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Abstract

Importance of the work: Betula alnoides has been utilized in the timber and medicinal industries. This study developed the micropropagation technique of B. alnoides.
Objectives: investigating the effects of sugars and basal media including plant growth regulators on the in vitro growth and phytochemical properties.
Materials & Methods: The disinfection using apical shoots as explants was employed. Three basal media including Murashige and Skoog (MS), woody plant medium

(WPM) and modified Driver and Kuniyuki's walnut (mDKW) media, and various
auxin were optimized for proliferation and rooting.

sugars: glucose, sucrose and dextrose were tested for optimal growth. Cytokinin and

Results: The results indicated that there were no significant effects in carbons, but the basal medium exhibited an obvious effect on growth appearance. WPM medium was
most suitable in terms of increased shoot numbers and increased shoot lengths of both proliferated and explant shoots, as well as increased root growth. Importantly, 5
mgL! zeatin was suitable for shoot proliferation and 0.5 mgL-' 1-Naphthaleneacetic acid (NAA) was optimal for root induction. Finally, the total phenolic compounds
(TPC) and antioxidant activity of in vitro plants were compared with those of in vivo plants. Phytochemical investigations revealed that the in vitro plant materials

exhibited higher TPC and DPPH activity than the in vivo plant materials.

Main finding: This finding provides additional scientific support for the application of in vitro B. alnoides as efficient technology in the production of secondary

metabolites or phytochemical compounds.

Keywords: Basal medium, Betula alnoides, Micropropagation, Phytochemical properties, Plant growth regulators

Introduction

Betula alnoides Butch. Ham. Ex D. Don, commonly known as Khamlang suea khrong, is
an economically and ecologically important tree species. This plant has been widely used for
many aspects in ethnobotany (Chaniad et al., 2019), such as medicinal plant and ecological
benefits and fungi host. Based on climate changes and deforestation, highly efficient
propagation using plant tissue culture is required for large-scale production. As there are
several factors affecting in vitro growth and multiplication, those factors should be optimized
for establishing highly efficient protocol. The aim of this study was to optimize the factors
influencing micropropagation of B. alnoides for the improvement of large-scale production.

Results and Discussion

Optimal disinfection protocol

The selection of explant and disinfection protocol plays a key role in the first step of
Betula genus and other plant trees or woody plants. In this study, there were no significant
effects among three protocols tested for percentage of sterilized explants (Table 1). However,
shoots were more suitable than nodes due to the higher survival rate of explants after cultured
for two weeks. Shoots from 1-2-year-old seedling were the optimal explants for disinfection
and shoot induction.
Carbon sources and basal medium

Carbon sources had no significant effects on in vitro growth of this species. The analysis
of variables showed that the most important improvement of explants cultured on WPM in
shoot number, shoot length and root growth was observed. B. alnoides had different growth
appearances in diverse sugars and basal medium. Although sugar is one of the culture medium
components and a carbon source for in vitro plants, but the ability to utilize different sugars
varies depending on species or cultivars. Same plant species but diverse cultivars may respond
differently even on the same carbon source.
Proliferation and in vitro rooting

Shoot grown on WPM basal medium supplemented with 5 mgL-' zeatin provided highest
proliferation having 97.9% of shoot induction (Fig. 2A). Whereas the average shoot length of
new axillary shoots from explants grown on WPM basal medium supplemented with 5 mgL-!
zeatin was decreased (Fig. 2B). Shoots grown on different cytokinin provided various
proliferation and growth. While rooting of in vitro shoots was successfully obtained from
WPM supplemented with 0.5 mgL-1 NAA (Table 2).
Total phenolic compounds and antioxidant activity of in vitro shoots and field-grown seedlings

The accumulation of total phenolic compounds of in vitro leaves was higher than this of
in vivo or field-grown leaves. The in vitro leaves yielded the amount of total phenolic
compounds as 45.61 mg GAE/g DW. While in vivo leaves yielded the lower amount of total
phenolic compounds. The antioxidant activity also differed significantly between in vitro and
in vivo leaves. The in vitro shoots had the strongest antioxidant activity, with 38.87 mg AAE /g
DW and 70.01 mg TE /g DW (Fig. 3).

Table 2 Influence of auxin on in vitro growth and root development of B. alnoides
cultured for 6 wk

Materials and Methods

Seedlings of B. alnoides were collected from its natural habitat located at Mae Ta Man
‘Watershed Management Unit, Chiang Mai, Thailand. Explants (apical and nodal segments) of
B. alnoides were sterilized with different ion of sodium hypochlorite and cultured on
the modified Driver and Kuniyuki Walnut medium (mDKW) (Driver and Kuniyuki, 1984;
Akin et al., 2018) with supplementary iron. Various types of sugars (glucose, sucrose, and
dextrose at 2% and 3%) and three different basal medium (MS, WPM and mDKW) were tested
with factorial design. Three types of cytokinins (BAP, Kn and zeatin) at three levels of
concentration (2.5, 5.0 and 7.5 mgL-1) were tested. Shoots were grown in three different types
of auxins (IBA, NAA and 2.4-Dichlorophenoxyacetic Acid: 2,4-D) at three levels of
concentration (0.5, 1.0 and 2.0 mgL-1) (Fig. 1). The amount of total phenolic content and
antioxidant activity were determined and compared between in vitro and in vivo leaves samples
of B. alnoides. Variance of data were analyzed using ANOVA followed by mean comparisons
using Duncan’s Multiple Range Test (DMRT) with a significant level of 0.05.

Table 1 The influence of concentrations of agents and disinfection time on percentage
of disinfection and the survival rate of explants in B. alnoides Buch.-Ham. ex G.Don.

Percentage of disinfection _Percentage of survival rate

DA s prafives apical shoots nodes apical shoots Nodes
15% clorox for 15 mins  1000.0 100£0.0 23+19.7° 0+0.0
20% clorox for 10 mins 100£0.0 97+8.2 43+32.0% 20£12.6°
25% clorox for 5 mins 90£16.7 100£0.0 73420.7° 30£16.7°

F test ns ns o b

Initial step and sterilization:
testing sterilizing agents and times

Explants: shoot tips and nodes

In vitro propagation:
testing basal media and carbon sources

Control  71.20#16.9°  25.68+2.9° 8.00:3.7 4.000.0°  4.80:2.8%  7.21#2.1°
05IBA  41.90:32.0  25.70:5.4° 5.20£1.8%  3.00+1.2%  6.6045.2%C  3.66+2.4%
10IBA  4520£16.6°  20.0247.5% 5.60£1.9®  4.00£0.0°  11.60+7.6®  7.08:5.0°
2.01BA  35.60£9.4%  24.163.5° 4.6042.25 3.80£0.4°  12.80#3.1%  2.9140.5%
0.5NAA  42.80+23.2°  26.1246.1° 5.40£1.3%  260:15®  15.00£15.7°  2.58+1.6%
LONAA  22.60+10.4%  26.88+5.0° 3.6041.9%  2.40:1.3%  4.8048.0°c  4.86:8.4%
20NAA  29.40+12.3"  28.8845.0° 3.80£1.5%  2.00:1.4%  10.40:83%  2.61:0.3% . "
0.52,4-D 27.00£22.0  23.48t7.9° 4.20+1.5%  2.00#14%  3.80+3.6" 0.99+1.4° ol R[‘;: 'I\';dA‘::"o:‘z 1555 ‘Sh‘“"m“!"l'!"“"o“: .
1.02,4D  2200:7.9%  23.7247.40 4.20£1.8%  1.00£0.0° 0.00£0.0° estng 08, and2,5:0) testing BAP, kinetin and zeatin
2.02,4D  19.20:4.0° 13.6048.3° 2.40£0.5¢ 0.00£0.0° . 5 - .
Fest ~ ~ + Fig. 1 The systematic approach to produce in vitro Betula alnoides plantlets
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Organic fertilizer management for organic durian production in Chanthaburi
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@‘ Abstract

The objective of this research was to study fertilizer management and orchard management to increase organic durian productivity. Four orchards of organic durian in a productive period
were conducted. Nutrients from soil and leaves should be analyzed before testing, considering the problems of organic durian production in each plot. The appropriate technology for
farmers' operations was selected and compared with the durian grower's technology from 2022-2024. The study's results on organic fertilizer management found that adding nutrients to the soil
with chicken manure and rice husk compost, bat manure, commercial organic compost and dolomite applied according to the durian’s development stage. That could increase the soil pH, organic

" matter, phosphorus, and calcium to the optimal range. However, the potassium and magnesium were lower than the optimal range. The study's results found that preparing the plants before
the flowering stage includes increasing nutrients in the soil, pruning, and applying egg hormones in the pre-flowering and fruit development stages. When the appropriate environment for the
flowering period, the recommended technology can increase production more than the durian grower's technology in 2023 and 2024 by 60.68-100 % and 10.00-100 %, respectively.

Keywords: Durian, Fertilizer, Pruning, Organic, Yield
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Insect pest management in yard-long bean plot using push-pull trap cropping
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Insect pests. natural enemies.
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Hokkanen, H.M.T. 1991. Trap cropping in pest management. Annu. Rev. Entomol.
36:119-38.

P<0.0001 P=0002 P=0.040 P=0530
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Fig. 2 Mean total number (22 counts) of Amrasca biguttula (Ishida) per plants on 4 cotton
lines under 4 insect pest control treatments at NSFCRC, 2024
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Fig. 3 Mean total number (22 counts) of Thrips palmi (Karney) per plants on 4 cotton
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Fig. 7 Means sced cotton yield (kg/rai) of 4 cotton lines under 4 insect pest control
treatments at NSFCRC, 2024
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mesotrione+atrazine) on the growth of Musa (AAA) ‘Kluai Hom Thong’
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Abstract

The objective of this study was to demonstrate the efficacy of the biocontrol
agent Bacillus amyloliquefaciens DL9 in controlling mycelial fungal contamination by
Aspergillus section Nigri on Black Opal grapes. Aspersgillus section Nigri was observed
at each grape growth stage. Three Aspersgillus isolates with different morphologies
were collected, specifically isolates 5, 14, and 19, to evaluate the effects of the
biocontrol agent B. amyloliquefaciens DL9 against mycelial fungal contamination. The
results indicated that the inoculation of B. amyloliquefaciens DL9 four days before
Aspergillus spp. inhibited the growth of Aspergillus mycelium isolates 5, 14, and 19 by
97.37%, 77.73%, and 90.85%, respectively. In comparison, when the biocontrol agent
B. amyloliquefaciens DL9 was simultaneously applied with Aspergillus spp.
showed Aspergillus mycelial growth isolates 5, 14, and 19 inhibition by 33.24%,

33.49%, and 29.42%, respectively.

Keyword: Aspergillus, biocontrol agent, black opal grapes
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Nigrfﬁﬁa"num:wwﬁ"mgﬂu"‘m gruana1afiuun 3lalaian AvAspergillus isolate 5
Aspersillus isolate 14 uaz Aspergillus isolate 19 %'\miqﬁu5m-.4m:vmﬂ"rug’1u"‘mu’wau§a
51 Aspergillus carbonarius Aspergillus Niger was Aspergillus aculeatus (Fig.3) mMua1ay

Fig. 2 Colonies of Aspergillus isolates at various contaminated grape stages, grown on PDA media and stored at 25+2°C for 7 days.

A. Aspergillus isolate 1 B. Aspergillus isolate 2 C. Aspergillus isolate 3 D. Aspersillus isolate 4

E. Aspergillus isolate 5 F. Aspergillus isolate 6 G. Aspergillus isolate 7 H. Aspergillus isolate 8

1. Aspergillus isolate 9 J. Aspergillus isolate 10 K. Aspergillus isolate 11 L. Aspergillus isolate 12

M. Aspergillus isolate 13
Q Aspergillus isolate17

N. Aspergillus isolate 14 0. Aspergillus isolate 15 P. Aspergillus isolate16

R Aspergillus isolate 18 s. Aspergillus isolate 19 . Aspergillus isolate 20
)

Aspergillus carbonarius

(isolate 5)

Aspergillus Niger
(isolate 14)

Aspergillus aculeatus
(isolate 19)

Fig.3 Morphology of Aspergillus section Nigri , scale bars:10 pm
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uaate‘iu'lm%aiﬁ Aspergillus spp. Hﬁﬁqw TneTadmsinuaiise B amyloliquefaciens DL9
ﬁﬁmsnﬁuﬁu'amstﬁsyﬂaeté‘u'lﬂ Aspergillus sp. @wiiug 5 14 uaz 19 14 97.37% 77.73 % uag
90.85% mudndy Wisuidisuiuidievendafusiuuafize DL wiomden Aspergillus sp. &8
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9 33.24% 33.49% uaz 29.42% MUY (Tablel, Fig.4)

Table 1 Effects of the agent Bacillus iens DL9 at various ication

periods against Aspergillus mycelial growth causing fungal contamination on grapes, on PDA media

and stored at 25+2°C for 7 days.
Inhibition of mycelia growth (%)™

Treatment
Aspergillus 5 Aspergillus 14 Aspergillus 19
Apply DL9 simultaneously with Aspergillus spp. 33.24° 33.49° 29.42°
Apply DL9 before Aspergillus spp. for 1 day 46.82° 44.78¢ 42.89¢
Apply DL9 before Aspergillus spp. for 2 day 58.77° 57.63° 65.73°
Apply DL9 before Aspergillus spp. for 3 day 82.93° 73.36° 80.50°
Apply DL9 before Aspergillus spp. for 4 day 97.37° 77.83° 90.85°
CV(%) 8.20 532 6.56
® Mean in the same column followed by different superscripts are significantly different (P < 0.05
Treatment illus 5 illus 14 Aspergillus 19

Apply DL9 simultaneously with
Aspergillus spp.

Apply DL before Aspergillus spp. for 1 day

Apply DL before Aspergillus spp. for 2 day

Apply DL before Aspergillus spp. for 3 day

Apply DL before Aspergillus spp. for 4 day

Fig. 4 Efficacy of the biocontrol agent Bacillus amyloliquefaciens DL at various application periods in controlling mycelial fungal
contamination by Aspergillus spp. on PDA and incubated at 25+2°C for 7 days

d3Uunan1snaaes

LONEIRINBY msugniiafusinuniiite 8. amyloliquefaciens DL9 fanandiudu 1 x 10° CFU dowdos
Fansal inmiywnd, yaoi 35294, Sam ausey. 2561, matudouuead 0 ih X - v o & - N - sacd .
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Effects of six plant essential oils on the protection of Coptotermes gestroi Wasmann (Isoptera: Rhinotermitidae) infestation
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(Myrtaceae) nzla¥ Cymbopogon citratus (Poaceae) waznzla¥won Cymbopogon nardus (Poaceae) Tums
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Abstract

The study on the efficacy of six plant essential oils, Camphor Cinnamomum camphora (Lauraceae),
Vetiver grass Chrysopogon zizanioides (Poaceae), Cajeput Melaleuca cajuputi (Myrtaceae), Eucalyptus
Eucalyptus globulus (Myrtaceae), Lemon grass Cymbopogon citratus (Poaceae) and Citronella Cymbopogon
nardus (Poaceae) on protection of C gestroi ann (Isoptera: Rhil )
compared with non-treated wood sample was carried out at three proportions of plant essential oil and
70% alcohol (V:V) at 25%, 50% and 100%, respectively. Dried and fresh wood samples treated with plant
essential oil under -750 mmHg of vacuum pressure for 30 minutes. The experiment was done as non-choice

and choice experiments under the laboratory. Results presented that wood sample treated with Vetiver
grass and Cajeput oil had highest number of time that mass loss percentage less than 10% when total
counted all test methods.

Keywords: Cajeput, Vacuum, Vetiver grass
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Fig. 1 Mean percentage mass losses for treated rubber wood samples exposed to C. gestroi under no choice test
A Fresh wood sample treated with plant essential oils

B. Dried wood sample treated with plant essential oils
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Fig. 2 Mean percentage mass losses for treated rubber wood samples exposed to C. gestrof under choice test
A Fresh wood sample treated with plant essential oils

8. Dried wood sample treated with plant essential oils
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Postharvest fungal decay of table grapes is a significant issue that impacts fruit quality and consumer safety. This study aimed to evaluate the antifungal efficacy of vapors
from seven essential oils: cassia oil, citronella oil, clove bud oil, clove leaf oil, lemongrass oil, star anise oil, and sweet basil oil, against spoilage fungi isolated from Black Opal
table grapes. Five fungal genera were identified: Altternaria sp., Aspergillus sp., Fusarium sp., Penicillium sp. and Rhizopus sp. Vapor diffusion assay demonstrated that cassia oil,
which contains 80.74% trans-Cinnamaldehyde, exhibited the highest Inhibition zone against all pathogens, with diameters of 50.87 mm, 40.88 mm, 55.23 mm, 53.57 mm, and
20.79 mm, respectively. The minimum inhibitory concentration (MIC) determined by the volatile assay indicated that the lowest concentration of vapors from cassia oil required
to inhibit the growth of all fungi were 400 me/L_.

Keyword: Antifungal activity, Essential oil, Vapor
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Survey of Pesticide in vegetation and the Environment from Pineapple Crops at Chon Buri and Rayong Province
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'Table 1 Locations of the samples collected in the pineapple crops
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Table 2 Types of pesticides analyzed

Type of pesticide
aldrin, alpha-BHC, alpha-endosulfan, beta-endosulfan, dieldrin, endosulfan

sulfate, endrin, gamma-BHC, heptachlor, heptachlor epoxide, o,p™DDE, 0,p'-

Instrument
Gas Chromatograph (Agilent Technology
HP6890) with Electron Capture Detector

Location by GPS

P1 130921281 101207771
2 15209306 101278861
P3 132073335 101281028
Pa 1327167 101280972
PS5 1s2mer 101021245
Pe 1521069 101021750
p7 13211389 101020017
Pe 12950500 101.224861
P 12051000 101225278
P10 12009083 101227694
P11 1205250 101.223306
P12 12905139 101223750
P13 120048335 101.223306
P 12931722 101218440
pis 1239722 101218917
P 1256580 10113081

Fig. 2 Locations of the samples collected in the pineapple crops at Chon Buri and

Rayong Province.

() DDT, 0,0'-TDE, p,p"-DDE, p,p"-DDT, p,p'-TDE. (ECD)
7 Pyrethroid bifenthrin, cyfluthrin, cypermethrin, lambda-cyhalothrin, deltamethrin,
(PYs) fenvalerate, permethrin
4 Triazole
3C Tachior, acetochi Tachi
& Herbicides ouyfluorfen, oxadiazon, diuron, bromacil
2,4D Ultra-High Performance Liquid
Chromatography with Diode Array
(UHPLC-DAD)
21 hos ethyl, chlorpyrifos, chlorpyrifos ethyl, diazinon, dicrotophos, Gas Chromatograph (Agilent Technology.
(ops) dimethoate, EPN, ethion, ethoprophos, fenthion, fenitrothion, malathion, HP6890) with Flame Photometric Detector

methidathion, monocrotophos, parathion methyl, pirimiphos methyl,
profenophos, triazophos, methamidophos, omethoate, phosalone

(FPD)

Gas Chromatograph (Agilent Technology
7890) with Nitrogen Phosphorus Detector
(NPD)

6 Carbamate carbaryl, carbofuran, isoprocarb, promecarb, metocarb, methomy

3 Triazine ametryn, metribuzine, atrazine
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2.1 mARnfeEAUNAzAzNOUAY
Uszgnalds In house method TM-T04-
102 based on AOAC Official method
970.52 (2016)

2.2 maafiadaosnsh
38 In-house method
) ased on EPA method
y B141A, rev.1, 1994.
(US. EPA, 199)

Vfrw!w

2.3 msanadathsdulzsn
Usegnalt35 EN Extraction : EN Method
15662 (EN 15622, 2008)
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Table 3 Concentration levels of pesticides in the soil, water, sediment and
pineapple sample from pineapple crops at Chon Buri and Rayong
Province during dry season.
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Management Problems Suggestions and Guidelines for Cassava Mosaic Disease Management of Farmers
in Thong Chai Nuea Sub-district, Pakthong Chai District, Nakhon Ratchasima Province
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Table 1 Management of Cassava Mosaic Disease of farmers

n=156
Methed of practice x S.D.
1. Survey their cassava plots by random walking around the plots regularly. 333 074
2. You visually assess areas with cassava mosaic disease on a regular basis in each plot. 320 089
3. Plow the soil dry for destroy tobacco whitefly before planting in the new season. 318 117

4. Requested permission to fransport cassava stalks from the Office of Provincial Commercial Affairs.  1.43  1.83

Average level of practice: 1.00-1.80=least, 1.81-2.60=ittle, 2.61-3.40=moderate, 3.41-4.20=a lot, 4.21-5.00=the most

Table 2 Problems for management of cassava mosaic disease

n=156

Problems

1. Side knowledge about cassava mosaic disease. 357 0.70

2. Side methods/guidelines for management of cassava mosaic disease. 348 059
3. Side management of cassava mosaic disease. 370 0.69
4. Side promotion and support from relevant agencies 372 066
5. Side social and economic. 382 069
6. Side realize the importance of producing clean cassava stalks in the community 398 074
Average level of problems: 1.00-1.80=least, 1.81-2.60+=little, 2.61-3.40=moderate, 3.41-4.20=a lot, 4.21-5.00=the most
Table 3 Suggestions for management of cassava mosaic disease o156
Suggestions. o S.D.
1. Side knowledge about cassava mosaic disease. 398 060
2. Side methods/guidelines for management of cassava mosaic disease. 389 048
3. Side management of cassava mosaic disease. 375 051
4. Side promotion and support from relevant agencies. 393 056
5. Side social and economic. 381 059
6. Side realize the importance of producing clean cassava stalks in the community. 390 063

Average level of suggestions: 1.00-1.80-least, 1.81-2.60=ittle, 2.61-3.40=moderate, 3.41-4.20=a lot, 4.21-5.00=the most
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Table 1 Fipronil and its metabolite residues detected in soil water and sediment following application until harvest (68 days)
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Efficacy of Fungicides in Inhibiting Fungal Pathogens Causing Fruit Rot in Durian 8
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Abstract

Durian fruit rot is a major problem during transportation prior to market distribution. The disease is caused by four fungal L sp., sp. and
Colletotrichum sp.. These fungi contaminate the fruit and exhibit symptoms of fruit rot when the durian ripens. To address this issue, packing houses commonly use chemical treatments to control fruit rot
symptoms. This study aimed to evaluate the efficacy of chemical compounds in inhibiting the fungal pathogens causing durian fruit rot. The results revealed that benomyl at 10 and 15 g/20 | of water completely
inhibited the mycelial growth of P. palmivora and significantly inhibited Lasiodiplodia sp. by 92.33-92.89%. Prochloraz at concentrations of 5, 10 and 15 ml/20 | of water completely inhibited the mycelial growth of

Colletotrichum sp. (100%) and achieved the highest inhibition of Phomopsis sp. (93.22-93.55%). In contrast, azoxystrobin showed the lowest inhibition rates against P.

(34.11-36.78%) and Colletotrichum sp. (7.19-8.79%), but it did not inhibit Lasiodiplodia sp.

Keywords: Durian, fruit rot disease, fungicide
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Development of DNA markers
for differentiating Pterocarpus macrocarpus and Pterocarpus indicus
using partial chloroplast genome sequences

Prin Phunngam?,*, Kittiya Singthong?, Keereeluk Sirikarin?, Mayuree Puttasan?, Panida Roongrattanakul?

aForest and Plant Conservation Research Office, Department of National Parks, Wildlife and Plant Conservation, Bangkok 10900, Thailand
*Corresponding author. E-mail address: prin.phunngam@gmail.com

Abstract

Precise identification of unknown or ambiguous species is a necessary process for further individual and population identification in forensic timber
identification. In Thailand, Pterocarpus macrocarpus is a rosewood timber species, which is increasingly threatened by illegal logging. However, wood
identification of P. macrocarpus and P. indicus, which are distributed in Thailand, remains difficult due to insufficient expertise in wood anatomy.
Although DNA barcoding has been widely used for species identification, it remains time-consuming in case of DNA fingerprinting approach. Therefore,
this research has developed a PCR-based method to differentiate specimens of P. macrocarpus and P. indicus for easier and faster identification
without DNA sequencing. The available complete chloroplast genomes of Pterocarpus species were used to identify distinct DNA polymorphisms. The
49 bp InDel region is suitable for differentiation between P. macrocarpus and P. indicus by using agarose gel. InDel-flanking primers were designed to
amplify this region, resulting in a 400 bp fragment in P. indicus and a 450 bp fragment in P. macrocarpus. This method has shown consistency with
morphological identification and the universal partial matK gene of chloroplast DNA (cpDNA). This research is still in the preliminary stages and
requires more samples for validation.

Keywords: Chloroplast DNA, Pterocarpus indicus, Pterocarpus macrocarpus, Species identification

Result and Discussion
A total of 2,116 polymorphic sites and 41,077 InDel polymorphisms were
i i R D t of National Park observed. Among these variations, two InDel regions (49 bp and 26 bp) were
3\%‘ d“}:m;ﬁ ":,r;;:ﬁasclr;%'sei\/;f; m:enrso?\al ci:)rlrcl)rr:linicaiiro:’ identified as polymorphic in P. indicus and P. macrocarpus. Due to the smaller
2024). Additionally, P. indicus is’ also widely distributed iny size of the 26 bp InDel, which might be difficult to distinguish by agarose gel
Thailand (Barstow, 2018). These species might cause eIectrophoresj_s, only the larger 49 bp InDeI‘ (Fig. 1) was used to design tAhe
identification challehges i t.erms of wood anatomy for those species-specific InDel markers. The PCR primers for the target InDel-flanking
who lack sufficient expertise in distinguishing their regionslare presented in Table 1. The efﬁciency and specificity qf the designgd
TS, TR, CRaiaD R 60 (e oo PCR primers showed that the forward primer IFP2 and} reverse primer IRP1, with
ambiguous spécies is’an essential procedure. In this study, the an a_r?nee_allng_ tempgrqture of 62°C, were the optimal condifions for_ PCR
DNA-based technique was employed for the spe,cies amplification in P. indicus (400 bp) and P. macrocarpus (450 _bp) (Fig. 2).
identification of Plerocarpus species, P. macrocarpus and P Moreover, the results of the nqcleotlde BLAST with NC_049083.1 indicated that
indicus distributed throughout Thailand. The multiplex allele- th‘e AR Lo Lot was ocatediinkinelnoncocing spacer of trnC-GQA andArpoB,
specific polymerase chain reaction (MAS-PCR) based on i (e f(l))mt/ard pzmer I:I;: g;ng;gseorevgr;se Q%r:msesr glng’ ! posﬂ;(l)nelzd in the
chloroplast DNA (cpDNA) was developed for the rapid SCHLEUCERCINESH e il =Tl  respectively.

identification of unknown species and cut timber of these
Pterocarpus species. This is an important step for further
individual identification.

Materials and Methods

Introduction
lllegal logging and trading of P. macrocarpus in Thailand are

1
ATGTAATATC
ATGTAATATC
AT ATGTRATATC

ATGTARTATC

ATGTAATA
ATGTAATATC
ATGIAATATC
ATGTAATATC

-

Data retrieval,

Lol §§ =
Primer design ncossoez

ne236
Primer tests NC043080.

and Validation ety

Mz278117

ATAAT AATGITAGAA -
CANT AATGITAGAA

-aTGeAATCC
-ATGEARTCC A
-ATGGAATCC
TATGGAATCC ATTTTTTTTT GITTTGATAT
TATGGAATCC ATTTTTTTTT

Sample collection

Table 1 PCR primers for the 49 bp InDel region between P. indicus and P. macrocarpus o
Primer length T, %GC anyth 3.th haipin sequence (5'to3) AoaarTaGh TIC
2] 20 5967 50 0 0 0 AGCAGA GCAAAT CCC GAG TT b Tach
IFP2 20 6053 55 0 0 0 ATCGAG CAG AGC AAATCC CG e
IRP1 20 5911 50 0 0 0 ACATIC CCG CAT TTT CAC CC -
IRP2 21 5851 5238 0 0 0 GGG TAT TGT AGA CAT TCC CGC Naoraiis
IRP3 20 5937 50 0 0 0 AAGCCC CGATCAATG AAC CT
IFP: IRP: the number of (bp); T,,: metting temperature

("C); %GC: the percentage of guanine (G) and cytosine (C) bases; any_th: any thermodynamic stabilty; 3_th:
TrrTTIT
TTTTTTTTTT T
TTTTTTT TITICCICTT
-TrTTT TTTICCTCTT
17707
17707

® hairpin: a y . forming a loop

GTATTICATA
GTATTICATA

|
3
TA TIGTTAMA

TIGTTARTC

Mz274114
Mz274115

ARAGAACATA

TIGTTARATC

1
NC049084 .1
Mz274116.1
1
1

400 bp. 450 bp

MH033829
Mz274117

Fig. 2 Amplification of cpDNA region using InDel primers for identification of samples of the 2 indicus (1-6)
and P macrocarpus (7-11); (M) 50-bp marker
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Effect of quantity and size of host plant on Bactrocera latifrons (Hendel) (Diptera: Tephritidae) oviposition

2330438 Masdu >, Afuan Fauwus ®
snuniinermansuazinalulanisinuns Anruianssunmsinens Ysva waze1ms
wnivedeasvanuaiuns Inenungsugsoni qaugisiil 84000

/e
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msAnwnginssunsasldvosuuasiunin Bactrocera latifrons (Hendel) (Diptera: Tephritidae) Tuiiwand 2 a1eius fie winnean banana® pepper
Capsicum annuum wazwsniieeln C. annuum cv. Duey Kai TnewSeuiisuludnin 1 wase 1 n5e waz 10 wade 1 n59 wud uuasiuwsn B. latifrons nsllunsn
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Abstract)

Study on oviposition behavior of Bactrocera latifrons (Hendel) (Diptera: Tephritidae) in two host plant species, banana pepper Capsicum annuum
and Duey Kai chili C. annuum cv. Duey Kai using comparative the variable of host fruit number conditions as one fruit and ten fruits per one cage. Results
presented that B. latifrons lay eggs into large host fruit (banana pepper) with the higher number of eggs than that of small host fruit (Duey Kai chili) in
both conditions. In addition, the total nun‘1ber of pupae, pupal weight and pupal stage period of B. latifrons in banana pepper were higher significant
than that of Duey Kai chiliwder one fruit per one cage condition. Under ten fruits per one cage condition, B. latifrons laid more eggs into Duey Kai chilli

fruit but only one egg per fruit as oné fruit per one cage condition with higher total pupal number per cage. In contrast, there was no significant
difference in the total number of pupae among two conditions in banana pepper. Results confirmed that B. latifrons tends to lay more eggs into larger

host fruit and present the k-species behavior with keep always egg clutch size although higher number host fruit.
Keywords: Banana pepper, Duey Kai/éhili, Host plant
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Table 1 Development of B. latifrons in two chili species under one fruit per one cage
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Table 2 Development of B. latifrons in two chili species under ten fruits per one cage

Morphological characteristios (+SD)

Morphologicalcharactristcs (2D)

Chii  Number of Pupal Laval stage  Pupal stage  Adult Chil Number of  Number of Pupal Laval stage  Pupal stage Adutt
species  pupaelcage  weight/cage(g) (day) (day)  emergence  Width Length  Fresh weight species infested  pupaelcage  weighticage (o) (day) (day) emergence  Width Length Fresh
(%) (em) (em) ©@ fuitsicage ) (em) (om)  weight (g)
DueyKa  100:000 0013420002  1025:295  653:277  100:000  108:021  428:063 1081021 DueyKa  220:080  220s080 002010007  10.50:250  €40:126 725084158  1.08:021 413:061 1294031
chili chii
banana 3254112  0.0363:00157  970:345  9.10:267 675041767 3601041 8741063 21308295 banana 21:070 3404070  0042:0013  1090:360  €10£172 80001972 392041 8941083 27.70:316
pepper pepper
ttest  t=-9000, t=-6451, 1=0542, t=-2766, =223,  t=1688, t=1814,  1=2164, test  1=0293,  t=-36, t=-423, t=0288,  t=103 t=0515,  t=1909, t=1469, =266,
PS 00001  PS 00001 P=0591  P=0009 P=0052 PS00001 PS00001 PS 00001 P=0773  P=0002  Ps00001 P=0777 P=0315  P=0615 Ps00001 P500001  P£0.0001

i

I

v . - ' o -] - o o 71 a o, ) P - o
uuasiunsn 8. latifrons uwaldundliswunndudlonaiverdeiivunalugtu lnsRarsandwanldiinddmunsanivdsnamsemsnelunaiivende

v ooa . v . v Y o, & o & Fi . Yooa A ¥ k3 o )
WUASIUNIN B. latifrons uanumuﬁu k-species fetudiSururaivonfeivantu uiktasiunsniiwwdldusneranuadnausvasinuaulefiang

[CHERERATLR

sifou waz I 7. 2564
HviEn 8 e urhans. 39: 2532

69-78.

Aluja, M. Lozada, N., Pinero, J., Birke, A, Hemandez-Ortiz, V. and Diaz-Fleischer, F. 2001. Basic behavior of

in Bacirocera ptera: Tephritdac) 1 iz

wanvisanam25@gmail.com

Rhagolets tupinize (Diptera: Tephiitcas) vith comparative notes on the sexual behavior of Rhagoietis
‘pomonelta and Rhagoletis zoqui. Annals of the Eniomological Society of America, 94: 268-274.
Harris, E.J., N.J. Liquido, and C.Y.L. Lee. 2003, Patterns in appearance and fruit host utiization of frut fies

(Diptera: Tephitidae) on the Kalaupapa Peninsula, Moloka, Hawail. Proc. Hawailan Entomol. Soc. 36
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Selection and evaluation of tomato varieties resistant to bacterial wilt disease
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Tomato cultivation is often affected by bacterial wilt disease (Ralstonia

). For discase

still involves chemical treatment, which poses health and environmental risks. Therefore, the

development of resistant varieties is an alternative approach for disease management. This experiment aimed to select and evaluate 30 tomato lines resistant to wilt disease. Evaluation of tomato varieties resistant to

bacterial wilt in greenhouse. After 4 weeks of inoculation, the result showed one tomato line were resistant with a disease incidence index of 10%, namely AVTO1713. Evaluation of disease incidence in field conditions

after 8 weeks of transplanting, the result showed all tomato lines were found to have a disease incidence index of less than 20%. There are 9 tomato lines, namely AVTO0301, AVTO1003, AVTO1008, AVTO1010,

AVTO1314, AVTO1409, AVTO1707, AVTO1828 and AVTO1920, with a disease incidence index of 0%. These resistant lines were selected. These lines will be used for bacterial wilt resistance breeding program.

Keywords: Bacterial wilt, Breeding, Tomato
o o
M
weomet (Lycopersicon esculentum Mill) ufiwiniifianmdiymansugioveszmalng magnuzio

Ralstonia

a = . I s o .
snanatranieteallanuesinnd aunsouniszna luinh1da weeyldtungludu imsunsszinaves
4 q s D ¥ 4y
el n

uilynvealsaiidiyy Aelsniiaderiinay Fadnhaofiyma

i Tan admmidon 5430-100 % MsuaAIDINzYEI1SA

2 Cod da e oa = 42 . 4 o 2 o

Sunnludiivngadluvasiluduioeg uazimamsiienaduedissiadmaninemsiuusnlsng 2-3 fu
e s 4 o = 1 ¥ o a4 ¥

(mysimiuaziima, 2547) diesavnauineTaudu dunushinhazendnagiznuveamarduiyjuadioiy

. ST S PR . <

(bacterial exudate) Tnapemnanseudaiiumoarauinlid: 2538) M3AILAN
o 4 P e - o "

Tsmildenn diesnnieardvegludu Simsniuquin Idsumseenivedunsvneie msliiugdnmm nioms

PET £
feun

fuunn

PO TP S TP A
faniangiimalimlyaiug

iousen dumumans 9 g uaanudmnli
4 4 . 3. o 4 PR o s o

Aai ifssnnAuuAnA VeI Aoy muiufe g Tsn ihldidunsnnlumsldiugmaiilunas 4

UsEmdt (Miao et al., 2009)

Tuihgiiumsnlasunlasvesannzgiiomadwalil

o “

ianveameiugi

o 2 4 cave oo a4 o g s
szauanugunsves Tsadiunniy v fuzidemaimedmiuTsanmeiuszduanudmuantesas
- P 3 o . a1 «

Nl 2563 qudioitya

] 2 oA
1191391 T33M5 Development of Vegetable Breeding Technology in Asia Region 3iiAInAI1u3 miinszninansy
FM3INBATHY The Asian Food and Agriculture Cooperation Initiative (AFACI) aailSaquszaad lumsdiiums

Andenaoniuguzi ng 10ld Tasamsd Anan demslsziiuanudimude sadivadoves

wziemaluanmisaiou uazan an el ldmeiuguy A muse Tsatindendmiy

nszunslinlyaiugae )

d _ad
Qﬂﬂ‘iﬁllmz’)ﬁﬂ]i

Wgnuziemamuiuginan1asan1s Development of Vegetable Breeding Technology in Asia Region $1491 27

Wug naziugnFouiious ny avued A o.dios v.i5azny

Tuaamunlasilgn
Wgndundumziiome o1g 30 $u g
gnuuiang Swou 12 #

Monaradnm vinaulaalgn 0.6x6.0 mas

gnuzidomandazif/meig (10 dwmeiug)
aalunszons vina 10 3.

UIREIUUDINTS Potato semisyntheti

MRS PSA ANAITHOINS Kelmen's TZC
ar tiufiquingii 30 sanmaTaTafifudsny
gl liniuow sdeslue s 1250 3001 Houngii 30 °C
20w 11 100 pl vesmIazmL 4 523 ainftqungi 30 °C 24 1.

o4 PR oS 4
indiemnzawdiniinauilaainie Sanaudutudiomies Spectrophotometer ANMBIIAT ML

600w Tuas Wdraaitunas Opiical density, OD) i 0.3 Fmududvosdolszana 108

miwTaTaiido ua,

P o

z v =
Wgnive R Tagsiaesaza JERTEE
dandmsazae: Aulunizans 1: 10 (V/V) wiedszana 25 wa. /du

(n P
@alihnewlgnive 1 51

T

Pszdiumaidialan Taoifusnouduiivaaseimslsafiondis

B duunlefidudnsdaladndo
w i

7 EREL Kelman, 1952) fio 5260 0 duitwliluansoimsiios (Raand), sziv 1 Auily
ARSI 1-10%, 5

i 2 Ruflauasoimsiion 11-25% . 52 3 duisuansoniio 26-50% , sz 4 duitiaasonsiio
v s Auflsiaasoiniionnnnd 75% Fie. 1)
Annadsiinnuguisavedlsn (Disease index, DI) 111gA3

Disease index, DI (%) = Hasawvod (FaududiuTsnlundassza x szavoinsvodlan) x 100

51-75%

Swuduimareuiinun x

o qana
) hdriiamguisodlsmnlfiassdunanudnmiulsn daulasen sinha etal. (1988) Aefl Myl 1-10 % = A1 Resistant,
R 1120 % = Fnmnnlnats istant, MR), 21-30 % = sounothuna ‘ptible, MS), 31-70 % = 8w

(Susceptible, $), 71-100 %

Il

Fig. 1 Severity level of wilt discase, Level 0: normal plants, Level 1: 1-10% of plants show wilting symptoms, Level 2: 11-

800NN (Highly susceptible, HS)

25% of plants show wilting symptoms, Level 3: 26-50% of plants show wilting symptoms, Level 4: 51-75% of plants show
wilting symptoms, Level 5: More than 75% of plants show signs of wilting.
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Table 1 % bacterial wilt infection after inoculation for 4 weeks in greenhouse at Si Sa Ket Horticultural Research Centre
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Table 3 % bacterial wilt infection after inoculation for 8 weeks in the field at Si Sa Ket Horticultural Research Centre
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Simulation spatial model for analyzing the cooling effects of downwash
turbulence on maize canopies, designed to enhance pollination efficiency
using thermal imaging data collected from UAVs.
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Abstract : this study develops a simulation model to analyze the cooling effects of
UAV-induced downwash turbulence on maize canopies, using thermal imaging to
optimize pollination efficiency. Advanced techniques, including Lattice Boltzmann
Method (LBM) and finite-difference time-domain (FDTD) simulations, evaluate the
impact of UAV airflow on canopy temperature and pollen dispersion during sensitive
pollination stages. Data from UAVs equipped with thermal cameras, such as the DJI
Matrices 300 RTK and Zenmuse H20T, were combined with GNSS systems to capture
spatial variations in land surface temperature (LST) and airflow patterns. The results
reveal that UAV-induced turbulence reduces canopy temperature and humidity,
enhancing pollination success while cooling the surrounding soil and vegetation. These
findings highlight the importance of UAVs airflow management in precision agriculture,
demonstrating its potential to improve crop health and pollination outcomes through

advanced environmental monitoring and control.

Methods : agvanced simulation techniques, such as LBM and the XFlow simulation
method (Chang K et al, 2023) are employed to analyze spatial variations in the
downwash airflow field on canopy and evaluate its influence on temperature
distribution within the maize canopy. XFlow employs LBM, utilizing a computational
domain represented as a uniform cube (2.50 x 2.50 m) composed of cells measuring
0.50 x 0.50 m, as shows in Figure3 . This model incorporates 19 velocity vector
directions (D3Q19) within the lattice framework (measure and record wind speed and
temperature on canopy of two test plots) as shows in Figure2 . The setup includes one
discrete velocity vector centered at the origin (2: dimensionless relaxation

This study employed thermal imaging to estimate Land Surface Temperature (LST)
(Casas-Mulet R, et al, 2020) and evaluate the effects of UAV-induced turbulence on
maize canopy (Liu Z, et al, 2024). The analysis focused on four critical factors: Ag-UAVs
operational parameters, Sweet corn canopy temperatures conditions, factor of Sweet
corn canopy during pollination stages, and soil characteristics]. downwash airflow field
on canopy was evaluated using LST models, considering operational factors such as
airflow velocity, flight altitude, and proximity to the canopy as shows in Figurel. Cooling
effect of airflow maintains an optimal thermal environment for pollination their role in
temperature variations captured through thermal imaging (Guan Y and Grote K, 2024).
During pollination, the interaction between turbulence effects and thermal changes was
assessed to determine its influence on the transfer of male pollen to female flowers
after three hours of UAV operation as shown in Figure 1

Results and Discussion : The results of Airflow play a crucial role in maintaining
an optimal thermal environment for pollination The results of the model showed that the
wind force distribution effect on maize canopy area was estimated from the wind force
generated by flying the Ag-UAVs at a height of 2.00 meters above the top of the test plot.
From testing the wind force distribution pattern from the canopy area and the ability of
wind force distribution on the ground of the maize canopy with reference to the
temperature measurement device of the thermal camera as shown in Figure 4 (a). and the
wind speed measurement as shown in Figure 4 (b), it was found that the corn canopy
under or near the flight had a temperature change in a decreasing direction, causing the
wind under the wings to blow down on the corn plants to reduce the humidity, resulting in
increasing the rate of pollen panicle breakage. In addition, the soil voids in the plot also
had a decrease in temperature). The soil area of the test plot while the drone was flying
over had a temperature that cooled down in the same direction as the wind force
distribution on the ground of the maize canopy as shown in Figure 2 and Figure 3.

& Therul caner)

(b)

Figure 2. The results of the downwash airflow field on canopy from simulation method
In the LBM models, XFlow adopts a three-dimensional lattice structure of
airflow on canopy (a) Temperature measurement device of the thermal
camera incorporates 19 velocity vector directions (D3Q19) within the lattice
framework (b) the wind speed measurement of six vectors stretching from
the center to the lattice vertices (e5, el1, ell, el5 and el8)

Conclusion : Results of study highlight the critical role of airflow in maintaining optimal
thermal conditions for crop pollination, particularly maize, by regulating temperature
variations and reducing heat stress. Using thermal imaging from UAVs equipped with
advanced cameras, such as the DJI Matrices 300 RTK and Zenmuse H20T, coupled with
precise GNSS systems, the research captured temperature changes and wind force
distribution across maize canopies. The finite-difference time-domain (FDTD) simulation
and Lattice Boltzmann Method (LBM) modeling demonstrated that UAV-induced airflow
effectively cools the canopy, reduces humidity, and enhances pollen dispersion. These
findings underscore the potential of Ag-UAVs to optimize pollination efficiency through
precise environmental management, as evidenced by thermal imaging data and airflow
alibration shown in the results

\wledgements : This research project has been funded by Mahidol University
al year 2021 by National Science Research and Innovation

Introduction : unmanned Aerial Vehicles (UAVs) have revolutionized agricultural
practices, particularly in the realm of maize pollination. A key aspect of UAV-based
pollination is the downwash flow field created by the rotor blades, which serves a dual
purpose. First, it effectively disperses pollen across the maize canopy, ensuring
comprehensive coverage and penetration, especially vital for dense or hybrid varieties
(Brewer K, et al, 2022). This targeted distribution significantly enhances the probability of
successful pollination, a crucial factor for increasing crop yields. Second, the downwash
airflow plays a pivotal role in regulating the microclimate within the canopy (Guoa Q, et
al,2020).

Objectives : The study develops a simulation model to assess how UAV-induced
downwash turbulence affects maize canopy cooling, aiming to enhance pollination
efficiency and To analyzing thermal imaging data collected from UAVs, the model
evaluates the impact of airflow patterns on canopy of imaging temperature regulation.

