Journal o

VOLUME 5 NUMBER 2 (JULY — DECEMBER 2025)






JST

Journal of SciTech-ASEAN

Volume 5 Number 2 (July-December 2025)

14
LANUDY

UsSUN5AS

NBIUITITUISNS

UTIUBNTEN TR

(Peer Reviewers)

AsfaUAARSuALINEIAENS WIneaesAgeSasiny

HYILANENTIANTE ATINBAN NOURY

WANENTI5E AT.NTYEY BUSTR

YIYAENTIANTY AT WNYSITTY ANTAERS

YIWANENTIANTY AT ASNT BALEU

YIFANENIIANTY M5.35TUA  SMEI8

BIVANENTIANTY AT.NUNNIQYIU FIA3LER

v e eXp &g e ¢

Y8AENIIAN5Y A58 UL

e>2

913158 A5.01AQE FungnTwd
WIS bnans

399ANENT19138 A5 Fegns a1
F9IANENTINTY A9.T751 e
593FNEANIINTY AT Toens da
FRIANENTINTY ATANNA 14Eie

4

SRIANERNSIANTY AT TN AN
HYIEAIENT1A158 AT.NTIN douden
HY8ANERS19158 AS.ARY JUNTNIINBY

U

HY8AER519158 A5.USeAn AnSenans

YBFERTIATY AT.PPUEY 29REeU

PIANEANTINNTY ATLUQYET LAUNMENE

PIuA1EnIT1138 79.508u8 Insnan

PIuA1EnI13E 719.35788 330laa

Y 8FA1ENII158 A5.NTINS Aodn

PuManI1A5e A5.AN5 Aratunes

PIANENTINTY AT.UIIATT AINDY

Y8FENI19158 A5.LVUTRNTE  @NSWUS

YeMEans197158 As.lnra Aus

PIANENTITY 7919101 UL

WIWANENSI9N5E AT.E1TUN FAURNIS

YeAENIIANIRUFNA Avda

Humansansdlvady laseans

v e eXp e eXp e e0p e eXp eXp e ep eXp¢ e0p @

YAEANTINTITNTN LT UES

@32

919158 A3.ARY1 A

9139138 A3.nen UAInena
919138 A9.NquUA1 AULSY
919136 AT.UNTIFUUN NBIUU
919136 A3.573%8 ANEIATIY

AuzAaUAERILAaLINEAERS
UM INENFEIAY ATaEINY

AgAaULAERSLALINYFNERS
AAaUFEnILaEINeAEnS
AAaUFEnILaEINeAEnS
AugAaUAERSLAINeNAERS
AugAaUAERSLAINeNAERS
AAaUFEnILaEINeAEnS
ARaUFEnILaLINeAEnS
ARaUFEnILaLINeAEnS
WIMINIREIAYFEaTNY

UMNININY TN VAN
WIS N LN

U INYTUTNA AN
WIS gUaTIvsIil
WINRENALULAETITUIARAILUT
UIMINYIRLUATNUY
WIneaedeslng
UMINGIFIYIN TN NUATUNY3
wIngaemalulagsvuenadau
wIngaemalulagsvuenadau
WInendewmalulagssunadaiu
WNInendewmalulagsnvnnadau
VIINEIRENALULAEIITUIARAILUI
wIngraemalulagsvusnans fuosn
UIMINIRYINVAYUATIIVENN
UIINIFYINAY N NENT
WIS an 5511l
UIINIREIAYFEasiNY

UM INNFETAY ATaEINY
WTINRETUA QR SANE
UIINIREIVAY FSaTINY
UMNINFEIAY AN Y
wmIngraemalulagsvusnasnulnduns
WInendewmalulagsnvunadau
UMINYINYTIAUMETAY
UNINYIFYTIAUMEATAY
UNINYIFYTIAUMETAY




J3T Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

913158 A5.d158Y U WNIneaesua el

AT.ANAN 1RETalY U3t InsitiSea (Useinelng) 911
wavios JURnsiiuszavsamee
UyayUseing SMART
WIMERERUATI¥ENH

3

nnUszeeA wieduasulinni1sd Wn3de Wndunis GdadnAnyn wazaulanalula

]

WoUNSHALITINSIazHauiTe nasnulFuaniudsuauAaiunig
Avnisluanvingrmaniwasmelulad Tassjudlunguanuiuiidnisda
asulunnr@adaransuaginereans uninerdesiuigaiasiny lawn
nauav i Ineenansuasineluladussend dsUsznausnganvmalulad
ABUNILADIUALATA a1U1INEINITABUN MBS A1VIIAINTINLONH WIS
awndenssuladadnd anvnnaluladlesiwazandnenssy a1vieeniuy
HE A g naInnssy a1vmaluladnisdanisemnainnssy
avunalulagnisinyns arvingimansuazinalulagnisemns a1
Inrmanddawanden uaznguanniviinermansguaim laun @
2177udElaEANUUABAAY A1UIESITUAVYUIU UaTAIVIINGIANANT
N15A%N

NBIUTIANENITITAT azlusSuRsanunanuAunsavlindvans Tunsaing

DD
=
1)
=
CNDa,

nsasdeAvansiu maideulugSuiinveuusiiisalieiien

UELIA NI 6 WADU IWEUNIYN 9 NAADUAIgWIBY WagtuNAN UNANUNATLN
Tunsanslurirug 39av5 uwazanuiuinveuvesl doudvomau




J3T Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

UNUSIUIENIS

atad Olua 2569 7 irdaagd1ud1uife luuuvesnesussusn13113a1s Joumnal of
SciTech-ASEAN vaguienslivinugeu 4n3de uasgatuayuinsarsynvitudssauanuay Auimel
wageuduSalunnd ysarsaduiibuativusnmendinisuiudonn Mnsansinemansuazmelulad
UN1T N Wawaiﬂslmyg ASaziny (Science and Technology Journal of Sisaket Rajabhat University)
g Journal of SciTech-ASEAN il aLfiuadnuiuainanazsesiunisifiusinanuidonmningdusedu
und unaramnideduaduildiiunssuiunisussduauninlaeg nssnandinsusnegeioy
3 91 U/UVANIN AIULINTTILTOY N.ND. Wa. 2564 LitenannuluTla Aaduan uagtInTEIuNg
Amsiunzanfunsiaunsaslussezen i nsasvevevamlfouiilindadiunany ua
fnsinandifisaznalidelauouuzidiaivasAdensiannnidnnisvesuseme

Tunsansaduil nesussaEmsladadonunanufiagiieuiianisesdainussmasislunans
a1 sueluladinuas ssutimnssuazmsinduladedanses neinmsens dnelanssy s
Fansvudsegnadsbu wfnudeaulyaussiviuasiimansides Fonmusiazteuninudenles
sewirgingnmans welulad waznisimuidaiuiluusunlneuazendeou Tnensarsvonsladu
unAnuaeoned lnemeunslay 2 atu Idun Weunnsneu-figuisu uaznsngiau-sunau dauls
annsafnviduuginmaeTouduatuldfnindleduesmsans sidemuuginiswdsuduaduly
https://li01 tci-thaijo.org/index.php/STJS/ ﬁqﬁLﬁaiauﬁu%’ULﬂé‘laumuiﬁmmmwdﬁmﬁﬂmmsaEm

CRIDRN

(r;;T 18AEATIANTY AT.LATNE VRS[GHY)

UFIUIBTNITATENT




J§T Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

UV

nsissuUszavsamlensinuasJeyaldifaudegaunidatalulasiauiionsziu
AnanrnnisTiisnnerisiey
Bioaugmentation of Compost and Vermicompost with Nitrogen-Fixing
Bacteria for Improved Plant Nutrient Supply

Yoyeyn Fosmuniily Yowad a5ndsud werss nodwna v3usnu wisas

ndSayay Aslena @S 1309A3 senan wanan Tadnn Ssena

N3Ny Aiares i MUld wasnsIIng wausznia

¥

Auantavawmelusfiuansdnanadieeuleduasnisussandldlunaniaeifu
Characterization of Enzyme-Extracted Rice Bran Protein Powder and
Its Application in Protein-Enriched Jelly

wiiwg) Aunnd Juanse Tanse @331 ASend wasdstud nase

szuvuatiuayunisandulavuiiefedmiunisugndnludminiasine
A Mobile-Based Decision Support System for Rice Cultivation in Sisaket

v [ L4 a

mnsel wiafide Jaungual Uales waznilugn 8usTm

nsUszandldnssurumsiiansiiBedudulunsusafiuanuidsswasdunou
mshansszuutiedslati

Application of the Analytic Hierarchy Process (AHP) in Risk Assessment
of Steam Pipeline Installation Procedures

gann Nlvigy duviudas dudy Baau 3w wazald gusene

nsuszgnaldszuuiinainssunaduaiunisdanisuuasdngnaluwlaiunddady

Implementation of an Ecological Engineering System to Support
Insect Pest Management in the Alham Rice Field

2l wiwsaya lan Tawdn Ausne ugnndn wasnaddng wwesaed

o 1 S = a a a oA v a '
ﬂ']i’i]ﬂﬂ']?ﬂuaﬂaL‘UEJ'JLLa3LL'U‘Ua‘L!eL‘Uﬂ']iLW&l‘Uiga‘ﬂ5<ﬂ'TW@EJ'NUQUU‘U@Q@WU?ﬂWi%Uﬁ\?

Tuszuuldanudugaaunssuemsiudszmdlng

Lean and Green Transportation Management for Sustainable Efficiency

Improvement of Transportation Service Providers in Thailand Food Cold Chain

¢ A v o & o I3
JUUITIU LW@\?U?SEA? LASUINTT BIIIVNANTURA

17-28

29-41

42-56

57-68

69-88




J§T Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

UV

) Y v a' v v oy %] a a ¢
ﬂ’]iWﬁNu‘]u@ﬂﬂiiu@JLLQQQQE]'IE!L‘W'e]‘Vi'1Lﬁ‘LWI’]QﬂﬁUU’]UIﬂEﬂ"UWIHUﬂﬂQJUQJU’IUixﬂ‘lﬁg
Developing Innovative Elderly Care to Find Pathways Home
Using Artificial Intelligence Techniques

L4 v

a3y Wuln sadu meens Aayiand gasTaina uasiigunt umieded

nsAnwnsveneiveafiadduiuiisnfsasughafivauniang fueen
nIalfnvIgLNaAIIYT Jandavays

A Study of Urban Expansion in the Eastern Economic Corridor Area:
Case Study in Si Racha District, Chonburi Province

ANNT WULINUTHLERF

UszAnSnmvasayulwsnunyedufisdanmnmunalnnuiiasing

Effects of Mucuna pruriens on Sperm Quality in Thai Native Chickens

Y o

Fndann ugnvie undend nndn algingd duna wazasduns Indans

Bl

mslflnalulefniduamsiasulunsitesdndun
The Application of Postbiotics as Feed Additives in Aquaculture

Y95 Tuwdy wasyuiug Inuda

89-102

103-119

120-126

127-140




JST

Journal of SciTech-ASEAN



J§T Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

nsiesuUszansnmdendnuazleyaldinaudiegdunidnisdulasiay
WaenszauAnenmnslvisInem TN Y
Bioaugmentation of Compost and Vermicompost with Nitrogen-Fixing Bacteria

for Improved Plant Nutrient Supply

Uayayr FoSaunndy’? Yuzah as1isud’ waass naswin’ v3usml wisae’® AndSayeyn ASlowa’ A3 1509A3°
nsanan wawan’ dadnn 55na’ ININQY A3azea® Vv NUUY’ wae N59INd weausznna®
Panya Chairattanaphanich'?, Piyawadee Saraphirom®, Pongsathorn Kongkaew', Charinrat Panna’,
Thipthanya Sriyophon?, Sirin Ruangsiri’ Songklot Phonphuak®, Mullika Teerakun’,
Chakkrit Sreela-or®, Thai Kabbua’ and Throngvid Hongsaprabhas"®
laugInemansuavinalulad Iinendesvdgumansany Jaminuansany
238 n3und find S Semdausnd
SANNEATAENS NINENFETUAYUIENTANY JTnuvnan sy
“AYINEINITIANT WnInendesvigaiuns Jmingsuns
SanuzmAlUlagnSNEAs NINeIRENIWES Yminnwdug
Sauzinaluladnisinunsuazes wningdesuigiyaaesin Jmiaieeglan
TAgRaUaansayineieans unInendesvigasasny Jmineasiny
B3 amdtauel 1Gug’ S nammamuAg
Faculty of Science and Technology, Rajabhat Maha Sarakham University, Maha Sarakham Province
°Greendeli Foods Co., Ltd., Pathum Thani Province
3Faculty of Education, Rajabhat Maha Sarakham University, Maha Sarakham Province
%Faculty of Management Sciences, Surindra Rajabhat University, Surin Province
SFaculty of Agricultural Technology, Kalasin University, Kalasin Province
SFaculty of Food and Agricultural Technology, Pibulsongkram Rajabhat University, Phitsanulok Province
"Faculty of Liberal Arts and Science, Sisaket Rajabhat University, Sisaket Province
8Sahapan Century Co., Ltd., Bangkok
*Corresponding Author: throngvid.no@rmu.ac.th

Received: February 20, 2025 Revised: June 08, 2025 Accepted: June 18, 2025

UNANED

nsfinuifiingUszasAifiosnseiunandfvesdoninuasioilnoulnad i dudedinmifinanmas

2

lngUszidiude 4 gas loun (1) Jominannauinuasnalinauyadnd winludmywduna 42 Tu deuvilius

+

wazsou (2) Joyaldifoudesaaslneldifiouanewug Fudrilus eugeniae Wuian 10 Yu udrhluviliuisuay

9 Y

sou (3) Yensingnsil (1) w@ludlsuuaiiisy Azotobacter vinelandii Faflaiuaiunsalunis aislulasiau uas
(@) Jpyaldifouansi (2) wsumewuaiiise A vinelandii Usyansnmuesdevianualasunisuseidulagdinsien

andfnnenmuasiall LUSsulsunnsgiuledunsdvesUsvmalng (w.ea. 2548) nuivngns dnnanuaenss

o

manauainsgu lawn vwadinleliiu 5x5 Tadwns Anudulavarssemeiniiosas 30 Ysunadunseing

q

ganinsesar 3.5 USunaawiivdiniifesay 1 uavUasnandsludou 1wy waradn uid lave uavianiay




J§T Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

o
9

AL Bunse-Ag (pH) og3eing 8.00-8.55 uazAnisilait (EC) aglugag 1.97-2.55 ds/m viail

o

andun3d
lunngnsgndesaaeunninFesay 90 LAAIRIANNANYTAIVRINTEUIUNITHERN NaN1SHNWUATISY A. vinelandii
FuduwuaiGentilulasiau uaasifuinsenseduaunmvessegdaau TngludesimuindurdeTnquis
nnfewar 17.33 1Hu 22.33 vauziluleyaldifeuiinainiesay 27.61 10u 28.66 Usinalulasiauludemvsiniia
Nnevay 087 U 1.12 warluloyaldifoudinaniosas 1.38 1Wu 143 Weaviesaluleviinuiuainievas 0.068
\Ju 0.108 uazluteyaldifieuinainsovas 0.188 1u 0.240 drwlwunadesludevsiniiinaniesay 0.16
u 0.21 werluteyaldifoufinaindosar 1.39 1Hu 2.13 TavagunisAnwiiiaueuumsiiddneninlunis
pnszAUNszUIUMINaAtontn femsliaauriaidauauifinsaninesna A vinelandi iilewasuvoundodis
st duletinmauningsiigausosine s duaduanuddulumanisinunsldegiaiugusssu

a

AdAey: Nsiesudunsd, Jedunid, Azotobacter vinelandii, Jeyaldinou

Abstract

This study aimed to enhance the properties of compost and vermicompost by transforming them
into biofertilizers. Four types of fertilizers were evaluated: (1) compost prepared from fruit and vegetable
scraps mixed with manure, fermented in a rotating tumbler for 42 days, then dried and sieved; (2)
vermicompost produced from fruit and vegetable scraps decomposed by Eudrilus eugeniae earthworms
for 10 days, then dried and sieved; (3) compost from (1) supplemented with Azotobacter vinelandii, a
nitrogen-fixing bacterium; and (4) vermicompost from (2) enriched with A. vinelandii. All fertilizers were
assessed for maturity using both physical and chemical analyses, and their performance was compared to
Thai organic fertilizer standards. All formulations contained granules smaller than 5x5 mm, moisture and
volatile matter below 30%, and organic matter (OM) content above 3.5%. Rock and gravel content was
under 1%, and all samples were free from contaminants such as plastic, glass, metals, and sharp materials.
The pH ranged from 8.00 to 8.55, with electrical conductivity (EC) between 1.97 and 2.55 dS/m. More than
90% of the material was decomposed, and all fertilizer types exceeded the 2005 standards set by the
Department of Agriculture. Bioaugmentation with nitrogen-fixing bacteria significantly improved nutrient
composition. OM increased from 17.33% to 22.33% in compost, and from 27.61% to 28.66% in
vermicompost. Nitrogen content increased from 0.87% to 1.12% in compost and from 1.38% to 1.43% in
vermicompost. Phosphorus content increased from 0.068% to 0.108% in compost and from 0.188% to
0.240% in vermicompost. Potassium content increased from 0.16% to 0.21% in compost and from 1.39%
to 2.13% in vermicompost. In conclusion, this study provides a valuable framework for improving composting
efficiency and converting organic waste into high-quality biofertilizers. The findings highlight the potential
of microbial enrichment in enhancing the quality and nutrient composition of compost for agricultural

applications.

Keywords: Bioaugmentation, Organic fertilizer, Azotobacter vinelandii, Vermicompost
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1. Introduction

The increasing global demand for sustainable agricultural practices has accelerated the
development of organic fertilizers as environmentally friendly alternatives to synthetic chemicals. Compost
and vermicompost, derived from biodegradable waste, are widely recognized for their ability to improve
soil fertility, structure, and microbial diversity (Chen et al., 2020; Manzoor et al., 2024). However, the nutrient
content and quality of these organic fertilizers can vary significantly depending on the type of raw materials
and composting conditions (Yang et al.,, 2021; Chaudhary et al., 2023).

The food processing industry generates substantial amounts of fruit and vegetable waste that,
if improperly managed, contribute to environmental pollution and greenhouse gas emissions (Wei et al.,
2017; Genetu, 2024). Converting these organic residues into compost aligns with the principles of the circular
economy by creating value-added products while reducing environmental impact (Petraglia et al., 2019;
Sial et al, 2024). Among various composting techniques, vermicomposting using earthworms such as
Eudrilus eugeniae offers advantages including faster decomposition and enhanced nutrient content in the
final product (Kaur, 2020; Oyege & Balaji Bhaskar, 2023; Sharma & Garg, 2019).

To further enhance the agronomic value of compost, bioaugmentation using nitrogen-fixing bacteria
such as Azotobacter vinelandii has been proposed. These microorganisms improve the availability of
essential nutrients, stimulate plant growth, and increase the efficiency of compost as a biofertilizer.
Azotobacter sp. is a nitrogen-fixing bacterium that plays an important role in the agricultural ecosystem. It
can extract nitrogen from the air and convert it into a form that plants can use, reducing dependence on
chemical fertilizers and increasing soil fertility. Therefore, using Azotobacter sp. in biofertilizers is a
sustainable approach to increase crop yields. The properties of Azotobacter sp. in biofertilizers include
nitrogen fixation from atmospheric nitrogen, production of plant growth promoters (PGPs) such as auxins,
gibberellins, and cytokinins, enhancement of soil fertility by improving soil structure and promoting the
growth of beneficial microorganisms, improving the absorption of nutrients such as phosphorus and
potassium by plants, and producing extracellular polysaccharides (EPS), which help improve the physical
properties of the soil. Therefore, using Azotobacter sp. in biofertilizers is an approach that promotes
environmentally friendly agriculture and helps plants grow more robustly (Sumbul et al., 2020; O'Callaghan
et al,, 2022; Martin del Campo et al., 2022).

According to the Thai Organic Fertilizer Standards (TAS 2005; TIS 2731-2009), organic fertilizers must
meet specific criteria: moisture and volatile matter must be below 30%, organic matter content should
exceed 20% by dry weight, and the minimum required levels of total nitrogen (N), phosphorus (P), and
potassium (K) are 1.0%, 0.1%, and 0.5%, respectively. Additionally, fertilizers should be free from
contaminants such as plastics, metals, and pathogenic microorganisms (Department of Agriculture, 2005;
Thai Industrial Standards Institute, 2009).

Therefore, the objective of this study was to evaluate the effects of microbial enrichment using
A. vinelandii on the physicochemical properties of compost and vermicompost produced from fruit and

vegetable waste. The study aimed to compare the resulting biofertilizers with national organic fertilizer
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standards in order to assess their potential for agricultural application.

2. Materials and methods
2.1 Preparation of compost and vermicompost from vegetable and fruit waste

2.1.1 Material preparation

Fruit and vegetable scraps were collected from local fresh markets in Maha Sarakham,
Thailand. To reduce variability and ensure sample uniformity, the waste was limited to commonly available
items such as cabbage, carrot, papaya peel, and banana peel. All materials were collected within 24 hours
of discard, chopped into pieces (2-5 cm), and stored in sealed plastic containers at 4°C to prevent
premature decomposition prior to composting.

Cattle manure was obtained from a small-scale organic dairy farm in the same area. Fresh
manure was aged under shade for 7 days to reduce ammonia content and partially stabilize the material
before mixing. It was stored under ambient conditions, protected from sunlight and rain, until use.

The initial composting mixture was prepared by blending fruit and vegetable scraps with cattle
manure in a weight ratio of 2:1. The carbon-to-nitrogen (C/N) ratio of the mixture was calculated based on
standard values for total carbon and nitrogen content of each material, as reported by Tiquia and Tam
(2002). The calculated initial C/N ratio ranged between 25:1 and 30:1, which is considered optimal for
aerobic composting (Lv et al., 2018). This range supports rapid microbial activity while minimizing nitrogen
losses through volatilization.

2.1.2 Composting process

Composting was conducted in a 160-liter rotating compost bin, designed to enhance the
efficiency of the composting process (Matheri et al., 2018). The composting process was prepared using the
following steps: 1) chopping the prepared vegetable and fruit waste into small pieces to accelerate
decomposition; 2) layering the materials in the bin, alternating between the vegetable and fruit processing
waste, cattle manure, and dry leaves; 3) Spraying bio-extract or EM solution (effective microorganisms)
evenly over each layer; 4) moistening the compost pile by spraying water, ensuring a moisture level of
50-60%; 5) Turning the compost by rotating the bin 3-5 times every 3-5 days to increase oxygen availability
and accelerate decomposition; and 6) monitoring the compost for 30 days, checking temperature, pH and
odor to track fermentation progress. The steps in preparing compost are shown in Figure 1.

2.1.3 Vermicomposting process

The vermicomposting process was conducted using a cement block worm bed for
vermiculture. The bedding material was prepared by soaking cattle manure (4 parts) in water for one week.
A mixture of fine rice bran (1 part), microbial solution (1 part), molasses (1 part), and water (3 parts) was
then thoroughly combined and fermented for one week. After fermentation, 30 kg of the prepared mixture
was added to the worm bed, and the moisture level was adjusted to 70-80%, following the method of
Ferreira Ponciano Ferraz et al. (2020). Mature earthworms were selected and introduced into the rearing

beds at a rate of 50 grams per bed or 1 kilogram per square meter of rearing area. The worms were fed 1
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kilogram of organic waste, including Chinese cabbage leaves, cabbage leaves, and pineapple peels, every
week. The rearing area was rotated once a week to facilitate decomposition, and water was applied twice
per week to maintain adequate moisture, ensuring it remained damp but not overly wet. This process was
maintained for two weeks. The collection of vermicast (worm castings) was performed by harvesting from
the surface of the bedding material, where the castings appeared as dark brown, delicate, and crumbly

granules. The vermicomposting was then air-dried in a shaded area for 3-5 days before being sieved using

a screening tray to obtain a refined final product (Figure 2).

Figure 1. Steps in the composting process using a 160-liter rotating bin. (a) Preparation and layering of
compost materials, including fruit and vegetable waste, cattle manure, and dry leaves. (b) Aerobic
fermentation and regular rotation of the compost bin to enhance decomposition.

(c) Final compost product after 42 days of fermentation.

Figure 2. Vermicomposting process using a cement-block worm bed. (a) Preparation of bedding material

with fermented cattle manure and rice bran mixture. (b) Introduction of E. eugeniae earthworms and

weekly feeding with vegetable waste. (c) Collection and refinement of vermicast after 10-14 days.

2.1.4 Moisture control and EM application

To enhance microbial activity and accelerate decomposition during composting, an effective
microorganism (EM) solution was prepared at a concentration of 1 liter of EM per 10 liters of clean water.
The solution was sprayed evenly onto each compost layer during the layering process. Moisture content of
the composting mixture was carefully maintained within the optimal range of 50-60%, which is suitable for
aerobic microbial activity. Moisture was monitored regularly and adjusted as needed by spraying water to

ensure uniform moisture distribution throughout the composting material.
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2.1.5 Microbial inoculation and application ratio
For microbial enrichment, A. vinelandii was cultured in nitrogen-free liquid medium at 37°C
for 5 days and then diluted to an optical density (ODy,,) of 1.0, corresponding to approximately 1.2 x 10°
CFU/mL. A standardized volume of 100 mL of this bacterial suspension was applied per 1 kg of semi-dry
compost or vermicompost. This inoculation rate, based on published protocols and preliminary trials, was
selected to ensure effective microbial colonization. The suspension was evenly mixed into the matured
compost or vermicompost to achieve uniform distribution.
2.1.6 Replication and experimental units
All treatments were performed in triplicate (n = 3) to allow for statistical analysis. Each
replicate represented an independently prepared composting or vermicomposting unit, processed under
identical environmental and procedural conditions. This design ensured the consistency and reliability of
the experimental data across treatments. Consequently, a total of 12 independent experimental units
(4 treatments x 3 replications) were prepared.
2.2 Preparation of nitrogen-fixing microorganisms
A. vinelandii was initially cultured on nitrogen-free agar medium at 37°C for 5 days. The
bacterial cells were then transferred to a nitrogen-free liquid medium for suspension preparation. The
cultivation was conducted in 500 mL conical flasks containing 250 mL of medium, incubated at 37°C for 5
days under controlled conditions (adapted from Saraphirom et al., 2024). The suspension of nitrogen-fixing
bacteria was diluted in saline solution to be used as a bacterial inoculum for augmenting organic fertilizers
used in this study (Figure 3).
2.3 Experimental design
The independent variable was the biocaugmentation of compost and vermicompost with A.
vinelandii to improve nutrient content, organic matter composition, and fertilizer stability. The experiment
was arranged in a Completely Randomized Design (CRD). Four types of organic fertilizers (Figure 3b) were
examined: 1) compost, 2) vermicompost processed by E. eugeniae, 3) compost augmented with A.
vinelandii, and 4) vermicompost augmented with A. vinelandii. The physical and chemical properties of
these fertilizers were analyzed and compared with Thai organic fertilizer standards to evaluate their maturity
and effectiveness.
2.4 Organic matter content and nutrient composition analysis
The analysis of pH, electrical conductivity (EC), organic matter percentage (%OM), and the
concentrations of essential nutrients, including nitrogen, phosphorus, and potassium, was conducted using
standard laboratory methods (adapted from Barney et al., 2020). Organic matter content was determined
using the loss on ignition (LOI) method, in which dried samples were incinerated at 550°C for 4 hours, with
%0OM calculated based on weight loss. Nitrogen concentration was analyzed using the Kjeldahl method,
where samples were digested with sulfuric acid (H,SO,) and a catalyst to convert organic nitrogen into
ammonia (NHs). The ammonia was then distilled and titrated to determine total nitrogen content.
Phosphorus concentration was measured using spectrophotometry, applying Bray-1 extractant for low-pH

samples and Olsen extractant for high-pH samples. The phosphorus content was quantified by measuring
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lisht absorbance at 882 nm. Potassium concentration was determined using flame photometry, in which

potassium was extracted from the sample using ammonium acetate (NH,OAc) and analyzed by comparing
readings with standard solutions.
2.5 Statistical analysis

All experimental data were analyzed using descriptive statistics and one-way analysis of

variance (ANOVA) to determine the significance of differences among the four fertilizer treatments: T1

(compost), T2 (vermicompost), T3 (compost + A. vinelandii), and T4 (vermicompost + A. vinelandii). Data

from each treatment were collected in triplicate (n = 3), and results were expressed as mean + standard

deviation (SD). When significant differences were detected (p<0.05), Tukey’s Honestly Significant Difference

(HSD) post hoc test was performed to identify pairwise differences among treatment means. Statistical

analyses were conducted using IBM SPSS Statistics (Version 26), and results were interpreted at a 95%

confidence level.

Figure 3. The experimental design includes (a) the dilution of A. vinelandiii cells,

(b) 4 types of organic fertilizers used in this study.

3. Result

3.1 Composting temperature profile

The composting process exhibited a typical four-phase temperature pattern: mesophilic,
thermophilic, cooling, and maturation. The highest temperature observed during the thermophilic phase
was 50.33°C, which is within the optimal range for efficient organic matter decomposition and pathogen
reduction. Over the 42-day composting period, temperature gradually decreased and stabilized near
ambient levels, indicating completion of the composting cycle (Figure 4).

Although no formal statistical analysis was conducted to assess the significance of temperature
changes across phases, the average temperature within each phase was calculated and expressed as mean
+ standard deviation (SD) to illustrate variation and consistency in the data. The mesophilic phase (day 1-
5) exhibited an average temperature of 30.5 + 2.5°C, increasing to 45.6 + 3.1°C during the thermophilic
phase (day 6-15). This was followed by a gradual decline during the cooling phase (days 16-30) with a
mean of 35.0 = 1.8°C, and finally stabilization in the maturation phase (days 31-42) at 26.1 + 0.4°C. These
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observations reflect microbial activity dynamics and thermal behavior throughout the composting process.
However, caution should be exercised when interpreting phase differences, as the current study did not

include statistical hypothesis testing to confirm significance between phases.
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Figure 4. Mean compost temperature + SD over 42 days (n = 3), showing mesophilic, thermophilic,

cooling, and maturation phases. Vertical dashed lines represent phase boundaries.

3.2 Evaluation of physicochemical properties of organic fertilizers compared to standard

values

3.2.1 pH measurement

The pH values of the organic fertilizers were determined using a pH meter. The results indicated
that at the final stage of composting (42 days), the pH values ranged between 8.0 and 8.55, which falls
within the acceptable range for organic fertilizers according to the Thai Agricultural Standard (TAS 2005), as
shown in Table 1. During the composting process, the pH typically starts at approximately 5.5 and gradually
increases to around 7.0-8.0 due to microbial activity and the decomposition of organic matter. Over time,
as the process stabilizes, the pH may decline to approximately 6.0-7.0, which is considered an optimal
range for balanced compost.

3.2.2 Electrical conductivity (EC) measurement

The electrical conductivity (EC) of four different fertilizer formulations compost, compost
mixed with beneficial microorganisms, vermicompost, and vermicompost mixed with beneficial organisms
was analyzed. The results, presented in Table 1, showed that EC values ranged from 1.97 to 2.55 dS/m,
indicating that all formulations met the recommended EC threshold of <10 dS/m (TAS 2005). These values
confirm that the electrical conductivity of the tested organic fertilizers is within the acceptable limits for

safe agricultural application.
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3.3 Evaluation of organic matter content and nutrient composition

The study evaluated the organic matter content and nutrient composition (nitrogen, phosphorus,
and potassium) of different organic fertilizers, including compost and vermicompost with microbial
supplementation. The results were compared against the Thai organic fertilizer standard (TIS 2731-2009)
(Sukitprapanon et al., 2020) to determine their compliance and effectiveness as organic fertilizers. Organic
matter content plays a crucial role in improving soil structure and fertility. Table 2 showed variations among
different treatments. Compost had the lowest %OM, indicating a lower degree of decomposition.
Vermicompost processed by E. eugeniae exhibited a significantly higher %0OM, suggesting enhanced organic
matter stabilization. Compost enriched with A. vinelandii contained 22.33 + 0.16%, indicating moderate
improvement in organic matter content. Vermicompost supplemented with A. vinelandii had the highest

%OM, demonstrating the combined benefits of vermicomposting and microbial enrichment.

