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Editorial

The present Thaksin University Journal (TSUJ) Vol. 23 No. 2 (May - August 2020) is the second
issue out of three issues that will be issued in the year 2020. This issue was also published with 10 interesting
research articles which are the multidisciplinary of science and technology of research articles in applied
geography (1), agriculture and technology (3), food and drug (1), applied chemistry (1), material physics
(1), irrigation engineering (1), wind energy (1) and applied physics (1). All of published articles were
evaluated and selected from The 30th Thaksin University Annual Conference: Thailand Driven Research
and Innovation, on May 30, 2020, by editorial boards and then peer reviewed through the TSUJ standard
procedure. Again, some of research articles in this issue might more or less affect to your research work.
Consequently, we do expect that these articles will be referred and cited in the near future by our valuable
TSUIJ readers and customers.

1 would like to inform our readers and customers that the next issue of TSUJ (Vol. 23 No. 2
(September-December 2020) has been prepared and managed in the same way of this present issue. This
means that another selected 10 research articles from the same conference as mentioned above will be
considered and reviewed by some expert researchers using the publishing platform of TSUIJ. In addition,
TSUJ (Vol. 24 No. 1 (January-April 2021)) will be organized and managed for everyone again using the
same TSUJ management system.

As we know that since 2019 our world population including Thailand have been struggled and
faced with the new virus disease pandemic. The coronavirus disease (COVID-19) is an infectious disease
caused by a newly discovered coronavirus. Most people infected with the COVID-19 virus will experience
mild to moderate respiratory illness and recover without requiring special treatment. The best way to prevent
and slow down transmission is to be well-informed about how the COVID-19 virus disease causes and
spreads. Protect yourself and others from infection by washing your hands or using an alcohol-based rub
frequently and not touching your face. At this time, there are no specific vaccines or treatments for COVID-19.
However, there are many ongoing clinical trials evaluating potential treatments. For this reason, we would
like to have some research articles about the coronavirus disease and its related information to be published
and directly shared to the interdisciplinary science and technology community. At the same time, TSUJ
would like to welcome all prospective research scholars to read and submit their good quality of original
manuscripts for publishing research articles, academic articles, socially-engaged articles and letters to editor
on multidisciplinary on science and technology which are not under review or under consideration for
publishing in any other national or international academic journals. All articles published by TSUJ are made
immediately available nationwide and worldwide on open access through Thai Journals Online (ThaiJo) system.

And last but not least, we would also like to inform that the committee of TSUJ quality improvement
to the international level has been already formed and announced by the president of Thaksin University.
We actually plan to accomplish this challenging issue in the year 2022. From now on, we have begun to
work more seriously and try to reach the goal as fast as we can. Thank you very much for being in parts of
TSUIJ and see you again in the next issue.

Asst. Prof. Dr. Prasong Kessaratikoon

Journal Editor
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The Use of 3D Terrestrial Laser Scanner for Monitoring Rill Erosion
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Abstract
This research aimed at using 3D Terrestrial Laser Scanner to investigate and monitor the

morphological changes of rills in and estimate the volume of soil losses from large rills. In this study, the
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researchers selected six rills on hillslopes with slope gradient ranging between 30-60 % under oil palm
and rubber plantations in Tha Sae District, Chumphon Province. Terrestrial Laser Scanner was used to
collect 3D morphological characteristics of rills, covering the area of 2 x 5 m’ for each rill. Rills development
was monitored between July - December 2018 of which eight data sets in total were obtained per rill.
Digital elevation model (DEM) was generated for each observation with 1-cm resolution. Results showed
that soil loss from rills under rubber plantation was greater than that under para-rubber plantation. The
amounts of soil eroded from the rills under para-rubber plantation were 1,234 (Rubber A), 1,508 (Rubber B)
and 1,290 (Rubber C) cm’ over the study period. The amounts of soil loss of 1,244 (Palm A) and 1,203
(Palm B) cm’ of soils were removed from two rills under oil palm plantation, in which one rill gained 0.63
(Palm C) cm’ of removed soil. The rills with the highest Stream Power Index (SPI) under both plantations
had the highest net soil loss. The net soil loss was positively correlated with raining day (r = 0.69) in all
rills, except the largest rill under oil palm plantation, in which the net soil loss had a positive correlation

with maximum rainfall intensity (r = 0.98).

Keywords: Rill Erosion, Terrestrial Laser Scanner, Digital Elevation Model
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Abstract

This research aimed to investigate the role of 7,8-Dihydro-8a-20-Hydroxyecdysone (DHECD)
on drought tolerant ability, photosynthesis, chlorophyll content and chloroplast structure under drought
by using Polyethylene Glycol 6000 (PEG) in tomato. The experiment 1 studied drought tolerant ability in
tomato and measured shoot length, root length, Relative Water Content (RWC), chlorophyll and carotenoids
contents. There were 4 treatments: 0 %, 0.25%, 0.5%, and 1 % (w/v) PEG whereas the experiment 2 determined
the effect of DHECD on chlorophyll a/b ratio, performance index (PI), chlorophyll fluorescence (F,/F,,),
SPAD values and chloroplast ultrastructure in tomato under drought. There were 3 treatments: 1) control
plants (0 %(w/v) PEG) and sprayed with 0 uM DHECD, 2) drought treated plants (0.5 % (w/v) PEG) and
sprayed with 0 uM DHECD, and 3) drought treated plants (0.5 %(w/v) PEG) and sprayed with 50 uM
DHECD. Experiment 1 results showed that shoot and root lengths, RWC, chlorophyll a, and chlorophyll b
contents of drought treated plants (0.5 %(w/v) PEG) were decreased by 33.93 %, 60.57 %, 34.22 %, 12.47 %
and 35.68 %, respectively when compared with control while carotenoids content increased by 47.20%
when compared with control. Experiment 2 results showed that after 12 days of drought treatment, DHECD
maintained chloroplast structure in leaves and increased chlorophyll a/b ratio, PI, F,/F,, and SPAD values
by 6.51 %,21.22 %, 0.72 % and 25.43 %, respectively when compared with drought. These results indicated
that DHECD application improves photosynthetic efficiency and maintains chlorophyll content and

chloroplast structure in tomato under drought.