Figure 1. Schematic diagram of the boundary of the downwash airflow field on canopy (a)
Simulation method In the LBM models, XFlow adopts a three-dimensional lattice
structure of airflow on canopy (b) incorporates 19 velocity vector directions
(D3Q19) within the lattice framework (c)six vectors stretching from the center
to the lattice vertices (e5, e11, e11, el5 and e18)
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“The ffcts of A&-UAVs induced tabalence on mlze canapies
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(maize canopies *

‘measurement )

(a) (c)

Figure 3. Calibration of temperature derived from thermal images captured (a)
The results of modeling Imaging (c) a temperature that cooled down in
the same direction as the wind force distribution on the ground of the
maize canopy ( d) Impact of downwash airflow
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Evaluation of Cassava Cuttings for Tolerance to Water Deficit Stress Conditions
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Table 1 Cutting diameter and germination percentage
(water-deficit stress period)

germination percentage (%)

Variety Cutting diameter (cmm)
1 WAP 2 WAP 3 WAP 4 WAP
DOA.Rayong5 23° 44.3° 55.7° 100.0 100.0
DOA.Rayong9 2.1% 33.0° 89.0° 100.0 100.0
DOARayong11 22" 33.0° 78.0" 100.0 100.0
DOA Rayong15 21" 33.0° 89.0° 100.0 100.0
DOA Rayong90 24" 33.0° 89.0° 100.0 100.0
Kasetsart50 2.2 0.0° 89.0° 100.0 100.0
LeayBong80 20 00 100" 1000 1000 Fig.2 Survival of plants at 7 weeks after planting for 12 cassava varieties: DOA.rayong5 (A),
vayBeng asu DOArayong? (B), DOA rayong15 (C), DOArayong11 (D), DOA.rayong90 (B), Kasetsart50 (F),
Hanatee 20 330" 1000° 1000 1000 Hauybong80 (G), Hanatee (H), Kasetsart2 (1), Pirun2 (J), tthil (K), Itthi2 (L),
Kasetsart2 27 33.0" 100.0" 100.0 100.0
Pirun? 1o 30 10000 1000 1000 sfudhuzvdans 12 Wugannsasenldnelu 1-2 dUamindsugn Wmﬂaniuﬂuwumwm
1 o3 B0 1000 1000 1000 wawauawmminwswmu“[mnalmLuﬁlu1ﬂsuuwqumuwmﬁdmw TwisUgn Imuwu§
o oy B w0 1000 1000 n9n.338995 anunsasanléiagn uasluduaiil 7 wnifudznssluhazdealid
F— " " " maiwuﬂausamwuawuh Tmuwuﬁmn 528995 WUFNN.5289915 UAZNLENIN. 5288990
ov ) 56 100 6s aouspsionslAFuhmetu 1 duad daunugdns2 nauauamamﬂmummuh
2 duansi WugWasueso Wugvinunii uasugavs1 Tiedidudegsennsiilutlnaiiil
WAP = week after planting, ns = not significantly different, *significantly different at p < 0.05 msenh Sedunsaliliudwemdme 12 Wugiunowiiugdmiuadregnuausivdnds
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Bas1 L vnnrhaneilnuavlnlilugiosousou
WaWAORaULTNGNs:UIUNSHUN VIUSSeTD5anUs:avAtWanadauls:ansnw
vovidauuniiseuUnddomsgugoldos L. theobromae aHqlsARNIUIHED
MstAuAgduavlnlAdE38 co-culture plate wusuUATIBEUAUNGMEEOUU
21H1s PDA tlutan 72 85luo awnsadudomisioseuldutevovidosiladnaa
Tloetdauuniit3eUiung Bacillus amyloliquefaciens lsian PNIO gudola
64.29% WWARLSEUAUNY B amyloliquefaciens [olslan DLI ua: B siamensis
Talvlan DL7 §UElG 5357% az 45.00% auahdu SotinalulunAnoLGeIAu
AUNsEUSoMsvaNUavaUasuaLdos laewusUs:ansmMwuaoLUARISY
UaUndAdgvwegduan 72 $3luw awisagugomsvanuavauasitasildd
Aga losgudoldunns1 90% nnloluian

fidArg InlA, uidada, waiise, Isanu, axalbawlwalde

Ah

1nlA (Theobroma cacao L) \QuvivdrAtystandoluana Theobroma
luaamnumsuanmntuwomsm wuuanuintutwasaudu rtAwanaalasu
wans:nudNIsARagBla nuoluuumaIsnwmmnmtnuammomsnamuao
waalnlianav Fessehatzion and Olutiola (1987) wu380s1 Botryodiplodia
(syn. L asoeulsigasaanslusduna:uinmatu
1u§oInIﬁl lutHEvIHISEHSUMSIDSEuLAUTa mumquoua‘nowuannq
twaalnlndnrumwaanav wARBEURUNG Baciilus Satburtvtuidayaunsan
qaummtumuauawmqlsnwu oonsruaulalaEImetuan 24-48
Bluv wa:anwnsaasoeulaavashyletinudaaniwudaday soudvinalnms
pannshanAny Taun msasvaisugdou: mslﬁuusanﬁuu‘xasnaunqlsn ua:
n1sas:zqunalnAdiudiuniuluws (Jacobsen et al, 2004) VIUSIBTSVD
Sanus:avAtianssoasuidasiAlbuakalsailnuwavinlta:nagaumsia
TsAuaVLBaSIAWU SaUGVANUIUS NSNWUVLUARISEURUNG Bacillus Tums

gudotdosiantiqlsarniinuavlnla

HWaLa:3SIINanIsNOag0

Fig. 1 Morphological characteristics of L. theobromae isolate CNT8.23 obtained from rot
pods of Theobroma cacao. Disease symptoms on a pod 2 days after inoculation (A)
The inoculated pod completely covered by the fungal mycelia 7 days after inoculation
present of black conidiomata (white circle) (B). Colony appearance at 7 days old culture
(C) Immature conidia (D) Mature conidia (E) Scale bars (D-E) = 20 pum

18051 L. theobromaelalvlan CNT8.23 fi Lonldondagholnliinuinon
JoH3auASASsSSUsIaLIsaralsAldsuLsvRga lasanueuzupvLdasIdouaay
u Fig. 1 @asrantHalspAwLIUTATAGRaAdVAUMSSIBILIURaNEUS:NA Taur
uALWASU dulde Waulud uitatde ua: Waslasln (Mbenoun et al, 2008;
Kannan et al, 2010; Alvindia and Gallema, 2017; Huda-Shakirah et al, 2022;
Puig, 2023) As:y318051 L. theobromae FialdosialHqlsArnLLiupolnl

5DL7, DL9 ua: PNIO atdevnsu 1, 24, 48 ua: 72 §luo
wu3uuAABeunUngne 3 blslanawsagudodosiladnsubaideoluan
1, 24 ua: 48 $luv (Table 1) lagALUARLEEUAUNG PNIO SaUSLUGUSIIA 25
WUAWAS savavuiFAsuuAfSEURUNG DLI U
gugold 1.75 ua: 115 wuduas mua'mu doudavlu Fig. 2 d@andavnu
nISANUILDY Calvo et al (2019) Awu3uuAALZe B amy/o[rquefacrensu
Us ansmwlumsgugoldosy Monilinia sp. ua: Penicillium sxpansumuoluu
W@osraHqlsaravmsiAutAgIvavralifa1esia Chukeatirote et al. (2023)
sw\numluafuuunnlsuununu B. amyloliquefaciens \a: B. velezensis
iuv:onauﬁsawsaunununumstmmawuamuasw goganAUSULSVUDVISA
doWauBoNAIEANaINGaSY L. theobromae ladnsdaldravonAtdas
wWhmhanguad

SusuwaduouAAUGUNG D3 usuwadgogatdonsuan 24 Baluv (108
cfu/Daaaas) logRan 48 ua: 72 71w SwousadusuuAfitseUFUNGISLD
Swsuanay udgoavius:ansnwlumsgugonisvonuavauasidast lag
a1u1snauuolnmnn31 90% (Table 2) Anuru: germ tube upvBDUIUWaY Ua:
fuuraanavibanaaaunuuunftseuaindnong 48 ua: 72 §aluv (Fig. 3)
F00AADVAUMSANUIYDY 1BUAU UazATU: (2562) Ua: BUTUWIF LazATU: (2566)
Asteviudnueu; 1soanuaaauasnwounauaomasw Lasiodjplodia sp. alHq
TsAwattiwavale ua:lsa dieback vavaasaluas Luaomnnnauaoloulua
wuARLBEUAUNG ALAAUAGRIACTUTRDaHgsULdaVIDINLUAALSY
untndasivans Lipopeptide ua:aisufgous nm?Hmossamuaaluutusu
dowalhiiamssalHaupvnsatonasaua:lusdu dons:quisiiamsmeuay
1waa (Jiang et al, 2016)

asy

uunﬁ@auﬁUnGﬁma 72 $7luv aWNSAgUGIMISIDSUMVLFUTELA:MSVDN
vavauasiasiladnaa laguuafseuaUnYRaLISIgUOMSIOS UM VLEUTEUDY
Baslddngado B amyloliquefaciens [ols1an PN10 ua: B amyloliquefaciens
Tolytan DLI dunupfseunUndRauisadugomsvanauasidasilaangadn B.
siamensis [allan DL7 pghvlsAicuiWagugumanisaouqulsastlus:davd
msAnuIMsAUAUTsAtuAnTnlicdalUusuAa
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Abstract

The fungus Lasiodijplodia theobromae commonly infects cocoa pods during
the harvesting period before entering the fermentation process. This study aimed
to evaluate the effectiveness of antagonistic bacteria in inhibiting L. theobromae,
the causal agent of post-harvest pod rot in cocoa, using the co-culture plate
method. It was found that antagonistic bacteria cultured on PDA medium for 72
hours were most effective in inhibiting fungal mycelial growth. The antagonistic
bacterium Bacillus amyloliquefaciens isolate PN10 showed the highest inhibition
rate at 64.29%, followed by B amyloliquefaciens isolate DL and B. siamensis
isolate DL7, which inhibited fungal growth by 5357% and 45.00%, respectively.
These results were consistent with the inhibition of fungal spore germination,
where antagonistic bacteria cultured under shaking conditions for 72 hours
showed the highest efficacy, inhibiting fungal spore germination by more than
90% of all isolates.

Keywords: Cocoa, Bacillus, Bacteria, Pod rot, Lasiodiplodia
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D9€10 (D835 Tissue transplanting naaaumsna{snuuﬂn‘
ANUNUEUENOUZIUANEUDIGDST

udaduiduasortoase uuas PDA TagHvNUBUIUDIKISIABVLED 2 LBUALIAS
UulRgruRAEFov (25-30 °C) Wuan 1, 24, 48 ua: 72 $oluw MnltunvdulteuavLdas
L. theobromaeTolsian CNT8.23 21g 48 B21UY YUNALFUNIUAUENA1Y 0.5 WBUGLIAS
QAsVUUSPETAUDVILUARLSY 108H109INUBUUDIILDIHISIABILED 2 LBUAWAS
UuTSAgrUHADRDY (25-30 °C) tHuan 3 Su SasAdnstosyupvIGasTUYaNaaaun
WSy UAVLUARISEURUNGLIUSsUIREURUYaRdUAUNTUTWUARISEUZUNG Audums
SUGOMSIOSTYUDVIEDSIANUIEMSUDY Rahman et al. (2009)

1038U cell suspension YVILUARLIEEUFUNGUSLIAS 1 Dadaas AldevluaIHIs
Tryptic soy broth (TSB) USU10s 50 Daaaas tuanl, 24, 48 ua: 72 $3luo th
uunﬁliUijUnun159ofummsma)zbooawdm a USunas 500 pl LIWaUAU spore
suspension UavLdas1 106 aUas/Daaaas Usuias 500 ul buBidual 10 ui udd
HBQAVUUDIH1S PDA ULT3RaeurniRav 3 §3Tuv daduduusiouineatdasiludaq
meldnaavaanssAd ua:asdouududuauasnuanua:livan lago:iiadiauasvantiso
AUYID germ tube 871OUNN3IASVHTVYDVAIUNIVAUDS (Gottleib, 1978) Gududu
300 aua$ Audrumsgiugomsvanuavauasaugas [msgudomsvanuav
auasidas (%) = (auashvantuyanduAu (%) — auashvanluyanaaau (%) / auash
vaNlUBanIUAW (%) * 100]

Table 1 Mycelial growth inhibition of L theobromae isolate CNTB23 by B siamensis isolate OL7, 8
amyloliquefaciens isolate DL9 and & amyloliquefaciens isolate PNIO incubated for 1, 24, 48 and 72 hr on
co-culture plates.

Mycelial growth inhibition (%) Inhibition zone (cm)

Antagonistic bacteria

1h 24h 48h - 1h 24h 48h
B. siamensis DL7 39.11° 39.64° 42.14° 4500° 073° 078 095  115¢
B. amyloliquefaciens DL9 4214°  4643° 5107° 5357° 095 125 158  175%
B.amyloliquefaciens PN10  43.57°  52.14* 59.29° 64.29° 105  165° 215  2.50°
613 1329 1479 1555  19.6 350 338 328

=< Different superscript letters within each column are significantly different by DMRT (p<0.05)

Table 2 Inhibition of L. theobromae isolate CNT8.23 spore germination after inoculation of bacterial cell
suspension of B. siamensis isolate DL7, B iens isolate DL9 and B s isolate
PNIO aged 1, 24, 48 and 72 hr.

bacteria

Spore germination inhibition (%) Bacterial cell count (cfu/ml)

1h 24h 48h - 1h 2an a8h
B siamensisDLT 374 8I0*  9386" 9791  54xI0° 98xI0° 77xI0°  49x10°
B amyloliquefaciensDLY 757 485>  9296°  924P  34x10° B89xI0° 50xI0°  39x10°
B amyloliquefaciens PNIO naze 135 7952  9044®  31XI0° 8OXIO®  47xI0°  39xI0°
4656 6698 1084 406 3152 1om 2849 1364
=< Different superscript letters within each column are significantly different by DMRT (p<0.05),
CNT8.23
(Control) 1hr 24 hr 48 hr 72hr

B. siamensis DL7

B. amyloliquefaciens DL9

B. amyloliquefaciens PN10

Flg. 2 Antagonistic effects of & siamensis isolate DL7, B. late DLS and &
isolate PN1O at 1, 24, 48 and 72 h old culture on the growth of L. theobromae isolate CNT8.23 for 3 days.
CNT8.23

(Control)

1hr 24 hr 48 hr

B. siamensis DL7

B. amyloliquefaciens DL9

B. amyloliquefaciens PN10

FIg. 3 Antagonistic effects of & siamensis isolate DL7, 8 isolate DL9 and &
isolate PNIO at 1, 24, 48 and 72 h old culture on the spore germination of L. theobromae isolate CNT8.23 for 3 h under
light microscope with 400x magnification. Scale bar = 10 um
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Influence of Prey and Alternative Foods on Develog and Reproducti

of Predaceous Black Earwigs Chelisoches morio Fabricius (D K Chelisochidae)
sl a:Mmupe?P, Sfual SauwusP

2pnusSnenmaas ulaggaa ) UKSnENasavYaASUNS :nmlunasu.n,]smu s

baquzuSanssumsinuas US-.U\) uamImIs uMdnendvavuauAsuns DnEI'IIUClaS‘IUgSS'IU asa

wavmvktiuaon Chelisoches morio Fabricius (Dermaptera: The black earwig Chelisoches morio Fabricius (Dermaptera:
Chelisochidae)  1ud \GRd 1Aty vIUaLEIKILLEWED Chelisochidae) |s an important natural enemy of coconut leaf beetle
longissimi Gestro (Col b idae) soudvuL — Arq Br i I i Gestro (Coleoptera: Hispidae) and other insect

pests of coconut. This study i igated the infl of prey and
alternative food sources on the devel and reproduction of C.
morio using six different diets including 1) B. longissimi 2) eggs of

msAnuS ji Isn lA:MSUNOWUS
udvuwavmvkiivdd C morio Tastdowmsiuandionu Ao 1) uwavdrsunu

w31 B longissimi 2) Wkdooans Corcyra cephalonica  Stain Corcyra cephalonica Stain (Lepid Pyralidae) 3) cat food 4)
(Lepidoptera: Pyralidae) 3) 2wsuud 4) swmsuaiqn 5) Tddadnas catfish food 5) eggs of C cephalomcaocat food and 6) eggs of C
21msuwd 6) Wktdsgnassomsuaign wanisdnuniwus1 ommsitkuzantu cephalonica +catfish food. The results pr d that Its p
MswazE Guddh C. morio Ao amsUman iovontSs:ezoa that catfish food is the most suitable diet for rearing C. morio with the
'tumstasmmutnlduoalnuaaiunacn ousundvuovmsavlduausunlyn shortest develop time, high ber of egg laid, total number
31vlnnaanuanu1nnqc\ usnonlgvlRS U IWeLTET Jsu‘ltuu'mnqn of egg in their lifespans, number of female offspring and balance sex
ratio.
uatiifh sex ratio Ndnaa . ) Keyword : ispa longissima, Corcyra cephalonica, Opisina lar,
MaEAN | wavdmnuuwsd, didodnas, Rocwwsd, Aud! 3 Tirathaba rufivena
uvavdikuruu:w$1d Brontispa longissimi Gestro (Coleop 1 mswas 2. mstasguuuavd Z
H|sp|dae) uju;i’nswunehnmu'\nuu. u $15 ol 1SW mokiuvdd KuwLWS
ci Shanelukangwuil analne hatedoul $wlas € morio v B. longissimi logt3
Fododuse uaidosoumdsasiutusounigoling S1ouALn:AUESTY uwavmvkivdd wauWuSOINFUS
* ] q o C. morio nuwav doasy
luu.ws‘nannnmaw|ualun¢m Gauar WU S1otuidurs N N inaluTaBmsinsasdusiSnuives
P = P | ‘ u:w$UWUABSINDIGDY uazduna
= ueDC - . i e P
2¢ uad:eelun NTULE wuWy SokSaaswnssad thu Sonsagswnssii

w:wSBINMSPSAUIA (P& ua:3ss, 2547) MSS:UI02E1VSULSVD AR

wnidgvddgdmisuudsalainzia
u:wspmeld uuanmnuwu.wsuuuuandcngsssuumna-nmsnu-nu1h?!ums

aduANld wWu uauwdsu A de pinarum Hy ptera: 2.0 Soulddidovoas C cephalonica lauo
lophidae) rhaien nL:w$d uauaubeu Tetrastichus #dothoms C cep halonica Tagn 21590
bronti lophidae) fargdnuduvavéinuisuzwid 0.8 nlansuua:uarodnoans 0.4 alansu

uanmnuanun\sluuuanrnonuuﬂn'l Chelisoches morio (Fabrlcuus)
(Dermaptera: Chelisochidae) (u'lu\w, 2552) agholsiciu misiwn: Asvuuav
rivkivdduwaiwlslumsaouquuuavdikuuuwidgous:auym
|uaua1nuuaum\muua‘imnu1u1o1nsssuu1nunlunummsn!u!ums
widew \nu::auuumsﬁnu-nn:nmUuIU'leums!u"lumﬁau‘lams 2WMIsuUd

ua:isUa1qn 1usIMISTUNMISIWIE: tudd TasiiSanUs:ava

iWomuuomMuKLitumsue dudditAdUsnunmivevwada B ¥, =

msthlutdaouavuwavaIknuL:wéd

NSUE tiudd C. morio

dudddouseii 1 uwwavmoniivddh C morio Aidguiu thuen
1dgvtuddewaradnwsourhUauuna 100 Taadas Taguvvilu
mstioms 6 ndu Gl

2 B
KudUWaYA  Tif@dovdans 2IMISULd 2wisuaqn

KuUWS1
udawia  wWasusmisnniu lastdau

@ \ = Souaz! taunntuumunumadudsmm 30

oowms  Tddotwms  NéwdaditRawdudutuaulasti

rinisdnuingua: 30 a>  thoimis
Usurcu 0.01 ndudasu Svthkinoims

+ DIMISULD + DmmsUaqn n:nuﬂu'luﬁuaaﬁ 70:10%
WwamsAnwIs:ezaATUMSIPSYIAUTC duddh C morio i wkiiv ‘
@evdosomisudasia  tSszozpatumswsdulaldudoiéude sk a‘“ € morio nnnlauonau[umaauumso
47.33-48.87 5u (Table 1) 2ImIsuLd mmsuamn 21MISULd usavar

HU'IUU-WS'D ua-!uul.ﬂau‘lams-mmsUamnu
Table 1 Mean duration in days for each instar of C. morio reared on different diets 1gade 194.91-213.94 Su tuurusAmsidon Figure 2 Lifespan duration of
q:wluvglaau‘lams @EUSoWATodgUDs  _ juk female C morio reared
faawae 15239 Su (Figure 2) on different diets

Treatment Instar 1 Instar 2 Instar 3 Instar 4 Total
B. longissimi 12104022 10.80£0.25° 13.1320.25° 229010.32° 58.93+0.67°

C cephalonicaeggs 973+0.16° 937025  1090£030° 17.57:027% 47.57:040° TaswusimsidovdreomsUaian uuav
cat food 1013 017° 1063 20.56° 15132047 18.10:025° 54.00£0.74° ¥

. i . o Kklivddr C  morio GwouAsvlums
catfish food 9.73 + 0.14 10.13 +0.47° 12.21+0.29° 17.210.19°  47.33+147° :’.“,-['ju.'nﬁa-c‘ ﬁa 544 ﬂ§\, a\,ﬁn:"lu
C cephalonicaeges 887022 1067 2040° 1203:026° 17.86:031% 48.87+080° ]

uanchvaghvitedAymvananuaims
+ cat food 5 ) :

siadu uarmsidgvdsslfdovnas s i

C cepholonica egss 857021  11374046° 1214:027% 17213026° 880083 swsUmaniisiuundvulumssrwlivoviwa g'g"::oaf::'n':;e:e:fr::"::

+ catfish food lﬁuﬁaaﬁan #o 4.27 adv (Figure 3) different diets laid eggs
Botds:ozardunss msidsvdosunavdr mnmsiinmaonUs.nauuaommsUamn wuusIulUséiu 32 wWastBud uiilo
Kuru:widua:aIkIsUa1qQnagivided WEsuifisunuoimsuusiusnnuUséuchnd Ao 30% Taglsdubuovrusnounan
54.00-58.93 3u 219UsdIGUSIIWAUD D tumswSuaul ua:Usnaulutu 9 WoasiBud wiriuoimisuud Bolutiu
uvavkivkivdcdr C morio Agnidgvddely’ mhu'-ﬁtchT:uudon§amﬁauuwa1sﬁa aw‘(uluuuwuod:udm a yavsiome
ﬁlﬁaﬁ"naﬂ'lsm‘nmsdamn 2wmsUaiqn wav I I | | | I uwavtsTUsa dmsumsios : 1 uazmisasoly uanoni
amuuuzws) ua.Iumﬁaunms-mmsuua gons:qusosluuitstun W WwunsATuAdsvasTUSLIUTUsEU 12 - 18
saumnua o wasiinsaoDl GoDuovAUSNOU
18160-20233 au‘!umﬁms-awﬁwgmsmp Figure 1 Lifespan duration L5 208 S ] &Tuf‘ etzgﬂgﬁmli
ualiFiiat0Ms C cephalonica o1qisudVE> :’e:re: o:‘:;fer:::rn’i?ets nasigemsKAnUUS:MSH ] --nlqnaums U rmontivdch C
udswaAgiiorgasiouniiao 13208-15950 morio nwumwulﬁauums'(uunw s —

5u (Figure 1) uaUsinauliiildchsovavnminmsidgodosuwavdsinuuwiidmdiiga

sInuamsiAnuidns & KISNMVIEDNC: SeyiGulaua:msvenswus 1 _ - 0 P
3 WAL duslan ua:3us augu. (2547). wavdkunuu:wSindtabitauud
nuuam C. morio a1u'|sna§uln::1 mmsnlm.n.aulumsnm.laumluanmnnuuﬂtﬂ C. morlo Asoimisuan i BoURUG ;
an |ua\w'ms.r.l.msulaau:wuanuua\mwnuuﬂm C. morio Ws:oxaiveiga S Msnvly stsuauifsurhdauuavd 2w$1d. N St
uaUSITGATAGINNAZowL: Suer JIWIWLUSLY dudch € morio théio sumbe>. (2552). uwavmonlu Chelisoches morio  Fabricius
uondInii ImisUaqniisimgnniidmisuudionlansua: 26 3 Chelisochidae): | unu 1SA2UAL
Zolavrulun: 4 = Alansua: 109 uvavdwmwwu:w$y  Brontispa  longissima  Gestro
uinua:mdaldvistlunipvaala dousikisuudidsimilansua: (Coleoptera: Hispidae). 5no1Gwug5neoarraasuniduna
uIn ua:z Iuutiau\:a1snununnlansua~ 1,000 uIn (quddviasu umSnndeinuasmaas, nsomnws. 92 u.

Huang, C, Xie, Y.-H, and Wang, X.

DS d data) Booan Al S. Peng, J. Liang,

= i i b i A (2023). Changes in life history parameters and transcriptome
mswisuliisudunumswaauavklideviunsudviasumsinuasits profile of Serangium japonicum associated with feeding on
2WMIsuUdIdgvUBaYKIVKiUEd C morio Ad 0.50 uIndadd LD r(lzlml prey (hBeI'"i_sia hhaii);’;l‘g ;:emafe h;:'m
A 8 I & x e orcyra cephalonica eggs). nomics, 24:
Mududumsidgvdogaimsyargndunuidsvuvavkivsivdd C Zhang, Y. Zhs, W., Mei W., Fan, R, Wang, 1. and Zhang, J. (2024).
mono aqn 0. 34 uandadd nnuua'lmsUau\nlmn urinisuiiva Parasitoid fitness quality of Corcyra cephalonica (Stainton)
\ W WoLWUUSY Guddh C morio eggs after vacuum packaging combined with cold storage.

Journal of Asia-Pacific Entomology, 27, 102207
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Fig. 2 Chemical structure of Naringenin 3 pndgU3ina Naringenin lulut1iasswd RBRO1, RBRO3, RBROS
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3. thluimasswaiukadvinfmensslnsiuiubng 0.5 - 1.0 wufiuns vndwinisusludie (Manoharan, Lee, Kim, &Lee, 2017)
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2. MS Global Settings : Infusion Mode Liquid Chromatography, Expected LC Peak Width (s) 6 (Ko et al, 2018)
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leaves irduced by selected abiatic elicitars. Foac Chem, 172, 71-77. doi:10.1016/|foodchem 2014.09.043 Fig. 8 Chemical structure of Rhein(Yellow)

Zhou, Y. X, Xia, W, Yue, W, Peng, C., Rahman, K., & Zharg, I (2015). Rhein: A Review of Prarmacological Activities. Evid Basec Complement (Zhou et al, 2015) Fig. 9 A1admBu Rrein Tuluinnasswd RBRO1, RBRO3, RBROS
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\« pH iadvasnaiieddy | [ [ { [
(p<0.01) 1BW1ZERI1 50/50
dnali pH geitan (7.56) :
0

FEn15ANYT

Nutrient requirement (g/plant)
ToN PO, KO MgO CaO
16.8 12 27.2 4.4 14.4

EC, (dSim)

PH (s0llH,0 ; 1:1)

1. NIAEBUUNANIINAL ESP (incubation experiment) T li

o0 mseis s sses  sm oo o0 wsws s mses  ss oo

[ EC, lﬂuﬂuﬂmqﬂuumm‘g |:> o)
(p<0.01) ﬂilﬁi”Wl’N

1.96 - 2.78 dS/m '

mslinawdentisenalien pH goiu iesniisedusznauidiuges caco, (Vu et dl, 2022) Burniz

FAANINDY F9 ESP arnmnnadinsnisinunaiden
Aunzindmiumaeu fia 27.2 N3N/

#idin1 01100 el pH Fritan (6.10) Aradnnnstitjaaienadamatimadunan Wnsannslogdeiifn
magapde N, uazsdo H* TTuAY (Fathima Jisna et al., 2021) uazantiAidasdiuzes Esp fasdusznen
989 Ca, Mg uaziidn EC g ioszezinmilnaadsmabifimaaraissensnlumsazansfusdonasio EC,
sy (Carmo et al., 2016)

Total N wag Exch.K

PAsnodbiuansinei

Macronutrients (mafko)
Exchangeabls Ca (malka)

T pH 2B9FN (1:1 ; H,0:Soll) uazanmnar i (EC) usiLBan0d Avall.P

Anavide (p<0.01) \fiman

pH ua EC, i

o0 wsers s ses s onoo
ESPIK0 %)

o0 wsers ams sses s ono
ESPICO (4)

Fnuaunslulasiauianuannads Kieldahl method,
waanaSaiiiuuszloninnuds Bray I,
Tnunaden uazuaa@asiuaniaen(d

K Aigayideeraifinanudeugaliuaszing
¥4 a a
Tanzamin dasanfuaeiianis
grudaldidnn (Motesharezadeh et al., 2021)

Exch.Ca iiaiuatnefliiudndity (p<0.01)

el Esp iismndn

any

W@]’N’rluﬂﬂﬂﬂ'}ﬂ One-way ANOVA LAz AINHUANFN

FIUNANITNIARDY

ﬂ’]LﬂﬂilC"l’JEl Tukey’s test (HSD) WixﬂUW’J’TNl%’ﬂNH 95%

y | ¥ B
' PO 2 & - | a0
R program B4 4.4.1 ® N19UN ESP Tumwumwm UFN1td ESP NNINAUFINAGD pH LAY EC, \WHTU

FedavuatFnnn EsP Alduanfigade 50% wazUsudnsinasly EsP anas
W ganity K,0

. @mﬂquNUQWiaLmHQWimuﬂaﬂ Tnedman ESPK,0 wmﬁumwma pH uaz EC, s
uazd s aNas MU ANIEd Age uasivInu st G sEY

WANTSVIAABILAZ I

v

N199ARBI7 1: Incubation experiment 0 s

bpbb Seba Yoan

N

ekt

131 ESP (fisumas K
pasliAin 50% Aol
77 pH agazndng
9.59-9.90 (p<0.01)

* §7m51 25/75 uaz 37.5/62.5 ﬂﬁuqinTﬁtﬂuttﬁnaTm wadon Tilssenfinaesgdula

ez

BH (Soll:H,0; 1:1)

Tidminusisandiu uazluliunndssnndnan 0/100

weeks

weeké

* (awdauiiany 56 Fundsinelgn Bufdnuaziisauaiuazuivainlatseanaute

Esp %)

Trugin Fainlulidninenannneinemishivieme

p * AspasiinisAnufidsfeatunisty esp luflefifinandesnisnunadeniiaya
AT ESP duuna K

pnlalifin 50% dals

Waann1s i ESP fidanasiantsiAsnuLas pH uas EC

EC, (dSim)

#n EC, agjszndn
5.35-5.56 dS/m
(p<0.01)
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Phytoplasma diseases surveillance in economic crops and weed in Thailand.
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TWlawanamasowans:nudeliiasugionolan rolriralsaRGeimshinanstonu T wuns tanwudes lundeo ta:as:Ain3u SanUssasdveomsdnuiiiod1soota:nson
BolWlawananluiiirsugionadsiunuanoemsueolsaosds Nested PCR lnsifiuddegoiitiasugiivniananmsvoclsa $1usu 10 e do 110 Jud:nao tolwa do@en aiingln ussmin
NHAWS) WSN L=a:00 lla:a 1a:duiis 1 e do Wnideul asovdolWlnwananeidsds Nested PCR riUfAsenankisoun 1 ldglwswos P1/p7 uadulfisensoun 2 lglwswos R16mF2/R16mR1
wamsnAaoawU3NNAdREWAlaRveIMSsTvisaRaBolllawanauITonsIvEUSUDE Nested PCR Inswunnud@duoinng sunaUsant 1,400 bp ulFAsensouil 2 nnddesno wavinmsiil
solsannennillawanaudliiruslusinanianuEsoswumss:navedlsanfannlllawananluiisiassgio ©u o1 vudndo dolwa WSN Usano a=nomes wnsnoduitdov-tiu

indva:augooido msdanymssuundoamaia:mstenealsailudesidudoodndumslus:uumssamslsa woleoriumss:unavool: MsgruE nvluounan
dany: Wlawanawn, Isa, Ws=50, Wniaughv, Suily

ABSTRA(

Phytoplasmas affect to economic crops worldwide, cause diseased with different symptoms such as witches’ broom, phyllody, vellow leaf, and stunt. The objective of this study were to survey and to detect
phytoplasma in symptomatic economic crops and weed by Nested PCR. Symptomatic economic plants in total 10 samples, rice, cassava, com, mung beans, tree spinach, custard apple, holy besi, chili, papaya and jasmine, and
one weed, wild spinach were collected. Phytoplasma detection by using the Nested PCR was performed, the first round of Polymerase Chain Reaction (PCR) using P1/P7 primer pair and the R16mF2/R16mR1 primer pair
was used in second round. The result showed that all symptomatic samples were phytoplasma infected when confirmed by Nested PCR detection, showed DNA target band approximately 1,400 bp in second round reaction in
all samples. The results of phytoplasma disease surveillance were indicated risk of disease epidemic in future on economic crops such as rice, cassava, com, chili, papaya and mung beans even if in weeds which is reservoir of the
pathogen. The studying of pathogen identification and disease transmission are necessary to implement in disease management system, to prevent disease epidemic and to reduce crop losses of economic crops in future.
Keywords: phytoplasma, disease, surveillance, economic crop, weed

unu Tulawanaunugaunss amﬁyﬂsnﬁnﬁ Whaneliswamomsinuasiddnyriolan wu lu

Styiiiy livas:nand wall dn TiaenliUs:au Uhd sos n3eoma lisayulus Foasroaoudememolasugio

17N 40 {10 100% (Murali et al, 2023) dowalriignanooimsaauniina1eeIms Wu o1Msandsd eIMSWUIY

. T = P, . _ o ddlwa no1ded
E)']ﬂ’]SW‘Ub]OEl 2N1MSInagy Uadaaoau lla=uas=unsu UODO’]DUYl’]‘[HlﬂVlE)']ﬂ’]S’lUﬁU:)\TUaOUUle\] nonla=mMIUInN

ainingln uesnun naws1 w=A WnideUE tazwSn

Tnnjoousdoma ludnluwsnua:usGoso riliuawamdsmeegiouniolan luu=Gesd (40%) vxdona
(60%) W3N (93%) HUUS0 (30-80%) UAUAINDN (100%) (Kumari ef al, 2019) larankura Na Ayuchya (2017) 108

swouwudolllawanaululiaenlius:=au 12 sia laun naosly Tnau Suw wousy vulisise vudu | 55naauUac N Cetyl-trimethyl Ammonium Bromide
weyowa uwowos Tun 1welis dul:sad uadloasuide naluiiviasygionasuiy 9 gia loud o dodneno = 'AB) (Sambrook et al, 1989)

vrane Hudndo dulssa 808 Wnasnandumou Wnideud tannjuwsn UdstIsanUs-aodiiionsovido R

Tulawanaunludisiinanoenmsuoolsacosds Nesed PCR  lumstihs:3omsiuwss:unaveolsaluliziasugion ) msasovdelullawarau1ioenain Nested PCR
dainy tilounlUdesondnumsiun@oanaua:mstitenoalsagoiludesniludemssamsisa wolooiu %7 @ US0ruBu 16S rRNA

mssaavedlsatazanMsgruid Anuoall givluouan =0 ®  P1 (Deng and Hiruki, 1991) /P7 (Schneider et al, 1995)

llaz R16mF2 / R16mR1 (Gundersen and Lee, 1996)

wamsnaaovIaz3v1sni ANYEINSYOVADDENVNY
* 40 (SPB Os1) RUMNSONIAWSSIUUS tldmvenmsludnaamnlanslufiluano enisuidunanoly (orange Leaf) (Figure 1 A)
| ¢ udnao (NPT Mel) unndondauasugy uamommsuiunv'ua:zfa\]efooeﬁl (witches’ broom and short intemodes) (Figure 1 B)
/ *  uzamne (NPT_Cp9) iiumndondauasugy tdavamslugeainéon liasdiwalniuSnnuouly (velows and necrosis) (Figure 1 C)
*  golwa (KRLZm1) HUNNIondamouys uamommsiommﬁrulﬁuTmua:ﬁummlﬁn Wuniutaluiwaalugo (undeveloped
and small cob, sterility and lack of kemel in cob) (Figure 1 D)
*  foed (NPT_Vrl) unndondaunsugy taavMsianuuelos (phyllody) (Figure 1 E)
‘ ¢ @Uindln (NPT_Cc1) iiunndondauasugy tdanuenmsluronoaiianaen (cured leaves, velow) (Figure 1 F)
o *  yoanu1 (NMA_As3) ITUDNIONIaUASS1EELN tdavarmsluansy (deformation leaves) (Figure 1 G)
” *  naws1 (NPT_O1) AUdMNIondauasUsy 1i@noenmsindooda (velow) (Figure 1 H)
* U@ (NPT 1) 1fiunindondauasugy ti@avonmsianmaanuinndiuni tadubaunai@nndung (flower proliferation and
litle leaf) (Figure 1 1)
Can e dnideuil (NPT_Cv1) unndondauasusy tdavenmstanuiudos (phylody) (Figure 1 J)
*  wSn (NPT_Ca2) fiudndondauasugy tdavenmsianwunles (phyllody) (Figure 1 K)
Tuds-mdnediseonulsaniAaonliawanauntugio [ne Kinkong et al. (2016) d1sovtiaufudoogodolusondaqwssmuy3 faon
o § {Boentne, Candidatus Phytoplasma asteris (165r) TﬂBa‘lmsfyﬁnamﬁnv:wdus:a:umnna Gorion ta-msiAuladavwulus=e000Ns0 T
! Kinkong et al. (2016) wusnillawenawnanmalsauiuislutiudnaofiemnidolundy 16S1 uenont Moonintha (2017) WUSANGD
Tundy 168 Donnua et al. (2021) WUD=ANOIAAEIMS 6 anwru: laiii oxmslurdes iwalninnueulurimiduly o1msa&1e bunchy

Figure 1 Disease symptoms of collcted sampls; rce (SPB_Os1) showing orange leaf (A), cassava (NPT_Me1)
showing wiches' broom and short interodes (B), papaya (NPT_CpO) shouing yellows and necrosis (C), com
e . o R r . o
(KRI_Zm1) showing undeveloped and small cob, strity and lack of kemel in cob (D). mung bean (NPT_Vr1) top OXMISIANEaT 1AL Tunn Bu fiasy nandes exmsiduluden exmslugeamaen nazoxmslugunasanodien FowusiAannide
showing phylody (E), tree spinach (NPT_Cc1) showing curled and yellow leaves (F), custard apple (NMA_As3) i
showing deformation leaves (G), holy basil (NPT_Ot2) showing yellow shoot (H), jasmine (NPT_Js1) showing 5 Phymp]m ekl
flower prolferation and ltle leaf () wid spinach (NPT_Cu1) shoving phylody (1), and chili (NPT_Ca2) showing Tushousanadsrenulugolwe 1ae Cager et al (2021) wudnlwalluvudostaunasinSu tandonenansde ToxMswuuy fiu
PR doaenualaidso WAAWAN R0RIN Canddatus Phytoplsma Chen et al. (2021) s1eousndolulawananilinofeoionmsuiuns tan
f s P = 1 SICIR q i q . o i L
uudos uivinaién na-wdaasuiludian Manndelundu 16Si-V Foimstwsns:nevevenmsuiunslunaaonanomeolulindu
610N Castro et al. (2015) wudelllawanaunlusiuaininglnAtaaoemslunéos taluangy Venkataravanappa et al (2023) WU
vaslnuonamenmsuiuislulsamaduisie Sadelllawanauneslundgy Canddatus Phytopiasma asteris (16S) Abuhadema et al. (2021) @509
Insanfitanooemseng uiades tanuuus taianujulos WUSIAAIBENY tobacco mosaic vius (TMV) tiazBolWlawanaun Madhupriva e al
(2015) wuonmslumdedtianmsuuisluua Aadellawanainnduson 165KI-B Gopala and Rao (2018) wuenmsluidnuaidmaen
@ooglundu 168 ta: larankura Na Ayudhya (2017) asoowulllowenaunluuzaRdeimsaonuanuns=on ksrankra Na Aydhya (2017)
- el S e h P, = T
swoudelllawananludndsuiiiimsuanseaunniiaUnd Li et al (2013) wuswisnuaaemslumaes Tuidn devdsodu uanujuuy
awaifies Mannlllawanaunlundy 16s1-B Boenmsinannlnadidsonuenmsiwulumsdnunid
& o - N
msasovidolulawanauaddenain Nested PCR USIDAEU 16S rRNA

wamsasovdelWlawanauueodog1oitio 11 olia G8INATA Nested PCR USIDMUSU 165 rRNA WUSNDoNSIVGBE
=Nd (NPT_Cp9)
@80 (NPT_Vr1) Uosnun (NMA_As3) Wnidoud (NPT_Cvl) n=ws1 (NPT_Ot2) a=unindln (NPT_Cc1) mazwSn (NPT_Ca2)
(Figure 2 A) Uazdons09608qWswos R16mF2/R16mR1 luseull 2 wunnu@EiBuILTUIAUSUIN 1,400 bp 110 11 (00810

Twswos P1/P7 lusoufi 1 wuunu@BuLIUAUSUI 1,800 bp $IUDU 8 (D080 @0 B1D (SPB_Os1) Us

Figure 2 The 165 RNA PCR products were ampliied by (A); P1/P7 and (B); R16mF2/R16mR1 primer

4 R - - L - L .
pars. lane 1= 1 4 DNA lacer, 05 v/, ExcelBandTM (SMOBIo, Taiwan). lane 2= posie contol (oswa (Figure 2 B) Gomisasovwudellawanaunlugho sudi=ndo uza=ne Ad@eo u=a Wnideui websteonuluds:nalnauudd
witches” broom KRI-M=4), lane 3= negative control (ddH,0), lane 4= rice (SPB_Os1), lane 5 =cassava -

(NPT_Me1), lane 6=papaya (NPT_Cp9), lane 7= com (KRLZm1), lane 8= mung bean (NPT_Vr1), lane 9=

dougnolwa a=iniingln vasntn n=ws1 tazwsn solisisreoululsanalneaosimsiihs=soog1080

tree spinach (NPT_Cy1), ane 10 = custard apple (NMA_As3), lane 11 = holy basi (NPT_Ot2), lane 12 =
Jasmine (NPT_Js1),ane 13 = wid spinach (NPT_Ce1) and lane 14 = chii (NPT_Ca2)

¥ asywanisnaaoo wannmsiihsolsannannllawanandliifuslusinanbanuiEsoswumssaunasoclsannavnillawananluiizasugio lnsun-itsialningolineisiwonu
Suaemnlullawanauludsanalng T d1olwe axbingln tosnun nawsn ta:wsn Insnsoswudoss Nesed PCR Bosnillunsiooimsdnyusonumssuunioannauazmsaitenoalsadinsu

5 = =

snomwulumssamslsaluounaa Woleodumss:un nsgc i fisflownadu lsavutgueotudUdouusanataasvanudemesogadnnssuudU:nd:

Tneludosuiu doutho vza:ne Noed A taxindeui ewusvNuNDulordevedllawanaululs:andlne Fosnlusoonsoviihs:Sonaridaunaososlsaioloonumssaiadsl
Abubodema, Y. ESTAES. Sayed. M. smailand M. Alhazindar. 2021 Pathologica changes in sweet bsi (Ocimum basiicun L) cause by mixed nfection of tobacco mosaic virus and phytoplsma. Egypt J Bot. 61(3): 823-836. hitps://doior/ 10.21608/cb0,2021.74591.1686.
Caglar, BK, S. Pehlivan, E. Atakan and T. Elbeaino. 2021. Maize (Zea mays L.): A new host for ligustrum witches’ broom phytoplasma. J Pathog. 10(6): 723. https://dol.org/10.3390/pathogens 10060723
00 Castro, AS., MLQ. Pantoja, BEP. Perez and BM.F. Argudin. 2015. First report of Typhiocybinae as potential vectors of phytoplasmas in Chidoscolus chayamansa (chaya) in Cuba. Rev Prot Veg. 30(2): 148-157.
Chen, YM. Y. Chien, Y. Chen, P:Q. Lso, CM. Tan, Y.C. Chi, CF. Tai and . Yang. 2021. Mentiicaion of 1651V phytoplasina asociated wih mung bean phyllody disease in Tabwan. Plant Dis. 105(9): 22902294, hitps://dolorg/ 10.1094/PDIS-12-20-2683-5C
. . B. Parkpoom and K. Thaipong, 202 1. Candiatus phytoplasma solani associaed with papaya phytoplasma disease in Thaiand. Kaen Kaset, 49(5): 1249+ 1258, hitps//dolorg/do:10.14456/16,2021.11 1. i Tha)

d G. P. Rao. 2018. Molecular characterization of phytoplasma associated with four important ornamental plant species in India and identiication of nafural potential spread sources. 3 Biotech 8(2):116. hitpsi//doiorg/ 101007 /513205-018-1126-1
and LM, Lee. 1996. Ulirasensitive detection of phytoplasmas by nested-PCR assays using fwo universal primer pairs. Phytopathol Medterr. 35:144-151

ihya, S. 2017. Diseases of Omamental Plants Caused by Phytoplasmas in Thailand and Disease Diagnosis using Molecular Biology Techniques. Master of Science (Plant Pathology), Kasetsart Universit. (in Tha)

usal agent of cassava witches' broom symptoms.  Full research work requesting assessment for appointment to the position of Agricultural Specialist 2017. Rayong Field Crops Research Center, Field Crops and Energy Craps Research Instiute,

G. P. Rao and C. N. Lakshminarayana Reddy. 2023. First record of ‘Candidatus phytoplasma asteris' (165l group) associated with Anniona reticulata L. in India. Indian Phytopathol. 76; 897-901. htps:/ /doiora/ 10,1007 /:42360-023-00648-3.



misUsguMSnmsu3mnavinvasmaas advt 6.3
The 63" Kasetsart University Annual Conference

1Y 3 (Y] v v du o [
msdanguammnadendHsuMsliulgaiugiudanlzynas

7 Mega-Environment for Cassava Breeding Program

ngan seandamna ez Idews azAdsza’

P !
! quditoity13szo0a a. Woltle e.ileq 9.52004 21150

2 gquéina TuTadasaumauazmsdoas N5U3NNTINYAT A1AL1I ITNT NFANW 10900

unAage
miﬂ?uﬂjqﬁufﬁuzhﬂzﬂﬁqﬂ"mnﬁanf{uﬁﬁwwﬂuuﬂmmaaﬂuimuuua:ﬁmu'ﬁmm:ﬁn iitel¥nsounqy ,
anmadeuiiuanai uazminzausuNINNg i SsAnmmssanguanminadenliiviafinnsdusz st
Winlgaitugiidszansnm nud masanguanmnadeusndeieitnadensni gy Taveaiudlznds 18 s &
Furhuan Banarusaadushy Binarhisslmed gungisgauasgegamis gungiigamasluufoungainio &

= 2 4 I} . a o a o Y ]
ﬂiiﬂmiﬂizlwﬂlﬂaﬂ ﬁ']uﬂ'liﬁﬂﬂﬁuﬂiﬁlBﬂiﬂwll']ﬂé’ﬂﬂ 1%/%’ﬂllnaﬂ1§1'ﬁﬂﬁﬂﬁﬁﬁ'lﬁﬂ llﬁ:NﬂNﬁﬂl!ﬂi winangy
K