Table 1. Evaluation of pH and electrical conductivity (EC) measurements of organic fertilizers compared

to standard values

pH EC
No. Treatment
TAS 2005 Observed TAS 2005 Observed

T Compost 8.5010.05 2.5510.05
T2 Vermicompost processed by 8.4010.05 2.0510.04

E. eugeniae
T3 Compost enriched with 5.50-8.50 8.0010.04 <10 dS/m 246+0.04

A. vinelandii
T4 Vermicompost supplemented 8.0010.05 1.9710.05

with A. vinelandii

According to the Thai organic fertilizer standard, organic fertilizers should contain at least 20%
organic matter. Based on this criterion:
1) The compost alone did not meet the requirement.
2) The compost enriched with A. vinelandii marginally met the requirement.
3) Both vermicompost treatments exceeded the minimum %OM standard.
The total nutrient content in terms of nitrogen (N), phosphorus (P), and potassium (K) was analyzed
and compared to the Thai standard (Thammayod et al., 2025), which requires:1) total nitrogen (N) > 1.0%,
2) total phosphorus (P) = 0.1% and 3) total potassium (K) > 0.5%. The experimental results showed that
the nitrogen content (N) found in the compost (0.87%) was slightly lower than the standard. In comparison,
all vermicompost formulas of earthworm compost had nitrogen content that met or exceeded the standard
of 1.0%. The vermicompost supplemented with A. vinelandii was found to have the highest nitrogen
content, while the phosphorus (P) content found in the compost did not meet the standard. Meanwhile,
the compost supplemented with A. vinelandli and both vermicompost formulas exceeded the minimum

phosphorus standard. The potassium (K) content found in the compost and the compost supplemented
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with A. vinelandii were significantly lower than the standard. Only the vermicompost processed by E.
eugeniae met the standard, while the vermicompost supplemented with A. vinelandii was slightly below
the specified level.

One-way ANOVA showed a statistically significant difference in organic matter (%0OM) content
among the four treatments (p<0.05). Post hoc analysis using Tukey’s HSD test indicated that Treatment 3
(compost + A. vinelandii) had significantly higher %OM than Treatment 1 (control compost), while there
was no significant difference between Treatment 2 (vermicompost) and Treatment 4 (vermicompost + A.

vinelandiii), suggesting that microbial enrichment had limited effect on vermicompost in terms of %OM.

Table 2. Evaluation of organic matter content and nutrient composition of organic fertilizers

Nutrient composition (%)*

No. Treatment %0OM
Nitrogen (N) Phosphorus (P)  Potassium (K)
T1  Compost 17.33%£0.2752  0.87°+0.0138 0.079+0.0020 0.16°+0.0010
Vermicompost
T2  processed by 27.61°+0.2101  1.38°+0.0105 0.19°+0.0030 1.391°+0.0418
E. eugeniae
Compost enriched with
T3 22.33°40.1589  1.12°+0.0079 0.1140.0045 0.14°+0.0032
A. vinelandii

Vermicompost

Ik supplemented with 28.66°+£0.1589 1.43°+0.0079 0.24°+0.0055 0.21°+0.0026

A. vinelandii

*Different superscript letters (a, b, ¢, d) within each column indicate significant differences between treatments at p<0.05

according to Tukey’s HSD test.

4. Discussion

4.1 Composting temperature

The composting process in this study followed the typical thermal stages—mesophilic,
thermophilic, cooling, and maturation (Mahapatra et al., 2022). The peak temperature of 50.33°C falls within
the effective range for pathogen reduction and organic matter degradation (Matheri, 2024). The rapid rise
from 22-30°C to 50.33°C reflects mesophilic microbial metabolism (Mironov et al., 2023), while the
subsequent thermophilic phase (down to 38.3°C) facilitated macromolecule breakdown, enhancing nutrient
availability (Tiquia et al., 2002; Jiang et al,, 2011). The gradual decline during cooling (36.6-34.0°C) and
stabilization during maturation (26.3-26.0°C) indicate reduced thermophilic activity and compost readiness
(Sharma et al., 2023; Matheri, 2024). These results confirm the effectiveness of composting, consistent with
prior findings that emphasize the roles of microbial activity, oxygen, and moisture control (Ji et al., 2023).
Process optimization should focus on maintaining adequate aeration and avoiding excess moisture, which

can hinder microbial efficiency and lead to anaerobic conditions (Tran et al., 2024).
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4.2 Physicochemical properties of organic fertilizers compared to standard values

4.2.1 pH

The pH values of the organic fertilizers ranged from 8.00 to 8.55, all within the acceptable
range set by the Thai Agricultural Standard (TAS 2005). This aligns with known composting trends, where an
initially acidic pH (5.50-6.00) gradually increases due to microbial degradation and ammonia release during
the thermophilic stage (Ryue et al., 2020; Sharma et al., 2023). The slightly lower pH in A. vinelandii-enriched
compost (8.00) compared to the non-enriched version (8.50) may result from nitrogen fixation and balanced
organic acid production (Barney, 2020). Vermicompost formulations, with or without A. vinelandli,
maintained stable pH values around 8.00-8.40, consistent with mature compost (Tran et al., 2024). These
values fall within the optimal pH range (6.00-8.50) for nutrient availability and microbial function (Mironov
et al,, 2023), confirming the agricultural suitability of all compost types tested in this study.

4.2.2 Electrical conductivity (EC)

The electrical conductivity (EC) of the organic fertilizers ranged from 1.97 to 2.55 dS/m, well
below the Thai standard limit of 10 dS/m (TAS 2005). EC reflects the concentration of soluble salts, which
influences soil salinity and plant health (Gondek et al., 2020). All values observed in this study fall within
the typical range for well-composted materials and pose no risk of salt toxicity (Younis et al.,, 2022). The
highest EC (2.55 dS/m) was recorded in compost alone, likely due to elevated mineralization and
ammonium levels. In contrast, the lowest EC (1.97 dS/m) in vermicompost with A. vinelandii suggests
improved nutrient stabilization and reduced salt buildup from microbial activity (Zhang et al., 2024). These
results align with recommendations indicating that EC values of 2.0-4.0 dS/m are ideal for compost use
without inducing salinity stress (Suvendran et al,, 2024). Therefore, all formulations in this study are
confirmed as suitable for sustainable agricultural application.

4.3 Organic matter content and nutrient composition

Organic fertilizers are essential for improving soil fertility through the provision of organic matter
(OM) and nutrients. According to the Thai Organic Fertilizer Standard (TAS 2005), a minimum of 20% organic
matter (OM) is required. In this study:

- Compost alone fell below the standard, indicating a need for process optimization.

- Compost enriched with A. vinelandli slightly surpassed the threshold, likely due to microbial
enhancement of OM stabilization rather than increased bulk content.

- Both vermicompost formulations exceeded the OM standard, consistent with findings that
vermicomposting improves OM retention and nutrient availability (Sande et al., 2024).

The highest OM and nutrient levels were observed in vermicompost with A. vinelandii, confirming
synergistic effects between earthworm activity and microbial inoculation. Earthworms and their microbiota
enhance organic degradation while preserving stable compounds (Pereira et al., 2022), and contribute to
the formation of humic substances that benefit soil structure and nutrient supply (Maffia et al., 2024).
However, no significant difference in OM was found between vermicompost with and without A. Vinelandlii,

suggesting a performance ceiling in OM enhancement due to already optimal microbial activity.
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The application of A. vinelandii—a nitrogen-fixing and phosphorus-solubilizing bacterium—also
improved N and P contents (Mahmud et al., 2020; Panday et al., 2024). Still, the most consistent nutrient
enhancement was from vermicompost-based treatments. These outcomes confirm that integrating
microbial inoculants with vermicomposting can yield high-quality organic fertilizers suited for sustainable
farming (Asadu et al., 2024; Dhayalan & Karuppasamy, 2021).

The broader use of microbial biofertilizers is supported by advances in microbiome engineering,
which enable the development of resilient and efficient microbial consortia (Nadarajah & Abdul Rahman,
2023). Yet, field variability remains a challenge, necessitating robust formulations and diverse site trials
(O'Callaghan et al., 2022). Continued research will be key to ensuring the reliability and scalability of these
bio-based solutions.

4.4 Bioaugmentation of compost and vermicompost with A. vinelandii for enhanced nutrient
content

Bioaugmentation of compost with beneficial microorganisms enhances nutrient content and
bioavailability. Such biofertilizers—particularly those incorporating plant growth-promoting microorganisms
(PGPMs)—increase essential nutrients (N, P, K), improve soil structure, enhance water retention, promote
microbial diversity, and reduce reliance on chemical inputs. While compost, biochar, and PGPMs have
individually shown agronomic benefits, their integrated use remains underutilized. Biochar, in particular,
provides a stable, porous carrier that supports microbial viability (Bamdad et al., 2022). Organomineral
fertilizers (OMFs) derived from organic-mineral blends also offer promise for circular agriculture, though
adoption remains limited due to accessibility and market barriers (Bouhia et al., 2022).

In this study, compost and vermicompost enriched with A. vinelandii showed significantly increased
total nitrogen and phosphorus, particularly in Treatment 3 (compost + A. vinelandii). The improvement in
phosphorus likely results from phosphate-solubilizing activity via secretion of organic acids such as gluconic
and 2-ketogluconic acids. Interestingly, potassium peaked in vermicompost alone (Treatment 2) but
declined in Treatment 4 (vermicompost + A. vinelandlii), possibly due to microbial antagonism or altered
nutrient metabolism (Zhang et al., 2024).

The A. vinelandii strain, isolated from local agricultural soil, demonstrated strong growth in Burk’s
medium and formed a mucilaginous biofilm—a trait of nitrogen-fixing and phosphate-solubilizing organisms.
Althousgh this bacterium is also known to produce IAA, ammonia, and siderophores, these traits were not
assessed here. Nonetheless, the observed outcomes align with earlier studies: Matheri (2024) reported
improved compost nutrient stability following microbial inoculation, and Chaudhary et al. (2023) found
enhanced phosphorus and potassium availability when compost was co-applied with PGPR and biochar.

Despite promising nutrient enhancements, this study did not assess direct plant growth impacts.
Thus, potential agronomic benefits are inferred from literature and known microbial functions. Future work
should include greenhouse or field trials to evaluate crop performance, nutrient uptake, and the impacts
on soil health. Additionally, ensuring microbial viability during storage and application will be vital for

successful scaling and field implementation of these bicaugmented fertilizers.
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5. Conclusions and recommendations

5.1 Conclusions

This study evaluated the quality of compost and vermicompost formulations enriched with A.
vinelandlii, focusing on organic matter and nutrient content in comparison with the Thai Organic Fertilizer
Standard (TAS 2005). The key findings are as follows:

- Traditional compost alone did not meet the required 20% organic matter threshold.

- Compost enriched with A. vinelandii showed marginal improvement, indicating limited
effectiveness of microbial inoculation when used alone.

- Both vermicompost formulations exceeded the organic matter standard and provided
superior nutrient profiles, affirming the advantages of vermicomposting.

Additionally, all tested fertilizers met the standard pH and electrical conductivity (EC) ranges,
confirming their suitability for agricultural use. These results support the use of microbial enrichment,
particularly in combination with vermicomposting, as a promising strategy for producing high-quality organic
fertilizers. However, further validation under field conditions and long-term application is necessary to
ensure stability, scalability, and practical effectiveness.

5.2 Recommendations

5.2.1 Optimize composting strategies

Improve raw material selection, aeration, and microbial inoculation protocols to enhance
organic matter retention and microbial activity.

5.2.2 Study long-term nutrient dynamics

Future research should focus on nutrient release patterns, microbial succession, and crop
responses to evaluate agronomic performance.

5.2.3 Evaluate performance in diverse soils

Field trials across various soil types are necessary to evaluate the impact on soil health,
nutrient cycling, and yield sustainability.

5.2.4 Assess commercial scalability

Given the success of vermicompost formulations, future work should analyze production cost,

market potential, and distribution models to support adoption in sustainable agriculture.
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Abstract

Rice bran is a by-product of rice production but remains rich in nutritional value. The objective of
this research was to study the extraction of protein from rice bran using enzymes for application jelly
products. Rice bran from Khao Dawk Mali 105 rice was extracted using cellulase enzyme (100 ¢: 1 ml).
Samples were extracted for 8, 16, and 24 hours and dried at 60 °C. The extracted rice bran powder was
analyzed for physical and chemical properties, and total phenolic content. The results showed that rice

bran and extracted rice bran samples had water activity (a,) and moisture content in the ranges of
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0.569- 0.715 and 8.19-10.83%, respectively. The highest L* (56.13) value was found in fresh rice bran, while
the 8-hour extracted sample had the highest values of a* and b* (9.97 and 32.32 respectively). In addition,
the 8-hour extracted sample had the highest protein content and total phenolic content of 18.02% and
236.45 mg GAE/g, respectively. Therefore, an extraction time at 8 hours was selected for jelly production.
Four different levels of extracted rice bran powder were added to the jelly (0, 10, 20, and 30 g). The results
showed that the highest protein and total phenolic contents were found in jelly supplemented with 30 ¢
of rice bran powder, with values of 7.07% and 148.85 mg GAE/g, followed by jelly supplemented with 20 ¢
(5.67% and 106.32 mg GAE/g). Sensory evaluation revealed that: color, odor, flavor, texture, and overall
acceptability scores were highest for the control formula (0 g), followed by jelly supplemented with
extracted rice bran as 10 g and 20 ¢ of extracted rice bran. Therefore, the optimal formula for this study
was rice bran protein supplement at 20 g. This formula could be considered a nutritionally enhanced food

product for consumers.

Keywords: Rice bran, Enzyme, Jelly, Protein, Total phenolic content
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Table 1. Physical and chemical properties of rice bran and extracted rice bran

Water activity Moisture content Color
Samples
(a,) (%) LE & b*
Rice bran 0.715+0.00° 8.19+0.15¢ 56.13+0.17°  6.70+0.04° 23.02+0.12°
Extracted rice bran at 8 h 0.647+0.03" 8.98+0.15° 38.70+0.41° 9.97+0.23° 32.32+0.13°
Extracted rice bran at 16 h 0.560+0.00° 10.13+0.18° 32.71£0.32°  9.12+0.03° 17.7320.16°

Extracted rice bran at 24 h  0.562+0.01¢ 10.83+0.40° 27.95+0.27¢ 4.67+0.199 8.65+0.17°

Note; Values are expressed as means + standard deviation (n = 3). Means with different letters in the same column were

significantly different at the level p<0.05.

a

nsasgiAlUsAureInesItane (Figure 1) wudrdivsunalusiugeiiganiiainisann 8 Talus

q

fA15e8ay 18.02+0.21 589891 UAUN 2 ABNTSane 16 F2lue JASeuay 16.37+0.17 9989010 UAUT 3 AB

A5anm 24 F7lU9 TAN5e8ay 15.30+0.05 wazdiaanisnan JA15auay 8.45+0.15 AUAIRU INNANISANEINUIN

1
v

Uinailusiuvesiiitldrumsatniuiinugdudleiunsadadoeuluisagiaa

nMsAAseiUsnaasUseneuiliueantomuavendlUsiuainsidne msieszsdusinaaisusznou
fuednnamuavesinuarndUsauansinildszeymsataiuansiadu leun 8, 16 uag 24 Falua (Figure 2.)
wudnUSunadetegluyie 117.78-236.45 mg GAE/g nan1sAnwnUinasUsEneuiiueanamuavesnisaing i
8 Hluq ﬁﬁﬂgdﬁl?jﬂ fiFn 236.45:7.04 mg GAE/g A1589a30 Aesan Sif1 127.93+1.88 mg GAE/g vaizdidnfian

q

fonsannsidng 24 Halue A1 95.0041.22 mg GAE/g

-21 -



JST Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

a
20 18.02 b c
= 16.37
- 15.3
g 15
T
7 d
c 10 8.45
o
[w]
£
g 5
=
[
0 T I 1 1
Rice Bran Extraced rice- Extraced rice- Extraced rice-
bran 8 h bran 16 h bran 24 h

Figure 1. Protein content of rice bran and extracted rice bran

Means with different letters were significantly different at the level p<0.05
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Figure 2. Total phenolic content of rice bran and extracted rice bran

Means with different letters were significantly different at the level p<0.05
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Table 2. Physical and chemical properties of jelly product supplemented with rice bran protein

Jelly product

Water activity Moisture content Color
supplemented with
(aw) (%) L* a* b*
rice bran protein
0g 0.990+0.00° 64.38+0.57° 37.19+0.19° 22.14+0.10°  7.90+0.09°
10 g 0.961+0.01° 63.64+1.24° 32.82+0.26° 16.09+0.02° 11.25+0.10°
20 g 0.964+0.01° 59.54+0.96" 35.66+0.12° 15.85+0.08° 14.65+0.08°
30 g 0.967+0.01% 57.69+0.11° 29.27+0.09% 13.80+0.01¢ 12.27+0.03°

Note; Values are expressed as means + standard deviation (n = 3). Means with different letters in the same column were
significantly different at the level p<0.05.
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Means with different letters were significantly different at the level p<0.05.
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Table 3. Sensory evaluation scores of jelly supplemented with rice bran protein

Jelly product

Overall
supplemented with Appearance Color Odor Flavor Texture
acceptability
rice bran protein
0g 7.30+1.03°  7.40+£0.82° 7.45+0.68° 7.40+0.75° 6.80+1.15%  7.40+0.68
10 g 7.10+1.02°  6.90+0.85° 6.75+0.96° 6.30+1.52° 6.40+1.35"°  6.40+1.39"
20 g 6.75+0.96°  6.60+0.94™ 6.20+1.15° 5.75+1.33° 6.00+1.37°  595+1.39"
30 g 6.40+1.14°  6.20+1.23° 570+1.52° 5.15+1.59° 5.10+1.71°  5.30+1.59°

Note; Values are expressed as means + standard deviation (n = 3). Means with different letters in the same column were

significantly different at the level p<0.05.

Mndeyasziiiulein guadeulinisseniundniasiiidususiuainirinilussiuaugy ldfinmsiduss
TUsAuans1tn fiazuuuanuweuinniigaidosanidugasmans e fisudusndndusindnisidu 10 nfu
20 N3 30 ¥y WuIgesTITinsLAL 10 N3y fAAzuuudnuarUsInguniian daiAzuuuindy 7.10 so%awnfe
foeaaiu 20 n3u feazuuuiiniy 6.75 wagiladiigafefegaaiy 30 nfu dArAzuuuiiy 6.40 Azuuw
sudiiangaiigaluiiogisriuny fazuuuindy 7.40 sesasndefegiaady 10 n¥u uavfegiuaiy 20 n3u
fAAzILUYIAY 6.90 uay 6.60 wazdmigeluiegnaadu 30 niu fAwvinfu 6.20 Azuuusunauiiaigeiian
Tusheeamueuiinzuuuiniu 7.45 sesasnfefegiaedy 10 n3u flazuuuwiidy 6.75 uasliAdianluiiesns
W3 30 n3u Sleazuuuinty 5.70 Asuuusundusadageiigalusiegsmunuiiazuuuviiiy 7.40 sesaunde
Frogaaiy 10 nfu uazfeeaadu 20 3y dA1AzuULNAY 630 wag 5.75 uagdaniigalufieg1uady
30 n3u feAziuuwiniu 5.15 asuuududedudaliangedanluiogsmunuuasiiegiuaiy 10 ndu fdasuuy
WU 6.80 War 6.40 sR9ANABAIREATY 10 NTU WarAIRE SN 20 NTU dANAzLUWIAY 6.40 Uag
6.00 uaziiAwiignlusiegiaedu 30 n3u faAzuuuiiy 5.10 AzuuusuareulaINTAgeigalusieds
AUAY TAIAZLUYNAY 7.40 89R9uNARA18810@50 10 NTU wagsaeg19a3u 20 NTU dA1ATRULYNAY
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yosaauazalsiuaini1in egluras 4.67-9.97 Admdes (b*) agluti 8.65-32.32 lerumsafinsetoule]

wagaaildsyeznaiunduainnududuns () wazannududmdes (b*) anas nsadnsidndeeules

-25-



J§T Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

wagiad v lviinaiieduns Ysinalusiu ey ansusenauiiuedn Tundusfiuansidmegdidudday nsiiuauy
voslSunalusiuaunsaesuieliainnszuiuns aanelaswaisveasadiy lnseulvdlivagea Faivindieges

o =%

wagladluniswaduessitn msadameeulvdivageatislmlusiulusidngnainesnun Jeilrusualusiu

= P g

flataldifiugatumuszeznansataiiiiutu lnemsatnd 8 $alus Winadnsiafian lnefiusinalusiugeaei
Yovar 18.02 Fudunafiganindossufisuiuhdnanniemsataluszeznanfiuiuiy (16 wae 24 Falug)
mMafiuuTinalusiudvilvrdusiuansrdndauemdasunisiigau Saannsoiluldusslonilusdn s
oA uiideansTusiugald ludrvesasuseneufiuedndaduansidanuansalunsduasesngys
ma%amwﬁ?umsLLUngmmsadamam'amiLU§&Jul,maaﬂuaqmsﬂuaaﬂiuﬁﬂulﬁ (Ratseewo et al., 2025) Han15An®YI
wui1 msadaseeuleiivaguaaiinalunisiivuinamsiuednlundusfuandrdnguiu lnonsadad
8 Flus 19 USunmansiuefngeand 23645 mg GAE/g @sgeninmisadaluszezinanfioniuiudu (16 waz
24 $lu9) wazsimandiiusnaiiuedn 127.93 me GAE/g ms’tﬁaui%ﬂﬁalaimlaLsawé’ﬁ‘ﬂ’HmMia‘L%”lﬁﬂgqnzju
TUsfoauarosluiaa Fssmuinanmnsarilisdniadaldffanssunisiuoyyadaszgedu (Chaiaroen. et al,
2015) Maifisduvesansiiuednoininannisiieulsdivaquaatisuanudesansusenoufiueaniitegluiaduil
¥93519M Famonndestunisinuinisitieulesivagiaalunisadaiioglauudamesisus wuitusanuansdiny
oyyadasvnguituednuazueulnleedufisdundamsata osnnsvhanerdusadfiofdungueaglaagn
FaneuazdanUdesansdu o oonun (Kapasakalidis et al. 2009) Tnsmsaaldausousiudae Wenamiy
oravlsuTinalusiunasUTinaituedingnihasaudeanmidonaatauuty
dorhndlusfiuansdnimnzanlunisated 8 4alus anfulundndusiiu suhaimashsassdna
m'EJmm%zyLauimaw??aﬁﬁw%ﬂummi Fauaiidedndvgarlisadulafissinashdassanit 0.90 uay
srdndugarliiesayivlniiAnsnanidassiinida 0.70 Fejudaduemishau asiAUsinanidasy
0.60-0.85 HANTIATIEERILNE A MYEIMAN ST A TR UA NS 912 wuddunaniiBasy 0.96-0.99 dedu
vliAnnadendslsifindnunfidntes iesnuuaiiFouassdwlvginiadulaldd uazietisdneigues

a a

ARSI AITUTTINGRSueTlugegilileunesd (Keawsa-ard et al., 2020) Juiasulusiuansidnndanudugs

U

A A

Fofinruduferay 10-20 uilimuduiasunaligaunnin eiidesanlelasresaesdivimiiiduduusenou
Yt AgasuRUtammisld (Wirvutthikorn, 2000) san1s@nemuin MsiasurdlUsauansin aslujuiinasie
AnaTRMINenn 10dl wasiinmvsmandustiuogisdniou mawesundusiuanidnlufunisiiunueins
s Tnsanzlundvesmafiudiinalusiuiazansituednlundndosiiu Suhliansusitnyaudmiy
naufuslnafidesnsiasalusiu wu fivonfdsmensediideinisensifauamisasuinisgs msiaTums
Tusfunndrinlufuwilimnalusiulundedosifudumusssunsiundusiu nesdnsurifesurdsivly
seu 30 n3u USunailusiugageiifesay 7.07 Fsgeningasmiuny (lifimsidumalusiv) Aalusiudivsiosay

[

2.48 mafislusiulundnsurifuhlifinuemdasunsgeiu fansaneuauosmiufesnislusiuluguiloa
Tnsewzlunguiifesnslusiuaiuiionsiaiuaiundunie vionsitunienennmseendidame naeduss
TUsAuansrdngeiiudsmaesituednlundadusiiu lnogasfdunddusiuaingdna 30 nfu 1 Yuaens
Tluedngegail 148.85 mg GAE/g Faunningnsilaifinsidunslusiuiifien 51.89 mg GAE/g msifiuansitusdnlu
wAnSuIuT B uANaLTRaTanm Insarsiuoaniinuan s ueyyadasy SuhsanarndsainlsaFess
Lazda8U139g v mlnesIn drunanisadeunsszamduianuin gasiidunslusduainidia 10 nfu
I#3uesuuunureUgeanninaasuilefisufugnsiiiunstusiudiseiu 20 nfuuas 30 n¥u Msuusdlysiu

wndwilignageureutisyat Feeaitiownanndunazileduiaveilusiuainiitng ilvindndueiilsayan

- 26 -



J§T Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

Ianzuuunseeansungusiaateenitansaiuay

5. a3Unan1sIdeuazdaLauanuy

nan1sAnwImudn annziiuangay dmsunisulssusidradundusfiueansidfe nsadadivan

a -

8 Tlus Falvivunalusiugegaiesay 18.02 uarUTunaansusenauiiuednasani 236.45 mg GAE/g 9INN15UL

a1 8 Fale wan1snaaedauansdt nlusivansdnmilundadariiunedulusiuwasansinueyyadase

q

kamsAnw U Usnalusiuuarasussneufiueanimungeaanuluiuiiunsiinaia 30 niu (fevay 7.07
Wy 148.85 mg GAE/g) ianaﬁmﬁaqmﬁlﬁu 20 nSu (Feway 5.67 way 106.32 mg GAE/g) &MSUNTISHANJULETY
TUsAu1n$1912 wudnAn water activity (a,) vosuiladundlusiuainsrdndaisening 0.961-0.990 Femmifiv
Snwlugamnfiiniiefinorgmafiuinu nansmageusudiagsananuin azuuLANuveUIUsEaMdLTa
wuiednuurusing & ndusa eduda uazanuveulnesiuvesiugriniuauilidnsfukdusfudaziuy

gean sosmanndugnsifunadusiuainsidna 10 nsu uag 20 niu Aulugasfimugaufe fuasulusiuainsidn

Y a

20 n3u awnsafiansandundndugiomnsmadenasunauaimidasuinishiduduilaasely suddedeediu

U

'
al

yar1liiusidn lnenrswaundunadusfuiianansauildlunisndandndueiiuiidaaamiadasuinisas

9

FanugdmIugndenisietulusiv Wy nquaugenmaINevseRifen1somIsiiogua1m uenanildeaunsa

q

TduenpanatunguduslaanlinudAivemsnnuainidasuinis wdnduaiuesulustuansidnane

soganludidivdlagnsiailvianuvainvanglunislduselevd wu msiaundadasiguamdmiunguay

panfaINIe nserdeinsiasulusiuluemisusediu Snnadeanunsavensnainludenguuslnaidaiy

Y

fosnsownsndauAnslasuInisgalanely

6. AnANTIUUTZNA
MmAdeiiveveunuainaluladuazuinnssuems amgRaUmansuazingimans unInedesvay

Asaziny lanueuATeilusuauskazmuesasliogunsallunisuf iinsiduassl

7. 1@NE1591999

Abdul-Hamid, A., & Luan, YS. (2000). Functional properties of dietary fibre prepared from defatted rice bran. Food chemistry,
68(1), 15-19.

Association of Official Analytical Chemists. (2000). Official methods of analysis of the Association of Official Analytical Chemists
(Vol. 11). The Association.

Butsat S., Weerapreeyakul N. & Siriamornpun S. (2009). Changes in phenolic acids and antioxidant activity in Thai Rice husk at
five growth stages during grain development. Journal of Agricultural and Food Chemistry. 57(11), 4566-4571.

Chaijaroen T. (2015) Functional and biological properties of enzymatic hydrolysate from defatted rice bran by using partial
purified Nile Tilapia (Oreochromis niloticus) Viscera extract. Dissertation. Songkla; Prince of Songkla University.

Gadalkar, SM., Gogate, PR, & Rathod, VK. (2017). Recovery of proteins from rice mill industry waste
(rice bran) using alkaline or NaCl-assisted alkaline extraction processes. Journal of Food Process Engineering, 40(3),
e12430.

Houston, DF. (1972). Rice bran and polish. Rice: Chemistry and Technology, 272-300.

Jiamyangyuen, S., Srijesdaruk, V., & Harper, WJ. (2005). Extraction of rice bran protein concentrate and its application in bread.

Extraction, 27(1), 56.

27 -



J3T Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

Kubota, M., Saito, Y., Masumura, T., Kumagai, T., Watanabe, R., Fujimura, S., & Kadowaki, M. (2010). Improvement in the in vivo
digestibility of rice protein by alkali extraction is due to structural changes in prolamin/protein body-I particle. Bioscience,
biotechnology, and biochemistry, 74(3), 614-619.

Kapasakalidis, PG., Rastall, RA., & Gordon, MH. (2009). Effect of a cellulase treatment on extraction of antioxidant phenols
from black currant (Ribes nigrum L.) pomace. Journal of Agricultural and Food Chemistry, 57(10), 4342-4351.

Keawsa-ard, S., Chuanphongpanich, S. & Daducale, A. (2020). Development of Gummy Jelly from Mesua ferrea Linn. Flower
Extract. Thai Science and Technology Journal, 28, 2185-2200. (in Thai)

Patindol, J., Wang, L., & Wang, YJ. (2007). Cellulase-assisted extraction of oligosaccharides from defatted rice bran. Journal of
food science, 72(9), C516-C521.

Phaungseang, A. & Rattanakon, S. (2021). Extraction of Rice Bran Bioactive Compounds Using Hydrothermal Treatment with
Ultrasonic-assisted ~ Extraction ~ [Online].  Retrieved = November 15, 2024, from: https://app.gs.kku.
ac.th/gs/th/publicationfile/item/21th-ngrc-2020/BMO6/BMO6.pdf. Accessed November 15, 2024. (in Thai)

Ramlee, KAFK., Daud, NMAN., Sarip, MSM., Bakar, ARA., & Zainudin, MAM. (2024). A Three Level Factorial Model for Maximising
Protein Extraction from Rice Bran with Choline Chloride: Glycerol. Journal of Advanced Research in Micro and Nano
Engineering, 19(1), 63-77.

Ratseewo, J., Chumroenphat, T., Li, H., & Siriamornpun, S. (2025). Changes in chemical composition, volatile compound, and
bicactive compounds retention in shallots (Allium ascalonicum L.) under different drying methods. Food Chemistry:
X, 27, 102419.

Saunders, RM. (1990). The properties of rice bran as a foodstuff. Cereal Foods World, 35(7), 634-636.

Sittisart, P., Gasaluck, P., Dunkhunthod, B., Mahidsanan, T., Pinyo, J., Teethaisong, Y., & Sittisart, P. (2024). Mode of action of
biosurfactant against Listeria monocytogenes and its cytotoxicity as an alternative for washing fresh Chinese kale. Food
Bioscience, 61, 104583.