Keywords: Tomato, Drought, Brassinosteroids, Chlorophyll Fluorescence, Chlorophyll, Chloroplast

Introduction
Tomato (Solanum lycopersicum) is important economic crops of Thailand. Moreover, it contains
many antioxidants such as carotenoids, ascorbic acid, vitamin E and phenolic compounds. Nowadays, drought
is environmental stress that declines Relative Leaf Growth Rate (RGR) and increases lipid peroxidation
and hydrogen peroxide (H,0,) level in plants. Plant growth regulators (PGR) application is one of the

solutions for this problem. Brassinosteroids (BRs) are steroidal PGR that can promote seed germination,
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induce cell elongation and increase yield of plants, such as 24-epibrassinolide (EBR). The previous study
reported that EBR application reduced malondialdehyde (MDA) and H,0, by enhancing antioxidant
enzymes, such as superoxide dismutase (SOD), ascorbate peroxidase (APX), guaiacol peroxidase (GPOD)
and catalase (CAT) in leaves of tomato under heat stress [1]. However, the commercial use of BRs is
expensive. Therefore, in this study the researchers interested to study the effect of 7,8-dihydro-8a-20-
hydroxyecdysone (DHECD), which similar structure to BRs on some physiological responses in tomato
under drought. Previous study reported that DHECD alleviated heat stress by increasing net photosynthetic
rate and decreasing lipid peroxidation and induced thermotolerance by improving antioxidant enzymes,
such as SOD, APX, CAT and peroxidase (POD) for H,0, scavenging inrice [2]. Accordingly, this research
purposed to study DHECD on some physiological changes, such as chlorophyll a/b ratio, SPAD value

and chlorophyll fluorescence parameters in order to improving the drought tolerance in tomato cv. “CH154”.

Materials and Methodology
1. Plant material and growth conditions

Seeds of tomato (Solanum lycopersicum cv. “CH154”) were sown in plastic pots containing
Hoagland’s nutrient solution. The plants were grown in greenhouse at Faculty of Science, Srinakharinwirot
University, Bangkok. Sixty-five-day-old of tomatoes were used for the experiments. An experimental
design was completely randomized design (CRD) using four replications per treatment.

Experiment I: To investigate of drought tolerance capacity in tomato under different levels of
drought. Simulation of drought stress by polyethylene glycol (PEG) induces drought on the plants. PEG
treatments were divided into four levels consisting of 0 %, 0.25 %, 0.5 % and 1 % (w/v). The leaf samples
were harvested every 6 days for 24 days. Shoot and root lengths, relative water content (RWC), chlorophyll
and carotenoids contents were measured.

Experiment II: To investigate the role of DHECD on chlorophyll content, chloroplast structure
and efficiency of photosynthesis in tomato under drought. The plants were divided into three treatments
and sprayed one time with DHECD at the beginning (day 0) as follows: 1) control plants and sprayed
with 0 uM DHECD, 2) drought treated plants (0.5 % PEG) and sprayed with 0 uM DHECD and 3) drought
treated plants (0.5 % PEG) and sprayed with 50 uM DHECD. The third and fourth tomato compound
leaves (numbered basipetally) were harvested every 3 days for 12 days after drought treatment.

2. Determination of pigment contents

One hundred milligrams of leaf fresh weight in test tubes were added with 7 mL of dimethyl
sulfoxide (DMSO) solution. After overnight incubation, extract liquid was boiled at 65 °C until leaf
greenness and made up to 10 mL of total volume with DMSO. The extract was measured by using
spectrophotometer (UNICO S1200, U.S.) at 480, 649 and 665 nm. Pigment contents contained chlorophyll

a, chlorophyll b and carotenoids, which calculated with equations [3].
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Chlorophyll a content (Chlo a) = 12,19 (A4 - 3.45 (A,,)

Chlorophyll b content (Chlo b) = 21.99 (A,,) - 5.32 (A,

Chlorophyll a/b ratio = Chlo a/Chlo b

Carotenoids content = [1000(A,,,) - 2.14(Chlo a) - 70.16(Chlo b)] / 220

3. Determination of relative water content (RWC)

Leaf discs of 6 mm diameters were excised from tomato leaves with cork borer. After recording fresh
weight (FW), the discs were incubated in distilled water for 24 hours and then measured turgid weight (WT).
Finally, the leaves were dried at 60 °C for 5 days and dry weight (DW) was recorded. Relative water content
(RWC) was calculated by using standard equation as follows: RWC (%) = [(FW - DW) / (TW - DW)] x 100.
4. Measurement of SPAD value

The third and fourth tomato compound leaves (numbered basipetally) were selected. Each fully
expanded mature leaf was recorded 3 times with a chlorophyll meter (SPAD-502, Konica Minolta, Japan).
Each average SPAD value was calculated.

5. Measurement of chlorophyll fluorescence parameters

The third and fourth tomato compound leaves (numbered basipetally) were selected. Chlorophyll
fluorescence parameters contained the maximum quantum efficiency of PSII (F /F ) and performance
index (PI) and were recorded by using a Pocket PEA chlorophyll fluorimeter (Hansatech, UK). Tomato
leaves were pinched with leafclips for 30 min of dark adaptation. Minimal (F,) and maximal (F, ) fluorescent
emissions in dark-adapted state were determined for calculating F /F_ value [(F, - F))/F,_].

