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Editorial

The Thaksin University Journal (TSUJ) is a national peer reviewed journal promoting the discovery,
innovation, advancement and dissemination of basic and transitional knowledge in multidisciplinary of science
and technology. Our vision is to be the most superior and widely read science and technology journal. Our mission
is to lead the debate on science and technology, to engage, inform, and inspire researchers and professionals in
order to simplify academic and broad-spectrum benefits of science and technology. We aim to improve academic
society by promoting legal and productive research paper.

The TSUJ is published 2 issues a year, the 1" and 2" issues appearing on January- June and July - December,
respectively. In 2020, the TSUJ will be issued 3 copies per year and each issue will be printed out on January - April,
May - August and September - December. Original and arranged multidisciplinary of science and technology
articles are welcome to be published in full paper with some restrictions on detail of the content and number of
pages. The editors reserve the right to reject a paper or make changes to the content if there are serious problems
with the content or with violations of our publishing policies.

We audit the performance of research articles, using a Thailand Journal Online (ThaiJO) and Thailand
Citation Index (TCI) systems to assess their impact on readers and their dissemination to the wider world.
Furthermore, we have been accepted to the global reach by the ASEAN Citation Index (ACI) database in November
2018. Moreover, the journal has been adjusted and changed to be more internationally format with the referencing
style of the APA style 6" edition.

The present TSUJ Vol. 22 No. 2 (January- June 2019) is published with 10 interesting articles which are
3,2, 4 and 1 article in Chemistry, Health Science, Biology and Computer Science, respectively. We would like
to thank all of the authors and contributions in case of writing, sharing and being in part of our academic society.
We would also like to thank the reviewers for all of their careful, constructive and insightful comments in each
manuscript. We do hope to get more help, cooperate and support from you again next time.

In case of editorial duty, I wish and hope that the TSUJ would be one of your favorite multidisciplinary
of science and technology journals. We will work harder and try to improve our journal’s quality up to the
international level and getting more recognition and citation in the future. Thank you and see you again in the

next issue.

Asst. Prof. Dr. Prasong Kessaratikoon

Journal Editor
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Polyhydroxybutyrate and Its Application for Lipase Immobilization
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Abstract
Polyhydroxybutyrate (P(3HB)), is a biodegradable plastic, produced from a variety of microbial

cells. It acts as a source of carbon and energy reserving for microorganisms when bacteria are cultivated in
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excess carbon sources and lack of some nutrients such as nitrogen and phosphorus. P(3HB) accumulating
bacteria which can produce polyhydroxybutyrate such as Azotobacter sp. Pseudomonas sp. and Alcaligenes
eutrophus are potential strains. Currently, P(3HB) has attracted interest as it can be used as a substitute for
synthetic plastics and its features biodegradable. It is suitable for application in various fields, especially
medical. However, only few research reports had been determined on the application of polyhydroxybutyrate
for enzyme immobilization. Based on literature and the properties of P( 3HB) , it was found that
polyhydroxybutyrate has the ability to immobilize enzymes. Therefore, the basic information of
polyhydroxybutyrate, enzyme immobilization technique, enzyme immobilized with polyhydroxybutyrate and
application of immobilized lipase on polyhydroxybutyrate for biodiesel production are reviewed in this article. In

addition, future research related to polyhydroxybutyrate is also indicated.

Keywords: Polyhydroxybutyrate, Immobilized Enzyme, Lipase, Biodiesel
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Abstract

This study was managed as a participatory action research proposed to develop a new exercise model
integrated with Mae Bot Yai Thai dance to control balance for seniors in communities, to evaluate the efficacy
of the new exercise and to promote sustainable health development. The preparation of communities and the
development of Mae Bot exercise were performed with participations of community members in the first stage.
A cluster randomized controlled trial was used to separate participants with age sixty and older into two groups
of an experimental group (E group) and a control group (C group). In both groups, three balance tests were used
to measure participants’ balance control four times at the same time points. Mae Bot exercise was applied
continuously in E group for twelve weeks, whereas no intervention was done in C group. The results revealed
that there were significant improvement of all variables in E group both within group and compared with
C group. It found that the experiment group had a significant increase of capacity of balance control both from
comparison within and between groups. It indicated that Mae Bot exercise was effectively developed and could

encourage sustainable health development through participatory process of community throughout the process.

Keywords: Mae Bot Yai Thai Dance, Sustainable Health Development, Balance Control

Introduction

Nowadays, the number of older adults around the world including in Thailand is increasing
dramatically. Ageing effects on declines in functions of several body systems that lead to balance control
impairments [1]. Falls in older people are considered the cause of functional diminishment and dependent state
of elderly people [2]. Therefore, prevention of falls in the elderly is very outstanding to promote their potential
to live independently as long as possible. Exercises are tools for improving the neuromuscular system and
reducing risks of falling in older adults [3]. Thus, the preparation of older people and their communities to
realize benefits of exercises is very worthwhile. The transformative concepts of health care and health behaviors
are very necessary and valuable to achieve sustainable health development [4]. Even now, there are recommended

exercises to improve balance control in the elderly such as dancing and tai chi that are foreign-based
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exercises [5-6]. The enhancement of exercises to accomplish sustainable health development for older adults in
rural areas should be modified to correspond with their cultures, traditions, lifestyles and needs [ 7]. Thai
classical dances are popular and graceful performance coexisted with Thai classical music and varied dance
paces. Mae Bot Yai is classified as a kind of Thai classical standard dance consisted of 64 standard dance paces
[8]. Each dance pace with complex postures, continuous postural changes and coordination can improve balance
control [9]. For these reasons, this study was designed as a participatory action research to develop a new proper
exercise model integrated with Mae Bot Yai Thai dance called Mae Bot exercise. The anther main objective was
to evaluate the effectiveness of Mae Bot exercise on balance control in Thai community-dwelling older adults. It
was also planned to develop sustainable health of the elderly following processes of our participatory action

research by transforming their idea and behaviors for well-being and active ageing by the new Mae Bot exercise.

Materials and Methodology

There were three stages in this study; S1 (Preparation), S2 (Evaluation of the intervention) and S3
(Processes of sustainable health development with also adding in all stages and processes) . This study was
designed as a participatory action research composed of four processes; P1 (Planning), P2 (Acting), P3 (Observing)
and P4 (Reflecting).

After this study was approved by the Human Research Ethics Committee of Thaksin University
(Number E012/2560 on 22 May 2017), a cluster randomized controlled trial was used to separate population by
areas with same natures into two groups, population lived in Tambon Tamot municipality as an experimental
group (E group) and population lived in Tambon Khuan Sao Thong municipality as a control group (C group).