*

v oo & o oa o P o o o S
!Lﬂﬁiﬂﬂﬂﬂﬂﬁ’iUﬁi}ﬂﬂﬁil!!‘l_lllﬂWﬂ‘Ll“]Iu ﬂﬂlﬁﬂ]ﬂi Ward’smethod 'Jﬂﬂ'ﬂlJW'N!‘if»wﬂﬁﬂﬂﬂﬂ'lﬁlﬁﬂilm“”ﬂ'lKV'I’!llﬂi'ﬂﬂﬂ'ﬂﬁ’!ﬂuﬂW
ATy ﬁﬂ.l'liﬂﬂﬁll'lﬂfﬂiﬁﬂﬂﬁNﬁﬂWWLL']ﬂﬁ?]Nﬂiﬂllﬂall'ﬂuﬂBlﬁlﬂJJ1”ﬂiﬂﬂiiwuﬁilMﬁWﬂ“’ﬂﬁJﬂJBiﬂiH’!’iﬂﬂ]imHﬁli

Wodu 6 nqn fie szo09 Us13u1s uAsaIssA veuuiy Jeaida qumwﬁm uaxn1ﬂﬂ?unmﬂuwu1§1u"limuﬂini
18 11 nqu

o ) e, o ¢ o g v w2 &
MAAY: NITVANGUANINLINTDY, ﬂ'liﬂﬂjﬂ?lwulj, uumﬂwm, WURRWIEWY

=n.

o & 4 o o, ' a o a Bl o ' o o o &
dszmalneiiiuigniudnlzndalsanuszana 10 45 wanda 34 Sudy nandamae 3.4 /15 (Office of Agricultural Economics [OAE], 2023) wufiudlsndaii
o r . 2 4 - ] o Y
neasnsilgniianurainnats wasumladhlamgiwnar iuilgn nazanuiamihlunsd$ulgeiug 1 wa. 2519 nsudnmsinas dudugeriugnssuangudinuasivadon
o - : o oy g o ey et 2
UIBIA (Centro International de Agricultura Tropical, CIAT) ANIDVBYFIUWUGNTTY (Suriyaphan, 2000) mwa‘lﬁ'wuﬁw"lﬁ'iumﬁJsuﬂ;wwawammﬁmmmﬂagwu (Department of

e

Agriculture [DOAL n.d) Wi iinsU5uda1dn e axfiogms Iamvontufimuuniniugidsuduay

v o oo a da e oo 444 ol dq o o oo ead e o
dudnlznduiluiivnineiTonasiauniugedideriios ltuaounaznszuaumsildnanny mssadenuaznSouieuiufiiugnnnnanuuanaiuvesdnimnadon
B ] ; 4 a2y o e od o o .
naznareanuil naituiilgn ngnia nazilin/gn ieliaseunquisammnadeniiuand nidesitgnildinthuniugi ldnageuamdnimnmsediagndes (D0A,2007) inasa
ISR ) S va oy o 4wy o o : 9 e ml oo o
fmuanuinagenmdudunuld luswaui liunnuly wie hidevrugydoteyaviedanly aeaadesnvySuiumeuriug yaains uazawlszina mnadwisadangu

dda

. S . z q .
anmunadenveanlamadeuamanminadeuazns iaanamidlzndizeaasnaunlamareulummeiuiindanmnadeurieanmilnaiisaeg lunduidsaiu nie
NP y . ; .
nadmisnilifemaanundeuvesmsilamaasuluanmnadeuiindoadeiu

I

o e o2y i e
| nguamvadendmsumsiSudgatugiiudnlznds
1

¢ as
MUUAZITNT

9
a

= So dd e . o A y 2 d s
1. Anvienmsinmsnazaniseiinertesiumssanguanminaden sausaudeya nsdaidentoyaiisusanldnniuneunsnfioudioniugluaiiioas

aw @ o o o a a _aa o o i S A @ s 3 @ 2 2 2
dm:fwﬂsu11;awuﬂuuﬁwﬂmawmﬂimmnmnym maiinds lumsdademig uay | HauMiufiudzndivesnsuininisinuas Uszneudasdeyaaninuiadon

msidonlamadouiug fianlas m3l§iasnu srwsamdeyadanimoinia voasaz | 110019 annifl s szo00 Udings nsiFans assui unsarssd amg qluis
wila | Fgum veuuiu uas @ mysysal ynaimis uiasa Mwdug Jeoida ae
anauns guanysiil waznges mnaseiinanemaniaduTauaz Wuanda 16
snavfurduan Winardigaesdudy Winadusalmedy gamgisgaia gagaman

a6 4 = 3 S ' o
Qquumfmmﬁu WFuanhszimemas d1un1sAeuaUDIABANINIIATEYD AT

o g o i o deda PR o
2. matanquanuadeniimnzay iedanguanuiniidnyazadiondiunnmie
fimsasuauedlinmaufiordiu uazsznitngueziimsaeuauesiivandaiu Minyadeya

o 4 o v o v ¥ . . .
ﬁ]maﬂym:iwuﬂm Lﬁaminﬂnquﬁmwmﬂaammumﬂnmu (hierarchical cluster analysis)

g o g I dnlzudaldoyans nandaiudlsndniian uaznandans innmsianguilag
Mudlsinanzay Taol¥T1sun5u spss

' o o & o s a o o
I wﬁﬁﬂuﬁ‘aﬂﬁwﬂqmwumﬂwu AWIBUDI Ward’s method IANNUHINBIYAAATNNIAY
- ﬁ GLARGH ‘Vﬂﬂ’luﬂiﬂﬂﬁ?iﬁlﬂuﬂWﬂWﬂiﬁWﬂ (standardized) ?ﬂlﬂiﬂﬂﬁ‘lﬂﬂﬂﬁﬁﬂﬂqu
ﬁﬂWW!liﬂﬂﬂllﬂiﬂUﬂqll‘ll‘uﬂﬂuﬂﬂ@ﬂ]uﬂiuﬂﬁﬂwuﬁiju?ﬂﬂ nas Ao ﬂluﬁﬂufﬂi

Yo o

malfitugiudulzmddinlszmaing nReufounasgiidednts 2-3 aoiud $asawd 3 SuneumsnFeuiiouesiu i
Yo fa Y a e g P P 4 oy ' y 2 a o . a9
nnnenums iiugiudnlzvdaveunyainsluil e 2564 Iniuginuasmani 5o deams 5-8 anui 9a'lA 6 ngu ganeTuaeumsnFeuiieuiug lulsinuasns fidesns
o & ' o . % Y .
dumuielgniouiiou1¥aseuaquunaalgn 3014 11 nqu (Tablel) Fan153angy

ad o 4

uwuwﬂgﬂmﬂwqmmmm fio 52099 72 1AZIZOD 5 (Rayong Field Crop Research Center,
E) oo 2 X o o ady = ‘e

ﬁn1mnﬂaﬂmmuammuuﬂmmﬂﬂﬁﬂﬂuniwwmammﬂaauuﬂawmmmnqu"lﬂ

v ] v
n.d) 14 3 viugsadhniugiilfud 1én He Smsnldounlaims 19iug 3 wugilunimaw
voulszmaliymin na1nfe uginuasmani 50 i TiuaaauiionfS ool
WA, 2556 -Umgﬁggam 72 V{uﬁﬂgﬂﬁuujiﬁl“!ﬁuﬁu AIUTZH09 5 '11i1ﬂ?;ﬂuuﬂmﬁn Table 1 Location clustering for cassava varieties research and development program

et A4 o A & . @ A
uﬂﬁﬂmummwuwﬂgnmmwuﬂwu q Tu1nduluraa18anad (OAE, 2023) 1Hoa91n

h i e groups 6 groups 9 grou 11 groups
i \ o daw o uve - o & 4o )
Tiug il w“lwNaNamqmn"lﬂiumﬁmm/uuzu‘l Fuieninyananuimilums
it e i § o e 2ss s | 4 favon 1 fayon 1 favon
IR 1 1 o 12(p 1.2. (Prachinburi, 1.2.1 Prachinburi
wawan lifiiamamiuen (Figure 1) C C 1.2.2 (Chachoengsao, Sa
Sa Kaeo) Sa Kaeo) Kaco)
10 35
5 2 Nakhon Sawan |2 Nakhon Sawan 2.1 (Nakhon Sawan, 2.1 (Nakhon Sawan,
30
— A A i i
z 8 A ad 4. t Lopburi) Lopburi)
E 7 A A A A A AL 25 2.2 (Sukhothai, Chai Nat)  |2.2 (Sukhothai, Chai Nat)
£ 6 ] el 2 3 Khon Kaen 3.1 (Khon Kaen, 3.L.1 (Nakhon Sawan, 3.1.1.1 (Nakhon Sawan,
2 5 |a ° P <
> . ° Nakhon Nakhon Nakhon
= ° ° 0 LY 15
5 4
e . . P P 3.1.1.2 Phetchabun
g3 . 10 312 3.12 (Mukdah
25 e @ Fresh root yield (ton/rai) bk 8k icanan,
. A Starch (%) 5 Maha Sarakham) Maha Sarakham) Maha Sarakham)
o o 3.2 (Kalasin, Roi Et,  |3.2.1 (Kalasin, Roi Ef) 3.2.1 (Kalasin, Roi Ef)
250 2525 2530 2535 2545 2550 2555 2560 2565 Lo, Sakon 3.2.2 (Loei, Sakon Nakhon) |3.2.2 (Loei, Sakon Nakhon)
year Nakhon) 33 (Ubon Ratchathani, |33  (Ubon Ratchathani,
Figure 1 Cassava fresh root yield (ton/rai) % starch and the released year of each variety 3.3 (Ubon Ratchathani, Nakhon Ratchasima- Nakhon Ratchasima-
Nakhon Ratchasima- Pakchong) Pakchong)
—————————————— - -——— Pakchong)

e e e e e e e e e e - - - === -

'ummmu mmwm Ward’s method mmwwnwmﬂaﬂunmmam !lﬁ““191']!!1]5“71?]'31“]1]“Fniﬂﬂ‘li“l mnﬂmu ']ﬂllﬂ VUIU

M
Turuan ﬂ?mmvlmnsﬂmlu IBN1NVJHH'N‘II'£“EJN“ ﬂm“ﬂﬂﬂ1ﬂﬂ!!ﬂ“gdﬁﬂlﬂﬁﬂ amﬁnumqn!nau'lunsmﬂquﬁﬂmuu iﬁﬂ1mu11“!ﬂﬂlﬂﬂﬂﬂﬁﬂﬂﬂﬂﬁﬁﬂ nag
Nﬂﬂﬁﬂ!l'ﬂi ’mmmaﬁmumuni:pl'uumyuumamﬂwﬂgawuguumﬂwm YDINTHIVINIINHAT 115mﬂmulaavmﬁmﬂu’uunaumﬂﬂ?ﬂumuummgm 371@" ﬂ

< i} a v oa oA CI < oy s = a w9 w1 v ]
ILUDI UATAITIA VIUUNU nmiﬁuumnummu 6 NaN A 358D ‘lJ‘ﬂ"Tl‘iﬂ!‘i HATAITIA VOUUNU F0ULDA CERV IS l!ﬁZﬂTﬂ‘lﬁﬂUl“ﬂ'ﬂwuiﬂH‘15!ﬂﬂﬂ‘iﬂ‘!‘1ﬂ 11 nau

tonarsdiad
Department of Agriculture. 2007. Cassava breeding techniques. Agricultural Cooperative Publishing House Co., Ltd., Bangkok. (in Thai)
th. November 3, 2024, (in Thai)

Department of Agriculture. n.d. Plant species and plant germplasm database. Available Source:
Office of Agricultural Economics. 2023, Cassava production data. Available Source: https://www.oae.go.th, November 3, 2024, (in Thai)
Rayong Field Crop Research Center. n.d. DOA Cassava varieties Available Source: https:/iwww.doa go.th/feftayong ?page_id=12, November 3, 2024. (in Thai)

iyaphan, P. 2000. Situation and potential of cassava production in Thailand. Thai Agric. Res. J. 18 (2), 198-215. (in Thai)




msUsgumudsmsunanendvinuosmans advi B3
The 63" Kasetsart University Annual Conference

Allelochemical Contents and Antioxidant Properties of Leaves Extracts from Some Asteraceous Weeds
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Table 1 The amount of allelochemicals in water and methanol leaves
extract from Asterceous weeds

Total alkaloids Total flavonoids

(mg AE/ g sample)

(mg RE/g sample)
Asteraceous weeds

Bidens pilosa 32.21+6.26° 65.62+8.69° 83.19:4.61'  181.71x7.75°
Melampodium divaricatum ~ 35.03+1.78 66.11+8.07%  143.76:3.29"  277.62+4.96°
Pluchea indica 40.98+10.20%¢  50.40+8.64°° 231.88+572°  410.39+5.32°
Tridax procumbens 36.63+5.48 58.05+5.65°  136.96+3.53"  347.02:+4.63
Ageratum conyzoides 26.93+10.10° 57.91+9.02° 45.64+1.95  172.32+4.40°
Chromolaena odorata  40.516.61%¢  5333:881%°  197.29:8.33"  541.42+3.08
Anaphalis margaritacea  34.80+0.55“ 58.33+10.62° 171.92+9.50°  256.25+2.19°

Total phenolics Total saponins

(mg GAE/ g sample)

Asteraceous weeds (g e=mEta)

Bidens pilosa 282.25+25.99" 442.51£19.44° 179.75+8.47°  246.62+14.13°
Melampodium divaricatum ~ 438.84+22.58° 719.70+15.63° 177.80+8.13°  212.28+13.93™
Pluchea indica 526.06+24.60%  1001.11+21.63* 181.81+10.02° 191.49+9.30°
Tridax procumbens 297.67+12.90° 408.00+21.40° 186.13+8.98%  196.59+4.77°

Ageratum conyzoides 108.35+10.87¢ 172.84+16.66° 180.16+7.95°  184.91+7.03%

Chromolaena odorata  693.53+27.38°  917.70+42.81° 198.00+7.09 228.85:3.95®

449.54+20.03° 656.46+26.02° 205.16+16.06 232.31+11.98°

Anaphalis margaritacea

* MeantsD in the same allelochemical group followed by different superscripts is significantly different at DMRT p<0.01

namMsIAIzISInaEnsSadlaninea wui asatnmenueaiusunmves
asdaalawniineaunniasatnsiediunnaeiumsaia

(8)

W b

(A)

5

Irhikition of DPPH scavenging radical (%)
eEBB588388

Melompodum =
Pluchea indca
Ageratum conyzoices
Ageratum conyesides

<
ig. 1 DPPH (A) and ABTS (B) radical scavenging inhibition of water (H) and methanol (M)
extracts from leaves of Asteraceous weeds. The bars in figure represent the standard
deviation of the repetitions. Values with different superscript indicates statistical
significance by DMRT at p<0.01.

Jut]

defmsangrivesasarislunsduoyyadassireUfiisen DPPH radical scavenging
wuin asafndownueainluvesugiignlunisiueyyadass DPPH® gafian
sosaqnde asatadismueaninluvesnszaunes fud1vn wazarvuiearun
gty (Fie. 1A) Teftensafadaoummeannluvesugiiqrsiniiaslunisiuoyya

daszanufisen ABTS radical scavenging (Fig. 1B)
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High efficiency of micropropagation for phytochemical production in
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Abstract

Importance of the work: Boesenbergia rotunda is distributed in Southeast Asia and Thailand. Its pharmacological values have been explored during the COVID-19
pandemic.

Objectives: This study developed an efficient and rapid micropropagation of B. rotunda using in vitro culture for mass production.

Materials & Methods: B. rotunda explants were obtained from two different field locations in Thailand (Nakorn Pathom and Phayao province). The first experiment
was to optimize plant growth regulators for multiplication. Secondly, the effects of elicitors (JA, SA and Phe) and sucrose on growth and secondary metabolite
production were determined.

Results: : For the multiplication of B. rotunda from Nakorn Pathom and Phayao, the suitable formula are different for each. In vitro growth of plants from Nakorn
Pathom and Phayao exhibited diverse responses. Nevertheless, optimal growth of plants was observed in shoots cultured on MS supplemented with Phe and JA, but not
SA. For those from Nakhon Pathom, the highest total phenolic compounds (2.16+0.05 mg GAE g! DW) and pinostrobin (12.32+0.61 mg g"' DW) were obtained from
MS with 9% sucrose + JA in the range of 10-20 mg L. For those from Phayao, the highest total phenolic compounds (0.90+0.02 mg GAE g! DW) and pinostrobin
(8.88+0.14 mg g'! DW) were obtained from MS with 9% sucrose + 20 mg L' Phe.

Main finding: Practical and reliable protocols for mass production and disease-free plant stocks of B. rotunda were established. Application of elicitors provided an
alternative strategy for improving media formulation. Changing the concentrations of sucrose could be a significant component of making the bioactive substances of B.
rotunda L. greater in aseptic conditions.

Keywords: Boesenbergia rotunda L., Elicitation, Fingerroot, Micropropagation, Pinostrobin

Introduction

Boesenbergia rotunda L. is a tropical medicinal plant. This plant has a yellow rhizome and several storage roots that accumulate phytochemical substances. Many
bioactive compounds are found in this plant including pinostrobin, panduratin A, pinocembrin, alpinetin, boesenbergin A and cardamonin, which contribute to its anti-
cancer, anti-inflammatory, antiallergic, and antioxidant properties (Ongwisespaiboon and Jiraungkoorskul, 2017). The accumulation of bioactive compounds in the
rhizomes and storage roots occur during its growth and maturation phase. This study was focused on the development of rapid micropropagation protocol of B. rotunda
using in vitro shoot culture. The effect of plant growth regulators was determined on shoot multiplication. The effect of elicitors (JA, SA and Phe) addition and sucrose
concentration were also determined on in vitro growth and phytochemical content production.

Materials and Methods

Explants of B. rotunda L. were obtained from two different field locations in Thailand, Nakhon
Pathom and Phayao. Sprout buds were surface sterilized and cultures on Murashige and Skoog (MS)
(Murashige and Skoog, 1962) medium with LS vitamins (Linsmaier and Skoog, 1965), 4.44 uM N6-
benzylaminopurine (BAP), 30 gL' sucrose, 4.5 gL' agar (A111), and 2.5 gL' gellan gum (G434)
and ad_]usted to pH 5.7. The experiments consisted of 1) the effect of cytokinin and auxin on shoot
ion. Different ions of BAP, kinetin (Kn), zeatin (Zt), 1-naphthaleneacetic acid
(NAA), and indole-3-butyric acid (IBA) were applied; 2) the effect of elicitors and sucrose on in
vitro growth. Different concentrations of elicitors (Phe, JA, and SA) and sucrose were applied; and
3) the effect of elicitors on phytochemical contents which were total phenolic content (TPC) and
pinostrobin. An analysis of variance and Duncan's Multiple Range Test (DMRT) were used to
analyze and compare the means and find differences that were statistically significant (p<0.05).
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Results and Discussion

[©) the ¢ of cytokinin and auxin for shoot multiplication
Shoots with pseudostems about 3-5 cm were used as explants and cultured on MS basal medium
with various ions of BA, Kn, and zeatin (2 and 4 mg L), combining with
NAA or IBA (0.1 and 0.5 mg L!). After cultured for 4 weeks, all parameters, which were length of
explants, length of new shoots, shoot number, and leaf color (represented as SPAD reading scores)
were evaluated (Fig. 1). As for B. rotunda L. from Nakhon Pathom, all parameters were
significantly different (p=<0.05) among the treatments except the length of new shoots, as shown in
Table 1. While B. rotunda L. from Phayao, all parameters were significantly different (p<0.05)
among the treatments except leaf color, as shown in Table 2.

The effect of elicitors on in-vitro growth

The application of elicitors stimulated root number in B. rotunda L. from Nakhon Pathom. It was
found that the maximum root number of 12.2 roots per explant was reported in plants grown on MS
medium with 9% sucrose + 10 mg L' Phe (Table 3). It was about twice as high as the root number
of plants grown on the control treatment which was MS medium with 3% sucrose alone. For other
parameters, the length of explants and root length were highest in plants grown on the control

R e g oy mw-» A 'y--z@ FeTne s 3«-3 treatment. Although the parameter was not significantly different from the control, shoots grown on
A .\,}) wil v y R \;Y (J ; ‘-1 r e, ,l’j F : 2! MS medium with 3% sucrose + 10 or 20 mg L' Phe, MS medium with 3% sucrose + 10 mg L' JA,
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Fig 1. Growth and shoot multiplication of B. rofunda from Nakhon Pathom (A) and Phayao (B), as the effect of
BAP, kinetin (Kn), and zeatin (Zt) combining with IBA or NAA compared to the control (scale bar = 1 cm)

Table 1. growth variables as the effect of plant growth regulators of B. rotunda (Nakhon Pathom) on in vitro
shoots cultured for 4 weeks.

and MS medium with 6% sucrose + 10 or 20 mg L' Phe had high length of explants (Table 3).

The effect of elicitors on phytochemical contents

According to 19 treatments, the shoots treated with SA had significantly lower growth than the
control. The experiment was repeated by excluding SA. Overall, of the 13 treatments in the present
of sucrose, Phe and JA were tested for phytochemical analysis. The results showed that the addition
of elicitors affected root numbers. Shoots of B. rotunda L. from Nakhon Pathom grown on MS
supplemented with 6% sucrose + 10 mg L' JA had significantly highest root numbers compared to
the control (Table 3). While shoots of B. rotunda L. from Phayao grown on MS supplemented with
9% sucrose + 10 mg L' Phe had the highest root numbers compared to the control (Table 3).

Lengthofnew  Shoot number

™ | - Length of explant
P NAA  IBA (cm)

SPAD reading

Table 3. growth variables as the effect of sucrose and elicitors (Phe and JA) of B. rotunda (Nakhon Pathom
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05 36103 21408 L0107 20,1203+ ] /i |
o 138 NL
Table 2. growth variables as the effect of plant growth regulators of B. rotunda (Phayao) on in vitro shoots S ten
cultured for 4 weeks. I
Tt Plant growth regulat 50} Length of explant  Lengthofnew  Shoot number  SPAD reading e Tt S e o
BAP  Kinetin Zeatin NAA BA | (em) shoots (em) (shoots) § et
1 [ 0 0 0 0 19+0.6% 0.7:1.04 1051707 s | \
2 2 - - - - 34508 180,60 384130
3 4 - - 324040 2,104 | it
4 - 2 - - - 48510 0.0:0.00
5 - 4 - - 404054 1.042.2%4
6 i S 2 o S 4.3*1-1': 31*“31 Fig 2. Plant materials form varied trials (A), contents
7 - - 4 - - 4.551.0+ 284179 o N
H 5 - - ot - poie e of pinostrobin (B), and total phenolic compounds (C)
Y 5 . 05 . rETYD SRESIE of B. rotunda (Nakhon Pathom)
2 - 22408
B . fis e e e v g
4 - 22413+
4 - L6610+
4 - 19203+ References
- 2 0.040.00 R . . .
- 2 0.00.0¢ Linsmaier, E. M., Skoog, F. 1965. Organic growth factor requirements of tobacco tissue
g (1“1)*2‘0: cultures. Physiol. Plant. 18: 100-127.
4 1341854 Murashige, T., Skoog, F. 1962. A revised medium for rapid growth and bio-assays with
4 1.6+2.24 tobacco t)ssue cultures Physiol. Plant. 15: 473-497.
: g‘gf:’f: O , O., k kul, W. 2017. Fingerroot, Boesenbergia rotunda and its
194184 aphrodisiac actlvlty Pharmacogn Rev. 11(21): 27-30.
0408
094124
0.040.0¢ Acknowledgement
0,609 — .
0.821 144 ‘We thank the University of Phayao for financial support (FF-RIM004).
1221754
L5+1.4vd 200:2.5




misUssgum3nmsunaninavinsasmaas nivi 63
The 63" Kasetsart University Annual Conference

NaLazATAINANITNAABY

lulnsiautdusine1vsvdni daudid s || 1. msdyduln nanda uazasdusznaunananvasdaideaiugdoum 3
4 uazyslulasiaudnlylunsedndudenielnlananings | mslmelulnsaulugng 18 Table 26fect of nitogen fertiizer on yield

P Py < a ST Ca¥Y s o S ts and yield of by . ChaiNat-3 S
| meAdtuiliingusrasnitednynavesnsloyelulasiou || nn. N5 ndadenfinuganugedign  <Poners 2ndetd of muns bean o Chal e \_‘1
; - . B ~ 9 o M v . Nuon et o Podt S g0 v 14
i pensiasaiiule nisgasinesesily waznandnvesd f0d e 68.2 au. luvusinTINYY e e e o 2 g 1
L @eaiug Soum 3 luaumilen Yontadeum anunu B lulesauludnn 1350 N5 Ty Bvm e
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0 639:13 08:00% 126:04 110:04 727:18 2380:63" |
a5 635:00° 94:01° 127:06 11203 T07:12 209.5:20°

3 4 ' < = . ) a a a
| n1svaasauuud sauysaansluuden (Randomized j A1menIln uagkanEn gaiign iy o

- - “ 1 &l . . U . 9 650105 98:00° 150:06 109404 73816 2655: E
‘" complete block design; RCBD) §1uau 4 91 Uszneume || 10.1 9. wag 269.8 an/ls a7 0nes e sz n220s sy

18 682:05° 97:00° 131106 112401 738:12 2175+168° |

3&'U1isiu1mmu 55uu lakn 0,4.5,9, 135 u a ¢ 18 Huasdlelayslulasoudadu 18 in. ==~ © = -

e 31 28 106 56 37 80

“ nn. Ns Tnglaerleaiinuaselnwnumuaniiasizsin fio | Vs wun dadedlvsesdinanaadio oo dow s oo oo s
‘%‘r nn. P,0/15 uaz 3 nn. K,0/ls Tunnnssuds wansise [ iwsudieuiunmslayslulnsiaudng

wua Msdsediuszavsamnmslulglulasiouesdadealy || ma 9 Table 2
~a'ns1 9 nn. NS Tuwanda 265.5 nn ./L5 2 msgasinemsvesity wazdssnsamnisidie

wnnistayelulasiaunndnslunansuunulunuaine n1sinyglulnsiaulugngn  Table 3 Effect of nirogen fertiizer on shoot dry
weight, primary nutrients uptake and agronomic |

nsawu aeiunislad saudiuuzinludng 0-3-3 [113.5 an. N5 dadeadimsgaly |0 oe oo e, chai kot

| . N-P,0,K,0/ls {luismsiimnzaunensedniadealu | ulasiaugeiian wie 155 nn. N5 T oo e e G ) A
o o ' v » i v fertitizer O Mjﬂev Nitrogen Phosphorus ~ Potassium
| Aty Jwindbum aunsgelyeariesa wun nsly e
sy Jemuaiinszny, madsughe, Ussdvsammslaelulasiou ’ U‘EJBMWTW 9 nn. N/ls dadendnng ° e ‘fh nosor ”10‘: eses
o B . 45 645 + 8% 124+02° 46201 137 £0.0° 26
I’ Qﬂl‘ijﬁ’]@lwaﬂwaiﬂﬁjﬂﬁq@] Wwae 49 ° mu: 133206 49200 127203 31
14 N ™ 13.5 623 + 57 155+01°  46:00" 122:01% 24
nn. P/ls daumsgalolnunaidon  ® e o oo wees
T N . . L B B B
J | een (Viena radiiata (L) Wilczek) AU Mslnyedng 4.5 an. Nl o o 57 5 w0

Mean + SE within a column followed by the same latter & not signficantly different by

Lﬁuwmmxﬂamwmmmmﬂm LLGT‘lﬂJ s ';‘ ﬁﬂTi@,ﬂsL‘ﬂIW LLWHL‘?}UNQQﬁqm LQRE DT> 009 001, 005 nd s < renstan

: A - S o J | .

( m:uwsmwamwmwamamwmaams =S5 DN 1 13.7 nn. K/15 (Table 3)
m”ﬂw?"mﬂwﬂﬂﬁ”am i , 3. msmeuauawiaelulnsiouvesianden

o S .,

Fanstumnzay uaguinny [ 1 msﬂann aerlufumion

ganeENYIae (Thansettakij, 2023) 5 K )mmmwmw fideiinsovausne

Fanns¥anissinensiaiduvesiiauseniswils Tae f Jelulasiauludng 13.5 Alansu N ne

(®)

Tulasiudusigemsvdniiddey vedunsiesyivln | ls Tnelvmaraninie 2698 Alansune

Figure 1 Response curve of grain yied (A) and total nitrogen uptake in plant (kg IVra)
with nitrogen fertiizer of mung bean cv. Chai Nat-3

LLawwamaﬂﬁuaaw*mimamim (Ardeshana et al, 1993)  B'ls Salanudinifusiuu quadratic sl
Tensleyestunumdndey f aums y = 04453¢ +7.2718x+238 3
MsUsuUsmananLay RP=0.774 (Figure 1A)

AUATNUBINNTE 4. HanULNUNAASYERaaInn1slEle .
mﬂaﬂaluimmu’[,uammm 9 (4.5-18 An. N/Li)'lwwamammulmum

A=

AR TngUszasA  efinyinavasnslyyehulasiau

[ st

mamsw‘%zyl,auim ﬂ’]i@ﬂﬁﬂﬁ]a'ﬁ’i’]ﬁlaﬁﬁ‘ﬁ LAYNANAAUBIE WNNTTAINU ‘L‘Mﬂ'] VCR 5W‘WJ’1\1 -0.67-1.80 “Nllﬂ'] VCR GI']ﬂ’J'] 2.0 (Table 4) Ua¥

A Beimslayslulnaiauludng 18 nn. Nz Bdluendinay

@eaatiuiugieum 3 Wwethluladmsudiuugnsdanisye

luimmuﬁmmﬁzaﬂumiwﬁmiuamwm ﬂvuﬁﬁumﬁm T:J)\?'Vi'?ﬂ Table 4 Effect of nitrogen fertilizer on economic return of mung bean cv. Chai Nat-3

Nitrogen fertiizer (kg Nrai ) Vield (kg ra ") Increase yield (%) _Gross benefit Gross retum  Coston fertilzer Increased cost et benefit Nt return

Joummely T

0 78 - 6455 E 20 6195
L5 20 5 6766 EH a7 207 6299 08 150

= B 266 12 7200 736 &7 ats 6526 B 1m0
1 2A9N1SNNAD 1355 m 13 7317 862 a2 622 6435 w0 13
15 218 5 5899 556 1,089 8% 4809 138 067

R = Value to Cost Ratio; Fertilizer price on January 2023: 46-0-0 (21.21 Baht/kg), 0-46-0 (23,47 8aht/ig), 0-0-60 (21.29 Baht/kg) and yield price: 27.12 Baht/kg
Source: Offce of Agrcultural Econorics (2023)

Yolulnaiau 5 sz
1Aun 04.5 9 135 uaw
18 nn. N/ls
x a o o v o ¢ a < @
e e o mararmirf] AAAUTEUM) FenTadeum Faduiudianugauanysatiunans wazseiu

Smm3nn. PO,/ uaz 300 KO

1Y a o o ‘o ¥ 1% o a
miﬂgnmﬁmmuumuq%mm 3 melaanmuwdsnisyiniun Aumien

a A& o a 5 ! Yy & o T 1% N
aummmﬂumum ﬂﬂNEﬂMﬂ’JL‘lJEJ’JlJﬂ’]iGIE)UﬁuENEIEJIJUlui@iwuiuf]ﬁli’] 1.5 s

@ a ' a ‘a ¥ a { ! '
Snsusuiiunuaniinszvau lunardagaiian 269.8 nn/ls laenslaygluleasiau

| audRnudeudan nndnsilvaanouwnluaumaenmsamu dsiumslays 0-3-3 an. N-P,0-K,0/ls

1 v
! Table 1 Chemical and physical properties of soil before planting ﬁal,ﬁuammaﬁmmxau

PH EC(15) OM(%) Avall P Bch K Sand Sitt Clay
(1) (@sm’)  (Walkley (mgkg™)  (mgke™) (Hydrometer method)
and Black) (Bray ) (NH,OAc pHT) )

Texture

LNEI591999

Ardeshana, RB., MM. Modhwadia, V.0. khanparal and J.C. Patel. 1993, Response of greengram (Phaseolus radiatus) to nitrogen, phosphorus and Rhizobium
inoculation. Ind. J. Agron. 38(3): 490-492.

‘Thansettakij. 2023, Expand seed production network of Mung Bean (Chai Nat 3) to support food security. Available Source:

, December 26, 2024, {in Thai)

e e e s
Note: EC = Electrical conductivity; OM = Organic matter; Avail. P = Available phosphorus; Exch. K = Exchangeble potassium
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Allelopathic Effect of Mungbean and Corn in Intercropping System on Weed Control and Crops Yield
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* Corresponding author: E-mail address: agrjinc@ku.ac.th
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mavgndudenswivinlnedeuszansamlunisauauiviivuazuandn
vosfivugn Inevinmsugndaudeniug KUMLA, KUMLS, CN3 uaz CN84
safuinlnanu ufindeyanisiaiyiuladiuniugs Ussdnsanly
o A a E o = a
nmsnuan ity uazkardnvestudenardlnaieudisunanisnaaes
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madgnitglaifinsthnanisdadlamdulivssloviluguuuudng 9 wu nns
lansadnniiy nisldiavaniivdadlaniBaquiu waznsugniivususe
dgnilumyuiou (suvdus, 2561) :Inn1sAnwIves Saudy (2015) Te1ud
mivgniminasmiuiidumaninsatisanaumnuiuvesfigndiun-
dyuy dnielng veduiiy wazva1uanaeld Yszuia 50% dwu
Poehlman (1991) nuh dudeniugnlufiuiindufuieaduden azgnduds
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Table 1 The height of mungbean and corn in intercropping system comparing with monocropping
control at 7, 14, 21, 30 days after planting (DAP)

mungbsar\ con  mungbean com mungbean com mungbean  com
Plant height (cm)
3.41+0.46 - 8.94+0.58 14.92+1.92 36.1746.5
l 9
- 5.06+0.20 7.82+0.40 1.72£2.05 31.45£9.23 -
5.34:003 9.91:1.77 12234258 32.23:8.91 -
B 50014 9.4310.46 11.9451.02 22801565
481015 8.65:0.56 11.47+1.10 20.63:5.01 -
] Plant growth compared to control (%) —
2333 -37.68 -9.59 028 1147 2302 3131 -995
£5.00°° £5.70° £2.15° £2.43 £3.07 +9.95 4852 344
056 205 1682 -5.98 10.58 137 4435 -13.24
+337 +383° #4717 319 121 =141 £760 593
-66.57 43.79 6.08 1158 232 184 1636  -20.82
£14.01° £241°  £233° 1549 +1.28 +1.72 236 342
-56.60 -13.93 339 162 1935 1240 1272 901
£10.01° £535" +149%  :264 £2.02 +6.30 +742 530

Table 2 The number of weeds in monocropping (control) and weed control efficacy (WCE)
at 7, 14, 21 and 30 days after planting (DAP)

700
Narrow Broad Sedge Narrow Broad Sedge
- no. of weeds (plants 1 m?) ——— e no. of weeds (plants 1 m™) ———
Bl 000000 18004615 773341081  333s116 28674701 50671001
2674106 44004747 10674306 6674302 526741300  400£100
BER 100090  aa67i859 36674993 4004246 1080043672 33334535
B o167 2267s75 8674511 9331231 2933:743  3333:116
B 155031 20674702 1020042339 8006200 606741933 80.67+19.35
[ ] WCE (%) WCE (%)
- 2500 2717 8125 -10000 1135 15000
+5.00° 227 +19.25° +21,00° 139 +23.25°
- 366,67 6866 8545 23333 Q012 -198.00
£66.67° +8.66° +5.45° +3333° £1.12%° +8.00°
100.00 686 3333 1667 9.09 28000
2662 24,00 +385° 817 1525 45326
5200 811 6209 2500 5055 826
+2.00° 1° +2.07° +1.00° ? +0.742°
L soow ]
Narrow Broad Sedge Narrow Broad Sedge
- no. of weeds (plants 1 m™) -—— ~——no. of weeds (plants 1 m™) -——
B o002 293:372 47331365 4006100 20004311 102002801
8674257 446741186 9334217 18674424 24004800 10004421
B 5231 5200:000 28004831 7331206 44674517 553341087
8674287 23331829 3334106 7361115 23331831 1733:553
R 10672093 533341943 64,67+1147 13336245 546741051 70.0041001
[ ] WCE (%) WCE (%)
- 2308 17.99 7857 643 556 21133
+3.08 £291 £18.57° +4.43° +0.56 £1333°
- 6364 15.38 11905 13636 6716 6386
+1436 +138 48,05 +636° 180 w2100
- 000 1238 106,67 15.15 1143 6539
40,00 16,67 421,07 w218 4550 w447
- 50.00 10.00 3814 2000 4756 762
48,00 4232 8.10° +5.00° 340 +0,62°

* Mean®SD in the same column followed by different superscripts is significantly different using DMRT at p<0.05,
Sign minus (- in front of mean value denote the stimulation of allelopathic effect and no sign denote the inhibition of allelopathic effect.

Table 3 Dry weight of mungbeans seed yield and fresh weight of sweet corn ears.

Corn yield (g ear™,
Treatments

Mungbean yield

(g plant™)

- 40.21+6.90 35.05+10.09
625077 - -
7304096 - -
E— : :
_ 5894195 - -
7.711.74 52.39+8.33 45.12+9.98
6.912.87 45.23+4.66 39.70+7.19
8.50+2.47 58.10+7.66 32.62+832
7.230.11 53.79+10.21 41.70£9.21

o dewsiasiugiivgnimiuininednseiyiulavesiundléfninsugnuuuin
(Table 1)
® dmiuuszansnmlunismunuisiiy (Table 2) wui1 madgniauTioniug CN 3 wag CN 84

swiuinlng fussansamlunsmuaisitliiiudeisuiivuiumae 7, 14,
21 uag 30 Jundsugn

o dudeitugnsaiudninalussuulgnitwusuihiminuiwesudadeduliunandraiune
aﬁﬁLﬁanhauLﬁaun”-uﬁm‘]aaﬁuﬁfnﬁmﬁuﬁﬂqmmmﬁm luvsinandniinanvestialnanam
Wvenwdenuarlivenenfsuisaiulifienuuanssiudgmiuthwinasiinvesivilug

gnimfuiudertunisugnuuuiiien (Table 3)

st yulwyadiiin. 2561, unum:

eansdamseiiglunswdndm. 2. Jnmsim 9(2): 100113

Poehlman, J.M. 1991. The Mungnbean. Westveiw Press, Boulder, CO.
Rice, E.L. 1984. Allelopathy. Second edition. Academic Press Inc. Orlando Florida, USA 422 p.

Saudy, H.S. 2015. Maize-cowpea intercropping as an ecological approach for nitrogen-use rationalization and weed suppression. Arch. Agron. Soil Sci 61(1): 1-14
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5 AnAaLNLAY : Ne

unfinga

funszusanwsiugiientadiimagigiving) mamsdsaiadeaunsaiusiuusen
wazmsiiAulnliiEs Tnqustasivesideitemmnududuues BAuarglasamnzauun
mstmiuazmsiyivinvewenluesmawaziada MusUMIAaBILUY 2x3 factorial in
CRD 1 10 #1 Tad A Aonrududuresylasa (10, 20 /1) uasilade B Aerududuves BA (0,
1, 2 mg/\) Tngl§5udhuvanssennuen 1wy, w?amnwnzL?;aa'[,ummimmqmi % MS + NAA
0.05mg/l +BA 0, 1, 2mg/l + glasa 10, 20 /L iluvaan 12 §Uani wudh %2 MS + NAA 0.05
mg/l +BA 1 mg/l + wﬂﬂsa 10 g/L ‘lm”wmuuamﬁqaﬂ (10.30 ¥8R) LazANNB1ILBA (1.63 F3.)
waw*mLw‘nwaaq’lummimm 20 Fpni wudn . MS + NAA 0.05 mg/l + %Tﬁﬁﬁ 20 g/l T
SIUEALATANLEERNGNEAIRAY 3.25 BBA LAY 1.28 Bl ATEIRY ;

Aefity: narUBNTS, mawnzdsaiiade, lelaladu, thana

Ariocarpus ~ fissuratus  Godzilla’  agluaedi  Cactaceae Husdaanuszmadingln
unswusamesitfienudesdonisgaius esvniianailadeanivenna Unfveneiuddasnts
wnzidn Feildnsnissenindd Woatludulauy waldsuudulios (Anderson et al, 1994;
Hunt, 1992) ﬁdﬁuﬁamsﬁwmﬁmmsxwmgmtﬁmﬁlam'lﬂlﬁaLﬁuﬂi:ﬁw%mwmimmyﬁuﬁ: AN
MmN wui siavesewns Vanarhana wazanudidures BA dwadensiasayiula
wagmsiusmuausenluammaeadiovesnszuamenila (Hemphill et al, 1998; Monostori et
al, 2012; Manuel et al, 2021) fefunmsfinwiifeilyausrasdiiomaudituranhmagiosa

o . o o P
uaz BA vnzaudensdnireen luemsmauazasnauds

Unsaluazasnis

Shoot induction T1: Sucrose 10 g/l + BA 0 mg/L
T2: Sucrose 10 g/l + BA 1 mg/L
T3: Sucrose 10 g/l + BA 2 mg/L
T4: Sucrose 20 ¢/l + BA 0 mg/l
T5: Sucrose 20 ¢/l + BA 1 mg/L
T6: Sucrose 20 g/l + BA 2 mg/L

Medium: % MS with NAA 0.05 mg/L

EXP. 1 liquid medium

3 months old

Data collection
.

Cult dition:
ulture condition: Number of shoots

Shoot length (cm)

Light intensity 40 pmol m-2 s-1

for 12 hours/day and °

Temperature control at 25+2°C

wauazIaal

& X,
1. mswnzidesdudauluamnsivan

2 x3 Factorial in completely randomnize design
6 treatments combination, 10 replications

hmaglesaiivastonisfisinuiusen uiliadornuemeen Tnevinuudilisuglasa 10
o/l Wisnauwengandn (5.43 ven) glasa 20 /L (4.66 vap) (Table 1) Feaonapdastunsdinm
999 Manuel et al (2021) wxaﬁ"ﬁmmnf’umamwuvﬂu‘ﬂuﬁaaLﬁuiwh'lﬁﬁmmms hyperhydricity
uay osmotic stress dwalinsgaduasosuasiiiliauysel uasnisaLLasUgATEIn
Tuvnzitronuduiues BA Skl uiusenuayruemsenimmauanssfuada m
i BA 1 mg/l i munugen uavaImemIsensniian (7.20 san uag 1.45 w. aueiy) (Table
1) ﬁamﬂaamumimnwwm Rittirong et al. (2019) wﬂwﬂuﬁﬂuﬂﬂsﬁau wennimuiilu
omsmmtudinsaduARsas NN wardirgnh Suandy Fig2

15 -
Table 1 The number of shoots and shoot length on % Ms & (A)
a
Uiquid medium + 0.05 me/L NAA in various amounts of BAand  § ;o
sucrose concentrations after culturing 12 weeks. g B
< be
Factor T Namber of shoots Shoot length cm) & * ] bd g
2 d <
Sucrose (A) 10 543+ 169° 1.26 +0.12 § o4
2
20 466+076" 110014 s 1 2 3 a 5 6
G ®)
BA (B) 0 085:020° 099 +018° <, N
% ab b ap
1 7201627 1450132 H T bc ¢ I
1
2 280+102° 110+ 012" §
5 ]
A o ns 1 2 3 4 5 6
B - . Fig. 1 Interaction between BA and sucrose concentrations on
shoot induction in % MS liquid medium + 005 mg/L NAA in
AXB @ o

various amounts of BA and sucrose concentrations.

Fig. 2 Effects of 6-Benzyladenine and sucrose concentrations on shoot induction of Ariocarpus flssuratus ‘Godzilla’ in % MS liquid
medium supplemented with 0.05 mg/L NAA after culturing 12 weeks: (A) 10 g/L sucrose + 0 mg/L BA, (B) 10 g/L sucrose + 1 mg/L
BA, () 10 /L sucrose + 2 mg/L BA, (D) 20 ¢/L sucrose + 0 me/L BA, (E) 20 ¢/L sucrose + 1 me/L BA, (F) 20 ¢/L sucrose + 2 mg/L BA.
Scale bar: 1 cm
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Ariocarpus fissuratus ‘Godzilla' has slow growth Tissue culture can quickly increase the
number of shoots and stimulate growth. This research aimed to find suitable BA and sucrose
concentrations for shoot induction and growth in liquid and semi-solid media. The experimental
design was a 2x3 factorial in CRD with ten replications; factor A was sucrose concentration (10, 20
¢/l), and factor B was the concentration of BA (0, 1, 2 mg/l) by using 1 cm long distal shoots. After
cultured the explant in liquid medium on % MS+ NAA 0.05 mg/l + BA 0, 1, 2 mg/l + sucrose 10, 20
¢/l for 12 weeks, the results showed that ¥ MS + NAA 0.05 mg /L + BA 1 mg/l + sucrose 10 g/l
provided the highest of shoot number (10.30 shoots) and shoot length (1.63 cm). Meanwhile,
cultured explant on a semi-solid medium after 20 weeks; the results showed that % MS + NAA
0.05 mg/l + sucrose 20 g/l provided the highest shoot number and shoot length, with an average
of 3.25 shoots and 1.28 cm, respectively.

Keywords: cactus, cytokinin, sugar, tissue culture

& & &4
2. maswwzidesdudauluosiauds

BA fianududiusing o Lifwavhlisuauseauazamismsoaunnssiu luraeiimududu
vpshmaglasaviliausavase mseauanisTusadR Tnethaaglasd 20 o/ S uauuae
mmmuaaﬂmnﬁ@ﬂ (2.23 yon way 1.07 wu.) (Table 2) Lﬁawﬂnﬂ'mL-ﬁu'ﬂu‘umﬁnma@ﬂiaﬁ
g9t SudnliglasaduwmdmnuuasJumsivaslumsaslusiutarnsninnddndedulu

massyiulavessad daelinageaduensituseytaslumsauieen (Tamas et al., 2012)

Table 2 The number of shoots and shoot length of Ariocarpus 40 - .
fissuratus ‘Godzilla’ on % MS semi-solid medium supplemented 3 + @
with 005 me/L NAA in various amounts of BA and sucrose 8 >0 2k .
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Fig. 4 Effects of 6-Benzyladenine and sucrose concentrations on shoot induction of Ariocarpus fissuratus ‘Godzilla’ in % MS semi-
solid medium supplemented with 0.05 me/L NAA after culturing 12 weeks: (A) 10 ¢/L sucrose + 0 me/L BA, (B) 10 ¢/L sucrose + 1
me/L BA, () 10 ¢/L sucrose + 2 mg/L BA, (D) 20 ¢/L sucrose + 0 mg/L BA, (E) 20 g/L sucrose + 1 me/L BA, (F) 20 /L sucrose + 2
me/L BA. Scale bar: 1 cm
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The experiments were
examine the effects of coating
seeds with chitosan 5% by
galangal essential oils at 0%
20% by volume as a replacement
fumigants = in controlling Callosobruchus
maculatus (F.) infestation. The effects of
chitosan seed coating with galangal essential
oils at 20% by volume was the most effective
in preventing €. maculatus (F.)infestation
that statistically significant compared with
another concentratlon%l‘hese results suggest

that mung bean seeds ted with chitosan and
galangal essential oils 20%
used as a bio-insecticided to control of
C. maculatus (E.) 1nfestatlﬁ¢

Keywords Galangal Essential Oils,
Callosobruchus’maéu-l-a{us (F.), Chitosan

by volume can be

Table 1. The percentage of mung bean seeds
on each treatment that remained undamaged
by C. maculatus.