6. Chloroplast ultrastructure observation

Terminal leaflets of third compound leaf (numbered basipetally) were selected. Tomato leaves
were sliced into 1 mm’ sections. The sections were immersed in mixture of 2.5 % glutaraldehyde and
formaldehyde in phosphate buffer (pH 7.5) for 24 hours (primary fixation). Leaf sections were washed
with 0.1 % buffer and fixed in 0.1 % osmic acid for 2 hours (secondary fixation). After dehydration in
ethanol and embedding, ultra-thin sections were cut by using ultramicrotome (Leica EM UC7, Austria),
stained with uranium acetate and lead citrate in series and examined under an electron microscope (Hitachi
HT7700, Japan) at 80 kV.

7. Statistical analysis

The data were analyzed with One-way ANOVA of SPSS program (version 25). Mean differences

of data were compared with method of Duncan’s Multiple Range Test (DMRT) at p < 0.05 level of

significance.
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Results

In the experiment I, drought stress level at 0.5 % (w/v) PEG significantly decreased (p < 0.05)
shoot and root lengths, chlorophyll a, chlorophyll 5 contents and RWC in tomato plants by 59.91, 76.72,
39.21,70.79 and 12.31 %, respectively when compared with control while carotenoids content increased
by 55.89 % after 24 days of drought when compared with control. The chlorophyll and carotenoids contents
showed no significant difference between unstressed plants and 0.25 %(w/v) PEG-treated plants at day 18.
The decline of length, chlorophyll content and RWC were higher in 0.5 % (w/v) PEG than 0.25 % (w/v) PEG.
Nonetheless, shoot and root lengths were the lowest in 1 % (w/v) PEG. Moreover, pigment contents and RWC
could not measure from day 18 to day 24 under 1 % (w/v) PEG because of leafless for sampling (Figure 1).

Chlorophyll a/b ratio, SPAD value, Pland F /F  parameters of stressed plants with 0 uyM DHECD
decreased by 12.98, 22.48, 23.83 and 1.08 %, respectively at day 9 compared with control plants. The
chlorophyll a/b ratio and SPAD value was higher in unstressed plants than stressed plants that sprayed
with 0 uM DHECD whereas PI and F /F_ showed no significant difference at day 12. However, these
parameters increased significantly (p < 0.05) in DHECD-treated plants from day 6 to day 12 by 6.51,
25.43,21.22 and 0.72 %, respectively after 12 days of drought stress compared with stressed plants without
sprayed with DHECD (Figure 2).

After 12 days of drought, the structure of chloroplast in stressed plant that sprayed with 0 pM
DHECD showed small size, shrink shape, disappearing starch and thin grana lamellae (Figure 3b) while
unstressed plant represented mature size, regular shape, generating starch and thick grana lamellae
(Figure 3a). Nevertheless, chloroplast structure of stressed plant that sprayed with 50 uM DHECD was

similar to unstressed plant (Figure 3c).
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Figure 1 Effect of drought stress on shoot length (a), root length (b), chlorophyll a (c), chlorophyll 5 (d),

carotenoids (e) and relative water contents (f) of tomato. Each histogram shows a mean = standard error (SE)

of four replications. The different letters within same time represent significant difference between

treatments (p < 0.05).



Effect of 7,8-dihydro-80.-20-hydroxyecdysone... Thaksin University Journal
Maneechote. P., et al. 20 Vol.23(2) May - August 2020

00% PEG+ 0 pM DHECD @0.5% PEG+ 0 uyM DHECD  ©0.5% PEG+ 50 M DHECD

324 60

=
.
.

45 4

Chlorophyll a/b ratio
=
SPAD value
2z

=
@

Time (days)

0.85 7.5 9

(c) (d)

wn
L

Performance index (PI)
.

6 6
Time (days) Time (days)

Figure 2 Effect of 7,8-dihydro-8a-20-hydroxyecdysone (DHECD) on chlorophyll a/b ratio (a), SPAD
value (b), the maximum quantum efficiency of PSII; F /F,_ (c) and performance index; PI (d). Each
histogram shows a mean = standard error (SE) of four replications. The different letters within same

time represent significant difference between treatments (p < 0.05).

Figure 3 Effect of 7,8-dihydro-8a-20-hydroxyecdysone (DHECD) on the ultrastructure of chloroplast
in tomato leaves. Control (0 % PEG) spray with 0 uM DHECD (a), drought (0.5 % PEG) spray with 0
UM DHECD (b) and drought (0.5 % PEG) spray with 50 uM DHECD (c). The third (numbered basipetally)

fully expanded mature leaves were selected for transmission electron microscopy after 12 days of drought

stress (grana lamellae; GL and starch grain; SG and scale bar for chloroplast ultrastructure are 1.0 um.)
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Discussion

Plants manifest multiple defense mechanisms involving various morphological and physiological
alterations in response to drought stress. In this study, the shoot length, root length, relative water content
(RWC), chlorophyll of tomato were declined under drought (Figure 1) because PEG interfered water
absorption of root. It affected decreasing water within plant cells and incomplete mitosis, which led to
inhibit cell elongation and cell division. Furthermore, drought stress decreased chlorophyll contents by
enhancing transcription of chlorophyll degradation enzymes, such as chlorophyllase and pheophorbide a
oxygenase. In contrast, carotenoids content increased because they protect photosynthetic apparatus against
reactive oxygen species (ROSs), which produced from plants grown under abiotic stresses. The results
showed that 0.5 % (w/v) PEG was the highest drought tolerant level of this tomato whereas 1 % (w/v)
PEG was severe drought level that the plant could not tolerate to stress because this PEG concentration
affected leafless tomato from day 18 to day 21. These results are consistent with those of other studies
that have reported that high concentrations of PEG reduce the plant growth such as the germination
percentages of lentil [4]. Therefore, the concentration of PEG at 0.5 % (w/v) was selected for experiment II.