In S1 and P1 to P4, the preparation processes of the E group community and the developmental
processes of our new exercise model in this participatory action research were performed with participation of
community members. Discussion and reflection about different exercise models were fulfilled to conclude
which model they preferred. Finally, it was determined that a new exercise model integrated with Mae Bot Yai
Thai dance was proper for exercising. Each of 64 Mae Bot Yai dance paces was evaluated the Index of Item-
Objective Congruence (IOC) between its posture with types of exercises by five specialists. Eighteen dance
paces with IOC over 0.5 were selected to develop a new exercise model called Mae Bot exercise. The processes
of P1 to P4 were repeated as a cycle of participatory action research to improve Mae Bot exercise until it was
judged to be the most appropriate exercise for them. Next, it was practiced by participants in E group in Stage 2
in order to evaluate its effectiveness on balance control in Thai older adults in communities.

After signing informed consent, participants with age 60 years and older in each group were enrolled

according to inclusion criteria of good communication, being able to follow instruction and walking without
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walking aid independently. Exclusion criteria were fracture within 6 months or falling within 1 months before
this study, Timed Up and Go Test (TUG) > 20 sec, Thai Mental State Examination score (TMSE) for screening
cognitive impairment < 23, Oxford Knee Score (OKS) for evaluating the severity of knee osteoarthritis < 20 and
Osteoporosis Self-Assessment Tool for Asians (OSTA) < -4.
Intervention

All participants in E group practiced Mae Bot exercise under supervision of trained village health
volunteers. Mae Bot exercise contained 5 minutes stretching dance paces to warm up, following with 32 minutes
of dance paces exercise period and then 5 minutes of stretching to cool down. The frequency of exercising was
once a day, 42 minutes each time, three times a week for 12 weeks as an aerobic exercise protocol. No
intervention was performed in C group throughout the 12 weeks of study period.
Outcome measurements

Functional Reach Test (FRT) for evaluating forward stability, Single Leg Stance Test with Eyes Open
(SLSEO) for examining static balance and Timed Up and Go Test (TUG) for evaluating agility and dynamic
balance were evaluated by blinded and well-trained assessors in both groups four times; before starting Mae Bot
exercise (T1), after 4 weeks (T2), after 8 weeks (T3) and after 12 weeks of Mae Bot exercise (T4) [10-12].
Sample size calculation

The sample size was calculated based on the previous study that improved TUG with the effect size of
- 1.12 sec and the standard deviation of 0.62 in the intervention group compared with the control group with 80 %
power at alpha level of 0.05 and estimating dropout rate of 20 %, hence 44 participants per group were enrolled [5].
Statistical analysis

Because some variables in this study were non-normal distribution data, nonparametric statistics were
used and data were presented as a median [Q1, Q3]. Demographic data were compared between two groups by
Mann-Whitney U test. Each variable measured at T1, T2, T3 and T4 was compared over time within group by
Friedman Test. Wilcoxon Signed Ranks Test was used to compared between T1-T2, T2-T3 and T3-T4 within
group, while Mann-Whitney U Test was therefore used to compare between group. Analyses were performed

with R and p-value < 0.05 was considered statistically significant.
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Results

At the beginning, there were sixty participants assessed for eligibility in each group. In E group, ten
participants were excluded because of exclusion criteria and four participants dropped out during study period
due to sickness (n=2) and looking after their grandchildren elsewhere (n=2). In C group, eleven participants
were excluded because of exclusion criteria and nine participants dropped out during study period due to
sickness (n=2), looking after their grandchildren elsewhere (n=3) and being busy (n=4). At the end, data of
forty- six participants in E group and forty participants in C group were analyzed.

Eighty-six participants in this study were women with age 60 years and older, being farmers, rubber
gardeners and Buddhists. Statistical analysis showed that there were no significant difference between group
except BMI that revealed higher significantly in E group (the first degree of obesity) with median of 26.01
[23.94, 28.49] than in C group (overweight) with median of 24.38 [22.35, 26.46]. The median of age in E group
was 65.00 [60.00, 69.25] years and in C group was 66.00 [63.00, 68.00] years. The demographic data and

baseline characteristics of participants were shown in Table 1.

Table 1 The demographic data and baseline characteristics of participants

Variables E group C group p-value
Age 65.00 [60.00, 69.25] 66.00 [63.00, 68.00] 0.552
BMI 26.01[23.94, 28.49] 24.38[22.35,26.46] 0.025%
TMSE 27.00 [25.00, 29.00] 28.00 [26.25, 30.00] 0.105
OKS 40.00 [32.00, 48.00] 40.00 [36.00, 48.00] 0.331
OSTA -0.60 [-2.60, 1.00] -1.70 [-2.61, 1.03] 0.464

Data shown in median [Q1, Q3], Statistical analysis by Mann-Whitney U test, * p-value < 0.05

The comparison of FRT, SLSEO and TUG within E group before (T1) and after 12 weeks (T4) of
doing Mae Bot exercise was obvious that there were significant improvements in all variables at P-value < 0.001.
At T1, values of FRT, SLSEO and TUG were median of 6.33 [3.83, 9.75] inches, 17.68 [7.92, 33.83] sec and
9.31 [9.00, 11.25] sec, while they improved to median of 13.53 [12.04, 15.50] inches, 50.75 [34.38, 80.00] sec
and 7.25 [6.99, 7.68] sec, respectively, at T4. In addition, there were significant advancements of every variable

within E group when compared pairs of T1-T2, T2-T3 and T3-T4 at p-value < 0.001 as seen in Table 2.
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Table 2 Results of FRT, SLSEO and TUG in E group before starting Mae Bot exercise (T1), after 4 weeks (T2),

after 8 weeks (T3) and after 12 weeks of Mae Bot exercise (T4)

Variables T1 T2 T3 T4 p-value
FRT (Inches)  6.33 10.17° 11.83" 13.53"% <0.001%**
[3.83,9.75] [5.96, 10.25] [8.13,13.75]  [12.04,15.50]

SLSEO 17.68 29.00" 34.67" 50.75™ <0.001%%*
(Seconds) [7.92,33.83] [15.08, 60.00] [21.00,67.50]  [34.38, 80.00]

TUG 9.31 8.61" 8.00™ 7.25™ <0.001%**
(Seconds) [9.00, 11.25] [7.50,9.61] [7.25,9.00] [6.99, 7.68]

Data shown in median [Q1, Q3], *** p-value < 0.001 by Friedman Test "= Statistical analysis by Wilcoxon

Signed Ranks Test p < 0.001, = Compared T1-T2, = Compared T2-T3,"= Compared T3-T4

The variables compared between prior and after 12 weeks of study period in C group showed that
there were significant deterioration of SLSEO at p = 0.001, FRT at p < 0.001 and TUG at p < 0.001. The detail

of data were presented in Table 3.

