 385-407. 

27. Kaminsky, G., Lizondo, S., and Reinhart, C. M, “Leading indicators of currency crises”, 

Staff Papers, 1998, 45(1), 1-48. 

28. Keorite, M., and Moubarak, M, “The impacts of China’s FDI on employment in Thailand’s 

industrial sector: A dynamic VAR (vector auto regression) approach”, Journal of Chinese 

Economic and Foreign Trade Studies, 2016, 9(1), 60-84. 

29. Khalifah, N. A., Mohd Salleh, S., and Adam, R, “FDI productivity spillovers and the 

technology gap in Malaysia's electrical and electronic industries”, Asian‐Pacific Economic 

Literature, 2015, 29(1), 142-160. 

30. Kruschke, John K., Herman Aguinis, and Harry Joo, "The time has come: Bayesian methods 

for data analysis in the organizational sciences." Organizational Research Methods, 2012, 

15(4), 722-752. 

31. Mankiw, N. G., “Principles of macroeconomics”, Cengage Learning, 2014. 

32. OECD, “Foreign Direct Investment for Development Maximising Benefits, Minimising 

Costs”, France: Organisation for Economic Co-operation and Development, 2002. 

33. Prasad, E., Rogoff, K., Wei, S. J., and Kose, M. A, “Effects of financial globalization on 

developing countries: some empirical evidence”, India’s and China’s Recent Experience 

with Reform and Growth (pp. 201-228). Palgrave Macmillan UK, 2005. 

34. Reinhart, M. C., and Rogoff, M. K., “FDI to Africa: The role of price stability and currency 

instability (No. 3-10)”, International Monetary Fund, 2003. 

35. Sayek, S., Alfaro, L., Chanda, A., and Kalemli-Ozcan, S., “FDI spillovers, financial markets 

and economic development”, International Monetary Fund, 2003. 

36. Simionescu, M, “The relation between economic growth and foreign direct investment 

during the economic crisis in the European Union”, Zbornik radova Ekonomskog fakulteta u 

Rijeci: časopis za ekonomsku teoriju i praksu, 2016, 34(1), 187-213.   

https://www.theigc.org/blog/multiplier-effect-mozambiques-natural-gas-discovery-fdi-bonanza
https://www.theigc.org/blog/multiplier-effect-mozambiques-natural-gas-discovery-fdi-bonanza


 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 

538 

37. Smith, K, “List of 16 Major Leading and Lagging Economic Indicators”, 2015. 

38. Trevino, L. J., Daniels, J. D., and Arbelaez, H., “Market reform and FDI in Latin America: 

an empirical investigation”, Transnational Corporations, 2002, 11(1), 29-48. 

39. Wadhwa, K., “Foreign direct investment into developing Asian countries: the role of market 

seeking, resource seeking and efficiency seeking factors”, International Journal of Business 

and Management, 2011, 6(11), 219. 

40. Zhang, K. H., “How does FDI affect a host country’s export performance? The case of 

China”, In International conference of WTO, China and the Asian Economies (pp. 25-26), 

2005. 

  



 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 

539 

iGRC04010170 

Analyzing Correlation between Thailand and ASEAN 5 Equity 

Markets Returns with the Gravity Model 

Dulyagul Khabwang 1,* and Pathairat Pastpipatkul 2 

1 Faculty of Economics, Chiang Mai University, Chiang Mai, Thailand. 
2 Center of Excellence in Econometrics, Faculty of Economics, Chiang Mai University, 

  Chiang Mai, Thailand. 

*Corresponding author, e-mail: dulyagul.k@gmail.com, ppathairat@gmail.com 

Abstract 

 This study explained the impact of factors on the equity markets correlation between 

Thailand and other four member countries of the Association of Southeast Asian Nations (including 

Indonesia, Malaysia, the Philippines, and Singapore) using the gravity model. Based on the gravity 

model, the main factors are economic size and distance. Economic size is defined as market 

capitalization. Crude oil price divided by geographical distance was the representative of 

geographical distance variable. Moreover, to consistent with the purpose of AEC this study adds 

some variables including investment freedom and financial freedom index which use score data 

from Heritage Foundation Website. These are called financial economics variables. Then, the model 

was estimated by multivariate autoregressive state-space model. The results showed that all factors 

were significantly. Market capitalization, investment freedom index, financial freedom index were 

positive impact on the cross-country equity market correlation. It is surprisingly for the outcome of 

relationship between correlation of two equity markets and distance. The impact of distance on 

cross-country equity market correlation is negative. Even though geographical distance variable in 

stock market was not representative of transportation cost, it was still significantly. This 

relationship may occur from information friction. That was, investors know little about information 

in destination countries. Therefore, investors tend to under-weight theirs portfolio in destination 

country. 

Keywords: Gravity model, Multivariate Autoregressive State Space Model (MARSS), 

        Geographical distance, Investment freedom, Financial freedom. 

INTRODUCTION 

 In the past two decade, the interesting topic is stock market development. It is known that 

the stock market is the main source of finance and has positive impact on economic growth. This is 

a good supporter for improving the economy within country in many way. Every country may use 

this channel to enhance saving mobilization and make the job opportunities for countries [1]. 

Furthermore, it is the alternative way of foreign investor for portfolio diversification and 

investment. 

 In particular, the Association of Southeast Asian Nations (ASEAN) which was established 

by Indonesia, Malaysia, Philippines, Singapore, and Thailand in 1967 is the interesting market. 

Economic cooperation and integration started slightly in 1977 with the Preferential Trading 

Arrangement and a number of industrial cooperation schemes. The origin of economic integration 

began in 1992 with ASEAN Free Trade Area (AFTA) which includes trade in goods. ASEAN 

Framework Agreement on Services (AFAS) and ASEAN Investment Area (AIA) agreement are 

also added in 1995 and 1998, respectively. In 2003 it agreed about economic integration with 

mailto:dulyagul.k@gmail.com
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ASEAN Economic Community (AEC). The purposes of establishing AEC are to create a single 

market and production base through a free flow of goods, services, foreign direct investment (FDI), 

skilled labor, and a free flow of capital. For these reasons, the author thinks that there may be the 

relationship between two stock markets in ASEAN country. 

 This study proposes the cross-country equity market correlation among ASEAN 5 stock 

markets. The market capitalization of these stock markets is 2,098,677 USD millions or about 8% 

percent of the Asia-Pacific market capitalization. Stock market correlation across country is the 

relationship of returns between the two stock markets. Thiam Hee Ng (2002) investigates the shape 

of co-movement of the stock market returns in South East Asia (including Indonesia, Malaysia, the 

Philippines, Singapore, and Thailand). These stock market returns are analyzed by using correlation 

analysis, cointegration, and time-varying parameter model. Because of the more openness in 

financial markets (stock market) to foreign investors, this study is divided into two periods 

including January 1988 to December 1992; and January 1993 to December 1997.The result shows 

that the correlation of market returns are positive across all the ASEAN countries. Furthermore, 

there is a greater co-movement of stock market returns across the ASEAN stock markets [2]. Trade 

and financial liberalization reform have positive effect on the degree of cross-country equity market 

linkages [3]. The trend of correlation between markets increase in bear markets, unlike bull markets 

[4]. However, in ASEAN region, the explanation of the factors impact on the level of stock market 

correlation between two markets is limited. Therefore, the main purpose for the study is to examine 

the determinant of the degree of stock market correlation. 

 Tinbergen (1962) introduced the gravity model approach of Newton to predict bilateral trade 

flows between two countries and to examine the impact of the determinants on bilateral trade flows 

between two countries. The main determinants in gravity model are gravitational constant, size of 

two countries, and distance between two countries. Anderson and Wincoop (2004) developed the 

gravity model which bilateral trade in good is measured by size of economic, bilateral trade barrier, 

and the term of multilateral resistance. They stated that multilateral resistance or average barriers 

are relative barriers [6]. After that the gravity model is widely used for bilateral trade of good and 

service. Furthermore, the gravity model is applied to study the migration, foreign direct investment 

(FDI), and financial market. 

 Applying the gravity model to the financial market is the interesting topic. Flavin et. al., 

(2002) investigate the factors impact on the stock market correlation across country using the 

gravity model. They find whether geographical variables matter for asset market. These variables 

include physical geography and psychological geography. Physical geographical variables include 

great circular distance, the number of overlapping opening hours, and market capitalization while 

psychological geographical variables consist of common border, language, currency etc. To capture 

more accurately manner of financial market, they add some variables which include the number of 

overlapping opening hours, market risk, industrial diversification, and corporate governance. The 

results suggest that some factors have strongly influential to the correlation of returns between two 

stock markets. Except distance, language, colonial links, and currency variables, all of these 

variables are statistically significant. Particularly, the measure of stock market proximity is positive 

statistically significant. For example, the number of overlapping opening hours is more power to the 

stock market correlation across country. This variable has positive relationship with the stock 

market correlation. From this result, it implies that markets are sensitive to global news and lead to 

higher correlation of returns between two stock markets [5]. Portes and Rey (2005) state that the 

gravity model can also explain the determinants of international transactions in equity. Transactions 
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in financial assets depend on market size and trading costs between home country and partner 

country. The trading cost is function of information cost and the efficiency of the transaction 

technology. In term of information cost, it includes distance, information transmission (telephone 

calls, number of bank branch subsidiaries, degree of overlap in trading hours), and the degree of 

asymmetry information between domestic and foreign investors (an index of insider trading). The 

transaction technology is measured by index of sophistication of financial markets, some direct 

measures of transaction costs and index of financial market development. The results show that 

these variables are also statistically significant. Particularly, the information friction is the important 

factor for a diversification motive in international asset transactions [7]. 

 To capture the special character of stock market behavior financial economics variables are 

still important for explaining stock market correlation. Generally, economic freedom has the 

positive relationship with social and economic goals. This means that the more economic freedom 

of index are robust related with healthier societies, greater GDP per capita (Purchasing Power 

Parity), human development. In the empirical, Aviat and Coeurdacier (2007), Lane and Milesi-

Ferreti (2008a) and (2008b), Coeurdacier and Martin (2009), Forbes (2010) and Coeurdacier and 

Rey (2011) show that trade in goods is an important determinant of trade in assets [8-13]. In 

addition, Bekaert, Harvey, and Lumsdaine (2002) state that in emerging market, the dynamics of 

return and asset flows (net flows) rely on the level of openness to foreign investment [14]. 

Moreover, to consistent with the purpose of AEC the author adds some variables including 

investment freedom and financial freedom index which use score data from Heritage Foundation1 

Website. Therefore, adding these variables is reasonable. Understanding the determinants of stock 

market correlation may be important to allocate portfolio of investors. Thus, this study applies the 

gravity model to explain the factors (market capitalization, geographical and financial economics 

variables) impact on stock market correlation. 

MATERIALS AND METHODS 

Calculation of Returns 

𝑟𝑡 = 𝑙𝑛
𝑝𝑡

𝑝𝑡−1
 (1) 

where 𝑟𝑡 is the returns of each equity market at time 𝑡. 

 𝑝𝑡 is the price index of each equity market at time 𝑡. 

Spearman’s correlation 

𝑐𝑜𝑟𝑖𝑗,𝑡 = 1 −
6∑𝑑𝑖𝑗

2

𝑛(𝑛2 − 1)
 (2) 

where 𝑑𝑖𝑗 is the difference between returns of equity markets in country 𝑖 and 𝑗. 

 𝑛 is number of rank pairs of equity markets in country 𝑖 and 𝑗. 

𝑐𝑜𝑟𝑖𝑗,𝑡 is correlation of returns between country 𝑖 and 𝑗 at time 𝑡 

 

                                                           
1 http://www.heritage.org 
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Rolling Analysis 

where �̂�𝑡(𝑛) is the rolling mean of correlation between country 𝑖 and 𝑗 at time 𝑡 

 n is 30 days of width of windows. 

ln(𝑐𝑜𝑟𝑖𝑗,𝑡) = 𝛽0 + 𝛽1 ln(𝑚𝑐𝑖,𝑡) + 𝛽2 ln(𝑚𝑐𝑗,𝑡) + 𝛽3𝑑𝑖𝑠𝑡𝑖𝑗,𝑡 

+𝛽4𝑖𝑛𝑓𝑖,𝑡 + 𝛽5𝑖𝑛𝑓𝑗,𝑡 + 𝛽6𝑓𝑓𝑖,𝑡 + 𝛽7𝑓𝑓𝑗,𝑡 + 휀𝑖𝑗,𝑡, (4) 

The Gravity Model 

 The gravity model is broadly used for bilateral trade of good and service. Furthermore, the 

gravity model is applied to study the migration, foreign direct investment (FDI), and financial 

market. However, in the stock market, there is no physical movement such as goods or equipment. 

That is, whether geographical distance matter for stock market or not. Furthermore, to harmonize 

with the purpose of AEC which are highly freedom of investment, the new variables for the study 

are added into the gravity model which include investment freedom and financial freedom index. 

These variables are called financial economics variables. Thus, the study include geographical 

variables (market capitalization and geographical distance) and financial economics variables. For 

the model specification (4), it is explained by the gravity model which show the factors affect to the 

level of cross-country equity markets. These factors consist of market capitalization of the equity 

market in country 𝑖 and 𝑗 at time 𝑡, geographical distance between the equity market in country 𝑖 

and 𝑗, investment freedom index of country 𝑖 and 𝑗 at time 𝑡, and financial freedom index of country 

𝑖 and 𝑗 at time 𝑡. Thus, it can be written as 

where ln(𝑐𝑜𝑟𝑖𝑗,𝑡) is natural logarithm of correlation of return between the equity market in country 

𝑖 and the equity market in country 𝑗 at time 𝑡.  