Srisan, S., Subsri, P., Chimpali, K. & Ratseewo, J. 2023. Effect of Steaming Methodon Chemical,Physical Properties and Total
Phenolic Contentof Lava Durian Sisaket Peel Powder. Science and Technology Journal of Sisaket Rajabhat University.
3(1), 68-76. (in Thai)

Wachirasiri, K., Wanlapa, S., Meeploy, M., Sitthisomang, D. & Subkaree, Y. (2021). The Effects of Rice Bran and Alcalase Contents
on Degree of Hydrolysis, Yield and Free Radical Scavenging Activities of Peptide Hydrolysates from Defatted Rice Bran.
KMUTT Research & Development Journal, 44(3), 427-442. (in Thai)

Wirivutthikorn, W. (2020). Appropriate Ratios of Gelatin on Pineapple Juice Gummy Production Supplemented with Gac Fruit
Aril. King Mongkut's Agricultural Journal, 38(3), 400 — 407. (in Thai)

- 28 -



J§T Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

szuuatiuayunsiagulavuiienadwiunmsugndludminsiaziny

A Mobile-Based Decision Support System for Rice Cultivation in Sisaket

masal wianae' Jaungual Jalas® uaz nllvgn dusan”

Paporn Loaipilai', Wattanakit Pattri’ and Kanitta Intichit®’
lwnivinalulagneuiiinesuasidva augfalmansuaringimans uinedusvinesasiny fminasaviny
ZgnIvTineimsreniames Augfaumaniuasinenmans univendevdgeSasiny Jminaiasiny
!Department of Computer and Digital Technology, Faculty of Liberal Arts and Sciences,

Sisaket Rajabhat University, Sisaket Province
2Department of Computer Science, Faculty of Liberal Arts and Sciences,

Sisaket Rajabhat University, Sisaket Province

“Corresponding Author: k.intichit@sskru.ac.th

Received: April 1, 2025 Revised: July 1, 2025 Accepted: July 7, 2025

[ 1

UNANYd
msugnindnaduesdusznevdrfgueasugiansnunsiuvsamalne lasnmgluiminasazinuds

Tda3ineudaIndsy Wi N1sHeNItHuLkazssuuvaUsemunliiiesme wiimeluladnsinuasasiaiuiasng

aa v a

soilles winunsnsnegegluiuidwiaesesisfdianansalideyaatuayunisindulanmunzauivusunly

[

719904 UITL

o

guszasdLite (1) Anwnisnsugniniimnzanludminadasing (2) Wamueundinduuy
seuuUfiAnts Android Wieatiuayumsugndn uaz (3) Ussilumnumnzavesueundindunnfideinguay
Flduas madeldszdovisuvunauman lnoisuannsdunivalinumsnsgiivszaunisalifiesausudeya
\Aeafunszurunsugndni wuguiuumsugnd1amdn 2 suuuu leun suiuumsviiundi $uu 18 Funou wae
sUluuM Iy 1w 17 funou ﬁqazﬁauﬁaé’wﬁuﬁy’umaumswmwgﬂﬁaamﬂé’aaﬁ’w%wmﬂ%’ﬁﬂuﬁuﬁ
nndeyadnanliinuueundinduiivszneudas 5 Tugandn Idud (1) ssuvthidrdeyaiud (2) seuuduiin
FayanizUgn (3) srUuUTEIIaNananTs (4) STUULAAITBYATIEYAAA Uag (5) Teuukiufouianssu iUl
Harduasy wu n1sade uily avunwmnzdgn nMsuuzidide unaaudaiug Msdansdngite waznisieng
nanAnSounds nan1sUsziukeUNAldus TN sAURAE I TeImsumsInumsuasmalulagd iy 5 A uas

Y @ !

NRINIE LTINS 35 Ay tngldluvaeunuunsgiu Ainsgrinanigadfganssau nansussliukansliiiui

v
a1

woundiadulinumanzauegluseavunn lngdaaie 4.09 uagdulsuuuninggiu 0.81 Han15338Y 9

weundinduausonauesdanuiviesdudiumealuladuuaunsainnmildegadivszdnsam uazilueseded

=

Tdude wngdwiuatvayunuasnsnegeslunisandulaniunisnizugn Fadnenmlunmsdauaiunands

LAZATWAIULNEATNTIUBE19T98UTUSEAUNUNA

o

AdAey: LennAady, nuesAdvia, Mgy, JwiaeSasiny, waluladinuesluuiunviesdy

-29 -



J§T Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

Abstract

Rice cultivation remains a crucial component of Thailand's agricultural economy, particularly in
Sisaket Province, which fares environmental limitations such as dependence on rainwater and inadequate
irrigation systems. Despite the continuous development of agricultural technology, local smallholder
farmers in the region still lack digital tools that can provide information to support decisions appropriate
for the local context. The objectives of this research were to (1) study appropriate rice cultivation methods
in Sisaket Province, (2) develop an application on the Android operating system to support rice cultivation,
and (3) evaluate the application’s suitability based on assessments by experts and actual users. The
research employed a mixed methodology, beginning with interviews of experienced farmers to collect
information about the rice cultivation process. Two main rice cultivation patterns were identified: black rice
farming with 18 steps and sowing farming with 17 patterns. These patterns reflect the sequence of
cultivation steps that align with the context of water use in the area. Based on this data, an application was
developed consisting of 5 main modules: (1) area data import system, (2) crop data recording system,
(3) activity processing system, (4) individual data display system, and (5) activity notification system, as well
as auxiliary functions such as creating, editing, and deleting cultivation plans, providing fertilizer
recommendations, seed sources, pest management, and retrieving past yield data. The application
evaluation was conducted with a group of 5 agricultural and technology experts and 35 farmers who
actually used it, using a standard questionnaire analyzed with descriptive statistics. The evaluation results
show that the application demonstrates very high suitability with a mean score of 4.09 and a standard
deviation of 0.81. The results suggest that the application can effectively integrate local knowledge with
mobile technology and is an easy-to-use tool suitable for supporting smallholder farmers in making
cultivation decisions, which has the potential to promote productivity and sustainable agricultural

development at the local level.

Keywords: Mobile application, Digital agriculture, Rice cultivation, Sisaket Province, Context-aware

agricultural technology
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Figure 1. Components of the Rice Cultivation Advisory Application in Sisaket Province
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Plan Login

- Usemname: vachar

- ID cultivation Plot: varchar - Password: char

- ID User: varchar 1 1 - name : vachar

- Plot name: varchar - - Email : vachar

- Cultivation Area: varchar

- Cultivation Area (Rai): varchar + Gel_Username()
- Rice variety: varchar + Get_Password()
- Planting Method: varchar + Get_name ()

- Nature of Cultivation: varchar + Get_Email()

- Fertilizer Formula: varchar
- Start Date: Date

- Harvest Date: Date ]
- Seed Source: varchar
- Fertilizer Source: varchar
1*
- get_ID_cultivation_Plot() community

- get ID_User()
- get_Plot_name() 1. 1. - ID User: Varchar
- get_Cultivation_Area()

- get_Cultivation_Area_Rai()
- get_Rice_variety()

- get_Planting_Method()

- get_NatureofCultivation()
- get_FertilizerFormula()

- getStart_Date()

- getHarvest_Date()

- getSeedSource()

- getFertilizerSource()

- set_ID_cultivation_Plot()
-set _ID_User()

- set_Plot_name()

- set_Cultivation_Area()

- Detial User: Varchar

- Display_Detial()
- Display_yield()

Notification
- set_Cultivation_Area_Rai() 1.7 1.x
- set_Rice variety() ) ,
a set_Planzing Method() - Notification detail: varchar

- Pest control detail: varchar

- set_NatureofCultivation()
7 - yield: varchar

- set_FertilizerFormula()
- setStart_Date()

- setHarvest_Date() + Get_yield()
- setSeedSource()

- setFertilizerSource()

- edit_ID_cultivation_Plot()

- edit_ID_User()

- edit_Plot_name()

- edit_Cultivation_Area()

- edit_Cultivation_Area_Rai()
- edit_Rice_variety()

- edit_Planting_Method()

- edit_NatureofCultivation()
- edit_FertilizerFormula()

- editStart_Date()

- editHarvest_Date()

- editSeedSource()

- editFertilizerSource()

Figure 2. Class Diagram
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Table 1. Overview of transplanting rice cultivation

Steps Detail
1 Stubble Clearing — Start Preparing the Soil
Plant fresh manure crops - such as coconut beans and jute about 8 kg/rai
? and leave for 30 days.
3 1st plowing - to encourage weeds to germinate.
4 2nd ploughing and drying — 7 days
5 Picking and soaking rice seeds — soaking in water for 3 days
6 Dry the seeds — Dry the rice to germinate for 1 day.
7 Plow and plow the seedling plot — 5-10 cm of water is required in the plot.
8 Sow manure - Seedling and black rice plots
9 Sowing sprouted rice in the seedling plot - 50 ¢/m2
10 Apply accelerated fertilizer 1 - 10 kg/rai 15 days after sowing seedlings .
11 Ploughing and raking of black rice fields
12 Rootstock and black cuttings — seedlings are 25 days old, 20 cm apart.
13 Apply fertilizer 2 - 1 day after black cutting, the rate is 20-25 kg/rai.
14 Check the water level - control the water 15-20 cm. 30 days after fertilizing .
3rd fertilization - accelerate the harvesting of 5-10 kg/rai 15 days after the
P rice is tillered .
Check the water level during pregnancy — maintain the water level for 20
o days.
17 Milk phase - begins to enter the ripening phase.
18 Harvest — When the rice is fully cooked.

Table 2. Overview of broadcasting rice cultivation

Steps Detail
1 Stubble Clearing - Start preparing the soil and removing rice stubble.
Plant fresh manure plants - such as coconut beans or jute about 8 kg/rai and leave for
? 30 days.
3 1st plowing - to stimulate weed germination, then dry the soil for 14 days.
4 2nd plough and dry the soil again - leave for another 7 days.
Seed sorting and soaking - soak in water for 3 days to allow the rice to start
° germinating.
6 Dry soaked seeds — Dry for 1 day to make rice germinate better.
. Plough and plow prepare the paddy plot - provide 5-10 cm of water in the paddy to

suit sowing.
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Table 2. (Cont.)

Steps Detail
8 Apply manure - in the case of organic farming
9 Rice sowing - Rice seeds at the rate of 30 kg/rai
10 Seedling cutting period - at the age of 15-20 days after sowing.
Accelerated fertilization of plants/leaves 1 time - 20-35 kg/rai 1 day after cutting the
H seedlings
12 Check the water level - control the water level 15-20 cm up to the tillering stage.
13 Accelerated fertilization 2nd - 5 -10 kg/rai during tillering
14 Check the water level during pregnancy - maintain the water level at 15-20 cm.
15 Release water from the rice field — about 7 days after the rice is pregnant.
16 Milk phase - Rice enters the ripening stage.
17 Harvest — 100-120 days after sowing, depending on the rice variety.
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Figure 4. Rice Cultivation Advisory Application in Sisaket Province
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Table 3. Results of the Evaluation of the Suitability of the Mobile Decision Support System for Rice

Cultivation in Sisaket Province by Experts

ltem x S.D. Level
1. System Functionality 4.32 0.75 Very appropriate
2. System Design 3.85 0.88 Very appropriate
3. Security of User Data 4.04 0.79 Very appropriate
Overall 4.09 0.81 Very appropriate
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agluseAuunn (Anade 3.85 dnudesuuninsgiu 0.88) Aruauuaensisvesdeyarldaueyluseiuuniign
(Anade 4.04 drudeuuunnggiu 0.79)

Adeldhueundnduiiannyu lUligldenudiuam s au Yszluanuiianelanntuidwain

AAszmsadanug U UiunuYkazaTUNanall

- 37 -



J§T Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

Table 4. Results of the Satisfaction Assessment of the Mobile Decision Support System for Rice

Cultivation in Sisaket Province by General Users

ltem A S.D. Level
1. System Functionality 4.57 0.50 Very Good
2. System Design 4.57 0.50 Very Good
3. Security of User Data 4.60 0.50 Very Good
4. Responding to User Needs 4.39 0.64 Good
Overall 4.53 0.70 Very Good
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Abstract

Steam pipeline installation processes consist of various activities, each with hidden dangers and
different levels of risk to workers. This research aimed to systematically assess the risks of such processes
to enable effective planning for accident control and prevention. The Analytic Hierarchy Process (AHP) was
applied as a decision-making framework, starting with studying work procedures and work permit documents

from case study projects to analyze and classify the main steps of the steam pipeline installation process
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and identify potential hazards. The risk assessment aimed to find the work steps with the highest risk using
three decision criteria: the probability of hazard occurrence, the severity of hazards, and the costs of
prevention. A pairwise comparison risk assessment questionnaire was then prepared for five steam pipeline
installation experts to evaluate the risk levels under each criterion. The data analysis results showed that
elevated pipe lifting and assembly was the step with the highest risk, with a total weighted value of 0.259
followed by radiographic testing (0.143), pipe welding (0.129), thermal insulation (0.101), nitrogen gas filling
into the pipeline (0.097), ground-level pipe lifting and assembly (0.095), pipe transportation (0.092), and
pressure testing and pipe cleaning (0.085). The findings of this research can serve as a guideline for prioritizing

risk control measures to increase safety for future steam pipeline installation projects.

Keywords: Steam pipeline installation, Risk assessment, Analytic hierarchy process
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AUNINTI@IUNRULAE Saaty (2008) FlarurazAdA10SUIERILEnTlUA1519% 1 (Table 1.)

Table 1. Scales of relative importance according to Saaty for Pairwise Comparison

Intensity of Importance Explanation

1 - Both factors contribute equally to the objective.
- One factor is moderately more important than the other.
- One factor is strongly more important than the other.

- One factor is very strongly more important than the other.

O N U W

- One factor is of the highest importance compared to the other.
2,4,6,8 - Intermediate levels of importance between the main scale values;

when compromise is needed

Adapted from Saaty (2008)

° g aa o = ~ &, i o 1% .:4'
QWUU“@?QIUﬂWi?U%QEJLU?EJULV]EJ‘ULU‘U@ mmmifﬂmﬂﬁmmi% (1)

) N = SuIuAsIuNTINaduSsuiiay

n = Swudadeigmihuiuieuiieudug 9

nsUsziuanudssaidunisinglduuuasununidnidu ddviduiervgiuanuvasadeuaznis

Ansviadalown 91uau 5 hunlaseinisnsafing Fwsasyiulinuanifoiuansan 2 (Table 2.) wasynvinudes

werun1seusIvseauslun1sUssdiuadss Wilanseuiunis AHP uaganlunsusudiuldegngndies

Table 2. Expert Qualifications

Expert Group Number of respondents Quialifications

Safety Manager/ Professional Safety 3 - Experienced in steam pipeline
Office/ Technical Safety Officer installation safety

Mechanical Engineer 1 - Involved in design and technical
(Associate Level) aspects of steam pipeline systems
Mechanical Supervisor 1 - Directly supervises installation

activities
Total 5

- 46 -



J§T Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

24 menmzidayadaemaia AHP on1sdndiduanudssastuneunisianaviaddlat
nMsinsgsdeyanundnnisves AHP [ unahAaziuLaInanUIsuisudugisusalaain
LLUUﬁEJUﬂ’ImJﬁLﬂ‘iﬂi‘dﬁLﬁEJ‘W]ﬂ"l“Lj;’m'ﬁﬂﬂ’J']iJﬁ’]ﬁig“UENLLGllazﬁﬁlﬁTﬂ nauTmdes wavtunounsing) fidan
Wisuifisuiiu wiouvinsaivgouainudenadas (Consistency Ratio: CR) wasnisindule dedeaiiarldiin 0.1
diesusesauanvnaunavesnUsziiu Tnefduneunavaunsiiieatos dil
(1) msasraamsnduesnisitFeuiiieuiliug (Pairwise Comparison Matrix)
Mndeyanisivieuiiondug ssvhanusierudsmndu uazssnitduneumahaunndunou
Pranas1aun3ndansa (Square Matrix) A vu1a nxn lnadaudnlu A Wuardiavvesrzuuulseiiiu (Rating

Score) anmaUSeuiieuilugagnuiuAlndu 1 uda dsaunis (2)

e a; =1 dlo i = j ua a; = 1/a; dlo i # |
n = snutladeiignianFouiiie
(2) MIfanmesImTn (Weight Vector)
1938A1dnwauzLanIe (Eigenvalue Method) Lﬁaﬁwmmmmﬁmﬁfﬂmmé’wﬁmamﬁazmmsﬁmm

a

e wazisaztunaunisaafaiiuUSeuiiguiu deguuuuannis (3)

Aw=A__ w (3)

[

o w fie Eigenvector (nmasuninAIud1Aty)

o

A... Ao Eigenvalue GGG

(3) MInTIvdUALABAAADY (Consistency Check)

- AnviiuansnINaenAa e (Consistency Index, C.l.) 1ngaun1s (4)

Cl. = (Amax-n) (4)

n-1
- MAdnTIEUANNADRARBITUTBIMANE (Consistency Ratio: C.R.) 9n&uNn15 (5)
CR. =CI/RI (5)
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Aeslumsnsit 3 (Table 3)
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Table 3. Random Index Values (R.I) Based on Matrix Size.
n 1 2 3 4 5 6 7 8 9 10 11 12 13 14
R.I 0.00 0.00 058 09 112 124 132 141 145 149 151 148 156 157

Saaty (1980)
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311 nisvudevieloun (Transportation of Steam Pipes) LHun1svudsvioainlsssunanluds
anwiineats Insldsamsameivudsionandunsiiinsnausulifeniudasadouaglinssvusiorlins
GULREIIE:
312 msenuszneurisluituiistu (Ground-Level Pipe Lifting and Assembly) Tngldinsuindendi
vT”nms&Jmiaiaﬁw%mwuuﬁ;maﬁu (Pipe Support) awIexliuusssuiiuau anniuldsenvde Chain Block %
Jauuavie (Line-Up) THnssmuuuuimnssy wieunsiaaeuseiu anugs Lavszeyvinauedandn ilenusuns

ABUNSLTDU

- 48 -



J§T Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

3.13 miaﬂﬂszﬂauﬂauuﬁuﬁqa (Elevated Pipe Lifting and Assembly) Ingldiasuindeudiontie
Julugilasaadaisiuvie Pipe Rack flegiofiuiu wnildsonifiotauumvielldmunmismuuuy

314 msideuvie (Pipe Welding) thaionavyinnsdnuua (Line-Up) uavidounuuww annialdiu
Bosusawasesrelfiiou wasnsaaeuldssdudlonszuaunis PT (Penetrant Testing) §adumsldaidsd
ATIAFABUTOYINIMTOINTY

3.1.5 nsvndeuwiiondiedd (Radiographic Testing) Tngld3sdunuun (Gamma Ray) 2y
wndesmieifionsaaaeunrmanysalmelu msdudumssnyilunanafuiioniaaonss

3.1.6 n1svuauILAuANSou (Thermal Insulation) 19 3anauiu (Rockwool) siuseuvialoth
wionsnsivaeunnuseiesesauukarnsialiuiumun tedestunmsgydondsnuuasdestufuiofau
NnmsduiiaivieNTgumgiige

3.1.7  ANIVIAADULIIPULAZYINAINAZD1AVID (Pressure Testing and Cleaning) L‘ﬁhm’mamfﬁﬂzam
dnlureudidaussfuia 150 Un$ lenmaeuns$ada LLazsL%"LaﬁwLLiaﬁugjnLﬂﬂ,a'mﬂi”uLLasaﬁmﬁawmﬂﬁN ielef
vioavernndouldnu mvnaeuaesiesindannsiarusi (Pressure Gauge) 1&1ilsdte (Relief Valve) wazld
\3nsdiotnetauiug

3.1.8 nsussainglulaswdiluvie (Nitrogen Gas Filling into Pipeline) nd31nnaaeuwagyil
maveniieuies Tnemsiuielulnsudluiedetestunsidaaiumeluenounsiiglotess Wuns
%’menamwmsﬂuviaiﬁa&ﬂuamwﬂaammm%u (Inert Condition)

Fumpumavhauis 8 funeu Tuneudsiionsdmanssnurennaendovesfufofau duansdy

Table 4. Fauansliiuilusasduneuiidnuarvosunmeiianzaizes smudnvarvesianssuiisniiunsly
uiaztunou Vil msixqé’umwLLNﬂuLLc-w'axéﬂy’umamzsdanmmsaﬁLﬂi']3ﬁmwm?1'mié’asmﬁﬂﬁzﬁ‘m%mw uag
Lﬂmm'zmqﬁ’]ﬁzﬂumimLqummmLLaxﬁaaﬁ’uqﬁ’ﬁmGﬂ,uﬂ33muﬂwﬁmﬁgﬁzwﬁadﬂaﬁwaﬂnLﬂuisuuuaz
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Table 4. Installation Work Steps and Associated Potential Hazards

Work Steps

Potential Hazards

1

Transportation of

steam pipes

1.1 Hazard from road transportation accidents.

1.2 Hazard from pipe falling and hitting the ground during transport.
1.3 Hazard from steel pipe crushing worker’s fingers.

1.4 Hazard from improper use of lifting tools and equipment.

1.5 Hazard from intoxicated driver.

Ground-level pipe
lifting and

assembly

2.1 Hazard from forklift tipping over.

2.2 Hazard from broken or damased hoist.

2.3 Hazard from crane contacting 24 kV power lines, causing electric shock.
2.4 Hazard from broken lifting sling.

2.5 Hazard from pipe striking hands.

2.6 Hazard from public vehicle rear-ending the crane during pipe lifting.

2.7 Hazard from improper lifting posture or lifting excessive weight.

Elevated pipe lifting

and assembly

3.1 Hazard of falling from height.
3.2 Hazard from pipe sliding off scaffolding.

3.3 Hazard from falling tools or materials.

Pipe welding

4.1 Hazard from welding arc light.

4.2 Hazard from welding fumes and fine dust.

4.3 Hazard from welding heat.

4.4 Hazard of fire caused by sparks contacting flammable materials.
4.5 Hazard of electric shock.

4.6 Hazard from grinding wheel kickback causing hand injury.

Radiographic Testing
(RT Test)

5.1 Hazard of damage to skin cells and tissue.
5.2 Hazard from high radiation exposure, potentially fatal.

5.3 Risk of cancer from prolonged exposure.

Thermal insulation

6.1 Hazard from insulation dust affecting the respiratory system.
6.2 Hazard from skin irritation.
6.3 Hazard from eye irritation.

6.4 Hazard of finger cuts or pinching from utility knife or tools.

Pressure Testing and

Cleaning

7.1 Hazard from pipe or flange explosion.
7.2 Hazard from debris or residue ejected from inside the pipe.

7.3 Hazard from wet and slippery floor surfaces.

Nitrogen Gas Filling

into Pipeline

8.1 Hazard from explosion of valve or fittings.

8.2 Hazard of frostbite from extremely cold gas exposure.
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3.2 1A59a31981AUTUYR9IN15UsEUANULEH9ANUNANNTS AHP
1ASIAS AP UTUVBINTUTLIUAINLLE MUK NNS AHP Lielglun153na1AumINLLE89u8Itunaunns

Annaviodsloun fanwuzsdandlu Figure 1.

Risk Ranking of Work Steps in Steam Pipeline Installation Process

B | |

Probability Severity Costs to Prevention

Transportati Ground-Level Elevated Pipe Radiographic Thermal Pressure Nitrogen Gas
Pipe Welding
on of Steam Pipe Lifting Lifting and Testing Insulation Testing and Filling into
Pipes and Assembly Cleanine Pipeline

Figure 1. Hierarchical Diagram for Steam Pipeline Installation Steps

Tassadsdrsusulu Figure 1. Usznoudae
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Whenuiiiisites naenaunuITefiniuu wud']ﬁ{]'«J'«i’wé’ﬂﬁﬁﬂlsﬁumiﬂmimmmL?%&Nagui 3 AU (Kanesan,
2021) ?jaQﬁﬁdﬁﬁmﬂ%lﬂuLﬂmem"lumiﬂizLﬁumwm?aﬂm%ﬁ Taun

auuvzilureansindunsie (Probability) issananenudndennudululsisunsees

AaTuanduReUNSY LTl

ANUTULTY (Severity) WANTUIAINTEAUNANTENUN D1UART UABE U TR vindunsieiu

b

ViR
Aldaneglun1slesiu (Costs to prevention) in1sananninenswsesununsndulumsaniu

'
v a

wnsnstesturdemuaunnuides olisurmeflenaifndunndunounshouiueglussduiveusuld
hdutuil 3 maden (Altematives) Ae tunsundnlunsrurunisnseiedslothsiuou 8 fumeu léun
(1) myvudave (2) MsenUszneuvieluiiuiisny (3) miaﬂﬂizﬂauﬁauuﬁuﬁqﬂ (4) msiTeuvio (5) Msvadea UL
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dit 2 Bunsussifiuaudswestuseunisindaieddletiii 8 duneu TnsnsiUiouifioy
Arudssvostunousing q fiazd ilemaniwiinvesusastunounelfinusimimdsusiazdy
3.3 wan1siwsziideyannnnisiSeuiisunedlaedideaviy aundnnsvas AHP

Nndeyaiiavsziunrmddgdaddinannsussiiulaefidomgsiuo 5 i dunuvasununs

v o &

Wisuilsudue dandiesigsimardminduing (Relative Weight) anumdnnis AHP #3auns39a0UA1AI1Y

v
¢

donnR0eUBIN1TUsEIIY (C.R) dNan1siATIeviasl
3.3.1 NAN19IATITNANUAAYVBINAIINITUTZRIUANULEES
NANITIATIZAANAIA VB SLNTINITUSZIUANNLEDS danuninduivs (Relative Weights) 194

WNaUTILRaTIUALERdlY Table 5.

Table 5. Relative Weights and Consistency Ratio (C.R.) of the Three Risk Assessment Criteria

Criteria Expert 1 Expert 2  Expert 3 Expert 4 Expert 5 Average
Probability 0.142 0.210 0.163 0.159 0.210 0.177
Severity 0.428 0.240 0.297 0.251 0.548 0.353
Costs to Prevention 0.428 0.548 0.539 0.588 0.240 0.469

CR. 0.000 0.016 0.008 0.046 0.016

Tna s Amdnduimsvesnaeinsuszfiunnudssisausau nuin sgfl,%’smﬁgd’;uimgiﬁ
Aldsrelunistostudumste (Costs to Prevention) Wudadafifianudidngeaalunisussiduniuidsves
fumeumsinsaieddloth Inefenhminduindiadowiiy 0.469 sesasunie AnuguLTesSunTE (Severity)
WAswiiu 0.353 wavanuianiulunsiindunsie (Probability) waeswiiiu 0.177

oeslsfiony iiloRansandeyaluseyana nuddgdemig 1 viwidsuuuunstimdmdnuansan
v Tagliandmingsgatuarusuusessunne vaeilldanimdndualdielumsdostulussdumiiga
MnAnuuAna1siina §afelddtunsdunuaifidonyduiuierhanudlayuueslunslianimn
wuin gusesesdimamaysenisusziliunnudfreanasimnuidssdunnisiusalszaunsalsazunum

v W '

winilumsvinany namde fidsrmailiruddyiualdsslunsd sstusunse fhfiasananuduaives
1nsnsAUANAIAssmug iUl Tagandszaunsainuinanldinefiguiuldenaduguassadonisdiy
1MIMIAMUANTTIUSEAME AN wazmnlilanunsaniuauenldinglsogiamnzan o1edmalvinisdanisaundes
naudiduluszezen luneanduiu ﬁﬁfamﬁmﬁiﬁmmﬁwﬁmﬁummqmmwmé’umwUsaxﬁmsmdwssﬁumm
'ﬁquLLNﬁmf\]LﬁWﬁ’uﬁa%ﬁﬁlLLa%j‘Uﬂ’]W‘UENB;I:‘Uﬁﬂ'aQWUL%Hﬂﬁ]ﬁHﬁ’]ﬁQJIUﬂ’]iUi%Lﬁu%(ﬁUﬂ’J’mL%Hﬂ Fapsldlunis
fvuadiiunmddyesmsnsmusuAandsaneutadufudu

fiail nan1ansAeUSTIEILATIEIRAGDY (Consistency Ratio: C.R) weafileamausazying wuiiiiay
1aiLAu 0.1 (0.000-0.046) Fsegluinasifsonsuldnaumdnnis AHP agvieuinnisliazuuuvesiiforvgiinn
aeandoafiveme Ssanunsnthaazuuudinanludmumumanimindusindifednsfunudsme oz tunau

mMsviulaegrawnzay
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3.3.2 HANTSIATIZUAUEE9VIVUABUNTTNIUNETANATINSUSERUAMULHEILART AU
ANFIATITIAUFLVDITURDUNITYIINIU 8 TUADU A18lALNUNNITUTLNUANUELLARLAY A
punvzlu enugunss wazalddglunisleaiu danhwidnduinsanudes (Relative Risk Weight) dauandlu

Table 6., 7. uaz 8. AIUAGU

Table 6. Relative Risk Weights of Steam Pipeline Installation Steps under the Probability Criterion

Installation Steps Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 Average
Steam Pipeline Transportation 0.113 0.080 0.065 0.075 0.088 0.084
Ground-Level Pipe Lifting and Assembly 0.082 0.073 0.076 0.054 0.097 0.077
Elevated Pipe Lifting and Assembly 0.238 0.267 0.151 0.281 0.297 0.247
Pipe Welding 0.090 0.184 0.273 0.133 0.106 0.157
Radiographic Testing 0.147 0.100 0.092 0.109 0.193 0.128
Thermal Insulation 0.095 0.073 0.081 0.140 0.074 0.093
Pressure Testing and Cleaning 0.118 0.108 0.148 0.078 0.065 0.103
Nitrogen Gas Filling into Pipeline 0.113 0.111 0.112 0.126 0.076 0.108
CR. 0.100 0.090 0.098 0.096 0.099

Table 7. Relative Risk Weights of Steam Pipeline Installation Steps under the Severity Criterion.

Installation Steps Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 Average
Steam Pipeline Transportation 0.070 0.055 0.100 0.098 0.105 0.086
Ground-Level Pipe Lifting and Assembly 0.085 0.061 0.100 0.087 0.092 0.085
Elevated Pipe Lifting and Assembly 0.243 0.198 0.168 0.207 0.289 0.221
Pipe Welding 0.074 0.308 0.196 0.179 0.073 0.166
Radiographic Testing 0.118 0.118 0.143 0.127 0.163 0.134
Thermal Insulation 0.162 0.099 0.097 0.105 0.103 0.113
Pressure Testing and Cleaning 0.128 0.082 0.091 0.081 0.080 0.092
Nitrogen Gas Filling into Pipeline 0.116 0.075 0.101 0.112 0.091 0.099
CR. 0.095 0.066 0.086 0.088 0.097

Table 8. Relative Risk Weights of Steam Pipeline Installation Steps under the Costs of Prevention Criterion.