The mung bean seeds
that remained ndamaged
by C. maculatus (%)

Treatment

1. Chitosan +

Galangal EO coating 0% © ©
28— ChusEtos anst
Galangal EO coating 5% e
3. Chitosan +
Galangal EO coating 10% 6.27 ¢
4. Chitosan +
Galangal EO coating 15% 45728 2
5. Chitosan +
Galangal EO coating 20% 73,33 @
F test &
Trt. 1 Trt. 2

Trt. 4

W2E, 5

3

Figure 1. The photo of mung bean seeds coated
with chitosan and galagal essential oils at
difference concentration in each treatment.
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Khan, M. A., and Ansari, R. A. 2018. "Seed priming with chitosan enhances seed
germination and seedling vigor of garden pea (Pisum sativam L.).
International Journal of Agronomy, 2018, 1-8.

Rossi, Y.E., and Palacios, S.M. 2015. Insecticidal toxicity of Eucalyptus
cinerea essential oil and 1,8-cineole against Musca domestica and possible
uses according to the etabolic response of flies. Industrial Crops and
Products, 63, 133-137.
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Despite rising demand, caladium is a popular ornamental plant known for its vibrant foliage diversity. Leaf color variations, driven by pigment contents, result in differing
responses to growing conditions. This study analyzes the photosynthetic parameters of five distinct Caladium varieties with differing leaf colors, including Dara-Noppharat (red),

Silapetch (white), green-leaf hybrid, yellow-leaf hybrid, and Sordsoy-Mala (pink).

The experimental design was CRD with five treatments. The result showed that

net photosynthesis rate, stomatal conductance, transpiration rate, and leaf greenness were significantly highest by green-leaf hybrid with 6.58 pmol m2s, 0.19 mol m2s™,
0.0029 mol m2s” and 66.92 SPAD unit, respectively. Meanwhile, the Dara Nopparat had the lowest photosynthetic parameters. But it has the highest water use efficiency, the
highest light saturation point of 307.69 pmol m?s”, and the largest stomata size. The yellow-leaf hybrid had the highest number of stomata, 34.93 stomata/mm2. This study
indicated that the response of leaf colors to photosynthetic parameters can be applied to growing caladium in an appropriate environment.

faAny: Msmavauassianas Wusuaud Wufilidduanany 1ilu Keywords: Caladium cultivars, colored plants, foliage plants
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Table 1 Comparison of photosynthetic parameters and stomatal traits of five caladium cultivars
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Yellow leaf hybrid
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Fig. 1 Leaf color, stomata characteristics and light response curve of five caladium cultivars
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Green
Yellow
Pink

>
Means with different lowercase lelters are significantly different at P < 0.01 by Duncan's New Multiple Range Test (DMRT).
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Evaluating efficacy of preoperative skin preparation
with 2% chlorhexidine gluconate and 70% alcohol in
reducing bacterial bioburden in dogs

Nithida Boonwittaya?, Chompoonek Yurayart?, Saroch Kaewmanee®

A SOCIETY O VETERIARY SURGEONS

and Taksaon Duangurai®*
Faculty of Veterinary Medicine, Kasetsart University, Bangkok 10900, Thailand ,
bFaculty of Agriculture, Kasetsart University, Bangkok 10900, Thailand

Abstract

Importance of the work: Optimized antisepsis and protocols are essential
for improving veterinary surgical outcomes and preventing surgical site
infections (SSls).

Objectives: To assess the effectiveness of 2% chlorhexidine gluconate and
70% alcohol (CHG-Alc) in reducing the bacterial bioburden in canine
surgical patients.

Materials and Methods: Ten client-owned dogs were involved in a
standardized protocol of skin preparation. Following an initial skin
cleaning step, CHG-Alc was applied. Bacterial cultures were collected at
three time points: before antisepsis, 3 min and 60 min post-application.
The samples were processed to quantify bacterial counts and to assess
antimicrobial resistance.

Results: Pre-antisepsis, Staphylococcus pseudintermedius was the most
frequently isolated bacterium, including multidrug-resistant strains.
Bacterial counts decreased significantly 3 min after CHG-Alc application,
with a complete absence of growth at 60 min post-application.

Main finding: CHG-Alc was highly effective for canine preoperative skin
preparation, significantly reducing bacterial counts and preventing
regrowth. Its use in veterinary preoperative protocols should be strongly
supported to minimize the risk of surgical site infections.

Surgical site infections (SSIs) are a major concern in veterinary
medicine, leading to prolonged recovery times and increased treatment
costs.! The primary source of SSls is endogenous bacteria from the skin,
with  Staphylococcus pseudintermedius being the most common
pathogen in dogs.? Preoperative antisepsis is crucial,® but there is no
standardized protocol for skin preparation in veterinary practice.

The combination of chlorhexidine gluconate (CHG) and alcohol is
widely used due to its rapid bactericidal action and sustained
antimicrobial effects.>*

This study evaluates the efficacy of 2% CHG with 70% alcohol (CHG-
Alc) in reducing bacterial bioburden for canine preoperative skin
preparation

Methods and Mate

Subjects: 10 client-owned dogs undergoing standard surgical preparation
at the Kasetsart University Veterinary Teaching Hospital.
Study Design:
- Hair clipping (Fig. 1A-B) and initial skin cleaning with neutral detergent
(Fig. 1C).
- Application of CHG-Alc as a single-step antiseptic method.
- Bacterial samples collected at three time points (Fig. 1D-F):
1. Before antisepsis (baseline bacterial bioburden).
2. 3 min after CHG-Alc application.
3. 60 min after CHG-Alc application.
L a0 v

Fig. 1 Preoperative skin preparation and sample collection process.

Bacterial Analysis:

« Culture and identification of bacterial species using matrix-assisted
laser desorption/ionization-time of flight mass spectrometry (MALDI-
TOF MS)

Quantification of bacterial colony-forming units (CFU/mL).
Antimicrobial resistance testing using the disk diffusion method,
including detection of multidrug-resistant (MDR) strains.

Contact

Q Nithida Boonwittaya

Kasetsart University Veterinary Teaching Hospital
Email: nithida.b@ku.th

Phone: 027971900 (3216, 3202), 0865882835

Pre-antisepsis:

- All dogs showed bacterial growth before antiseptic application.

- Staphylococcus pseudintermedius was the predominant species,
including MDR strains resistant to multiple antibiotics (Fig. 2).
3 min post-application:

- Significant bacterial reduction (p < 0.05) (Fig. 3).

- 80% of samples showed no growth.

- Minimal bacterial growth in only 2 samples (low CFU counts).
60 min post-application:

- No bacterial growth in any samples, demonstrating the prolonged
antimicrobial action of CHG-Alc (Fig. 3).

®
“
i | ‘ | |
., 1 1 181 1
x a ao o mr o sx e
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Antibloti resistance (%)
2

AMC ATH
1 n
= Bacillus cereus(a =1) 100
= Micrococcus luteus (= 1) 10 10 [T 0
Rothia amarae v =2) " s

Fig. 2 Percentage of antibiotic-resistant bacteria isolated from pre-antiseptic sampling time, where n = number
of isolates; AMK = Amikacin, AMC = Amoxicillin-clavulanic acid, ATH = Azithromycin, CL = Cephalexin, CRO =
Ceftriaxone, CD = Clindamycin, IMI = Imipenem, DXT = Doxycycline, STS = Trimethoprim-sulfamethoxazole and
ENF = Enrofloxacin
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Pre-antisepsis 3 min 60 min

Fig. 3 Reduction of median bacterial counts before and after CHG-Alc application

The study demonstrates that a single application of CHG-Alc
significantly reduces bacterial bioburden in canine surgical patients, with
effects sustained for at least 60 min post-application. The rapid
bactericidal action of alcohol®> combined with sustained antimicrobial
effect from chlorhexidine® supports its routine use in veterinary surgical
protocols. This finding aligns with the critical role of preoperative
antiseptic protocols in minimizing SSIs. The predominant bacterial
species isolated prior to antisepsis, Staphylococcus pseudintermedius,
including MDR strains, was also effectively eliminated.

This protocol is time-efficient, practical, and enhances surgical
safety, making it a recommended standard protocol in veterinary
surgery.

The relatively small sample size and a single geographic location limit
the generalizability of the results. Future research involving larger and
more diverse populations, along with long-term follow-up for SSI
monitoring, is recommended to further validate these findings of CHG-
Alc protocols in veterinary surgery.

Conclusions

A single application of 2% CHG with 70% alcohol after initial skin cleaning with neutral
detergent showed the benefits:
* Rapid and sustained bacterial reduction (>99%) in 3 min.
* Effective against MDR bacteria, including S. pseudintermedius.
* Prolonged antimicrobial effect for at least 60 min.

Simple, time-efficient, and easily integrated into

veterinary practice
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The study on cost and profit of dairy farming business located in Ratchaburi and

Nakhon Pathom provinces between 2 periods time
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This study aimed to assess the true economic costs and profits of dairy farms by analyzing financial data during November 2023 and April 2024. The
results indicated no significant difference in total costs between the two periods (p > 0.05). The majority of costs were variable, with animal feed representing
60.24-65.54% of these costs. No significant differences were observed in the costs of concentrated feed and roughage between November and April (p-values
of 0.202 and 0.338, respectively). Profitability varied by period: in November, a median loss was -16,000.15 baht (range: -95,364.96 to 115,953.60 baht), while, in
April, a median profit was 26,659.78 baht (range: -260,734.06 to 150,958.04 baht). The median profit ratio relative to total costs was -9.61% (-36.15% to
43.60%). No significant difference in profitability was observed between the two periods.

Keywords: cost, benefit, dairy farm, business
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Fig. 2 Shows the proportion of variable costs between two periods, suggesting that feed cost and wages are 25.14 35.19
s Egsiperias ey dl e iibess Table 1 Comparison of dairy farming business incomes across two study periods.
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SEROPREVALENCE OF TRYPANOSAOMA»EVANSI IN THAI CATTLE USING
AN INDIRECT ELISA BASED ON IN VITRO CULTIVATED ANTIGENS

Giang Thi Nguyen?, Pairpailin Jhaiaun?, Tanapat Mutchimadilok?, Wissanuwat Chimnoi?, Burin Nimsuphan?,
Ruttayaporn Ngasaman®, Jumnongjit Phasuk?, Tawin Inpankaew?, Ketsarin Kamyingkirda*

aDepartment of Parasitology, Faculty of Veterinary Medicine, Kasetsart University, Lad yao, Chatuchak, Bangkok, 10900, Thailand
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Introduction

" 4 = P -~
Trypanosoma evansi (T. evansi) is a hemoflagellate parasite transmitted by biting insects, )O c%@\\,ﬁ Aé%og le
causing trypanosomosis in mammals, including humans. It leads to high mortality in [ 2y /\‘()\,Q\II%L)CS‘f (
livestock, resulting in significant economic losses. In Thailand, T. evansi infections in livestock “VL'L ;& O;; ?{_,ZQ?) O g |
often present with non-specific clinical signs, making diagnosis difficult. Therefore, an 002,
accurate diagnosis is essential for controlling the spread of this disease. Indirect ELISA (. & |
(iELISA) with crude T. evansi antigens is recommended by the World Organisation for Animal " %}f-/_, 3 ‘&gj(bos

Health (WOAH) to identify carrier status. However, crude antigens are often produced using ) '{ : : R *
[\ 7] ad 'g
o@ﬁﬁ% - 5@:’-“’1;. 00'%

experimental animals, raising ethical concerns.
This study aims to utilize an in vitro-produced T. evansi crude a
to assess the seroprevalence of T. evansi infection in cattle

-7 @
v' 1 / application of in vitro-cultivated parasites for the development
¥ 9. . @Methodology

7

« A total of 729 serum samples were collected from dairy and beef cattle across Thailand between
An iELISA was developed using crude antigens from an in vitro cultivated Thai strain of T. e
antibodies in the collected samples.

* The Cut-off value (COV) is calculated using the formula: COV = Average OD of negative samples +
based on the OD values of 20 reference positive and 45 reference negative cattle serum samples in

+ To evaluate the sensitivity and specificity of the newly developed iELISA using in vitro produced T.
compared it with the iELISA using in vivo produced T. evansi crude antigenon 160 cattle serum sam

il Vemtted 7 vz Thl s were Dy montorng ol Aveiblied  Collectd sk
CHOOVD  njcted n atraperoncilly  parsenis by Chlarsorm

Chiang Rai 30.00%
Lampang (2143%)
(16:67%) 25,00%.
Phrae —J N Noag Khai 20.00%
r (32.18%) ViR (22%)
. ~—| ko Nakhon 15.00%
) 0 @21% 10.00%
Seropevalence (%) Kanchanaburi — Ubon
(23.08%) Rat 5.00%
40, +] ‘Suphanburi (©%)
150,401 (58.7%) 0:00%;
B 10,30 H Swin et Northern M Northeastern M Central M Southern
110,20] Ratchaburi [SORN N
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Conclusion
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T. evansi antigen iELISA test. The newly
iELISA test was successfully used as a
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PRELIMINARY STUDY OF LEFT VENTRICULAR FUNCY

in mules under acepromazine-xylazine-diazepam-ketamine anesthesia

9

A
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BACKGROUND

The mule is a hybrid offspring of a male donkey and a female horse. However,
the anesthesia of mules is close to horses but with slightly differences.

4 \
(

)

Equus asinus
Donkey '

X

Equus caballus
Horse O

Mules metabolize drugs faster, requiring higher or repeating doses. Therefore,
many studies recommend increasing the dose of xylazine. However, xylazine is
known to cause cardiovascular effects, including atrioventricular block, reduction
of heart rate (HR) and cardiac output (CO). Generally, equine echocardiography is
a non-invasive diagnostic tool for evaluation of cardiac structure and function.
Echocardiographic examination in equine species mostly has been studied in
standing positions without anesthesia. Both ejection fraction (EF) and fractional
shortening (FS) are echocardiographic parameters used to assess cardiac
function. EF shows the percentage of blood pumped out of the left ventricle, and
FS show the percentage reduction in chamber size during contraction.

Hence, there is a need to investigate whether the recommended limit
dose of xylazine as premedication during anesthesia in dorsal recumbent
mules can affect cardiovascular changes and left ventricular function with
acepromazine-xylazine-diazepam-ketamine combination.

(@) oBUECTIVES
/

To compare HR, RR, EF, and FS of mules between pre-anesthesia and
anesthesia with acepromazine-xylazine-diazepam-ketamine protocol using
upper limit dose of xylazine in mules.

. : _ MATERIALS & METHODS

ETHICS APPROVAL

Approved by the Kasetsart University Institutional Animal Care and Use
Ethics Committee (ACKU67-VET-002).

Equus mulus

ANIMALS
« 4 females and 2 males (n=6)
« Aged: 18.83 + 0.75 years
« Weight: 263.83 + 39.34 kg

12 hours food withheld
2 hours water withheld

STATISTICAL ANALYSIS

Shapiro-Wilk test Pair t-test

Compare HR, RR, EF, and FS between
pre-anesthesia and anesthesia

Normal distribution
‘ RESULTS

Induction time was approximately 1 minute, and mules showed good to
excellent induction scores. Echocardiography was performed at 13 minutes
after anesthesia induction in all mules. Bradycardia and arrhythmia were
not found.

® g
IBM SPSS
statistical software

Statistical significance was considered when p < 0.05.

le-1 HR, RR, EF (%), and FS (%) in six mules at 13 minutes after

anesthesia induction in dorsal recumbency.

Pre-anesthesia Anesthesia
Parameters
Mean+SD Min Max Mean+SD Min Max
HR (bpm) 50.33:6.47 41.00 60.00 40.00£7.90" 30.00 54.00
RR (bpm) 26.5:3.99 20.00 32.00 22.33:t4.63 18.00 28.00
EF (%) 71.11:4.01 66.22 7596 46.18:+4.587 39.68 52.27
FS (%) 42.30+3.06 38.88 46.29 24.28+2.99° 20.16 28.35

2Represented statistical difference between pre-anesthesia and anesthesia period (p < 0.05).

DISCUSSION

This study used a combination of acepromazine, xylazine, diazepam, and
ketamine for anesthesia, due to common usage in equine anesthesia and
could be used with gas inhalation in maintenance phase.

Acepromazine, many studies demonstrated that acepromazine has
minimal effects on HR and did not significantly alter cardiac output.

Xylazine affects the cardiovascular system by inhibiting norepinephrine
release through alpha-2 receptor stimulation and reducing sympathetic
nervous system activity (Fig-2). The decrease in EF and HR implies that
cardiac output (CO) may be decreased and effecting the reduction of left
ventricular systolic function. The possible explanation might be become of
cardiovascular depression effect of xylazine. The effect of xylazine is dose-
dependent on heart function and increasing risks of arrhythmia and
bradycardia. However, the high dose of xylazine may temporarily reduce
cardiac contractility.

PROCEDURES
st i Presynapti
o1 Echocard:ograghy N
"l Norepinephrine
Negativefeedback T e
Echocardiography were recored. ) \
non-sedated with standing position
. . receptor
¢ Anesthesia
-~ - ~ ® & aareceptor ° Xylazine
Premedication ° Acepromazine  0.04 mg/kg IV "‘"‘""""“”“"'“"""‘""""“‘. ® it sessngot orpinepne 3\ ®
« Xylazine 1.6 mg/kg IV M .
q « Diazepam 0.1 mg/kg IV a receptor a receptor ol mpatecoufow
L pRcicticn) * Ketamine 22 mg/kg IV Postsynaptic neuron ;;':ﬁz-_l-h
4 Induction scores evaluation Matthews & van Loon, 2019 Figure-2 Effect of xylazine on central nervous system (CNS) at presynaptic and
-~ ~ post synaptic neuron A) Normal physiology of CNS, B) Effect of xylazine on CNS
1 2 3 4 5 Thus, this anesthetic combination rather safe for initial period of
Verypoor ~ Poor  Average  Good Exellent anesthesia because EF and FS values of our study are within the range in
Recumbency fell heavily fell heavily fellheavily —slowly — Gently standing and dorsal recumbency in horse, donkey, and mule.
Limb rigidity ++ ++ + + = Diazepam has minimal cardiovascular effects. Ketamine has been
Padding e e e i - described as having less direct effects on the cardiovascular system in horses,
Others [IRIE7 : : - - but one effect of ketamine is to enhance in sympathetic tone activity resulting
L Maney LK & Dzikiti BT, 2020 | in increasing HR. However, under xylazine sedation, the effect of ketamine
¢ ond Echocardiography on HR may be overridden by xylazine's strong parasympathetic influence.

Immediately after posed a mules in a dorsal recumbency (Fig-1).

2"d Echocardiography

« Left ventricle measurement

o %EF

o %FS
Figure-1 Site in gray square depicting right  * Anesthetic parameters
parasternal window echocardiography in © HR (bpm)
dorsal recumbent mule during anesthesia. ° RR (bpm)

Both EF and FS might be influenced by dorsal recumbency of mules. This
position may influence certain echocardiographic values, due to the
gravitational forces shift the abdominal organs, compressing major vessels,
distorting imaging angles, and limiting access to optimal acoustic windows.

ER COoNCLUSION

This preliminary study reported the decreasing of HR, EF, and FS of six
mules under acepromazine-xylazine-diazepam-ketamine anesthesia, probably
resulting from high dose of xylazine influences but no incidence of
bradycardia and arrhythmia with good induction quality.
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Application of Nucleoprotein indirect-ELISA for serosurveillance of Rabies antibodies in dogs
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Fig. 1 Situation of Rabies in Thailand from 2020-2022. (A) Number of Rabies positive samples from Chonburi
compared to other provinces. (B) Map of eastem Thailand
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Rabies is continuously a public health and veterinary problem in Thailand. Dog-
transmitted rabies is the main cause of casualties annually. The monitoring of vaccine
coverage and antibody response is necessary for the prevention of rabies. Nucleoprotein
indirect-ELISA (N-ELISA) was developed to examine dogs' antibody titers against rabies.
Sensitivity and Specificity are 93.3% and 95.9%, compared to the gold standard method.
Dogs’ antibody titters in Chonburi were 38.94% by N-ELISA. A comparison between the
history of dog populations found that antibody titers in control dogs are 43.96% while in
stray dogs, it is 18.18%, the statistical analysis reveals a significant difference (p < 0.0005).
These results suggest antibody titers of dogs weren’t enough to prevent rabies
transmission according to WHO recommendations and the suitability and effectiveness of
N-ELISA for monitoring antibody titters in dogs in the future.

Keywords: Antibodly titters, Enzyme-linked immunosorbent assay, Nucleoprotein, Rabies
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Fig. 3 Chonburi antibody fiters. (A) Result of dog’s antibody titers. (B) The proportion of
Rabies antibody titers in Chonburi
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Fig. 4 Antibody levels in dogs by ownership status. (A) Result of control and stray

dog's antibody titers. (B) Rabies antibody titers of control and stray dogs.
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Fig. 5 Statistic analysis of dog’s antibody titers from Chonburi. (A) Sex separation of vaccinated

dogs. (B) Age separation of unvaccinated and unknown vaccination history dogs.
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Study on the Effectiveness of Tuna Oil and Pectin Coating Materials to Minimize Florfenicol Leaching from Pelleted Feed
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The study aimed to evaluate the effects of tuna oil and pectin to minimize the leaching rate of florfenicol from pelleted feed for Pacific white shrimp, prepared by a
top-dressing approach. The experiment was divided into 4 groups: 1) medicated feed without a coating material (control feed), 2) tuna oil-coated feed, 3) pectin-coated
feed, and 4) basal diet mixed with the drug before pelletizing (mixed medicated feed). Two grams of feed was immersed in 2 L of water, and the drug concentration in
the water was measured at 5, 15, 30, 60, and 120 min. At 120 min, the pectin-coated feed had a drug concentration in the water of only 2.90 ppm (leaching rate
29.05%), which was similar to the mixed medicated feed group (1.23 ppm; leaching rate 12.31%) but significantly lower than the tuna oil-coated feed (7.16 ppm;
leaching rate 71.63%) and the uncoated feed (8.48 ppm; leaching rate 84.80%). The result indicates that pectin coating effectively reduces the drug leaching.
Keywords: Drug leaching, Antibiotics, Coating materials, Pelleted feed
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Table 1. Concentrations of florfenicol in water (ppm) leached from the pellet feeds at different time intenvals.

Coating materials Immersion duration

WaswlBnaasenanennsiiin leuansly Table 2 Taungu control fiaan 5 il wu
mmvﬁuiu'uanm‘luﬁﬂgﬂﬁa 7.11 = 0.30 ppm Tdasnsazaisengeds 71.14% uag
ity 8.48 + 0.49 ppm TShsimsavaseagil 84.80% lu 120 w17l vausdings
mixed medicated feed lunmn 5 wiit fanududuvasenlutheiianios 0.92 + 0.06
ppm fidnsmsazansensgil 9.21% wazlunan 120 uvil fonududuveseiuiy
Wéntfendl 1.23 + 0.15 ppm fdannsaraneenegil 12.31% uansliiiudimssanen
avluiaemnsieuritunsruiunisdaiia Frsannisazarssrgaswandenlslu
sEEEIME1IUIY dawauidnsaannisazangldegniiussdnsamguiu nedl

“Means£SD in the same column followed by different superscripts are significantly different (p < 0.05)

G
hifulamuniiussavsnmisadnioslumsaanisasmsvsssiaawiiinen
snidleermns llmnzasiiaslUldibuasiedevommstauelussuunsidosd
Tuvngimaduiidnenngdumsannsazanevesenslasnealusmmsiialfotng
fuszavsnm Juduasiedouiivnraudmiumsiauomsuatendmiurhiuda
definlssaninmlunisinuilsa ammsq:yLﬁ'aa1'Luﬁmazaﬂmiﬂutﬁawaam
Ufturludandon

Kocira, A, Koztowicz, K. Panasiewicz, K., Staniak, M., Szpunar-Kiok, E., & Hortylska, P. (2021). Polysaccharides as edible films and coatings:
Characteristics and influence on fruit and vegetable quality—A review. Agronomy, 11(5), 813
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Table 2. The percentage of florfenicol leached from the pellet feeds at different time intervals. -~ SRS N o o O
< 71.63% lu 120 unil uansliduimihdulamiisanmsazanglfiiisadndosvinduy
oating materials Immersion duration 3
5 min 15 min 30 min 60 min 120 min 3
. . . . . b3 I
Control 711452095  7353:48  7578:366°  7764+3.19°  848+490
Tuna oil 638+1.16°  6374£1.17° 68215077  68.82:524°  71.63+349° 3
Pectin 17.82£098°  2049+091°  22285105°  2536+131°  20.05%152°
Mixed medicated feed ~ 9.21+£06°  10.18+067°  10.80£086°  11.054064°  12.31+147°

J et al. (1994) s04a311ADNgH
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Contamination of Total Petroleum Hydrocarbons (TPH)
in Marine Animals From Rayong Province, Thailand

Supawaree Kattima', Suratsawadee Sukeesan'”
rtment of Marine Science, Faculty of Fisheries, Kasetsart University, Bangkok, Thailand

Hydrogen (H) Carbon (C)  Oxygen (0)

L —
Commonly found in both: nature ‘afid “human aectivities, such as
combustion, fuel, or crude oil, especiallyindustrial.oil areas.

Rayong province, frequently faces oil .spills, «due to its various
industrial zones and multiple uses such asibeing a keyﬁshing EICE]
thatis crucialto both the regional and national econemy. =
Should concerned about human health*risks from toxicity of TPH
associated with seafood consumption in this coastal area

ANALYSIS
Perkin Elmer LS 55
Fluorescence
Spectrometer with
chrysene as the standard

Collected
samples Soxhlet

Extraction

RESULTS & DISCUSSION

TPH contamination was detected in marine animals at 6 of 9 stations and
all of 7 out of 10 species were found contaminated with TPH, ranging from
ND to 6.97 pg/g dry weight (chrysene equivalent) across crustaceans,
mollusks, echinoderms, and fishes. Species that contaminated TPH in this
study as show in this table below.

Total Petroleum Hydrocarbons (ug/g
dry weight as chrysene equivalent)

Group of marine TPH contamination

Location Collected species

animals (ng/g dry weight) Portunus  Holothuria  Arius  Holothuria Perna viridis Tenguella  Matuta  Meretrix
pelagicus sp. maculatus s granulata  victor meretrix
Ban Phe community (6) Meretrix meretrix 6.97 species
Saeng Chan beach (2) Tenguella granulata 4.76 . . . . .
Tt el ) Perna viridis 368 * The hlghest value in Meretr/xme_retr/xat Ban Phe (6@7 pg/g dry wel_ght)
EREIT P -> intense maritime as tourist boat transportation (to Sametisland)
C Oil Transport dock (4) Donaxsp. ND and communities.
Mollusks IRPC Oil Transport dock (4) Ferna viridis ND -> The semi-enclosed coastal topography of Ban Phe, which acts as
Saeng Chan beach (2) Arca navicularis ND a wind-shielded zone, could result in low water circulation.
Laem Charoen beach (3) Saccostreasp. ND « Area near Map ta phut industrial areas demonstrated the lowest value in
Takuan beach (1) Donaxsp. ND Portunus pelagicus at Takuan beach (0.32 pg/g dry weight).
Takuan beach (1) Saccostreasp. ND
Noen Kho beach (9) Saccostreasp. ND
Takuan beach (1) Portunus pelagicus 0.32
Crustaceans .
Mae Ramphueng beach (5) Matuta victor 481
. Personal beach (7) Holothuria sp. 259 Habitat & Feedmg characteristics
Echinoderms ) )
Sai Kaew beach (8) sp. 1.06 . Types of petroleum hydrocarbons
Fishes Takuan beach (1) Arius maculatus 2.27 - differing chemical properties and impacts

« The physical and chemical factors of surrounding environment
N . ) o - coastal morphology, monsoon winds (A/ronov, 1920
° Ut ConEmE i Gy e e e e i A7 > sediments as reservoirs for various contaminant pollutants

- (Massoud et al, 1996 Ghaemi et al., 2023)
2 ) - * Metabolism of each marine species
g -> ability of each species to accumulate and eliminate pollutants

(Neffet al., 1976; Connell, 1997; Ansari et al., 2012)

NOTE: ND = non-detected, (x) = Sampling station

Mollusks > Crustaceans > Echinoderms > Fishes

«  The Highest = hard clam (Meretrix meretrix) AcKN WLEDGMENT

=6.97 j1g/g dry weight
+ The lowest= blue swimming crab (Portunus pelagi _——————

=UEEp il \ This research article was successfully completed with the kind
; support of all members of the Marine Environmental Laboratory,
Department of Marine Science for guidance in laboratory, knowledge,
writing, and analysis to ensure the successful completion of this
study.

TPH contamination in marine animals along Rayong’s coast found
varying contamination levels across different species and areas
Mollusks > Crustaceans > Echinoderms > Fishes

The mollusk group; Hard clams (Meretrix meretrix) can act as
bioindicators of TPH. commercially important fishes of the Bay of Bengal. Marine Pollution Bulletin 64: 2564-2568.

Maritime activity areas with the environmental condition => hlghEI’ Connell, D.W. 1997. Bioaccumulation of chemicals &at%oorganisms._ Schuurrhan Chéfhital

Ansari, C. Desilva, and S. Badesab. 2012. Total petroleum hydrocarbon in the tissues of some

TPH ki d to oth Exposure and Binlo?l Effects. John Wiley and Soi rkv39—45(]
XSS ELTEN EEPENEE D EUElr Elets: A;Emi, F., F. Soleimani, andS. Gholamipour. 2023, nd perslstem organic pollutant profile of

This underscores the critical importance of raising awareness sediments from marine protected..areas: T i If. Environmental Science and
. - - Pollution R h 30: 120877-120891. DO 3

about the impacts on ecosystems. Particular attention should be it 7

di d d Ban Ph | " hich is a higt Massoud, M. S,, . Al-Abdali, AN. Al-Ghadban, a -Sarawi1996. Bottom sediments of the Arabian
irected toward Ban Phe coastal area (station 6), which is a nigh- Gulf—I1. TPH and.TOC contents as indicators of oil pollution.and implications for the effect and fate
risk contamination area, other areas should not be overlooked of the Kuwait oil slick. Environmental Pollution 93(3): 271-284. DOI: B .
either. Mironov, 0.G. 1980. Aspects of petroleum hydrocarbon metabolism in marine animals. Helgolander

. = Meeresunters 33: 292-296. DOI: 10.1007/BF02414754.
Supawaree-kagku-th

Marine Science. Fisheries KU
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Apocyclops royi (Lindberg, 1940)

Yeast supplementation in the culture medium affects the fatty acid content of copepods

Apocyclops royi (Lindberg, 1940)
aana undea’, Yian ailiteasaed’, naaisd duumiysal

*MAININOIMNAATINNZIA AR INOIMART YNAINTEIMINGIAY ngaMIa 10330
Pudiiugiranssunazma TuTaBiiand dninamnfanninamansuazma T Tasuiand il 12120

unAnge

MsANUINSIASUTAd (Saccharomyces ~ cerevisiae) TuormsiduaInfinen Apocyclops royi TiHagems
wiyhAvTatazifinansaluiuluTafinea Taoidvalnfinenluwnantruine 2 ans fldhmzianmis 25
psuifhuszozm 14 5u uazWynormsiinanaaiu \Run (1) Tewaselmis suesica, (2) Saccharomyces cerevisiae
1% (3) T. suecica Wil S. cerevisiae mnmamsAnmsmud anumniuwosTafinensniiszozuomaon
uazdin o inagaitgaldun yanaaeadao01ms 7. suesica s0saniluganansadaoemanay
IEWIN T, suesica NS, cerevisiae WAZYABTNTI S, cerevisiae NAWMN 15,800+1,216, 15,233+3,544 11z
33331757 faredns mwdrdy TaoySinansaluii Docosahexaenoic Acid (DHA) Hag Eicosapentaenoic Acid
(EPA) iSinmis it 0.348, 0.360 1182 0.071 me/100mg copepod VDIYABDIMITAWIA udluTaiinenit 1850
5. cerevisiae hivts EPA Ty TafwoaR 1850 7. suecica 395y 5. cerevisiae 921 DHA Wnanfounlnfinon
1850 7 succica fivaotrad darfu . cerevisiae aunsainnl#idiuiy 7. suecica 1ilomosTafinoalusaad
ﬁmwmuﬂauﬂmi‘w“luﬂ'liﬁvmv?wzviﬂﬁﬁmi'mﬁmm?nuuﬁuiaﬂﬂy

midndey: Jan, Tfinen, dpocyclops royi, naaluiiu
o o
AU
maoaindihfoseuiionlionnsiiFin Live food) i lath o7l Tsdinlod 1az Tniinon iifosnnd
Tasumsmsge ansaeghnfigui ua,"luﬂwmﬂumqmnwwuawﬂuumauq (uzdvad nazawz,
2561 InfineadhuiemsiaAatiannsamzdes|die i iismgn wasfvinadnih U lhduomsduda
lj'l'lﬂﬂﬂuulﬂﬂﬂ'lﬂ'ﬁuﬂ TﬁUHﬂ]il'ﬂnﬁﬂ'l“i'llll‘]\lll“ﬁ\‘D'I“'ISI?‘[NIFIWVIBH ‘Klﬂ1ﬂ1\ll“ﬂﬁﬂﬂ"“i]ﬂﬂ
asilsznovFuafiifuiudensiaTanas anﬂmnnn’mmmﬂmm“lmmPolyunsamra:ed fatty acid
(PUFA) 1102 Highly unsaturated fatty acids (HUFA) 1fudu SntaTafineaiunmdenes HUFA 1hufie
D Acid (DHA), Ei Acid (EPA) 112 Arachidonic Acid (ARA) i TilsAufisuflude
mmsiymuhummﬁnﬂmwn:ﬂmﬁﬁ"ﬂdeu (Watanabe et al., 1983)
misiauaTafinenss Idamhennadniiuemns 1ol Tevaseimis suesica 11ﬂaaﬂﬂwwna,4poc,claps

royi Wlims93gy@An Tnd (Fan nazauz, 2563) uaznsWamhonuunauiue s Tnfinen 4. royi
sz liifnalvivazauganihms Iduamwiivasiiahor wzasad uazae, 2561) dmiudanuu
119 (Saccharomyces cerevisiae) W30 Brewer's yeast Qﬂﬁ'ﬂlﬂ"ﬁﬂ?nlum“'IiA?:UJf'm’;‘L]"W iiloannii s
Tuanaioa i Smilu uagiinsaiiondsn Avaonszugiiduiu (Gopalakannan and Arul, 2010) nagiing
idadnlfriuiiomslumsidoamasiaoudad (Rodrigues ef al., 2021) #rfu winlftasithuiaghu
miusmnums1wmwi1u’lumimmIﬂwwaarmmmmuﬂmmwN’(nwmmﬂwﬂu’(ﬂwwaﬂH Sadoams
W HAYeMS 18R (5. corevisiae) NaEAMANG T succica HuoMTIAGITATNOA A, rovi AMBT201601
dommwiaydnTauazaSuansaluiuluTafineait 18 uommsiidiy

< an
gunsaiezIsms

111AfiNEA 4. royi AMBT201601 (Fig.1) MifiuimnfiguéisonnymmemedumaluTaginm
< . T = ) a da.1 %
Manzia ynasnsainninends ihlafinealdasauiiving 2 das ildimziaaimie 25 ppt Tao

iduaTafinoas i T waziBuaganaas dail
yamaoaft 1 doaTnfinen W 7. suecica fiuo s (yaniugu) aammunniusad 150104 addo
finddns

FAnAn0ai 2 oTnfinon 1HEAA (5. corevisiae) Fanal 0.2-0.4 nfuodns o1

FANAADY

yanaassii 3 RoaTafinon TauliBas s cerevisiae Vel 0.2-0.4 nudodns unzaM0 7. suecica i
AN 150x104 adAoiaaanT ﬁnun:xﬁuﬁﬂﬁm’luumém)

R EMNATABUTY 7. suecica doaluuaaudaving s ans T meianamui 25 psu frumsshido
udr @uennsgasiaaisa F2 (Guillard, 1973) ua:lﬁvmmns'w"luﬁmmuqnqquﬁ 25 paruraIFon
uazlrfome uaanndy 5,500 0 94 7. suecica Ay Sammninsadilszin 150104
wwaddoiaaans Sahamielliiuemisudlafinen dndadezinunimeandansosimnin
YUAAT 1 pm ﬁdmmiﬁu}ﬁalﬁﬂni:o’)’ulﬁ?ﬂﬁmnu Iddadiinu 0.2 g ile TnfineamuTariy
SdFainnasadiii 04 gL

Aumsnaass ldamiwluviados 2 s (Fig.2) naziduTaitnoaliiammmmniuGuduiiu 500-
1,000 ﬂ’lﬂﬂﬁﬁi !ﬁﬂlqu“ﬂiﬂ]uﬂnﬂﬂl'ﬂnﬂ 25 ﬂiﬂ'll‘]lﬁﬁfﬂﬂ 1"0‘m‘|ﬁ Alﬁ\‘ﬂ’l‘l\“'ﬂlﬂjfun'ml 5,500 ﬁﬂ"ﬁ
AamumaidvTavesTafineadismsiiusiauTafineanniunield Compound Microscope 1tazn3293A
WanamonTuiiovonimaiu wdsudodinng 3-4 51 Go-50%) uazduennsadlude dedugams
naaouh Tnfinead1edau Phosphate buffered saline (PBS) pH 7.4 1X Tnald Tnfinealudninesud iy
PBS ushstdau 1: 1 unann 9 udam pBs sonlunniiga e 3 ¥ iaznsvaTafinen oonain PBS
VUNTZAINNTBI GFC ﬁw’ﬁq"auﬁqmm}ﬂ 60 paruaigod wunta hlAnszinga vl (Lipid acid)
#1635 FAMEs analysis 1AZIA504 Gas chromatography (GC) (SHIMADZU GC-2010) awIimives
Thongdet ef al. (2024) VI’:TFI]]JU’JHUVITWUVI‘:‘V\NLI] nmmmmummumu

Fig.1 Apocyclops royi AMBT201601

This study aimed to investigate the effects of yeast (Saccharomyces cerevisiae) supplemented diets on the
growth and fatty acid composition in Apocyclops royi. The copepods were cultured in 2-iter glass bottles filled
with seawater at a salinity of 25 PSU. They were fed three food regimes for 14 days including: (1) Tetraselmis
suesica; (2) S. cerevisie; (3) the combination of T. suecica with S. cerevisiae. Growth rates and fatty acid
compositions In the experimental copepods were determined. The results showed that the density of the
copepods fed with T. suesica, S. cerevisiae, and T. suecica combined with S. cerevisiae was 15,800%1,216,
15,233+3,504, and 3,333 757 individuals per liter, respectively. Additionally, the essential fatty acid contents,
Docosahexaenoic Acid (DHA) and Eicosapentaenoic Acid (EPA) in copepods fed with T. suesica, S. cerevisiae, and
T. suecica combined with S. cerevisiae have a total amount of 0.348, 0.360, and 0.071 mg/100mg of copepods,
respectively. Notably, EPA was ot detected in the S. cerevisiae treatment. However, copepods fed T. suecica
with S. cerevisiae had lower DHA content than copepods fed T. suecica. Therefore, S. cerevisiae can be used as

a supplement to T. suecica to cultivate copepods during algae shortages, which will promote algae growth.

Keywords: Brewer's yeast, Copepod, Apocyclops royi, Fatty acid
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Fig.4 Fatty acid (mg/ 100mg) (HUFA) of copepod fed with different diets.
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Tmpact of Stocking Density and Environmental Foctors on Growth and Survivel of White Sea:
Cucumber (Holothurio scabra, Jeoger 1833) T Noturol Enclosuress A Case Study from toh Poos,
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Andaman Coastal Research Station for Development Faculty of Fisheries Kasetsart University
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0.44 a5u/%u dnsimssandinRag 19.16% Aaniidinnumuuiiue (0.75-1.0
£/05.31.) mmﬁanman (36.78%) wauziiAMuuMiugy (1.75 61/05.31.) 3
amﬁammm (6. 53%) mumwmumaaummmummsmsmmu‘im Taaans
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f Abstract )
The study on white sea cucumber (Holothuria scabra) farming in natural enclosure\s

at Koh Pu, Krabi, over 24 months, showed an increase in average weight from 244.91g to

472.59¢, with a specific growth rate of 0.098-0.114 g/day and a weight gain of 0.35-0.44
g/day. The average survival rate was 19.16%, with the highest survival (36.78%) at lower
stocking densities (0.75-1.0 individuals/m ) and the lowest (6.53%) at higher densities
(1.75 individuals/m ). Environmental conditions were suitable, with sediment organic
matter at 3.24-4.54%. The peak weight (757.3g) was recorded in August before declining
during the breeding season. The findings highlight the importance of density

@nagement and environmental control to optimize commercial farming. )
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Comparison of monthly mean body weight of white sea
cucumber during 2022 and 2024
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Problems and Needs

for supporting in durian production according to the standa
of Good Agricultural Practices of farmers in Krabi Provinc
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Abstract

This research aims to study 1) basic personal, social, and economic conditions of farmers, 2) knowledge about durian production
under GAP standards and durian export quality, and 3) problems, obstacles and requirements for supporting durian production.
The study tool was a structured interview and a knowledge test. The data were collected from 53 farmers who were participating
in the collaborative farming of the Department of Agricultural Extension in Krabi Province. Data were analyzed by descriptive
statistics. The results of the study found that (1) most farmers were female, aged over 60 years old, and with 5-10 years of
experience in durian cultivation. 85.50% of farmers grew Mon Thong Durian in a monoculture cropping with an average planting
area of 9.09 rais. The average cost was 20,945 baht/railyear, with an average yield of 740 kilograms/railyear. The important
problems of durian production were the high cost of production factors, the recording of durian production data, and the
prevention of disease and pest outbreaks. Farmers had knowledge in the planting, prevention and control of durian diseases and
pests in accordance with the requirements of Good Agricultural Practices (GAP) and agricultural product standards at a
moderate and excellent level, 30.19% and 28.30%, respectively. The need of farmers for knowledge support in the durian
production (u = 3.64:0.95), knowledge in compliance with GAP standards, pre-harvest management (u = 3.43:1.01), and data
recording (4 = 3.77:0.89), and a high-level need for assessment forms by government agencies (u = 3.87:0.71) and via online
platforms (p = 3.81:0.94).

Keywords: Durian production, Durian export quality, Good Agriculture Practices

Introduction
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Data Analysis

The study tool was a structured interview
and knowledge test.

1) basic personal, social, and economic
conditions of farmers data

2) Knowledge about durian production
under GAP standards and durian export
quality

3) Problems, obstacles and requirements
for supporting durian production

Exports

( Good Agriculture Practices
(GAP) Certification

Data were analyzed
by descriptive statistics.

Materials and Methods

The data were collected from 53 farmers who were
participating in the collaborative farming of the
Department of Agricultural Extension in Krabi Province.

The data were measured
by 5 point Likert’s scale and
analyzed as interval data.

3) The important problems of durian production
were the high cost of production factors, the
recording of durian production data, and the
prevention of disease and pest outbreaks. (Table 1)

Results

1) Most farmers were female, aged over 60 years old,
had completed elementary school education, and had
5-10 years of experience in durian cultivation. 85.50% of
farmers grew Mon Thong Durian in a monoculture P et
cropping with an average planting area of 9.09 rais. The Provlems
average production cost is 20,945 baht per rai per year, Rt e Ll S .
average production volume is 740 kilograms per rai per
year, and 56.60% of farmers had advance contracts
with companies/packing houses in Chumphon province.
75.50% of farmers have received GAP standard
certification (TAS 9001-2021), and 24.50% are in the

Table 1 Farmers’ opinions on the problems about durian production under Good Agricutural Practices (GAP)

Assessment Ayerage#G.  Level of Problems
2. Compliance issues with Good Agricultural Practices 2564115 Low
(GAP) standard

3. Environmental degradation and natural hazards 2152095 Low

4. Problems with acquiring crop under the Good 2.1820.88 Low
Agricultural Practices (GAP) certfication

Scores: 5.004.21 = Highest, 4.20-3.41 = High, 3.40.2.61 = Moderate, 2.60-1.81 = Low, and 1.80-1.00 = Lowest

4) The need of farmers in the durian production

process of applying.

2) Farmers (30.19%) knew about the durian production
under the GAP quality management system at a
moderate level, and the issue that farmers answered
most incorrectly was the requirements of GAP food
crops (TAS 9001-2021) and disease and pest control in
durian production (Fig.1)

Percentage

Poor Modest Moderate Good Excellent

Farmer's knowledge level of durian production under

Good Agricultural Practices (GAP) standards

ig.1 Farmer’s knowledge level of durian production
Good Agricultural Practices (GAP) standards (N=53)

knowledge at a high level (u = 3.64+0.95). The need
of farmers in Good Agricultural Practices (GAP)
standards for durian production had a moderate
level. Both of the need of farmers about inspection
by the government and via digital platform (website)
had a high level at the same level. (Table 2)

Table 2 Requirement of farmers for durian production support (N=53)
Requirement Assessment Ayeraget0.  Level of Problems.

1. Durian production support 364£0.95 High

2. Knowledge about Good Agricultural Practices (GAP) 3.1361.00 Moderate

standards.

3. Inspection and evaluation 3.13:0.79 Modorato

Scores: 5.004.21 = Highest, 4.20-3.41 = High, 3.40-2.61 = Moderate, 2.60-1.81 = Low, and 1.80-1.00 = Lowest

Conclusions

Problems 4

High cost and
requesting for
certificating takes
long time.