 𝛽0 is constant term. 𝛽1, 𝛽2, 𝛽3, 𝛽4, 𝛽5, 𝛽6 and 𝛽7 are coefficients.  

 휀𝑖𝑗,𝑡 is error term. 

 ln(𝑚𝑐𝑖,𝑡) is natural logarithm of market capitalization of the equity market in country 𝑖 at 

time 𝑡. 

 ln(𝑚𝑐𝑗,𝑡) is natural logarithm of market capitalization of the equity market in country 𝑗 at 

time 𝑡. 

 𝑑𝑖𝑠𝑡𝑖𝑗,𝑡 is geographical distance between the equity market in country 𝑖 and the equity 

market in country 𝑗. The definition of distance can be expressed as 

𝑑𝑖𝑠𝑡𝑖𝑗,𝑡 =
𝑐𝑟𝑢𝑑𝑒 𝑜𝑖𝑙 𝑝𝑟𝑖𝑐𝑒𝑡

𝑔𝑒𝑜𝑔𝑟𝑎𝑝ℎ𝑖𝑐𝑎𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖𝑗
. 

This is a proxy of distance. From this definition, it can see that crude oil price is time-

varying and geographical distance is constant over time. Therefore, distance variable depends on 

time. 

 𝑖𝑛𝑓𝑖,𝑡 is investment freedom index of country 𝑖 at time 𝑡. 

 𝑖𝑛𝑓𝑗,𝑡 is investment freedom index of country 𝑗 at time 𝑡. 

 𝑓𝑓𝑖,𝑡 is financial freedom index of country 𝑖 at time 𝑡. 

 𝑓𝑓𝑗,𝑡 is financial freedom index of country 𝑗 at time 𝑡. 
  

�̂�𝑡(𝑛) =
1

𝑛
∑ 𝑐𝑜𝑟𝑖𝑗,𝑡

𝑛−1

𝑖=0

 (3) 
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The Dependent Variable 

 The correlation of returns between the equity market of Thailand and the equity market of 

country 𝑗 is calculated from daily realized return by using Spearman’s correlation combined with 

rolling analysis. 

The Independent Variables 

 1) Market capitalization is representative of the equity market size. In other words, it is 

financial size variable.  

 2) In term of trade flows, this is a friction that obstructs international trade flows. It is often 

called trade cost. However, in the stock market, there is no trade cost. Thus, the question is that 

whether this variable also matter. For this study, distance variable is crude oil price divided by 

geographical distance. Therefore, this is a representative of geographical distance variable. Bashar 

(2006), Park and Ratti (2008), Lescaroux and Mignon (2008), Bjornland (2009), Korhonen and 

Ledyaeva (2010), Mendoza and Vera (2010), Arouri and Rault (2012) find that positive oil price 

changes lead to positive stock market returns in oil-exporting countries. By contrast, increasing in 

oil price has a negative effect on oil-importing countries [16-22]. Thus, distance variable is not 

constant. The coefficient on this variable provide more understanding about investment behavior. In 

most empirical, it is explained by information frictions. Portes and Rey (2005) said that the impact 

of geographical distance on the transactions of equity is negative. Even though distance variable is 

weightless in stock market, it is still significantly for transactions in equity. Furthermore, distance is 

not representative of transportation costs. The role of geographical distance is an informational 

proxy to explain the investment decisions of investors [7]. Moreover, this variable can explain home 

bias puzzle. This means that investors tend to invest in a large amount of domestic equity market, 

despite the benefit of diversifying into foreign equity markets. Ahearne, Griever and Warnock 

(2004) investigate the effect of both direct barriers, such as capital controls, and indirect barriers 

coming from informational asymmetries on foreign equity holdings of US investors in 48 countries. 

They show that information frictions increase home bias. Thus, geographical distance may be 

expected to have negative effect on stock market correlation [23]. 

 3) Investment freedom index represents the country has no restriction on the flow of cross-

country investment. Investment restrictions are considered from national treatment of foreign 

investment, foreign investment code, restrictions on land ownership, sectorial investment 

restrictions, foreign exchange controls, and capital controls. The point of index are subtracted from 

the score of 100. If these restriction are more the score of each country are lower. More details see 

in the website of the Heritage Foundation. 

 4) Financial freedom index represents independent measurement from government control 

and intervention in the financial sector that decrease competition and generates low credit 

accession. Moreover, foreign financial institutions are treated as domestic institutions and free 

operation. More details see in the website of the Heritage Foundation. Similarly, the score is 

deducted from 100. 

 These index come from many sources for data on capital flows and foreign investment 

which include official government publications of each country, U.S. Department of State, 

Economist Intelligence Unit, Office of the U.S. Trade Representative, World Bank, Organization 

for Economic Co-operation and Development, and U.S. Department of Commerce. 
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Multivariate Autoregressive State Space Model (MARSS) 

 The state space model is a more powerful and flexible instrument. It can deal with many 

linear and non-linear model time series model such as autoregressive integrated moving average 

(ARIMA) models. Furthermore, the data can be non-stationary data. Moreover, it is appropriate for 

the systems with multiple inputs and outputs which conform to this study. Therefore, this method 

may be expected to provide the good things for the study. This state space model has two parts of 

equation. The first equation is a state equation and the second equation is an observation equation. 

Similarly, Multivariate Autoregressive State Space Model (MARSS) which was developed by 

Holmes, Ward, and Wills (2012) is used in various way such as engineering, physics, ecology, 

economics, etc. The purposes of development in MARSS are to solve the missing observation and 

the problem of estimation in observation error that can’t be done from the natural and 

environmental data. MARSS can be fit to time series data well and play important role for learning 

in linear stochastic dynamical systems [24]. It is appropriate for the systems with multiple inputs 

and outputs. Moreover, data can contain the missing values. In practice, the economic environment 

sometimes changes and it may not be proper to assume that parameters of the model are constant. If 

the parameters change over time, this model can solve this problem. The algorithm of MARSS 

based on an Expectation-Maximization (EM) algorithm, Kalman filter, and Kalman smoother. 

Therefore, parameter estimation is done via Multivariate Autoregressive State Space Model 

(MARSS) and the model specification can be written in matrix form, which divide into two part as 

State process 

[
 
 
 
 
 
 
 

𝑚𝑐𝑖,𝑡

𝑚𝑐𝑗,𝑡
𝑑𝑖𝑠𝑡𝑖𝑗,𝑡
𝑖𝑛𝑓𝑖,𝑡
𝑖𝑛𝑓𝑗,𝑡
𝑓𝑓𝑖,𝑡
𝑓𝑓𝑗,𝑡 ]

 
 
 
 
 
 
 

7×1

=

[
 
 
 
 
 
 
1 0 0 0 0 0 0
0 1 0 0 0 0 0
0
0
0
0
0

0
0
0
0
0

1
0
0
0
0

0
1
0
0
0

0
0
1
0
0

0
0
0
1
0

0
0
0
0
1]
 
 
 
 
 
 

7×7 [
 
 
 
 
 
 
 
𝑚𝑐𝑖,𝑡−𝑝

𝑚𝑐𝑗,𝑡−𝑝

𝑑𝑖𝑠𝑡𝑖𝑗,𝑡
𝑖𝑛𝑓𝑖,𝑡−𝑝

𝑖𝑛𝑓𝑗,𝑡−𝑝

𝑓𝑓𝑖,𝑡−𝑝

𝑓𝑓𝑗,𝑡−𝑝 ]
 
 
 
 
 
 
 

7×1

+

[
 
 
 
 
 
𝑢1
𝑢2
𝑢3
𝑢4
𝑢5
𝑢6
𝑢7]

 
 
 
 
 

+

[
 
 
 
 
 
𝑤1
𝑤2
𝑤3
𝑤4
𝑤5
𝑤6
𝑤7]

 
 
 
 
 

, (5) 

where 

[
 
 
 
 
 
𝑤1
𝑤2
𝑤3
𝑤4
𝑤5
𝑤6
𝑤7]

 
 
 
 
 

~MVN

[
 
 
 
 
 
 

0,

(

 
 
 
 

𝑞11 0 0      0      0    0      0
0 𝑞22 0      0     0     0     0

0
0
0
0
0

0
0
0
0
0

𝑞33
0
0
0
0

0
𝑞44
0
0
0

0
0

𝑞55
0
0

0
0
0

𝑞66
0

0
0
0
0

𝑞77)

 
 
 
 

7×7]
 
 
 
 
 
 

. 

On the left hand side the state variables includes market capitalization of the equity market 

in country 𝑖 at time t, 𝑚𝑐𝑖,𝑡, market capitalization of the equity market in country 𝑗 at time t, 𝑚𝑐𝑗,𝑡, 

geographical distance, 𝑑𝑖𝑠𝑡𝑖𝑗, and the variables indicate proximity which is investment freedom 

index of country 𝑖 at time 𝑡, 𝑖𝑛𝑓𝑖,𝑡, investment freedom index of country 𝑗 at time 𝑡, 𝑖𝑛𝑓𝑗,𝑡, financial 

freedom index of country 𝑖 at time 𝑡, 𝑓𝑓𝑖,𝑡, financial freedom index of country 𝑗 at time 𝑡, 𝑓𝑓𝑗,𝑡. On 

the right hand side, the matrix 𝐵, which compose of the state process parameters, are diagonal 

matrix with one value on the diagonal with lag-p of independent variable. 𝑢 is the 7 × 1 vectors of 

state process parameters. The process error at time 𝑡 𝑤𝑡 is the 7 × 1 vector which has zero mean 

and diagonal covariance matrix of 𝑄𝑡. 
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Observation process 

[𝑐𝑜𝑟𝑖𝑗,𝑡] = [z11 z12 z13 z14 z15 z16 z17]

[
 
 
 
 
 
 
 

𝑚𝑐𝑖,𝑡

𝑚𝑐𝑗,𝑡
𝑑𝑖𝑠𝑡𝑖𝑗,𝑡
𝑖𝑛𝑓𝑖,𝑡
𝑖𝑛𝑓𝑗,𝑡
𝑓𝑓𝑖,𝑡
𝑓𝑓𝑗,𝑡 ]

 
 
 
 
 
 
 

7×1

 

+[𝑎1] + [𝑣1], (6) 

where [𝑣1]~MVN(0, [𝑟11]). The dependent variable is the correlation of return between 

country 𝑖 and 𝑗. The Z matrix is the parameter of observation process indicate the level of stock 

market correlation across equity market. 𝑎 is the 1 × 1 vectors of observation process parameters. 

Observation error at time 𝑡 𝑣𝑡 is the 1 × 1 vectors which has zero mean and the 1 × 1 covariance 

matrix of 𝑅𝑡. 

Data Collection 

 This study uses daily closing stock price indices from January 1st, 2014 to December 31st, 

2016, for five equity markets. The data set composes of Thailand (Stock Exchange of Thailand), 

Singapore (Singapore Stock Exchange), Malaysia (Malaysia Stock Exchange), Indonesia (Indonesia 

Stock Exchange), and the Philippines (Philippine Stock Exchange). All stock indices are in local 

currency and are acquired from Bloomberg database. Note that Thailand is home country and other 

countries are partner countries. Therefore, this study consists of four pairs of stock market 

correlation. 

RESULTS AND DISCUSSION 

 The results are presented in this section come from the estimation in the equation (4) by 

using multivariate autoregressive state space (MARSS) package. This based on likelihood 

maximization via Expectation-Maximization and merged together with Kalman filter and Kalman 

smoother (EM) algorithm (Holmes, Ward, & Wills, 2012). EM algorithm provides a maximum 

likelihood estimate of parameter in gravity model, as shown in equation (4). Then, confidence 

intervals for the parameter estimates can be found by using innovations bootstrapping [25]. 

 The results in this paper show that all of the estimates coefficients are statistically significant 

at 𝛼 = 0.05. Except geographical distance, every geographical variables has positive impact on the 

correlation between two equity markets. It is surprisingly for the outcome of relationship between 

correlation of two equity markets and geographical distance. The impact of geographical distance 

on the transactions of equity is negative. Even though geographical distance in stock market is not 

representative of transportation cost, it is still significantly. However, Portes and Rey (2005) state 

that investors can take the advantage of portfolio diversification in countries where business cycle 

have low correlation of returns with domestic country. Thus, this variable should have a positive 

relationship with the correlation of returns. This means that the greater the co-movement between 

financial assets of two countries, the lower advantage of portfolio diversification. Furthermore, they 

find that portfolio diversification is defeated by information friction. That is, investors know little 

about information in destination countries. Therefore, investors tend to under-weight theirs portfolio 

in destination country. This study may conclude that geographical distance have negatively 

relationship with the level of stock market correlation between.  
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 Market capitalization has also directly positive relationship to the level of correlation. The 

country with larger market capitalization has higher level of correlation between two equity 

markets. Larger stock markets have higher credibility and liquidity. Furthermore, larger stock 

markets have more choice of investment across industrial sectors. Moreover, larger market markets 

will typically have more analysts covering these stock markets. From these results, it conforms to 

the results of Flavin, et al. (2002). 

 For the financial economics variables which include investment freedom and financial 

freedom index, these variables are also statistically significant. Investment freedom is also positive 

impact on the two equity markets correlation. This explains about the restriction of investment. If 

there is less restriction or receive higher score of investment freedom, it is higher level of 

correlation. Another explanation for these results is that the more facilitate on investment may be 

more correlation between two them. 

 Financial freedom is statistically significant and also has positive relation to the correlation 

of returns between two equity markets. This means that the country where they have the following 

characteristic, that is, the low level of government intervention to financial institution; the 

government regulation of financial institutions has low; high openness to foreign competition tend 

to be more correlation between them. In other words, the higher score in financial freedom may be 

higher level of correlation. This result is supported by the work of Beine and Candelon (2007). 