Installation Steps Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 Average
Steam Pipeline Transportation 0.070 0.105 0.117 0.095 0.104 0.098
Ground-Level Pipe Lifting and Assembly 0.118 0.092 0.089 0.066 0.067 0.086
Elevated Pipe Lifting and Assembly 0.289 0.289 0.308 0.286 0.287 0.292
Pipe Welding 0.168 0.073 0.074 0.069 0.067 0.090
Radiographic Testing 0.129 0.163 0.154 0.165 0.161 0.155
Thermal Insulation 0.078 0.103 0.101 0.077 0.106 0.093
Pressure Testing and Cleaning 0.056 0.080 0.063 0.149 0.113 0.092
Nitrogen Gas Filling into Pipeline 0.087 0.091 0.089 0.090 0.091 0.090
CR. 0.098 0.097 0.094 0.081 0.100
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namsiaTziAd T duinsrestuneunsiuii 8 tunew aeldinawinisusyfiuanandes
uiagd1u uandiifuguiuuiaenndeatudn Sunsunisenusenaurieuuiiuiigs (Elevated Pipe Lifting and
Assembly) ﬁﬁﬂﬁ’mﬁﬂé’uﬁwéqqﬁqﬂumzuﬂﬁﬁgn 3 g TnefiAedewindu 0.247, 0.221 waz 0.292 dwsuina
Frunnaiiagifu Fuanuguunss uasdualdiglunisdestu audidy Tunedtuneudu « Wy nsvageu
wudeudiesd (Radiographic Testing) waznsideuvia (Pipe Welding) fntminduimslusyduuiunans dau
Funeudidandminduinds Tdun msvadeuussuLazyhauazeinvie (Pressure Testing and Cleaning) wag
N139UEWID (Steam Pipeline Transportation)

NANINTIRABUANSATIEIANNADRAdRIvRsNTUTEIEY (CR) TneiTodmgy wudrdlalaiAu 0.1
vnnsdl uansienmamnanaveasiviazuuLUstiiuve s leamey

3.3.3 nan1331As1eRAmaTINE 2 MTAAALE Bevest umausie 9 Tunszurunisiane
viodsloth wazn1ssasduaudes

e minduindueunaeinsUssdiuanudsata 3 fiu wazAdminduindvesdunounis
¥auii 8 Junou thunfuamearasesminaEss (Overall Weighted Risk) YeetuReun1TTY 3

NAILATITUAILERIIU Table 9.

Table 9. Overall Weighted Risk of Steam Pipeline Installation Steps and Risk Ranking

Installation Steps Overall Weighted Risk Risk Ranking
Steam Pipeline Transportation 0.092 7
Ground-Level Pipe Lifting and 0.085 8
Assembly Elevated Pipe Lifting and 0.259 1
Assembly 0.129 3
Pipe Welding 0.143 2
Radiographic Testing 0.101 a4
Thermal Insulation 0.095 6
Pressure Testing and Cleaning 0.097 5

Nitrogen Gas Filling into Pipeline

HANTIATIZRANATINENUETNANULEEIUDITURBUNTARA YAl 8 Tuneu WUITURDY
nsenUsnauvieuuiuigeimmaTiuaiminAudegeiign (0.259) T09RuNARTUABUNTIATIVADUTBELYEY
M85 (0.143) wazdumaun1sdouyie (0.129) amuaidu dmsuduseudu 9 laun nsinasuiuiuauiou n1s

WA LTINS WD NISNAADULSIAULAEYINIAIUALDIAYID NISVUE8YD WarN158NUTLNBUTIDUUNUNTIU

puNdanasInarinanudssluseauiainin

4. 8AUTIHNANTTINEY
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HATINEUINTNAUEEEeTIEA (0.259) T99RNABTUNBUATIEDUTOLLToNAI8TIE (0.143) UavTunaums

Wawvia (0.129) audiu nan1sainssikandliiiuguwuuigenndesiulunasminisusedliumnudesisaunu
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UNANYd

sruvinmimnssiluundn WumsindanedenliAnmamainuaiensiannlussuuinanunsiile
anmisldanaedl muideiidiinguarasdifofnynansldssuuinmmnsy nadfnwuanndmdasy Taeng
WHUN13MAABILUY Randomized Complete Block Design (RCBD) Usgnausae 4 nawus 9 az 3 91 leun
1) livgndiwuuduin (haumuam) 2) Ugnaailneniuuduun 3) Ugnanaidesuuduin was 4) Ugninilnenisiudy
ATIBIVUAULT ATINNTETaUsEINIRLasTuLUaw19888u fouwasnaenIsUssyndldssuutinmimngsy
Fuunviauias Jinsgiasgiuauiiveinisusing uazAinnamainyaten1sTaniw wan1sAnwiwudiusadly
usiu Orthoptera Wunguiiiinnuynyugean Andufesay 22 vosUsznTIavie uiasTilensefuauivesns
Usnglunauiiwutes (Fesay 71.00-79.06) wuuunans (Fesay 45.50-57.10) wagnutios (Fesaz 10.50-11.20)
Famaeaszozmaaigiiulavesinnunsusnguessadunszeznnaiydule lnsemzlutisszezoansasi
syoganun dadudisiinuanumanedauazUinameusaigeiign nansUssdudviinrmainvanemetaniw
yosuuamdInsUszgndldszuuineimngsy wuit vinwudi 2-4 fdusnsisanyaruguegeiidodidgmis
aif (p<0.05) lngAadsvesiviinuvarnvaremsdinmudanissegndldszuuinaimnssumindy 1.0175
Fadueriiganitneunisussgnildszuuiinaiainssy (0.4425) f 23 w1 Aeduuasiinuionua 21 viin

20 1A uar 9 udu wenani seuulnimnssudisanUSinauiasdsdnginasddlasade 1.7 v

AAARY: T19888Y, AUMAINYAIENNTININYBIRUAY, F3UUTNATAINTITY

Abstract

Ecological engineering systems in rice fields involve organizing the environment to create
biodiversity in agricultural ecosystems to reduce chemical use. Therefore, this research aimed to study the
results of using ecological engineering systems with a case study of AlHam rice fields. The experimental

design was a Randomized Complete Block Design (RCBD) with four treatments of three replications each:
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(1) no planting on the ridge (control group), (2) planting long beans on the ridge, (3) planting marigolds on
the ridge, and (4) planting long beans together with marigolds on the ridge. Insect population surveys were
conducted in Alham rice fields before and after applying the ecological engineering system. Insect species
were classified, and occurrence frequency levels and biodiversity values were analyzed. The study results
showed that insects in the order Orthoptera were the most abundant group, accounting for 22% of the
total population. Insects with occurrence frequency levels were categorized as frequently found
(71.009%-79.06%), moderately found (45.50%-57.10%), and rarely found (10.50%-11.20%). Throughout the
rice growth stages, insects appeared in all growth stages especially during the panicle emergence to maturity
stages, which showed the highest species diversity and insect abundance. Results of evaluating the insect
biodiversity index after applying the ecological engineering system showed that treatments 2-4 were
significantly different from the control group (p < 0.05). The average biodiversity index after applying the
ecological engineering system was 1.0175, which was 2.3 times higher than before applying the ecological
engineering system (0.4425). In total, 21 insect species, 20 families, and 9 orders of insects were found.
Furthermore, the ecological engineering system helped reduce rice pest population by an average of

1.7 times.

Keywords: Alham rice, Insect biodiversity, Ecological engineering

1. uni

mslfarsadnamanunsiiisduduagddyfidmanssnunsauredawndon aedngs s
Tusruuiiing uazdwasensfios1vaauuas (Sparks & Nauen, 2015) szuufinaiemnssundusumndunisdanis
Asundeuiiderormyuinaysruuiing TnedsNgIuaIn sz UUINUASHANNATULUURNLAY N15USMTIAnITundsdi
ogonde uaznsmuudnginlaedaiBieniseusndsssuvd Gur, 2009) dwiuszuvinaimassuluundn
fuirdunumdrdaluniseyindanumainatsnisiinien1sdanisdngfivluuid1a Gur et al, 2016)
duaumuannamsindlagnsiiiveuvannvatsvesiivunanndn manamauivUgnielissuudnmm
ﬂ’]iLﬂWﬂé’%ﬂﬂ’]ﬁy\Imj iiuunasiiegedy uaziduuvaiennsliuuasdngsssued wiodnisuiiiudngsssuva
yosusadliunuinannd ulumstisniugudngiis Ssdeidunagndvesnsdnnisanunainvatsnnsianmd
mmsaamﬁwmuﬂsz‘mmLmaafi’mgﬁﬂ@ﬂmama (Yele et al., 2023; Horgan et al., 2024) f1881918U N15UN

a £

aonlidmdsuardvanuveuuvatnlunisadunasfiegenfowasunasomisinudngsssuna inas uay

Y

v
| Aaa a

vy pnfimvardiisvsnaogaiifsddgienisiain o1gde euannsolunisuiug uasnginssuresuuas
FngsssumA Fevhefignaztisandiuiuusransueunasingiivadls (Wackers et al, 2007; Chandrasekar et al,
2017; Horgan & Kudavidanage, 2020) Tngtisnuanneenldiduunasimadifusslowd AU AIRAULAIARN]
syTTATanguian wagtadouldiduesned (Wackers et al, 2007) dufuiindlidondgnifiodaaiunisvhszuy
Anaimnssuasiuiivdaasunisiasyveuuas ANgsI9UYIA (Evans et al,, 2011) YaugLRelInuAIsIUsElevt
Wudnuenivieainnisdnnisuasdagiis wu madufivsesmienisildiutisusussiigeiu (Settele et al,
2008; Gurr et al,, 2011) nsdiAnwinsUgniivneniuuUasundnvesimindivalan nuimvasndniinsugnity

ABNTINATIWIULNAIANISTIUIARGY 4.05 d/wdas FuduuSinangandudasilaiinisugniivnans iy
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aa

1.78 @asauuad (Chiengwattana et al,, 2021) nsalAinwinslasyuuiinaimnssululvasuidniveuusdsunsd

a1

vosdminfivalan wuiwandadiedslunannildszuuineimnssu (731.76+196.66 Alansusiols) flr1gs
nIuUasunTivuwuURaRY (667.04+91.65 Alan3usels) egrsiiveddameadn (p<0.01) Imﬁﬂ'%a?{ﬂgﬁuﬁq
1.10 Wi msUszgndldszuuinaimnssudadumadennisivisannisiionasiaivnamsinens wagiiunli
Preifiananantnliagedu (Chalermsan, 2013) nfinrsanmsviundvilunaldvessamalnedifiniansyaisey
Tunanednin wuirdminagadoidundduiluiddglunisugndan aandaya Satun Provincial Office of
Agriculture and Cooperatives (2024) s¥371 Tul w.ei. 2565 Yaninanadfiuiivgndniussana 14,422 19 uas
dndudu 14,658 15108 w.e. 2566 ﬁuﬁﬁmdnLﬂuLmﬁaﬂqﬂﬂﬁnﬁmﬁawmﬂmmamaﬁuﬁ: 19 Triduun
e draunsuia draventuns Frveumdes d1agnuas Fvmmen luun deyn aeunste gnivdes $1aung
MBI 29811 4579 uazivueug egslsfnuusidagtuiiuuliunisanasesnisugndniiudies iesan

wnensnsiuluvgndniuddaaSuwasiuasygiaduy dwalinswauaeiuiiinuiesanas ialaymdninaie

q

v & a

Wuguaznandnandnad i T1adadudududnnudesiddy warldsuanudenlunmsmnzuan nsfinwidad

q

TngusvasAiiofnwinavesnisuseyndldssuuiinainingsy senisduasunisdnnisuuasdngialundan

' a

1118a8u suaniulng duneilles Jminaga FeszuuilnamlaInssutieiiiuanuanaen1eiInmluuiiin

Y N

duasunismunuuuasdngittlaednssssund ann1sianaisiadidadnginy wagHansenursdauInaeu SIuNs

Y

gnsyAuANUUaBniramandntneguslaa Nllanansaysegndldiviniiugduasuvinduladely

2. A5AHUNN5IY

nuATeianidunisluivaundigadu Fanseglugurungdean duaniulng gunsiiles Jwminaga

Yada o d'

AT w AN LTiUsEneUMEN It EsUTinannTAaes wazM BRI Tngardenis
Auuuuiidrusan (Participatory Action Research; PAR) FeUsznoudie 3 Tuneundn leud 1) nssadenitui
AN WALINUKY Randomized Complete Block Design (RCBD) dwisunaaeunisussynaldssuuiinaeiaimnssy
2) N13815799U 52N THUAIVTIULUAIUIT 188U Noukasramadaun1sUssynd M ssuuinneimnIsy was
3) NMUTEHUANUAMUVAINTAIENNTINNVBILUAUTINRUAIUT1I9a8N

2.1 msfadaniuiifn waznwrunagaun1sUsTEndsTuLTARAINTIY

¥ '
A a

Aadoniiufiutasundndasulugusungdsm duamulnd suneidles Sminaga @aduiiuiivinunis
Ugninidasududiuaumnn) dmsuneassnisuszgndldszuuiinaimnssy mnulaweanuasnsfidaidensie
ABN3duiaeg 19U (purposive sampling) Twagtdenldun 1) inwnsnsfiirsunmeassdivszaunisl
msvhunnetnates 5 T 2) inwmsnsiduinveaulasnilddmiunnasa 3) tnuasnsBudiidiusiunasnianssu
yoansfin saudmstmuasUuuumsiszuuineimngsy masudaduladensinfivgnii msdisaaiu
vannmansveauvaslulasun uazmsinmua uaz 4) dnvazvesuacuniidadenivunawind 5 13

N1598NLUULNUATNAABIE M UNAdoUUsEANE A mNsUsEgndld szuudnaimnssudunlamnd
Aadenlddnnu 4 was lagnnsusunismaasauy RCBD S1uau 4 immud (wlafiwugnsrsuuduu Afiarsan
nMsiidruTInvannuaInsidnvawta) laun 1) ludgnitwedalasinuuduundidadu (nquaiuay)
2) Ygniiinensimuuduundnidady 3) UgnanaFessiuuuduundnidady uas 4) Ugndilnenuaznnibessamuy
Fuundnidasu (Figure 1) nav3awudlisunisdnmanieutumuuumanuasiiivaean (GAP) Tnefimsdani

Tuntasun 5 wuiuns Tusvevdudn uaziianduy 10-15 wudluns luszezdnuanneieesnaen NeussuIgleen
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ndst1aeonnen 15 Tu Tdoansnde Idun gas 16-20-0 dm1 25 Alansusials ndst1290n 30 Yu uargns
46-0-0 8031 10 Alansusels deudnieenaen 30 Ju Msmuauirfiwyinlaeusunidulfssuioansedui
(Krisanapong et al., 2014)

wissiuilaenislamnAuuinaduuidunat 1 §Uai Usuduulilivuaauniia 15x3 wes dens
Ugnits 1 viEmand duiunisudieatull 4 vinuud 9 as 3 61 nadidaiinenlinenminasgnuuuensasuy
fuulngnss dmsumsdgnanaFeddmathendamidesiifiony 15 fu asgn Tnefievhs 2 vlia Tidudunisugn
waaanUgndrudaiduiia 10 Ju Meiiielvrasszeznainissaiuln waslinanan vesiailne1n uazaniies

nsafiutanideglussuzuanne Ao Wavoansi
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Songkhla Rajabhat University

Figure 1. The selected area consists of 4 rice plots for testing ecological engineering systems, located in

Phayabangsa community, Khuan Poh Subdistrict, Mueang District, Satun Province

2.2 MId5RUTEYINTUNAIUSALUaWNT199a8u fouwazran1sUsEandldseuuiiaAiAInTsy

d15rauszrnsunasluwdanndidadu neudniiunisussgndldseuuiineiainssy lawn uuasdngieg
wazAn3sITuYIR tnedsnnsldiudnuqunsia (pitfall trap) wasthAufivesdudienian iiusegsldluvn
woanegadsesar 70 WazkuatuInsouwlatutnsiauuaimaunas dwmsuismsldaidavuuuidunie s
wiayIgN1sAnliunsiuIu 10 Yesewdatay 31uIu 3 wiasga (41) vesusiazuUasiidmdon sudunisdisaly
Shwasidioatu 1 adwioduay (@Uamiduda) duszesian 8 ads M1UTBN5dUAI98139%84 IRRI (Ricehoppers,
2010) thegusasisusalfnduunwasiinseiviluiesfiinisneldndesganssmianesle Tasld
NASUSTNEUNNSINTLUN LakA Intawat (1994), Leksawat (2001) wag Tasen (2018) Yuiinua

AATIERANE WardNYAENITLNT NTEIBLLAITZRUIA (Frequency of occurrence) 7 muluit uil
Anwide annsudsseaunsnueandu 3 seau leun seaunswutes (high frequency) wuuiunans (mediate

frequency) waznutios (low frequency) TnensruinRINaun1s7 (1) (Alegbejo et al., 2006)
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2.3 N15UsEIUAINAMNVAINYAIENINTINTNVBILNAIUTIIMWUAIU TSy

N131599ANUNAINNAIENNTININVOLUAIARTAY wazdngsssuyAluuidny Wunsdrsviauay
USinaumesiuasdngiiv uazdngsssumaiiny Tusssznisiatauiviavesdini 4 szey Ae svozndn szevunnne
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Uszgndldszuuiivmienssy didiedrsuuadulaluduunstn Juiindiwiu udrrnnaadsidanuvainane
M9TINN (Diversity Index) M30AvTANUUANGAVRILUAIARFNY UAzARIsTTHIRLINOUTENOUNITRANTNAIIY
nannateveanguuseynsdfenldiuegnsunsvane Ingldaunisves Shannon-Weaver Index: H* (Shannon

and Weaver, 1949) mmamm‘iﬁ (2)

H' =Y.  (P)(InPi) 2)

N A |

Tnen H' fa AP TIANUMAINNANENITININ

'
N o 1 a ada

Pi flo dndruresdnuiurlindadldinlunguunuivmmneinaieineduiusiinuesdditin
A PR
neulavianun

Aaa A

s fin Muuvtinvesddininulugedisatu

AIAUIUAIANUALLENDVDIAITTIN (Shannon Evenness, J) Anuiadlansaunisi (3)

/ Hr1
J == (3)
Ins
Tnen H' fia AP TANUMAINNANENITININ

s fio Iwnvlinvesduditininulugadisiatiu

2.4 mpTeideyaneadn
A58 ANULUTUTIU (ANOVA) kazilSeutil g uaad gn v iAnUnaInialgn1edinIn wazaA1aA31a

ALLELDYDIFWTIN NUANFIITENINTEIALIUA AI875 Duncan’s Multiple Range Test (DMRT) fisgautivd1Agnig

AdA7 0.05
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3. WaN1338

3.1 nan13d152UsEVINTUNAIARINY uazAn3sssuvIAvTInuYad118adu noulaznanis
Uszgnaldszuuiiiaadninssy

HAN1TETIUTLINTUNAIANTNY UazAngossurAusnawlanntidady neulagrdnisuseynaly
syuuinaimnssy wandiifudisesduszneunardndruvesnauuuasiussuuinaundn dedaduunausziv
aunsuisnu b Sudi (Order) wagaed (Family) Aawaugiinanay (Figure 2.) 91nwan1sdTanudn wiadlududu
Orthoptera tHungufifieugnyugsan Andufosas 22 vosuszrinsionun TnsUsenaudaeisd Gryllidae
(5 39) Tettigoniidae (FnunumuIne1?) Acrididae (R numuWuIndL) uay Tetrigidae (FnunuuAsy) s09aAe
§usfu Hymenoptera uag Diptera Feildndumiiuifesas 17 Ingngu Hymenoptera wuuyadlunad Formicidae
(m), Bethylidae (unuiTew) uag Vespidae (7o uAL) vauzfingy Diptera Usznauiienad Tabanidae (wdav)
Drosophilidae (wxa3) uag Muscidae (uuasiu) dmsunguutaslududu Coleoptera Uay Hemiptera Uagdng
SITUIRLUSUAU Araneae wuludndrusosay 11 windu lne Coleoptera Usznauniened Staphylinidae (AU
n3zan) way Coccinellidae (s1744#11) Hemiptera wuluasluied Alydidae (wuasds) wazdngsssuviflugudu
Araneae (k3433) UsENBUAI8A Oxyopidae (Lmeqummﬂm?i'au) way Tetragnathidae (u,magm%?mma) YUz
Sufu Odonata nuludndiusesas 6 §1Usynauniesd Coenagrionidae (wuasUaida) wazsusu Blattodea

o 1 £

nlidnautosiignieuay 5 Aounatluied Blaberidae (Wiasau)

I Crthoptera

[ ] Hymenoptera
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1 Coleoptera

| W Araneag

[] Hemiptera
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sepidsaa

3epnAy3sg

ep|oIwiIc
Y%ll

O Cdonata

Figure 2. Relative abundance of arthropod families grouped by taxonomic orders in a rice ecosystem

v
a o

HANSANYIAUANTUTINGURtIadlusEAUIsAnUI wiaiusIngnudiuiu 18 2ed Janudivia 3 sedu

Ao sysuuay (Seway 70 Yul) seauuiunans (Feuaz 40-69) uavseautios (eaninieway 40) (Figure 3.)
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Figure 3. Detection frequency of arthropod families

910 Figure 3. uNasidAN15UINYT oy luszdunuysediuiu 7 29d Ae Muscidae (Fa8az 79.06)
Formicidae (508az 78.25) Bethylidae (S9way 76.25) Drosophilidae (598ay 76.87) Tetrigidae (Sovay 73.82),
Blaberidae (§o8a% 73.12) Way Coccinellidae (Spway 71.00) WuszAUUIUNAIS 91U 7 1A Usznaun1oumas
37u2U 5 29 laun Coenagrionidae (F9v@ay 54.60) Staphylinidae (fo8@ay 49.35) Acrididae (Souay 49.25)
Tettigoniidae (Sp8ag 45.85) War Alydidae (Fouaz 45.50) UagAn3sIIuvIAYTALLNTININ 2 29d laun
Oxyopidae (598ag 57.10) Way Tetragnathidae (Sp8az 47.25) ﬁumm‘?fLmaqﬁﬁﬂ'ﬂmiﬂﬁﬂgﬁaqsluisﬁ’uwuﬁaaﬁ
411U 4 297 A Tabanidae (5ovay 11.20), Vespidae ($oaz 10.50) uaz Gryllidae (598ay 10.50)

idethdeyatrsfuuniiengisuiussernansadydvlaesinmuin yaszesmsieiqpivlnvesin
wullamaenszazMassyAuln Inslanglutissyezoansde JadutisiinummmainvinuayUsinameaunags

ign sosmmPesrergnun dmsusssunnne wazsveznan wuslaveauadulsunanlingdifesiu (Figure 4.)
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Figure 4. Insect pests and natural enemies detected during different rice growth stages

3.2 Wan1TUIEiiuANAMANAINVAIENNTININVBIUNASARTNY uazdngsTsuvAluudiidasy
HANTUTZIUAMIAINVAIENWTINMVDLUAART Y wazAngsssuvAluwlasnd1idadu wud nas

N15UseyNAlTTEUUTNATAINTIN NULLAIANTIY wasAnIsTsuIA sauedu 21 9ia 20 194 wag 9 Judu
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Fefivnamazviafinnnineunsuszgndldszuuinaimnssusgadaau Insneunisussgndlinuunasdngiiy
Wies 3 win 3 29 uaw 3 Sudu WeRmnsansausuadedarumainvateniadinim (1) lundauuda 1-4 n&mnis
Usggnaldszuuiinadmnssy wuin dAlurae 0513-1.305 wieadswitdu 1.018 dududfiganinneunis
Uszgnaldszuuiinaimnssuiidailugg 0.395-0.515 wielade 0.443 Tnovilnveaunadngiiv wasdnssssusi
lawn uauLag Oecophylla smaragdina F qu‘gmwlusﬁﬂ Hieroglyphus banian (Fabricius) LLJNJanJm’mﬂngJJJ
Oxyopes javanus Throll unAulw Solenopsis saevissima wagneri unasUaLdy Ceriagrion praetermissum 714
AuUNTEAN Paederus fuscipes AALAAdL Micraspis discolor faiaa18msn Menochilus sexmaculatus AL
a183n Harmonia octomaculata é]"u' AWAULATY Paratettix aztecus 1?? ALAUNUINEI Conocephalus longipennis
wrdeu Goniozus sp. %ﬂiﬂi'd Brachytrupes portentosus %W%‘W/laﬁﬁﬁ Gryllus bimaculatus Wwaeu Tabanus
fulvilinearis wiayiutnu Musca domestica IaRe Drosophila melanogaster LLMJQJJL%‘&JJEJW? Tetragnatha sp.
WAUNTEANY Polistes stigma (F.) Wuasds Leptocorisa acuta (Thunberg) Wag wlaswnau Pycnoscelus indicus
(Table 1.)

310 Table 1. wudmaen1sUsegndldseuvinelanssuddiui wasyidavouasdniiy uazdng
555097 wnnsefulunuanimwandendiunnsnafuluusazviamus uanddiifiuinnsugnitvsmdmalendvi
Arva AN (H) Wutuegaiidedde deluynvinsudiifnisgniivsan W vinwusd 2 (1 =
1.129) VIOuAd 3 (H' = 1.123) uagv3audd 4 (' = 1.305) firgendtegeiidedidynieada (p<0.05) e
Wisuitsuiuvauudi 1 fadungueuuitlifimsgniivsin Inewurdadianumainraiensdinmusausas
silan (H' = 0.513) Taevidatudil 4 (H' = 1.305) ferdadlanuvannvatemsdanin () gsnimEnaudd 2 uay
VIAWUAT 3 egaiTddymneadn (p<0.05) vaiilefinnsanddiTdainurtome wiadu 3 naulvgy lawn
1) wafingssTUTA LasdngsssueAsu L uauns (O. smaragdina F) ussssnmnmaes (O. javanus Throl) 1
AUl (S. saevissima wagneri) WuasUaidu (C. praetermissum) fasunszan (P. fuscipes) aauAddu (M. discolor)
Fa01a18m8n (M. sexmaculatus) #291818187. (H. octomaculata) unuilsu (Goniozus sp.) 3 114
(B. portentosus) 3a3anasi (G. bimaculatus) wideu (T. fulvilinearis) Lngwiymm’J (Tetragnatha sp.) haz
LAUNTEA1Y (P. stigma (F.) 2) wuadngd1d laun & nuAuS3 (H. banian) (Fabricius) & NLAUNUINEID
(C. longipennis) B NUAULATE (P. aztecus) Wazwiadds (L. acuta) (Thunberg) kag 3) wuauAne/du 9 laun

wuasTudu (M. domestica) wiasw (D. melanogaster) wagluasinay (P. indicus)
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Table 1. Types of Insect pests and natural enemies surveyed before and after implementing the ecological

engineering
Observation Insects, pests and natural enemies Pi-T1  Pi-T2  Pi-T3  PiT4 p-value
Before implementing  ©ecophylla smaragdina F 0.188 0.167 0250 0.271  0.062
the ecological Hieroglyphus banian (Fabricius) 0.021 0.000 0.000 0.021
engineering Oxyopes javanus Throll 0.000 0.021 0.042 0.021
H' 0.395 0.380 0480 0515
J 0.570 0.548 0.691 0.469
After implementing  Oecophylla smaragdina F 0.020 0.044 0.039 0.049  0.020*
the ecological Solenopsis saevissima wagneri 0.006 0.008 0.013 0.011
engineering Ceriagrion praetermissum 0.003 0.015 0.009 0.017
Paederus fuscipes 0.000 0.008 0.004 0.010
Micraspis discolor Fabricius 0.003 0.025 0.022 0.029

Menochilus sexmaculatus Fabricius 0.004 0.022 0.020 0.030
Harmonia octomaculata Fabricius 0.002 0.025 0.022 0.025
Hieroglyphus banian (Fabricius) 0.004 0.008 0.012 0.011
Paratettix aztecus 0.006 0.017 0.009 0.020
Conocephalus longipennis (de Haan) ~ 0.003  0.010 0.013 0.010

Goniozus sp. 0.004 0.013 0.012 0.012
Brachytrupes portentosus Licht 0.000 0.002 0.001 0.003
Gryllus bimaculatus 0.001 0.002 0.002 0.004
Tabanus fulvilinearis Philip 0.000 0.003 0.002 0.004
Musca domestica 0.007 0.008 0.010 0.012
Drosophila melanogaster 0.007 0.008 0.015 0.016
Oxyopes javanus Throll 0.001 0.012 0.015 0.011
Tetragnatha sp. 0.000 0.010 0.008 0.009
Polistes stigma (F.) 0.000 0.002 0.003 0.003
Leptocorisa acuta (Thunberg) 0.040 0.019 0.025 0.024
Pycnoscelus indicus 0.006 0.016 0.018 0.022

H' 0513° 1.129° 1.123° 1305

J 0.182° 0.372° 0369° 0.428°

Note: (T1) no planting on the ridge (control group), (T2) planting long beans on the ridge, (T3) planting marigolds on the ridge,
and (T4) co-planting long beans and marigolds on the ridge. * Significant statistical differences were observed (p<0.05).

Different English letters indicate statistically significant differences at the 95% confidence level.
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Abstract

This study examines the impact of green and lean transportation on the sustainable performance
of transport service providers in Thailand’s food cold chain. Utilizing a mixed-methods research design,
quantitative data were collected from 408 providers and complemented with qualitative insights from 12
key informants. The research investigates causal relationships among green transportation, lean

transportation, efficiency of transport service in cold chain, and sustainable performance. Structural
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Equation Modeling (SEM) results indicate that both green and lean transportation significantly influence
transport efficiency and sustainability, with direct and indirect effects observed at the 0.05 significance level.
The model demonstrated a strong fit (X2 = 119.077, df = 109, p = 0.240, X¥/df = 1.092, RMSEA = 0.015, GFl
= 0.969, CFl = 0.997), explaining 74.2% of the variance in sustainable performance. Green transportation
practices such as emissions reduction, energy-efficient vehicles, and environmentally friendly technologies
were found to enhance operational efficiency and environmental outcomes. Meanwhile, lean
transportation through waste elimination, route optimization and cross-functional collaboration improved
cost-effectiveness, service responsiveness, and delivery reliability. Efficiency of transport service was
measured through indicators such as delivery reliability, traceability, energy savings, and service quality.
Sustainable performance was assessed across economic (cost savings, profitability), environmental (carbon
emissions, energy usage), and social (safety, quality assurance) dimensions. The empirical findings
substantiate the synergistic benefits of integrating green and lean transportation, with lean practices exerting
more immediate effects on operational efficiency, while green practices yield more pronounced long-term
environmental advantages. The study offers a validated conceptual model with high practical relevance,
serving as a strategic framework for logistics practitioners and policymakers to advance sustainable

transportation systems within cold chain logistics in emerging economies such as Thailand.

Keywords: Lean transportation, Green transportation, Transportation service providers, Sustainable

performance, Food cold chain

1. Introduction

The escalating emissions of carbon dioxide and other greenhouse gases (GHGs) have been widely
recognized as primary drivers of global warming and climate change, leading to severe environmental
disturbances worldwide (United Nations Thailand, 2022). Within the logistics sector, the food supply chain,
especially temperature-controlled transportation, has emerged as a significant contributor to these
emissions due to its high energy consumption in refrigeration, packaging, and vehicle operations (Leng et
al., 2024). In Thailand, these concerns are particularly critical. The country’s food cold chain industry is
expanding rapidly in response to increasing demand for fresh and perishable products. However, substantial
challenges remain. According to the Department of Internal Trade (2022), up to 30% of perishable goods
are lost during transport due to delays, inadequate temperature monitoring, and substandard storage
infrastructure. The Office of Trade Policy and Strategy (2022) also noted a 34.1% rise in logistics business
registrations in 2021, yet many operators fail to adopt sustainable logistics practices or align with Sustainable
Development Goals (SDGs). Moreover, Thailand’s cold chain logistics infrastructure ranks 32nd globally
(World Bank, 2023), indicating significant room for improvement in operational efficiency and sustainability
integration.

To address these challenges, the adoption of green and lean transportation strategies has been

increasin recognized as a viable solution. Green transportation emphasizes emission reduction, clean
l d bl lut G t rtat h duct l

-70 -



J§T Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

energy, and eco-innovation, while lean transportation targets waste minimization and process efficiency.
These dual strategies can collectively enhance service quality, cost-effectiveness, and environmental
responsibility, particularly in emerging economies like Thailand where logistical inefficiencies and
environmental pressures co-exist. This study is theoretically grounded in the Resource-Based View (RBV)
and the concept of Eco-Efficiency. The RBV explains how firms can leverage internal capabilities such as
green and lean practices to achieve a sustainable competitive advantage. Eco-efficiency provides a
framework for balancing economic performance with environmental outcomes through resource
optimization.

Despite extensive research in advanced economies, two critical research gaps remain. First, there
is limited empirical investigation of green-lean integration in emerging markets, including Thailand’s food
cold chain. Second, the measurement of eco-efficiency in transportation systems remains underdeveloped,
with few models incorporating both environmental and service performance dimensions.