Table 3 Results of FRT, SLSEO and TUG in C group before and after 12 weeks of study period at the same

time point of T1, T2, T3 and T4

Variables T1 T2 T3 T4 p-value
FRT (Inches) 10.50 10.50 10.00 10.00 <0.001***
[9.08, 12.33] [8.63, 12.00] [9.04, 13.50] [9.00, 12.00]

SLSEO 20.83 20.50 20.00 20.00 0.0017%**
(Seconds) [10.50, 29.00] [10.37,29.75] [10.00, 29.00] [10.00, 29.00]

TUG 8.62 8.47 8.45 9.10 <0.001***
(Seconds) [7.00, 10.00] [7.31,9.86] [7.50, 10.00] [7.5,10.44]

Data shown in median [Q1, Q3], Statistical analysis by Friedman Test, *** p-value <0.001

At T1, the results revealed that FRT was significantly better in C group than E group at p-value < 0.001 as
well as TUG at p-value = 0.008. There were no significant difference between E group and C group in SLSEO
(p-value = 0.71). The outcomes of the same variables in both groups were reevaluated after applying Mae Bot exercise
in E group for 4 weeks (T2), 8 weeks (T3) and 12 weeks (T4). The data indicated that there were significant

betterment of every variable in E group overtime until they were significantly superior than in C group as seen in Table 4.
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Table 4 Results of FRT, SLSEO and TUG compared between E group with C group before starting Mae Bot

exercise (T1), after 4 weeks (T2), after 8 weeks (T3) and after 12 weeks of Mae Bot exercise (T4)

Variables E group C group p-value
FRT (Inches)

T1 6.33[3.83,9.75] 10.50 [9.08, 12.33] <0.001***
T2 10.17 [5.96, 10.25] 10.50 [8.63, 12.00] 0.347

T3 11.83 [8.13, 13.75] 10.00 [9.04, 13.50] 0.713

T4 13.53[12.04, 15.50] 10.00 [9.00, 12.00] < 0.001***
SLSEO (Seconds)

T1 17.68 [7.92, 33.83] 20.83[10.50, 29.00] 0.710

T2 29.00 [15.08, 60.00] 20.50[11.37,29.75] 0.076

T3 34.67 [21.00, 67.50] 20.00 [10.00, 29.00] <0.001***
T4 50.75 [34.38, 80.00] 20.00 [10.00, 29.00] < 0.001***
TUG (Seconds)

Tl 9.31[9.00, 11.25] 8.62 [7.00, 10.00] 0.008*

T2 8.61[7.50,9.61] 8.47[7.31,9.86] 0.690

T3 8.00 [7.25,9.00] 8.45[7.50, 10.00] 0.053

T4 7.251[6.99, 7.68] 9.10 [7.50, 10.44] <0.001***

Data shown in median [Q1, Q3], Statistical analysis by Mann Whitney U Test, * p-value < 0.01, *** p-value < 0.001

Discussion

The outcomes of this study presented evidences for efficacy of Mae Bot exercise on balance control in
Thai community-dwelling older adults. The results indicated significant improvements of E group participants
in all variables. In each age group, there were norms of parameters that referred to normal values with no risks
of falling. There were cut-point values that alluded to have risks of falling if someone received scores less than
cut-point values too [10-12]. The baseline data of E group at T1 demonstrated values lower than norms of their
age group (age range 65-69 years old) and lower than cut-point values for assessing the risk of falling. They
were FRT with median of 6.33 [3.83, 9.75] inches (norms = 13.8 inches, cut-point values for moderate fall risks
= 6-10 inches) and SLSEO with median of 17.68 [7.92, 33.83] sec (norms = 27.0 sec, cut-point values < 30 sec).
TUG was showed taking longer time than norms but shorter time than cut-point values with median of 9.31

[9.00, 11.25] sec (norms = 8.1 sec, cut-point values for moderate fall risks = 11-20 sec). After doing Mae Bot
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exercise, all variables continued improving over time significantly, and could achieve the values better than
norms with no risk of falls as seen in Table 2. Our outcomes were comparable with a previous study of Thai
dance that presented TUG decreased from 10.21 + 1.72 sec to 8.58 + 1.37 sec (p = 0.001) and FRT increased
from 23.68 + 5.53 cm to 29.45 + 5.77 cm or 9.32 + 2.18 inches to 11.59 + 2.27 inches (p = 0.001) [7].
Therefore, these results supported the effectiveness of Thai dance on balance in Thai older adults as well as our
study. Our results concurred with the other former study about effects of three-month dance on TUG with
decreasing -0.58 +0.95 sec significantly in older people [5]. These issues still agreed with the study of ten-week tai
chi program on balance in the elderly that showed significant influence on TUG at 6.58 + 1.04 to 6.10 = 0.88
sec, OLS (SLSEO in our study) 15.52 £ 21.06 to 32.90 £ 21.92 sec and reaching longer distances of FRT 30.33
+2.13 to 32.38 + 3.19 inches with no significant difference [6]. Moreover, the results in our study seemed to be
superior than in the previous studies. The first noticeable point was the period of doing exercise, the past study
of Thai dance exercise took 6 weeks to significantly improve TUG and FRT [7]. The dance study spent 12
weeks to improve TUG, while tai chi used 10 weeks to effect on TUG and OLS [5-6]. On the other hand, Mae
Bot exercise took only the least period of 4 weeks to achieve significant enchantment in FRT, SLSEO and TUG.
The second was the value changed in each variable, the 12 weeks of dance were comparable with this study [5].
The dance exercise reduced TUG of 0.58 sec, nevertheless Mae Bot exercise decreased TUG of 2.06 sec.
Consequently, these data suggested that Mae Bot exercise might be more beneficial for improvements of
balance control in older adults in their communities.

There were several reasons for better results of Mae Bot exercise in this study. Firstly, our study was
managed to be a participatory action research that made researchers and communities work together with good
relationship to develop a new exercise model. Thus, sustainable health development of the elderly in the communities
could be established following these processes. In addition, Thai dance was cultural lifestyles in communities
and was familiar to everyone for a long period of time. The participants in E group were happy and willing to
continue doing Mae Bot exercise regularly, hence a dropout rate was low. Secondly, Mae Bot exercise was developed
by integrating Mae Bot Yai Thai dance with the knowledge of exercise theory and aimed to be suitable and
effective for improvements of balance control. According to its complex postures in each dance pace, changing
postures and positions with limbs moving alternately or simultaneously, transferring weight in each walking
step could promote balance control. However, there were some limitations in our study. The first, all
participants in E group were female because of the greater number of senior women than senior men in E group

communities. In addition, there were Muslims who could not join to do Mae Bot exercise on account of Islamic
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provisions. There was no group of receiving other intervention in this study too. Further studies designed
properly for elderly men and Muslims will be meaningful as well as comparing Mae Bot exercise with other exercises.