Leaf greenness value (SPAD value), which positively correlated with chlorophyll contents is a
parameter for estimating plant response to drought. The results showed that chlorophyll a/b ratio and
SPAD value were decreased by drought stress. However, in this study found that exogenous DHECD
maintained chlorophyll level and SPAD value in tomato plants under drought (Figure 2b).

Evaluation of the response of the photosynthetic apparatus to different abiotic stress condition
has generally been performed by analyzing parameters describing the maximum quantum efficiency of
photosystem II (PSII) photochemistry (F,/F,,), electron transport rate (ETR), photochemical quenching
(qP) and non-photochemical quenching (qN). F,/F,, implied that plant exhibited different photosynthetic
strategies to utilize the absorbed irradiance under drought stress [5]. Moreover, there are many studies
suggest that performance index (PI) parameter, which quantifies the overall functionality of the electron
flow through PSII, might be a sensitive parameter of plant homeostasis and it is also interesting to evaluate
specific energy fluxes per reaction centre (RC) in plant. The result showed that unstressed plants can
efficiently keep homeostasis of photosynthetic apparatus and the stressed plants that sprayed with DHECD
had similar F,/F,, after exposure to drought stress. While stressed plants were not sprayed with DHECD
were lower F /F  than the other (Figure 2c). This indicated a perturbation in PSII functional properties in
drought. The result found that stressed plants were sprayed with 50 uM DHECD had higher PI than stressed
plants that sprayed with 0 pM DHECD in drought stress (Figure 2d). Therefore, DHECD enhance the
efficiency of photosynthesis in tomato plants under drought. These results were consistent with previous
research, which reported that DHECD increased chlorophyll contents, SPAD value and F /F  ofrice (Oryza

m

sativa L. cv. “Pathum Thani 1”’) under heat stress [6].
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Moreover, the changing in morphological traits such as chloroplast structure indicated plant
displayed defects in osmotic stress. The result also showed that exogenous DHECD had maintained
chloroplast structure of tomato plant under drought (Figure 3). Although, drought induced the generation
of ROSs (e.g. hydrogen peroxide (H,0,) and hydroxyl radical) in chloroplast and ROSs ruined DNA,
polyunsaturated fatty acid in lipids and amino acids in proteins. Therefore, DHECD alleviated drought

stress by reduced lipid peroxidation, H,O, content, and maintained structure of chloroplast in tomato leaves [7].

Conclusion
The study demonstrated that drought stress reduced shoot and root growth, chlorophyll content
and water content in tomato leaves. The highest drought tolerant level of tomato (Solanum lycopersicum
cv. “CH154”) was 0.5 % (w/v) PEG. However, DHECD relieved drought stress in tomato by sustaining
chloroplast structure and improving photosynthetic efficiency and chlorophyll accumulation in leaves.
This study indicated that DHECD enhanced drought tolerance and it was a good candidate for the

improvement of the photosynthetic efficiency in tomato plants under drought stress.
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Abstract

Upland rice usually produces relative low yield due to an erratic rainfall throughout growing
season. Some physiological traits may associate with drought tolerant capacity and yield productivity in
upland condition. Two experiments were conducted to study the physiological traits that associate to
drought tolerant, yield, and correlation between drought tolerant traits and yield of 5 upland rice varieties
as follow: Niaw Dum Luem Phua, Sew Mae Jan, Noot Sara, Khun Wang, and Pa-yah Leum Gaeng with
3 check varieties; IR1552, Baguio, and Pathum Thani 1. Four drought tolerant associated traits; longest
root, root dry weight, root/shoot dry weight ratio and stomatal conductant at 40-days after sowing were
studied in plastic pots. A completely randomized design with 3 replications was used; data were sampling
recorded for 10 hills/experimental unit. While yield trial on unbound upland environment was carried out
inrainy season, 2017 (August - December), a randomized complete block design (RCBD) with 3 replications
was used, and data were sampling recorded for 10 hills/unit. Four drought tolerant related physiological
traits of all 5 upland rice varieties were better than Pathum Thani 1, with higher longest root, root dry
weight, root/shoot dry weight ratio than Pathum Thani 1 meanwhile the stomatal conductivity was lower
than Pathum Thani 1. Correlation Coefficient (r) between longest root and root/shoot dry weight ratio to

grain yield were significantly positive at which (r) were 0.733** and 0.565**, respectively.

Keywords: Drought Tolerant Relate Traits, Yield, Correlation Coefficient, Upland Rice
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Abstract

This study investigated the effects of the dietary supplementation of red yeast rice (Monascus spp.)
on growth performance, haematological parameters, and disease resistance against Streptococcus agalactiae
of red tilapia (Oreochromis niloticus x O. mossambicus). Four isonitrogenous (30 % crude protein) and
isolipidic (7 % crude lipid) experimental diets were formulated to contain graded levels (0, 0.5, 1, and 2 %)
of red yeast rice. The fish with initial body weight 0.795 £ 0.003g were randomly distributed at 20 fish
per each 75 L glass aquarium and fed twice daily to apparent satiation for 50 days. The results indicated
that there were no significantly differences (p > 0.05) in the mean body weight, specific growth rate, feed
conversion ratio and protein efficiency ratio among dietary treatments. However, feed intake was
significantly decreased by dietary supplementation of 1 and 2 % red yeast rice (p < 0.05). For the blood
parameters, highest serum lysozyme activity and serum protein were reported in fish fed 0.5 % red yeast rice
(p <0.05). No significantly differences in survival rate were demonstrated among the dietary treatments
after challenge with S. agalactiae. The results indicated that red yeast rice at 0.5 % can be supplemented in red
tilapia diets without negative effects on growth, nutrient utilization and blood parameters. However, the

supplementation of red yeast rice was not effective in protecting red tilapia against S. agalactiae infection.