Against this backdrop, the present study aims to develop and empirically validate a SEM that
explores the causal relationships among green transportation, lean transportation, efficiency of transport
service, and sustainable performance in Thailand’s food cold chain. The structure of the paper is as follows:
literature review, research methodology, results, and discussion of the findings and implications. A gap
analysis table is also introduced in the literature review to contextualize this study’s unique contribution
to theory and practice.

The subsequent section reviews theoretical and empirical literature related to green transportation,
lean transportation, efficiency of transportation service in cold chain, and sustainable performance.
Emphasis is placed on identifying research gaps and clarifying the unique context of the Thai food cold
chain.

1.1 Green Transportation

Green transportation has emerged as a multidimensional strategy to enhance both environmental
and operational performance in cold chain logistics, including the use of green energy (Chen et al., 2023;
Zhao et al., 2023; Musolino et al., 2019), technological innovation (Calati et al.,, 2022; Behdani et al. 2019),
route optimization (Li et al.,, 2019; Fang et al,, 2022), and systematic transportation preparation (Khumalo
et al,, 2023; Jovanovic et al., 2020). These elements have been shown to reduce greenhouse gas emissions,
lower operational costs, minimize product spoilage, and enhance delivery reliability. In particular, the
adoption of environmentally friendly vehicles has been shown to significantly support the effectiveness of
green transportation policies in reducing ecological footprints. (Rehman et al., 2023)

1.2 Lean Transportation

Lean transportation is recognized as a strategic approach to improve service efficiency, reduce
costs, and enhance logistics quality by minimizing waste and optimizing transport processes. Core elements
include collaboration, coordination, and efficient resource flow to lower overall transportation costs
(Kurganov et al,, 2021), along with integration, innovation, process flow, inventory control, and waste
reduction (Lobo & Pinho, 2019). These are further supported by multimodal planning, staff collaboration,

and transportation mode shifts (Colicchia et al,, 2017). Improvements in road transport can be achieved
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through goal-setting, technology adoption, effective resource management, and clear communication
(Garza-Reyes et al,, 2017). Lean principles have been shown to enhance operational quality (Kawa et al,,
2019; Kuwvvetli & Firuzan, 2019) and increase responsiveness to customer demands (Ponte et al,, 2018),
particularly when supported by standardized procedures and real-time technologies (Lobo & Pinho, 2019).

While Faheem et al. (2023) and Musolino et al. (2019) emphasize green innovation, renewable
energy, and emission-reducing policies, Koson (2016) focus more on operational practices such as GPS
monitoring, route planning, and minimizing fuel consumption. Similarly, lean transportation is explored in
global contexts using Lean Six Sigma and value stream mapping (Kurganov et al,, 2021), whereas Thai
research often concentrates on waste reduction through staff participation and digital tools in SMEs.

1.3 Efficiency of transportation service in cold chain

Efficiency of transportation service in cold chain is essential for maintaining product quality,
reducing energy use, and enhancing service delivery (Ma & Zhao, 2024). Key contributing factors include
service level, reliability, quality control, management, traceability, and energy efficiency (Kumar, Tyagi &
Sachdeva, 2023; Liao et al,, 2023; Meng et al,, 2023). Reliable service and freshness of perishable goods
depend on timely delivery and accurate tracking (Qi et al., 2022; Samantha, Louise & Jonathan, 2022).
Technologies such as real-time monitoring and traceability systems play a crucial role in minimizing risks
and ensuring quality (Islam & Cullen, 2021, Oskarsdéttir & Oddsson, 2019). Effective management and
energy-saving practices help reduce costs and environmental impacts while preserving product integrity
(Chaitangjit & Ongkunaruk, 2019; Kumar, Tyagi & Sachdeva, 2023). Moreover, cold chain performance aligns
with transportation efficiency factors such as speed, economy, safety, convenience, and punctuality (Bardi
et al,, 2006).

Despite substantial support for green and lean strategies, some studies have reported mixed
outcomes. For example, Jovanovic et al. (2020) found that environmental constraints and lack of incentives
limited green adoption in Canadian SMEs. Similarly, Iranmanesh et al. (2019) noted that lean initiatives
without technological readiness may yield limited improvement. These contradictory findings suggest that
context matters factors such as infrastructure, regulation, and firm capacity, may influence outcomes.

1.4 Sustainable performance

Sustainable performance in cold chain logistics is commonly evaluated through economic, social,
and environmental dimensions (Leng et al., 2024). These pillars are central to sustainability frameworks in
food and agricultural supply chains (Liao et al.,, 2023; Saulick et al., 2023). In cold chain logistics, practices
such as emissions reduction, efficient packaging, and energy-saving technologies are linked to improved
service and competitiveness (Bishara, 2006). Green and lean transportation strategies enhance sustainability
by reducing carbon emissions, improving efficiency, and minimizing waste (Rodriguez et al., 2016).

Cold chain logistics abroad benefits from well-integrated infrastructure and standardized practices
(Kumar et al,, 2023), while Thailand faces challenges such as energy inefficiency, fragmented cold storage
facilities, and inconsistent traceability systems (DITP, 2022). Sustainability performance in advanced
economies is increasingly guided by the Triple Bottom Line (Cetinkaya et al,, 2011). While in Thailand, the

implementation of the Triple Bottom Line framework remains inconsistent, the Stock Exchange of Thailand

72 -



J§T Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

(SET) has attempted to promote transparency through its sustainability reporting guidelines. These
guidelines encourage the preparation of annual sustainability reports that are consistent with the Global
Reporting Initiative (GRI) framework (Arunee & Supakorn, 2017).

1.5 Relationship between green transportation, lean transportation, efficiency of
transportation service in cold chain and sustainable Performance

The literature indicates that green transportation serves as a critical driver in improving the efficiency
of cold chain logistics while simultaneously advancing sustainable performance outcomes. (Sun, Gu & Wu,
2022; Fang et al., 2022). Studies have shown that adopting green transportation can reduce environmental
impacts while simultaneously improving economic and social performance across the cold chain (Trivellas
et al,, 2020; Qi et al., 2020). Similarly, lean transportation contributes to improved process efficiency, waste
reduction, and cost savings, which positively affect both service quality and long-term sustainability
(Kurganov et al., 2020; Al-Refaie et al., 2020). Lean transportation also strengthens performance through
supply chain integration, employee involvement, and continuous improvement (Iranmanesh et al., 2019).
In the cold chain context, lean transportation supports operational efficiency and risk mitigation while
maintaining service responsiveness (Costa et al., 2020; Nedeliakova et al., 2020). Moreover, Lean Six Sigma
approaches have demonstrated strong positive effects on economic, environmental, and social
sustainability indicators (Barcia et al., 2022). The synergy between green and lean transportation enhances
delivery reliability, reduces spoilage and emissions, and fosters sustainable business practices. (Aytekin et
al,, 2024; Ma & Zhao, 2024). Research further confirms that improved transportation efficiency in the cold
chain, measured by factors such as service quality, reliability, and energy savings, directly contributes to
sustainable performance across all three dimensions (Saulick et al., 2023; Zope et al., 2022; Leng et al,,
2024).

Although many studies examine green or lean practices in isolation, few have explored their
integrated effects within emerging economies, especially Thailand's cold chain sector, where current models
of eco-efficiency often emphasize either economic or environmental aspects but lack holistic integration
with logistics service efficiency. Hence, this study addresses the following gaps: 1) Limited empirical research
on combined green-lean transportation strategies in Thai cold chain logistics 2) Insufficient modeling of eco-
efficiency that incorporates service-level variables like reliability and traceability 3) Lack of standardized
metrics linking logistics efficiency to sustainability performance.

Drawing from the RBV and eco-efficiency theory, this study proposes a conceptual model linking
green transportation, lean transportation, efficiency of transportation service in cold chain, and sustainability
performance. The hypotheses are derived from the literature review and are tested using SEM. The research
model includes the following hypotheses: H1: Green transportation directly influences efficiency of
transportation service in Thailand’s food cold chain. H2: Lean transportation directly influences efficiency
of transportation service in Thailand’s food cold chain. H3: Green transportation directly influences
sustainability performance of the transportation service providers in Thailand’s food cold chain. H4: Lean
transportation directly influences sustainability performance of the transportation service providers in

Thailand’s food cold chain. H5: Efficiency of transportation service in cold chain directly influences
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sustainability performance of the transportation service providers in Thailand’s food cold chain. H6: Green
transportation indirectly influences sustainability performance of the transportation service providers in
Thailand’s food cold chain through efficiency of transportation service in cold chain. H7: Lean transportation
indirectly influences sustainability performance of the transportation service providers in Thailand’s food
cold chain through efficiency of transportation service in cold chain.

Against this backdrop, the present study aims to develop and empirically test a SEM that examines
the relationship between green transportation, lean transportation, and efficiency of transportation service
in cold chain as predictors of sustainable performance among transportation service providers in Thailand’s
food cold chain. This research addresses the growing need for stratesgic and operational insights into how
green and lean transportation can be effectively integrated to promote environmental, economic, and

social sustainability in Thailand’s food cold chain.

2. Methodology

Grounded in the theoretical frameworks of the Resource-Based View (RBV) and eco-efficiency
theory, this study investigates the extent to which green and lean transportation practices influence the
efficiency and sustainable performance of transport service providers operating within Thailand’s food cold
chain. To achieve this aim, a conceptual model was developed and empirically tested through a mixed-
methods research design. The study is structured around three core research questions: 1) To what extent
do green and lean transportation practices affect the efficiency and sustainable performance of cold chain
logistics in Thailand? 2) What is the mediating role of efficiency of transportation service in cold chain in the
relationship between green or lean transportation and sustainable performance? 3) What contextual insights
can be drawn from qualitative interviews to enhance understanding of these relationships?

To address these questions, the study adopted a sequential mixed-methods approach that
integrated both quantitative and qualitative components. The quantitative phase involved the
development and testing of a structural model using SEM, while the qualitative phase was designed to
supplement and enrich these findings through thematic content analysis.

The research was conducted between May and October 2024. Quantitative data were collected
from July to September 2024 at the operational premises of cold chain food transport service providers
using truck-based logistics across various regions of Thailand.

2.1 Quantitative Approach

A structured questionnaire was designed based on a comprehensive literature review, comprising
three sections and employing a 5-point Likert scale (1 = Never or almost never, 2 = Rarely, 3 = Sometimes,
4 = Frequently, 5 = Always). The instrument was reviewed and validated by five subject-matter experts,
with an Index of Item-Objective Congruence (I0C) of at least 0.70. Furthermore, a pilot study involving 30
transport firms yielded a Cronbach’s alpha coefficient of 0.933, confirming the internal consistency of the

instrument.
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For the sampling process, the study population comprised 1,015 food cold chain transport service
providers using truck-based logistics in Thailand (Department of Industrial Promotion, Ministry of Industry,
2020). A stratified random sampling strategy was employed based on company size, classified by registered
capital (=10 million THB for large enterprises and <10 million THB for small ones), in accordance with the
criteria of the Department of Business Development. Consequently, the final sample consisted of 408 firms,
which exceeded Hair et al. (2010) recommendation of 10-20 respondents per variable for SEM analysis,
based on 17 observed variables.

Data collection was conducted with appropriate ethical clearance and administrative approvals. An
overall response rate exceeding 80% was achieved. Non-response bias was minimized through follow-up
procedures and comparative analysis between early and late respondents. The data were analyzed using
SPSS (George et al., 2019) for descriptive statistics, including skewness, kurtosis, and Pearson’s correlation
coefficients (George & Mallery, 2019). AMOS software was used for SEM analysis, employing the Maximum
Likelihood Estimation (MLE) method to assess model fit using standard indices such as chi-square (X2), Root
Mean Square Error of Approximation (RMSEA), Goodness-of-Fit Index (GFI), Adjusted Goodness-of-Fit Index
(AGFI), Comparative Fit Index (CFI), and Root Mean Square Residual (RMR) (Hair et al., 2010; Kline, 2016).

2.2 Qualitative Approach

To deepen the understanding of the quantitative findings, qualitative data were collected from 12
key informants selected through purposive sampling, including representatives from logistics service
providers, academic experts in logistics and supply chain management, and clients of cold chain food
logistics services. Semi-structured interviews were conducted and audio-recorded with prior consent.
Moreover, an interview guide comprising 15 questions was developed, derived from the significant variables
identified in the SEM model. The interviews were transcribed and analyzed using a two-cycle coding process:
initial open coding to identify emerging concepts, followed by axial coding to group these into overarching
themes. To ensure analytical rigor, intercoder reliability was verified by an independent reviewer, and
triangulation was employed to cross-validate findings across respondent groups.

Therefore, this mixed-methods design enabled a robust and holistic exploration of the relationships
among green transportation, lean transportation, efficiency of transport services, and sustainable

performance in Thailand’s food cold chain.

3. Results

The quantitative analysis investigates the impact of green and lean transportation on the
sustainable performance of transport service providers in Thailand’s food cold chain. The findings comprise
descriptive statistics, model fit evaluation and SEM, complemented by qualitative insights from industry

experts to provide a comprehensive view of the key factors driving sustainable performance.
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3.1 Quantitative research results

The empirical results were derived based on a research conceptual framework developed through
the literature review. Descriptive statistics are presented for the observed variables, including measures of
central tendency and relationships among constructs. Model fit indices are assessed to evaluate the
adequacy of the measurement model. SEM results reveal the causal impacts of green transportation, lean
transportation, and efficiency of transportation service in cold chain on sustainable performance. The
revised structural model further delineates the enhanced causal relationships among these factors within
the context of transportation service providers in Thailand’s food cold chain.

Table 1 shows the descriptive analysis of the distribution of observed variable for each latent
variable used in the research is shown. Descriptive statistics used were mean (X ), standard deviation (SD),
skewness (Sk), kurtosis (Ku), and coefficient of variation (% CV). The criteria for evaluating normal distribution
of data were skewness and kurtosis. The skewness must be between -3 and +3 and the kurtosis must be
less than 10 (Kline, 2011).

The descriptive statistics reveal consistently high mean scores across all observed variables for
Green Transportation (GT), Lean Transportation (LT), Efficiency of Transportation Service in Cold Chain (ET),
and Sustainable Performance (SP), with most mean values above 3.80. This indicates a strong level of
implementation of sustainable logistics practices among the participating cold chain transport firms.
Sustainable Performance items (SP1-SP3), in particular, show the highest average ratings (up to 4.18),
reflecting broad consensus on their significance. The relatively low standard deviations and coefficients of
variation (generally under 20%) demonstrate a high degree of response consistency. Additionally, skewness
and kurtosis values fall within the acceptable ranges (Skewness: -3 to +3; Kurtosis < 10), confirming normal
distribution and the appropriateness of the data for further structural analysis (Kline, 2011). Most variables
exhibit slight negative skewness, suggesting a general tendency toward favorable perceptions.

In Addition, the results revealed statistically significant differences in mean scores for Green
Transportation and Efficiency of Transportation Service in Cold Chain. Specifically, large enterprises reported
significantly higher levels of Green Transportation (M = 4.05, SD = 0.67) than small enterprises (Mean = 3.85,
S.D. = 0.76), t(406) = 2.96, p<0.01. Similarly, Efficiency of Transportation Service was rated higher among
large firms (Mean = 4.14, S.D. = 0.70) than small firms (Mean = 3.98, S.D. = 0.73), t(406) = 2.47, p<0.05.

Furthermore, correlation analysis of the 17 observed variables indicated that 136 pairs were
statistically significant at the 0.05 level, with positive coefficients ranging from 0.368 to 0.829, indicating
strong directional alignment among constructs. The Bartlett’s Test of Sphericity (X2 = 8507.373, df = 136, p
= 0.000) confirmed that the correlation matrix significantly differs from the identity matrix. This finding,
supported by a high Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy (0.940), affirms the suitability
of the dataset for SEM. These findings provide a solid foundation for subsequent multivariate analysis and
support the theoretical integration of green and lean transportation with efficiency of transportation service
in cold chain and sustainable performance. Thereafter, the coefficient correlation analysis of observed

variables is shown in Figure 1.
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Table 1. Descriptive Analysis of Observed Variables

Variable Mean S.D. Max Min % C.V. Skewness Kurtosis

Green Transportation (GT)

GT1 3.95 0.70 5.00 1.67 17.72% -0.33 -0.39
GT2 3.97 0.71 5.00 1.33 17.88% -0.44 -0.37
GT3 3.95 0.73 5.00 1.00 18.48% -0.42 -0.45
GT4 3.96 0.78 5.00 2.00 19.70% -0.42 -0.24

Lean Transportation (LT)

LT1 3.88 0.76 5.00 1.33 19.59% -0.50 0.86
LT2 391 0.75 5.00 0.67 19.18% -0.44 -0.12
LT3 3.81 0.80 5.00 1.00 21.00% -0.43 -0.16
LT4 3.83 0.78 5.00 1.67 20.37% -0.32 -0.54

Efficiency of Transportation Service in Cold Chain (ET)

ET1 4.02 0.78 5.00 1.33 19.40% -0.64 -0.09
ET2 4.04 0.77 5.00 1.33 19.06% -0.67 0.03
ET3 4.05 0.69 5.00 1.00 17.04% -0.66 0.38
ET4 4.06 0.68 5.00 2.00 16.75% -0.45 -0.53
ET5 4.05 0.71 5.00 1.67 17.53% -0.55 -0.23
ET6 4.05 0.69 5.00 0.67 17.04% -0.61 0.46

Sustainability Performance (SP)

SP1 4.13 0.78 5.00 1.00 18.89% -0.76 0.11
SP2 4.16 0.76 5.00 1.75 18.27% -0.72 -0.34
SP3 4.18 0.72 5.00 1.33 17.22% -0.81 0.21

The correlation coefficient of the 17 observed variables of the measurement model indicated that
correlation of 136 pairs of variables was statistically significant at the level of 0.05 with the values greater
than zero. The correlation coefficient also showed positive relationships between the variables, which were
in the same direction, with values ranging from 0.368 to 0.829. The Bartlett's Test of Sphericity showed the
values of Chi-square = 8507.373, df = 136, and p-value = 0.000, indicating that the correlation matrix differs
from the identity matrix at a statistical significance level of 0.05. This is consistent with the result of the
Kaiser-Meyer-Olkin (KMO) test which showed the value a of 0.940. This proves that the variables were highly
correlated and suitable for use in the analysis of SEM. The coefficient correlation analysis of observed

variables is shown in Figure 1.
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Correlation Coefficient

Variable
LT LT2 LT3 LT4 GT1 GT2 GI3 GT4 ET1 ET2 ET3 ET4 ET5 ET6 SP1 SP2 SP3

LT1 1.000

LT2 0.804" 1.000

LT3 0774 0.789" 1.000

LTa 0.696™ 0.741" 0.767" 1.000

GT1 07757 0.766™ 0.778" 0.788" 1.000

GT2 0.637" 0.669" 0.639" 0.614" 0.745" 1.000

GT3 0.6227 0.673" 0.648™ 0.716™ 0.684™ 0.705™ 1.000

GTa 05217 0.602™ 0.576™ 0.570™ 0.612" 0.706™ 0.702" 1.000

ET1 0.680" 0.643™ 0.719" 0.641" 0.653" 0.666™ 0.644" 0.597" 1.000

ET2 0.698" 0.667" 0.699™ 0.641" 0.681" 0.637" 0.655™ 0.573" 0.818" 1.000

ET3 0.740" 0.700™ 0.752" 0.705" 0.748™ 0.726™ 0.734" 0.652™ 0.829" 0.902" 1.000

ET4 0.657" 0.620" 0.679" 0.626" 0.646" 0.553" 0.609" 0.542" 0.654" 0.698" 0.816" 1.000

ETS 0.584" 0.566™ 0.636" 0.576" 0.567" 0.468™ 0.550" 0.467" 0.586" 0.636™ 0.730" 0.957" 1.000

ETE 0.6937 0.635" 0.739" 0.616" 0.6917 0.570" 0.5917 0.520™ 0.723" 0.726" 0.764" 0.739" 0.694™ 1.000

SP1 0.726" 0.777" 0.728" 0.702" 0.710" 0.634" 0.661" 0.632" 0.704" 0.659™ 0.724" 0.668" 0.586™ 0.697" 1.000

sp2 0.579" 0.578" 0.643" 0.628" 0.549" 0.368" 0.486" 0.492" 0.521" 0.522" 0.551" 0.538" 0.496" 0.593" 0.662" 1.000

SP3 0.500" 0.559™ 0.597" 0.6117 0.644™ 0.652" 0.582" 0.597" 0.536™ 0.537" 0.609™ 0.468™ 0.3717 0.552" 0.543" 0.422" 1.000
x 3.88 391 382 3.84 3.95 3.97 3.95 3.96 4.02 4.04 4.05 4.06 4.05 4.05 4.13 4.16 4.18
SD. 0.76 0.75 0.80 0.78 3.96 0.68 0.711 0.73 0.78 0.77 0.70 0.68 0.71 0.69 0.78 0.77 0.72

Bartlett's test of Sphericity: Chi-Square = 8507.373, df = 136, p-value = 0.000, KMO = 0.940

Remark: **p<0.01

Figure 1. Correlation Matrix, Mean, Standard Deviation of Observed Variables of the Measurement Model

From Figure 1, the correlation matrix reveals significant positive relationships among all latent
variables (p<0.01), indicating that the observed variables are directionally aligned and theoretically
coherent. In particular, the correlation between lean transportation and efficiency of transportation service
in cold chain is notably strong (r = 0.684), suggesting that efforts to streamline transportation processes,
such as route optimization and waste reduction, are closely associated with improvements in service
reliability, responsiveness, and overall transport quality. Although the correlations between green
transportation and other variables are slightly lower, they are still statistically significant and meaningful
(e.g.,, r = 0.638 with efficiency of transportation service in cold chain). This finding reflects the influence of
environmentally responsible practices, such as emissions reduction and the use of energy-efficient
technologies, on service outcomes. Furthermore, these interrelationships reinforce the structure of the
conceptual model and confirm that both green and lean practices play a significant role in enhancing
transport service efficiency as well as sustainable performance. The findings affirm the adequacy of the
measurement model for SEM and highlight the practical synergy between lean and green approaches in
advancing cold chain logistics in Thailand.

From Tables 2 and 3, the SEM analysis of causal relationships among green transportation
management, lean transportation management, and efficiency of transportation service affecting sustainable
performance of transportation service providers in Thailand’s food cold chain indicated that the goodness
of fit of the model was satisfactory. This is based on fit index assessment which showed Chi - Square =
119.077, df = 109, and p-value = 0.240. Moreover, )(2 was greater than 0.05 at a statistical significance level
of 0.05 and Y*/df = 1.092 which was less than 2. In addition, the other indices RMSEA = 0.015 and RMR =
0.018 had the values close to zero and GFI = 0.969, AGFI = 0.957, CFl = 0.997 had the values close to one.

This proves that the SEM of causal relationships among green transportation management, lean
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transportation management, and efficiency of transportation service affecting sustainable performance of
transportation service providers in Thailand’s food cold chain was valid. The analysis showed positive factor
loadings for each variable greater than zero at a statistical significance level of 0.05. The variable with the
highest factor loading was environmental performance at 0.853, while the variable with the lowest factor
loading was Integrated Transportation at 0.592.

The confirmatory factor analysis (CFA) conducted for the four latent constructs, namely Green
Transportation (GT), Lean Transportation (LT), Efficiency of Transportation Service in Cold Chain (ET), and
Sustainability Performance (SP), demonstrated strong construct validity and model fit. All observed variables
had standardized factor loadings (B) exceeding 0.60, which meets the threshold for convergent validity (Hair
et al, 2010). The reliability and validity of each construct were further confirmed through composite
reliability (CR) and average variance extracted (AVE) calculations. Specifically, all constructs had CR values
greater than 0.70 and AVE values exceeding 0.50. For example, GT reported a CR of 0.872 and an AVE of
0.594; LT showed CR = 0.843 and AVE = 0.563; ET yielded CR = 0.917 and AVE = 0.649; and SP had CR =
0.899 and AVE = 0.742. These results confirm the internal consistency and convergent validity of the

measurement model and support its use for subsequent structural equation modeling (SEM).

Table 2. Fit Index Analysis

Fit Index Criteria of Before Model Modification After Model Modification
Acceptable Fit Value Assessment of Fit Value Assessment of Fit
X2 p>0.05 0.000 Not Acceptable 0.240 Acceptable
X% df < 2.00 3.517 Not Acceptable 1.092 Acceptable
GFI > 0.90 0.900 Acceptable 0.969 Acceptable
AGFI > 0.90 0.864 Not Acceptable 0.957 Acceptable
CFI > 0.90 0.923 Acceptable 0.997 Acceptable
RMSEA < 0.05 0.076 Acceptable 0.015 Acceptable
RMR < 0.05 0.023 Acceptable 0.018 Acceptable
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Table 3. Results of SEM Analysis

Variable b B S.E. t (CR.) R? Factor Score
GT1 0.672 0.612 0.053 12.573%** 0.375 0.089
GT2 0.896 0.817 0.055 16.172%** 0.667 0.336
GT3 0.733 0.640 0.056 13.027*** 0.410 0.105
GT4 1.000 0.845 <> <> 0.714 0.376
LT1 0.755 0.648 0.058 13.097*** 0.420 0.111
LT2 0.686 0.592 0.058 11.863%** 0.350 0.067
LT3 1.009 0.823 0.062 16.397*** 0.678 0.320
LT4 1.000 0.831 <> <> 0.690 0.342
ET1 1.217 0.763 0.086 14.209*** 0.582 0.114
ET2 0.206 0.772 0.084 14.438*** 0.595 0.125
ET3 1.025 0.730 0.075 13.679*** 0.533 0.119
ET4 1.031 0.743 0.074 13.857%** 0.552 0.167
ET5 0.986 0.683 0.077 12.861*** 0.467 0.078
ET6 1.000 0.713 <--> <--> 0.508 0.144
SP1 1.000 0.838 <--> <--> 0.703 0.356
SP2 0.883 0.755 0.053 16.775%** 0.570 0.189
SP3 0.941 0.853 0.048 19.542%** 0.727 0.298

Chi-Square (CMIN) = 119.077, df = 109, p-value = 0.240, RMSEA = 0.015, GFI =0.969, AGFI = 0.957

Remark: B refers to factor loading, R2 refers to coefficient of determination, p< **0.001, the symbol <- ->

refers to constrained parameters, therefore S.E. and t (C.R.) values are not reported.

Additionally, the coefficient of determination of the variables (R*)used to explain the covariance of
the causal relationship model of green transportation management, lean transportation management, and
efficiency of transportation service affecting sustainable performance of transportation service providers in
Thailand’s food cold chain had values ranging from 0.350 to 0.727. The R? of each variable is described as
follows:

- Green Transportation (GT) which consisted of 4 observed variables had factor loadings
ranging from 0.612 to 0.845, which were statistically significant at the level of 0.05. The observed variable
with the highest factor loading was transport preparation (GT4) which had a factor loading of 0.845 and a
higher covariance than other variables (R* = 0.714).

- Lean Transportation (LT) which consisted of 4 observed variables had factor loadings
ranging from 0.592 to 0.831, which were statistically significant at the level of 0.05. The observed variable
with the highest factor loading was collaboration (LT4) which had a factor loading of 0.831 and a higher
covariance than other variables (R* = 0.690).

- Efficiency of Transportation Service in Cold Chain (ET) which consisted of 6 observed
variables had factor loadings ranging from 0.638 and 0.772, which were statistically significant at the level
of 0.05. The observed variable with the highest factor loading was reliability (ET2) which had a factor loading
of 0.772 and a higher covariance than other variables (R* = 0.595).
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- Sustainability Performance (SP) which consisted of 3 observable variables had factor
loadings ranging from 0.755 to 0.853, which were statistically significant at the level of 0.05. The observed
variable with the highest factor loading was environmental performance (SP3) which had a factor loading
of 0.853 and a higher covariance than other variables (R* = 0.727).

From the SEM analysis of causal relationships among green transportation management, lean
transportation management, and efficiency of transportation service affecting sustainable performance of
transportation service providers in Thailand’s food cold chain, it was found that the variance of the
performance of transportation service providers in Thailand’s food cold chain could be explained by all
variables in the model at 83.90%. The factor loadings of all variables were greater than zero and positive

at a statistical significance level of 0.05. The causal effect analysis of the variables is presented in Table 4.

Table 4. The Causal Effect Analysis of green transportation management, lean transportation management
and efficiency of transportation service affecting sustainable performance of transportation service

providers in Thailand food cold chain

Dependent Variable

Independent Variable Effect Efficiency of Transportation Sustainability Performance

Service in Cold Chain (ET) (SP)
R? 0.839 0.742

Green Transportation (GT) DE 0.307** 0.319**

IE - 0.093%**

TE 0.307** 0.412%*

Lean Transportation (LT) DE 0.399** 0.342%*

IE - 0.121%**

TE 0.399** 0.463**

Efficiency of Transportation Service in DE - 0.303**

Cold Chain (ET) IE - -
TE - 0.303**

Chi - Square = 119.077, df = 109, p-value = 0.240, Y %/df = 1.092, RMSEA = 0.015, RMR = 0.018, GFI = 0.969, AGFI =

0.957, CFI = 0.997

Remark: **p<0.05, the symbol (-) means that there is no path for parameter estimate according to the

hypothesis.

From Table 4, the main findings are as follows:
- Green transportation had a direct effect on efficiency of transportation service in Thailand’s
food cold chain of 0.307 at a statistical significance level of 0.05. Hence, H1 was confirmed.
- Lean transportation had a direct effect on efficiency of transportation service in Thailand’s

food cold chain of 0.399 at a statistical significance level of 0.05. Thus, H2 was supported.
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- Green transportation had a direct effect on sustainability performance of the transportation
service providers in Thailand’s food cold chain of 0.319 at a statistical significance level of 0.05. Therefore,
H3 was accepted.

- Lean transportation had a direct effect on sustainability performance of the transportation
service providers in Thailand’s food cold chain of 0.342 at a statistical significance level of 0.05. As a result,
H4 was affirmed.

- Efficiency of transportation service in cold chain had a direct effect on sustainability
performance of the transportation service providers in Thailand’s food cold chain of 0.303 at a statistical
significance level of 0.05. Consequently, H5 was substantiated.

- Green transportation had an indirect effect on sustainability performance of the
transportation service providers in Thailand’s food cold chain through efficiency of transportation service in
cold chain of 0.093 at a statistical significance level of 0.05. Accordingly, H6 was validated.

- Lean transportation had an indirect effect on sustainability performance of the
transportation service providers in Thailand’s food cold chain through efficiency of transportation service in
cold chain of 0.121 at a statistical significance level of 0.05. Therefore, H7 was accepted.

- The results in Table 4 reveal that both green and lean transportation have a significant
positive impact on the efficiency of transportation service in cold chain. However, Lean Transportation had
a stronger direct effect on Efficiency (B = 0.399) than Green Transportation (B = 0.307), indicating that lean
practices such as route planning and collaboration have a more immediate operational impact, whereas
green practices offer longer-term environmental benefits.

Modified structural equation model is shown in Figure 2.

Green Energy (GT1)

’ S

Traceability (ETS) R 71y

oms
Management (ET4) /
0683 /

Figure 2. Modified Structural Equation Model of Causal Relationships among Lean Management, Green
Transportation Management, and Efficiency of Transportation Service in Cold Chain on Sustainable

Performance of Transportation Service Providers in Thailand’s Food Cold Chain
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3.2 Qualitative research results

The qualitative findings derived from in-depth interviews with key informants reinforce the
quantitative results and provide a comprehensive understanding of the factors influencing sustainable
performance of transport service providers in Thailand’s food cold chain.