They stated that trade and financial liberalization reforms have positive relationship with correlation 

between two equity markets. 

Table 1. Results of Estimating the model by Multivariate Autoregressive State-Space model. 

The Lists of 

the Equity 

Markets of 

the countries 

𝛽0 

(Std.Err) 

𝛽1 

(Std.Err) 

𝛽2 

(Std.Err) 

𝛽3 

(Std.Err) 

𝛽4 

(Std.Err) 

𝛽5 

(Std.Err) 

𝛽6 

(Std.Err) 

𝛽7 

(Std.Err) 

Thailand-

Singapore 

0.39183 

(0.0101) 

1.56826 

(0.00236) 

2.18918 

(0.00276) 

-0.49675 

(0.00201) 

0.6253 

(0.00126) 

0.72925 

(0.00133) 

0.6929 

(0.00088) 

0.72483 

(0.00104) 

Thailand-

Malaysia 

0.32727 

(0.00578) 

2.09077 

(0.00531) 

2.01346 

(0.00499) 

-0.45632 

(0.00175) 

0.61661 

(0.00135) 

0.64504 

(0.00146) 

0.67717 

(0.00189) 

0.65671 

(0.00156) 

Thailand-

Indonesia 

0.3735 

(0.007907) 

2.0936 

(0.005485) 

2.0972 

(0.005314) 

-0.5001 

(0.001986) 

0.0174 

(0.00152) 

0.5937 

(0.00156) 

0.6781 

(0.001909) 

0.6576 

(0.00174) 

Thailand-The 

Philippines 

0.26040 

(0.00624) 

2.12671 

(0.00249) 

2.04817 

(0.00226) 

-0.57659 

(0.0018) 

0.62731 

(0.00078) 

0.66806 

(0.00084) 

0.68878 

(0.00107) 

0.66031 

(0.00078) 
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CONCLUSION 

In this paper, the gravity model can describe the factors affect stock market correlation 

remarkably well. Then, parameter estimation is done by multivariate autoregressive state space 

model. The factor, which is shown in this paper, can explain strongly correlation between two 

equity markets. All of the determinant of the level of correlation are statistically significant. 

Especially, geographical distance has a negative relationship with stock market correlation. It is 

representative of information friction and information asymmetries.  Market capitalization has also 

directly positive relationship to the level of correlation. The country with larger market 

capitalization has higher level of correlation between two equity markets. Investment freedom is 

also positive impact on the two equity markets correlation. It explains about the restriction of 

investment. The explanation for this result is that the more facilitate on investment may be more 

correlation between two equity markets. Financial freedom is statistically significant and also has 

positive relation to the correlation between two countries. This means that the low level of 

government intervention to financial institution; the government regulation of financial institutions 

has low; high openness to foreign competition tend to be more correlation between them. 

ACKNOWLEDGEMENTS 

 The authors thank Asst.Prof.Dr.Pathairat Pastpipatkul for his suggestion in this work. 

Furthermore, this study was supported by faculty of Economics, Chiang Mai University for 

providing data sources. 

REFERENCES  

1. M. Yusoff and S. Hassan, “The stock market development differences among asean-5 

countries: a mean comparison analysis”, International Journal of Economics, Business and 

Management Research., 2017, 1(03), 193-200. 

2. H. Thiam, “Stock Market Linkage in South-East Asia”, Asian Economic Journal., 2002, 

16(4), 353-377. 

3. M. Beine and B. Candelon, “Liberalisation and stock market co-movement between emerging 

economies”, Quantitative Finance., 2007, 11(2), 299-312. 

4. F. Longin and B. Solnik, “Extreme correlation of international equity markets”, The Journal 

of Finance., 2001, 56(2), 649-676. 

5. T. J. Flavin, M. J. Hurley and F. Rousseau, “Explaining stock market correlation: a gravity 

model approach”, The Manchester School Supplement., 2002, 70(S1), 87–106. 

6. J. E. Anderson and E. van Wincoop, “Gravity with gravitas: a solution to the border puzzle”, 

The American Economic Review., 2004, 93(1), 170-192. 

7. R. Portes and H. Rey, “The determinants of cross-border equity flows”, Journal of 

International Economics., 2005, 65(2), 269–296. 

8. A. Aviat and N. Coeurdacier, “The Geography of Trade in Goods and Asset 

 Holdings”, Journal of International Economics., 2007, 71, 22-51. 

9. P. Lane and G.-M. Milesi-Ferretti, “The drivers of financial globalization”, American 

Economic Review: Papers and Proceedings., 2008(a), 98(2), 327-332. 

10. P. Lane and G.-M. Milesi-Ferretti, “International Investment Patterns”, Review of Economics 

and Statistics., 2008(b), 90(3), 538-549.  



 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 

548 

11. N. Coeurdacier and P. Martin, “The geography of asset trade and the euro: Insiders and 

outsiders”, Journal of The Japanese and International Economies., 2009, 23(2), 90–113. 

12. K. Forbes, “Why do Foreigners Invest in the US?”, Journal of International Economics., 

2010, 80, 3-21  

13. N. Coeurdacier and H. Rey, “Home Bias in Open Economy Financial Macroeconomics”, 

Journal of Economic Literature., 2011, forthcoming. 

14. G. Bekaert, C. Harvey and R. Lumsdaine, “The dynamics of emerging market equity 

 flows”, Journal of International Money and Finance., 2002, 21, 295– 350.  

15. C. Choi, D-E. Rhee and Y. Oh, “Information and capital flows revisited: The Internet as a 

determinant of transactions in financial assets”, Economic Modelling., 2014, 40, 191–198. 

16. A.Z. Bashar, “Wild oil prices, but brave stock markets! The case of GCC stock markets”, 

Operational Research., 2006, 6(2), 145-162. 

17. J. Park and R.A. Ratti, “Oil prices and stock markets in the U.S. and 13 European countries”, 

Energy Economics., 2008, 30, 2587-2608. 

18. F. Lescaroux and V. Mignon, “On the influence of oil prices on economic activity and other 

macroeconomic and financial variables”, OPEC Energy Review., 2008, 32(4), 343-380. 

19. C. H. Bjornland, “Oil price shocks and stock market booms in an oil exporting country”, 

Scottish Journal of Political Economy., 2009, 2(5), 232-254. 

20. I. Korhonen and S. Ledyaeva, “Trade linkages and macroeconomic effects of the price of oil”, 

Energy Economics., 2010, 32(4), 848-856. 

21. O. Mendoza and D. Vera, “The asymmetric effects of oil shocks on an oil-exporting 

economy”, Cuadernos de Economía., 2010, 47(135), 3-13.  

22. M. E. H. Arouri, “Stock returns and oil price changes in Europe: A sector analysis”, The 

Manchester School., 2012, 80(2), 237-261. 

23. Alan G. Ahearne, William L. Griever and Francis E. Warnock, “Information costs  and home 

bias: an analysis of U.S. holdings of foreign equities”, Journal of International Economics., 

2004, 62(2), 313–363.   

24. E. E. Holmes, E. J. Ward and K. Wills, “MARSS: Multivariate Autoregressive State-space 

Models for Analyzing Time-series Data”, The R Journal., 2012, 4-1, 11-19. 

25. D. S. Stoffer and K. D. Wall, “Resampling in state space models”, State Space and 

 Unobserved Component Models Theory and Applications., 2004, 227-258. 

  



 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 

549 

iGRC04010184 

The Study of the International Service Trade Flows between Thailand and 

China by Using the Gravity Model 

Achiraya Khamphan 1,* and Pathairat Pastpipatkul 2 

1 Faculty of Economics, Chiang Mai University, Chiang Mai, Thailand. 
2 Center of Excellence in Econometrics, Faculty of Economics, Chiang Mai University, 

  Chiang Mai, Thailand. 

*Corresponding author, e-mail: ornachiraya@gmail.com 

Abstract 

This research aimed to the study of the international service trade flows between Thailand 

and China by using the gravity model. The purpose of the research was to investigate the impact of 

each factor on the international service trade flows between Thailand and China. The factors based 

on the gravity model were gross domestic products per capita of Thailand and China, remoteness, 

distance, regional trade agreement, economic freedom of world, adjacency, and language in the 

period 1995 through 2015. The regression kink model was used to estimate the model of the study 

which was based on the gravity approach. The regression kink function is linear and continuous, but 

the slope of a regression kink function was discontinuous at a kink point. The results present that 

there were only three factors which have the kink point including gross domestic product per capita 

of Thailand, gross domestic product per capita of China, and distance between Thailand and China. 

From the estimation, the kink point occurs when the economy faces the financial crisis. Increase in 

Thai income led to increase in service trade flows between Thailand and China until Thai economy 

faced Asian financial crisis. Then, the kink point happens after that increase in Thai income causes 

service trade flows between Thailand and China increase in decreasing rate. On the other hand, 

income of Chinese and distance led to increase in service trade flows between Thailand and China 

until the global financial crisis takes place in the period 2008 to 2009 and then the kink point 

happened. Then, increase in income of Chinese and distance led to the reduction of service trade 

flows between Thailand and China. 

Keyword: International Service Trade, The Gravity Model, The Regression Kink Model. 

INTRODUCTION 

International trade in service is “the value of services exchanged between residents and non-

residents of an economy, including services provided through foreign affiliates established abroad. 

This indicator is measured in million USD and percentage of GDP for exports, imports and net 

trade [1]”. Service sector is classified to business services, communication services, construction 

and related engineering services, distribution services, education services, environment services, 

financial services, health related and social services, tourism and travel related services, 

recreational, cultural and sporting services, transport services, and other services not included 

elsewhere by World Trade Organization [2]. International trade in service is the interested because 

it not only differs from international trade in good, but also some reasons for bias as well. The first 

reason is service is less visible than good, then international trade in service is harder to measure 

than international trade in good. The second reason is international trade in service is inattention 

because it is hard to reconcile with the real world. The last reason is the movement of trade in 

service is invisible [3].  
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Source: World Bank. 

Figure 1. The Graph of Thailand Trade in Services (% of GDP) from 1975 to 2015. 

The interest field is international service trade flows between Thailand and China because 

international trade in service plays the important role in both income aspect and employment aspect 

of Thailand. In income aspect, international trade in service becomes the part of the force to drive 

economy of Thailand because the share of international trade in service of gross domestic product 

has grown continually [4]. Although Thailand faced Asian financial crisis from 1997 through 1998, 

the share of international trade in service of gross domestic product did not reduce. In employment 

aspect, the share of employment in service sector is more than the share of employment in 

agricultural sector and manufacturing sector [5]. Since the data of international trade in service of 

Thailand has limitation, the interested partner country of Thailand in service sector is selected from 

the main partner country in tourism sector. Tourism sector is the main revenue of service sector in 

Thailand. The data from World Trade Organization reported that the share of Thailand’s services 

exports in 2015 was 73.90 percent of tourism, 16.70 percent of other services, and 9.50 percent of 

transportation [6]. The maximum share of the total tourism receipts from international tourist 

arrivals was 26.67 percent approximately from Chinese tourist that increased 83.70 percent from 

2014 [7]. Thus, China represents the trading partner country of Thailand in service sector. 

International service trade flows between Thailand and China is bilateral trade in service 

sector that is affected by some factors. This study sets the factors based on the gravity model 

approach because the gravity model is the one of successful model that is used widely to explain the 

composition of trade. Furthermore, the gravity model is not emphasized the absolute volume of 

trade in service which can be collected from database. Otherwise, the volume of trade in service is 

implied importantly for the issue of each factor of bilateral service trade flows such as exchange 

rate and the balance of trade [3]. Tinbergen was the first person who applied the gravity model of 

newton to analyze bilateral trade flows. Based on the gravity model of newton, the main factors of 

the gravity model are economic size and distance. Tinbergen added trade policy as another factor to 

the gravity model [8]. The gravity model has been known that is the model including proximity. 

Proximity is the form of geographical distance between the centers of two countries. After that 

distance is measured by transport cost [9]. Moreover, geographical distance is not only considered, 
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but also the relative distance [10]. The relative distance is the multilateral resistance term or the 

country’s ease of market access in the gravity model [11-12]. On the other hand, proximity is 

defined as trade friction. It is the factor which impedes the level of bilateral service trade flows. 

There are two main sources of trade friction [13]. First source is natural trade frictions or natural 

trade cost. Second source is unnatural trade frictions that are associated with man-made cost such as 

cultural proximity [14], or trade policy such as tariff and non-tariff barrier [15]. In addition, many 

factors were added to gravity model by various researches. The gravity model is used to analyze 

trade in service that is as robust as trade in goods [10]. Trade in service is much more elastic to 

financial crisis than trade in good. External trade costs and market size affect to trade in service less 

than trade in good [16]. The global financial crisis did not hurt the exports of services because 

services exports had more immune of short-term income shocks than goods exports [17]. 

The purpose of the study is to investigate the impact of each factor on international service 

trade flows between Thailand and China by using the gravity model. Then, the gravity equation is 

estimated by the regression kink model with an unknown threshold [18]. The regression kink 

function is continuous, but the slope of the regression kink function is discontinuous at an unknown 

threshold point or a kink point. The implication of the regression kink model can be separated to 

three parts for this study. First part, how did each factor affect international service trade flows 

between Thailand and China before the kink point occurs?. Second part, what did the economic 

situation happen at the kink point?. The last part, how did each factor affect international service 

trade flows between Thailand and China after the kink point occurs?. Hansen (2017) [18] used this 

method to examine the U.S. time-series data of Reinhart and Rogoff (2010) [19]. The result of 

Hansen was consistent with the result of Reinhart and Rogoff that was “a growth slowdown when 

debt levels exceed a threshold”. As the result of the study, stakeholder in supply chain of service 

sector such as exporters, importers, and firms in service sector can use the consequences from this 

study to improve and to make decision about their activities. Moreover, trade policy and related 

trade regulation are improved to be more appropriate for service sector. 