Keywords: Red Yeast Rice( Monascus spp.), Red Tilapia, Growth Performance, Haematological Parameters,

Streptococcus agalactiae
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Abstract

Stachytarpheta jamaicensis (L.) Vahl is a traditional herb found across tropical regions, including
Thailand. The aerial part of this plant was extracted with solvents : hexane, dichloromethane, methanol,
and water, respectively. Then, crude extracts were tested antioxidant activities using DPPH, ABTS™, and
FRAP assay. The research results showed that methanol crude extract had the highest antioxidant activities
whereas, dichloromethane crude extract had the highest total flavonoid content (61.93 mg CE/g extract).
Therefore, it was further used for cytotoxicity test against human oral squamous carcinoma cell lines
(CLS-354/WT and CLS-354/DX) and cell viability using MTT assay. It also found that CH,Cl, crude
extract exhibited a potent cytotoxicity against both cancer cell lines, and the IC,, concentrations of CH,Cl,
crude extract in the CLS-354/WT and CLS-354/DX were 197.7 +38.6 and 143.4 +21.2 pg/mL. This research
results confirmed that the biological activity of phytochemicals from Stachytarpheta jamaicensis (L.) Vahl

will probably be useful for the research and development of anti-oral cancer agents in the future.

Keywords: Stachytarpheta jamaicensis (L.) Vahl, Phenolic, Flavonoid, Antioxidant Activities, Oral Cancer cells

Introduction

Stachytarpheta jamaicensis (L.) Vahl (S. jamaicensis) is a well-branched plant belonging to the
family of Verbenaceae, which also called as Brazillian tea, rooter comb, or blue snakeweed. This plant
species is a medicinal herb found across tropical regions; Latin-America, Africa, Southeast Asia including
Thailand [1-2]. Ethnobotanically, S. jamaicensis has been used in folk medicine for treating several ailments
such as allergic diseases, cold, and digestive problems [3-4]. It also has been possesses anti-microbial,
anti-diarrheal, anti-diabetic, and wound-healing activities [5-6]. The major groups of bioactive compounds
found in the S. jamaicensis extracts are alkaloids, glycosides, quinones, tannins, terpenoids and steroids
[1, 5-7]. Studies have suggested that phenolics, terpenoids and alkaloids are linked to antioxidant properties
[8-9]. However, there is little knowledge about their anti-oral cancer effect. Therefore, this study assessed
antioxidant activities and anti-oral cancer effects of the crude extracts of S. jamaicensis. The content of
phenolics and flavonoids were determined. The cytotoxicity against oral cancer cells was carried out.
Hence, the findings could provide information of antioxidant potential and the evident of anti-oral cancer

property of S. jamaicensis, which might be useful for anti-oral cancer agent development.

Research methodology
Chemicals and Plant Materials
All solvents and chemicals e.g. hexane, dichloromethane, dimethyl sulfoxide, ABTS™, DPPH were
purchased from Sigma-Aldrich Corp. (St. Louis, MO). Aerial parts of S. jamaicensis was collected from
Nakornsawan province, Thailand, plants identity and voucher specimens were carried out at the Division
of Biology, Department of Science, Faculty of Science and Technology, Prince of Songkla University.

Then, the plant material was washed, air-dried and blended.
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Plant extraction

3.5 L of hexane was macerated with the powder sample (485 g). The sample was soaked undisturbed
at room temperature for 48 hours and then filtered. Extraction was repeated using 3.5 L of the same organic
solvent for another 48 hours. Then the residue was further extracted using dichloromethane and methanol,
then evaporated to dryness. For water extraction, 25.0 g of powder sample was extracted with 2.4 mL of
water at 100 °C. The percentage extract yield is calculated. Crude extracts (0.01 g) were re-dissolved with
10 mL of dimethyl sulfoxide (DMSO). The extract solution was diluted at concentration ranging
from 15.625 — 5,000 mg/L for further analysis.
Determination of total phenolic content (TPC) and total flavonoid content (TFC)

The amounts of TPC were determined using the Folin-Ciocalteu colorimetric method [8].
The absorbance was measured at 765 nm. Gallic acid was used as a standard. TPC was expressed as
milligrams of gallic acid equivalents per gram of crude extract (mg GAE/g extract). TFC present
inS. jamaicensis was analyzed following colorimetric method [9] which described by Egharevba et al., (2019).
The absorbance was measured at 510 nm. The standard used was catechin. TFC was expressed as milligrams
of catechin equivalents per gram of crude extract (mg CE/g extract).
Antioxidant activities test

Crude extract solution (100 pL) was mixed with 900 uL of 0.2 mM DPPH solution for DPPH
radical scavenging assay test. The absorbance (A) was measured at 515 nm, after incubating in dark for 30 min.

Trolox was used as a standard. The percentage of scavenging activity (%) was calculated as the following:

% scavenging activity = [1-(A_ /A )] x100 (1)

sample blank

where A, is the absorbance of the control and A is the absorbance of the tested sample.

blank sample

The half maximal effective concentration (EC, ) was calculated from the equation obtained from
a linear regression curve of the crude extract at various concentrations levels. The ABTS  radical scavenging
activity [10] was determined according to the method described by Hidayatil et al. (2017) with slightly
modified. The solution of ABTS" radical cation was prepared by mixing 7mM ABTS " solution with 4.9 mM
potassium persulfate aqueous. The mixture was incubated in the dark at 4°C for 12—16 hours before used. The
absorbance was measured at 734 nm. Trolox was used as a standard. Percentage of ABTS" radical cation
scavenging was calculated. The ferric reducing antioxidant power (FRAP) method was conducted according
to Sherikar et al. (2015) [11]. Freshly prepared FRAP reagent was incubated at 37°C for 10 min. The
absorbance was measured at 593 nm and FeSO, was used as a standard.
Cell culture and Cytotoxicity test