Production support,
GAP provisions
standard, and
Digital platform
inspection.
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Tourist satisfaction with agricultural

cafes in Kamphaeng Saen District

Nakhon Pathom Province

finfins deevias’ uaz inwudud dnasnu

Kittikorn Longhlong! and Kasamesant Sakoolrat!”
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$1um 60 Ay wamsITnud dhveufivaimnufiaelslunmsadnuyaanns dudwnndounmna
MYAMN UALAUNTEUIUNT 'Luszﬁumﬂ*?igm Aade 4.40, 4.35 uay 4.32 muddu waziinnuite
weladuanuit drusdniont wazdusia lussdunn Aad 4.15, 3.96 uay 3.64 AU Fu
sUuwwunsliuimsauidanens Sisailordaulvgudenisinseungauls Jevay 75.00 uay
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ningny Jevay 26.67 daumudlumssniiles euas 1 - 2 ad Jevar 78.30

Addiny (key word): anuiianela dnviedien aildanuns Sunedunuan

This research aims to study the tourist satisfaction and service usage patterns at agro-
tourism cafés in Kamphaeng Saen District, Nakhon Pathom Province. Data were collected by
using a questionnaire from a sample of 60 participants. The results revealed that tourists had
the highest overall satisfaction in personnel, physical environment, and service process, with
average scores of 4.40, 4.35, and 4.32, respectively. Satisfaction with location, products, and
pricing was rated at a high level, with average scores of 4.15, 3.96, and 3.64, respectively.
Regarding the service usage patterns at agro-tourism cafés, most tourists visited for relaxation
(75.00%) and to strengthen family/friend relationships (21.70%). The most tourists were first-
time visitors (70.00%), while 30.00% were repeat visitors. Tourists primarily learned about
agro-tourism cafés through online social media platforms (Line/Facebook) (60.00%) and
websites (21.70%). Most tourists visited during weekends (66.67%) and public holidays
(26.67%), with a visit frequency of 1-2 times per month (78.30%).

Keyword: Satisfaction, Tourist, Agricultural café, Kamphaeng Saen District
o_ o
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= 2) Tourist satisfaction with prices.

= 1) Tourist satisfaction with products,

= 3) Tourist satisfaction with locations. = 4) Tourist satisfaction with marketing promotion

5) Tourist satisfaction with personnel. 6) Tourist satisfaction with the physical environment

® 7) Tourist satisfaction with processes.
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Substitution of Wheat Flour with Jackfruit Seed Flour in Thai Crispy Rolls.
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ABSTRACT

This study aims to investigate the use of jackfruit seed flour

yu, uiland, n

as a substitute for wheat flour in the production of Thai crispy
rolls, as wheat flour is an imported ingredient containing gluten,
a known allergen, while jackfruit seeds are a locally available
ingredient with high nutritional value. The study found that the
optimal recipe for replacing wheat flour with jackfruit seed flour
includes tapioca flour, jackfruit seed flour, eggs, coconut sugar,
fresh coconut milk, and salt in the following proportions:
39.61%,1.76%,5.29%,22.03%,30.87%, and 0.44%, respectively.
In terms of temperature and time in the production process,
grilling at 150°C for 60 seconds resulted in the best-quality Thai
high with the
appearance, color, aroma, taste, and texture, with an average

crispy rolls. C

satisfaction rating of 4.83. This research demonstrates that
using jackfruit seed flour as substitute ingredient can enhance
the nutritional value of Thai crispy rolls and may offer a new
option for the health food industry in the future.

Keywords: Thai crispy rolls, Jackfuit seed flour, Wheat lour \Wheat flour substitution.
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Molecular Identification and Phylogenetic Analysis of Abalone Mushroom
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wiawthda (Pleurotus cystidiosus) agjlwasd Pleurotaceae 9aatluanawissy (Pleurotus sp.) Wiwfamsugiafiineasnsioume ussliguamulamwinisuaz
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aanifia §aen iWugudnaanen anuniuuazanagmimean kamsianziiauiaedlelnadvesuIiameumisdn intemnal transcribed spacer (ITS) ugaailasifud
anumdan (%identity) va9d1eudianalalndiu P. cystidiosus 8NN 98% LLa:Lmugﬁmwﬁ"uﬁufmaﬁuijnﬁu (Phylogenetic tree) WuAWENRUEMIASaiufi aana
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sinvasfiahdalaadiagndas
@rddn: masuun, waflanisiiluiana, Snymendagmine, Waidhda

Abstract

Abalone mushroom (Pleurotus cystidiosus), belonging to the family Pleurotaceae and genus Pleurotus, is used in commercial mushroom farming because of
its high value, good taste, nutritional, and medicinal properties. The objective of this research is to identify abalone mushroom strains using morphological
characteristics and molecular techniques based on DNA barcodes. Twenty-five abalone mushroom strains were collected in Thailand. The collected strains showed
differences among their morphological characteristics, i.e., form of mushroom, color of fruiting bodies, cap diameter, stipe size, and length. Nucleotide sequence
analysis of the internal transcribed spacer (ITS) of the isolated stains showed that all of them share over 98% sequence similarity with P. cystidiosus. Phylogenetic
analysis with ITS of the isolates with high similarity to P. cystidiosus with different Pleurotus sp. The results of the present study reveal that molecular techniques can
greatly aid in classification and identification of abalone mushroom.

Keywords: Identification, Molecular techniques, Morphological characteristics, Pleurotus cystidiosus
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Lithospheric Stress Modeling and Tectonics
Dynamics of Thailand
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@thern of Thailand are 4-6 kPa/yr and 3-5 kPa/yr respectively.

Abstract

Thailand is situated in a region surrounded by major plate collision zones, making it susceptible to seismic hazard. This study aims to understand the primary tectonic
systems in Thailand and surrounding areas that drive tectonic stress of Thailand region. A detailed lithospheric stress model of Thailand was developed using mathematical
calculations based on the finite element analysis method, focusing on the Thai and neighboring plates. The result from this study indicates that the Sumatra-Andaman Subduction
Zone has slip rate about 28-52 mm/yr, the Sagaing Fault has slip rate about 10-13 mm/yr, the Sumatra Fault has slip rate about 5-10 mm/yr and the Red River fault has slip rate
about 2-5 mm/yr. The fault slip rates from our study are consistent with observations of slip rates for the major fault in Southeast Asia. The resulting plate velocities from our study
also show that the plate velocities of Thailand, relative to the Eurasian Plate, are approximately 7-10 mm/yr, with a southeastward movement which is comparable to the

observations of actual measurements. The lithospheric stress rate from our study is highest in northern Thailand, about 1-9 kPa/yr. The lithospheric stress rates in the western and

~

J

o Easian
e

Thailand is located in a region surrounded by major tectonic plate boundaries, where moderate to large earthquakes
occur frequently. The country is also situated near significant fault lines and a major subduction zone, which are
responsible for some of the most powerful earthquakes. Notable examples include the Sumatra Subduction Zone, the
Andaman-Nicobar Fault Zone, and major fault systems in Myanmar. As a result, Thailand faces a moderate to high risk of
seismic activity. Nearly every region of the country has experienced some degrees of seismic activities, with moderate
earthquakes occurring approximately every 10 years and smaller earthquakes happening much more frequently,

particularly in the northern, western, and southern regions (Tapponnier et al., 1982 and Charusiri et al., 2007).

\

Introduction
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Conclusions

The tectonic model and lithospheric stress of Thailand were developed using
mathematical calculations based on the finite element method, focusing on the Thai
and neighboring plates. The results indicate that the Sumatra-Andaman Subduction
Zone has a slip rate of approximately 28-52 mm/yr, the Sagaing Fault has a slip
rate of about 10-13 mm/yr, the Sumatra Fault has a slip rate of about 5-10 mm/yr,
and the Red River Fault has a slip rate of about 2-5 mm/yr. The plate velocity in the
Thai region relative to the Eurasian Plate is approximately 7-10 mm/yr, with an
eastward movement. The lithospheric stress rate in northern Thailand is the highest,
ranging from about 1-9 kPalyr. Stress rate in the western region is about 4-6 kPalyr,
while in the southern region, it is about 3-5 kPa/yr. The northern region of Thailand

where it has a high stress rate can introduce more seismicity. Both the southern and

western regions experience moderate stress rates, making them areas where

earthquakes may occur occasionally.
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Micro-XRF analysis for quantification of uranium
and thorium in geological samples for nuclear forensics.

MRzl NseLIsIHe LR BTN TuArasIessHanen

AandsnsdinsnsinUsinnigaiflenuasmaiEoy
finel Micro-XRF Tuiameinsmessdianen dwsutidn
Asnanaseunulainanefaatie (non-destructive
analysis) Tusmlfanenmansiandss (nucear forensics  analysis)
Tnenianaunmsgmuniali in-house standard) snaadisdisiag
widas ICP-Ms Faifl
ai19naifisuninsgiudimsudaadianisssdiingnann

anda >

WA ANgNABITIBdATIuHNEIg9 978U
ANaNRNEaTndanazasanudinduaIneaTes ICP-MS uazAN
. ! o an s
inann Micro-XRF - sidinasdnanssadiinensmiannuudinduaeg
singnalnpifuiunsifisuNInsgIN 598%9 ASI9FBUAINHGN
FITUNANTITIATIZIT (e nLAEes ICP-MS Fael paired t-test W
- cdry L aar g o ae o s

WaN19AAIIZAT FeanedB hiflnauansnsinadneiiladdny
Tneidntisaniningaie 2.228 fisziuaruiEesiu 95%

Ansaiuazignis

-kl

Micro-XRF 434 M4 TORNADO, Bruker

"l
.~ 1%

1. NSLASLHAIDES

dunetiauin 2

2. AsAAsRad1edaeLAEas Inductively Coupled Plasma
Mass Spectrometry (ICP-MS)

Haamtadinin 01000 i 65% HNO, 1317 5 i dadnuwhlimmdeuignmn 150 °C

1
i

CP-HS 434 7700x, Agllent

P
HNO,

WHiam 50 mi faw 2% KO,

3. n'ﬁ"}miﬁxﬁﬂ%mmgmﬁﬂxlevmL%HNTuﬁ"zmiwwwﬁssﬁ'“mm
$i98l Micro-XRF

5.1 s nEMUSusuRsAe s o s esuase Geanion

Micro-XRF a1nAa18 duingszndnsmaadinduiliannanis

NAFaUAILARA ICP-MS WaYA cps #Tdan Micro-XRF

3.2 ApeidaednanesadiAngionan 12 fedne Tneliiedes

Micro-XRF 3743 3161 cps AAlAsndnmaauitanrnGnmgiaien

2
LRZNBLIEH

finfinssnlszne

wpreuRmnAinSIRsrgnduarlalalny aowAnenmand
ANENAEINEASANERS ATINEATIZIATEY Micro-XRF

Lﬁ@ﬂﬁuﬂgumsmswﬁg@ﬁmﬂﬁnuaivmﬁ'zm'?mé AL IARA Micro-XRF

1. anadindnzasmsuinsgiu

AosidnduansgisflosuasodonTuansnnagin REE-2 daify
faunuesefaagmnassdiingn wudnfidegtugaszesaanudisduaes
Fan#naBefisuses (certified reference material: CRM)

Table 1 Concentration of uranium and thorium in REE-2 certified reference material using ICP-MS

Concentration (%w/w) CRM value (%w/w) % RSD
u

0.000385 0.000373 + 0.000012 103.2
0.0750 0.0737 + 0.0014 101.8
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Table 2 Concentration of U and Th in in-house standard using ICP-MS
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Fig.2 Calibration curve uranium concentration
from in-house standard

Fig.3 Calibration curve thorium concentration
from in-house standard
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Table 3 Comparison of uranium and thorium concentration using Micro-XRF and ICP-MS

U (%w/w) Th (%w/w)
Micro-XRF ICP-MS Micro-XRF ICP-MS

Code

46.112 £ 2582 42170 + 0.031  27.449 + 1.358  26.830 + 0.008
23.608 + 1319 23520 + 0.038 22515+ 1719 24.470 + 0.011
40591 +1680 42170 +0.028  9.797 + 1257 9.390 + 0.112
35.063 + 1470  36.400 + 0037  26.024 +1515  25.980 + 0.053
34709 +1.737 33710 +0.015 38516+ 1128 35.930 + 0.090
47453 £ 1022 48210+ 0034 24799 +1241  25.000 + 0.096
0.141+0502 021040019 22138 1188  23.520 + 0.012
0192 +0505 0320+0008 40752+ 1698 41400 + 0.086
0192 +0.505 0320 +0023  40.622 +1430  41.060 + 0.040
0.200+0509  0.200+0008  32.183+1077 32050 + 0.033
0250+ 0.502  0.250 + 0.003  30.679 +1.134  29.650 + 0.025
0.660 + 0501  0.660 + 0.004  30.259 + 1749  29.270 + 0.030
1.226 0.138 "
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Methakriat Sirival®, Apiwat SaengwongP, Rujikarn Sirivantharatc*

“Department of Chemistry, Faculty of Science, Chulalongkorn University, Bankok 10330, Thailand
bThai Traditional And Alternative Medicine Subdivision, Sakon Nakhon Provincial Public Health Office, Sakon Nakhon 47000, Thailand
“Department of General Science, Faculty of Science and Engineering, Kasetsart University Chalermphrakiat Sakon Nakhon Province Campus,
Sakon Nakhon 47000, Thailand

*Corresponding author. E-mail address: rujikarn.s@ku.th

Abstract

This study aimed to analyze the phytochemical composition and biological activities of crude extracts from Piper sar

leaves (Piper sar Roxb.) using 95%

ethanol as a solvent. The crude extract yield was 4.87%. The qualitative and quantitative analyzes revealed the following:Preliminary phytochemical tests identified key bioactive
compounds in the extract, including terpenoids, steroids, alkaloids, coumarins, tannins, and cardiac glycosides. The extract's total flavonoid content was measured at 33.70 + 2.34
mg/g dried weight, while the total polyphenol content was 452.10 + 1.15 mg/g dried weight. Antioxidant activity, determined by IC50, was 45.07 + 0.02 mg/L, indicating strong free
radical scavenging potential. The GC-MS analysis identified a variety of bicactive compounds, with the five most abundant being: Glutarimide, N-(2-octyl)- (22.32%),
hydrocinnamic acid (7.11%), quinazoline, 1-(decylsulfonyl)-1,2,3,4-tetrahydro-3,6-dimethyl- (5.89%), 3-aziridinopropionaldehyde carbethoxyhydrazone (5.33%) asarone (4.19%),
respectively. The ethanol extract of Piper sarmentosum leaves contains numerous significant chemical constituents with remarkable biological activities, such as antioxidant, anti-
inflammatory, antimicrobial, and anticancer properties. These findings suggest its potential applications in developing nutraceuticals and pharmaceuticals for health promotion and

chronic disease prevention.

Keywords: Phytochemical screening, Identification compounds, Piper sarmentosum Roxb., Crude Extract, Solvent extraction

Introduction

Herbal plants are considered an essential source of phytochemicals that possess diverse
biological potential and play a significant role in human health for disease prevention and
treatment. Piper sarmentosum Roxb. is a widely used herbal plant in Southeast Asia, including
Thailand. It has been popularly utilized in food and traditional medicine for along time. Wild betel
leaves contain key bioactive compounds with pharmaceutical potential, such as phytochemicals,
including phenolic compounds, flavonoids, antioxidants, terpenoids, and alkaloids, which are
known to exhibit health-promoting effects and reduce the risks of various diseases, such as
antioxidant, anti-inflammatory, antimicrobial, anti-cancer, as well as anti-diabetic and
cardiovascular effects (La Rubia.M. et al,2013; Tiwari, B. et al,2010; Xiao, K et al, 2024; S.
Salman. et al.,2015)

The study of phytochemicals in wild betel leaves is important because these compounds
have the potential to develop new drugs and health products. Additionally, wild betel leaves play
a significant role in local nutrition and community health. This study focuses on analyzing the
chemical composition of key compounds in wild betel leaves and evaluating their biological
activity to promote the scientific utilization of natural resources and add economic value to this
medicinal plant for future development of health or pharmaceutical products.

G

Result and Discussion

Qualitative analysis

Table 1 Phytochemical screening of Piper sarmentosum leaves extracts

Phytochemical pound Ethanol extraction
terpenoids +
steroids +
alkaloids +
coumarins +
tannins +
Anthraquinone -
cardiac glycosides +

Note: (+) denotes “present” (-) denotes “absent”

The results show that Piper sarmentosum contains key compounds like terpenoids, steroids, alkaloids,
coumarins, tannins, and cardiac glycosides, supporting its medicinal potential. These findings align with its use
in health and pharmaceutical products (Sakilan, J. M., 2019). Other studies highlight the antioxidant and anti-
inflammatory effects of terpenoids and flavonoids, which help lower the risk of chronic diseases. Additionally,
alkaloids and coumarins support immune function and reduce oxidative stress (Wong, S. P. et al., 2006).
Quantitative analysis

Table 2 Total flavonoid, total phenolic and antioxidant activity of Piper sarmentosum leaves

Parameter Amount of substance
Total Flavonoid (mg /g dried weight) 33.70+2.34
Total phenolic (mg /g dried weight) 452.10+1.15
Free Radical Scavenging Activity (mg/L ICy,) 45.07 +0.02

The ethanol extract of Piper sarmentosum leaves contained 33.70 + 2.34 mg/g DW of flavonoids and
45210 + 115 mg/g dried weight of ics, indicating strong idant potential. The ICsq value from the
DPPH assay was 45.07 + 0.02 mg/L, comparable to 55.25 mg/L reported by Sakilan, J. M. (2019), where a lower
ICso indicates stronger antioxidant activity. These findings suggest that flavonoids and phenolics contribute
to the antioxidant capacity (Lee K. H. et al, 2011). This study supports the role of Piper sarmentosum as a rich
antioxidant source, consistent with research on the Piperaceae family’s medicinal properties (Xiao, K. et al.,
2024; Wong, S. P. et dl., 2006).

Gas Chromatography-Mass Spectrometry (GC-MS)Analysis

The study of bioactive compounds in the
ethanol extract of Piper sarmentosum Roxb. using
GC-MS revealed different peaks, indicating the

Table 3 Phytochemical identified of ethanol extracts
from of Piper sarmentosum leaves using GC MS

Peak Retention Chemical composition % Area
e e diversity of phytochemical components, as shown
1 13737 Hydrocinnamic acid 711 in Fig 1. The bioactive compounds were identified
2 13.968  Benzenepropanoic acid, ethyl ester 177 by comparing the mass spectra with the Wiley7n
B 15122 1;3Propanediol, zethyl-z- e database, showing more than 82% similarity. The
e e 2 five most abundant compounds were: Glutarimide,
s ‘:;‘;";mmm iliingone e N-(2-octyl)- (22.32%), hydrocinnamic acid (7.11%),
6 18453 Benzene, (2cyclopenten-: yimethyl 112 quinazoline, 1-(decylsulfonyl)-1.2,3,4-tetrahydro-
7 18.645 1245 Trimethoxyphenyl)propan-2- 0.76 3,6-dimethyl- (5.89%), 3-
one . aziridinopropionaldehyde carbethoxyhydrazone
SRR sae (533%) ond Asarone (419%), as shown in Table 3.
10 19657 2 Dimethoxyphenylamine, N- 051
‘ethonycatboryts Fig. 1 GC-MS Chromatogram of Piper sarmentosum
AT 206877 n:Hexadecancicedid S ethanol leaf extracts.
12 20762 trans-Sinapyl alcohol 089
13 20942 Glutarimide, N-(2-octyl)- 23 woon
14 21862 Phytol 071
15 22625 Glutarimide, N-(2-octyl)- 29 e
16 22668  3-Aziridinopropionaldehyde 533 o
carbethoxyhydrazone >
17 22831  quinazoline, 1-(decylsulfonyl)-1,2,34-  5.89 E b
tetrahydro 3,6-dimethyl- .
18 22995  Malonicacid, decyl 2,d-dimethylpent-  2.56 i
3yl ester o
19 2305 Dodecanamide, N,N-bis(2- 04 _—
hydroxyethyl)-
20 2319 quinazoline, 1-(decylsulfonyl)-12,3,4- 108 .

tetrahydro-3,6-dimethyl-

Rotenion Time

P Materials and Methods

Sample Prepararation

Latitude: 17.3965448Rd
Longitude: 103717577

Wild betel sample

leaf collected from

Phangkhon District,
SakonNakhon Province

Dried
dried at 40°C then
ground into powder

Extracted & Shaking
using 95% ethanol by
maceration. Then
shaking the solution

concentrated
Filtered and evaporated
to obtain the crude
extract.

Qualitative analysis

Terpenoid o
Extract dissolved Added conc. Brown ring af the
t interface indicates
in chloroform Hy504 ‘
terpenoids.
Added glacial shl
Evtract dissolvedin e -> E'”f"?’ee_“'s_h blue
chloroform and shaken. solution indicates
conc. H,50, steroids.

Alkaloid

Filtered and mixed
with Wagner's =

Reddish-brown
precipitate

Extract > heated
dissolved in HCI for 5 min.

N

reagent. indicates alkaloids.
Coumarin
Extract dissolved in Mixed with Dark yellow color
50% ethanol NaOH indicates coumarins.

Filtered and _
Extract dissolved o heated X X Dark green or blue
A > =% mixedwith = black solution
in distilled water * for 5 min.
1% FeCly.

indicates tannins.

Extract dissolved  heated Filteredand ~ Reddish-pink color
in 10% H.S0, for 5 min mixed with indicates
2 ) 10% NH,OH. anthraquinones.

Mixed  glacial Brownringat the
Extract dissolved in o yith e acetic o+ " = interface indicates
chloroform and filtered 13, Fecl, ~  acid 2774 cardiac glycosides

Quantitative analysis
AT

Dissolve the extract in
distilled water.

Dissolve the extract Prepare standard ascorbic

acid solutions

+ + +

Extract solutions at similar

in ethanol.

Add potassium acetate Add Folin-Ciocalteu reagent.

concentrations.
v v v

Add aluminum chloride Add distilled water. Mix the solutions with DPPH

solution.
: v s

Add sodium carbonate X .
(10% Na,COs) Incubate the mixture in the
" 2 dark for 30 minutes
Measure the absorbance
at 413 nm using a UV-VIS

Add sodium hydroxide

Measure the absorbance at
514 nm using a UV-VIS

Measure the absorbance at
771nm using a UV-VIS

spectrophotometer. spectrophotometer. spectrophotometer.
e a | | s \ M
> Compare absorbance
= - values to determine
= = antioxidant activity.

.

Gas Chromatography-Mass Spectrometry (GC-MS)Analysis

The extract was dissolved in methanol, filtered using a
0.45 pm Nylon membrane, and analyzed with Gas
Chromatography-Mass Spectrometry (GC-MS) using an
Agilent 6890N instrument and 5973 Inert MS detector. The
conditions included: Initial temperature: 70-220°C at
2°C/min, Analysis time: 85 minutes, Capillary column: DB-5MS
/' (30 m x 0.25 mm x 0.25 um), Flow rate: 1.0 mL/min, Library:
Wiley7n.

J
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Virtual Screening of Malaria box compounds against

Plasmodium proteins in ookinete and oocyst stages
Chiratchaya Kittapaspong, Anchanee Kubera
Department of Genetics, Faculty of Science, Kasetsart University, Bangkok, Thailand

Abstract

Malaria remains a global health challenge due to Plasmodium parasites transmitted by Anopheles mosquitoes. Plasmodium vivax is the most
common species in Thailand. Previous transcriptome data analysis revealed the expression of stage-specific genes, mapped to biological pathways
using Reactome. Three essential proteins calmodulin (CaM), stress-inducible protein 1 (SIS1), and ubiquitin-conjugating enzyme E2 (UBE2) were
selected based on their roles in parasite development. Four hundreds malaria box compounds were virtually screened against Plasmodium proteins
and top-scoring candidates were analyzed for their interactions. These findings provide insights into potential inhibitors for P. vivax development.
Introduction I Figure 1. Reactome biological pathway analysis of P. falciparum revealed seven|
biological pathways of CaM protein include signal transduction, hemostasis, immune |
system, metabolism, transport of small molecules, muscle conduction and neuronall
system as shown irj_Pink dots and lines. |

. -

il . . e

Malaria caused by Plasmodium parasites and
transmitted by Anopheles mosquitoes remained a significant
health issue. P. vivax is the most prevalent species in Thailand.
The parasite undergoes critical development in mosquitoes,
particularly at the ookinete and oocyst stages. Transcriptomic
analysis identified highly expressed genes associated with
parasite survival. This study focused on three proteins at the
ookinete and oocyst stages :

- CaM: regulates parasite motility and maturation
- SIS1: homeostasis and assists midgut invasion

- UBEZ2: vesicle transport and parasite maturation

. . Table 1. Biological pathway analysis results and UniProt protein IDs in ookinete, oocyst
These proteins were selected as potential drug targets for

and two-stages of Plasmodium falciparum by Reactome

inhibitor screening. o Uniport ID . falciparum
atnway Ookinete 2 stages Oocyst
ObjeCtIve Q812Q2 Q8I6T3 Q8IBI3 Q81261
. . . . . Q81JJ2 Q8I0U7 Q8I4U5 COH4M1 Q8IDG3 BIZSI6 Q8IAR3 Q8IKCY
To identify and analyze P. vivax proteins that expressed during | | aystom et o oot ADA144A1Y0 QBIS01 Q7KGBO Q8I3R7 |  QBIIWO 077396 QBIEQT QBISCS
development and evaluate their potential candidate inhibitors COH516 QBI1S0 G A 2 BIC0S | T BT
using virtual screening of malaria box compounds. AOAT44ATYO
Materials and Methods Hemostasis QBIJV6 CBKT19 NIA [ reARAE
Biological Pathway Analysis
Transcriptomic data from ookinete and oocyst stages were Signal ggfzze‘g c‘,ﬁ}@gs ggmg Q81256 QBI6T3 COHAV6 QBIBI3
i i i i transduction Q8I0U7 Q814US5 Q8I3R7 Q81239 Q8IC05 Q81261 Q8IDG3 QBIAR3 Q8IKCY
analyzed via Reactome to identify functional targets 3 e, 077312 077315 026153 QBI2H3 Q8IJW0 077396 QBIEQ1 077345
l Q8I3P9 Q8I2P9 QBI2KS Q8IJT1 CEKST3 Q7KEAI ADA144A1Y0
Protein Selection & Preparation Il. MMV compounds binding against the PI. dium proteins

Pathway analysis of transcriptome data identified protein involved
in biological processes essential for parasite survival and
development. Three protein were selected and their structure

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
Qmere obtained from AlphaFold |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

The binding interaction of malaria box compounds with three Plasmodium
proteins with top-scoring inhibitors for each protein that presented the lowest total
free energy AG (kcal/mol) by iGEMDOCK

« CaM: MMV007384 (-96.58 kcal/mol) shown in figure 2B

«  SIS1: MMV019881 (-72.07 kcal/mol) shown in figure 3B

+  UBE2: MMV019780 (-85.37 kcal/mol) shown in figure 4B
Total free energy indicates stability of the binding interactions of protein-
compounds and should further evaluated for their inhibitory effects on
Plasmodium vivax development.

|

Virtual Screening
« Software: iIGEMDOCK v2.1
+ Compounds: 400 malaria box compounds screened against
target proteins
« Scoring: Binding energy (AG) used to rank interactions

\

scoring binding energy

Figure 2A: CaM structure show the interaction with five Figure 2B: Binding interactions (dash line)
top-scoring malaria box compounds; MMV007384 between CaM and MMV007384
MMV665943, MMV396594, MMV665883, MMV665902

Visualization
PyMOL was used to analyze interaction

PyMOL
visualization software

-

Figure 3A: SIS1 structure show the interaction with five Figure 3B: Binding interactions (dash line)
top-scoring malaria box compounds; MMV011832 between SIS1 and MMV019881
MMV007881, MMV396705, MMV019881, MMV403679

Results & Discussion |
1. Biological pathways I
Pathway analysis identified 27 biological pathways in total butI
only seven key biological processes associated with parasite
transcriptome data including metabolism, transport of smallI
molecules, muscle conduction, neuronal system, immune I
system, hemostasis, and signal transduction. These results | -,
indicated that the candidate three proteins were crucial for| | b

parasite survival during infection. CaM (AOA144A1Y0) was|I
involved in multiple pathways including signal transduction,l
immune system and hemostasis and could be found in both

| Figure 4A: UBEZ2 structure show the interaction with five Figure 4B: Binding interactions (dash line)

i : |
stages of parasite (Flgl.Jre1 ): S.|S1 (096212) .and UBE.2| top-scoring malaria box compounds; MMV019780 between UBE2 and MMV019780
(097241) were stage specific proteins and for parasite shown in MMV666067, MMV665917, MMV666023, MMV39663
tablet. |
= S S 1
Refe! “"crrrlicimn - - - - """ 7""7"7"7—77——= 1
rences | Conclusion
Boonkaew, T., Mongkol, W., Prasert, N . . . N L N I
ﬁ;ﬂ&gg{j‘w B |+ CaM, SIS1, and UBE2 play essential roles in Plasmodium vivax survival and development within the mosquito. I
Jranserlome anabse of Anopheles. | V/irtual screening revealed candidate inhibitor with strong binding stability to the target protein. |
Further studies, including in vitro validation are required to confirm their inhibitory effects on parasite development. |
+ This study identifies candidate inhibitors for novel malaria intervention strategies that particularly for blocking transmission |
and historical aspects of " T T T T T T T T o o T o T T o T T T T T T T T T T T T T T T T T T T T
% :

malaria.  Clinical
. 15 . . Acknowledgement |
Y This study was supported by the National Research Council of Thailand |
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@'Tﬂ?ﬂﬂ"lLLWﬂ"lf:lﬁuﬁjiﬂJﬂéf'l (Coffea canephora Pierre ex A. Froehner)
Effects of Cytokinin and Auxin on Callus Induction from Leaf Explants '

of Robusta coffee (Coffea canephora Pierre ex A. Froehn‘eh'
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dindin 0.6 Wasidud fiwean 15 wift ua 0.3 wWediiud wean 10 wift Tasidn
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This research studied the appropriate natural sterilization technique of Robusta
coffee leaf culture by experimenting with 4 treatments. It was found that the proper
sterilization technique was by soaking the leaves in 70% ethanol for 1 minute, followed by
Amoxicillin for 30 minutes, soaking in 0.6% Sodium hypochlorite for 15 minutes, and 0.3%
Sodium  hypochlorite for 10 minutes, adding 1-2 drops of Tween-20 and washed with
Sterile water for 3 times and cultured for 4 weeks. The sterilization rate was found at
73.3+0.08% and the survival rate was 40+0.09% then the callus induction by transferring
sterile explants to culture medium supplemented with BA (6-Benzylaminopurine) at O, 1.0,
3.0, and 5.0 mg/L and BA combination with 2,4-D (2,4-Dichlorophenoxyacetic) at O, 1.0,
3.0 and 5.0 mg/L. The results showed that the culture medium supplemented with 2,4-D
at 1.0 mg/L after culture for 4, 6, and 8 weeks produced callus at 0.03+0.01, 0.11+0.03
and 0.18+0.04 g, respectively.
Q(eywords: Callus, Plant growth regulators, Robusta coffee, Sterilization, Tissue culture /
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Table 1 Sterilization sequence of Robusta coffee leaf explants using Amosxicillin,

Mancozeb 80% and Sodium hypochlorite at different concentrations and durations.

Sterilization Sodium hypochlorite (%)

i Treatments | First sterilization | Second sterilization | Third sterilization | Fourth sterilization

muraneigladadn

| reootr concentoton nd rbotn tempeae, Erh on Eryecrmentl Scree. 16, Dirg 100881755+ 15471012012
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(30 min) (30 min) (15 min) (10 min)

‘Aol B 06 03

‘Amoxiclin Moncozeb 80% 06 03

‘Amoxiclin B 18 12

Amoxiclin Moncozeb 80% 18 12
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Table 2 The results of sterilization and callus formation after sterile treatment after 4 weeks of culture.

Sterilization Sodium hypochlorite (%)
Treatments | First sterilization | Second sterilization | Third steriization | Fourth sterilization | Sterile rate | Survival rate
(30 min.) (30 min.) (15 min.) (10 min) ) )
1 Amoxiiln B 06 03 7534008 | 40+009°
2 Amoxiciln Mancozeb 80% 06 03 7334008 | 1332006
3 Amoxiilin B 18 12 80:008° | 163+006"
4 Amoxiiln Mancozeb 80% 18 12 6334008 | 66+004

“Mean + SE wih the diferent superscrptin colurnn are signficanty diferent (p<0.05)

Fig. 1 Results of sterilization of Robusta coffee leaves explants after 4 weeks
of culture.

A Sterzation with Amoxiclin for 30 minutes, followed by 0.6% ond 0.3% Sodium
hypochlorte solution for 15 and 10 minutes, respectively.

8. Steriization with Amoxiclin folowed by Mancozeb 80% for 30 minutes, Sodum
hypochlorte solution 0.6% and 0.3% for 15 and 10 rinutes, respectively

C. Steriization with Amoxiclin for 30 minutes, folowed by 1.8% and 1.2% Sodum
hypochlorte solution for 15 and 10 minutes, respectively.

D. Steriization with Amoxiciln followed by Mancozeb 80% for 30 min, Sodium

hypochlrte souton concentraton 18% ond 1.2% or 15 and 10 min,respecively.
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Probiotic properties and anti-aquatic pathogenic activity of non-starch polysacchar

degrading Bacillus velezensis newly isolated from gut of the termite Termes comis
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? Department of Microbiology, Faculty of Science, Kasetsart University *Email: fsciprd@ku.ac.th

Abstract

This study aims to evaluate the probiotic properties and antimicrobial activity against aquatic animal pathogens of non-starch polysaccharide (NSP)-degrading
bacteria isolated from guts of the termite Termes comis. After bacterial isolation and screening, the selected bacteria were molecular identified and evaluated for NSP-
degrading activity, antimicrobial ability, and probiotic properties. Among 49 bacterial isolates, the isolates Tc10, Tc19 and Tcd4d were selected based on the presence of
NSP-degrading enzymes (cellulase, pectinase and xylanase). Based on 165 rRNA gene sequence analysis, these three isolates were closely related to Paenibacillus
lutimineralis (Tc10), Paenibacillus alvei (Tc19), and Bacillus velezensis (Tc44). Among them, only B. velezensis Tcdd could survive in gastrointestinal tract conditions of pH
2.5 and 0.3% bile salts. It presented broad-spectrum inhibition against all five aquatic pathogenic bacteria; showed the highest antioxidant activity; and presented all NSP-
degrading enzyme activities and its harmless according to hemolytic activity, biogenic amine production, and antibiotic susceptibility. Moreover, Tcdd showed the highest
adhesion capability to Caco-2 and HT-29 cells and also presented anti-adhesion ability against all test pathogens based on competition, inhibition, and displacement
assays. This in vitro study provides a scientific finding of potential probiotic bacteria from the termite guts useful for feed microbiology and biotechnology.

Keywords: Probiotic, Non-starch polysaccharides, Termite gut, Bacillus, Aquatic animal pathogens

Introduction

Probiotics are live microorganisms that inhabit in animal gastrointestinal tracts
and have important roles for improving animals and human health. Non-starch
polysaccharides (NSPs) are polymeric carbohydrates that are difficult to degrade.
Many plant-based raw materials containing NSP content are most commonly used as
main ingredients in fishmeal for aquafeed production to reduce the feed costs. Due
to the lack of NSP degrading enzymes in monogastric animals (including fish), the
undigested NSPs can remain along the gastrointestinal tract that lead to a significant
increase of the digestion and absorption inhibition of feed nutrients. One alternative
way to minimize the anti-nutritive impacts of NSPs and improve their utilization is NSP
hydrolysis by probiotics enzymes and their hydrolysis products could be prebiotics.
The objectives of the present study were to evaluate the probiotic properties and
antimicrobial activity against aquatic animal pathogens of NSP degrading Bacillus sp.
newly isolated from guts of the soil-feeding higher termite Termes comis.
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Material and

polysaccharide degrading

1) Isolation and screening of non-sta

Termes comis (Tc) Spread plate on NA
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Bacterial screening by
* Morphological characterization

Selection of endospore forming bacteria *  NSP degrading ability

©  Screening of the ability to produce NSP-degrading enzymes: cellulase, pectinase and xylanase using
point inoculation technique on NA supplemented with 1% different substrates. After incubation at
37°C for 24 h, the rate of enzyme production were measured.

2) |dentification of non-starch polysaccharide degrading bacteria

Bacterial genomic DNA extraction using the Genomic DNA Purification Kit (Thermo Scientific, USA) &

Identification based on 165 rRNA sequence analysis

3) Probiotic characteristics of non-starch polysaccharide degrading bacteria
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6) Assay of adhesion and anti-adhesion to human adenocarcinoma cells

—

5) Evaluation of safety profile

* A Antibiotic susceptibility test
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1 electron microscope (SEM)
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In summary, the present study demonstrated a knowledge of potential non-

b, starch polysaccharide degrading probiotic bacteria from termite guts. The potential
| strain, Bacillus velezensis Tc4d exhibited the ability to produce all three enzymes
NSP-degrading enzymes. This strain, could tolerate pH stress and bile salts conditions,
highest antimicrobial activity, strong antioxidant activity, high adhesion ability and

| anti-adhesion against pathogens to intestinal cells. In addition, the evaluated
antibiotic susceptibility, hemolysis activity and biogenic amine production indicated
safety for use. This in vitro study explores a scientific finding in microbiology for future
research to reduce antinutritional effects of dietary NSPs in animal digestion.

Results

1) Isolation and screening of non-starch polysacchar

e degrading bacter

A total of 49 Gram-positive endospore forming bacilli were isolated from the
guts of Termes comis and they were indicated as isolates TcO1 to Tc49. The three
bacteria (isolates Tc10, Tc19 and Tcd4) with the ability to produce all three
enzymes NSP-degrading enzymes including cellulase, pectinase and xylanase were
used for subsequent experiments (Fig. 1)
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Fig. 1 Rate of NSP-degrading enzymes of the isolated bacteria: cellulase (A),
pectinase (B), xylanase (C), and hydrolytic photograph (D).

2) Identification of non-starch polysaccharide degrading bacteria

Based on 165 rRNA gene sequence analysis, Tc10 was closely related to
Paenibacillus (utimineralis, Tc19 was closely related to Paenibacillus alvei, and
Tcdd was closely related to Bacillus velezensis (Tc4d).

3) Probiotic characteristics of non-starch polysaccharide degrading bacteria

Table 1 : Probiotic characteristics of three selected isolates

alvei Tc19

100.39 + 2.58
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132 £0.16* 1.09 £ 0.03 1.91 £ 003"

Relative scavenging activity {3)

Hydroxyl radical
DPPH radical

Data are the mean + standard deviation ; Different superscripts indicate significant difference (P < 0.05).

4) NSP-degrading enzyme activity assay 5) Evaluation of safety profile
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H 0.4 Fig. 3 Production of biogenic amines
5 02 tested by Bacillus velezensis Tca4.

Safety profile of Bacillus velezensis Tcd4 :

s
s

* Gamma hemolytic on Sheep blood agar

Undetectable biogenic amines
Sensitive to almost antibiotics, except

erythromycin (with intermediate level)

0 24 48 72 96 120 144 168

Incubation time (h)
Fig. 2 Incubation time profiles of NSP-degrading
enzymes activity assay of Bacillus velezensis Tcad.

6) Assay of adhesion and anti-adhesion to human adenocarcinoma cells
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Fig. 4 Adhesion ability to human colon
adenocarcinoma cells of B. velezensis Tc4d
and each pathogens (A - B), adhesion
photograph (C - D), and anti-adhesion
assay (E - G).
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in Thai Colorectal Cancer Patients

Natthakul Akarapredee’, Pimonpan Jinda®, Chonlaphat Sukasem®®, Chalirmporn Atasilp*, Natchaya Vanwong®™

*Corresponding Author

1 The M.Se. Program in Clinical Biochemistry and Molecular Medicine, Department of Cliical Chemistry, Facully of Allied health sciences, Chulalongkom University, Bangkok 10330, Thailand
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Irinotecan (CPT-11) is approved for treating advanced or metastatic colorectal cancer, either as monotherapy or, more frequently, as part of combination chemotherapy regimens [1]. The common

Email: natchaya.v@chula.ac.th

adverse effects caused by irinotecan such as diarrhea, thrombocytopenia, and neutropenia [2]. Irinotecan is metabolized by carboxylesterase (CESs) to active form (SN-38) [3]. SN-38 acts as a

topoisomerase | inhibitor, to bind and inhibit topoisomerase | by stabilizing the cleavable complex between topoisomerase | and DNA, results in double strand DNA breaks, inhibition of DNA

replication, and apoptosis. SN-38 is transformed to glycosylated SN-38 (SN-38G), an inactive form by uridine diphosphate glucuronosyltransferase 1A1 (UGT1A1) in the liver then undergoes biliary

excretion [3].

Patient : A total of 41 1

colorectal cancer patients who received irinotecan-
based chemotherapy were recruited into this study from the Division of Cancer, Department of
Medicine, Faculty of Medicine, Ramathibodi Hospital, Mahidol University, Thailand. To be eligible,
patients must meet the following criteria: Histological confirm invasive colorectal cancer; Age > 18
years; ECOG status 0-2; Not previously treated with irinotecan; Hemoglobin 2 13 g/dl; Absolute
neutrophil > 1.5 x 109 /I; Platelet count > 8 x 1010 /I; AST and ALT < 2.5 UNL; Total bilirubin < 2
mg/dl; Creatinine < 2.0 mg/dL and exclusion criteria included pregnant, had undergone radiation
therapy within the past six weeks, or had other genetic disorders related to colorectal cancer.
Clinical data were collected from all patients, and peripheral blood samples were obtained for
DNA extraction and laboratory analysis. A total of forty-one metastatic colorectal cancer patients
receiving irinotecan-based chemotherapy were evaluated to explore the association between
genetic polymorphisms and toxicity. This study received approval from the Ethics Review
Committee on Human Research at the Faculty of Medicine, Ramathibodi Hospital, Mahidol
University, Thailand (reference no. MURA2023/472) and was conducted in accordance with the
Declaration of Helsinki. The study protocol was thoroughly explained, and informed consent was
obtained from all participants prior to enroliment.
Genotyping analysis: DNA was extracted from enrolled patients’ EDTA whole blood by using
MagNA Pure Compact (MagNA Pure, Roche, Mannheim, Germany). Then DNA concentration and
purity were assessed with NanoDropWI 2000, and the concentration was adjusted to the
recommended level for pyrosequencing. Then genotyped total 2 SNPs of UGT1A7%6 (211G>A)
and UGT1A1*28 ((TA)6>(TA)7) by pyrosequencing (PyroMark Q24, Qiagen, Japan) analysis.
Toxicity assessment

Toxicity was assessed at first and second cycle of treatment according to National Cancer
Institute Common Toxicity Criteria for Adverse Event (CTCAE) version 5.0. Grade 1-2 was
considered as toxicity and grade 3-4 as severe toxicity.
Efficacy assessment

The effectiveness of chemotherapy was evaluated using the Response Evaluation Criteria in

Solid Tumors (RECIST) guideline version 1.1 [4], which categorizes outcomes as complete
response (CR), partial response (PR), stable disease (SD), or progressive disease (PD).
Additionally, the median progression-free survival (nPFS) was determined, defined as the median
duration from the initiation of chemotherapy to the recorded date of disease progression or death.
The progression-free survival (PFS) follow-up period was five years.
Statistical analysis

Genetic polymorphisms were analyzed for compliance with Hardy-Weinberg equilibrium
(HWE). Comparisons of genetic polymorphisms, toxicity, and efficacy among different groups
were conducted using the xz test and Fisher's exact test. Progression-free survival (PFS) curves
were generated using the Kaplan-Meier method and analyzed with the log-rank test. All statistical
analyses were carried out using SPSS version 28.0, with statistical significance set at p < 0.002
after applying a Bonferroni correction to ensure the adjusted threshold minimized the risk of Type |

errors due to multiple testing.

Clinical characteristics
A total of 41 metastatic colorectal cancer patients who were receiving irinotecan-based
chemotherapy were enrolled for analysis. The average age was 59.319.4 years, with 73.2% males
and 26.8% females. Most patients'’ ECOG performance status was zero (65.9%). The most
common disease site was rectum (46.3%), and the site of metastases was the liver and lung
(39.0%). Most patients received combination regimens for FOLFIRI (43.9%) and modified FOLFIRI
(36.6%) as second-line treatment (68.3%).
Impacts of UGT1A1 pi
Results show the UGT1A71*6 was significantly associated with both all-grade and severe

-~ L

d neutropenia.

neutropenia in the first cycle (p < 0.001) and severe neutropenia in the second cycle (p < 0.002).
The UGT1A1 phenotype, including intermediate and poor metabolizers, was linked to a higher
incidence of all-grade neutropenia during the first cycle (p < 0.001) and severe neutropenia
during the second cycle (p < 0.001).

Table 1 Impacts of UGT1A1 polymorphisms on irinotecan-induced neutropenia in the first and

Impacts of UGT1A1 polymorphisms on treatment efficacy.

In this study, we evaluated efficacy outcomes by assessing response rates and progression-
free survival (PFS). There was no significant association in response rates observed among
UGT1A1*6 and UGT1A1*28.

Table 2 Impacts of UGT1A1 polymorphisms on response rates.
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In term of progression-free survival assessment, regarding UGT1AT gene, the median survival
time for all 41 patients was 9.11 months (range: 6.1-12.1). Patients with the UGT1A1*6
polymorphism exhibited significantly shorter PFS compared to those with the wild type (6.2 vs
12.1 months, 95% Cl = 5.8-6.7, p < 0.002) (Fig. 1a). In intermediate and poor metabolizers, PFS
is shorter compared to extensive metabolizers, but this difference is not significant after applying
Bonferroni correction (p = 0.018). The median survival time was 13.4, 7.7, and 6.1 months for
extensive, intermediate, and poor metabolizer respectively (Fig. 1b).
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Fig.1 Kaplan-Meier curve of PFS classified by (a) UGT1A1*6, and (b) UGT1A1 phenotype.

This study aims to investigate the effects of UGT1A7*6 and UGT1A1*28 polymorphisms on
neutropenia and treatment efficacy in Thai colorectal cancer patients undergoing irinotecan
therapy. Our results showed, there is a significant association between irinotecan-induced
neutropenia and both UGT1A7*6 and UGT1A1 phenotypes. Moreover, UGT1A7*6 is associated
with an increased risk of all-grade neutropenia (p < 0.001) and severe neutropenia across cycles
(p < 0.001 and p < 0.002). However, there was no significant link was found between UGT1A1*28
and either toxicity or treatment effects after Bonferroni correction.