MATERIALS AND METHODS 

Scope of the Study 

This study used the yearly secondary macroeconomics data of Thailand and China from 

1995 to 2015. There were factors that impacted to bilateral service trade flows between Thailand 

and China [20] including gross domestic products per capita of Thailand and China [21], 

remoteness, distance, regional trade agreement [22], Economic Freedom of World index [23], 

adjacency, and language. The data set was estimated by R program. 

The Gravity Model  

 The general form of gravity equation of Tinbergen (1962) [8] is: 

Tij = GIiJjηij , (1) 

where Tij is bilateral good trade flows2 that is export or import between origin i and destination j. G 

is the constant and does not depend on origin i or destination j. Ii is the relevant economic activity 

mass of origin I at time t. Jj is the relevant economic activity mass of destination j at time t. ηij is the 

ease of the origin i to access of the destination j. 

                                                           
2

 The coefficients of the export equation and import equation are the same if the set of home country and partner 

country is the same. 
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 The work of Tinbergen [8] argued that ηij represents the distance from the origin i to the 

destination j. The distance provides the negative effect to bilateral trade flows. Then, the gravity 

model is: 

Tij = G
ij

ji

η

JI
, (2) 

The log-linear equation of gravity model is written: 

ln(Tij) = ln(G) + ln(Ii) + ln(Jj) + ln(ηij) + εij , (3) 

After that the gravity equation was applied by Anderson and van Wincoop (2003) [11]. The log-

linear equation of gravity model takes form: 

ln(Tij) = ln(G) + ln(Ii) + ln(Jj) + ln(ηij) + ln(ρi) + ln(τ) + 𝛿t + εij , (4) 

where Tij is bilateral good trade flows that is export or import between origin i and destination j. Ii is 

gross domestic product of country 𝑖 or exporter. Jj is gross domestic product of destination j or 

importer. ηij is the geographical distance. ρi is country i’s relative distance. τj is country j’s relative 

distance. Then, the applied gravity equation of Kimura and Lee (2006) [10] for their regression 

analysis takes form: 

ln(Tijt) = 𝛼 + β1ln(GDPit) + β2ln(GDPjt) + β3ln(DISTANCEij)  

 + β4ln(REMOTENESSit) + β5ln(REMOTENESSjt) + β6ADJACENCYij  

 + β7RTAij + β8EFWit + β9EFWjt + β10ADJACENCYij + 𝛿t + εijt , 

(5) 

Where 𝛼 is constant. ln(GDPit) is the natural log of gross domestic product of country i at time t. 

ln(GDPjt) is the natural log of gross domestic product of country j at time t. ln(DISTANCEijt) is the 

natural log of the geographical distance between the capital of country i and the capital of country j. 

ln(REMOTENESSit) is the natural log of relative distance of country i at time t. 

ln(REMOTENESSjt) is the natural log of relative distance of country j at time t. EFWit and EFWjt 

are economic freedom of world index of country i and country j respectively at time t. Economic 

freedom of World index is the index which represents human has the basic right to possess his or 

her own property in economically free society. The roles of government are protecting people and 

their property, and allowing the free movement of resources and goods. Moreover, economic 

freedom includes clean environment, related with healthy society, human development, greater per 

capita wealth, and poverty elimination [23].  

RTAij is dummy for country i and country j which is the same member in regional trade 

agreement for service sector. ADJACENCYij is dummy for country i and country j which does not 

be separated a land border. LANGUAGEij is dummy for country i and country j which uses the 

same language. Therefore, RTAij is one. ADJACENCYij and LANGUAGEij are zero. Εijt is random 

disturbance term. 
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Therefore, the gravity model specification of this study takes form: 

TTC,t = β0 + β1GDPPCT,t + β2GDPPCC,t + β3DISTANCETC,t + β4REMOTENESST,t  

+ β5REMOTENESSC,t + β6EFWT,t + β7EFWC,t + β8RTATC  

+ β9ADJACENCYTC + β10LANGUAGETC + εTC,t. 

(6) 

The dependent variable is TTC,t which represents the natural log of bilateral service trade 

flows between Thailand and China at time t. This study defines service trade flows as the difference 

of service export and service import for Thailand and China. 

On the right hand side, the independent variable GDPPCT,t is the natural log of gross 

domestic product per capita of Thailand at time t. GDPPCC,t is the natural log of gross domestic 

product per capita of China at time t. Based on the traditional gravity model, gross domestic product 

represents the size of the country economy. The country that has a large number of populations may 

have the high value of gross domestic product. Similarly, the country with a small number of 

populations may have the small value of gross domestic product. Therefore, gross domestic product 

per capita was used instead of gross domestic product. 

DISTANCETC,t is the natural log of geographical distance between Bangkok, Thailand and 

Beijing, China [24] divided by average annual OPEC crude oil price [25] at time t that is given by:  

DistanceTC,t = ln
Distance alGeographic

Price Oil Crude t . 

REMOTENESST,t is the natural log of relative distance of Thailand at time t and REMOTENESSC,t 

is the natural log of relative distance of China at time t. Remoteness is the relative distance of the 

country that represents the country’s ease of market access or country’s outward multilateral 

resistance term. The multilateral resistance term will be low if the country is remote from the world 

market or the country has the policy to prevent international trade such as tariff, quota, and barrier. 

“REMOTENESS” was computed as [12]: 

REMOTENESST,t = 

tW,

tT,

tTC,

GDPPC

GDPPC

DISTANCE
 and REMOTENESSC,t = 

tW,

tC,

tTC,

GDPPC

GDPPC

DISTANCE
, 

where GDPPCW,t is world gross domestic product per capita at time t [20]. EFWT,t is Economic 

Freedom of World Index of Thailand at time t. EFWC,t is Economic Freedom of World Index of 

China at time t. Economic Freedom of World index and gross domestic product per capita are 

positive relationship because gross domestic product per capita is high if degree of Economic 

Freedom of World is high. Then, the collinearity occurs. Therefore, residual is defined as gross 

domestic product adjusted Economic Freedom of World index. Regression of Economic Freedom 

of World index is form on log of gross domestic product per capita and constant. 

RTATC is dummy for Thailand and China which is the same member in regional trade 

agreement for service sector. ADJACENCYTC is dummy for Thailand and China which does not be 

separated a land border. LANGUAGETC is dummy for Thailand and China which uses the same 

language. Therefore, RTATC is one. ADJACENCYTC and LANGUAGETC are zero. β0 is constant 

term. εTC,t is random disturbance term.  
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The Regression Kink Model 

The work of Hansen (2015) [26] is a regression kink with an unknown threshold that shows 

the form of the regression kink model or a continuous threshold model is: 

yt = 1β (xt - 𝛾)- + 2β (xt - 𝛾)+ + t

'

3zβ  + et , (7) 

where yt, xt and et is scalars which are observed for t = 1, 2,…, n. zt is 𝓁-vector which contains an 

intercept. 1β , 2β , and 3β  are parameters. 𝛾 is parameter which represents threshold, knot, or kink 

point. 𝛾 ∈ Ґ where Ґ is compact and strictly in the interior of the support of xt. 

Let (𝑎)− = 𝑚𝑖𝑛[𝑎, 0] that is negative part of a real number 𝑎.  

And (𝑎)+ = 𝑚𝑖𝑛[0, 𝑎] that is positive part of a real number 𝑎. 

β ( 1β , 2β , 3β ) is the slope of a regression and usually unconstrained, then β  ∈ ℝ𝑘−1. For the 

values of xt are less than 𝛾, then the slope with respect to variable xt of model equivalent to 1β . For 

the values of xt are more than 𝛾, then the slope with respect to variable xt of model equivalent to 2β . 

The regression kink model is continuous function for all variables including variable x and z, but 

the slope of the regression kink model is discontinuous or kink at the point x = 𝛾. The regression 

kink has two testing for this study. First, testing for threshold effect with null hypothesis is H0: 1β  = 

2β . The model (7) is under the restriction 1β  = 2β  with a redefinition of the intercept. The 

parameter 𝛾 which is threshold disappears and the known problem of an unidentified parameter 

occurs under null hypothesis. Second, testing for a regression rink with an unknown threshold with 

null hypothesis is H0: 𝛾 = 𝛾0 and alternative hypothesis is HA: 𝛾 ≠ 𝛾0. 

Thus, the regression kink model of this study takes form: 

TTC,t = β0 + [δ1(GDPPCT,t – γ1) – + δ2(GDPPCT,t – γ1) + + e1,t] 

 + [δ3(GDPPCC,t – γ2) – + δ4(GDPPCC,t – γ2) + + e2,t] 

 + [δ5(DISTANCETC,t – γ3) – + δ6(DISTANCETC,t – γ3) + + e3,t] 

 + [δ7(REMOTENESST,t – γ4) – + δ8(REMOTENESST,t – γ4) + + e4,t] 

 + [δ9(REMOTENESSC,t – γ5) – + δ10(REMOTENESSC,t – γ5) + + e5,t] 

 + δ11EFWT,t + δ12EFWC,t + δ13RTATC + δ14ADJACENCYTC  

 + δ15LANGUAGETC + εTC,t , 

(8) 

where δ1, δ2, δ3, δ4, δ5, δ6, δ7, δ8, δ9, δ10, δ11, δ12, δ13, δ14, and δ15 are parameters and the slope of a 

regression and usually unconstrained. γ1, γ2, γ3, γ4, and γ5 are parameters which represents threshold 

or kink point. e1,t, e2,t, e3,t, e4,t, and e5,t are the error term. 

RESULTS AND DISCUSSION 

The result of the regression kink estimation showed that there were only three variables 

which had the kink point including gross domestic products per capita of Thailand and China, and 

distance. Then, this study emphasized on only these three factors as the result in Table 1:  
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Table 1. The Coefficients, Standard Errors, and Kink Points from the Estimation. 

 Coefficient Standard Error Kink Point 

Intercept 0.12138 0.20813  

δ1 215.70467** 48.63245 
-0.25209 

δ2 0.31033 0.86855 

δ3 0.06118 0.75635 
-0.37042 

δ4 -0.11104 0.31386 

δ5 0.54635 0.65638 
-0.36581 

δ6 -0.21289 0.34187 

Residual standard error: 0.2368 on 9 degrees of freedom 

Multiple R-squared: 0.7737, Adjusted R-squared: 0.6229  

F-statistic: 5.129 on 6 and 9 DF, p-value: 0.01483 

Note: “**” is significance at 5 percent level. 

The data set is stationary at 5 percent level. Multiple R-squared and adjusted R-squared are 

0.7737 and 0.6229 respectively so that the model of this study is appropriate for explaining all the 

variation of the independent variable around its mean. Moreover, the model is significance 5 

percent level on p-value. The regression kink equation can be written as: 

TTC,t = 0.12138 + {215.70467 [GDPPCT,t – (– 0.25209)] – 

(0.20813)    (48.63245)  

+ 0.31033 [GDPPCT,t – (– 0.25209)] + + e1,t} 

(0.86855) 

+ {0.06118 [GDPPCC,t – (– 0.37042)] –  

(0.75635) 

+ (– 0.11104) [GDPPCC,t – (– 0.37042)] + + e2,t} 

(0.31386) 

+ {0.54635 [DISTANCETC,t – (– 0.36581)] –  

(0.65638) 

+ (– 0.21289) [DISTANCETC,t – (– 0.36581)] + + e3,t} + εTC,t 

 (0.34187) 

(9) 

However, the model has the limitation since international trade in service is harder to 

measure than international trade in good [3]. The data set of dependent variable contains a missing 

value which may create bias estimation. 
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International Trade in Service and Gross Domestic Product Per Capita 

Gross domestic product per capita of Thailand 

Thailand’s gross domestic product per capita which represents size of Thai economy had 

positive impact on service trade flows between Thailand and China. The kink point happened when 

Thailand faced the Asian financial crisis in the period 1997 to 1998. Hence, the description of the 

result was divided to two periods including before and after the Asian Financial crisis. First period, 

the growth of Thai gross domestic product per capita caused service trade flows between Thailand 

and China grew too high rate (21,570.467 per cent) significantly until 1998 as the first row of table 

1. Before the Asian financial crisis, Thai economy was the one of the fastest growth. Liberalization, 

the management of monetary and fiscal policy, and equity was achievement that caused increase in 

employment, reduced poverty, and more wealth [27]. Government provided more its expenditure. 

Bank of Thailand controlled exchange rate to be stable that was positive impact on export 

performance [28]. Similarly, the growth of Thailand’s gross domestic product per capita implies 

that income increase. There was more spending on service sector at that time so that there was 

increase in service trade flows. Second period, the growth of Thai gross domestic product per capita 

led to service trade flows between Thailand and China grew in decreasing rate (31.033 per cent) 

insignificantly after 1998 as the second row of table 1. Thai economy was very weak after crashing. 

Fiscal policy was reducing government expenditure and/or increasing tax. Then, private spending 

increased slightly [29]. Total export increased and total import decrease because Thai baht was 

depreciation from floating exchange rate. The share of international trade in service of gross 

domestic product did not reduce although Thailand crashed from 1997 through 1998. 