In conclusion, the results of this study contribute evidences that Mae Bot Exercise are effective on
improving balance control in Thai community-dwelling older adults. The results indicate that the elderly should
continue doing Mae Bot exercise 12 weeks, once a day, 42 minutes each time, 3 times per week to achieve its
benefits on balance control. Following the processes of this participatory action research with participation of

community members, we can promote sustainable health development of the elderly in communities too.
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Abstract

The study is to reveal the relationship between the musculoskeletal disorder and abnormalities
among the office workers. The 101 participants who had age range 20-60 years completed questionnaires and
then were assessed to explore the musculoskeletal disorder and abnormalities. It was found that the most three
pain areas were at shoulder, neck and back. The most forth abnormalities were myofascial pain, low back pain,
de quervain's tenosynovitis and nerve tension, respectively. The severity of symptom was stage 1 ( fatigue
during work time, symptoms disappear during night time or rest, no working ability decrease, having
symptoms for week or month and having off and on.) Relationships between work experience and pain area

were significantly correlated.

Keywords: Musculoskeletal Disorders, WMSDs, Work Related Musculoskeletal Disorders
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Abstract

The aim of the study was to formulate borneo camphor liquid inhaler from essential oil of Amomum
biflorum Jack. Three formulas were prepared and used for the assessment of satisfaction of 99 volunteers. The
composition of the essential oils of the 3 formulas A, B and C had a concentration of 1 %, 5 % and 3 %,
respectively. It was observed that formula A and C had the overall satisfaction score and the scores were
statistically significant when compared to the scores obtained for formula B at the 95 % confidence level.
Therefore, formula C was selected for the evaluation of product stability. Testing of physical stability
parameters of color, odor and pH were performed under 3 conditions namely; 24 hours at temperatures of
25°C, 30°C, 35°C and 40°C; Freeze-thaw stability condition and short-term temperature stability condition at
day 90. The results indicated there were no changes. The products (freshly prepared at day 0; after freeze-
thaw stability test and after short-term temperature stability test) were subjected to GC-MS analysis in order
to determine the chemical components. Furthermore, the results from the GC-MS analysis indicated that first
five major chemical components contained in all the three products were Menthol (44.10-49.27 %), Camphor

(31.96-35.16 %), trans-p-(1-butenyl)-anisole (5.14-6.76 %), Borneol (5.72-5.90 %) and Isoborneol (3.24-3.67 %)

Keywords: Amomum biflorum, Borneo Camphor Liquid Inhaler, Essential Oil
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Evaluation of Betel Leaf Extract Deodorizing Foot Spray
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Abstract
Foot odor is a problem that many people have to deal with on a daily basis. The present study was
designed to evaluate the ethanolic extract of betel leaves as an ingredient in deodorizing foot spray product, and
the formulation was developed as a prototype spray. The deodorizing activity over foot malodor was studied by

GC-MS technique and olfactory method. The formula of developed spray for foot malodor treatment consists of
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0.1 % betel leaf extract, 30 % aluminium chlorohydrate solution, 5 % propylene glycol, 2 % glycerin, 0.1 %
butylhydroxyl anisole and 1 % concentrated paraben in purified water by weight. This formula had a good
appearance, fast-drying, non-greasy and thin coating on the skin surface after application. The product exhibited
anti-bacterial activity against Staphylococcus epidermidis ATCC12228 and Bacillus subtilis ATCC6633 with

diameters of inhibition zone of 14.77 £ 0.21 mm and 14.0 + 0.35 mm, respectively.

Keywords: Foot Malodor, Betel Leaf Extract, The Ethanolic Extract

Introduction

Foot odor is one of the body odors. People with foot odor might face the problems of skin disease such
as hyperhidrosis, irritation and painful skin problems. In addition, they might loss self-confidence as well as
social relationship [ 1]. There are 3 ways to control foot malodor [2]. The first method is elimination of the
bacteria causing smelly foot, such as inhibition the growth of odor causing bacteria by using antimicrobial
products. The second method is antiperspirants to eliminate the source of bacterial feeding and growth. The
third method is covering over the bad smell with fragrances. Nowadays, people use natural product in their daily
life, especially personal care products. Betel is one of the fragrance plants that have been popular in Asian
countries such as India, Myanmar, Laos, Cambodia, Malaysia, Indonesia, Philippines and Thailand. It contains
many biologically active components [3] such as antimicrobial agent [4], and antifungal agent [5-7]. Especially
essential oil of betel leaves possess a strong pungent and aromatic flavor [4]. Betel has been used to make
perfume [ 8]. So it is interesting to be applied in anti-malodor product, especially the foot odor. Moreover,
previously published data showed that betel has the effectiveness against Staphylococcus epidermidis and
Bacillus subtilis, microorganisms which was referred as the main cause of foot odor [ 7, 9]. However, the
evaluation of deodorizing foot spray products has not ever been discussed before. So the present study was
designed to evaluate the ethanolic extract of betel leaves as an ingredient in deodorizing foot spray product, and
the formulation was developed as a prototype spray. The preparation was evaluated antibacterial activity against
the foot odor causing bacteria, concealing activities against the foot malodor, and the stability test under room
temperature for 3 months and acceleratory 6 heating, as well as cooling cycles. Therefore, we hope that this

study will initiate the development of deodorizing foot spray products in the future with a proper evaluation.

Materials and Methodology
1. Preparation of Betel Leaf Extract
The ethanolic extract of betel leaves was prepared by using the modified method of Subashkumar

[10]. Fresh betel leaves were collected from a local market of Hat Yai, Songkla. The leaves were washed and
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cut into smaller pieces and then were dried in the oven at 45 °C for 24 hours. Ten grams of dry leaves were
macerated by soaking in 500 mL of 95 % ethanol for 24 hours, then sealed the bottle with aluminum foil. After
filtration, the filtrate were evaporated in rotary vacuum evaporator at 50 °C or below, until the crude plant
extract with thick mass in dark green color were obtained.

2. Study of Compound in Betel Leaf Extract

The crude betel leaf extract was then analyzed by GC-MS of Thermo Scientific” Ultra/ 1SQ system,
fitted with capillary column of 30 mx0.25 mmx0.25 pm. Helium was carrier gas at a constant flow rate of 1.0
mL/min. The oven temperature was programmed from 80 °C to 250 °C at a rate of 2.5 °C/min. The full-scan
mass spectra within the scan range 35-500 amu. The experiment was carried out in triplicate.