Green transportation was consistently perceived as a critical factor enhancing service efficiency and
sustainable performance. Key informants emphasized the importance of preparation processes such as
temperature-controlled packaging, quality control, and waste reduction. The integration of advanced
technologies including GPS, Al-based route planning, temperature monitoring sensors, and Transport
Management Systems (TMS) was highlighted as a means to improve accuracy, reduce emissions, and
optimize operations. While green energy adoption (e.g., electric vehicles, solar power) was acknowledged
for its long-term sustainability impact, cost and infrastructure limitations were noted as ongoing challenges.

Lean transportation was identified as having a direct and substantial impact on service efficiency
by reducing waste, operational time, and costs. Informants stressed the importance of cross-functional
collaboration, digital integration, and organizational learning. Lean practices contributed not only to
economic performance but also to environmental sustainability by minimizing unnecessary transport trips
and improving fuel efficiency through route optimization and recyclable packaging.

Efficiency of transportation service in cold chain was linked to sustainable performance in three
dimensions: 1) economic (cost reduction, improved profitability), 2) social (worker safety, food quality), and
3) environmental (energy savings, emission reduction). Enhanced service reliability was found to increase
customer trust and market competitiveness, while the use of digital tracking and real-time data improved
transparency and traceability.

When comparing green and lean transportation, most participants agreed that lean practices had a
greater immediate impact on operational efficiency, while green practices played a more prominent role in
enhancing long-term environmental sustainability and corporate image. The optimal approach lies in the
strategic integration of both paradigms.

Finally, beyond green and lean transportation, informants identified digital technology adoption,
supply chain collaboration, and compliance with international standards (e.g., ISO 14001, HACCP, Q Cold
Chain) as key enablers of both service efficiency and sustainable performance. These factors collectively
strengthen competitive advantage and support long-term business resilience.

The qualitative findings provided substantial contextual confirmation of the statistical relationships
identified through SEM. For example, the strong path coefficient from lean transportation to efficiency of
transportation service (B = 0.399) was echoed in informant narratives emphasizing the importance of route
optimization, reduction of delivery time, and collaborative logistics planning. One respondent noted, “We
streamlined our routes and coordinated pickups, which cut delivery time by almost 30%.” Similarly, the
moderate but significant effect of green transportation (B = 0.307) was reinforced by multiple stakeholders
who cited the impact of adopting fuel-efficient vehicles and cold-chain-compatible electric trucks. A logistics

manager stated, “Switching to energy-efficient vehicles helped us reduce our costs and improve cold
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retention.” These qualitative insights demonstrate alisnment with the quantitative findings and affirm that
both lean and green practices contribute meaningfully to improving service efficiency and sustainability.
Notably, lean practices tend to yield more immediate operational benefits, while green practices may
support longer-term environmental outcomes. This integration of quantitative and qualitative data
reinforces the validity of the conceptual model and enriches its practical interpretation within Thailand’s

food cold chain.

4. Discussion

The structural equation model (SEM) analysis confirmed that the proposed model, which comprises
green transportation, lean transportation, and efficiency of transportation service in the cold chain as
predictors of sustainable performance, demonstrated a good fit (X2 = 119.077, df = 109, p = 0.240, X?/df =
1.092, RMSEA = 0.015, GFI = 0.969, CFl = 0.997). This model explained 74.20% of the variance in sustainable
performance among transportation service providers in Thailand’s food cold chain. Both green and lean
transportation significantly influenced sustainable performance, either directly or indirectly. Notably, lean
transportation had a stronger direct effect on both efficiency of transportation service in cold chain
(B = 0.399) and sustainable performance (8 = 0.342) than green transportation (B = 0.307 and B = 0.319,
respectively).

This finding aligns with previous research conducted in advanced economies such as Germany and
South Korea, where lean practices (e.g., route planning, cross-functional collaboration) have been shown to
improve immediate operational efficiency and responsiveness (Kurganov et al., 2021; Costa et al., 2020). By
contrast, green transportation's relatively moderate impact reflects findings from China and Canada, where
the adoption of environmentally friendly technologies yields longer-term sustainability outcomes but faces
limitations due to high initial investment and regulatory gaps (Jovanovic et al., 2020; Rehman et al., 2023).

Comparatively, the Thailand’s food cold chain context presents unique infrastructural and
regulatory challenges that influence these relationships. For instance, the fragmentation of cold storage
facilities, high logistics costs, and inconsistent adoption of environmental regulations limit the effectiveness
of green transportation. Moreover, while lean practices such as staff collaboration and route optimization
are more readily applicable in Thai SMEs, green practices often require external investment and policy
incentives to be fully effective. These findings suggest that the implementation of lean transportation is
more accessible and impactful in Thailand’s current logistics landscape, whereas green transportation
benefits are more contingent upon supportive infrastructure and policy alignment.

Additionally, subgroup analysis revealed that large enterprises implemented green and lean
strategies more extensively than SMEs, likely due to superior resource availability, technological readiness,
and greater pressure to align with international standards. This implies that company size and operational
scale are important moderating factors in the effectiveness of sustainability interventions.

By triangulating these findings with qualitative data, this study reinforces the strategic value of

integrating lean and green transportation in Thailand’s food cold chain. The differentiated impact and
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feasibility of each approach highlight the need for tailored policy support and capacity-building efforts,
especially for smaller logistics firms. The results contribute to the growing body of knowledge emphasizing

contextual adaptability and cross-country comparison in sustainable logistics research.

5. Conclusion and Recommendations

Based on the findings of this study, the derived findings should be interpreted as strategic
implications for enhancing sustainable performance within cold chain logistics. The validated structural
equation model, comprising green transportation, lean transportation and efficiency of transportation
service in cold chain as predictors of sustainable performance, demonstrated an excellent model fit and
explained 74.20% of the variance in sustainable performance. Therefore, these findings should be viewed
as evidence-based indicators that emphasize the significance of integrating environmentally responsible and
efficiency-driven practices into cold chain operations.

The findings confirm that both green and lean transportation are critical drivers of transportation
efficiency and that they have a direct and positive influence on the sustainable performance of transport
service providers in Thailand’s food cold chain. Consequently, the results of this study could serve as an
empirical foundation for logistics managers, policymakers, and related industries to formulate evidence-
based strategies that integrate environmental responsibility with operational excellence. Green
transportation initiatives such as emissions reduction and energy-efficient practices, along with lean
transportation such as route optimization, fuel efficiency improvement, and the elimination of non-value-
adding transport activities can support the development of more resilient, adaptive, and sustainable cold
chain transportation service.

This research provides a conceptual model and empirical evidence that may inform future studies
and serve as a policy framework for enhancing transportation efficiency and achieving sustainability across
economic, environmental, and social dimensions in Thailand’s food cold chain. Lastly, the validated
structural model presented in this study may provide a reference point for subsequent empirical research

as well as model replication in other logistics-intensive sectors and diverse geographical contexts.
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Abstract

This research aims to 1) develop innovation for elderly care to find pathways home using artificial
intelligence techniques, and 2) evaluate the effectiveness and satisfaction of the developed innovation.
The innovation consists of two parts: the front-end uses Flutter as the framework for user interface
development, and the back-end uses Python to process data and create APIs that connect to a MySQL
database. The system focuses on storing elderly individuals’ data and using artificial intelligence techniques

to analyze and compare facial data captured through the mobile application. After analyzing the facial
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verification results, the system searches for data to help guide elderly individuals back home. It uses
Principal Component Analysis (PCA) and Support Vector Machine (SVM), which are machine learing
algorithms known for their effectiveness in classifying high-dimensional data. The research instruments
include a questionnaire and the developed innovation system. Data were analyzed using descriptive
statistics: frequency, percentage, mean, and standard deviation. The results show that (1) the system
displays personal information and home coordinates accurately, with a face recognition accuracy of 89%,
and (2) the performance evaluation by five experts shows that the system performs at a high level (mean
= 4.31, SD = 0.34). Additionally, the user satisfaction evaluation results from a purposive sample of 33
participants showed that the satisfaction level with the developed system was at a high level (mean = 4.36,

SD = 0.45).
Keywords: Artificial Intelligcence, Elderly, Finding Pathways Home
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Figure 1. Conceptual Framework of the Study
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Figure 2. Use Case Diagram for the Al-based Elderly Care Innovation
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new_encoding = face_recognition.face_encodings(new_image)[0]
new_encoding_pca = pca.transform([new_encoding])

prediction = svm.predict(new_encoding_pca)

Figure 4. Face recognition process for identifying a person from a new image
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import joblib
joblib.dumpipca, 'pca_model.pkl’
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Figure 5. The process of saving a trained model
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Figure 6. Workflow of Al-Based Innovations for Elderly Care
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Figure 7. QR Code for Downloading and Installing the Application
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HavaINsNAResllavih M snaaeuNmAiisragviandIndesiugldausseiing 45 wufwuns S 10
Ay laduiinArdiwau 10 assaslumsiaiiethaflatuuAuinuaiukaamanaugnaesedlunti lag

MwsNadnsvaInnsIvdeulunthansakanmanugnieswedtunthfiawiiuiosas 89 uanssia Table 1.

Table 1. Results of Facial Recognition Accuracy (N=10)

Person Number of Attempts Number Verified Accuracy Percentage (%)
1 10 9 90
2 10 10 100
3 10 9 90
a4 10 9 90
5 10 9 90
6 10 8 80
7 10 10 100
8 10 9 90
9 10 8 80
10 10 8 80

Overall 89 89

a

H33e i ss Ul Yo meiuaeuiames 31U 5 Ay UseldiuysyansnnuedssuuinauIdy
wullnenmswiiderngiuinssuuiivssdnsnmedlussauun Anade 4.31 daudeauunnsgiu 0.34 uans
94 Table 2.

Table 2. Expert Evaluation of System Effectiveness (N=5)

Items X S.D. Interpretation
Functional Requirement Test 4.44 0.33 Good
Function Test 4.48 0.26 Good
Usability Test 4.51 0.12 Very Good
Performance Test 3.80 0.32 Good
Security Test 4.30 0.67 Good
Overall 4.31 0.34 Good

'
o |

nsdnauITeliimeunsisuaaen snedulines Janindedlnd nqudleg1adiuay 33 au
wenilumaye 1w 23 au Andudesas 69.70 wazimandgediuiu 10 au Andudosaz 30.30 Inansdaiden
LUURIZas iftevssdiuanufinela wamsUssdududeonuarniseonuuy Swmaussdiunuimuinglddan
flangla ludrmvosnisseamuiomgniomsdud uaznisesnuuuniiaedaumzay lneda ads 4.48
drudoanuunnsgiu 0.51 sesaaunldun Womiviauenssiuanudeanis axuuuiadswiitude 4.45 diu

n:l' v ¢ 1A A v [ N | 4:1'
bUBAUVUNIATZU 0.56 ﬂ?qﬁiﬂan?uaﬂiuim quGUE]ﬂasUaﬂleaﬂalja ANRaYy 4.42 AIUVYRUVUNINIZU 0.56 Way
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Tngsauuaanuianelalusuiemuaznisesnwuuresyldegluseduinn Anafesin 4.38 dulsauuannsgu
0.38 99 Table 3.

Table 3. The Level of satisfaction with content and design by User (N=33)

ltems X S.D. Interpretation

1. The content presented meets the needs 4.34 0.68 Good
2. Completeness and reliability of data 4.34 0.64 Good
3. The Sufficiency of Presented Data for User Needs 4.20 0.63 Good
4. Accuracy of Content Reporting 4.43 0.56 Good
5. Appropriateness of Screen Design 4.48 0.51 Good
6. Visual Appeal and Screen Composition 4.36 0.49 Good
7. Clarity of Menus and Screen Components 4.33 0.48 Good
8. Font Size and Typography Appropriateness 4.33 0.48 Good
9. Appropriateness of Text Color a.27 0.67 Good

Overall satisfaction 4.38 0.38 Good

wansUszifiunufianelaves]liszuusumsiluldusslend fldifuinssudldnulidudou dade
4.42 drufBauuninsgiu 0.50 sesasunszuvaiunsavinuldegugndeuasivssdnsaiw Aade 4.39
drudsauuinasg 0.61 nslifedensarenmluntuasuanmaldsnis anade 4.33 daudeavumasg
0.60 wagszvuannsir iU londld dade 4.33 daidoauunnsgiu 0.60 Fannsuianunvesszuud

WannFugliiaelaegluseivinn Anadesiu 4.36 drudesuunnsgu 0.51 dslu Table 4.

Table 4. The Level of satisfaction with system performance and utilization by User (N=33)

Items X S.D. Interpretation
1. Ease of Use and Simplicity 4.42 0.50 Good
2. Fast, Accurate, and Reliable Processing 4.18 0.73 Good
3. Seamless Mobile Facial Scanning and Quick Results 4.33 0.60 Good
4. System Accuracy and Efficiency 4.39 0.61 Good
5. Practical Usability and Real-World Application 4.33 0.60 Good
Overall satisfaction 4.33 0.51 Good
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unAnga
nsideiilingustasdiioliaseimiasunlaimsldusslonifidutasAnuguuuumsveesveaiios

lugnee3sy Janinvayd lngdinsgvideyaninaieniiien Sentinel-2 581319 U .6 2559-2566 wazld
Fnssumunuuuiifugua deswunussannslivsslenifiau 5 Ussuan Idud Aufigusuiariegnate fiud
inwnsnssy Huitvrlsl Aufundadh uasiiufidandn msussidumuuiugwesnissuunliennugndedag
siegluseiugs (Fosay 83.42-86.80) uavAdviuauun ity 0.85 nan1s@nwinuin Tugael w.e. 2559-2566
ﬁuﬁﬂ;muuas?aﬂqﬂa%'mﬁu%umﬂ 161.48 m1519Alawuns (Sevaz 26.53) 1 190.63 ans1afilawuns (Sevay
31.11) lurauginuiineasnssunarinlifanasegnesolios sUuunsveneiweiiesd 2 dnvay Ao n1sisugiu
pranunduannuAundn THLA 0uugULN LaEnIaiAYIINELEY 7 warn IR ugIukUUnTEanly
AUGNANYLTUMEN 4 Wit Ao USHamALIaodr3s1Y) Usnuseunquanavnssulinaiden (Ineesyd) usiom
seulaugaamnssuuvaNatwayviuTondlvdunauat uaguIUTBUAINGAAIMNTTIIAT DAV AL
wansatantsallud wa. 2570 Tnglduuusiass CA-Markov wansliifuiniuiifesasifiudwdu 24878 n1319
Alaiwns Govaz 40.60) Ingueedseidiesnfiuifauifuwesfiuillndlassadaiugiundn Taeanuusugives
wuudasslssunisuszdfiulasldansianinuaaiaiadou (Eror Matrix) Wisuifisududeyaasslull w.e. 2566
Tsiaaugniadlnesiuiosay 97.25 uazAdsiuauuuiniy 0.93 wansifedannsoluldatuayumsnauny
wazmsimuaulsnemsiandedduasuifouasugiiofimuniang Juson ileaisaugasevitamsiauniiles
uaznsoyinsiufinuasnssuasliesdBunarannsaUssgndldfuiiuinisnuazmaivlamagaannssy

a5 luusSUNInALAea

AdAfY: NMENeRvenilad, Muissideursygiafiauniangiueen, kuudnaed CA-Markov, 81NDATIIY
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Abstract

This research aims to analyze land use changes and study patterns of urban expansion in Si Racha
District, Chonburi Province. Sentinel-2 satellite imagery from 2016 to 2023 was analyzed using supervised
classification methods to classify land use into five types: urban and built-up areas, agricultural areas, forest
areas, water bodies, and miscellaneous areas. Classification accuracy evaluation showed overall accuracy
at a high level (83.42% to 86.80%) and a Kappa index of 0.85. The study results showed that during 2016-
2023, urban and built-up areas increased from 161.48 km? (26.53%) to 190.63 km? (31.11%), while
agricultural and forest areas continuously declined. Urban expansion patterns showed two characteristics:
linear settlements along major transportation routes—namely Sukhumvit Road and Motorway No. 7—and
clustered settlements in four main urban centers: Si Racha Municipal area, the area around the Petroleum
Industrial Group (Thai Qil), Laem Chabang Industrial Estate and Commercial Port, and the Saha Group
Industrial Park. Forecasting results for 2027 using the CA-Markov model indicated that urban areas would
increase to 248.78 km? (40.60%), expanding continuously from existing developed areas and areas near
major infrastructure. Model accuracy was evaluated using an error matrix compared to actual 2023 data,
yielding an overall accuracy of 97.25% and a Kappa index of 0.93. The findings can support urban planning
and policy development in the Eastern Economic Corridor (EEC) to promote balance between urban
development and sustainable conservation of agricultural and forest areas and can be applied to other

areas with similar rapid industrial growth characteristics.

Keywords: Urban expansion, Eastern Economic Corridor Area, CA-Markov model, Si Racha District

1. uni

miﬁumaﬁ’maaLﬁauﬂuﬂifmgmﬁﬁﬁLﬁwﬁuﬂ"ﬂaﬂ SudunainanmsifinturesUssansuaznisvenss
MUATEEA9E193957 93AN13EnUsEY1YR (United Nations Population Fund, 2022) 518913l w.a. 2566
TanfiuszannsUsyana 8.1 Wuduay wazamainazdindudu 9.8 Mudunumelud we. 2593 Tnednduuszens
Tuwmdesiuunliniutuegadeiies Tnslamglulsemardsiam (SDG Knowledge Hub, 2023; Prasartkul,
2024)

dmsuusznalng nMsveneiweniies Tnsamsiewunalngfiddnvasidudlodadie (Primate City)
WU NFUMNEVIUAT wazlilaavdnlugiiniacig 9 douduilymiifianuddey ”w’immq%Lﬁwﬁﬂuﬁuﬁﬁﬁmi
VAU os0g LA UL LﬁaqmﬂLﬂuﬁuﬁqmﬁmam%ﬁﬁaﬂﬂmqmsﬁ::Lﬁaamwgﬁamﬂmzi’uaaﬂ (Eastern
Economic Corridor: EEC) @ sfiumuimlunssesiufianssumaasugiauaznsasugaamnssuidimuneves
Uszinannuuleualneuaus 4.0 (Eastern Economic Corridor Office of Thailand, 2021) daniaway3inisiule

M19UszINTuaziATYgNang19a oo Tnad1udulszvInsiiud uain 1,483,049 aulul w.e. 2559 1Ju

o

a o

1,618,066 AUlLT n.a. 2566 neLiinTudowas 9.1 (Chonburi Provincial Statistical Office, 2024) vaizTinan S
WaswTanta (GPP) ina1n 897,452 aruumlud we. 2559 1y 1,173,449 druuwilud w.e. 2565 nYoya

WL inYays (w.a. 2566-2570) atunumu nuitlaswaiuassgisvesdmiafannagaainnssudu

an (598ay 56.2 Y89 GPP) 5898911A8A1AUSN1S (Sauay 41.8) VLN AIANEATNISUTEnd Ui eI5auay 2
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994 GPP (Chonburi Provincial Office, 2024) Tas9a3131AsugRanina 12T iAuisunuIuesnIngnaInnssuLay

a [ o

vimslugrugnaloudnlumsdundewasugiavesimin sl andiuldin madulamaasgiavostmiaay3s
mndonlesegndlnddatulasins EEC Tnsangluiiufisnnonisi dadunilduiiuiiddaiisesiunsiamn
gaamnssuneldlasenis EEC Ineddnugnaivnssuvuialug naiowns 1y daugnavnssuwvanads day
gnaunTsuAoanital warlaugnamnssuunes Rufmardiduaudnanamsamuuazunasianuddyuos
Fande Snvedadniswaulasadai ugiuuag il uiliioseg emeiies (Fastern Economic Corridor Policy
Committee, 2024)

mafeilfhmeluladgimsaumanllunsienginmeesveadedusunenism Sminvays
Ingldtoyaninarenruiiey Sentinel-2 Tt w.e. 2559, 2562 uay 2566 esuunnsldusyleniinunazdsun

AANAY TINfsRnwsULUUNMSUEIeRveliadlulsaryIwial NSl Msiiendisianvesnnateniieuasieuln

'
a1 '

wiudangnsaiddiidssadonsdsundasiiuiiiios Iun 9 we. 2559 Wutenousuduiadeulasnis EEC
U wa. 2562 1Hutefiinisasuinlasiadetugiuruelg Wy msveievidounaualty warlasanissaly
audgadenamauindu wagd wa. 2566 Fadudiddumsisouwasfutiasnmmnzaudmiunsiese
wwlifunsvenedavesiuiifies uenainil dslddszyndlduuusass Cellular Automata-Markov (CA-Markov)
emamsaluwilfumadsuuvasmslddaulueuan nsuvuaesdidneninlunisuansnisudsuuand
fufuazanlFedredivsyavsam il iletlugnisaanisaizuuuunsveesveadiodlul wa. 2570 aazdae
winadsanudlaluienamstandedusseren lneingUszasdveaniside Idun 1) 1iledinszsing
Wasuwassliussloniffuuasdsnaguin wasAnuguuuunsveneiwsuiiedusunenis nglddeya
A Sentinel-2 Tl w.a. 2559, 2562, 2566 uay 2) Wlomansaluuiliunsveredveuiledy

gLners1 Ul n.aA. 2570 tneldwuudiass CA-Markov

2. /ALY

21 uwAnuazngufiiieades

wialulaggiiansauwnea (Geoinformatics) Usznaume walulagnisuiainseerlna (Remote Sensing:
RS) Ilunsnsiaseunagiinsginmaiudsuutasmslivseloviifuuazdsnaquilusiies deyaain RS
aunsninlUldlunsiesgisduuunsvenediveasiosarnsussiuiwildunsivlavesyuuiedldeti
Fansuaziiug ssuuimedaea1iiien (Global Navigation Satellite Systern: GNSS) Tdlunisszysiumsuy
ufinTenifuluegnamiug dafivsslonilunszuiunisianuuasUssfiunanssnuainnisveneiaveiad
uenani é’ﬂiﬂumﬁmﬁwgmﬁﬁazﬂaﬁﬁLmu'waﬂiﬂiaa%ﬁﬂﬁugwﬁﬁm WU OuU AEwIu @nuiidAey uagTEUY
ansaumAgiiaans (Geographic Information System: GIS) 14lun 133y Ainsey wasuanwmatoyadaiuiily
sUsuuiianansathlUllumsdnduladenagns wu mstmueiiuilivsslonidau msnedadios uazmsdans
Iﬂiﬂa%"mﬁugmasmfj'ﬁu (Tonsiri, et al, 2018; Teeravech et al., 2023)

wuusaes CA-Markov LlunsuasmausEiuuIAnMseTin suAsuasmesiiuiinuddunan
(Markov Chain) fun1sasundaadsiuiluuiunvosiiudlndifes (Cellular Automata v3e CA) Lilaasnenis
S1apensiUasuLlasnsldfuluouiAneg i ugwazanass (Tonsii et al., 2018; Thirakunthomorn et al.,
2020)

- 105 -



J§T Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

nsUszgnalFuuUTIaes CA-Markov 1 uamufesegnsuninanslunuiderislulssimauazensss e
Tudseinelne Thirakunthomorn et al. (2020) 19 uuudnaes CA-Markov Tun19msi3a@auazAIANIsainIg
Wasuulaimsldiaulussiugione uandiidiudsdneamaesuuuiasduntsssyfimminiaudsunasmesiiug
legnausiugn Khunrattanasiri et al. (2024) Anwin1slduuudiaes CA-Markov saufudayaninaieaniiiioy
Landsat-8 titeaanisaiiuiilulsinuaidnivmeates wudwuuiiassannsnaseunuiliunisyngniui
s3suRldoesdaau Tonsir et al. (2018) Wuvudraedlumsussidiumaasuutasifuiionsnviusda i
aoam atuayumstmuamnInseysnENuiiATen da Teeravech et al. (2023) Aannunisveneiaidiodly
Fam¥adunyElaglénmain Google Earth Engine $aufuuuudiaes CA-Markov tieuszidunuliuniniulnves
desludaiinil dusuludsussna nsvszgndlduuusians CA-Markov léunsdnwluuuniinainuans
Choudhury et al. (2024) Anwnsvenesvendiosiusu Sgdadu Ussmaduie ienuumansianisiuia
Fewazunasitluamdios Liu et al. (2023) Uszgndlduuusrasdudiondag vssinadu tieataiifaieuse
aath TnemaunanuiunsiBeuiveanias Oliveira et al. (2022) Anwilosiosnnian Ussmausida ionaunu
AIUANNTVE NI YR aMUULAAS

LWUUSaas CA-Markov Wnawsiugludsiiuiiuasnan uiiiidesinddaolianunsosutadon ey
wiswgha ielassaseiugudlusuuaeddlaenss dwasonnuuiugiluszeren Tnsamglufiuiiddany
Wasuwasudou dadu uuusassdug tanldlunsfinuniaudsustasmisliiau W wuushass CLUES
(Conversion of Land Use and its Effects at Small regional extent) %qmmmi’mﬁﬁaﬂ’umﬁlaumqmwgﬁa
F9A3 WAZNIEAIN LU AMLAINTY TEEENIRINAUNMEN WagMsidifauinisansisae Wilunsdnaedldlagnse

(Sun et al,, 2022) uanaNi wuuTraeITUsEAMIEY (ANN) iAduasnsalunisiseuindeyaivainvaiy

v P

wagdnn1siudeyadlaidudadulad (Sarastika et al,, 2024) 5715 9uUUT18049 Land Change Modeler (LCM)

U

fmmzﬁmeﬁﬁqﬁﬁ’umﬁauuaza%ﬁaamagmL%auiamavlﬁ (Zhao et al., 2023)

Tunsfinundl §3deidenlduuudiaos CA-Markov ilesnniimnumnyaniuingussaslumsiingzs
nsudsuuvaimslivsslesiifuuasdnaguiuresdineaism Inglamemsaansaiuuliunisueesves
Huiidleduszevnans Sudenndotudosfinveuuuiaesiiinadniuiustlutiwaniiliemoaudvly dmsums
Ussilupnuuiugveananissiaes 1 Kappa daduedesdlefildiuniseensulunsinainuaenadossewing
HANTIMUNTUTBYADTS ImaﬁwﬁaﬁammgﬂﬁmﬁawLﬁm%ﬂmﬂ’u%m (Foodly, 2020) agialsfinu §3Temsewiin
fadadninveanuuiiass CA-Markov ldanunsosessuifadesudsauuagiasugialdlaonss uagiiuiinis
‘uvmnﬂ'1s%’a;ﬂaﬁmﬁaﬂdﬁluamﬂm%ﬂhaLﬁummmamquLLazmmmjuﬁwaameﬁ’waaﬂﬁﬁ?jaﬁu

2.2 vauwauiinm

YauLARLTiAnY ATOUARUENNDATINY Tandnvays %aé‘?&aeﬂummzLﬁmmwgﬁaﬁmeﬂmzi’uaaﬂ
Imﬁﬁﬁmmagﬁmam%wmwaazagmﬁ 13 99A1 10 AUawnile LLazaaﬁ@mﬁ 100 parn 55 AUmnzTusen st
amun 612.76 ansnailawuns Usznoudae 8 fua ldun duanisien suagsdnd siuaysguan suads
FNUANUDIVIN ATUALYIAUNTI FIUAUNNTE wazsuataiu

2.3 Aseaiiefildide

3 silonlddee laun JayanIna1enITiey Sentinel-2 U w.e. 2559, 2562 Wag 2566 LUTUNTUTTUY

miaummgﬁmam% UazuuUdNaes CA-Markov
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2.4 msiusiusudoya
241 Yoyaugund (Primary Data) laun 9oy an1ma1en13veu Sentinel-2 antiuled
https://earthexplorer.usgs.gov/ 984 USGS (2023) U w.¢. 2559, 2562 uay 2566 FaunszUIuNIT Preprocessing
Tneld Sen2Cor Processor Litevh Atmospheric Correction ey Cloud Masking sﬁaaﬂgaﬁﬁmﬁaﬁa Atmospheric

Haze aggndineen

a a

2.4.2 YoyanAegil (Secondary Data) M1lA1NNTTIUTIMTBYAIINMIIBTUANT AdgITes loun

Y

1) doyareuiunn1sUNATEs NINTIEIU 1:50,000 MNATUUNUANINS 2) Tosialdun1anuuIAN 1IA5IEU 1:50,000

IINNTURHUT MM1T wae 3) Yoy an1slduselegui Au 9NnsuWauIT A NTeNIIuNYasLazannIal

(Land Development Department, 2024b)

URBAN EXPANSION IN THE EASTERN ECONOMIC CORRIDOR AREA:
CASE STUDY IN SI RACHA DISTRICT, CHONBURI PROVINCE

[
[ Sentinel-2 satellite image J

[

Supervised

Classification

Land use Map Land use Map Land use Map
2016 2019 2023
| |
[ Accuracy assessment }
| T |
Land use change Land use change
2016-2019 2019-2023

\ I

[ Urban Expansion pattern J

[

‘ CA-Markov Model ‘

!