Gross domestic product per capita of China 

The growth of gross domestic product per capita of China had positive impact on the growth 

of service trade between Thailand and China before the global financial crisis occurred in 2008. The 

third row of Table 1 showed that service trade flows between Thailand and China grew 6.118 

percent insignificantly. China’s economy grew rapidly, and then it was slowdown in 2008 because 

export performance collapsed [30]. The kink point was in 2008. After that the growth of service 

trade between Thailand and China was affected negatively by the growth of gross domestic product 

per capita of China as the forth row of Table 1. Service trade between Thailand and China declined 

11.104 percent insignificantly when gross domestic product per capita of China grew up. 

Appreciation of Yuan increased trade surplus. Chinese government created expansion fiscal policy 

including expenditure cut and/or reduce tax that led to rising Chinese private spending [30]. 

Moreover, the prediction show that upper middle income in China increases continually. Then, 

Chinese is more likely to spend more on service sector such as entertainment, leisure, and travel 

[31]. Therefore, although Chinese has more income, service trade with Thailand is downward trend 

as the result. 

International Trade in Service and Distance 

The kink point of distance was in 2009 that was in the period of global financial crisis. 

Distance between Thailand and China is not constant because it is defined as crude oil price per 

kilometer. Distance had positive impact on the growth of service trade between Thailand and China 

until 2009. Crude oil price per kilometer increased that led to service trade between Thailand and 

China increased 54.635 percent insignificantly before 2009. Crude oil price reduced dramatically in 

2009. After that the growth of service trade between Thailand and China decreased 21.289 percent 
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insignificantly when crude oil price per kilometer rose. Although the movement of trade in service 

is invisible, it is affected by distance or crude oil price per kilometer in the case of Thailand and 

China. 

CONCLUSION 

The study investigates the impact of each factor on the international service trade flows 

between Thailand and China by using gravity model and the regression kink estimation. As the 

result, there were only three factors which have the kink point including gross domestic product per 

capita of Thailand, gross domestic product per capita of China, and distance between Thailand and 

China. The kink point occurs when the economy faces the financial crisis. Increase in gross 

domestic product per capita of Thailand led to increase in service trade flows between Thailand and 

China until Thai economy faced Asian financial crisis. Then, the kink point happens after that 

increase in gross domestic product per capita of Thailand causes service trade flows between 

Thailand and China increase in decreasing rate. On the other hand, gross domestic product per 

capita of China and distance led to increase in service trade flows between Thailand and China until 

the global financial crisis takes place in the period 2008 to 2009 and the kink point happened. Then, 

increase in gross domestic product per capita of China and distance cause decrease in service trade 

flows between Thailand and China. 
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Abstract 

This paper sought to find the long-run relationships between international tourist arrivals in 

Cambodia and economic variables such as, transportation cost, exchange rates, dummy variable, 

relative price and GDP per capita during period of 1996 to 2015. Also, this paper used five standard 

panel unit root tests such as LLC (2002) panel unit root test, Breitung (2000) panel unit root test, 

IPS (2003) panel unit root test, Maddala and Wu (1999) and Choi (2001) panel unit root test and 

Handri (1999) panel unit root test. Moreover, the panel cointegration test based on Pedroni residual 

cointegration tests, Kao residual cointegration tests and Johansen fisher panel cointegration test 

were used to test in panel among the variables. The OLS estimator, DOLS estimator and FMOLS 

estimator were used to find the long-run relationship of the international tourism demand model for 

Cambodia. 

The long-run results indicated that growth in GDP per capita of the origin countries has a 

significant and positive effect on international tourist arrivals to Cambodia by increase 1% then the 

number of international tourist arrivals to Cambodia increase by 1.36%.In addition, lnTCit, lnERit, 

lnRPit has a significant negative effect on tourist arrivals to Cambodia when the lnTCit, lnERit, lnRPit 

variable of major countries  increases by 1% then the number of international tourist arrival to 

Cambodia decrease by (lnTCit,) 0.40%. (lnERit,) 0.58%.and (lnRPit,) 1.36%. This finding suggests 

that tourism flows are strongly responded to the rising of income level in the origin countries as 

well as an improving of political reform, relative price, transportation; services; information and 

promotion is considered as the main catalyst in attracting international tourist arrivals in Cambodia 

for the upcoming periods. so, government has the responsibilities of establishing the framework of 

tourism, constructing infrastructure and communications; promoting the tourist destinations to the 

visitors. 

Keywords: Cambodia,  tourism demand,  Panel Unit Root Test, Panel Cointergration Test, 

        long-run relationship. 

INTRODUCTION 

Since Cambodia has been maintaining fully peace and political stable from 1998, the 

government of Kingdom of Cambodia has made efforts to help promoting peace, economic growth 

as well as reducing poverty within the country. Moreover, pushing the tourism sector has been 

economically important to help reducing poverty for within the country by creating thousands of 

jobs, attracting more investment, and most importantly contribute to the GDP. in 2016 tourist 

arrival increase up to 5 percent to 5,011,712 from 4,775,231 in 2015, also the international tourism 

receipts ascended to 3,212 Million $ in 2016, which generated 28.3 percent of GDP Kong & Horth 

(2016). There are amount of jobs driven by tourism industry namely hotels service, travel agents, 
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restaurants service, airlines, and leisure industries which recruit thousands of local employees to 

work for providing the demand of tourism travelling in Cambodia. Based on the World Travel and 

Tourism Council indicated that Travel and Tourism generated 988,000 jobs directly in 2016 

showing 11.4 percent of total employment WTTC (2016).  

Most of the international tourists flowed to Cambodia tourism market from the six continents; 

those are from ASEAN 33.9 percent, East Asia 34.4 percent, South Asia 0.8 percent, Oceania 3.4 

percent Kong & Horth (2016), Europe 19 percent, and North Americas 7 percent. The main 

countries which have very potential effect on Cambodia tourism sector since 1993 until today: 

mainly those who are Vietnam, China, Thailand, Lao PDR, Korea, USA, Japan, UK, Malaysia, 

France and all these are chosen for this study. For a long time now, economists have tried to 

understand the international tourist consumer behavior through demand models. 

For example, Muñoz (2007) studied German tourist demand at each of the most 17 attractive 

Spanish, Habibi et al. (2008) studied in the topic “United Kingdom and United States tourism 

demand in Malaysia" using co-integration analysis, Lim, et at. (2008) used ARMAX model to 

investigate the dynamic relationship between tourism demand and real income of japan for New 

Zealand and Taiwan, Chaiboonsri et al. (2010) research in topic “A panel co-integration analysis: 

An Application to international tourism demand of Thailand. However, growing the international 

tourism role of being the fuel for Cambodia economy, there is very great attention on the study of 

factors that properly hit the tourist’s decision to visit Cambodia, while these studies have paid much 

attention in some Asian countries as well as a lot of in many western and European countries. 

Exactly, an increasing number of studies have struggled to understand the international tourism 

behavior through the demand models. 

MATERIALS AND METHODS 

Research Aim and Objective 

This research aimed to determine how several factors affecting international tourism demand 

for Cambodia, using panel OLS, FMOLS and DOLS estimator to investigate the long run 

relationship through international tourism demand model to Cambodia and explain each 

characteristic of economics behavior. 

Scope of this Research 

The study focuses on the period of annual report from 1996 to 2015. Most of the data used to 

both dependent and independent variables are from the database software (CEIC) data at the 

Faculty of Economic Chiang Mai university original data sources include World Bank and Ministry 

of Tourism Cambodia, Financial statistic data (IMF) and the countries analysis are the top ten 

arrived countries which are known as major tourism market of Cambodia such as Vietnam, China, 

Thailand, Lao PDR, Korea, USA, Japan, UK, Malaysia and France. These countries had a 

significant impacted on the international tourism industry of Cambodia. The variables used in this 

research is Dependent variable and Independent variable such as the numbers of international 

tourists arriving in Cambodia, the GDP per capita, relative price, transportation cost, dummy 

variable, and exchange rate. 
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Advantage of the study  

By conducting this study, it is hoped that the Ministry of Tourism and the government of 

Cambodia will be able to absorb more substantive information with regard to the factors impacted 

to international tourism demand in Cambodia. Moreover, it is also necessary for all scholars and 

economists who are interested in tourism industries study to have chance gaining more reference 

sources in this matter. 

THE METHODOLOGY AND RESEARCH FRAMEWORK 

The Theory of International Tourism Demand Model 

Most of the analysis in econometric approach of tourism demand model used the single 

equation model in the works of Li et al (2005) and Lim (1999). The determinants of tourism 

demand model and it was extended their influence on tourism demand. Growth in international 

tourism is closely aligned to economic variables, which at both the microeconomic and 

macroeconomic levels influences the consumer’s decision to undertake overseas travel. 

Empirical research on international tourism demand has awesomely been based on aggregate 

time series data which permits the estimation of income and price elasticity on inbound tourism (see 

Lim, 1997 and Chaiboonsri et al. (2010). A simple origin-destination demand model for 

international tourism can be represented as follows: 

Dt = f ( Yt  TCt   Pt )                                               (1) 

where: 

Dt = is a measure of travel demand at time t; 

Yt =is a measure of income of the tourist-generating or origin country at time t 

TCt = is a measure of transportation costs from the origin to destination country at time t 

Pt = is a measure of tourism price of goods and services at time t 

And assume that (+Yt), ( -TCt), (-Pt) and explain that when income at time t is increasing 

then the demand for international tourism is increasing simultaneously. When the measure of 

transportation costs from the origin to destination country at time t is increasing then the demand for 

international tourism decreases. And when the measure of tourism price of goods and services is 

increasing then the demand for international tourism is decreasing. Equation (1) can be expressed in 

log-linear (or logarithmic) form: 

                 ln Dt = α + βln Yt    + γln {F1t or F2t} + δln {RPt, ERt or RERt} 

                            + φln Dt -1    + θln CPt + u t                                                       (2) 

Where: 

ln Dt = logarithm of short-term quarterly tourist arrivals (or demand) from the origin to destination 

country at time t 

ln Yt = logarithm of real GDP in original country at time t 

lnF1t = logarithm of real round-trip coach economy airfares in Neutral Units of construction (NUC) 

between original country and destination country at time t 

lnF2t = logarithm of real round -trip coach economy airfares in original country currency between 

original country and destination country at time t 

ln RPt = logarithm of relative prices (or CPI of destination country/CPI of original country) at time t 
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lnERt = logarithm of exchange rate (original country per destination country) at time t  

lnRERt = logarithm of real exchange rate [or CPI (destination country)/CPI (original country) 

*1/ER] at time t 

ln CPt = logarithm of competitive prices [ using CPI (destination country) /(other destination 

country )] 

u t = independently distributed random error term, with zero mean and constant variance at time t 

α , β, γ, δ,φ,θ - parameters to be estimated; β > 0, γ < 0, δ < 0, 

α 0<φ< 1 , θ > 0 (substitutes) and θ < 0(complements). 

The above information mostly focuses on the international tourism demand function based 

on time series analysis. Recently a lot of research about international tourist demand function has 

used the econometric method based on the panel data analysis. This researcher reviewed the 

following studies which applied this technique: Sookmark, S. (2011).and Chaiboonsri et al. (2010). 

Also, the models were used in this research has modified from equation (2) to be equation (3). 

             ln Dit = α + βln (GDPit) + γln (TCit) + θln(ERit) + δ ln(RPit) + uit                                   (3) 

where: 

i = cross-section-data (the number of country arrival to Cambodia) 

t = time series data 

ln Dit = logarithm of tourist arrivals (or demand) from the origin countries number i to 

destination country (Cambodia) at time t 

ln GDPit = logarithm of GDP per capita in original countries number i at time t (Y it) 

lnTCit = logarithm of transportation cost between destination country and original countries 

number i at time t 

lnRPit =logarithm of relative prices CPI of destination country per origin country at time t. 

lnERit = logarithm of exchange rate of original country number i per destination country at 

time t 

u it = independently distributed random error term, with zero mean and constant variance 

number i at time t 

α, β, γ, θ = parameters to be estimated 

α > 0, β > 0 , γ< 0 , θ< 0 , δ<0 

Panel Unit-Root Tests 

Recent literature suggests that panel-based unit root tests have higher power than unit root 

tests based on individual time series. See Levin, Lin and Chu (2002), Im, Persaran and Shin (2003), 

and Breitung (2000) which mention test purchasing power parity (PPP) and growth convergence in 

macro panels using country data over time. This research focused on five types of panel unit root 

tests such as Levin, Lin and Chu (2002), Breitung (2000), Im, Pesaran and Shin (2003), Fisher-

Type test using ADF and PP- test (Maddala and Wu (1999) and Choi (2001), Hadri (1999). These 

methods also see more detail in Chaiboonsri et. al. (2008). 
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Panel Cointegration Test 

Kao (1999) uses both DF and ADF to test for cointegation in panel as well as this test like the 

standard approach adopted in the EG-step procedures. Also, this test starts with the panel regression 

model as set out in equation (4). 

                                Yit = Xit  ßit + Zit  γ0  + εit                                                                     (4) 

where Y and X are presumed to be non-stationary and :( see equation 5)  

                                               e^it = ρ e^ it   + νit                                                                      (5) 

where e^ it = (Yit- Xit ß^it -   Zitc γ^ ) are the residuals from estimating equation (4). 

To test the null hypothesis of no cointegrarion amounts to test H0: ρ = 1 in equation (5) against the 

alternative that Y and X are cointegrated ( i, e., H1 : ρ < 1). Kao (1999)  

developed both DF-Type test statistics and ADF test statistics were used to test cointegration in 

panel also both DF-Type (4 Type) test statistics and ADF test statistics can present below that: 
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where: 

N = cross-section data 

T = time series data 

ρ^ = co-efficiencies of equation 5 

t ρ = [( ρ^ -1) √ (ΣNi=1 ΣTt=2 e^*2 i t-1 )]/Se  
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Se = 1/NT) ΣNi=1 ΣTt=2(e^*i t - ρ^e^*i t-1 )2 

σu^ 2 = variance of u   

σv^ 2 = variance of v 

σu^ = standard deviation of u 

σv^ = standard deviation of v 

tADF = [( ρ^ -1) (ΣNi=1 (e/ Q iei ) )1/2]/ Sv 

Pedroni (1995) provides a pooled Phillips and Perron-Type test and these tests have the null 

hypothesis of no cointegration. The panel autoregressive coefficient estimator, γ^N,T, can be 

constructed as follow: (see equation 11). 