The contents of eugenol, the main fragrance in betel leaf extract, were quantified according to the
study of Inam [11], by high performance liquid chromatography (HPLC) on a Hypersil GOLD column (C18 with
250x4.6 mm). The mobile phase was 70:30 v/v (methanol: water); isocratic conditions at a flow rate of 0.7 mL/min.
The UV absorbance was detected at 282 nm.

3. Study of the Solubility of Betel Leaf Extract

Solubility of betel leaf extract was studied by adding 0.01 mg of crude betel leaf extract in a 25 mL
test tube. Then 0.5 mL of solvent per time was gradually added into the test tube with continuously shaken. The
solvent was added until the extract dissolve in the solvent. The solvent used for solubility studies were water, 70 %
ethanol, 95 % ethanol, glycerin ,and propylene glycol.

4. Study of the Activity of Betel Leaf Extract Against the Bacteria Causing Foot Malodor

The microorganisms used in this study were collected from the Department of Microbiology, Faculty
of Sciences, Prince of Songkla University. Staphylococcus epidermidis ATCC12228 and Bacillus subtilis
ATCC6633 were chosen as the representative of foot odor microbes. The selected strains were then cultured in
Mueller Hinton broth and adjusted to the turbidity of 1.5x108 CFU/mL (0.5 McFarland standard). The broth
cultures were incubated at 37 °C for 24 hours. The activity against bacteria causing foot malodor was studied by
broth micro-dilution method according to the study of Ara [9]. Betel leaf extract in 2.5 % dimethyl sulfoxide,
free of bacteria causing foot odor, was a negative control. The standard tetracycline was a positive control. The
minimum inhibitory concentration was observed and noted.

5. Study of the Deodorizing Activity Over Foot Malodor of Betel Leaf Extract

Isovaleric acid was represented as foot odor, according to the study of Ara [9]. The 1:1 mixture of 0.1 g/mL
isovaleric acid solution was first mixed with 0.1 g/mL of betel leaf extract solution. The deodorizing activity
over foot odor was then studied by 2 methods. The first one was instrumental method, according to the method

of Caroprese [12]. The mixture was analyzed by GS-MS at various times of 0, 2, 4, 6 and 10 minutes. The other
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method was olfactory method, modified from the study of Kim [13]. The 7 members at least of olfactory panel
were set up. They were trained how to evaluate and to score the sample, into 6 hedonic scales of deodorizing
activity over foot malodor. The criteria for characterize odor into 6 hedonic scales, were as follows:

The score would be 0, if the isovaleric acid odor was obvious, no betel leaf extract odor.

The score would be 1, if the isovaleric acid odor was much more than betel leaf extract odor.

The score would be 2, if the isovaleric acid odor was more than betel leaf extract odor.

The score would be 3, if the isovaleric acid odor was equal to betel leaf extract odor.

The score would be 4, if the betel leaf extract odor was more than isovaleric acid odor.

The score would be 5, if the betel leaf extract odor was obviously more than isovaleric acid odor.
6. Preparation of Product Containing Betel Leaf Extract for Deodorizing Foot Spray

The formula of spray was modified from the formula of Natthaya [ 8], based on the commercial
formulation of spray products. The concentration of betel leaf extract was referred to the studied minimum inhibitory
concentration (MIC) and the deodorizing activity over isovaleric acid. The developed foot spray consists of 30-40 %
aluminium chlorohydrate solution (50 %), propylene glycol (1-5 %), glycerin (2-4 %), butyl hydroxyanisole 0.1 %,
concentrated paraben 1 % and purified water added to give a 100 %.

7. Evaluation of Spray Product Containing Betel Leaf Extract for Deodorizing Foot Spray

Table 1 The spray products were evaluated for the various criteria summarized on

Evaluation Criteria Details
Physical properties clarity, color, flavor, applicable texture
Chemical properties pH-meter, eugenol content (HPLC)

Anti-bacterial activity Staphylococcus epidermidis ATCC 12228 and Bacillus subtilis ATCC6663.

(Disc diffusion method) (tetracycline as positive control and spray base as negative control)

Deodorizing activity Olfactory method (mixture of 1 mL of 0.1 g/mL isovaleric acid solution 1 ml
mixed with 1 mL spray solution)

Stability test Normal condition: Store at 30 °C for 3 months
Accelerated condition: heating at 45 °C storage for 24 hours and cooling at 4 °C

(6 repeated cycles)

8. Statistical Analysis
All experiment data were represented as mean + SD and were done as triplicate. One way analysis of
variance (ANOVA, single factor) was used to analyze with the level of significance at p < 0.05. The content of

eugenol was tested by using linear regression and presented in term of correlation coefficient (R?).
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Results and Discussion

1. Preparation of Betel Leaf Extract

The ethanolic extract of Piper betle leaves was thick, sticky mass and dark-green color with a strong
pungent odor. The percentage yield of extract was found to be 11.0 £0.31 % of wet weight.
2. Study of Compound in Betel Leaf Extract

The compounds found in ethanolic extract of betel leaf extract were methyl D-glucopyranoside, 2-
methoxy-4-vinylphenol and eugenol. Eugenol was reported the odor of eugenol was a spicy strong aromatic odor.
Therefore; this study followed eugenol as a chemical marker for foot odor management. Eugenol content in

the extract was 15.60 + 0.24 % w/w, as shown in Table 2. It was confirmed by compared with standard data.

Table 2 Gas chromatographic and mass spectral data for the ethanolic extract of Piper betle leaves

Retention Molecular  Molecular  Similarity % Peak
Name of Compound
Time (min.) Formula Weight Index Area
13.03 2-methoxy-4-vinylphenol CH,,0, 150 927 2.33
14.46 2-methoxy-4-(2-propenyl)- phenol C,H,,0, 164 901 1.24
(Eugenol)
22.93 Methyl D-glucopyranoside C,H,,0, 194 772 82.15

3. Study of the Solubility of Betel Leaf Extract

The betel leaf extract was sparingly soluble in 70 % ethanol, water, propylene glycol and glycerin.
It was insoluble in 95 % ethanol because the predominant compound found in the extract was methyl
D-glucopyranoside. It was showed that betel leaf extract is semi-polar compound which are more soluble in
semi-polar solvents like 70 % ethanol.
4. Activity of Betel Leaf Extract Against the Bacteria Causing Foot Malodor