UGT1A17°28 and UGT1A1*6 are linked to reduced UGT1A1 enzymatic activity [5], resulting in
the accumulation of SN-88. This accumulation increases the risk of adverse reactions and
influences therapeutic outcomes in patients with advanced colorectal cancer receiving irinotecan-
based chemotherapy [6]. Numerous studies have explored the association between the
UGT1A1*28 polymorphism and irinotecan-induced toxicity [7, 8]. Our study found that
UGT1A1*28 was associated with all-grade neutropenia in the first cycle, but this was not
significant after Bonferroni correction. In contrast, UGT1A7*6 remained significantly linked to all-
grade neutropenia in the first cycle and severe neutropenia in both cycles. Similarly, Atasilp et al.
[9]. Moreover, our study found that the UGT1A1 phenotype maintained a significant association
with all-grade neutropenia in the first cycle and severe neutropenia in the second cycle after
applying the Bonferroni correction.

In term of efficacy, we found no significant correlation between treatment response to
irinotecan-based chemotherapy and the UGT1A1*28 or UGT1A1*6 polymorphisms. Previous
observational research investigating the influence of UGT7A7*6 and *28 on clinical efficacy has
inconsistent findings. For PFS, study from Yu et al., reported that the UGT1A7*28 polymorphism
was associated with worse progression-free survival and overall survival compared to the wild
type genotype [10]. Recent research demonstrated that neither UGT1A1*6 nor UGT1A1*28
influenced treatment efficacy or progression-free survival in metastatic colorectal cancer [11].
Han et al. reported reduced tumor response and shorter PFS in Korean patients with UGT1AT*6/*6
[12] . Consistent with our results, we observed that UGT1A7*6 polymorphism was associated with
shorter PFS (p < 0.002).

UGT1A1*6 and UGT1A1 phenotypes are significant association between
irinotecan-induced neutropenia moreover UGT1A71*6 showed a strong correlation with
progression-free survival in terms of clinical efficacy. UGT1A7*6 and the UGT1A1 phenotype are

likely key predictors of irinotecan-induced neutropenia in Thai colorectal cancer patients.
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Aortopathy is characterized by structural abnormalities of the aorta, a spectrum of conditions ranging from
aortic dilation to aneurysm formation and dissection(1). In younger patients who present with detected
aortic abnormalities, there is often a correlation with genetic factors, suggesting a genetic component to
the disease. Genetic factors play a pivotal role in the development and progression of aortopathy. Various
genetic syndromes, including Marfan syndrome, Ehlers-Danlos syndrome, Loeys-Dietz syndrome, and
familial thoracic aortic aneurysm and dissection (TAAD), have been implicated in predisposing individuals to

aortic pathology.

Objective

This study aimed to investigate the genomic etiology
of aortopathy in individuals under 60 years old and to
discern genotype-phenotype correlations associated
with this condition.

Materials and methods

31 Patients presenting with aortic root dilatation or
aortic dissection, referred to a clinical genetics service
for evaluation, underwent whole-exome sequencing.
DNA sequencing was performed using NovaSeq 6000
(Illumina, San Diego, CA, USA) and uniquely aligned to
the Genome Reference Consortium Human Build 37
(GRCh37) with GATK version v3.8. Candidate variants
of genes were identified based on a minor allele
frequency (MAF) <0.05, gnomAD Exomes Variant
Frequencies 2.0.1, East Asian (EAS) population data
from the 1000 Genomes Project phase Ill, and in-
house data base Thai exome database of Center for
Medical Genomics, Faculty of Medicine Ramathibodi
Hospital. Variant classification was based on the
American College of Medical Genetics and Genomics
and the Association for Molecular Pathology were
considered for this study. all variants in the panel
were performed using Sanger sequencing, Categorical
variables were reported as numbers and percentages.
Comparisons between groups were performed by chi-
square test when p < 0.05, which was accepted as
statistically significant. Statistical analysis was
computed with the SPSS Statistical package (version
29.0 software; IBM).

Result

Genomic variants associated with aortopathy were
identified in 26 cases (83.87%), with 16 pathogenic
(51.60%), 7 likely pathogenic variants (22.60%), and
variants of uncertain (VUS) (9.70%). Additionally,
there were Five patients presented with significant
echocardiogram findings, but the genomic variant was
negative

Genomic findings
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Figurel Genomic findings in aortopathy

FBN1 variants linked to Marfan syndrome were
most prevalent (61.29%) in this study, with null
variants significant for severity, e.g., early-onset
aortic root replacement surgery and the presence
of lens subluxation (p = 0.024 and p = 0.001***,
respectively), while scoliosis > 20° displayed no
statistical significance. However, no genotype-
phenotype correlation was found between types
of FBN1 variants and systemic manifestations as
per the Revised Ghent Nosology Criteria. Other
contributing genes characterized in this study
included ACTA2, COL3A1, DCHS1, FBN2, TNXB
and TGFBR1 (Figurel).

Discussion and Conclusions

Our results showed that the null variant
(pathogenic/likely pathogenic) had more severe
aortic phenotypes and lens subluxation than
those with missense variants. with significant
thereby corroborating the results of previous
studies(2). Therefore, patients harboring a null
variant of FBN1 with these genetic risk factors
should be monitored carefully for aortic root
dissection and lens subluxation progression.
This study sheds light on the genomic
underpinnings of inherited aortopathy and
underscores the complexity of genotype-
phenotype relationships in this condition. This
data constitutes a pivotal factor for the
development of precise management and the
provision of genetic counseling to patients and
their families. Furthermore, there is a necessity
for national level backing to educate additional
personnel interested in engaging in genetic
centers and to enhance awareness among
other medical professional regarding the
genetic referral process for such conditions.
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Leptospirosis remains a global health challenge due to its widespread prevalence and “ I . . ‘ ' I ‘m' ' ‘ ' I I ' : ' :
lack of effective human vaccines. This study utilized Al-assisted structural analysis and e
immunoinformatics to identify immunodominant LenA epitopes for vaccine development. s o
Using AlphaFold3, we generated the 3D structure of LenA, predicting eight linear and four B %
conformational B-cell epitopes, seven HTL, and three CTL epitopes. Four consensus &
epitopes were identified, with “SSSLTG" and “PNKQYRRSDG" predicted as immunogenic \
and non-allergenic. These findings provide a foundation for epitope-based chimeric vaccine %
design, advancing leptospirosis vaccine development. YA
Keywords : Leptospirosis vaccine, LenA, B-cell epitope, T-cell epitope, immunoinformatics L. .
. J Scoro= 0970 Scoro= 0942 Sore =077 Score = 0504
( h Fig. 2 Prediction of B-cell epitopes in the LenA protein. (A) Linear B-cell epitopes predicted using BepiPred, with the letter
In ducti E" marking positions exceeding the epitope threshold. (B-E) 3D structure of LenA, where yellow regions highlight

X . . . conformational B-cell epitopes, and grey sticks represent other residues.

Leptospirosis is a major zoonosis in tropical and subtropical regions (Azevedo et al., *  The analysis of the LenA protein sequence identified eight linear B-cell epitopes
2023), caused by pathogenic Leptospira. Previous studies on recombinant subunit of varying lengths and positions (Table 1).
vaccines containing monovalent LigAc showed incomplete protection in animal models .

(Techawiwattanaboon et al., 2019; 2022).

Four conformational B-cell epitopes were identified, comprising 10, 6, 16, and

99 residues.

LenA is a promising vaccine candidate because it is a key virulence factor that is *  Structural analysis demonstrated that these epitopes were surface-accessible,

highly conserved in pathogenic Leptospira (Stevenson et al., 2007; Adler & de la Pefia with spatial clustering evident in the highlighted regions (yellow) in the 3D

Moctezuma, 2010). Previous studies showed that recombinant subunit LenA vaccine models (Fig 2).

conferred 40-60% protection in animal models (Techawiwattanaboon et al., 2019).
Prediction of HTL and CTL T-cell epitopes

Table 2 Predicted CTL epitopes of LenA

Combining LenA with LigA and LcpA enhanced leptospiral clearance and survival
(Techawiwattanaboon et al., 2019; Ghazali-Bina et al., 2019), highlighting its potential in

chimeric vaccines and the need to identify the most effective epitopes. No. | Start | End Cytotoxic T Lymphocyte (CTL) Epitope Length
1 9 | 2 ALYSCGDKKEEDNSELLL 18
This study used immunoinformatics to analyze the 3D structure of LenA and predict 2 79 o1 CAAAKSSSLTGAYK "
B-cell and T-cell epitopes to identify immunodominant epitopes for developing leptospirosis 3 [ 109 | 133 'SVDKKDWVLYPNKQYRRSDGTTITF 25
vaccines. 4 | 150 | 158 DSGAQKFFW 9
\ J 5 | 161 | 184 LGNNVGFLWEPLSNCNHWNSADGL 24
, V| Bt o :
Material and methods
Table 3 Predicted HTL epitopes of LenA
( ) (Prediction of linear and conformational No. | Start | End Helper T Lymphocyte (HTL) Epitope Length
Protein modeling using : ' B-cell epitopes using : 1 53 75 RTFIATNNGAGYNGNLGGISGAD 23
* The AlphaFold3 web server *  The BepiPred 2.0 server 2 83 | 153 SSSLTGAYKALIVDGPTGRQVISADGSVDKKDWVLYPNK n
QYRRSDGTTITFTTNANSIVIDNLONGIDSGA
\ ) \* The ElliPro server 3 | 192 | 215 TTELQADITPEGAFTVDNHACNTN 24
l * The identified CTL epitopes exhibited varying lengths and positions across the
( \ ( LenA protein sequence (Table 2).
Prediction of antigenicity and Prediction of HTL and CTL T-cell ®  Two main CTL epitope regions were identified, comprising 25 and 24 residues.
allergenicity using : - epitopes using : ®  HTL epitope prediction revealed three major HTL epitopes with lengths of 23,
* The VaxiJen V2.0 server ®  The NetMHClIpan 4.1 server 71, and 24 residues, respectively (Table 3).
L ®  The AllerTOP V.2.0 server ) L * The NetMHCpan 4.1 server * These epitopes play a crucial role in activating cytotoxic T cells (CTLs) and

helper T cells (HTLs).

s N ’;’i“ HE S
esult and discussio .
The modeled 3D structure of the LenA protein T‘fi“-“‘ -
® ® — ‘o

H E‘— PRS-

Fig 3. The consensus epitope of the LenA protein. The epitope sequences of T-cell and B-cell epitopes are highiighted in

[yr—

biue, while the consensus epitopes are highlighted in red.

Identification of consensus epitopes and prediction of their antigenicity and

allergenicity
e Table 4 The consensus epitopes of LenA and their antigenicity score and allergenicity
No. | Start | end Consensus epitope antigenicity score Allergenicity

1 83 | 88 SSSLTG 1.6353 (ANTIGEN) NON-ALLERGEN

2 | 109 | 117 SVDKKDWVL 0.3034 (NON-ANTIGEN) ALLERGEN
Fig. 1 The 3D structure of the Len protein and protein model quality. (4) 3D structure of LenA generated by AlphaFold3 and s | 948 | 4% PRRAYRRSDE 12533 (ANTIGEN) R ALLERGE
visualized using PyMOL, with Q-helices (red), B-sheets (yellow), and loops (green). (B) Ramachandran plot from PROCHECK, .

4 | 150 | 153 DSGA* - -
evaluating protein model qualiy.

5 | 192 | 19 TTEL* - -
® Contains 2 a-helices (red) and 8 B-sheets (yellow) connected by short loops (green) 3 199 | 207 \TPEGAFTV 0.0455 (NON-ANTIGEN) ALLERGEN

(Fig. 1A). *at least 6-mer is required for prediction

® Ramachandran plot analysis confirmed the model’s accuracy, with 80.8% of residues * Two of four consensus epitopes (‘SSSLTG” and “PNKGYRRSDG”) had antigenicity
in the most favored region and 16.1%, 1.6%, and 1.6% in additional allowed, scores of 1.6363 and 1.2583 respectively, exceeding the cutoff.
generously allowed, and disallowed regions, respectively (Fig. 1B), indicating good * These epitopes show potential as antigenic sites of LenA proteins.
structural quality.

a 4 * Allergenicity prediction confirmed both peptides as non-allergenic, supporting their

Linear and conformational B-cell epitopes vaccine safety (Table 4).

Table 1 Predicted linear B-cell epitopes of LenA - J
No. | Start | End Peptide Length ( )
1| 15 | 21 DKKEEDN 7 Conclusion
2| 33 | 49 GSSNNTSTPWTSCKDA 17
3| 60 | 70 NGAGYNGNLGG 1 Bioinformatics tools identified immunodominant LenA epitopes. Among them,

4 | 79 | 88 AAAKSSSLTG 10 "SSSLTG"” and "PNKQYRRSDG" were the most promising vaccine candidates,
5|% [17 TGRQVISADGSVOKKDWVL 19 exhibiting both antigenic B-cell and T-cell epitopes. These epitopes are fundamental
6 | 119 | 128 PNKQYRRSDG 10 X . i

7 140 | 155 VIDNLQNGIDSGAGK P for designing epitope-based chimeric vaccines and may aid in developing
8 | 162 | 212 | GNNVGFLWEPLSNCNHWNSADGLITGQTGNTTELQADITPEGAFTVDNHAC | 51 leptospirosis vaccines.

J J
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Abstract

Leptospirosis is the most common and potentially fatal zoonotic disease with a worldwide distribution, mainly in tropical regions. The development of effective
vaccines for leptospirosis remains a global challenge. mMRNA vaccines have emerged as a promising vaccine platform against infectious diseases. In our previous
study, the protein products of LigAc mRNA constructs were shown to be glycosylated in vitro, which might impair the immunogenicity of the vaccine antigen. In this
study, we aimed to design a new LigAc mRNA construct with reduced glycosylation sites. Bioinformatics predictions were employed to design a new construct and
assess the potential epitopes of the vaccine antigen. A glutamine residue substituted the asparagine residue in N-X-S/T motifs to reduce N-linked glycosites while
preserving the native protein conformation. Bioinformatics predictions indicated that the modified LigAc construct maintains most B-cell and T-cell epitopes present
in the native LigAc construct. Our results indicate that the alteration of N-linked glycosylation sites has a minor effect on the essential epitopes of the LigAc vaccine,
suggesting that the modified construct should induce strong humoral and cellular immune responses. Further in vitro and in vivo investigations are required to
determine the vaccine efficacy of the new LigAc construct.

Keywords: In silico prediction, Leptospirosis, N-linked glycosylation, B-cell and T-cell epitopes

Introduction Prediction of linear and conformational (discontinuous) B-cell epitopes of

L irosis is th id d and S———— . native and modified LigAc
eptospirosis is the most widespread and potentially fatal zoonotic ® ool Berloplpenmes e FERams

ClBeeED CRUEEE] By Pelieges ARingaie: (RBUsHe D Wilees] eesin O The conformational B-cell epitopes were located in the same positions,

against leptospirosis is available for human use. Among subunit vaccines, the . . L . .
9 plospi 9 and two epitopes were identical in both LigAc proteins.

C-terminal LigA protein (LigAc) is one of the most promising vaccine
candidates (Haake & Matsunaga, 2020; Koizumi & Watanabe, 2004),

O the modified LigAc protein retains most of the B-cell epitopes present

in the nLigAc protein.
conferring 50-100% protection in animal models. However, recombinant
protein vaccines have limitations, including the requirement of an adjuvant or B o Tl CRhimres e ams) @arlises e

aliligh elilgen Elese D EehilsyD Uil [PrelEe En, O 19 out of 20 predicted CTL epitopes in native LigAc were found in the

After demonstrating safety and potency against the COVID-19 modified LigAc sequences (Fig. 2).

pandemic (Zhang et al., 2019), mRNA-based vaccines are considered a O The potential HTL epitopes were preserved in the modified LigAc (Fig. 3).

promising vaccine platform against infectious diseases. In our previous study, © [Viasliieziion & glysasyionsies auses) mifie Grensss i eiepss.
the LigAc-mRNA vaccine was shown to express the protein with glycosylation
(Leekitcharoenphon et al., 2024), which may affect its immunogenicity and
protective efficacy.

In this study, we aimed to design a new LigAc mRNA construct with
modifications at predicted N-linked glycosites to reduce glycosylation.
The potential B-cell and T-cell epitopes of the novel mRNA construct were
analyzed and compared with the native LigAc construct using bioinformatics

tools.

Materials and methods

Prediction of linear
Prediction of Protein structure Prediction of
and conformational
Nilinked glycosytation prediction T-cell epitopes

B-cell epitopes

POHOH OB OB OH oo

i

Fig. 2 The predicted Cytotoxic T-cell epitopes in LigAc proteins. Yellow marks represent the

‘ ‘ ‘ predicted epitopes, while the orange marks represent the N-liked glycosites and attered sites.
NetNGlyc 1.0 AlphaFold server BepiPred 2.0 NetMHCpan 4.1
PROCHECK Ellipro NetMHCllpan 4.0 e A AR
TM-align :

Results and discussions

Prediction of N-linked glycosylation sites in the LigAc sequence
O Contains 16 Asn-Xaa-Ser/Thr motifs.

O Asparagine (N) residues in N-X-S/T motifs were substituted with glutamine

(Q) residues, which can preserve its native conformation.

Protein structure prediction

O 12 out of 16 sites passed the cutoff threshold for glycosylation potential. o

O Native LigAc and modified LigAc structures had high quality (Fig. 1C-D).

O Both constructs showed very similar structures (Fig. 1E). Fig. 3 The predicted Helper T-cell epitopes in LigAc proteins. Yellow marks represent the predicted
epitopes, while the orange marks represent the N-liked glycosites and altered sites. The red text

represents the core of each HTL epitope.

C

lus

Bioinformatics tools were applied to modify N-linked glycosylation
sites of the LigAc mRNA construct via substitution of asparagine with
glutamine in the N-X-S/T motifs, resulting in minor changes in the B-cell and
T-cell epitopes of LigAc. The new sequence design should induce both

humoral and cellular immune responses when used as a vaccine antigen

due to containing essential epitopes necessary for immunogenicity.

Fig.1 Prediction, validation, and comparison of three-dimensional (3D) protein structures of native nLigAc However, further investigation is required to prove the efficacy of the
(A) and modified LigAc (qLigAc) (B). The Ramachandran plot of the nLigAc structure (C) and qLigAc . . .

i modified LigAc vaccine.
structure (D) was created using the PROCHECK server. Alignment of nLigAc (green) and qLigAc (red)

yctures (E) was performed using the TM-align tool.
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Abstract

This study aimed to explore the attitudes of working individuals toward medical
diagnosis consultation provided by medical technologists through an online system on
Facebook. The findings are intended to use feedback to improve the telemedicine
service system in the future. The sample group consisted of 100 individuals, who were
staff working at Huachiew Chalermprakiet University. Data were collected using a
questionnaire to examine attitudes of users. Participants completed the survey after
using the system for a week. The evaluation focused on three aspects: knowledge,
accessibility, and user-friendliness of the page through the online. The results revealed
that the participants were satisfied with the online consultation service, with an overall
satisfaction level rated as high (mean score=3.99/ 5). Moreover, this study revealed that
most of users desired for the online medical laboratory service to be further developed
and capable of facilitating consultations with specialists to provide more in-depth health
information in the future.
Keywords : Facebook fanpage , Medical technology, Telemedicine
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Figure 1 The fanpage named VIRTUAL LAB was services through Facebook application.
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Table 1 All participants' health conditions, separated by gender and age range

Frequency
Age range (Years)

Femae Underlying diseases  Male Underlying diseases

<29 1 1 0 0

30-44 26 5 0 0

45-59 43 5 9 4

260 9 3 12 0

Total number 79 1 21 4

Percentage of diseases 17.72% (14179) 19.05% (4/21)
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Figure 2 Represents satisfaction levels as categorized into 3 aspects.
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Abstract

This study compares the antimicrobial properties of Curcuma longa L., Andrographis paniculata, Zingiber
officinale Roscoe, Ocimum basilicum L., and Azadirachta indica A. extracts in water and ethanol as solvents,
focusing on their ability to suppress Escherichia coli growth. Crude compounds were extracted using water and
95% ethanol. Antimicrobial activities were tested using the disk diffusion method against E. coli. The ethanol
extract of Zingiber officinale Roscoe (ginger) had the highest dry weight yield (33.1%), while the ethanol extract
of ginger and the water extract of Andrographis paniculata (kariyat) showed the greatest bacterial inhibition
zones at 13 mm and 14 mm, respectively. In contrast, turmeric and sweet basil showed smaller zones of 10-12
mm. For comparison, Norfloxacin (400 mg) achieved inhibition zones of 16 mm and 11 mm. With the increasing
prevalence of multidrug-resistant bacteria, herbal antibiotics offer a cost-effective, sustainable, and low-risk
alternative to synthetic antibiotics. This study demonstrates the potential of common household herbs to enhance
antibiotic efficacy, presenting a promising direction for addressing antibiotic resistance in modern medicine.

Keywords: Antibiotic resistance, Antimicrobial properties, Escherichia coli, Herbal antibiotics

Antimicrobial Resistance in Escherichia coli Plant-Based Alternatives for Combating E. coli

Pathogenic Escherichia coli strains pose serious health risks, causing severe infections such as
diarrhea, urinary tract infections, and hemolytic uremic syndrome. A major concern is the
prevalence of antimicrobial resistance (AMR) among these bacteria, driven by the misuse of
antibiotics, poor hygiene, and the global spread of multidrug-resistant (MDR) pathogens. Without
effective interventions, AMR could lead to millions of deaths annually, placing immense pressure on
healthcare systems worldwide. To combat this crisis, a multifaceted approach is needed, including
stricter infection control measures, antibiotic stewardship programs, public health education, and
the development of alternative treatment strategies to reduce dependence on conventional

antibiotics.

3
A

B L
Fig.1: Azadirachta indica A. crushed using mortal and pestle prepared for extraction.

Plant-based treatments have emerged as promising alternatives or complements to conventional
antibiotics, offering antibacterial properties through bioactive compounds. Herbs such as turmeric,
kariyat, ginger, sweet basil, and Siamese neem have demonstrated antimicrobial efficacy, targeting
bacterial cell membranes, inhibiting enzyme activity, and reducing bacterial viability. These natural
compounds not only help combat AMR but also support eco-friendly and sustainable healthcare
practices. However, the effectiveness of plant extracts varies depending on factors such as solvent
type, concentration, and bacterial strain. While ethanol and water extractions are commonly used,

their comparative antibacterial potency remains unclear.

Materials & Methods

This study aims to evaluate the antibacterial activity of these five herbs against E. coli, comparing
water and ethanol extracts using the disk diffusion method to identify the most effective extraction
approach. This study utilized leaves (Fig. 1) from Andrographis paniculata (kariyat), Ocimum
basilicum L. (sweet basil), and Azadirachta indica A. (Siamese neem tree), and roots from Curcuma
longa L. (turmeric) and Zingiber officinale Roscoe (ginger), selected for their bioactive compounds.
Extraction was performed using 95% ethanol and distilled water. Additional materials included

Norfloxacin (400 mg) as a reference antibiotic, sterilized nutrient agar, and nutrient broth for

antimicrobial testing against Escherichia coli.

Fig.2: Crushed herbs and Norfloxacin using mortar and pestle Fig.3: Filtration

Herbs were harvested, washed, crushed into a paste, and sun-dried for one day (Fig. 2). For water extraction, 10 g of dried herbs were heated in 20 mL of distilled water for 15 minutes and filtered. Ethanol
extraction involved soaking 20 g of dried herbs in 95% ethanol (1:2 ratio) for five days with periodic agitation, followed by filtration and residue pressing (Fig. 3). Extraction yield was calculated using the
standard formula. The color of the extracts was observed for characterization (Table 1). The antimicrobial activity of herb extracts was assessed using the disk diffusion method. A 0.1 mL E. coli suspension
was spread on agar plates, and extract-impregnated antibiotic discs were placed using sterile forceps. Plates were incubated at 37°C for 18 hours, and inhibition zones were measured with a vernier

caliper. Experiments were repeated for reliability, and results were tabulated for analysis (Table 2).

Table 1: Yield and Characteristics of Herbal Extracts Table 2: Antimicrobial Activity of Herbal Extracts

No. Herb Samples Solvent Color of Sample (Fig. 4) Appearance % Yield No. Herb Samples Solvent O e el G)
1 Turmeric Ethanol Brownish Orange Condensed 171 14l 2 trial 39 trial Average
Water Dark Orange Condensed 12.2 4 T, Ethanol e P P o
2 Kariyat Ethanol Dark Green Pulpy 98 Water o o o P
Water Dark Green Pulpy 14.5 2 Kariyat Ethanol oo P PO P
3 Ginger Ethanol Light Yellow Fluid 33.1 Water o o e s
Water Colourless Fluid 258 3 Ginger Ethanol omnn P PO pres
4 Sweet Basil Ethanol Greenish Brown Fluid 10.5 Water o o e P
Water Dark Green Pulpy 10.3 4 Sweet Basil Ethanol o e P o
5 Siamese Neem Ethanol Dark Green Clear Pulpy 9.7 Water B j j R
Water Light Green Pulpy 156 5 - Ethanol o o P PV
Water - + + +
6 |Norfloxacin 400mg|  Ethanol bt bt it s
Water St + et it
Zone of inhibition key:
- = No inhibition + = 6 mm (Highly Resistant)
++ = 7-9 mm (Resistant) e = 10-12 mm (Intermediate);
Fig.4 Ethanol extracts of Siamese Neem, Kariyat, Turmeric, Sweet Basil, Fig.5 Inhibition zone of water (left) and e = 13-15 mm (Sensitive) thtb > 15 mm (Highly Sensitive)

and Gingger (from left to right)

Turmeric, kariyat, Siamese neem, ginger, and sweet basil extracts exhibited varying antibacterial

ethanol (right) of ginger

The herbs tested exhibited varying antibacterial activity, with ginger and kariyat showing the highest
activity, with ginger and kariyat ethanol extracts showing the highest inhibition, close to that of  effectiveness, especially in ethanol extracts. Sweet basil, turmeric, and Siamese neem demonstrated

Norfloxacin. Sweet basil water extract showed no antibacterial effects. These findings highlight moderate activity. These variations are likely due to differences in phytochemical composition, such

medicinal plants as sustainable, cost-effective alternatives to synthetic antibiotics, with diverse
bioactive compounds that can help combat antimicrobial resistance. Future research should
explore plant-based antibiotics further, given their potential to complement synthetic treatments and
enhance antibacterial effectiveness.

as alkaloids in ginger and kariyat. Ethanol extraction consistently produced larger inhibition zones
across all herbs, reinforcing its superior ability to dissolve a broad range of bioactive compounds
compared to water. While water is safer and easier to handle, its high polarity limits its ability to

extract certain antimicrobial compounds, leading to lower efficacy

Corresponding Author: Thanatip Vasamon (Anglo Singapore International School), Email: jathanatip95@gmail.com
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Abstract

This study investigates vasculogenic mimicry (VM)-related gene expression in HPV-associated cervical cancer using Data Collection
transcriptomic analysis from TCGA (CESC) and GEO (GSE9750, GSE63514) datasets. Differentially expressed genes 2
(DEGs) were identified using DESeq2, followed by GO and KEGG pathway analysis. A protein-protein interaction (PPI) TCGA@

network highlighted TGFB1, STAT3, HIF1A, LOXL2, and NOTCH1 as hub genes. Univariate Cox and LASSO regres-
sion analyses identified LOXL2 and TGFBI as key genes for developing a VM score, which stratified patients into high-
and low-risk groups. Kaplan-Meier analysis showed that a high VM score significantly correlated with shorter survival
(p <0.05). ROC analysis validated the predictive value with an AUC of 0.645 for 3-year survival. Additionally, a nomo- Valeano plot
gram integrating the VM score with clinical parameters enhanced survival prediction accuracy. These findings suggest |

that the VM score is a promising prognostic biomarker and that hub genes could be potential therapeutic targets for
HPV-associated cervical cancer.

Differential Expression Analysis

ol

Introduction A
Cervical cancer is one of the most prevalent cancers among women worldwide, with high mortality rates, particularly in low-
and middle-income countries(Caruso et al., 2024). Persistent infection with high-risk human papillomavirus (HPV), especially
types 16 and 18, is a primary cause of cervical cancer. Despite advances in screening and vaccination programs, survival out-
comes remain poor for patients with advanced or recurrent disease.

PPI Network Construction

Vasculogenic mimicry (VM) is a process wherein aggressive tumor cells form vessel-like networks, facilitating blood supply
independently of endothelial cells. VM has been linked to increased tumor invasion, metastasis, and poor prognosis across
multiple cancers, including cervical cancer(Sun et al., 2007). HPV oncoproteins E6 and E7 are known to promote tumor pro-
gression and may influence VM formation through pathways regulating cell migration, invasion, and hypoxia adapta-
tion(Miinger et al., 2001).

The identification of molecular markers associated with VM could provide valuable prognostic tools and therapeutic targets.
In this study, we employed transcriptomic analysis to identify key VM-related genes and developed a VM score predictive of
survival outcomes in patients with HPV-associated cervical cancer. By integrating bioinformatics analyses and clinical data,
we aimed to provide novel insights into the role of VM in cervical cancer progression and its potential as a therapeutic target.

Results and Discussion

Differential expression analysis identified 64 VM-related genes, including LOXL2, TGFBI, and STAT3(Fig.1A). Functional
enrichment analysis revealed key pathways such as angiogenesis, extracellular matrix remodeling, and hypoxia response,
suggesting their role in VM formation.

A) Volcana Plot it Highighted Genes (Larger Labels)
Fig. 1 The images illustrate key findings from
the analysis.
A) The volcano plot highlights differentially
expressed genes (DEGs) between HPV-positive
and HPV-negative samples. with significant
genes labeled and color-coded.
B) Protein-protein interaction network depicts
interactions among VM-related DEGs, with red
indicating upregulated and blue indicating
downregulated genes.

Log10 Adted e
§

The PPI network constructed from 18 key DEGs, using STRING and Cytoscape with the cytoHubba plugin, revealed TGFB1, HIF1A, and STAT3 as central hub genes
(Fig.1B). Their high betweenness centrality scores underscored their crucial roles in regulating VM pathways. Functional analysis of these hub genes indicated their in-
volvement in pathways such as TGF-B signaling, JAK/STAT signaling, and cellular response to hypoxia.

The VM score, constructed using LASSO regression with LOXL2 and TGFBI, effectively stratified patients into high- and low-risk groups. Kaplan-Meier analysis
demonstrated that a high VM score correlated with poorer survival outcomes (p < 0.05)(Fig. 2A), and ROC analysis confirmed its predictive accuracy (AUC = 0.645 for
3-year survival)(Fig.2B).

A B) C
' ROC Curve: AUC for 1 Year=0.645 e g o D ¥ P 2 % L 2
Kaplan-Meier Survival Curve by VM score Group
°
o | age_grou —
Group + LowVM score =+ High VM score . ge_group N T iy
| N "
depth_of_invasion ’
210 2z o] s THI2
2 R .
8075 3 VM_index T T T T T T
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Fig. 2 Prediction results based on VM score: A) The Kaplan-Meier curve shows significantly better survival for patients with low VM scores (p = 0.0072). B) ROC curves highlight the predictive perfor-

‘mance of the VM score. with an AUC of 0.645 at 1 year. C) The nomogram predicts 3-year survival probability based on age. depth of invasion, and VM index.

A nomogram was constructed by integrating the VM score with clinical factors, including T stage, N stage, M stage, and age. Calibration curves showed a close correla-
tion between predicted and actual survival rates, supporting the nomogram’s reliability(Fig. 2C). Additionally, decision curve analysis (DCA) indicated that the nomo-
gram offered superior net clinical benefit compared to traditional staging methods.

In the discussion, the VM score, based on LOXL2 and TGFB1 expression, emerged as a robust prognostic biomarker, providing new insights into the link between VM
and patient outcomes. Hub genes such as STAT3 and HIF 1 A present promising therapeutic targets for inhibiting VM formation. The findings corroborate existing studies
on the role of hypoxia and ECM remodeling in VM and emphasize the impact of HPV oncoproteins E6 and E7i in promoting these pathways. Additionally, the nomo-
gram developed in this study offers a clinically valuable tool for personalized risk and tr I

Conclusion

This study successfully identified key VM-related genes and developed a VM score that effectively predicts survival out-
comes in HP V-associated cervical cancer patients. The integration of bioinformatics analysis and clinical data highlights
the molecular mechanisms linking VM with poor prognosis. LOXL2 and TGFB1 were validated as reliable prognostic
markers, while hub genes such as STAT3 and HIF1A emerged as potential therapeutic targets. The proposed nomogram
offers an accessible tool for personalized patient management, enhancing clinical decision-making. Future studies should
focus on experimental validation of these findings and exploring targeted therapies to disrupt VM pathways, which could
improve survival outcomes in patients with HPV-associated cervical cancer.
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The research paper aims to study design and build an automatics green oak
lettuce models using the Node MCU ESP8226 board. The researchers studied and
analyzed various command programs to control the device and to control the
operation of the automatic’s green oak lettuce model. Then, a series of tests
consisted of part 1. The microcontroller command set that controls the humidity
sensor in the soil to activate the mist pump. Part 2 is an alert through the Blynk
application. Upon receiving the instructions, the researchers designed an
automatics green oak lettuce model with a width of 90 cm., a length of 125 cm.,
and a height of 175 cm. with a green oak lettuce spacing of 20 cm. The results
shown that 1) When there is less than 50% soil moisture, the microcontroller
command set can control the mist pump and operate the mist spray head and will
stop working when the soil moisture is more than 50% or more. 2) The loT system's
operation shows moisture content in soil and can operate all 8 spray points
through the Blynk application on the smartphone to control the opening and
closing of the spray head with the NO-OFF switch. Therefore, in an automated
green oak salad growing model, it works perfectly and continuously according to

the conditions.
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Treatment and Biogas Production

Potential of High Organic Industrial Wastewater in Thailand
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Table 1: Methane emission from wastewater treatment of studied industrial types.

Methane emission in each year (kg CH, /yr)
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Industry type

2564 2565 2566 Average
Palm oil 1,815,080 1,800,849 1,525,381 1,713,770
Cassava Starch 4,876,637 4,359,966 2843775 4,026,792
Ethanol 9,927,224 7,430,511 7,895,803 8,417,846
Alcohol drink 4,114,463 3,084,436 3,721,806 3,040,235
Food Processing 469,682 446,711 351,443 422612

Rubber 52,303 63,260 43323 52,962

228 0.29

W Palm oil @ Cassava Starch g Ethanol @ Alcohol drink | Food Processing i Rubber
Figure 1 Methane emission from wastewater treatment of studied industrial types.
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Table 2 Potential biogas production and methane quantity from indusirial wastewater

Estimated Methane Calculated Calculated Ratio to methane

Industry type
biogas volume  contentin  methane volume  methane amount emission
(myr) biogas (%) (mfyr) (kg CHyr)

Paim oil 9,161,182 60° 5,496,709 3611338 21
Cassava Starch 30,741,458 65° 19,981,948 13,128,140 326
Ethanol 33,744,673 58° 19,571,910 12,858,745 1.53
Alcohol drink 4,796,608 60° 2,877,965 1,890,823 048
Food Processing 2,537,062 76° 1,928,167 1,266,806 200
Rubber 2,083,817 557 1,146,100 752988 142

Methane content in biogas was referenced from a) defaultvalue (60%) b) umim{ wrvateg] (2551) c) naulseau

QAFUNTTA (2558) d) MTenal wistlszinalig (2560); Assume methane gas density of 0,657 kgim at 35°C, 1 atm.
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Effect of bio-packaging on the quality of table grapes
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8n 3 guuuu liun gunanafininzguuudlien ndeamanafinanyg uazannszatadeunanainniosshananaiin ndniiuinuieius aan dhmiluads 200 nusegavienin

)
iusnwlugruauaamgl 10°C arsdudiuiing 94.0% Wunan 15 $u wuih aanssaemdeud Dananainanin Simsgaudedmn asuuifoussUsiansaiinmsnldn
\J%uwruﬁuaauﬁaﬁazmaJﬂﬁﬁv‘wumtaxmﬂmﬂuﬂimmqa‘ﬁu drunnsuindeveseiusingaiian 5.84% vesiuil 6 WenFsuiisuivussyinsimenisian 3 sUiuuilinuamedu
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The research aims to investigate the effect of bio-packaging on the quality of table grapes, specifically using a paper tray with a bioplastic lid (PBS/PLA). The study
compares this packaging with three commercial packaging types: zip-lock plastic bags with holes, plastic boxes with holes, and plastic-coated paper trays with plastic
lids. After storing, table grapes with an average weight of 200 grams/bag or tray were kept in a temperature-controlled cabinet at 10°C, relative humidity at 94.0% for 15
days. The results showed that grapes stored in paper trays with bioplastic lids exhibited lower weight loss, firmness, and titratable acidity but higher total soluble solid
content and pH compared to those stored in the three commercial packaging types. Moreover, the lowest grape spoilage rate (5.84%) was observed on day 6.
Compared to the other three commercial packaging types, grape quality tends to decrease. Paper trays with bioplastic lids provided the best quality table grapes.
The shelf life should not exceed 6 days, which was the most suitable grape storage time.

Keywords: Bio-packaging, Commercial packaging, Table grapes
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Table 2 Appearance of table grapes from the different packaging treatments after 15 days

of cool storage at 10 °C and 94.0%RH

Packaging type
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WaEANYINM X = 4 d plastic bag Perforated plastic box  Paper tray with PET lid ¥
PBS/PLA (80/20) miyuuing bioplastic lid

e o
w: manszanuidaiiy
mstuzuwmaAn PBS/PLA oy nzauiled Wiiafoumfyuiwind  ssviAlanindaemaindanm
nIPUUNTSSS Uga (LERIT i 1ANTEATY) PBS/PLA (80/20)
i (a) ki (b)
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soesPapor bay WANPETA  —em—Papor iy wilh bioplastic il +esePaper vay Wih PET g —e— Paper ray with bioplastic id

04000 ©

02000
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o000

Storage tme [days]
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(b), total soluble solid content (TSS) (c), pH (d),
grapes in different packages

Abdusattarov, 8., Askarbek, S. and Bekzod, T. 2022. Determination of the influence of packaging measures of a variety of Husayni grapes.
AQUACULTURE 381: 18,

Lertwongpipat, N, Nawadon, P. and Sirjutaratana, C. 2014, Enhancing the Flexural and Impact properties of bioplastic Polyllactic acid) by
melt blending with Polylbutylene succinate). Advanced Materials Research 931-932: 106-110.

Hemandez, G. E., Marta, P. R, Pedro, Z, Gianluca, V., Francesca, M, Giuliana, G. and Sergio, T. G. 2023, Development and Characterization of
Thermoformed Bilayer Trays of Paper and Renewable Succinic Acid Derived Biopolyester Blends and Their Application to Preserve
Fresh Pasta. Materials 16(3872) 1-26.

Zhang, D., Guanghua, Yu, Zhu, Long, Huining, X. and Liying, Q. 2016. Bio-Wax Latex-Modified Paper as Antimicrobial and Water-Vapor-
Resistant Packaging Material. Joumnal of Wood Chenistry and Technology 36(3): 182-191.
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Effect of spent coffee grounds on physical and mechanical properties of bio-packaging
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The research aims to investigate the physical and mechanical properties of Polylactic acid (PLA) bio-packaging mixed with spent coffee grounds. Pre-treatment spent
coffee grounds to a size of 100 micrometers, boiled with 95% ethanol, then dried at 90°C for 1 hour until completely dry. Plastic pellets were mixed with spent coffee
grounds using a plastic pellet mixer. Barrel temperature range 190-215°C, spent coffee grounds content 0, 3, 5, 7, 9, 11 and 13% (P0-P6). Then, the workpiece was molded
using a plastic injection molding machine. It was found that the tensile strength at break decreased when the amount of spent coffee grounds was increased.
The percentage of elongation of the test piece tends to be constant in formulas P1-P3. As for the workpieces absorbed water over a period of 14 weeks, and their water
absorption tended to increase as the amount of spent coffee grounds increased. Formulas P4-P6é have a high Young's modulus, but it was difficult to shape the workpieces.

Formula P3 was easy to injection molding and the spent coffee grounds melt completely with the plastic. Then the packaging molding, it was found that the P3 formula

was able to injection molding the packaging more completely than all formulas.
Keywords: Packaging, Plastic pellet, Spent coffee grounds

o o
AU

nanaeelfnnszuIunsKARN IR Ut ioun SV BauazE IS uRE
o ponnul wawed Tu drdu s waglsl anansndesameldmetanin swiadumsia
filumswanoulel luleiomuea uazufadanmaingduvsd saudanunsaiuntanndy
Fangerulunsitmuveusulgsmanainiiliauifmand nenimuasanimuansiasiu
sanly a'w'lmu'mmﬁmwmﬂﬁnag"lugdﬂan"ﬂﬂ“l‘ﬁﬂi&uﬁmﬁa (single-use materials) Faran
90 Wasiaiilsiannsadosaansldmaonm auunfwanainezgnitinauuieisadluwith
Tnaasgumaynsuudoulusmaymsitszivaynalulas winsvdudiifdoudoatod
auwerulunisannansgnuresnarainilliausagosaasldvisianinse
anmuandenlusziuanna Tasmsvunilivailoda Jaqussytasifiannsadesaasls
i saufeussyinsinanainiianunsodesanisliniedinmanglud a.a. 2030
wunananiinanantiasiad

msdunssinedioames woduanin wedn (PLA) Sexlduniigndmiunisnan
wanandann egndlsfnuiiewieuiisunislinarainnedinsaiiuiouiiieuty PLA
wudn PLA fifesafansiunuiatiosnisanuioust auddnistuiuesloddinda
wanafnnllasiafl dmiu PLA naaldannszuaunmsminnnudaazdnvarnvaneyia
W $12lne Tn $dand Wudu Oliveira et al., 2021) AkuaniinsAnyisensindu
losssuminausauiu PLA wu Unuasunsien] Ue dundae warli Wudu anansasfmundu
nansusiiiguamgdld (Xao et al, 2022) ey msnnnundadutanwdeldan
anarmnssunuisSudounassiuiu PLA Simnsdululdgesnssotugiiuussgosils

« aa
qﬂnsmua:’;ﬁmi

\diananddin PLA

widasdatuguwanddn
(Injection molding machine)

gungliuniisa 190-215 °C
waudiawadAngns P1-P6 (PO laina)

.
b
40 £
N e e
| =
P BN
TR N .
.
:

— Tensile strength Elongation at break

Anugunanaiingns PO-P6

nnnuvl

Tensile strength [MPa]
Elongation at break [%]

PLAcomposites

Fig. 3 The effect of ESCG contents on the tensile strength and elongation

at break of polylactide (PLA)/extract spent coffee ground (ESCG) pellets  mixed with P3 formula
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Fig. 4 Water uptake of the injection-molded pieces made of polylactide
(PLAY/extract spent coffee ground (ESCG)
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Fig. 2 Visual appearance of the injection-molded
pieces of polylactide (PLA)/extract spent coffee
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Fig. 1 The physical appearance of extruded

PLA composite stands compared with neat PLA ground (ESCG)
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Table 1 Mechanical properties of the injection-molded pieces
of polylactide (PLA)/extract spent coffee ground (ESCG)

PLA composites Modulus [GPa] Hardness (HSD!

PO 1.48¢ 80.212°
P1 1.45¢ 79.712%
P2 1.41° 79.980%
) P3 1i525e 79.976%
P4 520 79.124%
P5 1.59° 81.464°
P6 1.53° 78.852°

Fig. 5 Packaging made from injection-molded plastic < Diference letter in the same column indicates a sgnificant diference amon the samples (p<0.05
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Physical properties of freeze-dried mangosteen
(Garcinia mangostana L.) pulp sorbet

Chanakan Sappayasan*, Worakrit Worananthakij, Natthaporn Chotigavin, Prompiriya Yorsang,

Soraya Kerdpiboon, Suriyan Supapvanich
School of Food Industry, King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520, Thailand

m *Email: 66086007@kmitl.ac.th

The taste and flavor of mangosteen fruit are distinct. It is a fruit that is in season and causes a large amount of
overstock. Mangosteen can be developed into freeze-dried mangosteen pulp sorbet. This study aimed to improve the
qualities of freeze-dried mangosteen pulp sorbet using egg white powder (EW). Freeze-dried mangosteen pulp sorbet
with 3.8% EW was produced compared to sorbet without EW (MGT). It was found that the MGT sorbet had higher
moisture content, aw, and density than EW sorbet (p 0.05). However, EW sorbet had lower hardness than MGT
sorbet and this could be because EW induced a pore structure to retain air. Moreover, EW sorbet was lighter and
greener than that of MGT sorbet, while MGT sorbet was redder than EW sorbt. Therefore, the physical characteristics
of the freeze-dried mangosteen sorbet are improved by the addition of EW.

Keywords: Egg white, Freeze-drying, Mangosteen, Physical properties, Sorbet
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Mangosteen pulp sorbet production 2 Freeze-drying

i ( ABOUTTHE -80°Cto 357
BRODUCTION ﬁ Improve the texture like the snack mixwith salt moling it OlpbarZZt
PROCESS 15x15x1 cm. molds
{75 Freeze-dried sorbet 3 Property analysis
moisture content Color measurement a
Objective and water activity —_—
p) Yoo =
“To study in the physical properties of freeze-dried -:-! L, ! ?
mangosteen pulp sorbet affected by egg white.” . we |
Determination of density ! Texture analysis

Results and Discussion

Table 1 Moisture content, aw and density of mangosteen pulp sorbet

Density (g/mm?)

Moisture
content (%db)

Sample aw

Before freeze

drying e

Fig. 1 Freeze dried mangosteen pulp ice cream, MGT (left) and
0.4170.022 mangosteen pulp ice cream with egg white, EW (right).

MGT 5.62+£0.182 | 0.23+0.022| 0.89:0.03*

EW 5.23+0.15> | 0.20+0.02° 0.65+0.24> | 0.16+0.16°

a,b The means + standard deviation of 5 pieces with 2 replicates are presented, with . MGT EW . MGT EW . MGT EW
different superscripts indicating significant diff ces(p 0.05)in the same column 4000.0 500.0 500.0

400.0 400.0

3000.0

Table 2 Color of the freeze-dried mangosteen pulp sorbet 3000 300.0

2000.0

3526.0

L* a* b* 200.0 EELES 200.0

+567.79¢ RS 3240 3152
1000.0 18067  100.0 20.062°  100.0 +70.46°
ns +123.47
MGT 71.82+0.10P 1.54+0.212 15.23+1.26 00 00
: Hardness Fracturability Crispiness

ACERESREE RS P R TR TR Fig. 2 Hardness (a), fracturability (b), and crispness (c) of freeze-
a,b Means  Standard deviation of 5 pieces x 2 replicates were presented with different dried mangosteen PU|P sorbet obtained with non-egg white

superscripts are significantly different (p<0.05) in the same column. ns superscript was (MGT) and egg white (EW )
presented with not different superscripts are significantly different (p>0.05) in the same
column

ab Means + standard deviation (n = 15) are presented, with different superscripts indicating
significant differences (p  0.05) in the same column.
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« Egg white affected moisture content, water activity, color, density and texture of freeze-dried mangosteen pulp
sorbet (p<0.05).