The human oral squamous carcinoma cell line CLS-354 (CLS Cell Lines Service GmbH, Eppelheim,
Germany) at 45 — 55 passages were cultured in Roswell Park Memorial Institute (RPMI)-1640 medium

supplemented with 10 % fetal bovine serum, 1 % penicillin/streptomycin and 2 mM stable L-glutamine.
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The cells were maintained in an atmosphere of 95 % humidity and 5 % CO; at a temperature of 37 °C. All
reagents for cell culture were obtained from Gibco, Life Technologies, Carlsbad, CA, USA. CLS-354 cells
were plated in a 96-well plate at a density of 4.68x 10* cells/cm’ and allowed to grow for 24 h in an incubator.
Cells were treated with each crude extract (1-256 mg/L) which was diluted in culture RPMI-1640 for 24 hours
in the CO, incubator. After the 24 hours treatment, the culture medium was removed. 200 pL of 0.5 mg/mL
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT; Gibco, Life Technologies, Carlsbad,
CA, USA.) was added to each well and incubated for 4 hours. The MTT solution then removed. 200 pL of
dimethyl sulphoxide was added to each well in order to dissolve the formazan crystals metabolized from the

viable cells. The absorbance of the violet solution (A___ ) was read at 560 nm using a microplate reader and the

sample-

absorbance at 670 nm as background (A__ ) subtracted. Cell viability was calculated as the following:

‘control

Cell viability (%) = (A, /A,,.) X 100 @)

sample’

Statistical analysis

All experiments were analyzed from three individual samples (n = 3), which were run in duplicate.
Values obtained were expressed as mean + S.D. The difference between the mean of the sample was
analyzed by one-way ANOVA following by all-pairwise multiple comparisons using GraphPad Prism 5

software. Significant differences were considered at p < 0.05.

Results and Discussion

Plant extraction and phytochemicals

In this study, different solvents were used as the extractant for S. jamaicensis extraction, including
hexane (Hex), dichloromethane (CH,CL,), methanol (MeOH) and water (H,0). The results showed that
Hex yielded the lowest mass of S. jamaicensis extraction, while the highest mass was obtained from MeOH
extraction. The percentage yield ranged from 0.99 to 4.0 % w/w. The result of the extracted mass obtained
is described as follows; the MeOH extract had the highest yield (4.01%), followed by CH,CL, (1.35 %)
and Hex (0.99 %). Since, phenolics and flavonoids are the major groups of bioactive compounds with a
variety of biological effects [12]. Thus, TPC and TFC of all crude extracts, including the water extract
were also evaluated in this study. As shown in Figure 1, the phenolic and flavonoid contents of MeOH
and CH,Cl, extracts were significantly higher than those of H,O and Hex extract, respectively (p > 0.05).
The TPC of water, MeOH, CH,Cl,, and Hex extracts were 8.3 +0.30, 87.9 £ 5.8, 78.3+ 18.1, and 16.07 £ 8.1
mg GAE/g extract, respectively. The TFC of water, MeOH, CH,Cl,, and Hex extracts were 19.9 + 3.4,
63.6+£6.7,79.8+£6.2,and 27.6 £ 8.9 mg CE/g extract, respectively. The content of flavonoid accompanied
the content of phenolic, except in the MeOH extract, which had low flavonoid level than phenolic content
(p < 0.05). The result indicated that all fractions were rich in flavonoids, while the MeOH extract might

contains the non-flavonoid compound. Many secondary metabolites have been discovered in this plant
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species, e.g. leaves of S. jamaicensis contain saponins, tannins and terpenoids [13-14] which may be non-

flavonoid compounds in the MeOH extract.

[ Phendlic content

150-
Flavonoid content
bt % Crude Phenolic Flavonoid
i 1 extracts (mg GAE) (mg CE)
% 100 b b
> -|- b H,0 8.3+0.30 10.9+34
[-]
'5 b MeOH 87.9+58 63.616.7
o
o 50 a CH,CI, 78.3+18.1 79.8+6.2
£ . ;I% Hex 16.07+ 8.1 276189
e
)

H,0  MeOH CH,Cl, Hex

Figure 1 Total phenolic content (TPC) and Total flavonoid content (TFC) of each crude extract of
S. jamaicensis. The displayed values are mean + SD (n = 3). The different lowercase letters indicate
significant differences among crude extracts; * indicate a significant difference between TPC and TFC

in the same concentration (p < 0.05).

Antioxidant activities

ABTS " and DPPH assays were used for assessing total antioxidant activity. Among four crude
extracts, the total antioxidant activity of the MeOH extract was 39.07 + 0.7 and 58.23 + 4.8 mg of Trolox
Equivalent Antioxidant Capacity per gram of crude extract (mg TEAC/g extract) using ABTS ™ and DPPH
assay, respectively, whiles was greater than that of others, in which CH,Cl, > Hex > water (Figure 2A).
The half maximal effective concentration (EC,,) was calculated to compare the scavenging efficacy. The
EC,, values against ABTS" and DPPH of the MeOH extract were 286.7 + 21.1 and 184.4 +29.3 mg/L,
respectively, which were significantly lower than those of water and Hex (p < 0.05). The CH,Cl, exerted
similar EC,; against ABTS™ to the MeOH crude extract, while the EC,, against DPPH was weaker than
the MeOH extract (Figure 2B), which may be due to ABTS™ being more reactive than DPPH. The
estimated EC,, was in the same trend with the total antioxidant activity. In order to investigate the
reducing power, the extracts were further subjected to FRAP assay. The extracts from S. jamaicensis
had a reducing power, on average, between 0.14 - 0.98 mg Fe’" equivalents per gram of crude extract
(mg Fe’"/ g extract) and the strongest reducing power was found in MeOH extract (Figure 3A) with the
EC,, value of 569.00 + 18.66 mg/L (Figure 3B).
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804 . [ ABTS+ radical scavenging
1 ) DPPH radical scavengin
b 9Ng |  Grude ECqy (/L)
60- extract