       γ^N,T-1  =  [ΣNi=1 ΣTt=2(e^i , t-1 ∆e^i , t-1 - λ^i )] / ΣNi=1 ΣTt=2(e^ 2i , t-1)          (11) 

where: 

N = cross-section data 

T = time series data 

e i t-1 = error term of model 

λ^ i = a scalar equivalent to correlation matrix 

And also Pedroni(1995) provides the limiting distributions of two test statistics as well as can be 

written in equation 12: 

                                         PP-statistic = [T √N (γ^N,T-1 )] / √2 - N(0,1)                          (12) 

And this research focus on ADF test statistic based on residual-based test follow concept of 

Kao (1999) to test cointegration in panel and also this research focus on PP-test statistic based on 

concept of Pedroni (1995) to test cointegration in panel. Both ADF-statistics and PP-statistic have 

same null hypothesis of no cointegration in panel. In term of combined individual test 

(Fisher/Johansen) also Maddala and Wu (1999) use Fisher’s result to propose and alternative 

approach to testing for cointegration in panel data by combining tests from individual cross-sections 

to obtain at test statistics for the full panel. If Πi is the p-value from an individual cointegration test 

for cross-section i , then under the null hypothesis fir the panel , (see formula 13). 

                                         2∑ 𝑙𝑜𝑔𝑛
𝑖=1 (∏ i )  −  x22n                                              (13) 

By default the χ2 value based on MacKinnon-Haug-Michelis(1999) P-value use for Johansen’s 

cointegration trace test and maximum eigenvalue test. And the Johansen’s Maximum likelihood 

procedure. (see more detail at equation 14) 

∆𝑌𝑖𝑗 = 𝛱𝑖𝑦𝑖𝑗−1 + ∑ 𝑇

𝑛

𝑘=1

𝑘 ∆𝑌𝑖𝑗−𝑘 + 𝑢𝑖𝑗 

 

 

        (14) 

 Ho : rank ( Πi ) =ri  ≤ r for all i from 1 to n ,     Ha : rank ( Πi ) = P for all i from 1 to n  

The standard rank test statistics is defined in terms of average of the trace statistic for each cross-

section unit and mean and variance of traces statistics. 
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Estimating Panel Cointegration Model 

The various (casually single equation) approach for estimating a cointegration vector using 

panel data such as the Pedroni (2000, 2001) approach, the Chiang and Kao (2000, 2002) approach 

and the Breitung (2002) approach. The various estimators available include with-and between-

group such as OLS estimators, fully modified OLS (FMOLS) estimators and dynamic OLS 

estimators. 

FMOLS is a non-parametric approach to dealing with corrections for serial correlation while 

OLS and DOLS are a parametric approach which DOLS estimators include lagged first-differenced 

term are explicitly estimated as well as consider a simple two variable panel regression models: (see 

detail calculated of OLS, FMOLS and DOLS in (equation 16, 17 and 19). 

                                                     Yi t =  α i +  ßi Xi t  + εi t                                       (15) 

 A standard panel OLS estimator for the coefficient ßi given by: 

β ̂OlS = N−1 ∑ [∑ (Xit
T
t=1

n
i=1 − Xi

∗)2]−1[∑ (Xit
n
t=1 − Xi

∗)Yit
∗ − Y∗

i      

        

(16) 

where: 

i= cross-section data and N is the number of cross-section  

t = time series data and T is the number of time series data  

ß^i OLS = A standard panel OLS estimator 

Xi t = exogenous variable in model  

X*i = average of X*i 

Yi t = endogenous variable in model Y*i - average of Y*i 

To correct for endogeneity and serial correlation, Pedroni (2000) has suggested the group-

means FMOLS estimator that incorporates the Phillips and Hanseri (1990) semi-parametric 

correction to the OLS estimator to adjusts for the heterogeneity that is present in the dynamics 

underlying X and Y. Specifically, the FMOLS statistics is: see equation 17 

β̂FMOLS = N−1 ∑ [∑ (Xit − Xi
∗)2T

t=1
N
i=1 ]−1[∑ (Xit − Xi

∗T
t=1 )(Yit

+ − TŶi                                             (17) 

where 

i = cross-section data and N is number of cross-section data  

t = time series data and T is number of time series data  

ß^i FMOLS = Full modified OLS estimator  

Xi t = exogenous variable in model  

X*i = average of X*i  

Yi t = endogenous variable in model  

Y* i = average of Y*i  

Y+it = (Yi t  - Y*i) - [( Ω^ 21i / Ω^ 22i )∆Xi t ] and Ω^ is covariance  

Y^ = act to correct for the effect of serial correlation due to the heterogeneous  

dynamics in the short-run process determining x and y. 
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In contrast to the non-parametric FMOLS estimator, Pedroni (2001) has also constructed a 

between-dimension, group -means panel DOLS estimator that incorporates corrections for 

endogeneity and serial correlation parametrically. This is done by modifying equation 10 to include 

lead and lag dynamics: (see equation 18). 

                  Yi t =  α i +  ßi Xi t + Σki j= -k γ ik ∆Xi ,t-k + εi t                                               (18) 

βDOLS = [N−1 ∑ (∑ zit
T
i=1

n
i=1 zit

∗ )−1(∑ zit
T
i=1 y̅it)                                      (19) 

where: 

i = cross-section data and N is number of cross-section data t - time series data and  

t = is number of time series data 

ß^i DOLS = dynamics OLS estimator 

Zi t = is the 2(K+1) x 1 

Z^it = (Xi t - X*i) 

X*i = average of X*i 

∆Xi ,t-k  = differential term of X 

The above methods, used to estimate panel cointegration models, were mostly developed by 

Pedroni (2000, 2001). This research focused on the OLS estimator, the DOLS estimator and 

FMOLS estimator for estimating panel cointegration for modeling international tourism demand of 

Cambodia. 

THE EMPIRICAL RESULTS OF THE RESEARCH  

Results of The Panel Unit Root Test 

This research used the panel unit root test of the variables by five standard method tests for 

panel data including Levin, Lin and Chu (2002), Breitung (2000), Im, Pesaran and Shin (2003), 

Fisher-Type test using ADF and PP-test (Maddala and Wu (1999) and Choi (2001)) and Hadri 

(1999). 

Table 1 present the results of the panel unit root tests based on the five methods test for all 

variables were used in modeling international tourism demand of Cambodia. The Levin, Lin and 

Chu (2002) method test indicate that lnGDP, is significance level for reject null of a unit root but 

lnD, lnTC, lnER and lnRP have unit root. The Breitung (2000) method test indicate that lnD, is 

significance level for reject null of a unit root but lnGDP lnTC, lnER and lnRP, have unit root. The 

Im, Pesaran and Shin (2003) method test indicate that lnGDP have not unit root but lnD, lnTC, 

lnER and lnRP have unit root. Also, Maddala and Wu (1999) and Choi (2001) method ADF-Fisher 

Chi-square test and PP-Fisher Chi-square test indicate that lnER have not unit root but lnD, lnTC, 

and lnRP lnGDP have not unit root. 

The Hadri (1999) method test indicates that lnD, lnGDP, lnTC, lnER and lnRP have a unit 

root because this method has a null hypothesis of no unit root. From the results of the panel unit 

root test, it can be concluded that most variables were used in this model have unit root. So, all 

variables should be take first differing as well as after taking first differing in all variables then the 

results of the panel unit root test based on five methods are presented on the table 1. 

The Levin, Lin and Chu (2002) method test indicate that lnD, lnGDP, lnTC lnER and lnRP 

are at the level of significance for rejecting the null hypothesis of a unit root. The Breitung (2000) 

method test indicates that lnD, lnGDP, and lnRP are at the level of significance for reject the null 
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hypothesis of a unit root but lnTC, lnER have unit root. The Im, Pesaran and Shin (2003) method 

test indicate that lnD, lnGDP, lnTC lnER and lnRP are at the level of significance for rejecting the 

null hypothesis of a unit root. The Maddala and Wu (1999) and Choi (2001) method based on both 

ADF-Fisher Chi-square test and PP-Fisher Chi-square test indicated that lnD, lnGDP, lnTC lnER 

and lnRP are at the level of significance for rejecting the null hypothesis of a unit root. The Hadri 

(1999) method test indicated that lnGDP, lnTC and lnER have a unit root because this method has a 

null hypothesis of no unit root but lnD, have unit root. (see detail in table 1) 

Table 1. Results of panel unit root tests based on 5 method tests for all variables. 

 

Method test 

 

Test 

statistic 

Significance 

level 

series 

Test 

statistic 

Significance First 

Difference series 

Null: unit root (assumes  common 

unit root process) 

    

Levin,Lin and Chu (2002) t*- Statistics     

1. lnD -1.50 0.06 -10.11*** 0.00 

2. lnGDP -3.46* 0.00 -5.77*** 0.00 

3. lnTC 6.85 1.00 -5.84*** 0.00 

4. lnER 1.83 0.96 -14.78*** 0.00 

5. lnRP -0.16 0.43 -7.21*** 0.00 

Breitung(2000)t*-Statistics     

1. lnD -2.66* 0.00 -8.68*** 0.00 

2. lnGDP 0.76 0.77 -4.11*** 0.00 

3. lnTC 5.33 1.00 -0.65 0.25 

4. lnER  1.73 0.95 1.03 0.84 

5. lnRPi t 0.80 0.78 -6.22*** 0.00 

Null: unit root (assumes individual 

 unit root process) 

    

Lm, Pesaran and Shin (2003) W-Statistics     

1. lnD -1.27* 0.10 -7.92*** 0.00 

2. lnGDP -1.65 0.04 -4.68*** 0.00 

3. lnTC 3.50 0.99 -3.72*** 0.00 

4. lnER -1.46 0.07 -7.15*** 0.00 

5. lnRP 1.02 0.84 -4.25*** 0.00 

Maddala and Wu (1999) and Choi (2001)     

ADF-Fisher Chi-square     

1. lnD 27.35 0.12 86.86*** 0.00 

2. lnGDP 27.89 0.11 58.08*** 0.00 

3. lnTC 2.49 1.00 44.01*** 0.00 

4. lnER  36,78* 0.01 79.92*** 0.00 

5. lnRP 9.95 0.96 49.57*** 0.00 

PP-Fisher Chi-square     

1. lnD 26.35 0.15 105.5*** 0.00 

2. lnGDP 27.63 0.11 66.47*** 0.00 

3. lnTC 3.99 1.00 33.51*** 0.02 

4. lnER  52.54 0.00 53.99*** 0.00 

5. lnRP 18.76 0.53 46.56*** 0.00 

Null : No unit root (assumes common  

unit root process) 

    

Hadri (1999) Z-Statistics     

1. lnD 3.28* 0.00 1.22 0.11 

2. lnGDP 5.55* 0.00 7.78*** 0.00 

3. lnTC 5.81* 0.00 7.51*** 0.00 

4. lnER  7.36* 0.00 6.31*** 0.00 

5. lnRP 7.39* 0.00 6.15*** 0.00 

***, **, * denotes rejection of null hypothesis at the 1%, 5% and 10% level of significance, respectively 
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Results of Panel Cointegration Test 

Table 2 present the results of the panel cointegration test of the modeling international 

tourism demand of Cambodia based on Pedroni Residual Cointegration Tests, Kao Residual 

Cointegration Tests and Johansen Fisher Panel Cointegration Test. 

Most of these methods were used to test for this model indicate that all variables were used in 

this model are level of significant for rejecting the null hypothesis (no cointegration). The empirical 

results imply that all variables were used in the modelling international tourism demand of 

Cambodia has cointegration with each other. 

Table 2. Results of panel co integration test of the international tourism demand of Cambodia 

   Significance level 

   for rejection 

 Test Name Test statistic of the null 

   hypothesis 

   (no cointegration) 

(1) Pedroni Residual Cointegration Tests   

• Panel v-Statistic -2.311920 (0.9896) 

• Panel rho-Statistic 3.545914 (0.9998) 

• Panel PP-Statistic -3.105996 (0.0009) 

• Panel ADF-Statistic -4.726443 (0.0000) 

• Group rho-Statistic 

3.869587 (0.9999) 

-6.189111 (0.0000) 

• Group PP-Statistic 

-5.843440 (0.0000) 

• Group ADF-Statistic   

(2) Kao Residual Cointegration Tests   

• ADF-Statistic -4.104648 (0.0000) 

   

(3) Johansen Fisher Panel Cointegration Test   

• Fisher Statistics from Trace Test 45.30 (0.0010) 

• 

Fisher Statistics from Max-Eigen 

Test 38.09 (0.0086) 

    

***, **, * denotes rejection of null hypothesis at the 1%, 5% and 10% level of significance, respectively 

Results of Estimating Panel Cointegration Model 

Table 3 present the empirical results obtained from the long run equilibrium of international 

tourism arrival to Cambodia through three estimators, namely OLS, FMOLS and DOLS in panel 

data analysis in which international tourism arrival (D) is a dependent variable. More importantly, 

panel DOLS is estimated using dynamic trend both lag (q-1) and length (p+1) to capture the 

dynamic relationship in the panel data. The long-run relationship of international tourism demand 

for Cambodia based on panel OLS, FMOLS and DOLS estimator are detailed in the Table 3 From 

three different panel estimators indicated that most of variables are statistically significant in 

explaining D to Cambodia during the period of 1996 to 2015.  
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From OLS estimator showed that LnGDP have positive impact on international tourist arrival 

to Cambodia except for LnTC, LnER, LnRP, has negative impact. The empirical results imply that 

when LnGDP increased by 1%, then the number of tourist arrivals from origin countries will be 

increased by 0.43% respectively. Conversely, when LnTC LnER, LnRP, increased by 1%, then the 

number of tourist arrivals from origin countries will be decreased byLnTC( 0.40%), LnER(0.58%), 

and LnRP(1%). 