» Egg white increased air-holding capacity by creating small air pockets in the sorbet foam and helped reduce moisture
content and aw of the freeze-dried sorbet. Moreover, EW could improve the texture of the freeze-dried sorbet.
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Through eGFR, ALT, and AST Biomarkers

Pitchayaporn Sukkha? Pimnapanut Sridonpai®, Angkalsiri Deeaum?®, Karaked Tongdonpo®, Dunyaporn Trachootham®,

Aree Prachansuwan®, Sarunya Kitdumrongthum?®, Pitakthai Chamtim¢, Nachon Raethong®” ;

2Master of Science Program in Toxicology and Nutrition for Food Safety, Institute of Nutrition, Mahidol University, Nakhon Pathom 73170, Thailand
bInstitute of Nutrition, Mahidol University, Nakhon Pathom 73170, Thailand

©Academic Service Division, National Laboratory Animal Center, Mahidol University, Nakhon Pathom 73170, Thailand
* E-mail address: nachon.rae@mahidol.ac.th

ABSTRACT

The new trend of cricket-based food, considered a protein altemative following the FAO guidelines for food security, has led consumers to eat crickets daily. Currently, the

&

EFSA Journal notes only that the safety concerns of cricket consumption are allergenicity and genotoxicity. Still, daily consumption was not reported for the safety of cricket
powder, especially on kidney and liver function in non-allergic people. Therefore, in this randomized, crossover control study, the safety of daily cricket powder consumption
in healthy, non-allergic volunteers was investigated using eGFR (estimated glomerular filtration rate), ALT (Alanine aminotransferase), and AST (Aspartate
aminotransferase) biomarkers. Results showed that daily consumption of cricket powder contributed to mild allergic reactions found in 12% of participants, including small
red and itchy rashes. All symptoms were moderate, temporary, and subsided without medical intervention. Liver and kidney functions had minor changes but were within
the normal range. However, there were no adverse effects. These findings provide data to indicate the safety of cricket powder and increase the current understanding of

the potential health benefits of cricket powder consumption, making the Thai cricket market more valuable and another choice for more alternative protein foods.

INTRODUCTION RESULTS

Participants' characteristics
BEEF At the beginning of the study, the cricket group had an average age of 47 years,
while the placebo group had an average age of 42 years. The mean BMI for the
cricket group was 24.01 kg/m?, compared to 24.3 kg/m? for the placebo group.
Five participants dropped out of the study, resulting in a final sample of 17

participants who completed the cross-over study.

Adverse effects and allergies
® Two participants (11.8%) experienced allergic reactions, showing red, itchy
rashes on the neck, arms, and legs.

® No withdrawals occurred due to adverse effects.

Safety biomarkers
Fig. 2 shows no significant difference in eGFR, ALT, and AST levels before
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consuming cricket and placebo. After the interventions, the eGFR, ALT, and AST

levels showed no significant difference between the cricket and placebo groups.
Cricket consumption offers a sustainable solution for food security. Although historical

consumption has demonstrated the safety of crickets, limited daily usage has been e
reported, concerning its effects on kidney and liver function.

OBJECTIVE

To assess the impact of daily cricket powder consumption in healthy non-allergic

CGFR level (mlmin/1.73 m2)

s 8 &5 3 8

volunteers on kidney and liver function through eGFR, ALT, and AST biomarkers.

MATERIALS AND METHODS edt dfwdt Mlredl el Wit s belocal sl

Preparation of cricket powder

= 0
Weighting in UV-C room Hot air 80°C, 2 h Intervention product before ckt after ckt before et after ctl

e % Figure 2 Change in eGFR (A), ALT (B), and AST (C) levels
Quality assessment of cricket powder 9 g (A) (B) ©)

® The cricket powder was assessed for nutritional contents, chitin content, water
activity, contaminants, and pathogenic microorganisms. -
—

BLOOD TEST

Clinical trial and intervention

T

This study assessed the safety of daily cricket powder
consumption in healthy individuals using eGFR, ALT, and AST
biomarkers. Results suggest no adverse effects on kidney or liver
function. While cricket powder appears to be a safe protein

[r— | J
may “ 21 o source, further research with additional biomarkers and diverse
(el )
Figure 1 Intervention. populations is needed to confirm long-term safety.

The study participants

®  Twenty-two adults aged 20-60 years and BMI of 18.5-29.9 kg/m” were enrolled.

® The inclusion criteria include non-smokers, non-diabetics with no underlying Acknowledgements:
diseases, and gastrointestinal surgery. All participants recruited had to have ALT ®  This research project has been supported by Mahidol University (Fundamental Fund:
and AST less than 60 units/L and eGFR at least 90 mL/min/1.73 m’. fiscal year 2025 by National Science Research and Innovation Fund (NSRF)).
® The exclusion criteria include allergic to insects, chitin, chitosan, shrimp, dust ®  The authors also express gratitude to Food EDU and Good Food Fellows are
mites, and other crustacean products, pregnant or breastfeeding, consuming By e el gt FEON B0 UTBLAIIENGS B Bmemw BB
co-secretariats of the PTFI, and are by the R F

alcohol more than two drinks per day, and having histories of chronic liver

diseases, chronic kidney diseases, cardiovascular diseases, cancer, anemia, d""m".—‘, ég
ive coliti i m O / Alllance\\

ble bowel syndrome, ulcerative colitis, or anaphylaxis. Pt Bioversity & CIAT COIAR
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Abstract
This study developed a minimal process for producing candied
‘Nam Dok Mai Si Thong’ (NDMST) mango and evaluated its
physicochemical properties. Using 50-150 g of sugar per 100 g of
mango for 48 h at 4-5°C led to high water loss (45.62-51.67 g/100 g)
and low soluble solids gain (0.58-1.84 g/100 g). Weight reduction
(44.39-49.74%) and shrinkage (41.07-46.60%) increased with sugar
content, but total soluble solids, pH, color, and firmness of the final
candied mango remained unchanged. This simplified process improves
efficiency by saving time and energy.
Keywords: Dried mango, Minimal process,

4505 1008 =1508

¥
Partial dehydration, ;

Physicochemical property, Sugaring
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Figure 1 Mass transfer kinetics (a) water reduction, (b) weight reduction, and (c) total
soluble solids from the osmosis solution. '50S," '100S, and '150S" denote samples treated
with 50 g, 100 g, and 150 g of granulated sugar, respectively.

Materials and Methods

Ripe NDMST mangoes (intense yellow peel, no damage) and granulated
sugar (99.8% sucrose) were locally sourced. Mangoes were washed,
peeled, sliced (53mm diameter, ~11.61mm thick), and immersed in 50g,
100g, or 150g of GS at 4-5°C. Weight loss was recorded at intervals up to
48h. Samples were rinsed, dried, and weighed to determine water
reduction.

Figure 2 Photographs of (a) ‘Nam Dok Mai Si Thong’ mango, (b) ﬂesh of soft-ripe sample, and
(c) partial-dehydrated mango samples, (d) candying mango samples, and (e) dried candied
mango.

For mass transfer kinetics, 100g mango samples were treated with GS

(50g, 100g, 150g) at 4-5°C for 48h. WL, SSG, water reduction, and
shrinkage were calculated (Shinde & Ramaswamy, 2020). Candied
mangoes were prepared by adding 20g GS and 0.1g NaCl, heating at 95-
98°C for 15 min, draining, and drying at 60°C for 24h (or until 4,=0.600).
MC was measured by oven drying (105°C, 1h).

Variable GS concentration considerably affected PD efficiency (Table 2). 50g
GS/100g mango reduced WR, shrink, and WL. These rose with 150g GS, but
100g and 150g were statistically equal (p>0.05), possibly due to sugar
saturation. Limited WL may result from tissue shrinking (Abrahao & Corréa,
2023). For best PD, use 50-100g GS/100g mango.

Table 1 shows that sugar content significantly affected PD mango moisture
content (MC) (p<0.05), with 100g and 150g GS treatments yielding lower MC
than 50g GS. However, sugar treatment did not significantly impact TSS, pH,
or firmness (p>0.05). Initial MC (81.23%) and TSS (19.59 °Brix) changed to
58.88-63.98% MC and 31.80-34.10 °Brix TSS after 48h PD, aligning with
findings on 'Tommy Atkins' mangoes (Guiamba et al,, 2016). PD mango pH
ranged from 4.98-5.18, with low firmness (0.64-0.66 N) compared to

Statistical Analysis: Data were expressed as mean * standard deviation
(n=5) and analyzed using ANOVA with Tukey’s test (95% confidence).

Results and discussion
Figure 1c illustrates TSS changes during PD. Initially, TSS increased as
water release dissolved the sugar coating. In the 50g sugar/100g mango

treatment, TSS data were available from the first three hours, while in the
100g and 150g treatments, sugar absorption delayed syrup collection
until hour six. TSS remained high (50.5-54.5 2Brix) from 3-6h due to low
water release, then stabilized at 43.1-48.4 °Brix. Higher sugar treatments
(100g and 150g) retained undissolved sugar even after 48h.

Figures 2a-d show fresh mango, fresh-cut samples, PD mango, and the
candying process. Figure 1e presents dried candied mango with a golden-
orange color.

Table 1 Physicochemical properties of partial dehydrated mango.

6398+239% 31.80+342 518+025 0.64+0.32
_ 58.88+3.36 3410+1.69 498026 0.64+0.15
5000 6097345 3358+1.24 5.08%0.17 0.66+0.34

Data are shown as mean + SD (n=5). Different letters in a column denote significant
differences (p < 0.05); ns indicates non-significance (p > 0.05).
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this research with funding under the academic service project.
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osmotically dehydrated 'Kent' mangoes (23-26 N) (Sulistyawati et al,, 2018).
Table 2 Efficiency of partial dehydration by using granulated sugar

4439+244> 4107+256> 4562+117°  0.58+0.83
P00 49.74+1.75° 46,60 +4.22° 51.67+0.53*  137+135
[1500 0 4894+3.14° 4658+1.532 50.58+096° 1.84+1.76
Data shows mean # standard of 5 replicates. Different letters within a column indicate statistically
significant differences (p < 0.05). ns shows non-significant difference at p > 0.05. WR=weight
reduction; WL=water loss; SSG=soluble solids gain.

Table 3 Yield and physicochemical properties of dried candied mango

S0 29.02 £3.53  0.544+0.038  83.92+3.10 10.49 +2.93

000 26.89+3.18  0.505+0.034  81.96 +0.70 14.96 + 5.62

1500 27.76£3.41 0.498+0.044  82.44 +0.80 18.05 + 6.49
Data shows mean * standard deviation of the 5 repli ns shows ifi

difference at p > 0.05.

Across treatments, candied mango yield and characteristics were similar
(Table 3). Water activity was below 0.600 for spoiling prevention. NDMST
mangoes was softer than 'Kent' mangoes, which harden with sugar (Giraldo
etal, 2005).

Conclusion: PD mango with varying sugar contents at low temperatures
(4-5 °C) had high WL and low SSG. Since WL variations were considerable
between 50 and 100 g of mango, further research should determine the
ideal GS content between 50 and 100 g. PD and hot air drying are suitable
for dried candied mango.
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Biological actnvntles of Dendrobium crumenatum Sw. at various harvesting ages
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n&eliidavaanu:a laemsafaaisondrulunazdrudrduvovndrelilugovary ﬂ a ) 8 u
0.5-5 U undiAsihgnsduauyadas:are3s Superoxide, Nitric oxide ua: FRAP
ua:gnagusviaulul a-glucosidase ua: a-amylase wuihansanasnduluignsdu - - -
auyadas:gunNaisananndruddu duansananindruluag 3 U Dansduauya la a“ n a ﬂ u - a

k
das:(2938 Superoxide ua: Nitric oxide 1dd TasTA1 ICs, tA1AU 0.34+0.04 L
ua: 9.09+0.79 mg/ml mué&rdu @@andavgnsdiuauyadas:ds FRAP arsanaan
douluuaszddudirdiuang 3 U UA1 FRAP value gvga trindu 709.52+8.66 = J0agludvd Orchidaceae Tdnuveumsiaula
ua: 603.69+7.23 umoIFe(II)/g [\RIVERIe] uanmnua\)unnsauﬂ\)lauluu wudulwidea (sympodial) lUuwuaquwsnu
a-glucosidase ua: a-amylase fvaovstaldd nams3deddtkiiuansanaandou Angmwlumsthnigus:Tosinwen
TuuazdhudduvavnddeliAdoguancodu dowadeusuiausesazuazansmugimw
Auanchodu

Dendrobium crumenatum Sw.

Usznauddeasdeylundu Alkaloid arstundu
Coumarin lungu Bibenzyls uwa1szhntyma1u
WWuarsAOANEAUTANIVET TaNsNIwEINIW

MdAny: nddoliBovaanu:a, anEmudamw, anEdudoloulsl, asduayyadas:

KanKka1g
Abstract
This research aimed to investigate the effects of harvesting age on the °
bioactivity of Dendrobium crumenatum Sw. Extracts were prepared from the leaves Q %
and stems of plants harvested at various ages ranging from 0.5 to 5 years. The o ® ®

antioxidant potential of these extracts was measured using superoxide, nitric oxide
and ferric reducing antioxidant power (FRAP) assays. Additionally, the inhibitory
effects on a-glucosidase and a-amylase enzymes were determined. The results
showed that leaf extracts had higher antioxidant activity than stem extracts. The
three-year-old leaf extracts exhibited strong antioxidant activity in the superoxide
and nitric oxide assays, with IC5, values of 0.34+0.04 and 9.09+0.79 mg/ml,
respectively. This was consistent with the FRAP assay, where the three-year-old stem
and leaf extracts demonstrated the highest FRAP values of 709.52+8.66 and
603.69+7.23 pumolFe(I)/g, respectively. The extracts also showed good inhibitory
effects on both a-glucosidase and a-amylase enzymes. Results indicated the
percentage of yield and bioactivity of extracts from leaves and stems of D.
crumenatum Sw. varied significantly based on the plant's age.

activity activity activity

WaAnuIgnEduauyadas:dre38 Superoxide,
Nitric oxide ua: FRAP soufvAnugnsgusoioulsl
a-glucosidase ua: a-amylase yavansafomntuuas
aciuvovnddeliidavaanu:alugvargmstiutiedi
uancwAiu lwaquuumauqnsmnu)mwua\:msann
21nddud q vevnddelilugivergmsiAuiAedn

Keywords: a-glucosidase and a-amylase, Antioxidant, Biological activities, e
uancwu

Dendrobium crumenatum Sw.
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AT I AsnadaugnsnmvEomw

afasauddyinsav Soxhlet extractor
Togld Methanol 80% (uddriazate
mudsyavgauanual uazAeu: (2557)
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1Auuassausumagwnddelidovaonusa
gendrab/um crumenatum Sw.

Antioxidant activity

oxide scavenging

mu5suav Adtani et al. (2014)

Superoxide anion radical(*0%) scavenging
Mu3sUav Gupta et al. (2004)

Ferric reducing antioxidant power (FRAP) assay
mu58uav Kubola and Siriamornpun (2008)

dasidru Hypoglycemic activity O
uauivqﬁudaﬂa‘nwﬁ:awa a-glucosidase inhibitory assay
(@i i) ussUaY Kazeem et al. (2013) ua: Feng et al. (2014)

a-amylase inhibitory assay
U38UaY Rege and Chowdhary (2014)

0.5 U (6 1@idu)

watasaisal
Wan1IsSNQasv ¢

01 mstnuua SJUSON 02 msns:)i)aaunns 03 msns:)aaauqns
(‘l:)ain\ma:mluanamw muauuaaas* aqs: ('luum'lalunaannclaa\)
. Table 1 Antioxidant activities (measured by superoxide, nitric oxide and FRAP Table 2 Effects of different harvesting ages on a-glucosidase and a-amylase inhibitory
%Yield Sesays) of extracs from clfferent part of & D. crumenatum . at various ages 2Ctitis of D. crumenarum . extracts
il s Sampl 5”"“”"2“ Nitric °"g"e FR“I" e Sampl a-glucosidase assay ~ a-amylase assay
i e Py . i ample assayICs, assayICs,  (wmol of Fe(ll)/ ample
: . . (mg/mi) _(mg/m})’ g extract) Gy, (mg/mi) 1Cy (mg/mi)
Leaf
el -3 b o ol aged 0.5 years 037:002° 12.80:0.74%  252.54:10.869 aged 0.5 years 81.88:2.70% 12.42:0.07¢
ol aged 1year 037:001° 122141.05%  260.1546.029 aged 1year 78.2110.60¢ 17.05:0.779
aged 2 years 0.330.02°  11.85£0.74% 524,98+5.77¢ aged 2 years 81.92:0.88% 8.71+0.06*
aged 3 years 034:004°  9.09:0.79°  603.69+7.23 aged 3 years 11.43:0.190
osyers  yer ayers oyen syern syan aged 4 years 034:001° 127641119 402.2316.45¢ aged 4 years . 8.47:0.07°
aged 5 years 033:001°  1273+1.75%  540.82¢19.31¢ aged 5 years 61.80:2.42" 17.21:1.139
R st Pseudo-stem
aged 0.5 years 1.73:0.02"  12.97+1.10¢ 701.0045.512 aged 0.5 years 53.35+1.69 22.77+0.25¢
Fig. 1 The percentage yield of extracts obtained from the aged 1 years 1.61£0.08¢  23.29+0.49¢ 414.242,93¢ aged 1 years 64.57+1.67° 22.54:0.33¢
pseudo-stem and leaf of D. crumenatum Sw. at various ages. aged 2 years 229:0.129 21.16:0.37¢  347.20:4.79 aged 2 years 87.11:2.32¢0 24.66:0.147
N . i aged 3 years 13130020 1287:117¢  709.52:8.66° aged 3 years 92.26:6.46 28.86:0.549
sanaansmnnadellanarkine Dendrobium crumenatum Sw. aged 4 years 1216004 11.0440.23>  499.49:21.059 aged 4 years 84.13:4,74% 48.010.31"
Dorguandivdu Taud 01 90.5,1,2 3, 4ua:50 aged 5 years 0.62:0.07° 12.45:0.77%  500.62+11.18¢ aged 5 years 103.77:0.479 77.03:0.57'
Tasudoidudagwndreliiduddulutasdrudu mmsana Vitamin C 019:001 _ 0.65:0.04 _ 14,692.15:33.83 Acarbose 16.28:0.13 0.55:0.01
dgddrita:ars Methanol 80% G2858 Soxhlet extraction . 3. » Means & =3
! oY Py L exracti alferences (< 0.05) aiferences (o< 0.05)
wu31 duluuazarduyevaddeliliusnauasananuandn - _ . e
Auag1vbUed1AyNIvaaa (p < 0.05) d>ulualhusuiu msAnunansauayyadas:3s Superoxide radical ua: Nitric nnmsAnnansanonniuiasdiduuanadeldisovaanus,
a1sanagondidrudridu uazargmsiivingdrvavnddell oxide wu31 ansafannlubgnsusuyadas:lddniiansana arguanchviu wu3 asanamniut, ‘“UU‘V‘“““"‘QUI“”
wandwaudlAnananaisananuancdvoau asananalu Nnd1diu dandavAugnsiuauyadas:ds FRAP assay wu31 9'“505"1559 ua: a-amylase Joastguasmsqaduthmaiin
Uusmneusasa:nananagluyov 32.18-36.93 uazansanaan asanavnluuazdduniiong 3 U dansduayyadas:goaa didoauazaduquszaviinalad lasarsafaoinluid
&1du DUSIuSopaananaglugv 13.02-18, 96 lagwu31 ununnsuaannawsumsmu Vitamin C uas uuua[uumu 019 4-5 0 nasasafioondduiiong 0.5-1 U Gansdudotoulud
Usuruaisanan wuuuluua\)awmsmumﬂ: 1-20 ayyadas:anaviiaiorgmstAuiiedwuiu agmstAuines a-glucosidase anaa HDUGNSUUWWUIUU a-amylase
asDuuslivacavifoargmsifuiAesWudu douaavlu Fig. 1 fnadeldidovaonu:an 3 U Sviludivarghtkunaunga wu31a1sannamiunuaw 2-4 U uazaisanamndrdunaig
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Biological properties of Tha Khoi Mueang Phichit pummelo and its peel essential oil
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llmonene (64.94%) ua: myrcene (28.31%) thiukeus:ikeaandulorvasiiovwsas Dansgugoaulsiinlstua G 1C50 triAu 0.79 + 0.09 mg/ml uasaisagugonsiosey
vavida S. aureus ua: P. acnes [nﬂulaumunuﬂna'l\)uaulucln'lsuuﬂmn'mu 7.30 £ 0.12 ua: 6. 37 +0.38 uaalums muddu wavusdedsikiiunaulordasuazthiukous:ike
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Abstract

This research investigates the biological properties of various parts of the Tha Khoi Mueang Phichit Pummelo and its peel essential oil to evaluate their properties for
application in cosmetic and health products. The study of composition and antioxidant properties showed that Tha khoi Mueang Phichit Pummelo has antioxidant activity and
phenolic compounds. The highest antioxidant activity (VCEAC) was found in the endocarp (752.50 mg/100 g), the juice sac contained the highest to acid content at 9.57 % as citric acid.
The chemical components analysis of Tha Khoi Mueang Phichit Pummelo peel essential oil indicated that the main constituents were limonene (64.94%) and myrcene (28.31%).
The tyrosinase inhibitory activity of the peel essential oil was measured at IC50 of 0.79 + 0.09 mg/ml. Furthermore, the antimicrobial activity against S. aureus and P. acnes
showed inhibition zone diameters of 7.30 + 0.12 mm and 6.37 + 0.38 mm, respectively. This research indicates that the Tha khoi Mueang Phichit Pummelo and its essential oil can
be utilized in developing cosmetic products to add value to local products and by-products.
Keywords: Biological activity, Pummelo peel essential oil, Tha Khoi Mueang Phichit pummelo
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avAUs:nauvavthiukaus:eMnWEanduloiyasLiovaas douaaviu Table 2 wudi
limonene WuavAus:naukdn luusuieu 64.94% ua: myrcene Wuaisus:nausan fAUsLRU 28.31%
Tuyau:A Table 3 uaavAimsaugvlaulsllnlssluavaviiiukaus:ikenwaanduloribos wui
dfmanududuiamsagugvouliinlsawaldsosa: 50 (IC50) iy 0.79 +0.09 Daansudanaaaas
BoaglutivAkL:auKSUMSWIUIINAAUTNANUAS:10laUaVAdTA uaAMIAGU WuSITUKDL
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Table 2 Identification of the Volatile Compounds and Their Relative Peak Area of Tha Khoi
Mueang Phichit Pummelo Peel Essential Oil by HS-GCMS

Compound RI Relative Peak Area

a-pinene
sabinene
B-pinene

B-myrcene

1dotwan 2 A0nA & 3 I 1315 I g Zt D-limonene
doudv @ vovaula aiséhdty Ly
Cis-linalool oxide
o o _ e Sesvioutisnomenihiunousins Linalool
vovovAUS:NDUGIG - pH - titratable acidity - USEnASEMSIOSIR 0ol GooutadTntsiua
~Proximately analysis - total phenolic content Kim et al. (2002) e other compounds t
AOAC (2019) Adedapo et al, (2009) g GodaqsuntdriolsaRonio P

- Disc diffusion method

Note: t = trace (< 0.1%)
Wan1snaaav

1. pumwuazavAus:naumviaiivavanlonios Table 3 Tyrosinase Inhibition Activity of Tha Khoi Mueang Phichit Pummelo Peel Essential Oil.

2vAUS:ABUMLLAT tELaIU Table 1 wu3h dyucho 4 G pH tubov 4.13 - 4.90 asafaglutdalbliu
Ja1lunsadunsg aisatiuntdus:Tevutuinsavdra1wld nandeuriquaid daUsuauqa pH uayde
lumswaawadid luvausindoRasunavuazwivwasululnuanisaduayyadassuazaisus:nou

pangunNaudu BuilunruauiahAylunaaiurideduANLYs) (anti-aging) a0MsIAaaUyYadas: Tha Khoi Mueang Phichit Pummelo Essential Oil 0.79£0.09
Wuanquavsisaguazpadvd Kojic Acid (Positive Control) 0.01+0.00

waa
g 1 S Table 4 Inhibition Zones for Bacteria (S. aureus, S. epidermidis, and P. acnes) Using the Disc Diffusion Method.
(adulo : .
i dodulo T AT Inhibition Zone Diameter (mm.)
otaons ioese0 sample
el 3311 (mg) S.aureus S epidermidis  P. acnes
I LTET undiluted 7.30:0.12 ND 6.37:0.38
| | 10634
wWaonaulo Tha Khoi Meang Phichit Pummelo B (D (o I
o e wionadunate Essential Oil o5 - = b
o wadu 30.40%

) ND ND ND
o waawsAmsd wibwaguuon
(exocarp)

19.04%

Ethanol (Negative Control) 10 ND ND ND

Erythromycin (Positive Control) 0.015 27.95:0.74  29.31*0.26 -

Table 1 Approximate Chemical Composition of Different Parts of Tha Khoi Pummelo.

46.00+0.88

Clindamycin (Positive Control)

Note: ND = Not Detected

pH 413:002  478+0.03 472003  4.99:0.02
(et () Codlenzs | Ol | MO0l | melin msAnLIAIMWLAS \7n’Usmaum\)mﬂua\)éufaﬁmamﬁa\w’vims WU3 wibwadunaio (Mesocarp)
Ash (%) 077:0.03  174:0.04  145:0.03  0.97+0.02 ua:wiivwasdulu (Endocarp) DA uansaduay ) tuimavaa 752.50 mg /100 g
Carbohydrates (%) 11864056 1913:070 2161080 24.21+0.85 uaavAnsmwlumsigiuaisdundnuys) a)uluaau[auUsmmnanurﬁ nawnsalutsus:Tosilu
- WAOATIIASEVA1D1V U MsUSuUAuQqa pH uazidewdasadind uiiukaus:ikenadondulod
Protein (%) 113:003  3.07:010  183:0.04 188:0.05
limonene (64.94%) ua: myrcene (28.31%) WuavFUs:naudAry DAuauUaiauiumsiuauyadas:
Fiber (%) 078:0.04 9841048  9.61:045 11.44:050 dumsdniau wa:gugvaaunsd lasdhukaus:ikemndandulordasiiovwiasinnuaiuisa
Fat (%) 0.03+0.00 015:001 0.03:0.00 0.07+0.01 tumsgudotouluiiinlssiua lasiia IC50 wihu 0.79 + 0.09 DaansudoDaaans ua:a1wuIsagusy
Total Acid Content (% as citric acid) 957:048  386:019  202:010 212011 EEEYIEOLR & GUTELS L5k (2 CES

wWamsAnunUglRIRuAvAnanIwyavduladagiiovwiasua:iidukaus:ikgnWdanaula
lumswauwaaswuriquard u waadurnwaauas:=9vlauaviad UovAumsiadduanisaatya
Antioxidant Activity (VCEAC, mg/100 g) 434252171 549.15:27.46 732.82+36.64 752.50+37.63 [EENOEL WIS RIEEE N L AR N E M IE R U EME R BN ECR E T E)

Total Phenolic Content (mg gallic acid/100g)  5.84+029  589+030  7.06+035 510+026

19153105V
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Abstract
O in A (OTA), a my in with nepl ic and i ic risks, poses a signi to coffee safety. Thailand currently lacks regulations for OTA levels in green coffee

beans, even though human exposure to OTA primarily occurs through roasted coffee. Understanding OTA degradation during roasting is critical for establishing appropriate green coffee

standards. This study investigates the effects of roasting levels on OTA reduction and coffee quality to identify optimal practices. OTA content, if by HPLC, ignif with
increasing roasting intensity: light roasting (245°C, 11.5 min) and medium roasting (245°C, 13.5 min) reduced OTA by 77% and 90%, respectively, while dark roasting (245°C, 17.0 min) rendered
OTA undetectable. Roasting also affected i ical and sensory properties, including color, weight loss, moisture content, pH, titratable acidity, total phenolic content (TPC), and
antioxidant activity. While green coffee exhibited the highest TPC and antioxidant activity, these values declined during roasting due to the ion of phenolic This study found

that medium roasting balanced safety with quality, leveraging Maillard reaction products to mitigate the loss of beneficial compounds. These findings offer insights for optimizing coffee
processing to meet safety standards while preserving quality, ing the i of OTA ions for green coffee in Thailand.
Keywords: Antioxidant activity, Coffee, Coffee quality and safety, Ochratoxin A (OTA), Roasting process

Quality attributes

Introduction
Table 1 Color, appearance, and physical quantities of green coffee and three roasting levels

Ochratoxin A (OTA), a harmful in from illus and Penicillium species, Roasting levels (n = 3)
poses health risks in coffee, including st Toanat jon, and carcil i Green coffee Light roast Medium roast Dark roast
effects. While global agencies like the EFSA regulate OTA, Thailand lacks enforceable limits Colorand
for raw coffee beans, despite roasted coffee being a primary exposure source. Roasting Appeardrios 3
anificantl - OTA level ith di — 5 156 - L 68.28 + 1.292 40.47+1.61° 37.53+2.30° 27.2241.44°
significantly reduces evels, with medium and dark roasts being most effective. o 45740,808 BEALGEs & 6740.645 T
However, factors like roasting intensity, bean structure, and moisture loss influence b* 19.57 +0.88° 11.45 + 1.06° 6.64 +0.74¢ 4.36 + 0.59¢
degradation, requiring further study. Roasting also alters antioxidants—moderate roasting

i . i i . 9 ;. i Physical quantities

boosts them via Maillard reaction products, while excessive roasting leads to depletion. This
study explores OTA reduction, ioXi activity, and i ical changes in Thai Total weight loss (%) & 16.42+0.76° 18.74+0.88> 24.4341.43%
coffee, addressing research gaps. The findings support OTA regulation in Thailand,

haming both ; o el N Thai ooff Moisture (%) 9.65£0.05 2.3640.16° 1.10£0.01¢ 0.8940.08¢
enhancing both consumer safety and the international competitiveness of Thai coffee. PH 5.5740.01¢ 5.08£0.02¢ 5.86£0.06° 6.25+0.047

Titratable acidity 60.82+5.70° 79.72+3.072 59.6414.46° 37.79+1.02¢
Method *Values are mean:SD. Values in the same row followed by different letters differ significantly at p < 0.05 level.
Roasting impacts coffee bean quality, i ing color, physical ities, and
Green coffee bean Aspergillus carbonarius K39 apioxidant properiesi(Table 1. Flg: 2):
(No OTA contamination detected) (OTA producing isolate) + Light roasting: L* and b* decrease, while a* increases due to Maillard reactions and

caramelization.

]

Medium and dark roasts: Further darkening as melanoidins form from prolonged heat exposure
[

Weight loss increases with roasting, from 16.42% in light roasts to 24.43% in dark roasts.

OTA contamination level
of 10 ppb

Moisture content also decreases, from 9.65% in green coffee to 0.89% in dark roasts.

Early loss is from moisture evaporation, while prolonged roasting triggers Maillard reactions and

caramelization, releasing gases and volatiles [1].

pH and Acidity Changes: Green coffee has high natural acidity due to chlorogenic acid. Light

roasting decreases pH (5.08) and increases acidity (79.72) due to acid isomerization and
Light til i il i P i x ¢ i i i
(ulsgoc":f_; ,::i?‘) (';:::3"'1?;;‘::? (2':;:: rf;ztxign) organic acid release [2]. Dark roasting degrades chlorogenic acid, reducing acidity and

increasing pH, leading to the highest pH and lowest acidity.

l—l—‘ + Total Phenolic Content (TPC) and antioxidant

—————— 2 activity (DPPH scavenging) mirrors the trend
5 " g . 2

Analysis for OTA Quality attributes £ o ‘ . . inFig. 2.
| n‘g 3000 . < + Green coffee: Highest antioxidant activity
| | l I | ‘g—’;w (42.59 mg Trolox/g) and TPC (52.30 mg

3
N Biom GAE/g) due to chlorogenic acid and phenolic
Color  Total Weight Loss Moisture Content ~ pH and Antioxidant s 4
Measurement % (%) Titratable Acidity properties E o richness.
Greencoffee  Lightroast  Medimroast  Dark roast

P *+ Roasting reduces TPC and antioxidant activity

Fig. 2 TPC and antioxidant activity through thermal degradation of polyphenolic

Results and discussion of green coffee and three roasting levels compounds [3].
Maillard reaction products (e.g., melanoidins)

help preserve antioxidant capacity in medium

Effect of Roasting on OTA Content and dark roasts, retaining health benefits [1].

A single batch of coffee beans (OTA: 10.22 pg/kg) was used to ensure consistency.

Beans were confirmed free from Aspergillus carbonarius K39 to prevent contamination. Conclusions

Roasting significantly reduced OTA levels, as shown in Fig. 1:

- Light roast: 77% reduction, lowering OTA to 2.3 pg/kg, but with minimal safety margins. Medium roast Dark roast

Light roast
- Medium roast: 90% reduction, bringing OTA down to 0.99 ug/kg, balancing safety and quality. g
- Dark roast: Over 90% reduction, effectively eliminating OTA but compromising antioxidants.

All roasts met EU limits, with medium roasting as the optimal choice.
12

10
OTA

8 A 7% 90% >90%
5 reduction
= TS A O |.v;;| PC
26 for roasted coffee 3 uglkg
= (mg GAE/g) 42.62 40.04 38.80
5 7%
4 reduction
2 eduction rietion DPPH 37.22 33.50 28.27
. (mg Trolox/g)
i Difiront M!ﬂ-mm ot Bt Medium roasting offers the best balance of safety and quality by significantly reducing
Roast levels OTA levels while preserving antioxidant capacity. Though dark roasting further lowers OTA, it
Fig. 1 OTA content (1g/kg) in coffee at different roasting levels i i its and i harmful i like PAHs and furans.
Standardizing medium roasting (245°C, 13.5 min) is recommended, with further research
needed to refine roasting strategies.
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Green Extraction Technology for Biological Activities in Hericium erinaceus
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This study evaluated the biological activities of Hencium ennoceus,
specifically its antioxidanl aclivity and Lotal phenclic contenl, by comparing
wresn exliaction lechnologies such as supercritical carbon dioxide exlaclion
and the use of safe solvents, Supercritical caroon dicxide extraction yielded the
highest antiowidant activity but the lowest yield {1.2-1.3%). In contrast, hat
water and ethanclwater mixtures provided the highest vields (24,7-26.8%) but
moderate antioxidant activity, Increasing temperature and applying ultrasonic
waves enhanced exbaction effidency. Cilric acid and sedium  hydroxide
extractions resulted in both lew yield and antioxidant activity,
Keywords @ Anbioxdart  activity,  Green  estraction  technology,
Hericium erinoceus, Supercritical €0, Total phenolic content
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Fig. L Tatal phenslic compounds content {mg GAE/g of extract] with various extraction methods

[ e——

Supercritical Fluid Extraction (5TE) Water bath Ultrasonic
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Extraction methods % yield ‘
Water 85°C, & hr 26812049
Ethanal: Water 30°C , 8 hr 2531231
Ethanol : Water 75°C, 8 hr 247+ 1.06%
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NaOH4°C, 3 hr 82:036" ¥
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Ethanel 30-<C, 8 hr 57+ 061F Flg-3 ABTS radical catlon dacolorization [mg TEAC/g of extract) with varlcus axtraction methods
NaCl 95=C, 8 hr 47+013F
Citric acid 95 °C, 8 hr 20:003"
SFE QG mbar 1.3+007"
SFE 300 mbar 12005
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The survey on the sodium content in seasoning powder products sold in Thailand

2081 WA, g wialng?, fwefian uamiine®, quns gAaane®
*helnaunisuazgunm aniuAuadussiRMHRRinTTaIINT aAnendeinsmsAaas ngamne 10900
lhaaiiuarnmenines anniuduadiuasiRuKERAIMRIMNT v AnENAineRsANaRs ngamne 10900

unAnsa
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swiAduilfisnnUszasdifteAnsFunnlndenlundnsielialgass Fsmine
e T 2022 S1uau 252 faate wudn Seuaudedieiiuansaanninguinis fen
oz 18.3 uazuansdouilsznay fauax 97.5 lnusaatrefauar 82.4 findaifly
doulsznaunan uazsnetnfesar 62.3 'L‘ﬁmiﬂqmm‘ammiﬁm-nLﬁﬂmﬂu
a3Alszney q’ﬁ“l‘imm“n;qm Ao Tululnidlen ngriwm wenaniiiidautszne sy il i
wisszaslAen I seans Faane thuame nadiassiiunndafessendnioat
wuqn ﬁ“ﬁmuﬁqmjwﬁﬁﬂ?mmeLﬁauLﬂﬁﬂqqndw 600 fiadnsusienisAuuiianta
winfufenay 58.3 vesuAnuT AR Tnanadgeemmsdiiaglgnaunsdn dsunn
Tafangaga (3,289 Aadnin/ 14.5 nin) Audasaainduen il R uieds
2,393.3 NAANIN/ 14.5 NFH UAZENTIMUNAUAEN ﬁﬂ?‘mm‘[‘mﬁﬂumga 2,290 daangu
MdAny: Tndenluens, Unulsdes, wilgsa

(&

\

This research aims to study the sodium content in seasoning powder products

sold in Thailand in 2022. A total of 252 samples were analyzed, and it was found that
18.3% of the samples displayed nutritional labels, and 97.5% showed ingredient lists.
About 82.4% of the samples had salt as the main ingredient, and 62.3% used food
additives containing sodium, with monosodium glutamate being the most common.
Other ingredients containing sodium included seasoning powders such as soup
base, soy sauce powder, and fish sauce powder. The number of samples with an
average sodium content higher than 600 milligrams per serving accounts for 58.3%
of the total products. The instant seasoning powder for clear soup has the highest
sodium content (3,289 mg/14.5 @), followed by the seasoning powder for Tom Yum
with an average sodium content of 2,393.3 mg/14.5 g, and the seasoning powder for

Thai curry with an average sodium content of 2,290 mg

Keywords: Seasoning powders, Sodium content, Sodium in food
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anuau 252 Aaed1e w6 ngu muAnsuzIendnsiel doudszneuuaznig
il ldigee1mns Uszneusae qulfeu (G1) negsaenms (G2) madgeamnsdniSagy
(G3) pagas (G4) mv‘hﬂfﬁﬂ;ﬂ (G5) Lm:mﬂqqmﬁww"uwwuLﬁm (G6) Wi Hanuau
FaagaudnsiuTiuusiazngu Srususesnsuansdaullszneuuazaainingunig
sauanslu Table 1 Namﬁm-ﬁmﬂqqmﬂmuﬂixnau‘n'a\imiﬂqqum’qmmi“?itﬂuwm
saslaife savmn 7 28l faugndly Table 2

Table 1 Number of samples in each group that display ingredients and nutritional labels

Number
Groups code Number of Display of Not displaying Display of Not Display
S ingredients ingredients nutritional label  nutritional label

G1 20 20 - 3 17

G2 56 52 4 17 39

G3 109 108 1 13 96

G4 8 8 - 0 8

G5 21 20 1 1" 10

G6 38 38 0 2 36
Sum 252 246 (97.6%) 6(2.4%) 46 (18.3%) 206 (81.7%)

Table 2 Sodium-containing food additives cited on the ingredient lists of packaged foods
sold in Thailand (n = 252), along with their percentage and respective International
Numbering System (INS)

Groups code Sodium-containing food additives Number % of total sample *
Total sample=252 1. Monosodium glutamate; INS621 126 50

2. Disodium &' ribonucleotide; INS635 92 36.5

3. Disodium ' inosinate; INS631 24 95

4. Disodium 5’ guanylate; INS627 23 9.1

5. Sodium citrate; INS 331(ii) 6 24

6. Sodium carbonate; INS 500(i) 2 0.8

7. Disodium succinate; INS 364(i) 1 0.4

 Calculated as: Total Number of sample with Sodium-containing each food additives X 100/Total
number of samples surveyed.
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NINAWNNE NTZNTNANTNTONGT. 2565. NTNaUNE Wiz 5 Ussimenstewtniden wiliflsain
widadealanl £ Auindelaiifiv 1 fevanded.
https://multimedia.anamai.moph.go.th/news/100365/, 23 NN3NAN 2568

Ma, G and Zhuang, X. 2021. Nutrition label processing in the past 10 years: Contributions from
eye tracking approach. Appetite. 156. 104859.
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Fig. 1 Average of sodium content in seasoning powder products in each group per serving size: regular
seasoning powder (A) and low sodium seasoning powder (B). serving size; G1 = 150g soup, G2 = 5g,

G3= 1450, G4 = 1g, G5 = 5g and G6 = 59
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Energy-saving stove from used oil and natural materials
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ABSTRACT

The research on energy-saving stove from used oil and
natural materials the structure is designed as a rectangular
shape with a size of 0.65 x 0.80 x 0.80 meters, it is made from
aluminum that is lightweight material which made it easy to
assemble and move. A fan is used to increase the power of fuel
12 VDC from solar energy source, and adjust the fan speed to
5 levels. The study of the combustion of 1 liter energy-saving
stove using used oil and natural materials. The stove burned for
more than 5 hours (mixed with charcoal, firewood, and rice in
the amount of husks 3 kilograms). The temperature ranges from
230°C to 368°C and increases with the fan speed. According to
user feedback, it is convenient, appropriate, and safe for use. It

is suitable for as it

can reduce the cost of using expensive oooklng gas and

transfer gy ing to
development.
Keywords: Energy-saving stove, Energy, Fan, Used oil
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Monitoring of the pesticides contamination in agricultural area along Pasak river basin
unanga
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This study is to monitor the pesticides residues in the Pasak River basin and to impact to human health and environment. The samples (water, sediment and aquatic biota) from Pasak

river and its tributary were collected from year 2022 to 2024 and the ici by Gas ClI i The ici residue was used for assessed and
characterized the risk human and the environment and represent in Hazard quotient (HQ) and Risk Quotient (RQ) repetitively. The results found all pesticides group were detected. Triazines was
the most frequently detected and next below were organophosphorus and pyrethroids. The risk of pesticide residues to health and the environment were acceptable level (HQ < 1 and RQ < 1)
except permethrin has high risk and require further data for concern to reduce the risk (RQ = 10-100)
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CARBON FOOTPRINT ASSESSMENT OF RUBBER SMOKED SHEET: A CASE STUDY OF COOPERATIVE RUBBER SHEET FACTORIES IN
THUNG SONG DISTRICT, NAKHON S| THAMMARAT PROVINCE
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Abstract

This research has assessed the carbon footprint of smoked sheet rubber products with the objective of
assessing greenhouse gas emissions in terms of carbon dioxide equivalent from both the smoked sheet rubber
products and the production process. Additionally, it .proposes guidelines for reducing environmental impacts, based
on data collected from factories from January-March Section 66, which uses the TGO product carbon footprint
assessment approach and analyzes ways to improve various processes to reduce environmental impact through the
analysis of intemal and external business factors. The study found that greenhouse gas emissions from the production
of 1 kilogram of smoked rubber sheet amounted to 802.23 keCO,eq, consisting of the rubber plantation process at
793,60 kgCO,eq, raw material acquisition at 0.63 keCO,eq, and the produiction process at 7.96 kgCO,eq. It was
concluded that the proportion contributing to the product’s carbon footprint in Scope B2B is high, with the
production process accounting for 4.3%. Additionally, through the analysis of internal and exteral business factors,
recommendations were made both in terms of policy for operational planning and the application of clean
technology (CT) principles, which can reduce environmental issues.
Keywords: Greenhouse gas/ SWOT Analysis / Carbon footprint of product / Ribbed Smoked Sheet
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Efficiency of Using Morning glory (Joomoea aquatica Forsk) and Water Mimosa (Neptunia oleracea L i tructed Wetlands

Systems for Aquaculture Wastewater Treatment

Abstract

ATuipsasieAn s muesiivth g iinfs Gpomosa aquatica Forsk) wausinnsuian The objective of this study was to evaluates the effectiveness of aquatic plants, Moming glory (jpomoea
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aquatica Forskl.and Water Mimosa (Neptunia oleracea Lours) in Constructed wetlands system for treating

2o aquaculture wastewater. The experiment included three majors: a control set without plants and media, a set

e

govaans Tur yamunuitliftagfunaruasiio yiiivanduna
i fwihinligaérnihmuarenieuiluvgnlussuulinissvuuy. Horizontal Constructed Wetlands
wamsvnaewmu fviaesslndsnsnsiquivle 75.72% uay 77.25% melu 7 fu wuiilussavinmgen
Taganunsaniatn BOD COD lulmsvi uaz Tuwmsn 141 87.96%, 88.24%, 69.25% uaz 69.76% sy wanside

Fiduiganisveaesiififiviivszansamlunsdrdaassuridlidun
L indicate that the experimental setup incorporating plants was highly effective in treating organic pollutants.