The minimum inhibitory concentration of ethanolic extract was determined against two selected
pathogens; tetracycline inhibits Staphylococcus epidermidis ATCC12228 and Bacillus subtilis ATCC6633 at the
concentration of 30 Pg/mL and 1 plg/mL, respectively [ 14]. The extracted from betel leaves had the minimum
inhibitory concentration against Staphylococcus epidermidis ATCC12228 and Bacillus subtilis ATCC6633 was
500 pg/mL and 1000 plg/ mL, respectively. The minimum inhibitory concentration of Tetracycline against

Staphylococcus epidermidis ATCC12228 and Bacillus subtilis ATCC6633 was 32lg/mL and 2|lg/mL, respectively.
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5. The Deodorizing Activity Over Foot Malodor of Betel Leaf Extract

The GC-MS results showed that whilst the time increased, the peaks of isovaleric acid at retention
time of 2.17 to 2.55 minutes were decreased. Whereas the peaks of the betel leaf extract at retention time of 9.53
and 10.94 minutes were increased (Figure 1). Therefore, it can be concluded that the odor of betel leaf extract
can cover up the odor of isovaleric acid (represented as foot odor). However, the deodorizing activity over foot
malodor was not immediately appeared. According to the result, evaporation of isovaleric acid showed the
tendency to relate with time which should be studied in the details in the future. Moreover, the deodorizing
activity over the odor might be further calculated as covering index for identifying the strength of the activity.
The mean scores of deodorizing activity over foot malodor by olfactory method were 4; which indicated that betel
leaf extract could cover the odor of isovaleric acid.

RT: 0.00-20.02

(a) 0.1 g/mL betel leaf extract

RIS g6 ean  se %
053

1115 1301

(b) 0.1 g/mL betel leaf extract + 0.1 g/mL isovaleric add at 10 minutes

sze7ee Ml or 1w

0

(c) 0.1 g/mL betel leaf extract + 0.1 g/mL isovaleric acid at 6 minutes

1
|.~s§] lzz: 364 e300 851 008) yigs ya00

» 1065
g 228 (d) 0.1 g/mL betel leaf extract + 0.1 g/mL isovaleric acid at 4 minutes
i |.51‘ 1008
143] N22% 385 a2 e52 "y 1054 1300
0o
228 230 (e) 0.1 g/mL betel leaf extract + 0.1 g/mL isovaleric acd at 2 minutes

1.51
"‘—31 Ja.nia: a9 B52 m,m 1198 1am

M"MW"M

247_248 0L
2 () 0.1 g/mL betel leaf extract + 0.1 g'mL ispvaleric add at 0 minute

ﬁLﬂ 1008
o 148 343 &3 £51 I 1200 1am
.2_

(g) 0.1 g/mL isovalgric acid

Figure 1 GC-MS chromatogram of (a) 0.1 g/mL of betel leaf extract, (b) 0.1 g/mL isovaleric acid and the
mixture solutions at 10 minutes, (¢) 6 minutes, (d) 4 minutes, (¢) 2 minutes, (f) 0 minute
and (g) 0.1 g/mL of isovaleric acid
6. Preparation and Evaluation of Spray Product Containing Betel Leaf Extract for Deodorizing Foot Spray
All the results were shown in Table 2. The concentration of betel leaf extract used in the formulation was
0.1 g. The best spray base formula consisted of 30 % aluminium chlorohydrate solution (50 %), 5 % propylene
glycol, 2 % glycerin, 0.1 % butylhydroxyl anisole and 1 % paraben concentrate. The product was clear with a mild

pungent scent. It made the skin feel comfortable when applied on the foot, because of its pH, was skin pH range
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(5.5). And it composed of aluminium chlorohydrate solution, which served as antiperspirant, and two humectants
(glycerin and propylene glycol).

The anti-bacterial activity of the product, against Staphylococcus epidermidis ATCC12228 and
Bacillus subtilis ATCC6633 (the two selected species of microorganism caused foot malodor), analyzed by
disc-diffusion method (presented as inhibition zone), were 14.77 = 0.21 mm diameters and 14.0 + 0.35 mm
diameters respectively. The deodorizing activity over foot odor, using olfactory method and showed as olfactory
score, was 4. The product was stable in both conditions.
7. Stability of Spray Product Containing Betel Leaf Extract for Deodorizing Foot Spray

Before the storage on stability test, the content of eugenol in formulation was 10.34 + 0.11 % w/v.
After the completion of stability tests; 6 freeze-thaw cycles and the storage at room temperature for 3 months,
the content of eugenol was reduced to 8.89 + 0.13 % w/v and 8.94 + 0.12 % w/v, respectively. These results
demonstrated that the both of products kept in room circumstance for 3 months and in the accelerated condition
of 6 heating and cooling cycles were significantly decreased (p < 0.05) the eugenol content compared with the
preferable formulated spray. Besides olfactory score against isovaleric acid of the product after both storages,
were statistical confidently less from 4 to 3. All of spray product formula 4 still gave high deodorizing activity and
were not significantly different (p > 0.05) from the preferable formulated spray. That meaned the product had lost
some volatile substances, which could cover the odor of isovaleric acid or foot odor. However, the anti-bacterial
activity against both Staphylococcus epidermidis ATCC12228 and Bacillus subtilis ATCC6633 of the product
did still not change after both storages and were not significantly different (p > 0.05). The rational explanation
for these coincident were volatile eugenol could always evaporate, so the quantity was less after storage.
Nevertheless, its content still did the deodorizing activity but less than previous storage. But other compositions
in the extract, which did not investigate in the study, still remained in the product and had anti-bacterial activity.
We also observed the physical appearances of the product, did not change after any storages. So the product was

still physical stable.
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Table 3 Evaluation results of spray product containing betel leaf extract for deodorizing foot spray NB.

Topic Before

After 6 Heating-
cooling Cycle

Storage

After 3 Months
Normal Condition

Storage”

Physical appearance Clear solution and
homogeneous

pH 5.52+0.09

Eugenol content 10.34+0.11 % w/iv

Antimicrobial activity against 14.77 021 mm"

Staphylococcus epidermidis

ATCC12228

Antimicrobial activity against Bacillus 14.00 + 0.35 mm"
subtilis ATCC6633

Deodorizing activity by Olfactory 4.00 +£0.58

method (olfactory score)

Clear solution and
homogeneous

547+0.11

8.89 £0.13 % w/v*

14.17 £0.15 mm”"

13.50 £ 0.50 mm"

3.29+0.49

Clear solution and
homogeneous

5.44 £0.06

8.94 £0.12 % w/v*

1423 £0.25 mm”"

13.27+0.81 mm"

3.14 £0.38

All value were shown as mean = SD (n=3).

* The differences were considered to be significant when p < 0.05 compared with initial storage.

* After 3 months at room temperature.

® Inhibition zone, the value of diameter of the area with no micro-organism’ growth.