Projected Urban
Expansion (2027)

Figure 1. Conceptual Framework

2.5 minnzidaya
2.5.1 MmswIoudeyaneun1siinszideya audunisusuuianunained eudasvindsn
(Geometric Correction) %a&%’ayjamwdwmuﬁw Sentinel-2 Iﬁa&ﬂuiwuﬁﬁ'ﬂ Universal Transverse Mercator
(UTM) WGS84 Imamuqmﬁ’mmmammé"aumﬁa (Root Mean Square Error: RMSE) 1siLfiu 1 9ann (Pixel) Bs

Junesguiildsunmseensulunuidedugiansaune (Liu et al, 2020; Xu et al,, 2022)
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252 Msesgvideyganinaten1niey [Winadan1sanuunbuuniidugua (Supervised
Classification) Svordfatoyasognsiiufl (Training Data) lunisszyussinnmslivsslonifinuuazdsnaqui Tay
$r98afdrinAuannsIiaLI AR (Land Development Department, 2024a) Sauunaanidu 5 Ussian leun
1) fufigurunazdelgnaine 2) fufinuasnssu 3) Auitald 9) fufundad uag 5) fufildandn Tuturounis
w3oudeyadetng lddidunisulauasAnnassamnnsldusylevdiifiudeansn (Visual Interpretation) 990

ANEEAITLULAZANE8E1989 LU Google Earth TngWiaTaNINANBULIBINUN 10U & JUT19 JULUU uay

3
anuduiusiulassadaiiug el mstiesesidasaniuisiespunidunuitedugiasaunadly
SWAVNITUATIZATIUINU (Paheding et al. 2024; Lu et al. 2025; Adegun et al. 2023; Turan et al. 2023)
253 M3UTEIluAIAINYNABIYDINITIMUN (Accuracy Assessment) ANTUATATIVAOUADL
gndiesvasanIsIun Inegldaadieenednuau 250 aasedl Ingduanusasaataegieiley 50 9a feds Stratified
Random Sampling titelisiulaimmnaanaldsunismsaseussvauna Taglideyasssainniwes Google Earth
LazHaNSENTINNIAAUIN MINTUTAnIT9RNAaIALAE DY (Eror Matrix) tiafuamAmsadd Tiud A

gnAedlagsau (Overall Accuracy: OA) uazaviluaUU (Kappa Index) auanSH (1)

(Po—Pe)

Kappa =",

et P, fie anugndesfidunalaainnisdiwun (Observed Accuracy)

P, Ao anugneesaanialagdadsy (Expected Accuracy)

msudanarsuduauun wuseendu 3 sedu leiun Amnndt 0.80 uanei1 M3duuniianugndes
Tuszduas A1 0.40-0.80 uansinsduwunianugnsasluseauliuna1s wagatosndt 0.40 wansd1 n1531uundl
mmgﬂé’aﬂuwﬁuﬁ’] (Foody, 2020)

254 msieszdgluuumsvetsiveiieddusiaenism ideyanislivsslovidauly
3 drsnandrgsruvansaumagiimans (GIS) iledinmeinadsuuasiuiluitasyssunnnslisslonidau
Tneldinaiin Cross Tabulation Analysis @stranissiwunn1nlugasd w.e. 2559-2562 was w.A. 2562-2566

11@3573 Change Matrix Wiiefinwiiiavnsnisiudsunias wu iuinuasideuduiegerde Wudu iessyuuiliy

'
a

nsasuuadludeiui veludeuiinu Wy Auififsiuvieanas) waLLIAUNIN (YU FNYULVBINIT
LU§EJuLL‘LJaammJ'ismwﬁﬂﬂéﬁﬂﬂizmwﬁa)

2.55 Msmansainsvenevediies Tuuudtaes CA-Markov lnamuuanisnfines Cell size
WU 10 tues lidennd o9duAIuazld 8nv0d Sentinel-2 wagn1mua Neighborhood rule au1A 3x3
\Wonsiadeudvsnavesn1sldiausaudne @39 Transition Probability Matrix NToyal w.A. 2559 uay w.f.
2566 il on1Ansaiuualiun T suuUasiufl wazldinaia Transitional Area Tunnsszy i ufi fiduualiiy
Wasuwlas Ingfiansanainanniiasifuain Transition Matrix wazuSunBsiuiivesunuiduadu andusinnis
ATIRABUANYNABITBIHANTTANANIT tneluTauliiaududeyaasdlul w.e. 2566 (Li et al., 2021; Zhang et al.,
2022)

- 108 -



J§T Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

3. NAN15IY

3.1 nssuunnsldustleviiiiunazdeunaquiiu w.A.2559-2566

HANITIATIEVITRYAaNINE18ANITIEN Sentinel-2 Arewmallan1sTkunkuuiiugua taesldiiag19gn
AIUANINATIAAUIULAZAINAN Google Earth 910 Table 1. wandlviliiugi ﬁuﬁﬂ;mul,l,as?{wqﬂa%ﬁnLﬁ'uﬁuasm
sewilos Inglul wa. 2559 ffiudl 161.48 mseilawuns (Gevaz 26.35) Tul w.a. 2562 way 2566 windwdy
174.91 ms1shlamms (Govay 28.50) uay 190.63 msnshlaiuns (Fovar 31.11) Tnssmudiuiiguwuuarisgn
afaiindy 29.15 mseilawns Gevay 75.52) fufiinuasnssuanaseganewio 9nlul we. 2559 daui
146.76 m1519nlaluns (Fovaz 23.95) anaunds 140.88 a5 NNlalUns (e8ag 22.99) wag 132.27 A5 9nlaluns
(Bovay 21.59) Tul w.a. 2562 uaz 2566 lngsufiuiinuasnssuanas 14.49 asreilawns ovas 17.77) fuil
Unldfanacduientu Tud we. 2559 fiuil 261.89 aseilawns (Gevay 42.74) anaadu 252.18 ms1eilawns
(%ovaz 41.15) uar 236.57 mseilawns (avay 38.61) Tl . 2562 way 2566 saiuiivnlianas 25.32 msns
Alawins (Govaz 63.37) dvSuiuiiuvauniinisasuulandntes Tnglud we. 2559 fffuil 19.98 ms1eilawns
(Zovay 3.26) wintwdu 2044 ms1edlawns (Gosaz 3.36) uay 21.28 mssilawns Govay 3.47) Tl wa. 2562
waE 2566 Ay duiuidandaindu Tnglud we. 2559 Siud 22.65 aseilawns (Gesay 3.70) WiisTu
vJu 24.35 ps1ailawns (Sesay 3.98) uay 32.01 amssilawns (Gewaz 5.22) Tud w.a. 2562 uwazd w.a. 2566

AaIRU Aalkansly Table 1. wag Figure 2.

Table 1. Land Use and Land Cover Classification for the Years 2016, 2019 and 2023 and Change Analysis

Area
Land Use/Land Changes Changes
2559 2562 2566
Cover Types (2016-2019) (2019-2023)
km?2 (%) km? (%) km? (%) km? (%) km?2 (%)
Urban and Built- 161.48 26.35 17491 28.54 190.63 31.11 13.43 43.07 15.72 32.45
up Areas
Agricultural Area 146.76 23.95 140.88 22.99 132.27 21.59 -5.88 -18.86 -8.61 -17.77
Forest Area 261.89 42.74 252.18 41.15 236.57 38.61 -9.71 -31.14 -15.61 -32.23
Water Area 19.98 3.26 20.44 3.34 21.28 3.47 0.46 1.48 0.84 1.73
Miscellaneous Area 22.65 3.70 24.35 3.98 32.01 5.22 1.70 5.45 7.66 5.82
Total 612.76 100.0 612.76 100.0 612.76  100.0 31.18 100.00 48.44 100.00
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Figure 2. Land Use Maps during 2016-2023
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50 ganTIRdeUsBAaNaTaLa TIuTiadu 250 9asal TnednaBeAnaieannindieenilsuazninain Google Earth
diowduifisutiunantssiuun FeamsUssdiumiugniosanansaagulddsd

Tud w.a. 2559 (Table 2.) Aanugnavdlagsiu (OA) WiriuTeuas 86.80 uazAyiuaull iy 0.85
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wrde d1A1 PA uag UA windiufesas 98.0 seeawnfe Nunyusulasdslgnadialden UA wiriusesas 96.0 uay

PA winiufesar 94.12 Tud n.a. 2562 (Table 3) A OA anaudntiosegiifesas 83.42 wagArdviuatt Wiy

0.85 lagAnAugNAosvadsiazaaadsagluinuei e Inglanziuiiuvasdnil PA winiusesay 96.0 uag

v '
& o

UA wihiuSeeay 96.0 vauiiaaiaiuilinunsnssy uagiiuiivldfiinanugndeaadssynineiosas 88.00-90.20

LAAIDIANULU U NUNTBE D IUNITIIMUNAIN F11SUT W.A. 2566 (Table 4.) wuInAT OA ag#5e8ay 86.45 way

U

1 v a

Adauaun winfu 0.85 uandliiiufsnnuusiugilussfugasuiu nsnaiafifidianugndesgaigadsnaiy
Nufiunaand 51 PA whifuSesay 100.0 waz UA whiuSesas 98.0 dunaasy 9 wu fuildlowarituiivild de
mmgﬂé’aaﬁy’ﬁ UA llag PA qquﬁaaaz 90.0

MnsansUssiiuinedu aunsaasUldiuuuassnissuunnislifiiuluis 3 aneadanuisiugioy
Tuseeiugs (OA 1nnInFesas 85 uaz Kappa 11nn31 0.80) Fadunaeifiausagouiuldnumnasgulunui
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Table 2. Error Matrix for Land Use Classification (Year 2016)

Land Use User’s Accuracy
Ur Agri Fo Wa Mis Total

Types (0/0)
Ur 43 1 0 0 1 50 96.0
Agri 2 a6 2 0 0 50 92.0
Fo 0 2 a6 1 1 50 92.0
Wa 0 0 0 49 1 50 98.0
Mis 1 1 1 0 a7 50 94.0

Total 51 50 49 50 50 250

Producer’s 94.12 92.0 93.88 98.0 94.0

Accuracy (%)

Overall Accuracy (OA) = 86.80% Kappa Index =0.85 Accuracy Level: High

Table 3. Error Matrix for Land Use Classification (Year 2019)

Land Use User’s Accuracy
Ur Agri Fo Wa Mis Total

Types (%)
Ur 46 2 1 0 1 50 92.0
Agri 3 a4 3 0 0 50 88.0
Fo 1 3 a4 1 1 50 88.0
Wa 0 0 1 48 1 50 96.0
Mis 1 1 1 1 a6 50 92.0

Total 51 50 50 50 49 250

Producer’s 90.20 88.0 88.0 96.0 93.88

Accuracy (%)

Overall Accuracy (OA) = 83.42% Kappa Index =0.85 Accuracy Level: High

Table 4. Error Matrix for Land Use Classification (Year 2023)

Land Use User’s Accuracy
Ur Agri Fo Wa Mis Total

Types (%)
Ur a7 2 0 0 1 50 94.0
Agri 2 a5 2 0 1 50 90.0
Fo 1 2 46 0 1 50 92.0
Wa 0 0 0 49 1 50 98.0
Mis 1 1 0 0 a8 50 96.0

Total 51 50 48 49 52 250

Producer’s 92.16 90.0 95.83 100.0 92.31

Accuracy (%)

Overall Accuracy (OA) = 86.45% Kappa Index =0.85 Accuracy Level: High
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27 157.44 msilaiwns [y 174.91 msrshlamns Taswdsunniuiinunsnssy (1230 mssilaiuns) uas
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\NAINTIL (13.00 M319ilaiuns) uasiufigusuuasdsugnasne (4.00 ms19ATamng) vasdoadu Aud
\NEATNTINANAIAIN 186.76 M319AlawInT inde 140.88 m31sAlamns Inaiduiiuiidsundadugussnndu
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X
N o w =

WasuwUasniiuiivnls (4.00 m1519nlaluns) waritufinwasnssu (4.93 a1senlaluns) drufiuithdnstiuunn
Aovudenait Tnafiududntonann 19.98 msedlawns {u 20.44 ps1eilatwns

dmsuraesenined wa. 2562 89 .. 2566 (Table 6. wuinsverefvesiufiguruiasdsignaing
Fansiudusield Tnewfindudu 190.63 mseilawns Tnsnaniufitnunsnssy (10.55 msrealawns) Audidals
(5.30 mAlaing) uaziiufidandn (0.48 ps1eilawns) asvouliiuionssuiunisiandlesfisnandgiud
555U IR RATN UT N15InwAToE 1901l 09 dauil ufi Ul Seiuualtuanas dRuft 236.57 arsneilawns
Tnewdsunvadluduiiuiiandn (11.48 prailaiuns) wazfiuiigusuuazasgnatn (5.30 mailawns)
eormustiemsldusslosiiimlusuuuuiiliannsaduunldesiednau wu fufiteainsdansm fufisnis vie
fufiBsuiiu snfiiuiinunsnssanannio 132.27 maneilawns ImEJLU?EJuVLiJLﬁuﬁuﬁsqmuuazﬁwqﬂa%’w
(10.55 m519ilawns) waviuiidamdn (9.23 msneilawns) dqufiuiiifstudniondy 21.28 ans1silawns
Tneiinswasuudasanitufiv iz dnnds fuitandaiuunldufivduetarudnon 22.65 asailawns
10T w.a. 2559 10U 32.01 as1alawns Tl wa. 2566 TaoUasuanndiufivalsl tnensnssu wasiiudidles

FIALNDUDIANUTAINYA18VBINTT kN AU LU B

Tableb. Land Use Transition Matrix (2016 to 2019)

Area (km?2)
From\To Total (2016)
Ur Agri Fo Wa MS
Urban and Built-up Areas (Ur) 157.44 1.50 1.30 0.45 0.79 161.48
Agricultural Area (Agri) 12.30 121.20 5.00 1.00 7.26 146.76
Forest Area (Fo) 4.00 13.00 240.00 0.89 4.00 261.89
Water Area (Wa) 0.50 0.25 0.20 18.50 0.53 19.98
Miscellaneous Area (Ms) 0.67 4.93 5.68 0.60 10.77 22.65
Total (2019) 174.91 140.88 252.18 20.44 24.35 612.76
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Table 6. Land Use Transition Matrix (2019 to 2023)

Area (km2)
From\To Total (2019)
Ur Agri Fo Wa MS
Urban and Built-up Areas (Ur) 169.80 1.00 1.40 0.55 2.16 174.91
Agricultural Area (Agri) 10.55 116.00 4.00 1.10 9.23 140.88
Forest Area (Fo) 5.30 10.60 224.00 0.80 11.48 252.18
Water Area (Wa) 0.50 0.20 0.30 19.00 0.44 20.44
Miscellaneous Area (Ms) 4.48 4.47 6.87 0.83 15.36 32.01
Total (2023) 190.63 132.27 236.57 21.28 32.01 612.76

3.3 sUuuumMsveneAlvaaiiasludnefisnn
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UAngaavnssuLasyiSauranaty uazaIugnaIMnNITILATRANIAIL
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Figure 3. Patterns of Urban Expansion in Si Racha District During 2016-2023
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msFsuiisunanisldussloviffuuardsunaguaulud wa. 2566 szuinanisulanineng
aaiieudaeanen (Visual Interpretation) WavnaaInLUUTIans CA-Markov wanslififuinnsaosisdau
aonndasiulussiugs Tnsanglufiufivusuwardsgnadne Geffiufiniunisudanmdieansnisinty 190.63
aseilamns Govaz 31.11) vauefinuusians CA-Markov liinalndifesiio 190.28 asrsilawns (Sevag 31.05)
Aadunnuuansraiies 0.3¢ mseilawns niedesas 1.21 namsiieuifioviiufivssiavdy wu iud
nensnssy Unldl undai wazuiilnmdn uaniseazdonlu Table 7. Smuditufivilifdanunrainndou
routrsgadiodisuiuussandug venani SeldtinsUssiiuianugniedlaesiuvesisaesis (Table 8) wuih
mswlaninseanenifian OA whiuSesas 90.89 uazen Kappa Wiy 0.89 vauzfikuusiaes CA-Markov fifn
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Table 7. Comparison of Land Use and Land Cover from the CA-Markov Model and Visual Interpretation in

2023

Visual Interpretation CA-Markov Difference
Land Use/Land Cover Types

Area (km?) (%) Area(km?) (%) Area(km?) (%)

Urban and Built-up Areas (Ur) 190.63 31.11 190.28 31.05 -0.34 -1.21

Agricultural Area (Agri) 132.27 21.59 130.32 21.27 -1.94 -6.87

Forest Area (Fo) 236.57 38.61 224.79 36.69 -11.78 -41.65

Water Area (Wa) 21.28 3.47 21.20 3.46 -0.08 -0.28

Miscellaneous Area (Ms) 32.01 5.22 46.16 7.53 14.15 50.00
Total 612.76 100.0 612.76 100.0

* (+) indicates an increase in area, (-) indicates a decrease in area

Table 8. Accuracy Assessment of Visual Interpretation and CA-Markov Model

Method Overall Accuracy (OA) Kappa Index Accuracy Level
Visual Interpretation 90.89% 0.89 High
CA-Markov Model 97.25% 0.93 High

3.4.2  mseansallildunisvenemvesiiodagldiuudiass CA-Markov U w.6. 2570

KANT3AANISEIATNLUUT A0S CA-Markov T WA, 2570 (Table 9.) wuth fufipmunarAsgnadiad
wualdfafisduann 190.63 asreilawns (Gevas 31.11) Wu 248.78 anseilawns (Govar 40.60) Andunis
Wity 58.15 ssnailains visedosas 39.81 asviaufianszurumsifistuvosanandudios vaziiety fuivdls
Tunlduanasain 236.57 as1anlawns (Seuas 38.61) wideliies 173.38 a1519nlaiuns ($esay 28.30) Andu
nnsanas 63.19 mseilalns wiedeuas 43.26 uariuiinuasnssuanadain 132.27 aseilawns (Gevas
21.59) 1Ju 122.42 a1519ilaluns (Sesay 19.98) nSeanas 9.85 mis1eilaiuns (Sovay 6.74) dauﬁuﬁl,mﬁmfﬂ
Wudwdntiesann 21.28 asnanlawns (Gewas 3.47) 1 22.39 assilawns (Fosay 3.65) niewfiuiy 1.11
ans1anlans (3eaz 0.76) wasfiufiiiamdniinguain 32.01 mseilawns (Gosay 5.22) 10y 45.78 a3
Alawuns (Zovaz 7.47) Windu 13.77 ans1enlawns wiedeuar 9.43 F991952uaeiuALUAsURAY (transitional

zones) Agaladlarnuanslanausgrsdaau 1wy Aunneasnstinsna Nunsnde fe Figure 4.
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Table 9. Urban Expansion Forecast in Si Racha District for the Year 2027 Based on the CA-Markov Model

Area
Land Use/Land Cover Types 2023 2027 Changes

km? (%) km? (%) km? (%)
Urban and Built-up Areas (Ur) 190.63 31.11 248.78 40.6 58.15 39.81
Agricultural Area (Agri) 132.27 21.59 122.42 19.98 -9.85 -6.74
Forest Area (Fo) 236.57 38.61 173.38 28.30 -63.19 -43.26
Water Area (Wa) 21.28 3.47 22.39 3.65 1.11 0.76
Miscellaneous Area (Ms) 32.01 5.22 45.78 7.47 13.77 9.43
Total 612.76 100.0 612.76 100.00 146.07 100.00

* (+) indicates an increase in area, (-) indicates a decrease in area
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Figure 4. Land Use Map and Urban Expansion Pattern for the Year 2027
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Tuweaueaud Useinasiuai Tuaiel 2023 dnswdsunisiduselovinnuussnniunnunsnssuduiuiias

danaliusEENS NMNNNTHEANIINITINEATANAILALLE IR BANLTUAIAIUBIMIS IS B2 (Munyaneza et al,
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2023) warnsAnulweslalenuinnisvergdiveadiesluunideddvg dnansenureiuimizugnagedniay

wardndusimseanuuulissuuysannsiiiesesiunisiulaesgadsdu (Schaffert et al,, 2025)

v
=] o o

sUnuumseeivendiodlunsided fdnuwazdidy 2 Uszns Tdud nsdsdugiunuuiuignani
WHUNANUNANANEVEN LU NMANVUIBIAY 7 UAZDUUEYNIN LagNIVeIeMLuUnTzandl uhugudnana
wAsugha Tdun maunaiiesndss Aufiseudaugnamnisuuanats naugaainnssudlnsidoy wazaiu
gramnssuAIeanianl JULUURINaNaenAdefuLUIAATDS Hoyt (1939) Alausidiewinvenefmmuuin
dunmnanuunALLaziATEERY (Sector Model) wagdinsafiutafunures Teeravech et al. (2023) Adnwinisiiuln
vouladludamindum3 Smunsnszarefanguinagsevuenluuniifeniulasadefiugiundn

KANIAANIAIBLUUT1a83 CA-Markov wansliidiuin anelul) we. 2570 Aufiguwunasdsugnasisay
dindudesay 40.60 11T w.a. 2559 uasiiituferay 39.81 9T n.a. 2566 Svdeidudmmmsuenediias wang

Y

famsidvladeidesmniuiifauifuuaznissnandigiuiivuon Tasmsluwaiiang usnidsaniovessne
AT LU Auade wagiuanuesy %nt.ﬂuﬁyuﬁmwmmimLﬁuﬁ'ﬁwﬁuﬂ?{auuﬂmLﬁuﬁuﬁa‘&g"mﬁ’mag
gramnsanu lurusiersudmuindedinsunedudigiuiduluunnt u Tnsfuiduly mnefsmudnans
wsugiauaziliomdn Wy wevadosrinuuasiuilndifeatuliauaaunsuuwenatiy Sedarmmmui
vesianssuilosnazlassadrsiuguniousessunisiulen dnvmuenisnszaresvenilesaonndesiuuuin
Concentric Zone Model %84 Burgess (2015) fllausinnisvenefveuiioaidnvaziduumuy Tasflqudnaisd
mnwiuazvsseenlufmuiios Samsaiudnvarmsveneivesdledlufiuiidned famaiulawuunsean
(Clustered) wazwuunseae (Dispersed) Ugituiivuuviagseu
sUnuumsunefluiuii@nwagdeunuaigiiviamaasvgiannulsvisaniauiiieenin
nriueeon (EEC) winisiaulaludnvuenisveisiivendeswuulifianig (urban sprawl) snlifinisaiuau
o1aneliiAnnansznumansysenis Idud n1sgaydoiuiinunsnssunas 0l arwldaunavesssuuiing uagns
vimsdanislassadsiiugiu fsaenndestudaiausuuzvasaiuifelag Sun et al. (2022) fiszyfearudidnyuos
nmsnefadiosnugfunisvenedveadies mndedunufing1n Semsinsnaununislivssloniaauegraiy
s2UU wazysanmsulevessd e uwazginie wu msfmunveulwnnisiiulnveadies (Urban Growth
Boundary) nsiaukuuLfisnds (nfill Development) kagnsAuAzesiiufitnsnsnssuuas Ui unnsnig
PuaunslEiau iftelhdesrrndulnegredifion uasdsiuiduiffounndon wsugia wargunmdinves

Uszrvuluseased

5. agunan1sideuasdatauauue

nsfnwnsuenedvendeduiiufisndennsushafiaunens usen nsdlfinwdunenism min
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Wi 29.15 mailawns wiedesay 75.52 fuflnuasnssu anasn 146.76 maualawns mie 132.27 M3
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3N maTeINSIESIINIEB A (Mucuna pruriens) luemseamnimindelnfiudledine Tagldln
wougdesewn $1uu 48 a1 eng 7 ieuduly uwiseenidu 4 ngunaaes A iaSumunypduiieisedy
Yowaz 0 (NuAIUAY) 0.1, 0.2 waz 0.3 Tuewns IAutuaz 120 nfuseda uasflinazealvAunaeniian
Duszezing 60 u 1nmsfnwnuimaaiuasjduiefssiuiosas 0.1 dwalianuilunsadouily
Hramtihgaiign (p<0.05) wazmsiaduvungeduiieisziuosay 0.2 Tnavildarududuveseaigeiian (p<0.05)
uAmsiasuvngeduiefissiuiosas 0.3 Snavhliaunminideanas uenanddmuimaasumanseduionn
seuiivhmsAnwlidfinadesnnisnaufauardnsnisiin (p>0.05) afumsiadumngeduisannsntanldly

v v

nssnaumnwelnudiadlneldvssduievas 0.2

AdnARY: ayedude, Aanwninge, lniiudedney

q

Abstract

This study investigated the effects of Mucuna pruriens supplementation in feed on semen quality
of Thai native chickens. Forty-eight Leung Hang Kao roosters, aged 7 months and over, were randomly
divided into four experimental groups receiving: 0 (control), 0.1%, 0.2%, and 0.3% Mucuna pruriens
supplementation. Each bird was fed 120 g of feed per day and provided with clean drinking water ad libitum
for 60 days. The results showed that supplementation with 0.1% Mucuna pruriens significantly increased
progressive motility to the highest level (p < 0.05), while 0.2% Mucuna pruriens supplementation resulted
in the highest sperm concentration (p < 0.05). However, supplementation with 0.3% Mucuna pruriens
resulted in reduced semen quality. Additionally, no significant differences were observed in fertility rate or
hatchability rate among the groups (p > 0.05). Therefore, these findings suggest that dietary supplementation

with Mucuna pruriens at 0.2% can be used to effectively improve sperm quality in Thai native chickens.

Keywords: Mucuna pruriens, Sperm quality, Thai native chicken
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Suidglunyrn wuhansadiumududuresinegd msdouil Usuinsvesead warilnavinlvianuinundves
9330089 (Abraham, 2011) fn1sAnwmsldnunjeduielumasdidgmauamindes Tagliaunae
Busuans 20 nustetu wanluthuy uadliudusvezion 3 Weu wuhilavhliuinesinide anududuves
fhead warnaadeuiivesiieddfity uazanmsdnwIves Suklerd et al. (2022) IdAnwinisiasumansjeduiiely
pnsweRusansissdu 70 way 140 Tadnsusenlansuvonimiing wuhamsdfiuarududuresiiond uay
anmwiinUnAveagussiegdle uianmsmunmenansinumsanwnsldvanygedudelunsiiassavsam
indodnidn wiludegtunswandedlulniuiosnsldsuaualannty wivsinashdediteslunsvdus
azads Sududesrfelunstanlunssandon fMedrady lifudesiugimiesnan Alvsanidedesse
ﬂ’]iﬁgﬁLLﬁfaZ?ﬁ%\‘iaQﬁ 0.39+0.04 fladdns (Boonmatan et al, 2024) 91n5189113ToANIULN NuIMUNeduLaY

(Mucuna pruriens) finaaudRlunsdsasununmundeludnivanvatevia Wi vyv uyed uazgns wansli
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2.2 matude

ymsIntdefiedunsiay 1 ase Tusgirsiineuglinaassldfuomanaasinaonszoziia 60 Yu
diaidumanssduliiinnsasneead uasndnldfuemmeansasusroziaan 60 Ju vinnisiaiideriietily
Anwinavesnsaiumngedudsluemsdonunmindeldfudedne msiadudolaldisnisuedesios
(abdominal massage) AMu33w89 Quinn and Burrows (1936) TagldEmindediuiu 2 au fe aufi 1 iGuaudula
nszdunellifiordumslienmeinunth ldegmeiundsosnudy 1ilesuvilis 2 dradwniu warlddn
flenilagquudanieliiun 9 s 9 anhmdnanlaudnsnuaniivdsldiima u,aﬂ%ﬂf’gﬁaLLﬁﬁaﬁuﬁa%ﬁUﬂﬁxé’jwﬁnm
fureliegnesnds veliazuansufisonszanmetuniouduetorsmasuiadunouguasuvasduseninaing
¥3 warfuiiReud 2 1nvusiiazoinsosiuthidedivasenan

2.3 UNUNITNNEDY

¥
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nsAnuszAvanmussalnsneduiedeannimindeldfudodne liweruglifudesaeius
WaRmnwIgUsEi 7 ey FulU $1uou 48 i Tneudeenidu 4 naw 9 av 3 $1 9 av 4 ¢ wagldullAly
anBstugN5An (CP Brown) 91w 96 ¢ Tnsutseenidu 4 nqa 4 az 3 91 9 aw 8 §1 1AEIUKLNITVIADILUY
guanysal (Completely Randomized Design; CRD) @4fingunaassiifesnisdnyn $1uu 4 ngumaass il
ngunaaesil 1 laiiaBuvnnsedulie (nguaruax (Control)
naunAad?l 2 ieSusdnunyeduisunndluesisedudosay 0.1
naumaaesi 3 aSumdnnunjsduisuandusmsiissiuiesas 0.2
naunAaddl 4 ieSusdenunyedusuandluesiseiudosay 0.3
24 maeSeuEmeass
nsfnwmavesmsEsimnleduisluomsdenmnminigeldfudosne Hadannsaeiusduie
A shludlfgnudatiudensen mnduiiluueliosBonderiosuninugnzunssun 1 Tadins

2.5 msiiudeya

E A
o A& aa

251 msiadsueside ngldnszvendnenauin 1 faddns aaueiisalaluvaen Eppendorf

YA 1.5 Tadans wararuafanasyyUsinsvenseuening

252 asUszidusmnsinisiad eudl (Motility) aaatsalunnsiad eui ludneamin (Progressive)

q

ausalunisiadoudiiade (Average path velocity) anusalunisiadouii 3814 (Curvilinear velocity) waz
audrlumsindouiiidng (Straight line velocity) 14Tusunsa Image J ldlasnisinindedonsiudinde
(msunanlss Seaz 0.9) ludhsidu 1: 100 (Wide : Yinde) warld Micropipette anfe813 3 lulasdng
anasuudlan Dual Slide Sperm Analysis 7i¥asae Cover Glass (Hamilton Thorne Biosciences, Beverly, MA,
USA) &ainmnisindeudivesineadnieldndesgansseiuuy Compound microscope 8% Olympus u CX 43
fifndsvens 10 wih vhnsdedaleduszezinan 10 Jundl Tagldndeade3dledste Cannon fu EOSB00D Fssieey
fundesganssmi andutniwidleanTinseddaelusunsy Image ) Tnsfinisimunen Sperm tracker fail
Minimum sperm size (pixels): 3, Maximum sperm size (pixels): 70, Minimum track length (frames): 30,
Maximum sperm velocity between frame (pixels): 20, Minimum VSL for motile (um/s): 4, Minimum VAP for
motile (um/s): 5, Minimum VCL for motile (um/s): 5, Low VAP speed (um/s): 5, Maximum percentage of
path with zero VAP: 1, Maximum percentage of path with low VAP: 25, Low VAP speed 2: 25, Low VCL speed
(um/s): 35, High WOB (percent VAP/VCL): 80, High LIN (percent VSL/VAP): 80, High WOB two (percent

VAP/VCL): 50, High LIN two (percent VSL/VAP): 60, Frame Rate (frames per second): 60, Microns per 1000
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pixels: set scale, Print xy co-ordinate for all tracked sperm: 0, Print motion characteristics for all motile
sperm: 0, Print median values for motion characteristics: 0 fnlUag31n Boonmatan (2013)

253 msUszfiupnududuresedd nsldaladdmsuiudeladin (Hemacytometer) ¥n1side
nuhideluinduisasduindesothngu 1 - 1,000 ¥ warlvanindeiidenefuinnduasuualaddwduii
daladin Tngazduduiueqianuuuu-ans 1is 4 uy wagdensinan 93 5 9o1 n1eldindosganssmiuuy
Compound microscope #if1&3ue1e 40 11 (Boonmatan, 2013) Wi uiasmAladsdwauegdfiuldie
1 fiadans weil

=

Aududureniie (Iuiuead/adans)

'
o

= (FueaINulang 5 USa x 25 x 89511549991 x 107/5 (1)

s

254 A1SANWIOATINISHANRAKALTNSINISTHN vinlalaenisigdsmsuauiisulviuwdlnanewus

a

nsfd L 96 ¢ S 1 ade Tagldnszuendaeiuia 1 faddns Qmﬁ%%aﬁaa&haﬂ%mm 0.2 1adans uas
aoanszvondnefiussainidodluiveiluinussnn 15 11 wasdes q Gamhidefosseginiuuia Bufuld
mevdannnssaudion 1 Yu Wussogingn 1 §Unsi wesiladngiln andunsaaeunisuaufnlnensdesla
919iln 10 Yu wazmsraaeusnsINsiindiongiin 21 Yu (Boonmatan, 2013) IneldgasAuimusasinisnandnauas

NN A9t

IRIMISHANRA = (F1unuluinauia/aurulugiin x 100 2

gn31n157in = @nnugnlniifinesn/dnuiuliinaudin) x 100 (3)

2.6 M3AnTedeyaneain
AATIENANUUUTUTIUTEVTNNTNUUA (ANOVA) uuEUN1SVAaasiuuduauysal (CRD) Iunsiesiady
WANAISANAAEAI875 Duncan’s new multiple range test MszAuAUloNuToay 95 lagldlusunsu SPSS

version 27

3. NANT5IY
3.1 HavasnIAnwIUIAVEAMTasTe LB uRERegun e i uSiadlne
nmsinwiravesnsiaiumgduiisluewnsiisedudosas 0, 0.1, 0.2 uag 0.3 senmammiindeln
fudoviuwdssnaum wuinaeBunugedudefissdu 0.2 Wesidusd fuaviliauduturesesigiias
(p<0.05) uazmstasumnysduiieiisesuienas 0.3 fnavhlsignsinisiadeudianiign (p<0.05) dmfunsiada
mmjpduifefiseduosar 0.1 uar 0.2 Winadnsnisindouiliunndesannagueuau (p>0.05) uenaininuiy
msiasuvnjpduiefisziudesas 0.1 fwavihlsienasilumsiedeuitludramigedian (0<0.05) uazmsiaiu

[

mngedudeiiszduiosay 0.3 inannustlunisdeudiludmimian (p<0.05) warnsiasuvanjeBufionn

'
N

seduTivhmsinulinannustlunisedouiags anustlunisindewiidlas uazanusilunisndeunitnsees

v v

ninNauAIUAY (p<0.05) uiagelsfinmunsiaiunuyeduienszauiosas 0.1, 0.2 uay lidnarausuinsuie
(p>0.05) (Table 1)
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Table 1. Effects of Mucuna pruriens on sperm quality of Thai native chickens

Mucuna pruriens (%)

Parameter p-value
Control 0.1 0.2 0.3
Volume (ml) 0.17+0.01 0.24+0.08 0.28+0.07 0.26+0.03 0.121
Concentration 2.20+0.07° 2.50+0.09° 3.08+0.472 2.59+0.14° 0.016

(x10° Sperm/ml)