ABTS assay DPPH assay
H,0 1,700.2 £537.52 2,646.1+£189.9°
MeOH 286.7 £21.1° 184.4 £29 3%
CH.Cl, 265.5£22.8° 4248 £ 136.8°
Hex 832.5+33.2¢ 476.2 £ 29.1°

mgTEAC/g
£

B

H,0  MeOH CH,Cl,  Hex

Figure 2 Total antioxidant activities of each crude extracts of S. jamaicensis. (A) Scavenging activities
against ABTS" and DPPH radicals. (B) EC,, at which of 50 % ABTS™" and DPPH.
The displayed values are mean = SD (n = 3). The different lowercase letters indicate significant

differences between ABTS™ and DPPH in the same concentration (p <0.05).

A
o 157 B
g Crude extracts ECs, (mg/L)
] b
S 104 H,0 3182.0+ 5293
:‘,’ MeOH 569.0+18.66°
8‘ 0.5 CH,CI, 725.7+131.9°
L a Hex 1451.0+15.10¢
g 77

o
(=]
L

H,0 MeOH CH,Cl, Hex

Figure 3 FRAP results of crude extracts of S. jamaicensis. (A) The antioxidant potential was determined using
a ferrous iron standard curve and expressed as mg Fe*'/ g extract. (B) EC,, of FRAP of crude extract (mg/L).

The different lowercase letters indicate significant differences among crude extracts (p < 0.05).

Hence, the MeOH extract was the best in free-radical scavenging. It was suggested that the
antioxidant ability of S. jamaicensis extract was from flavonoid and non-flavonoid compounds, which
often originate from phenolic compounds. Most of them exist in MeOH extract, which was consistent with
a previous report [15]. The main mechanisms of action of flavonoids including the polyphenols were as
a chelate, stopping the chain reaction in the removal of free radicals by providing hydrogen to those radicals.
The hydroxyl group of flavonoids not only scavenge radicals by oxidization reaction but also directly react
with the other reactive compounds of the radicals, such as superoxide and peroxynitrite, which help to

increase the stabilization of the reactive compounds [16].
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Cytotoxicity against oral cancer cells

The MeOH, CH,Cl, and Hex extracts were used to investigate cytotoxicity in an in vitro human cell
line model of human mouth squamous cell carcinoma .The cell lines were CLS-354/WT and CLS-354/DX.
The CLS-354/WT cell line is a less aggressive phenotype, while CLS-354/DX cell line is more aggressive
by which the cells are multidrug resistant and invasive [17]. Upon treating the cells with S jamaicensis
crude extracts, the MeOH and CH,Cl, exhibited a dose-dependent inhibitory effect on the growth of both
cell lines, whereas the Hex extract had no inhibitory effect (Figure 4A, B). The half-maximal inhibitory
concentration (IC,)) of the MeOH and CH,Cl, were calculated and shown in Figure 4C. The IC,,
concentrations of the MeOH in the CLS-354/WT and CLS-354/DX were 530.1 +77.5 and 402.7 + 61.2 pg/mL,
respectively .Interestingly, the IC, concentrations of the CH,Cl, in the CLS-354/WT and CLS-354/DX were
197.7+38.6 and 143.4 + 21.2 pg/mL, respectively, which were remarkably lower than that of the MeOH
(p <0.05). This result indicated a potential specificity for the CH,CL, crude extract in cytotoxicity against
the cancer cells. However, the cytotoxic potentials of CLS-354/WT and CLS-354/DX were not significantly
different. The observations suggest that the cytotoxic evident in the CH,Cl, extracted-treated cell is not
dependent, in part, on the antioxidant activity. As shown, the CH,Cl, extract also contains a moderate level
of phenolic content, flavonoid content and free-radical scavenging activities in comparison to the MeOH
crude extract. Several studies have reported the cytotoxic effect of the CH,CI, crude extract of medicinal
plants. For example, CH,Cl, crude extract from Murraya koenigii leaves exerted stronger cytotoxicity against
CLS-354 cells than that of MeOH crude extract, and carbazole alkaloids were the major active compounds
responsible for anticancer activity [18]. CH,Cl, crude extract from Calea pinnatifida is more potent than
the EtOH extract in cytotoxicity against various cancer cell lines [19]. It is suggested that CH,Cl, crude
extract retains compounds with lyobipolar properties such as steroidal and terpenoid glycosides or aglycones.
These compounds can interact with the lipid bilayer of cell membranes, whereas some compounds (e.g.,
saponin) are also able to reduce the surface tension of an aqueous solution, which contributes to antioxidant
and anticancer properties. Although the substances involved in the anticancer effect of S. jamaicensis are
unknown, some isolated pure compounds such as lanostane triterpenoid and steroidal glycosides [20] could
explain this result. Meanwhile, either MeOH or EtOH crude extract retains a high number of phenolic
compounds, which are soluble in water and other polar solution. So, they can form complexes with proteins

and carbohydrates, which preferentially contribute to antioxidant and antibacterial activity [21].
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Figure 4 Cytotoxicity of each crude extract with increasing concentration (1 — 512 pg/mL)
of S. jamaicensis on the two human oral squamous cell carcinoma cell lines, (A) CLS-354/WT
and (B) CLS-354/DX. (C) IC,, against the human oral squamous cell carcinoma cells were analyzed.

The different lowercase letters indicate significant differences among crude extracts (p < 0.05).