Conclusions

Betel leaf extract showed the potential to be used as an active ingredient in deodorizing foot spray

products. The designed betel leaf spray product was evaluated for the physicochemical properties as well as the

anti-bacterial activity against microorganisms causing foot odor, and deodorizing activity over the foot odor.

The olfactory method was also applied for the simple evaluation of the product but the evaluation with the

distinct digital scale is recommended for the future study. The method of GC-MS is a decent technique to

evaluate the deodorizing activity over the foot odor of the product. However, further study should design the

method to calculate the deodorizing activity over foot odor as the scale to quantify the activity of the product.
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Abstract

Giant Perch (Lates calcarifer) is a high-value fishery product and recognized as nutritious food source.
However, Giant Perch meat is perishable. Regarded as natural product and safety, chitosan could retard the
deterioration of Giant Perch meat. The objective of this study was to investigate the effect of chitosan on quality
changes of Giant Perch fillet during cold storage. Quality changes including weight loss, pH, trimethylamine
and total volatile bases, conjugated diene and thiobarbituric acid reactive substance were monitored. The results
showed that chitosan can retard quality changes when compared with control with or without 1% lactic acid.
The quality changes of Giant Perch fillet were varied depending on chitosan concentrations (p < 0.05). Nevertheless,
the qualities of Giant Perch meat were more deteriorate as the storage time increase. Consequently, chitosan could be
used in processing industry to retard the quality changes and prolonging the shelf-life of ready to cook Giant

Perch fillet.

Keywords: Chitosan, Quality, Giant Perch, Cold Storage
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Abstract

Isolation of the chemical constituents from an endophytic fungus Fusarium sp., isolated from
Salvinia cucullata Roxb. & Bory, yielded four compounds: “Sydoxanthone A (1), “13-O-acetylsydowinin B (2)”,
“Secalonic Acid A (3)” and “Emodin (4)”. Antimicrobial activity of isolated compounds against four bacteria,
S. aureus (SA), Methicillin - resistant S. aureus, P. aeruginosa ATCC27853 (MRSA SK1) and E. coli (EC)
and against two yeast, Candida albicans ATCC90028 (CA90028) and Cryptococcus neoformans ATCC90112
Flucytosine — resistant (CN90112) was determined. The results were found that compound 3 had good
antibacterial activity against SA, MRSA SKI, PA and EC and antiyeast activity against C4A90028 and
CN90112 with the MIC 25.1, 25.1, 25.1, 50.2, 50.2 and 50.2 u# M, respectively. Compound 1 exhibited
moderate activities against bacteria SA, MRSA SK1 and PA at 82.2 M. However compound 2 and 4 showed

weak activities to inhibit the growth of bacteria and yeast.

Keywords: Endophytic Fungus, Salvinia cucullata Roxb, Antimicrobial
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neoformans ATCC90112 Flucytosine — resistant 8¢ 1432 UAR I8 A1 MIC 1101 16 16 32 Az 32 luTasniy
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@15 1 : UV(CH,0H) : A__ (loge) 389 (2.15), 275 (2.12), 165 (1.52) nm; FT-IR (ATR) A,
3400, 1713, 1682, 1154 Cm-l; 'H NMR (300 MHz, CDCl,) 6 :12.12 (1H, s, 8-OH), 7.85 (1H, d, J = 8.5 Hz,
H-3), 7.49 (1H, d, J = 8.5 Hz, H-4),6.88 (1H, s, H-5); 6.75 (1H, s, H-7), 5.17 (2H, s, H-13), 4.18 (3H, s, H-11),

2.45 (3H, s, H-12), 2.15 (3H, s, H-15); °C NMR (75 MHz, CDCL,): & 182.5 (C-9), 172.4 (C-14), 167.5 (C-10),
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164.2 (C-8), 154.9 (C-4b), 154.1(C-4a), 145.6 (C-6), 134.5 (C-1), 136.4 (C-3), 130.5 (C-2), 120.9 (C-4),
119.3 (C-9a), 109.3 (C-8a), 108.5 (C-7), 104.8 (C-5), 64.8 (C-13), 51.2 (C-11), 20.9 (C-15), 20.1 (C-12) (@15 1 o
sydoxanthone A)

@15 2 : m.p. 186-187°C; UV(CH,0H) A__ (log€) 372 (2.15), 268 (2.12), 268 (2.12), 1.72

max

(1.52) nm; FT-IR (ATR) A__ 3361, 1711, 1673, 1161, 1161 cm™'; 'H NMR (300 MHz, CDCl,) 6 : 12.18

(1H, s, 8-OH), 7.50 (1H, d, J= 8.5 Hz, H-3), 7.58 (1H, d, /= 8.5 Hz, H-4), 6.92 (1H, s, H-5), 6.71 (1H, s, H-7),
5.12 (2H, s, H-13); 2.11 (3H, s, H-15); °C NMR (75 MHz, CDCL,): § 183.6 (C-9), 174.2 (C-13), 162.3 (C-8),
155.1(C-4b), 152.7(C-4a), 145.6 (C-6), 133.2 (C-1), 135.8 (C-3), 131.9 (C-2), 121.8 (C-4), 117.3 (C-9a),
107.8 (C-8a), 107.5 (C-7), 103.6 (C-5), 65.4 (C-10), 63.2 (C-12), 49.2 (C-11), 23.8 (C-14) (813 2 A 13-O-
acetylsydowinin B)

@13 3 : m.p. 244-245°C; UV (CH,OH) A___(log€) 375 (2.15), 262 (2.12), 267 (2.12), 1.78

(1.52) nm; FT-IR (ATR) Amax 3368, 1716, 1678, 1167 cm'; 'H NMR (300 MHz, CDCL,) 6 : 13.78 (2H, s,
8,8’-OH), 11.75 (2H, s, 1,1’-OH), 7.46 (2H, d, J = 8.4 Hz, H-3,3’), 6.63 (2H, d, J = 8.4 Hz, H-4,4’), 3.92
(2H, dd, J= 10.5, 2.1 Hz, H-5,5"), 3.73 ( 6H, s, OCH3), 2.85 (2H, d, J = 2.1 Hz, H-5,5"),2.74 (2H, dd, J =
18.6,5.7 Hz, H-7,7°), 2.42 (2H, m, H-6,6"), 2.31 (2H, dd, J = 18.6, 10.5 Hz, H-7,7°), 1.17 3H, d, /= 5.7 Hz,
H-11,11°); "C NMR (75 MHz, CDCl,): 187.2(C-9,9%), 177.5 (C-8,8"), 170.2 (C-12,12"), 159.4 (C-4a,4a’),
158.3 (C-1,1°), 140.2 (C-3,3°), 118.3 (C-2,2°), 107.5 (C-4,4’), 106.9 (C-9a,9a’), 101.6 (C-8a,3a’), 84.8 (C-10a,
10a’), 77.1 (C-5,5"), 53.0 (OCH,), 36.3 (C-7,7°),29.3 (C-6,6"), 17.9 (CH,, 11, 11") (a3 3 f1® secalonic acid A)