The empirical results based on panel FMOLS estimator suggested that LnGDP has positive 

impact on international tourist arrival to Cambodia excepts for LnTC, LnRP have negative impact. 

The results indicate that when LnGDP increase 1%, then the number of tourist arrivals tourists from 

ten origin countries will be increased by 1.36%. Otherwise, when LnTC, increased by 1%, then the 

number of tourist arrivals from origin countries will be decreased by 0.32% respectively. When 

LnRP increased by 1% then the number of tourist arrivals from origin countries will be decreased 

by 1.36% respectively. 

The long run coefficients based on panel DOLS imply that LnGDP, have positive impact on 

international tourist arrival to Cambodia at 5% level, except for LnER, LnRP, has negative impact 

at 5% level. Thus, fining is likely suggested that when LnGDP increased by 1% then the number of 

tourists arrival to Cambodia will be increased by 5.46%, respectively. In reverse, when LnER LnRP 

increased by 1% then the number of tourists from ten origin countries arrival will be decreased by 

LnER(1.75%), LnRP(1.95%).. More importantly, the tourism arrival in the previous year (t-1) is 

also significantly in explaining the tourism arrivals in the current year (t) 

Table 3. Results of the long-run relationship of the modeling international tourismdemand of 

Cambodia based on OLS estimator and DOLS estimator ( lnDi t is dependent variable ) 

Panel Group 

Coefficients 
OLS FMOLS DOLS 

LnGDPit 
0.43*** 

(6.5607) 

1.36*** 

(8.2253) 

5.46** 

(2.1909) 

LnTCit 
-0.40*** 

(-5.8876) 

-0.32*** 

(-3.8481) 

-0.10 

(-0.5639) 

LnERit 
-0.58*** 

(-9.6607) 

0.19 

(0.3949) 

-1.75** 

(-2.3031) 

LnRPit 
-1.00*** 

(-4.7948) 

-1.36*** 

(-3.3331) 

-1.95** 

(-2.0524) 

LnDit(-1)   
0.31*** 

(3.2201) 

LnGDPit(-1) ------- ------- 
-4.24* 

(-1.6809) 

LnTCit(-1) ------- ------- 
0.12 

(0.6086) 

LnERit(-1) ------- ------- 
2.20** 

(2.3974) 

    

***, **, * denotes rejection of null hypothesis at the 1%, 5% and 10% level of significance, respectively 
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CONCLUSION AND RECOMMENDATIONS 

This paper was motivated by the need for empirical analysis of international tourist behavior 

arriving in Cambodia and an analysis of the determinants of Cambodia international tourism 

demand from ten main source markets such as Vietnam, China, Thailand, Lao PDR, Korea, USA, 

Japan, UK, Malaysia and France. In this article, five standard panel unit root test were used test for 

all variables. Namely, Levin, Lin and Chu (2002), Breitung (2000), Im, Pesaran and Shin (2003), 

Fisher-Type test using ADF and PP-test (Maddala & Wu, 1999; Choi, 2001; Hadri, 1999). And in 

this article, were used panel cointegration test base on Pedroni Residual Cointegration Tests, Kao 

Residual Cointegration Tests and Johansen Fisher Panel Cointegration Test. Furthermore, in this 

article also used the OLS-estimator, DOLS -estimator and FMOLS- estimator to investigate long- 

run equilibrium relationships between the numbers of international tourists arriving in Cambodia 

with economics variables. 

According to tourism demand theory stated that the increasing of tourism income per capita, 

the more tourists flow and the more spending. Therefore, the result justified that GDP per capita has 

a positive impact from those origin countries to Cambodia.This result is consistent with economic 

theory and was similar to the results of previous empirical studies on tourist demand (Lim, 1997), 

(Narayan, 2004), (Chaitip et al., 2006, 2008-2010). 

Tourism price in the study were considered, namely the relative cost of living index (RP) 

between the origin country and destination country in USD from origin country of tourists arrivals 

destination country. These were found to be negative impacted in the long run to international 

tourism demand for Cambodia. The tourism price cost has a negative relationship at 1% level from 

tourist arrivals to Cambodia which is an expected sign. It is likely due to the tourism price elasticity 

demand indicated the regions are sensitive to tourists visit Cambodia, meaning that tourists are 

usually considered the cost of travelling based on their level of income. However, tourism suppliers 

must be careful with prices in order to maintain their price competitiveness. 

Transportation cost in the study were measure by divide the distance from each country of 

origin by the average annual price of a barrel of oil (AAPO) from origin country of tourists arrivals 

destination country. These were found to be negative impacted in the long run to international 

tourism demand for Cambodia. The transportation cost has a negative relationship at 1% from 

tourist arrivals, which is an expected sign. 

Exchange rate refers to the ratio of currency of each country of origin and destination country 

the variable shows that when exchange rate at time is increasing then tourism demand will decrease. 

These were found to be negative impacted in the long run to international tourism demand for 

Cambodia. The exchange rate has a negative relationship at 1%and 5% level, which is an expected 

sign. 

Historically, Cambodia had carried out through decades of the internal conflicts, socio-

political instability. However, these two dominants have started cooperatively to do the political 

reform officially aiming to promote the economic development in the country. Thus, the last “non-

economic” factor known as the political reform (DUM) is heavily crucial for the motivations of 

international tourists arrivals in Cambodia. This is because that before the international tourists 

come to visit the destination country, first of all, they will think about security and comfortable 

place to stay first. From year to year, the number of international tourist arrivals in Cambodia is 

increasing greatly due to the fact that both economic and political sectors have been reformed. This 
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will lead to more supply of tourism products, services, and increase GDP for nation. Moreover, the 

flow of investment and trade are also started to highly encouraged. 

 The recommendations and suggestions from the study could be undertaken by the Ministry of 

Tourism in Cambodia, development partners and other departments in the Cambodian government 

toward the formulation and development of a tourism strategy plan in order to focus on the future 

growth of numbers of tourist arrivals to Cambodia. tourists are likely to pay close attention in 

regard to relocating temporarily from any impacted area to a safe place. The implication is that 

international tourists from these regions demonstrate important features for tourism demand in 

Cambodia. The future policy suggestions below have been deduced from the above findings. They 

may assist in attracting more tourists to Cambodia: 

1) Government should actively promote high quality and standard of health care service. 

2) Government should have policies and programs to upgrade tourism facilities and 

infrastructures across the country as well as provide loans with low interest rates for 

investors to improve their tourist business activities 

3) Tourism goods and services suppliers should improve their product quality and 

services along with the hospitality. The suppliers should pay attention to human 

development as well as the standardization of services. Hospitality and tourist training 

programs are key elements in the improvement the quality of services. 

4) Suppliers should improve their product lines within a standardized hospitality service 

structure; especially hotels, guesthouses, restaurants and transportation 

5) Government should have a policy of retirement visa. This will especially encourage 

tourists from North America and Oceania groups as well as enable them to stay in 

Cambodia longer 

6) Policy makers must carefully monitor all tourism goods and services providers 

including suppliers, restaurants, hotels, resorts, tourist souvenir shop and 

transportation to ensure they do not charge unreasonable prices for their goods and 

services. 

7) The policy makers should develop more strategic policies on tourist safety and 

security. They should adopt these security standards in tourism sites and provide 

information policies on tourism safety 
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Abstract 

This paper aims to investigate the impact quality service of Air Asia Airline Company in 

Cambodia. This study employs primary data through conducting survey with 110 passengers and 

customers, who experienced in taking Air Asia Airline. The service quality is broken down into 6 

categories namely, online services, servicing by flight attendants, food services, ground staff 

services, tangible feature and schedule of flight. By using regression analysis, the result reveals that 

only food services and servicing by flight attendants positively impact on consumer satisfaction. 

Tangible feature, servicing by flight attendants, online services and food services are statistically 

significant with customer loyalty. Last but not least, customer satisfaction reveals to have positive 

relationship with customer loyalty. This finding is an essential policy implication for Air Asia 

Company to consider and reaffirm the impacted variables in order to serve their customer 

satisfaction and make more profit by attracting more customers. 

Keyword: Impact Service Quality, Consumer Satisfaction, Consumer Loyalty, Cambodia. 

INTRODUCTION 

Air Asia Airline is one of the largest Airlines in Cambodia. A lot of passengers access their 

travelling as well as business trip through this company. Precisely, the number of passengers carried  

in 2016 reached to 56,594,451 people as an increased by 12% from 2015 as 50,682,359 people. 

Through this increasing, it realistically illustrates the great achievement of Air Asia Company in 

increasing the passengers and gaining more profit at the end. With this great achievement Air Asia 

Company explore the significant service factor which could impact on the consumer satisfaction in 

order to ensure the sustainable profit by maintaining and increasing the customers. 

It has been increasing on the research into airline service quality since its relationship with 

passenger satisfaction and profitability has been established (Shanka, 2012). Much of the literature 

suggests that airline passengers perceive service quality as multi-dimensional construct, which is in 

accordance with the conception of service quality proposed by Parasuaman et al., (1988) in their 

well-known service quality measuring instrument called service quality (Saha and Theingi, 2009). 

In the recent study on service quality, the customers are the ones who judge the quality of 

service and assess service quality by comparing what they are expected with what they perceive to 

receive. Instead of money, the customers rely on what they have spent to judge the quality of 

service process delivered by the firm (Yunus, et al, 2013). Some studies claimed that it is 

commonly agreed that service quality is the outcome of evaluations made by the customers 

(Zeithaml et al., 1990).  
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 In this study, we will focus on the impact of service quality on consumer satisfaction and 

consumer loyalty. Hence, we will generate three linear regressions, namely the impact of consumer 

satisfaction, consumer loyalty, and the impact of consumer satisfaction on consumer loyalty. In this 

study we classify the service quality into 6 different categories, namely tangible figure, flight 

schedule, ground staff service, in-flight food service, online service and flight attendant service3. 

MATERIALS AND METHODS  

Literature Review 

Tangible Feature  

Tangible can be referred to as the appearance of physical facilities, equipment, personnel 

and communication materials in the service process, such as cleanliness, appearance of staff and 

appropriate technical equipment for support and entrainment (Yunus, et al. 2013). Comfort is one of 

tangible feature, where GAP analysis found it as one of an importance factors (Lindstrom, 2009). 

Flight Schedule  

According to Parasuraman et al., (1985) defined reliability involves consistency of 

performance and dependability which it also means specifically to performing the service at the 

designated time. According to Lindstorm (2009) in the in-flight passenger perspective, dimension of 

reliability refers to on-time departure, consistent service delivery, doing things right the first time 

and consistent inspections and cabin announcement. Similarly, with regards to Chen and Chang 

(2005) study, on-time departure and the lucidness and punctuality in inspections and 

announcements have been considered important as compared to other dimensions (Yunus, et al., 

2013). 

Ground Staff Service  

Based on Sun and Chiou (2011), the job scope of airlines ground staff (GS) can be divided 

into check-in, ticket information counters, flight control center, lost and found, customs 

immigration-quarantine, boarding gate, transit, weight balance and load control in the main working 

space of the GS in airports. 

Food Service  

Yunus et al., (2013) referred to Lovelock and Wirtz (2003) framework, food is the core 

attribute to determine quality. Again, Susskind and Chan (2000) claimed that food, physical 

environment and service are significant determinants that can boost the guest check averages apart 

from competitors in the consumer’s estimation. The study by Jonh and Pine (2002) followed the the 

applicability of SERVQUAL in the food service has been demonstrated by Bojanic and Rosen 

(1994) and Lee and Hing (1995), while Stevens et al. (1995) have developed a slightly modified 

instrument that they call DINESERVE. 

Online Service  

Online services (OS) can be defined as services that are “delivered” over the internet. 

Important data and information may be accessed through online services. Even the Internet itself is 

considered by some to be an online service (Pietroluongo, 2012 cited in Yunus, 2013).  While the 

importance of brand loyalty has been recognized in the marketing literature for at least three 

decades (Howard and Sheth, 1969 cited in Luan and Lin, 2003), the conceptualization and empirical 

                                                           
3

 See the measurement of each variable in appendix  
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validation of a loyalty model for e-service context has not been addressed (Luan and Lin, 2003). 

With the rapid growth and proliferation of e-service, it seems, therefore, imperative to know what 

factors influence customer attitudinal commitment and repeat purchase behaviors towards e-service 

(Luan and Lin, 2003). Another finding on online shopping suggested that stated avoiding the crowd 

is the main reason online consumers prefer to shop on the web. The other reasons are lower prices, 

ease of comparing products and prices, travel inconvenience and wider selection of products 

(Zialani, et al., 2008). 

Flight Attendant Service  

According to (Wang, 2011), echoed that the appearance of the flight attendant easily 

influenced on the consumer satisfaction. Moreover, (Saha, 2009) also confirmed that consumer 

express their satisfaction on the flight attendants. 