Conclusion
The MeOH extract of S. jamaicensis significantly exhibited high antioxidant substances as well
as antioxidant activity. Meanwhile, the CH,Cl, crude extract interestingly inhibited cell proliferation of low
and high aggressive human oral squamous cell carcinoma cells. This study provides evidence of the anti-oral
cancer potential of S. jamaicensis. The observation in the present study should activates future research to

identify the active substances involved in anti-oral cancer activity along with the understanding mechanism.
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Abstract
The aim of this research is to analyze the efficiency of binary catalysts support for the electro-oxidation
of glycerol in alkaline fuel cell. The results were found that Pd/C and Pd/Fe,O,-C catalysts exhibited
smooth surface morphology and well distribution of metal on the supporter. The Pd/Fe O -C catalyst
showed a higher electro-oxidation reaction of glycerol more than Pd/C catalyst. Herein, Pd/Fe O, -C
catalyst presented the maximum current density as 1.01 mA-cm™at -0.100 V, which is higher than that of the

Pd/C catalyst 0.71 mA-cm” at the same condition.
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Abstract
Nowadays, polymeric materials have been widely used due to their advantage properties such
as lightweight, high strength, and chemical resistance. However, the polymers cause environmental pollution
problem because most of them are non-biodegradable. Therefore, this research purposed to investigate
the production and properties of biodegradable plastic produced from sago fibers using the commercial

cassava starch as a binder. The biodegradable plastic was produced by hot compression process at
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temperature of 150 °C with 500 psi pressure and holding for 15 min. The ratios between sago fibers and
the binder were 1:1, 6:4, 7:3, 8:2, 9:1, and 1:0 by weight. The mechanical and physical properties of all
samples were characterized. The results indicated that the fiber content increase, density and tensile strength
decreased. The sago fibers to binder at the ratio of 1:1 by weight showed the optimum tensile strength of
4.24 +£0.92 MPa. In contrast, water absorption of the fibers increased due to the fiber created the voids in
the samples, while the hardness of all samples were similar. In addition, the samples were in landfills for
28 days in order to biodegradability test. The sample prepared form sago fibers to binder ratio of 1:0 by
weight exhibited the highest degradability. From the study, it can be concluded that sago fibers can be
prepared as biodegradable plastic for the future application.

Keywords: Biodegradable Plastic, Compression Process, Sago Fibers, Cassava Starch
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Abstract

Phetchaburi River Basin frequently faces dry spell periods resulting in water scarcity especially
in a rainfed area. Soil moisture is one of main key factors related to drought severity. Satellite remote
sensing could be used to estimate soil moisture in the remote areas with large coverage and also monitor
drought situation for long period. The objective of this study is to investigate drought situation in the basin
using Temperature Vegetation Dryness Index (TVDI). MODIS 8-day composite products of MOD09A1
and MOD11A2 during January 1" 2019 to February 2" 2020 were used to calculate Normalized Difference
Vegetation Index (NDVI) and land surface temperature (T,). The NDVI-T_ feature space was then applied
to obtain TVDI data. Finally, the TVDI data was compared to gravimetric soil moisture measured in the
study area. The research results revealed that TVDI of 0.19 - 0.91 was found with inverse correlation to
soil moisture conducted in the field (R of -0.82). High soil moisture was presented for irrigated paddy
fields while rainfed sugarcane areas showed low soil moisture with average TVDI of 0.23 and 0.88,
respectively. These results indicated that TVDI is an efficient technique used to estimate soil moisture
and monitor agricultural drought throughout the large-scale areas. However, using TVDI during a rainy
season is limited due to MODIS satellite imagery data that are not capable to process land surface

temperature.

Keywords: Temperature Vegetation Dryness Index (TVDI), Soil Moisture, Phetchaburi River Basin
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Abstract

This research focuses on an assessment of tidal energy resource potential along the coast of the
Andaman sea in Thailand by using POM, ROMS and SMS models that were developed under hydrodynamic
hypothesis. In POM and ROMS modelling, the bathymetric information from satellite data and database
of salinity and temperature were used for defining the condition of models at a 3 km resolution. The SMS
model resolution was 25 m. The M/P and RMSE were used to validate the models by comparing with 4
observed datasets. Furthermore, the potential tidal resources map was prepared by classifying the area into
three classes, i.e., high, middle and low potential. The simulation showed that the tidal current speed was
in the range of 0.3-0.5 m/s. The power density of the kinetic energy was in the range of 150-160 W/m’.
The highest potential areas are the Pak Phra Strait in Phuket-Phang Nga Province and Kra Buri estuary in
Ranong Province. The mean error of the map was in the range of 8-30%. Therefore, tidal energy resources
along the coast of the Andaman sea in Thailand was sufficient for further development of the power

generation using the underwater current.

Keywords: Tidal Energy, Power Density, Andaman Sea
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Abstract

Zinc oxide (ZnO) thin film can be prepared by many techniques. One of the most popular
techniques is the RF sputtering technique. The researchers were interested to study the structural and
electrical properties of zinc oxide thin film with different coating times (15, 30, 45 and 60 minutes) on the
glass substrate by using RF sputtering technique in argon gas atmosphere. This study used X-ray diffraction
(XRD) technique; the results found that every zinc oxide thin film with different coating times had hexagonal
waurtzite crystal structure, with the presence of the plane (002) at the 20 angle of 34.4 °C. The X-rays in
the plane (002) intensity increased as the coating time increased. The analysis of the scanning electron
microscopy (SEM) showed that the ZnO grain size increased with coating time. The ZnO sample with 60 minutes
coating time showed the largest grain size, evenly distributed grain and presented the lowest electrical
resistivity (2.68 €.m), which was measured by the four - point Van der Pauw technique. The results
confirmed that the crystal structure, grain size and electrical conductivity of the zinc oxide thin film

synthesized by RF sputtering technique can be enhanced by optimizing time to coat the film.

Keywords: ZnO Thin Films, RF-sputtering, Electrical Resistivity
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