@15 4 : m.p. 261-262°C; UV (CH,0OH) A, (loge) 378 (2.15), 288 (2.12), 258 (2.12), 1.92

(1.52) nm; FT-IR (ATR) A, 3371, 1706, 1673, 1162, 1151 cm'; '"H NMR (300 MHz, CDCl,) § : 12.16 (1H,
s, 5-OH), 12.04 (1H, s, 4-OH), 7.53 (1H, s, H-1), 7.22 (1H, d, /= 2.2 Hz, H-8),7.12 (1H, s, H-3), 6.64 (1H,
d,J=2.2 Hz, H-6),2.45 (3H, s, CH,); "C NMR (75 MHz, CDCL,): 192.5 (C-10), 182.9 (C-9), 167.2 (C-7),
167.0 (C-5), 164.0 (C-4), 150.3 (C-2), 133.2 (C-1), 137.4 (C-12), 135.0 (C-13), 125.7 (C-3), 122.2 (C-1), 115.2
(C-14), 111.2 (C-11), 110.4 (C-8), 109.6 (C-6), 22.7 (CH,) (a5 4 fi® emodin)
Ysganiamlumsdusonnaiite s areus (SA), Methicillin - resistant S. aureus (MRSA),
P. aeruginosa (PA) ua E. coli (EC) voeasu3qn3 iiouifloeuiy Vancomycin uag Gentamicin 1aadq
M9t 1 WU d13 2 uﬁmqw%&‘i’ugaﬂmﬁmLaﬂﬁmaat%mmﬂﬁﬁtﬂ@n%ﬁﬂﬁ'mﬁaﬂmzﬁuﬁmm
Fro81 MIC 100 557 M Tuvasiians 3 u,ﬁﬂaqw%z‘fuE‘T”aﬂﬁm‘%n,;@ﬂmeu%muﬂﬁﬁa SA MRSA
uag PA lusgauaoud 9@ daoA1 MIC 19910 25.1 M uag @13 1 uﬁmqm%ﬁufj%qmm'?mdgﬁﬂmmg%a
uuATiso SA MRSA uaz PA Tuszdutiunata §aom MIC 11 822 M nazdudade EC Tuszdud
&of1 MIC 329 M daums 4 fuduife SA naz MRSA Tuszdush daem MIC 4737 M uazduduie pa

ay EC 1dlusgauduasui@ednunal MIC 740.1 M
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Uszansamlumsdnuxedead Candidi albicans ATCC 90028 (CA 90028) 11ag Cryptococcus

~ o

neoformans ATCC90112 Flucytosine-resistant (CN 90112) 404815 U5gn51/Tounounueiniaggiu

[ A ' Lo & a a { J
Amphotericin B LTFAIANIAI1TINN 1 WU @17 3 lLﬁﬂQi]‘Vl‘ﬁfJ“]JfNﬂﬁ!ﬁ]ﬁfUu!,@]‘]JIﬂ"U@\u%@?Jﬁﬂ CA 90028 1o
s P

CN 90112 luszan1huna1a a2ea1 MIC 1Ay 50.1 M d@2uans 12 uag 4 ua@asgnsdudimsniaaule

VOUFOTAN CA 90028 118 CN 90112 Tuszaa d2ea1 MIC 1191 329 356.5 1A% 473.7 M
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Abstract

This research aimed to study the similarities of plant succession areas and natural succession trend
compared to the tropical rain forest in the area. The results showed that the tropical rain forest had 158 species.
Natural succession forest in 2003, 2012 and 2014 had 75, 47 and 8 species, respectively. The diversity index of
tropical rain forest was of 4.29. Natural succession forest in 2003, 2012 and 2014 were of 3.52, 3.17 and 1.05,
respectively. Diameter at Breast Height (DBH) distribution of trees in tropical rain forest and natural succession
forest stands were negative exponential form, indicated that the forest regeneration showed normal situation.
The above-ground biomass of tropical rain forest was 274.29 ton/ha. Natural succession forest stand in 2003 had
the greatest above-ground biomass at 61.99 ton/ha (22.60 % of tropical rain forest) followed by natural succession
forest stands in 2012 and 2014 at 5.95 and 1.73 ton/ha, respectively. In this study, it could be concluded that if do the
razing rubber tree on land encroachment and release natural succession, to stand can be developed to become a

natural tropical rainforest in the future.

Keywords: Plant Succession, Tropical Rain Forest, Land Encroachment
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Abstract

The sago (Metroxylon sagu) is a local plant found in the southern region. It is used to produce sago
starch. Sago starch factories produce a large amount of waste from the production process. Most of them are
cellulosic fibers and hemicellulose residue. It can be used in yeast-based fermentation to produce bioethanol.
Thus this study has aimed to recycle wastes from the production of sago starch as raw material for the production
of bioethanol using Saccharomyces cerevisiae. By using the concentration of Saccharomyces cerevisiae at
1x10® CFU/mL combine with the different ratio of Sago waste, including, 1) 100 % of wastewater 2) 50 % of
wastewater 3) 50 % of Sago starch waste mixed with 50 % of wastewater and 4) 25 % of Sago starch waste
mixed with 75 % of wastewater. The results found that the maximum bioethanol was produced at 12 hours in
all experiments and the highest bioethanol (2.9 %) was obtained from 50 % of Sago starch waste mixed with

50 % of wastewater.
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Abstract

The purpose of this research was to design and develop a smartphone-based tourism navigation
system in Ratchaburi province as a tool to support tourism in Ratchaburi province. The tourism navigation
system in Ratchaburi province are divided into two parts: 1) Data Management System: back-end of the
application has a database on a website for data management services. The database is the source of Ratchaburi
province tourism information that connects to the application. 2) Tour Ratchaburi application: offers extensive
tourist information in Ratchaburi province, including leisure attractions, restaurants, shopping places and
souvenirs, news and tourism events in Ratchaburi province. The users can use in finding accommodations and
tourist services. It also connects to Google Maps to guide tourists to various locations as their desires. The
results of the performance evaluation of the tourism navigation system showed that the satisfaction of users
who took an official tour using the application at the high level (i =4.23,S.D. = 0.50). 92% of the users were

satisfied with the performance of Smartphone-based tourism navigation system in Ratchaburi province.

Keywords: Tourism Navigation System, Ratchaburi Province, Android Platform.
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