Anddny: Mamzdesdniuy, TaseAvg, dnnszian, dnds

with media but no plants, and sets with one or both plant species. Plants were cleaned before planting in the
Horizontal Constructed Wetlands. The experimental results showed that both plant species exhibited growth
rates of 75.72% and 77.25% within seven days, demonstrating optimal efficiency. They effectively removed
BOD, COD, nitrite, and nitrate at rates of 87.96%, 88.24%, 69.25%, and 69.76%, respectively. The findings

Keywords: Aquaculture wastewater, Constructed wetlands, Morning glory, Water Mimosa
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Rl AR HRRETE it 1 g e TnedirssinsanaseUiinunssunid sufaeudieunansihinsswinssuuitiivuasififio

Aawanden (Li et al, 2029) thidewmaniifisnpamanysnnsdandl (BOD) uavdrmmifesnisesndiaumanil (COD) ge P - ' _
P e e a s o o ! S @ 57 7 T AN N
Wiawniiveadsnndnhiazirvemsiivie Jedwalmfansazauvadlulasi (NOz-N) uazluinsv (NO3~-N) #i91s

reliiAananszwusiessuuiimmah (Ojewole et al, 2024) Yoy Bnsurimbdevarnmansguuuy wu ms NALAZANTAINANIINAADY

PP o e S oy
waIBuNd viien il (Yang et al, 2025) aghalafinna ieluladivdrdonafiviunugs

foalldl fewnil sruulassivg (C Wetlands - CWs) Saduwuamsiididmusinuas

WANITNAABINUIIEATINTS
wigdivlnvesinauazdnnsziani

s oo i wwllilndiAssiu Taednjaiisng
FAunEgaTunumadglumsiiiaminds (Wu et al, 2025) ﬂvilﬁ?wtﬁuim'?i 31.50%, 61.79%

Duilassledauwanden Tngldfimihdrelunsininansuaiiv fiviiddnenmgslunisgaduaaite 1éud dnds (pomoea
i e e a sy

aquatica Forsk) uawiinnszian (Neptunia oleracea Lours.) Wiilszuusiniiaunedneg o

uaw 75.72% M99 3, 5 uaz 7 Yu
CREERTA] ﬁauﬁnnw\aﬂaféﬁ
31.78%, 57.84% uay 77.25%
sy (Figd) uanslidiuinfe

asswilnanunsagaduarsemnslad
e o3 oye S warinasidvinediesaniia
Tine (oays)

w’aﬂ'ﬁ‘lumiV\ﬂamuwnaumuunm (Jpomoea aquatica Forsk) uazinnszian (Neptunia oleracea Lours) B Fic.4 Growth Rate of Ipomoea aquatica Forsk and Neptunia oleracea Lours. (Kamariah, 2017)
uandlu Fig.1

1.nsiaseuiY

2mawisusruulassiivg

ssuudassAvgifldidunuy Horizontal Flow Constructed Wetlands Tneldtayuuinn 40x100x40 wu
Tgszuugnutiseeniu 3 gukuu I veithiiinsldsanunanuaziis (panunm) vetliinslaiantu ' ' ' ' ' Lo

- i oo 3 q
nan wiilillefiy (garaunu) uazteiiinsldiagunanauayily uansly Fig.2

Fig. 2 Experiment set of constructed wetlands. (A) A pond without intermediate materials and plants, (B) a pond with
intermediate materials but without plants and (C) a pond with both intermediate materials and plants.

e o) e 05

Fig. 5 (A) Biochemical Oxygen Demand, BOD; (B) Chemnical Oxygen Demand, COD; (C) Nitrite, NO2-; (D) Nitrate, NO3 -. Nep
(Neptunia oleracea Lours), IPO (Ipomoea aquatica Forsk)

shothahideildldnniethamsssas iinedtinuasenand (Fig.3) Tneiiu
sghahrisudngssuusariuiuil 3, 5 uas 7 vntsvaass mniuins
Arnevirinnuanysnluguves BOD, COD, NOz N uaz NO3™-N amssmnsgiu
APHA (2017)

HansvIABsIUIIA1 BOD flouthinegil 2687 me/L uazanasgegnii 3.23 me/L (87.96%) lugsmaassiildity
aaesuiin dauy ldine fndaiiesediuie o 3.8 mg/L (87.96%) uay 3.86 me/L

(85.65%) muzwm 'um~w‘ummuﬂuﬁluuw’nanaﬂmﬁm 42.13% (Fig.5) wanaliiiudniivdunumddgluns

3 Fisheries Faculty Pond, Kasetsart University Urinensunidluthide Tnetaeu i m\muvuuvwmuuunn\unnuuvnu(Rahmanefa 2022)

dwiur COD rouidnegil 272 my/L anasgugnii 32 my/L (88.24%) luyavmaesillidnnszian douyn
wmamffﬂ‘iﬁnﬁ!\La:ﬁﬁﬁ:ﬂm'ﬁﬁmaﬂmmﬁa a8 mg/L (82.35%) uay 64 me/L (76.47%) muadiu ‘nmvﬁ‘uﬂ

4.nsAnsnsisyiulnvesity muuithififivanasiios 50% (Fig.s) nalansand COD msﬂniﬂnww‘mmﬂgnimmsﬂauamamiauwm
- shumsudeseandiau Tnenuirinnszaniidnenmlunistda cop Idanddngs iesnniiszuusniidudou
FanmsatyduTa = W‘W wnsdituitAsnnnd iﬂﬁwauma"lﬁﬁiu (Karungamye et al., 2023) ludauvesilulasvikazlumm Aewdiia
ﬂﬂw 0.7852 mg/L uaz 1.0583 me/L AMUERU Tmyﬁﬂuimwaﬂaqaaaw 0.2414 mg/L (69. 25%) uazAlunsn

> anageantl 0.3200 mg/L (69.76%) wldnnszan f'“ ldindauaz o Tl
ler & TndiAeaiu mwmmuﬂuﬁlﬂﬂﬁ‘nammmm 15% uay 22.68% W’WR’\WU (FlgS nsanasvatlulasiuarlumsm

a

v = mﬂmnwwmmmm%mmn £ 90 yauvidiltaenae uhilasviuazlumsn
NHAITDNDY fglulsiauit un.,uuTmuwm‘mm vianiiusy “'|w1umirhiTﬂ'Lumeuiﬁﬁniv

dnljs iosvnilsuunniianinsess WWsfunszuaunsilARTY (Tang et al,, 2020; Zhang et
Li, H, Duan, Y., Dong, H, & Zhang, J. 2026, Core-shell bioactive capsule for aquaculture wastewater denitiication. Biochemical Engineering 2023
Journal, 211. dok:10.1016/] bej 2024.109469

Yang, H, Tan, T., Du, X, Feng, Q. Liu, Y, Tang, Y, Zhang, Y. 2025. Advancements in freshwater aquaculture wastewater management: A d = g - \
comprehensive review. Aquaculture, 594. doi:10.1016/] aquaculture.2024.741346 e

Wu, W., Hu, X, Xie, H., Hu, Z, Liang, S., & Guo, Z. 2025, Treatment of total petroleum hydrocarbon by free water surface constructed wetland: d5UNaNISNNaY
ffects of different combinations of submerged and free-floating plants. Desalination and Water Treatment, 321. s

0101016/} dwt 2024100908 § dntsuazens julesavgiisngnisias i 75.72% wag 77.25% melu 7 u uananil

Kamariah,. 5. 2017. Suitability of Ipomoea aquatica the treatment of effluent from palm oil mill. M.Sc. thesis, Faculty of Engineering, Sains fiwtauanen BOD Iéigean 87.96% uav f1 COD I 88.24% imqﬂ»jwﬂmuﬂuaa‘uﬁﬁaa'—m"m dlulagi uag

Malaysis University, Malaysi

o ey e lumwawaaaaam 69.25% Une 69.76% Ay ﬂainmﬂmmmnmiquaanmwmunivmumﬁmmﬁ“ww

Karungamye, P, Rugaika, A, Mtei, K, & Machunda, R. 2023, The removal of ciprofioxacin from synthetic wastewater in constructed wetland. aSuAIST st R waznsandul anive fedy datuasinn Fafidnenwasluns
6, 138-146. doi:10.1016/} hydres 2023.04.001 v v § §

Us"uUzaqmmwmamudwawmww
Tang, S., Liao, Y., Xu, Y., Dang, Z., Zhu, X, & Ji, G. 2020. Microbial coupling mechanisms of nitrogen removal in constructed wetlands: A review.
Bioresour Technol, 316, 123759. doi:10.1016/}biortech 2020.123759

Zhang, Y., Sun, 5., Gu, X, Yu, Q, & He, 5. 2023, Role of hydrophytes in constructed wetlands for itrogen removal and greenhouse gases LLIELAE

reduction. 8 Technol, 388, 129759, do:10.1016/jbiortech 2023.129759 .
reduction. Bioresour Technol ol biorted 090 436 2717 E phonchai.no@ku.th
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mslslulomsiadvdssnaunss (Bacillus subtilis) lus:uutvus:augidoduus:ansmwlumsiiiadnds
Application of Microbe-Immobilized Biochar (Bacillus subtilis) in Constructed
Wetland Systems to Enhance Wastewater Treatment Efficiency

ANJBRY Suikiauiha*, aasng anluais?, wsde Uudvre, adifs nsvAgus, GSa1 Ueyusaas, adugsun WavLAde, Augal uunmibase
amA3uinAlulagua:mssomsavinadau AfIAVIDAADU UKIINF8IALBASAMANS Asvinwe 10900

msIveiaaus: a\mlwarmmmsInmquIaznsnusmmuwaaa dunaa (Baciljus subtilis) Tus:uubous:auguuuuudav (Vertical Flow Constructed Wetlands;
VFCWs) WalWuussansmwmsthdatidennmsiwiz@evdast mululersnasvraunsdggniinluiiasiRaugiuingndandavlanssaAlaidnasauluudavasia  Mams
AnvwuiilulonsilasvasivswsuiikuzaudKSUMSHaIM:LawUMSASBAURVUIGadA JUNaa YIelasuUs:ansmwmsdasaarsansaunsglutids wethaululomsaso

AdrouBada u’uﬁéamh?s‘auﬁu :uu VFCWB wuiius:ansmwavda lagaiunsadida BOD, COD, lulash uaslutasn 1d 90.74%, 79.41%, 69.30% ua: 66.11% mudiau metu
7 5uldedvius:ansmwavius:uuinuzdinsumstdviulus:uuiiondudauna:iasaunsstuusuaugy
MaAy: msuivatide, Msiwildgeansh, u1daaa sunaa, Gous:auy, lulons

msidevansinluukavlusdudhanudmsseradd
yavgaakassudvNalklAauanIdNOMAYLIFY

wu luloswuua:waawasa ﬂ\)awaﬁalﬁlﬁnglnsmnqu

ua:Uayaumw (Jegatheesan et al, 2011) dvdu p— — —
Fvdududeviinalulagitatidgnius:ansmw

Oous:aug(CW) Buinalulagivadhdendodu Tag

91FEASIUIUMSNIVAEAIW 1AD 1azEIMW Boauisa
Avaasuanvlad (Pandey et al, 2025; Panghal biochar B. subtilis subtilis Biochar immobilized
et al, 2024) usAmAl CW  dvoainsaiwy o

o= T R B. subtilis
LJs:ansmwlo[ﬂulu:aqmnaw wu lulows ADWuR
#dgvuaANuaIIsalunMsQaguuawy SIUAvAISSY
auUNSgINaLESUMSHEAaIENITEINW a

©

TulonsilusaqriAnemwgvlumsivadde
(ovmnilAsvaswsWsULIALAEIBEY IsUADASSY el
9aunsd  inalulagmsodvaaunsguululomnsideiu
das1UAASeuaaansgeyideraunsaluns:udums
Gva (Li et al, 2022)

A A VFCWW VFCWM VFCWB

1250m
10em
aem

ascm

TuTownsAadvido Bac:llus subr//ls lumstdumnaw —_—
u CW dirsuthiatidenamsinzidevdasir lae
yowius:uuAbubasdadvud0dautiazdodu Fig. 1 Schematic diagram of the microcosm VFCWs

2506KCnte 3220k Dt Hament C28 Lock Map/Line Baments

2Scanning electron microscope (SEM) image in the present study: Biochar before ) . . )
immobilization (a,b); Bacillus subtilis immobilized on biochar (c); EDS of Bacillus subtilis Fig. 3 Biochemical Oxygen Demand (a); Chemical Oxygen Demand (b); Nitrite (c); Nitrate (d)
biochar (d)

msAnndugiusnawaviululonsiasvdrenaunss

1w SEM uaavlRtiusTlulosnsiwuRdRiswsu dovredviasumssadaue B. subtilis [dagwius:ansmw (Fig. 2a-b) lasieimsasvide B. subtilis uululonsiu
USmnuqumw (Fig. 2¢) uaswamsnaaau EDX &ugustoveds:nounanuavlulosisus:nauds C (64.48%), O (22.568%) ua: Mg (12.94%) (Fig. . 2d) gvasandovAuns
Anwwav Viajkov et al. (2023) Inunmauuuwumua DVAUSE naummnuua\)Iu[amstUuUaaannrgnuamwuwunwJauwaua-aswamwumaaunlaaaamsumm asnisn
S=19UdvIAUNSFoEwTUS:an5MW

msAnvImsivaduds

namsnaasviiaidenamsiwizidevansihtus:uulous:augvaiuuuy (VFCWW, VFECWM wa: VFCWB) wu3is:uu VFCWB Gus:ansmwgvaatumsaadt COD uas
BOD lagd1 COD aavn 272 mg/L 1Wu 56 mg/L (aaav 79. 41%) uazf BOD a0 26.87 mg/L 10u 2.49 mg/L (anav 90.74%) uonmnd Awavlulash (NO,-N) ua:
Tutasa (NO;-N) Aaqavuialussuu VFCWB (%cﬂulmsn 69.30% ua:luiasa 66.11%) Bouvuandvus:ansmwlumsihialulnsiouyavs:uul wansnaaovdvslkIRUIMSE
B. subtilis SouAUlulanSEraINuAS:USUMSEaBaaBasaunsduaslulasiou WavnnlulonsilasvagwswsuRWLRUAR G KSURAUNSE LAt BSAVIANI:I 0B URIKLI=EL
amsunssusumsluasiiasu Tag B. subtilis awisawaateulsgosaasuasaswlulWauuuiumlulons Mikns:usumsiialanuEssadaidey (Walanda et al,
2022; Hu et al, 2017; Rahimi et al,, 2020).

Hu . u Y. 0.0.& Xia, . 2017 AMedmed BOD Biosensor Based on Immobilzed .

nmsAnuUs=ansMwmsiiaiidelus:uutols:augnvaius:uundudaumstslu ol P ite. Sensors

is on us

(Base\) \7(”) uoﬂoaaeo/swu?au

shu L, & c.20m effluent impacts and
Somecios for protecting the emitonmant ahd uman health n Encyclopedia of
Environmental Health, Volume 1-5 (pp. VI-123-V121-135): Elsevier.
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Effects of atrazine application on soil microorganisms in corn fields
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Abstract
Study the effects of atrazine on soil microorganisms in com fields at Lopburi and Nakhon Ratchasima provinces by
analyzing soil physical and chemical properties, measuring soil residues, and comparing soil microorganisms, including bacteria,
fungi, and actinomycetes, using the independent sample t-test at 95 percent confidence. It was found that the soil in Lopburi wnenanos Sowiaunredin  wawnns Swinangd "“:'W;“';ﬂ* msfaviu atrazine wasirlue
uasgninlnn
province was loamy soil with relatively low organic matter, high phosphorus, potassium, and cation exchange capacity. In Nakhon o
Ratchasima province, the soil was clay soil with moderate organic matter, high phosphorus, potassium, and cation exchange
p— Chr o
capacity. Atrazine was detected only in the fields where the herbicide was sprayed, and the amount of the substance decreased msnnviiansimezsduiianddludioteiu
with increasing time. The counting of soil microorganisms, including bacteria, fungi, and actinomycetes, showed that the amounts Anmederniuluulasyszgndl$is Ultrasonic (Babic et al, 1998) usmilviasinieinies Gas Chromatography (GO)
of microorganisms in the three groups in the control and atrazine-sprayed fields was not statistically different. Atrazine spraying Agilent technologies u 78908 #silansaainuila Nitrogen-Phosphorus Detector (GC-NPD)
did not result in statistically different amounts of bacteria, fungi and actinomycetes in both experimental areas. Since this %
experiment was conducted in a short period of time, a longer study period should be used for more definitive results i
Keywords: Maize, Bacteria, Fungi, Actinomycetes, Atrazine - L d
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Table 1 General characteristics of solls after the experi 1
o o
(%) (mg k') (me k') (cmol k') % —_—— _—
—
10° 10° k 2 0¢

pbu Control 628 121 18.46 80.48 1110 o 108

atrazine 6.98 143 19.05 8299 14.74 ‘ ‘ _— e ——
Nakhon Control 648 1.66 ar21 16151 2702 0* 10* 0 10*
o e 2 a
Ratchasima atrazine 7.23 188 4453 170.19 2907 X @D Aifian starch casein agar (SCA) luusit
b L quuwgi 30 osniumiden uiam 7-14 fu
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- a & e o wd .‘, e = - a3 uazulasiiviuaznaBunudnia 2 wuiilifianuuanse A 1sNAREITEY Cole (1976) i tuazniu B 3.4 Alandusa
kl InawyFidteviuansly 2 4alus, 24 $lae 3 3u 79 15 3u uay 30 Fumadidy ;

5 o s
Lanag & uaze 2zN3IdU uansninudang

wiliifauuansineiuetrsiideddnysoud

wasiiuesnsBuiiviinnieznadu 145, 1.07, 0,60, 0.15, 0.04 fidniusiaiu 1Alanfunud iy way S . o %

. . Y. e o o . L desnaiu g 4 194 uazm i (Votes et al., 1974)
iy 30 Yu ay Bunnansluiu 7 Taupsdn wudmidaiuans
2 4alus, 24 Halaws 3 5u 7 Fu 15 Tu way 30 Tunudidu SUTinwesmandu 6.7, 4.20, 1.28, 1.24, 0.05 Table 3 Quantities of bacteria in soil
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This study examines the effectiveness of game-based learning (GBL) in teaching mitotic cell division to high school students, utilizing a modified Werewolf
game to enhance engagement and understanding. Forty high school students were divided into two groups: one with no prior instruction (Group A) and one
with prior instruction (Group B). Both groups participated in a role-playing game simulating mitosis. Pre-test and post-test assessments measured changes in
conceptual understanding, while a Likert scale questionnaire gauged motivation. The results revealed that the game significantly improved conceptual
understanding, particularly for Group A, who had no prior instruction. Motivation scores were high, indicating strong engagement and interest in the game-
based approach. However, there are still gaps in the experiment that should be taken into consideration.

Biology often involves abstract processes, such as mitosis, which are challenging to visualize and understand (Smith & Knight, 2012). Traditional teaching
methods such as textbook-based instruction and lectures may fail to make a clear understanding of complex topics like mitosis.

The importance of this study lies in addressing several key challenges in biology education. One of the primary issues students face is the understanding of
biological concepts which could result in a lack of enthusiasm for the subject and conceptual clarity in biology (Smith & Knight, 2012). GBL would transform
boring topics into engaging and relatable experiences that combine the gap between practice and theory allowing better conceptual understanding. This
study aims to evaluate the effectiveness of GBL through the Mitotic Cell Division game for high school students. This research focuses on how innovative
teaching methods such as GBL can enhance biology education, making it more engaging and effective for students (Plass, Homer, & Kinzer, 2015).

In biological education, GBL has both challenges and benefits. Complex biological processes, such as cellular mechanisms, are difficult to represent
accurately in games, and simplifications may lead to misconceptions (Mayer, 2005). Furthermore, GBL also required considerable resources and a large
amount of time in order to create the game and improve which can be particularly challenging in some schools. (Plass et al., 2015). Role-playing allows
students to physically embody biological cancepts, such as chromosomes, helping them better understand complex processes like replication and division
while reducing misconceptions (Goldstein, 2016). Moreover, educational games can be particularly beneficial for diverse learners, including students with
special needs, by supporting independent learning and fostering critical thinking (Gerber et al., 2014). While not all students respond equally well to game-
based methods, evidence suggests that when these approaches are aligned with students' learning styles, they can significantly enhance conceptual

understanding (Liu et al., 2014).

Table 1 Pre-test and Post-test Scores

Group A Group B
Pre-test Post-test Pre-test Post-test
Mean 103 863 730 92 Conducting Post-Test
Min 0 5 6.00 s The post-test, which was multiple-choice therefore minimizing the impact of grader bias.
Max s 10 900 10 This included qu‘esti‘ons similar to those in the pre-test, focusing on key concepts éuch as
the phases of mitosis, the roles of cellular components, and the effects of mutations on
Table 2 Perception results the mitotic process.

Perception Group A (Average) Group B (Average)
Helpful 457 4.60 Statistical Analysis
Proferable 423 420 A paired t-test was used to compare the mean scores of the pre-test and post-test for
i 420 each participant, allowing for an analysis of the change in knowledge over the course of
Inspiring 430

the game-based learning intervention. By calculating the difference between the scores
for each individual, the paired t-test assesses whether the mean difference is statistically
significant, thus determining whether the game-based learning intervention effectively
improved students' conceptual understanding of mitotic cell division.

The data reveals a significant improvement in test scores for

both groups after participating in the learning activity. Group
A, consisting of students with no prior formal instruction, had a
mean pre-test score of 3.03, which increased to 5.00 in the
post-test, reflecting a substantial gain in understanding. Group
B, consisting of students with prior knowledge of the topic,
had a mean pre-test score of 7.3, rising to 9.2 in the post-test,
demonstrating improvement even among those who had
previously studied mitotic cell division. These results indicate
that the game-based learning intervention was effective in
enhancing students' conceptual understanding, regardless of
their prior knowledge.

Group A showed strong positive feedback, with an average
helpfulness rating of 4.57, indicating that students found the
activity significantly beneficial. Their preference for this game-
based learning method over traditional approaches was 4.30,
reflecting a strong inclination towards this format. The
perceived inspiration level was 4.33, suggesting that the
activity was motivating and engaging for the students. In
Group B, the average helpfulness rating was 4.60, slightly
higher than Group A, indicating a strong perception of the
activity's educational value. The preference for the game-
based method over traditional learning was 4.20, showing a
solid preference, though slightly lower than Group A’s. The
perceived inspiration level in Group B was 4.20, indicating that
students also found the activity inspiring, albeit slightly less
than Group A.

Having a baseline group, Group A, allows for a clear assessment of how well the game-
based learning intervention performs in the absence of prior knowledge. Group B, on the
other hand, provides insights into how the intervention enhances or complements pre-
existing understanding. This dual approach controls prior knowledge as a variable and
strengthens the analysis and makes the results more generalizable.

To assess student motivation, a questionnaire was administered using a 1 to 5 Likert
scale, where 1 represented the least and 5 represented the most. The survey measured
students' engagement, interest, and perceived value of the game-based learning activity.
This feedback provided valuable insights into how engaging and effective the game was
in capturing students' attention, enhancing their interest in the subject matter, and
contributing to their overall learning experience.
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Effects of using board games according to the inquiry-based learning strategy.

on the topic of Internet crimes for Grade 8 students.
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Abstract

Ty

Learning through board games is an interesting learning strategy that creates learning environment
through the media of board games, adding fun to the instruction which increases students' awareness
of online crimes. Effects of using board games according to the inquiry-based learning strategy on
the topic of Internet crimes for Grade 8 students by using the Quasi-Experimental Designs had the
following objectives: 1) Study the academic achievement by using board games according to the
inquiry - based learning strategy on the topic of Internet crimes. 2) To study students' satisfaction
with board games using inquiry-based learning on the topic of Internet crimes. The sample group
consisted of 40 Grade 8 students who were selected by cluster random sampling. The research
instruments were 1) academic achievement test and 2) satisfaction questionnaire. Data analysis
included mean, standard deviation, and dependent t-test. The research results found that 1. The
students’ learning achievement using board games according to the inquiry-based learning strategy
on the topic of Internet crimes was significant at the .01 level. And 2. the satisfaction of the second
year high school students towards the board game using the inquiry-based learning management
on the topic of Internet crimes is at a high level. Because the students are aware of cybercrime and
enjoy their learning.
Keywords Effects of Using, Board Game, Inquiry-based learning

vofmnudaulitinFuuiiloifoniesine 1atu wiumsudtigmuasmsausuesdauliinGou
TUnAniBunssnzuaymsiasizitaym SeaansnihlulEluganess Snitedeanansarmenusaufutay
vimnnfinwemsraufin msuwdstuioya uasmssndulosaniu Salufinueddn sadsihnssuiu
msFoufuuuiuaiu 5 Su (5E) armaule wiumsiadins dsaouazdum oBuuuazavdioagy
wvywAnug "’hmnuﬁn Tﬂuh'ﬁﬂﬂﬂrmnu
ﬂﬂwauunsm‘:umﬂwui‘ Uvquu oRINTTUN ) ls
B tumstéinalulad dewalitindynmuasugio foau
uazAaLEh J A § it fuafiuonsanssamed

= i i ¥ B
mefivanzautumsthstitinisuuinlelamil iumsiSuuiiiaynau

w§ § doana

NSV

1SUIRANEH

15ARILASIER

uazmstindulo onnarmadiysivnar Seiina 1sTéus wnszUIUNISIaNIsIF LSl
Fuian Fou orsannssamduinesiin & inFoutuiisennunt 2 faluisa fi ot
Aun domutugail uanlumsdansaoufitiinFeuinms Suunfoufuana

Ao g T

Aynaum

HALAzINSAINANNSAVY

1. naduandnmumsiuuboviniFuuilivosmnan manszuaumsiSoug 5
fsunfinundi 2 Fou orwnnnssumeduinesiia
379 1 Anedy dawdy, WS A
niFuu veviinFuuiliuesaina (n=40)

i wounsy JWFBUIiBUAzILY

MsnAAoU AZULULEN
AouiSuu 40 30 860 1.69
— 6840 0,00
niaFou [ 40 [ a0 2437 190
*p<.01
mnmm1wu'nnm.—muu SnemsiFuurous A1 dniFuu fiasuuu
fouiFuuiriiiu 8.60 FumdoFuuirindu 24.37 us-nﬂnu Fuuidi 3 i
15 &aSuu wuth SNaMms S uuUnAS: Fuuetheilliuidrymesdian

.01 mnamnanmi]wuuwmwnleuuznnmefmmumuqunﬁumdaumaﬂﬁn AlEdunofilndenna
mm‘.‘m‘m|ﬁ1hms"lﬁ\numafuhﬁmaﬂhmﬁaﬁﬂﬁmnﬂsgvnmﬂnmﬁiuiaﬁ!\ﬂﬁummuoummn

ﬂannﬁmnunqumzmtmniiwmfmd!..?umﬂﬁnummﬁ Taverdutosls Tulags
tumeiianolfiAaamudumutomaefunsinu iasugio mnu 1-|ussm uazAMiiuAsUBIUSEING
msadiuuesi X] suieysanais é\\‘luumm Lh)

oo SEEE R

lUnTaﬂm‘lumgmwmnw
&, F

5 DS HouAmy

fmutumsudeiu Sougifomnumsao
Widuues Tofisa Suasysai (2564) Aidnu13dy Hos wans

damsiSeufuvuiuianzmanag 5 tu (58) 5 fin SSCS nunmuwnmwnfnnﬁuﬁ‘fvﬂuﬂmm
mmmlnﬂiunnsmﬂmﬂ:uu un..mwmnu'(umﬂwuf Boudar W i fsvudnu
U 4 wuh finad WSS & louiuu otheiitiudmdynuadifissiu .05

38anfiunsavy

msisuadail 1u7‘.muummuuu ASuias ( i Designs)

1. nguiiaeg1e Thud dnis 0 2/5 § 40 au Tdinlaumsguinegouuy
Aqu (Cluster Random Sampling) fuA8msduaain TnviifesFuuluniugu

2. fiudsiidinen

21 anuuanﬂi* (Independent Variable) Téiun msté wnssuaunsiSuufuuuiuae
woviinFuuduiisuunuti 2 Fes mumwnswmuoumoﬂuw

2.2 fiauusms (Dependent Variable) Tiun 1) naduansmenisiou Bou murg'\nei»muﬁul.nas‘nﬂu
uaz 2) AnufivweloveiiniSuu

3. Lmawen'(t'ﬂums'nu

31 ummmmﬂs-uus dou mur\nnesumauumnﬂﬁm Srau 3 unu w1 mstinatuladasauina
unui 2 mw;]unnumawumamv‘ﬂnmm.ﬂu wHufl 3 AnuFui jonsid Sansauind
WiaaumsdamsiFuumsaou Suam 6 §al

3.2 vas WASEUIUNSITBUS e wouiiniFuudusi 10 2 Feu orBRyInssIIMI
Buinofiiin

33 nuu’:anﬂﬂuqnsmummuu Fou ewmmesummumnﬂum nnvefatna Gnamamdnmsidvuy
ut wiln 4 faudon $1u 20 do

3.4 buusoUnIAY TweuiiniFuufiironstiues 5 JuFuLAE Uee

unwuuuwlsuuﬁmwn 230y own NI 1 [ U6 5 sEHU

Ao Lnﬂ“ﬂﬂ ann Uuna toy nazummqn

mwi 1 ndnminisidu mwi 2 uasanudulay

Hhhk [Re—

S vy | o3

WA 4 AszauAzuUL

WA 5 Avnssundu
mstéuasainy

Wil 6 fivnssundu
mistéuasainu

w9 2 anuiewelovestinFeuiiluesanu unssUIUNsSBUSIUUAUEE voviinFoudusisyn
AnuUf 2 Sov ewanssumedumesidin

Swmsusziiiu

1. fhuguih

—x
2. shuiilem

3. humseoauUULAsUSzuNa

4. shumstiouuesainu

o
128y

onmsw 2 wuth anwfiovolevesiiniFauiliueiaina i3os swannssumwBumesifin wuiy
dnisuufienuiiswolosiouasainy Tausauiiauifivweleaylusziuann (X = 3.81, S.D. = 0.16) Ymusvmu
anuiiswolofiisieiuinniign fe sunstéuesainu (X= 4.00, S.D. = 0.98) sovasnduiiom
(X=3.97,8.D.= 099) #a\l'mnmun'n‘aanuuuu'vukuua (X = 3.67,S.D. = 0.65) uazszhiuaIm
fianolofisiAnedudouilan Ao mumum (X =3.62,5.D. = 0.92) nmumuu flosinnenmsesnuuu
veosamaildriivietinGuuluidny Suseusdudniesuniou duilowiiluidon orsnnssa
mudumneilia ;huﬁ’lﬁaanuuuua,d'f:muua WirnsnBudondulumstéou uaslissuunudaumae
dmsuiliau lﬁlaamnﬁq,lmﬁwu“:amumﬁnl"?uumzams?whﬁumusmns”umuﬁumas' i Haouls
aﬂn'nu'ns isyminnainnany \anamuinmuammumwmmnumu sauloliiiniuumsos
HahassuumsiSaufuuuduiae 5E Taviinduuansammadunoudsil 1.a5wewaulo assiulay
ot

niFuu 2.msdsrouazaum deasulifiFauihnusiniu msise nseaou dunn
uagilynsTimoudiu 3. mseSuinuazasdoagu fifvuesursuuiin fradwnussiisuuies lifiEuu
uannAngulinawa 4.nsvenanug doasuligiFsuh A Feuldiseuiiussynalinsoveny
a2 S.uudsziiuanag Jissuihnaauasinestniluussyaddusziiunnug Wutuneu uaneis

msmouauasseanumsal wiailunuanuilaym uazanansaluldliose
v o
LR EREORNONE
imiaounant

g0 il 2560 -

fnsiovtuin 7% uney mmmmmvﬁm
ARIATANARS A ANIAL ' ‘8u1i|pLnok33@npulac.th)



msuUs:guMSsmsuSmndvinuasmacs nivit 63
The 63" Kasetsart University Annual Conference

mswasunuasainulastdinatinmsisgusuuusiuiiosyuuunduuyvdu twadviasy
Anu:Msaadiasii MsuiUurpgivvie dinsSulinisous:auds:aufnuiadudu

The Development of a Board Game Using Cooperative Learning Technique with of TGT (T G Tour ts) to Enhance Analytical

Thinking and Simple Problem-Solving Skills for Elementary Pupils
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This research study aims to 1) develop a board game using cooperative learning technique to enhance analytical thinking and simple problem-solving skills for elementary pupils
2) study of analytical thinking and simple problem-solving skills after learning 3) study the academic achievement before and after studying 4) results of student satisfaction. The results were
found that 1) the quality assessments included game format, content and game playing. It was excellent with (I0C) between 0.67-1.00 2) the results of analytical thinking skills after learning
were higher than 70 percent criterion, with X of 7.95 and S.D. of 1.90, with a value of 79.50%.
Keywords: Analytical Thinking Skills, Board Game, Computing Science, Simple Problem Solving
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Table 1 Results of the quality assessment of board game learning.

Evaluation Mean sD. Level
1. Format of the game
1.1 Pictures, letters and colors stimulate students’ interest. 467 058 Excellent
1.2 Clanty of Letters and requests 467 058 Excellent
2. Content
2.1 The problem situation is consistent with the objective. 487 058 Excellent
2.2 Problem situations are appropriate for students. 433 058 Good
3. The process of playing the game
3 it 5 Figure 2 Example  images of  special . to-understan
Figure 1 Board game “Let's do it o ol o pe 3.1 Playing board games has an easy-to-understand sequence of steps. 433 058 Good
equipment cards and special equipment 3.2 Knowledge sharing and cooperation to solve problems. 500 000 Excellent
cards and jigsaw puzzle cards.
overall 461 024 Excellent
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Table 2 Results of analytical thinking and simple problem-solving skills of elementary pupils after learing

Table 3 Results of the academic achievement of elementary pupils before and after studying by using board
by using board game to compare with 70 percent criterion

game.
Test Number of Crterion Full masks Mean sD. %
Test Numberof | Ful Pretest Postiest s sig
samples (n) (%)
samples (n) | marks | x so. x D,
Posttest 20 70 10 795 190 7950
Anaytcal thinking and E) 0 | 725 | 174 | o5 | o4 | 711 | ooow
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The Development of Reading Comprehension Skills through Team-based Learning for Matthayomsuksa 5 Students
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The objectives of this classroom research were 1) to compare reading comprehension skills of
Mathayomsuksa 5 students before and after learning through team-based learning. 2) to study the
Mathayomsuksa 5 students’ attitudes towards team-based learning. The sample group consisted of
31 students in the Mathayomsuksa 5/6 obtained by purposive sampling method, who are currently
studying in the second semester of the 2023 academic year. The data collection tools included 1) a
learning management plan using team-based learning on reading comprehension, 2) pre-posttests of
reading comprehension, which has difficulty index (p) between 0.33 - 0.80 and reliability of 0.84, and
3) a questionnaire of attitudes towards team-based learning, which has reliability of 0.7. The statistics
used in data analysis included percentage, average, standard deviation, and effectiveness index.
The results of the research showed that 1) the students’ reading comprehension skills after using
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team-based learning i ifi with a post-learning average score of (x)= 18.8 and \, —

(S.D.) = 4.24, which corresponds to a percentage of students meeting the criteria at 93.54, and an
effectiveness index of 0.5739 2) the students have high attitudes towards team-based learning at
mean (x) of 4.24 and a standard deviation (S.D.) of 0.82

Keywords: English reading for comprehension, team-based learning management, attitudes
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Table 1 The average score of students' reading comprehension skills before and after team-based learning,
and the percentage of students meeting the criteria

Test Maximum Score Mean SD. P:S"":!:;:s:‘:’:::
Pretest 25 10.4 4.48 29.03
Posttest 25 18.8 4.24 93.54
nwEnnsE aﬂmmmlwmunuawmnuummwumsniauj’mimmwemmwﬂwuuwlﬂu
31 vesinBuudiaisnAnunliy s Tarpzuueis = 188 uay (SD) = 424 gandnAzuuueRneu
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mam'mm'ﬂfwmunmJLmEu\muﬁwuuumﬂmugunuwmﬂuﬁﬁu vasinGundisunnunl 5
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Table 2 The effectiveness index of team-based learning on the students’ reading comprehension skills

. Total score
Number of students Score =L
Pretest Posttest

31 25 322 582 0.5739
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M so Vean
Students are satisfied with team-based learing
to develop their English reading skills. L
Team-based learning helps to resolve problems or
4.4

questions related to the content being read more quickly.
Working with a team makes students 12

more interested in reading English.

Team-based learning contributes to

more effective English reading.

Team members help stimulate learning and
understanding of English reading content.
Learning through team-based models significantly
enhances students’ English reading skills.
Working with a team helps students become
more confident in reading English.

Students realize the importance

of reading in English

Students understand the content they read

a2
in English better through team-based learning.

Students enjoy reading English
a1

through team-based learning. , , g B En a@ s0
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FUABUNITLE Team Based Learmng
(Michaelsen & Sweet, 2555; 814NN LaUNA, 2564)

1. dULASANANNS BN (Preparation)
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2. iumﬂﬁnaum‘mé" (Readiness Assurance Process)
2.1 mivhuuuwmmun‘auﬁummqmm (Individual Test)

2.2 MauuumageLANTTuT (Team Test)

2.3 nslidaiauauzaniag (Corrective Instruction)

3. ’nuﬂiwnm’li’ (Application)
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4. duilszifiuna (Assessment)
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Application of QR Code to Increase Efficiency of Inventory Management:
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ABSTRACT

Study on the suitability of using OR Code in the management of equipment, the four sample
groups totaling 98 people was testing OR Code and then were estimated satisfaction questionnaire
by using A five-level rating scale. The research results were analyzed using percentages and mean.
The results showed that the satisfactions of academic personnel, bachelor student and graduate
students showed overall satisfaction to six items in high level (4.36 - 4.43), in terms of ease of use,
providing the necessary details, the information of using tools, ease of using for reference,
Information access and the usefulness for teaching and research supplies. While the resuits of the
support personnel and academic assistance were the most satisfied (4.50 - 5.00) to four items in
terms of knowing the key characteristics, accessing information in the system conveniently, quickly
and sufficiently, the period reduction of the annual equipment inspection and the information
usefulness for management as a whole, whereas the rating was very satisfied (4.0) in provide the
supplier details for the benefit of maintenance Therefore, the equipment management using OR
Code can be used efficiently. It is also a good guideline for other agencies, helping stakeholders to
access equipment history information conveniently, quickly, accurately and useful for teaching and
research.
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msasdakILGe E.coli tuans Tald uazuw: lag3smswizlagoido

a: Multiplex PCR

ngdlay assulu@ins, Ueyegm wedusy, eUngsm UouAd, Aansgan 5qun§, J5uns Gisalna, AundSseu S1AD,
SeyWu Sunsiwav, Wisug ASURYEVA, gn1da uuzlasuuri, ASugwoA novi3av, 01dsv Aa1dau

() K

»

ALY

2 untih

ZunfAaga

MewuguavLdo E.coli AralsAlus:uumviauakis Ao
Enteropathogenic E. coli (EPEC)
Enterotoxigenic E. coli (ETEC)
Enterohemorrhagic E. coli (EHEC)
Enteroinvasive E. coli (EIEC)

Enteroaggregative E. coli (EAEC)

Diffusely Adherent E. coli (DAEC)

Shiga toxin (Stx)-producing E. coli (STEC)

misasyokbalsARUUlpULIAUNaNaaNMYMSIALASAROYIE SIIS) La:
wjugh domsAnmpsvitsanuszavAtiaUssuRguANUILUG ANUSIWIE
ua=anubuavinala Multiplex PCR AuMSIWIzIEEvIEalumMsasIDkILED
E.coli mndda3 ifudagvanmsthannssouvavlald 50 @ uazthe
no1skiAYavAASIEsw: $1udu 15 as 18 dIagn mudidu twatdagion
T6Tuasaorde E.coli lu MacConkey agar ua: Multiplex PCR tiwn
AMUudEuAIULLIUE ANUTUWIEDIDY tazAdubuavinala Multiplex PCR
Mmswzidovigalu MacConkey agar $1uau 83 (ogv wutda E.coli 63
Magw udifaasradrsinaiin multiplex PCR uddwudu uidA, uspA uas
Stx2A $udu 51, 39 uas 2 dMagv Ha3tAsIKANUILUE ANUTIWIEDIDY
uazAwh TANuiAu 85.54, 100 ua: 80.96 wWasisud

dodu inAlia Multiplex PCR GA2usiwiz1:av AW uasanuuiu
msasIPrIb E.coli iassuiisuiuunatamsiwizidenidatu
MacConkey agar gotduinaiauiasgiulumsasdiariga E.coli

MSTUAAYWUSUDD
1o E.coli li8uURUYE
fvAnusuusvuavlsa

Saaus:avAvavaisivuseasviing

aswWSsuliguaNULLUg AWFIWE tazadubuavinata Multiplex

PCR tumsasaamtda E.coli mndddas Golumsinadgnsvilawsiuash
M:=AVCDEU UidA, uSpA, eaeA, stx1 ua: stx2

mistiudagwlagnmsithendiskinkSanissou

thnsanaudaud3uavtuthinda 0.9 WasiudtheinnssouyavlAly $1usu 50 Mgy tanNSKIAUaLIW: Lazans $1udU 18 ua: 15 Maghv
mswizidgvidomiadagiviu Nutrient Broth

thdaghothindasnmsthenoissouuavlali asnnskiinuavans tasuw: i@uaviu Nutrient Broth ;aduuuRasuk
misas>okda E.coli lasmsiwiziagvidalu MacConkey agar

thaghvAumamsiwizidevidolu Nutrient Broth uiidevlusikisidevige MacConkey agar maduluidan 37 svAisatded unan 24 &l

@
)

37 avAnwsatdea Wunan 24 1wy

msas>aKko E.coli lagds Multiplex PCR
msanadiduennbauuaiBenwizdoviu Nutrient Broth kdvainnaudiduoondogn
“ AU PCR master mix uaslwswasnsnwizodu stxIA, stx2A, eaeA, uidA ua: uspA douii
~+ * douwaudonanigniadon Thermocycler ua: nsyvasuranaann Multiplex PCR G283 Gel
= electrophosis (Karakaya et al., 2023)
>wuav Multiplex PCR tisufiumsiwizidsvia
29 taAnubiumsasioribe E.coli Tagwssuiisy

A1S31ASIEKAILD WD

wan1sas>oKILGa E.coli Tagmsiwiziagvidalu MacConkey agar
mswizidoviornmagwiionnskiinyavansiiaziw: 1aznnssouvavlaliluamsidsn
1o MacConkey agar wu31 agwanldli ans uazuw:imssyuavlalatuovidotlu
Fuuw Boasandoviukatsvusdsilionksidevido MacConkey agar Wu msugnido
E.coli mnyali uws g un: Ta ua:la k3ausnide E.coli mnassametuvavlaluls:ing
38Ud kdamisasivk1de E.coli matiadavavld udu domsasiorida E.coli a:wu
Tnlatuavigov:iduuylu MacConkey agar (ovain E.coli dosthmauanlaaldu

Asalandn, nsaa:aan ta:nsawasion uazdowal’ Neutral red Wagududsuy

No. of positive samples/No. of total
samples (Percentage, %)

Laying
hens

35/50
(70.00%)

wamsasomLEe E.coli las3% Multiplex PCR

msasvkGa E.coli a8 Multiplex PCR madagw lasldlwsiwo 28U Stx1A, stx2A, eaeA, uidA
la: uspA wud uw=imsuaavesnuaviu stx2A dudu uidA uas: uspA ludeagwldly, ans w (Table 4) lag
uidA ReadavAumsiaulsl beta-D-glucuronidase dvwulsiinanmaiie E.coli Wiluduodide E.coli dudu
uspA 1BuguRuvdNduEe E.coli iAgadiavAunmsaauauavyavigodoamwiinadau U ANUSDULA:MSUINaISIIKIS
BodanuanudAydomsagsaauavida E.coli (Freestone et al., 1997) usnmindmsnaasvigvinisuaavaanyon
gu stx1A tuuw:go1dumsuvntuuw:ide E.coli RaswansiudmngugomsavinsiklUsdulutsaaload lagmsane
Islulsu (Melton-Celsa, 2014)

ANUWLUE AUFWIED1:9Y tazanulbuaw Multiplex PCR iigudumsiwizidovido
msthdayadvauuimudauKIAANULLU ANUTUWIEDIDY LaAuDYDY

Multiplex PCR iRguAumsiwiziagotdalu MacConkey agar wushaduugugh

(Accuracy), AWV (Specificity) wa: ANUD (Sensitivity) vavinata

Multiplex PCR agfi 85.54, 100 uas 80.96 wWasigud mudiau gdn AVIUIDBYAD Raza  yyyiriplex

et al. (2020) t5lwstwasdea 16S rRNA iwWallSsutiguaumsiwnzlagoigalu MacConkey PCR

agar IAnuuud AT WY tazAdubagn 98.29, 98.28 ua: 100 wWasifud

mua1ay doumsigdiu uidA uas stx Zumsusnamu‘]a E.coli AasvarsWudindagn Sheatic

WaddANUTUW Douaaubagn 100 wa: 90 wWasidud muddu =100%

Bacterial culture

No. of (+)
samples

No. of ()
samples

No. of (+)
samples

Positive predictive
value (PPV) =100%

No. of (-)
samples

Negative predictive
value (NPV) = 62.50%

tumsnaaavasviwulalatdsuwuu MacConkey agar Gva1atl utia E.coli, Enterobacter spp., Klebsiella pneumoniae (Qjja et al., 2024) Aotiusvi
AnUIDUTUTEMTATaddsuyAwuTumsnaasvAsviawBubastodu Foitkwudadvimadurausnmnmsw=Eovids udlunaautuinatia Multiplex PCR
Fudu 12 Magw (19.05 wWasidud) usnmnalimsmwizidgvidauu MacConkey agar liawnsausaide E.coli Analsauasldalsald domstdinata Multiplex
PCR lumsugntdadona1d lagmistslwsiwasisiwizdegunuvdidonalsaualidalsa lasmsinwsashiiratgdagwiimsidavaonuaviu uidA Las uspA
Aguguldiudonwuiluido E.coli udliwumsuaaveanuaviu stxlA, stx2A ua: eaeA AULTANUSULSHYDVIED E.coli v 3 Bulitiuvdide E.coli Adalsautn
Adu wu STEC, EPEC, EHEC (Bai et al., 2018; Donnenberg et al., 1993; Melton-Celsa, 2014; Sandhu et al., 1996) udagwlsimudunuanndu
suusouamﬁa E.coli kangulia wu fimC, fimH, papA, papC, iutA, iucC, hlyA, csgA, crl (Pakbin et al., 2021) dvtiude E.coli Aasrawulumsnaasvasd
(luawsadugulabubanlunalsaldnvrkua subudevasiodustiaduds

- asuU An@inssuus:AA UazAA1SIIEY

asu

inAliA Multiplex PCR (@u3sgugumsaaida E.coli mamsiwizi@evids Sanvaiuisasiunanewusuavidaldsndos
Aadassuus:mA

AU ST ArRFFBTESUANUASANIAWISUTATY UW: UaaNSUBVTOKIQWYSUS IHDIAUMDEY Uas
AuzdaIMaasua:inAlulagmsinuas UKISNNdeAaUINS INEWaSAUINAWESUS AKANLBYIASIKAAUAMIMIUTTEA
19nd153109v

Bai, et al. (2018). Scientific Reports, 8(1).

Ojja, et al. (2024). African Journal of Clinical and Experimental Microbiology, 25(2).

Pakbin, et al. (2021). In International Journal of Molecular Sciences (Vol. 22, Issue 18). MDPI.
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