Data Collection 

Primary data is the data that has been collected from first hand-experience. Hence, it is more 

reliable, authentic and objective in data collection (Gulnazahmad, 2011). In this study, the primary 

data will be collected through administering questionnaires from selected passengers or customers 

who recently experiencing in taking Air-Asia flight. 110 passengers and/or customers will be 

selected for self-administered questionnaire as these protocols are likely more convenient and time 

allowing. The format of questions will be asking by using 5-points Likert scale (5 = Highly 

satisfied, 4= Satisfied, 3=Somewhat Satisfied, 2 =Dissatisfied, and 1 =Highly Dissatisfied). The 

open questions will use to explore the view of customers’ opinion, viewpoints and suggestions for 

improving the services etc. The dichotomous questions will also apply for deeply understanding the 

level of satisfaction, decisions and confirmation to the previous answers of the sequence. 

The survey instruments will be designed in Khmer language.  Questionnaire will focus on 

five sections: a). General information; b). demographic and socio-economics conditions; c). 

perceptions regarding service quality (as independents variables) and the measuring SQ indications 

will be included in questionnaire, d) factors affecting the determination on service quality, 

costumers’ satisfaction and loyalty; e) improved management measures and suggestions. 

  Sampling design is ultimate for researchers to collect accurate information from the right 

people, right time and right location for research questions. The sampling frame is purposively 

determined as the passengers or customers will be selected and interview at Airport or workplace. 

The passenger experienced in purchasing Air Asian flight will be selected.  

 Sampling process comprises of four steps that define target passengers, determine sampling 

location and air Asia flight, determine sampling size and execute sampling process. 

The Phnom Penh International Airport will be selected as the site for conducting interview 

and observation. The study will select 110 sample sizes at Phnom Penh International Airport (PPIA) 

from those Air Asia airline travelers when they are landing and departing at this airport. Only 

Cambodian nationality will be chosen for interview due to the framing of respondents and the scope 

of the study. 

For this study, the research will apply non-probability sampling technique for selecting the 

sampling respondent. Saunders, Lewis, & Thornhill (2009) urged that it is impossible for 

researchers to collect data from all travelers, thus non-probability technique is chosen in which the 

respondents are selected from the population in some non-random manners. There are two stage 

sampling procedures to identify the respondents. Purposive sampling method is chosen whereby 



 2nd GCIC, 46th National and 9th International Graduate Research Conference 

May 17th -18th, 2018  

At The Empress International Convention Center, The Empress Hotel, Chiang Mai, Thailand 
 

578 

researcher has selected the respondents who are relevant and compatible to the purpose of study. 

The purpose of the study is targeting those passengers have taken/taking-up Air Asia flight from/to 

Cambodia. 

Methodology 

 Inferential analysis is a group of statistical techniques and procedures used in confirmatory 

data to draw conclusions about a population from quantitative data collected from a sample (Collis 

& Hussey, 2003). SPSS version 17 was employed to conduct the following types of inferential 

analysis: 1. checking the multicollinearity problems among variables and2. Multivariate Analysis 

and the multiple regression analysis will be used to analysis the relationship between service 

quality and level of customers’ satisfaction and the association with customer loyalty and the 

regression between customer satisfaction and customer loyalty. 

RESULTS AND DISCUSSION 

Before reaching the regression analysis, we access the multicollinearity check in order to 

check the correlation among independent variables. 

Table 1. Multicollinearity check on customer satisfaction. 

Coefficients 

Model Collinearity Statistics 

Tolerance VIF 

Tangible feature .482 2.076 

Food service .383 2.608 

Online service .336 2.977 

Schedule .287 3.483 

Ground staff services .139 7.197 

Servicing by Flight attendants .166 6.039 

Note: Dependent Variable: Customer satisfaction. 

From the multicollinearity check, it can be seen clearly that there is no multicollinearity 

since all variables display the variance inflation factors less than 104. 

Table 2. Regression on customer satisfaction. 

Note:  Dependent Variable: Customer satisfaction 

*** significant at 1%. 

                                                           
4

 Richard Williams, University of Norte Dame, VIF exceed the rule of thumb of 10 consider to have multicollinearity 

problem. 

Coefficients 

Model Unstandardized Coefficients Standardized 

Coefficients 

t-statistic Sig. 

B Std. Error Beta 

(Constant) -.062 .234  -.266 .790 

Tangible feature .019 .087 .016 .222 .825 

Schedule  .142 .101 .135 1.403 .164 

Ground Staff Service  .211 .152 .191 1.386 .169 

Service by flight 

attendant  
.310 .131 .300 2.375 .019 

Online service  .138 .096 .127 1.435 .154 

Food service  .185 .085 .181 2.183 .031 

Model Summary R2= 0.728       Adj R2= 0.712        F test = 45.977*** 
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the stepwise linear regression, the results are shown in table 1: 

F=45.977，p<0.01，explain model of goodness of fit is good the results to be trusted. Servicing by 

Flight attendants and Food service reached the significant level (p<0.05)，Tangible feature, 

Schedule and Ground staff services and online service have not reached significant level(p>0.05). 

In other words, these 4 variables have no impact on the consumer satisfaction. adjR2=0.712，

indicating that Servicing by Flight attendants and Food service can explain customer satisfaction 

70.5% of variance. Among them，Servicing by Flight attendants and Food service to the customer 

satisfaction has a positive effect，among Servicing by Flight attendants is more prominent on 

customer satisfaction（β=0.300) and Food service regresses on the consumer satisfaction with 

coefficient （β=0.181).  

Table 3. Multicollinearity check on customer loyalty. 

Coefficients 

Model Collinearity Statistics 

Tolerance VIF 

Tangible feature .482 2.076 

Online service .336 2.977 

Food service .383 2.608 

Servicing by Flight attendants .166 6.039 

Ground staff services .139 7.197 

Schedule .287 3.483 

Note: Dependent Variable: Customer loyalty 

From the multicollinearity check, it can be seen clearly that there is no multicollinearity 

since all variables display the variance inflation factors less than 10. 

Table 4. Regression on customer loyalty. 

Note:  Dependent Variable: Customer loyalty 

***, significant at 1% 

  

Coefficients 

Model Unstandardized Coefficients Standardized 

Coefficients 

t-statistic Sig. 

B Std. Error Beta 

(Constant) -.271 .249  -1.086 .280 

Tangible feature .242 .093 .202 2.612 .010 

Schedule  -.049 .107 -.046 -.456 .649 

Ground Staff Service  -.020 .162 -.018 -.124 .901 

Service by flight 

attendant  
.275 .139 .261 1.981 .050 

Online service  .276 .102 .251 2.712 .008 

Food service  .322 .090 .310 3.570 .001 

Model Summary R2 = 0.703     Adj R2 = 0.686     F Test = 40.600*** 
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From table 4, F=40.600，p<0.01，explain model of goodness of fit is good，the results to 

be trusted. Servicing by Flight attendants Tangible feature、Online service and Food service and 

into the equation, reached the significant level（p<0.05）and （p<0.01). Schedule and Ground 

staff services have not reached significant level（p>0.05. adjR2=0.686，indicating that Servicing 

by Flight attendants, Tangible feature, Online service and Food service can explain Customer 

Loyalty 69.1% of variance. Above four variables to the Customer Loyalty has a positive effect，

among Food service has a more prominent impact on Customer Loyalty（β=0.310). 

Last but not least, we estimate the relationship between customer loyalty and customer 

satisfaction by analyzing the regression. 

Table 5. Regression between consumer satisfaction and loyalty 

Note: Dependent Variable: Customer loyalty. 

From the above table, it is clearly seen that consumer satisfaction confirms positive 

correlation with consumer loyalty with the coefficient 0.799 and significant at 1%. It means that one 

unit increase in consumer satisfaction could induce 0.799 units increase in consumer loyalty. From 

this point of view, once company could serve the consumer satisfaction; company could attract 

more customers in purchasing and using its product and services. 

CONCLUSION AND POLICY IMPLICATION 

As the main finding from the previous section, we could be able to make a conclusion in 

terms of both the major impact on the consumer satisfaction and consumer loyalty.  

There are two essential factors that influence the consumer satisfaction. Frist, food service is found 

to be positively impact on the consumer satisfaction with the coefficient (0.031). It simply means 

that one unit increase (decrease) in food service causes increase (decrease) the consumer 

satisfaction with 0.031 units. Second, servicing by flight attendants is also found to be positive and 

significant with consumer satisfaction with the coefficient (0.300) which means that one unit 

increase (decrease) in servicing flight attendants causes increase (decrease) in consumer satisfaction 

with 0.300 units. 

There are four explanatory variables that statistically influences on the consumer loyalty. 

Food service is also found to be positive impact on the consumer loyalty with coefficient (0.310). 

One unit increase (decrease) in food service causes increase (decrease) with 0.310 units of 

consumer loyalty. Servicing by flight attendants also explains the consumer loyalty with the 

coefficient (0.261). One unit increase (decrease) in servicing flight attendants causes 0.261 units 

increase (decrease) in consumer loyalty. Online service shows it important in determining the 

Coefficients 

Model Unstandardized Coefficients Standardized 

Coefficients 

t-statistic Sig. 

B Std. Error Beta 

(Constant) .496 .211  2.354 .020 

Customer satisfaction .813 .059 .799 13.813 .000 

Model Summary R2 = 0.639, Adj R2= 0.635, F Test = 190.806 
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consumer loyalty with coefficient (0.251). One unit increase (decrease) in online service causes 

0.251 increases (decrease) in consumer loyalty. Last but not least tangible feature is also confirmed 

it role in determining the consumer loyalty as well. it is found with the coefficient (0.202). One unit 

increase (decrease) in tangible feature causes 0.202 units increase (decrease) in consumer loyalty. 

Customer satisfaction is statistically significant with customer loyalty; it means that once 

consumers increase their utility through provided good services, they will keep using Air Asia 

Company. 

After confirming the influence of selected factor on both consumer satisfaction and 

consumer loyalty there is some suggestion to be discussed: 

1. The company should pay attention on food services by making more attractive of food 

menu, enhancing the quality of food specifically. 

2. The company, moreover, also focus on the online services by making the information on 

online including all information about the flight and other emergency information. 

3. Tangible feature is also one of the factors that should be enhanced and improved. Company 

must ensure the environment and condition of the plan and other stuffs namely air 

conditioners and seats to be comfortable for customers. 

4. Flight attendant should be friendly and helpful for any concerns from customers. Moreover, 

flight attendant should be well-prepared and willing to serve the customers. 

As long as all of these three services are enhance and improved, Air Asia Company could 

effectively serve the customer satisfaction. Once it could serve the customer satisfaction, company 

will be able to attract more customers in purchasing and using their airline. The company could 

ensure their sustainable profit at the end. 
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APPENDEX 

Appendix1: Variables measurement   

1. Tangible Feature  

For our primary survey, tangible feature includes: 

V1: The airline has new planes 

V2: The air conditioners in the planes were comfortable 

V3: The seats in the planes were comfortable 

2. Schedules 

V4: The airline has convenient flight schedule 

V5: The airplane departed from airport at schedule time 

V6: The airplane arrived at the destination at schedule time  
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V7: The airline did not cancel the flight 

3. Servicing by ground staff  

V8: Well dressed and neat appearance 

V9: Easy to contact 

V10: Had sincere interest in fulfilling my needs 

V11: Willing to help passengers 

V12: Never too busy to respond to my request 

V13: Friendly to passengers 

V14: Had knowledge to answer my question 

4. Servicing by flight attendants  

V15: Well dressed and neat appearance 

V16: Easy to contact 

V17: Had sincere interest in fulfilling my needs 

V18: Willing to help passengers 

V19: Never too busy to respond my request 

V20: Friendly to passengers 

V21: Had knowledge to answer my question 

5. Online Service 

V22: It is flexible and easy to choose airport 

V23: It is flexible and easy to select date and time 

V24: It is very fast to the result page 

V25: The information is clearly present on the result page 

V26: The flights information is accurate and update in time 

6. Food Service  

V27: Attractiveness of the food menu 

V28: Quality of food is good 

V29: The foods served look appealing 

V30: The printed menu is same as the actual foods served at meals 

V31: I like the taste of most of the foods served at meals. 

These selected services are expected to be the major impact on the consumer satisfaction and 

loyalty. However, the consumer satisfaction could be measured by: 

S1: The price of this airline was reasonable 

 S2: I was satisfied with how the airline had taken care of me 

S3: I was satisfied with this Air Asia airline compared to other low cost 

 S4: I would like to provide feedback and complaints for improve the services 

 S5: Air Asia airline service has met my expectation 

While the consumer loyalty can be measured by: 

L1: I will buy this brand the next time I buy [product name] 

 L2: I intend to keep purchasing this brand 

And, attitudinal loyalty was measured by two statements as follows: 

 L3: I am committed to this brand 

 L4: I would be willing to pay a higher price for this brand over other brands  
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In other word, the consumer satisfaction refers to the utility of consumers towards the Air 

Asia Company while the consumer loyalty refers to the repurchase and pursue in using the Air Asia 

Company. Therefore, this study will illustrate the selected services variables that strongly impact on 

both the consumer satisfaction and loyalty. 

Appendix 2 Socio-economic information from respondents of the survey 

Number of correspondent is 110. 

Variables  Mean 

Number of respondents  

Female respondents (%) 45% 

Range of age of respondents (18-26 years old) 82% 

Levels of education (Bachelor degree) 81%  

Range of monthly incomes (%) – 250 USD and lower 55.% 

Range of monthly incomes (%) – 251 to 500 USD 29% 

Range of monthly incomes (%) – 501- 750USD 4% 

Range of monthly incomes (%) – 751-1000 USD  6.5% 

Range of monthly incomes (%) – 1001 USD and over 6.5% 
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