Motility (%) 85.93+5.71° 81.69+6.45° 80.87+5.63% 60.11+17.88° 0.001
Progressive (um/sec) 3,286.47+505.63° 4,837.10+1,110.68° 3,543+60+246.68°  2,261.96+298.28° <0.001
VAP (um/sec) 93.73+14.55¢ 178.31+30.22° 156.96+12.93% 139.49+23.82° <0.001
VCL (um/sec) 234.11+36.01P 334.04+24.542 305.57+£12.18°% 344.86+52.05% <0.001
VSL (um/sec) 65.03+11.99¢ 138.33+29.75% 120.38+11.11° 92.37+10.48° <0.001

3b< Means within the same row with different superscripts are significantly different (p < 0.05).
VAP: Average path velocity
VCL: Curvilinear velocity

VSL: Straight line velocity

3.2 WavaINIsAnwUsEANSAYINgEBulREradns N sHaNALazansINsHnvaslinwladive
NNSANYINAvRINSIES UL e Ry msnseauTegas 0, 0.1, 0.2 Uag 0.3 ARSNIINITHEA
Anuazensnisiinvedlniulieaiugindewnannd nuimsasunuyeduisluemismnssauiiinisdnylifing

[

ARERIINITHANAA Lazdnsin1siinveslaiwilioslney (0>0.05) (Table 2)

Table 2. Effects of Mucuna pruriens on fertility rate and hatchability rate of Thai native chickens

Mucuna pruriens (%)

Parameter p-value
Control 0.1 0.2 0.3
Fertility (%) 77.04+13.19 81.53+6.87 81.42+4.86 80.41+4.65 0.756
Hatchability (%) 85.60+5.68 84.48+5.33 83.41+6.32 87.19+4.45 0.674

4. 9AUS189NANI5IAY

v v

IINNsANYINETRINISEsunINyedwisluemsTiseRuTaeas 0, 0.1, 0.2 wag 0.3 sdoRunInuLTeln

v
= I

Nuloaiugmdonnaw wuimsieSumnyeduifeissduiesas 0.1 Binamnusilunsiedeuiludrmings
fign (p<0.05) warnsiedumunsjpduiiefisziuiosas 0.2 Tnavilvimudutuveeaigeiian (p<0.05) Fsoraidu
HaNNVINNYeBueiiansdAtyAe L-dopa Faduansiadulunisadreanslnuniiu (dopamine) Tunseeuliaes
dndlalumifauarauosdmumihnsedunsmdseeduulnsulalnsdu andusesluulnsulalnstulunszdulisey
Tianesdruntimas Follicle Stimulating Hormone (FSH) ik Luteinizing Hormone (LH)‘Lﬁqﬁmﬁamxéjﬂﬁ
WinnszuIuN1Taieead (Adiet et al, 2023) nHanIsAnwIaenAfodiy Suklerd et al. (2022) wu3inIsiasy
mngpduisluomnsfissdu 140 dadndudeilanfuvesdming aunsaifuanududuresegdneqnsld
uen9Mil Suresh et al. (2009) wudnsiaTuvEgBuieisyay 200 ﬂ%’mm'aﬁiani"mmﬁmﬁmﬁﬂwwnLfJu
szezhan 60 Yu dnavilimnududuvesiioadgenitnguaiugy uazssaenndesiunsdnuluuyudinuionig

= a

Tnaenfinnedunsenfunungeduiefisedu 5 nsusedu wieuduundusseziig 3 weu dwaviliay
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v

WuTu098ad kazn19AReuNveIegIAYU (Shukla et al, 2009) 3 nMsAnwIFmuINIsEs iy ududsly

4

seiufenaz 0.3 fuavilfauamiidoanas Wimeniide Sammaedeud enuidlumsiedoudiludsniy
amnuilunsiedeuiiade anuifilunsiedeudiitld wag anuilunsiedeuiiitng) Sauandiiiuiinsly
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Mmzjaﬁwﬁaﬁs:ﬁuﬁw 500 faansusianlansy wazseaulIunaid 1,000 Jadnsusenlansy kagannsanwids
wuihmsaduvngeduielifinasosnnmsnaufiouarsnsinisiin Saanslifuimunsjedudsliltnansemy
sommannsalumsrauAalagase wagnszuumsiinluiitedovesilniussdussnevddyiinadesnsinisiln

winnidadevesinge Jsdwmalinisiasunungedudeldlidmansenudednsinisnaufinuazansinisiin

a v v
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nNsfnynaveInIsEsuninyedufieluemsdenmn niigelinudoaiugiviemnanns wui
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o A

wdeuilutrmih wasanududuvesiieadifinasdu wisgtlsinumsiinsfnvinsldnuyedudelusedun
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o

mnjeBufeNiiunumsisnunmLgaln
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Tnalulefin (Postbiotics) Lundndmaifildangdunsdiuslulefin InsUsznaumeimaagdunidfianaudd

3

v
a = '

drulsznevvengaduuailidonaviuunveladsing 4 fndatuseninanssuiunswaueady Saddneninlunis
dnaduguamiarnnasyiulavesdnith unauetuiifagUszasdifioiauennufnmimdnmaieatu
Inaluledin lneaseuaquasisniswsey BIRUsENoUNNTININ AANTIUNNTININ AaonIuUsednsnmvednalu
Tofnlugurasfuuiomnsdnih ainmsdnuide wuhlwalulefnanansodswadsuindesammaiasaivla

1Y a

mimauauaqmﬂqﬁﬁmu FUATNNUBITSUUNN WuoIMskazauamnsalunsaunulsavesdn iU vanesia

q

o v v v

ogslsfnudsiifediiadumnudrlafsitunalanmseengns Vsinanisliimnzaunazenuvainaisves
wAndualudndsd Suluguassedensuszgndlilussdugmamnssy faiuinaueuuylsiin 1533880
Wiy Litewaungmsinalulofnfidusydvsnmgs uazAnwdneniwlunsiadugvsswduasifuusiemsyingu
Frawfldmddglunsenssdulssansnmmsmneiissdnid anmsflaneuffiue uasduaiuaudues

PRAMNIIUNTILREsdR N lussEEE7

aandgy : naluledin, WWsluledin, nsiasaiule, aiduiu, n1siizidssdniun

U9

Abstract

Postbiotics are products derived from probiotic microorganisms, consisting of inactivated microbial
cells, bacterial cell components, and various metabolites produced during microbial metabolism. These
compounds exhibit potential in promoting the health and growth performance of aquatic animals. This
article aims to present recent scientific advances in postbiotic research, encompassing preparation methods,
bioactive components, biological activities, and the efficacy of postbiotics as feed additives in aquaculture.
Current studies indicate that postbiotics can positively influence growth rates, immune responses, gut
health, and disease resistance in various aquatic species. Nevertheless, limitations remain regarding the
understanding of their mechanisms of action, optimal dosages, and the diversity of commercially available
products, which hinder widespread industrial application. Therefore, further in-depth research is

recommended to develop more effective postbiotic formulations and to study the potential for synergistic
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effects with other feed additives. Such developments will play a crucial role in enhancing aquaculture
efficiency, reducing antibiotic dependency, and promoting the long-term sustainability of the aquaculture

industry.

Keywords: Postbiotics, probiotics, growth, immunity, aquaculture

1. umi

mameidssdr i dunumddalunamevaussanueinisiuemslusiunmuningeesszenslan
fifistuoghaiaiios dwalinirgaamnssunmsunedesdn ithinmstanegsmnsiludunelulagnude
uarszuUMITans tefiumandnuazdszansninlunindos fanansasugialanavegluyitveasdd wins
dvwandudnuszasvatinglut 2567 vhadifgeanlusou 10 T Feyadisaundt 240,062 &uuwm ifistiuaind 2566
fiflsiafn 229,123 &1uUm (Prachachat, 2025) oghdlsfimunsiuaumiuresnsnizidsadutofonid
Bostenaiielsn Fedtanvmanuaneilade Wud mstdrdaithandsiu maudsusadanadon uazniadn

WIN19N15A1 (Ang et al,, 2020) Msgeyidsanisadnitianunsodmansenuseelivetnunsnssugosuazii

v

aunmulaesiu inensnsdsdndudedddarsiad erujdrusuazindu (Assefa & Abunna, 2018) adunisiiiu

£g a

AunNuUNMINER vagntuseaudiay uilaainnuivaiiesivasandduiednd anudasndevesuilan uay

nsudurenYoqadniosn (Okocha et al, 2018) Amiuisindudesdnuarsfiuusiomisainsssunifiuay
nandmsinszduadduiuiivasads [ulinsredwinden wazdiusz@ninmlunisifiunandn Weaduayunis

Y 9

v '
o o

WL BRI B9 9E Y

aunsgNFInnfivsslevinielusiulefin (Probiotics) lasuaruaulalugiusansiasuemsivaeiasy

guandniunaziiunanads (Ringg et al, 2020; Wang et al., 2019a, 2019b) pghalsAnudasitnsiuauAas

AsIaLAvLaEANENIaluNSHTINTERNelaEN 1T INARNNWUSUSIU (Dianawati et al., 2016) ANalAAnNIS

'
a1 o

wimulnalulefin (Postbiotics) Favmnefa anstaluana wanlulad videTuduvessadqdurigikiunmshas

viesudeniaiady widmsanautinatanmifliusylevdsioaunmuesdsdidin (Tsilingiri & Rescigno, 2013)
Tnaluledniidemmieluslulefn wWu anmnudssannmsinaie nsunsnszatedunoe (Salminen et

al,, 2021) WinadesnmuazauUasass (Rad et al, 2020) $ieson1sdaLfuazauds AU UReT YR

Tunszimnzenis toulegesesuaring dwalnlasuniseeusuluninoimisiagnisunme (Aguilar-Toal a et

o w '

al, 2018) WnaluledAndunumdidgsonisnevaussegiduiuuazdunsdluald Inedieiun1siasaivln

duasunsnevauemagiduiuvesdniyn vilidauduniulsawas ANaINITANUADAN1IEAULAT A

(Sudhakaran et al,, 2022) wiinflsddendnwnsiainalulafnludaiun winsdnwnansenuvednaluladnly

o w

Fodundsnadus edluluaziidouadnin lnsamgludiuvesmsusadunansenulundvasnisiesyivlanagng

Y
¥ v ¥

Uuugsmanmiilussuumsmsdes saduuamuifajatumsdnvmanssmreanstdnalulofinluewnsderith
shenuantisnan nalulednddldfunsiasanindunisdueiediomadendiiussaniamgdlunisdaada
avnmuazaudiiulussuunamsidssda i ansai sl lussuumadsauudauasTn saufienns
wnzdssdndeduarluhimunndn venaniaensufuuuiliimemisanmsfismasiaiuazeufinuglu
anawnssudnith dedoduiimmaiilafumsduaiilussduuleneiinslulssmasasund wihinadwsvos

Astalwalulofniwullduis widasndudasinisfnwssluiiafuusveulnvesuselovilasdaasuniseausu
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Tugnavnssumizidssdnitiogsunsvarsuindu uonanidsinilulefin (Prebiotics) Faduansormsila
anunsageslidvhminmluemsveiunidnivslerilussuumaiuenms uenulion1ssusInauided
Wertunsldnalulefnduemsasulunsidesdnivn ieadunwimnddunisannisldewazarsiadlunis

WNNELAEIER 11N

2. dquusznaunanvadlwalulafn

InalulefinUsenaudieansusenavaunguman lawn 1) wadqdunidnlivinnu 2) diudsenevveasad

q

a

wuafiiSe uaz 3) waveladangdunid Qauvddfidendniunandnlnalulefndoudugduvddalasunstudu
FapafuiunsUszidiurulasnSofidunn %aamﬁmwﬁuimauwﬁﬁ'aLLaw?jyaiﬂ (Collado et al., 2019)
wuaviiSeanandnlaun Lactobacillus spp. (% u L. plantarum, L. fermentum, L. helveticus, L. casei, L.
rhamnosus, L. brevis, L. xylosus), Bifidobacterium spp. vy B bifidum, B. animalis), Enterococcus spp.
(\¥'u E faecalis, E. faecium), Bacillus spp. (+% 4 B. coasulans, B. subtilis) k@ Pseudomonas spp.
(W P. stutzeri, P. putida) Tnelnaluledngosldlvidonelsadilivheu Thia wie amumuaiaﬁﬁuaaaﬁw%'éﬁL“ﬁlu
JUNTIE
2.1 wadgduviditlivhey

a o ¢l

v 2 @ aa [ o v a 1o (-] LY 4
nseumeanuseuduisnantunsiieadlusliulesnlivieu Tngqdunsdnlivinudmsanuauysal

a o o A v

vadlastasedusenaunuguvedinaluledn dvddnyfedewenauuandiaseritagadiusiuleAniliinnu
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[ YY) a

fuiaduitlivihan Salaeidluudildunangaunidnelsauaglifeludrunilweamemyinglulefn (Salminen
et al,, 2021)

2.2 daulsznauvsaaauAdicse

drulsznouvregas wuAn LS oUsznaua 289 La (pil) wwaniaaa (flagella) tUuvlalnauay
(peptidoglycan, PGN) nsalnla® n (teichoic acids, TA) uag cell surface proteins e PGN uag TA 1Tu
dulsznouvdnvesntiugaduazesdusznouddnuednalulefin PON Wulassadunteduduss vieduiad
WuALS e Imaa%’wﬁugwﬂizﬂauﬁwﬂim N-acetylmuramic k@ N-acetylglucosamine 7143 oy udWusy
olycosidic B-1,4 Tnensm N-acetylmuramic Sadoufuulnddusnge Lﬂﬂi‘wﬂ‘ﬁ'ag’ﬁmﬁ’u%a%ﬁaﬂ'ﬁﬁaumw
%qluﬁqmzdaﬁqL‘fJuimqa%'wﬂéjwmﬁdmﬁﬂﬁédaU‘i‘laaﬁ’umiLLmﬂﬁuaaLvdaa‘mmmé’uaaaiuﬁﬂ (Teame et al,,
2020) PGN flunumanAglunisaununiiduiu (Dhar et al.,, 2018) TA (Teichoic acids) Usenausme lipoteichoic
acid (LTA) uag wall teichoic acid (WTA) fussfusznevdfnremduradueuuniiSounsuuan wavdunumly
nsnsefusruundduiuvesdniih LTA funumadnlunisinunaugavesuszquintuniiased Joatumssniay
wazIndFsuvesaadlaad WTA Hesnwdng uine1vesead AmuaunguwuaTiiouazntane danaseniy
Frumuulndrofiuqauns s LTA way WTA aunsnaiunishausessaddindensnlunisiowasrhans
Houuailise

2.3 weuslanvaiwuaiisey

wanveladvesuuafiSeUsznaudieansuszneumsdinindivainvans §edunszilagluslulednly
FENINMTITYAULALAZNITUNTUS waveladnaniussneuseansang 9 wnunesamandud Samiue
nsaoziilusylsundn nsmlasfuansdu (Short-chain fatty acids: SCFAs) leun a=@1amn (acetate) Tnsilotun

(propionate) wazda7iksn (butyrate) undndasiuunveddundnildannisudnanslulawmsalaegdunidluald
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vosdn i ngailsleufindnlasuvaiiionsauanin Wulndaodugdunididnoglungy uuaiisledu
(bacteriocins) uagAinu@u (defensins) nnfillauansin ninezdilu-f lelasinueseenled a15dunidssmedty
(VOCs) I lmioalnstau w1s1LuU (parahydroxybenzoic acid) Wagan5lwatues usntgaa (extracellular
polysaccharide, EPS) L udu arsUsznoumaniisensnegnein druladsieanead (cellfree supernatants,
CFS) (Ai et al., 2022; Dadi et al., 2022; Tao et al., 2023; Wang et al., 2021b; Yang et al., 2023)
wuaiisToduidunguuesansoongninisdaniniivannvanedesudslsiu Wdlnduassuuuuanssiaiu
Feduameilaggaunidang q diulslulesy (Zimina et al, 2020) TuanawmarifdnvusangAedqnisndovio
fudamasyivlnvesuaiife meiuslusluleinmeluanauaslaudadanarundada foluaeiusindauun

islegunlasunis@nwiuiniian (Khochamit et al,, 2015) wupiliseuanlauidadaiinudfgye1sgaiasaind

o

griziuawuafiselunIuaziiunumlunisuiunisneuaueweaiauiu (Mokoena et al., 2021)
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nsnduvsdidunqueosdifnyvesanseangndnsTinmdsiminfiid Ayseguammaiuemis Fesuds

v v
o

msana pH Tualduaznsdudanisadgueaienslsa (Dittoe et al,, 2018) Uselovuvasnsalugiuanedu (SCFAs)

v
o

AelgaruuivanvaieuwdyuasauAguinIsAIvANanavesssuUn AUy Insamzlunisnsedunsiaues
sruuiiAuiuusiniia (innate immunity) Lagn13AIUANNITENEY (inflammation modulation) N13UU9Y84
WwaauuAlasH1a (macrophage) waviwad T AIUAL (Regulatory T cells, Treg) (Duan et al., 2023) SCFAs ddu
PeUvanmindongamavesdld iunmshouessdstudlduanaiuaiagidusuroadodion (Ma et al,
2022) NM3ke3y sodium butyrate Tupnsuaannsaduaiulasaiamgane Finewesdld Tnsiamiznisii

ALENILazANLIRILYDS villi FadulassaSmdniiiuiuiitdmsunsgeduansenns nsiiuanunuingy

a

w04 villi FeduiusAunsiinIwILTee goblet cells Feinthinan mucin Flvdeilonadld@inuudeusanniy
wazdosiumainmevenielsn auaudimvarllinnudifysdonisinuwaunaseninanisdniauresald (Hou et al,

a

2023) ansindesuanwad (EPS) naseenunnduvsdiivainvate funumlumssudewdunsdlualduas

Y o

fnuaudRrunsdnay fueyyadaszuazatuAuniiduiy (Sheppard & Howell, 2016)
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3. nswseulnalulafnluniswiziasedn-dun

Aaaa o

mahiluslulednifidisdulnalulefindnaneds wu nmsldanuiou msaessdlesslud nsaessded
nsUrdameusinuguardansiledin (Salminen et al., 2021) weluladfiunnsnefusrdinadossrusenounas
Uszavisnmveslwalulefinuansieiu Tnensililsivhawseanudouduisiléussian

3.1 mshliwadliinudieanuiou

nsvhlilusiulefnlivhaudearudouduogfuarumumurenaunis nsdudaniufouasinans
mwanysaiveaderiuwadiusiuledn dwalvifnnanszmusonisdusiuvestsiuley msuanvesaefidue ns
fudaoulsduarniaudeivadlusiu muglufunisgaydeansemsuarleseuiididty (Cuevas-Gonz alez et al.,
2020) wupdi3sanosiuganstudesnsgumgiinasszezaniinnediu lnevilugumgifldavegszwing 550C fa
150°C Wang et al. (2021b) w3831 Lactococcus lactis Z-2 Tagld 100°C W 10 U1 Tuvnisd Yang et al. (2023)
Téfnsmnaiaelsdit 70°C 30 undl w3es Akkermansia muciniphila

3.2 msilwadlivhaudsaausanseoud

nsldaausansiusiliiialnssenie dewalilwadunnuazlassadiegniinane (Bariya et al., 2023)

nalnuanvesnsviliaduvsdlivieu laua nsunnveaiaead nssuniuBeruead nsaiennudemeued
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1O (Xiao et al., 2019) Wang et al. (2023b) I%ﬂﬁwﬁmmmﬁqﬂ 350 06 20 w1l wSedlnalulefnandasiung
Rhodotorula mucilaginosa Turauedl Tao et al. (2023) wanlnalulefinanide Bacillus subtilis Inn1ASBITUNIL
pAuABIAMAgY 450 T0¢f 1Hunan 30 wiil wilendnlnalulefin LCBST wenand Seiinimaaesudnlnalulofin
910 Enterococcus faecalis Wy Bacillus cereus ﬁ?EJLﬁEJQﬂ’N&JﬁIQQ Lﬁlai‘fﬁﬂ ummiﬂ?ﬂ‘m% (Ai et al,, 2022;
Li et al., 2021)

3.3 asililivinaudos UV

o @

s@anslalewan (UV) fuszansamlunisainge Tnesiily DNA onanuaziin pyrimidine dimers
Fetnvnenszurunisoensia dealifiwadaie (Desnous et al, 2010; Raeiszadeh & Taghipour, 2021; Bana's
et al,, 2020) UV gnianidlunangsu wu Msedelutwazen e (Singh et al., 2021) $9& UV vlAAnAIY
AaunAveInsas1enLoue E‘ﬁtklaiﬁﬂ’liﬂ@@]iﬁ’ﬁLLazﬂWiLLﬂﬁiﬁﬁQﬂgugﬁ bAAanisnateiug wazdilugnisne

YanwaakaslusAudanan I (Bana's et al., 2020)
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Rodriguez-Estrada et al. (2013) srouinlnalulefnfiunuindraglunstesiunazsnuilsnvesdnii

v
[

H1unalneng o dall (1) Badaduiadideyaldifieyiunisvihanuvesgifuiulaenss (2) gnasludusadgiduiu

q

lnglgadusnnudauiy uag (3) Bangiuwadiaulasin (dendritic) livelsuduUAsegnlefinsedunisnevaues
v93ndANAY Han1sAIvAugdduiuvesnalulefnerfavinidlndaedugdunid TusAuainuuailise
polysaccharides, LTA nsaladuaisdunion1ssiunuvesdunaii diulsy neuwmaifdanunsavsuildsusad

o

piiduiu W wadnulashinuazwadidadonuninssAussuugiiduiu

q

o

nsusulassad el Wedlenuaswadidoysld Fudunalnestuddysonisinide nisiasulnaly
Tefnthefiuanumnvesdedionwazainuenvedlilasiad anmudesion1sinide (Dawood, 2021; Zhang et
al,, 2020) MsuauLuAiiEunsauaninianidesenudou (W Lactobacillus farciminis CNCM MA27/6R uay L.
rhamnosus CNCM MA27/6B) Tua1uisuaingwiu1a (Dicentrarchus labrax) @1u150Usulaseas19vosanld
(Frou'el et al., 2007) M3l Lactobacillus paracasei (06TCa22) vinlilaivinamushenrmdeutularindhdu
(Takifugu rubripes) {unanaytu wuitaunsaansuuead Vibrio harveyi fitialuden fha Asveuagladle

WisuiunguAIuAu (Biswas et al., 2013)
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Table 1. Biological responses of postbiotics in aquaculture

Postbiotic Strains Type Preparation method Study Subject Dosage | Application |Administration route Effects of Postbiotic References
method and duration
Lactobacillus plantarum |Dead bacteria (DB)| DB: water bath (65°C, Shrimp (Litopenaeus |10 mlL/kg|Added to diets Diet; 15 days Effectively improved growth performance (Zheng et al,,
30 min) vannamei) through the improvement of digestive enzyme 2018)
activities and enterocyte height
Bacillus subtilis LCBS1 | Heat inactivated | HIB: heated by high- Bullfrog (Lithobates  [100 mL/kg|Added to diets Diet; 56 days Improved growth performance and immune (Tao et al,,
bacteria, HIB pressure steam catesbeianus) responses of bullfrogs; ameliorated SM-induced 2023)
sterilization pot at enteritis in bullfrogs
121°C for 15 min
L. plantarum product Inactivated Heat-killed Black sea bream 0.1 - 0.4 |Added to diets Diet; 8 weeks Positive effects on growth, feed utilization, and |(Sagada et al,,
(ImmunoLP20) bacteria (Acanthopagrus g/ kg serum health indicators 2021)
schlegelii)
Yeast, Saccharomyces Inactivated 80 °C for 30 min Nile Tilapia 1 Added to diets Diet; 8 weeks Enriched intestinal Lactococcus spp. numbers | (Ran et al.,
cerevisiae bacteria (Oreochromis niloticus) g/ke and protected the host against infection by A. 2015)
hydrophila
SWFC (cultured Metabolite Centrifuge and filter Zebrafish (Danio rerio) 0.3 Added to diets Diet; 6 weeks Improved host metabolic disorders and (Li et al.,
supernatant mixture of g/ke immunity 2023)
Cetobacterium somerae
and Lactococcus lactis)
Bacillus cereus Ad Fermentation FS: microfiltration Juvenile shrimp 10 Added to diets Diet; 42 days Improvements in growth, intestinal (Li et al,,
supernatant (Litopenaeus vannamai) | mL/kg morphology, and digestive function 2021)
Lactobacillus casei K17 Fermentation  |FS: 3000 xg for 10 min Largemouth bass 100 mL/kg|Added to diets Diet; 69 days Improved growth performance, gut nutrient | (Wang et al,,

supernatant, FS

at 4°C

(Micropterus salmoides)

absorption capability, and nonspecific

immunity

2021a, 2021b)
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v

Tnalulefnannsnifiunisneuaussvesgiduiuimuuldsimzuazuuudwmgludn i vdmnuan
n¥WeRn (Acanthopagrus schlegelin) la Suomnsiasulwalule@nain L. plantarum 400 fadnsuneilansu
Hunan 8 dUani nuiilusfuludsuuazfonsslalalesifdgsnianlunguaiunuetnaiiifoddny (Sagada et al.,
2021) mslwermstnaluledin Pediococcus pentosaceus PPA012 aeasawfieaduiian 12 dUansivreifiunis
vhauveawad Suiud swdanuasuluda (L. vannamei) (Ballantyne et al, 2023) nisllwaluledin 8. subtilis
(HIB) fivilwlavinauserudou 1.42 - 1.66 ndustenlansu wivaiae (Pangasianodon hypophthalmus) 60
U 928UTUUTIN19v1191U909 lysozyme Uy phagocytosis Fudafiunsviieuaes SOD, CAT uay slutathione
peroxidase (GPx) (Shawky et al., 2023) wenandnues ”ugaw%ﬂ (Lithobates catesbeianus) i l# A8
wavlnalulefin Bacillus subtilis LCBS1 fivililalvhaugeanudou iunan 56 Tu dwalisedunounduudly

o N o o

F3uazangsuved AKP iinTusgnalitudan (Tao et al,, 2023)

7

'
P

Yandunun (P. olivaceus) tesouiilasuamsndlnalulefnain Pseudoalteromonas piscicida 35 $u
U3 toulesl peroxidase (POD) wazAanssy lysozyme Tudsuiindiu s7u89n1suansoonved IL-10 uaz TNF-OL

Tushuiiudu wagnsuansoanves IL-1B Tulafin@u (Wang et al.,, 2022) n1sli Bacillus sp. Mvinllaivinanusiag

ANuTauLnUatdumun (Paralichthys olivaceus) aunsansdunisvitauveslalalesl (lysozyme) wagioulwil
gileseanlenfaiinma (superoxide dismutase) Tu@su samdaiun1suanseanvesdadegiduiu (TNF-Q,, IL-6

waz IL-1PB) Tusiu lauazidon Sswheifiumnudumusiede Streptococcus iniae (Hasan et al,, 2019)
Uannegmainnine Wicropterus salmoides) filésulwalulefinain Lactobacillus casei K17 69 u seiu
lysozyme luduuas SOD Wisu 1.5 whuay 1.2 whauddu Lﬁam%'amﬁauﬁma;ummu (Wang et al., 2021a,
2021b) nastilwalulefnann Pseudomonas aeruginosa strain VSG2 8 dUn1vinnuailu (C. carpio) dswali
A9NT5UV09 lysozyme NANTIUVDI AKP LLasﬁﬁ]ﬂiimmLé’umam'ﬁl,a'%m/mLﬁaﬂLﬁmﬁuaﬂwaﬁﬁséﬂﬁm (Giri et al.,

'
[ = a

2020) nan153duwariniugndsdnenmvednalulefnlugiugarsnszdugiiduiunivssansainlunismisides

dofth Feheduaudumulsauazauamlassnluda fdvannvansyie

mswasuselnalulefinein L. plantarum 400 fadnfusedlaniu Hrewfiunisuaniennuad IgM uaz C3
Tu A schlegelii Tueoula (Sagada et al,, 2022) n1sllwalulednain Psychrobacter sp. SE6 Tudaing s
(Epinephelus coioides) {iuaan 60 Ju deralinisuanseanuas lsM waz Epinecidin-1 iiadu dewfiuiungy
AIUAY (Sun et al., 2014) Yansinane (Danio rerio) Plasuinalulefinan L. plantarum Juian 5 §Uansi nuin

o

fidnannlunisnsgdunisnevauelAuiuwuy Th1/ILCL Tnefiosidudivad CO8+ NETULAYNITWANIDDNTDI

S IFN-Y 7liiutu (Rawling et al., 2023)
4.2 Uszgansnmmsiaule
Tndlulefnteiiunsgaduamsemsuazndany Uiuussdugninevesdlduas Snviaunavonauid
Tuanld (Ai et al,, 2022; Dawood et al., 2020) Tao et al. (2024) aqﬂﬂaiﬂﬁiwaluiaﬁﬂﬁqLa%mmm%ag@ﬂmaq
dnith Teouddléidu 3 nssuaumsdell
121 nssfunruesInoskaziiuUIinuase s dndhaiunsagadululdusslenild
yhlrdn fthlFsuansomnsifnuemelasuinsnniuarduaiunsaioivln
022 nszfunsBaimesiadaludlduasnisveneiuinalumageduy Sustieifianyssansamly
NIYATUATOINS Faeliasiulalddtu sl Lactobacillus plantarum (LP20) illaivhaugheniudou

wAYaINENILAS (Pagrus major) reiiunsiasyLAulalasUsednsninnisnue s (Dawood et al., 2015)
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023 $nwaunavesszuuiineRdunis Inen1susuesdusznavvesnaunisiudld aruaunail
anunsalugnsgaduansomnsiiiivtuuazmsldasemnsiiivtu Ssdsnalasnsstonianssdunisaiaivia
193519018 n1snaassliernsidlnalulednein L plantarum Wuiian 56 u fuvaingnesTegeu (A,
schlegelin) ¥ilsAanssuves trypsin ludldatu Yssansamnsisaivlnitu snsuanifoanasen 1.36 + 0.06
Wid 1.10 + 0.05 (Sagada et al,, 2022) InalulefnyiliuszAvBammsiuownadfindu nuldludushing fuoen
(Macrobrachium nipponense) (Wang et al., 2023a, 2023b) 9913 (L. vannamei) (Ballantyne et al., 2023) uay
Yanane (Pangasianodon hypophthalmus) (Shawky et al., 2023)

nslélnaluledinann L. plantarum (L-137) l6unsiigatiudrinanansaiiunisuansesnyas mRNA
994 insulin-like growth factor-| (IGF-) Suugeslunddniinuaunszuiumaadnsivlaldegiann (Hassaan et
al,, 2021) uammﬁﬁawudﬂwalviaaﬂméwﬁmmiamzﬁuﬁﬁmiﬁmm lipase uae protease Jetnaiunisidlusiu
warTusiuluomsd wihmind duass sduilindsnudndunsesydvln isnaseddemsuamea
(Apostichopus japonicus) ydwaan 60 Fu wustemsiasuiidinalusiuledinann L. plantarum 0.05 n$use
Alansu Paeifiufanssuves protease waz amylase dﬂma’[,ﬁmﬂuaﬂﬁ’mﬁﬂﬁaLLazé’mwmsLﬁzyLﬁuimLawmﬂlwﬁu

WeowTeusuiunguaiuau (Yang et al., 2016) ndsaindsvafulnalulednain L. plantarum 3 §addns se

v
=~

879115 300 n3u 15 Ju wuiRanssuveneuledgesanms (amylase, lipase, pepsin) luiugauuazaildifiuiy
pgaiulddalowIeuisuiunguaunu (Zheng et al,, 2018)

4.3 anusansalunsuiuidedawindo

nsllnalulofnuauluemsvesdniiansaannnuasenfiinananinuindou fivasuudas 1wy
mwwmuﬁumaﬁmiﬁwqq M3UINBBNTIIURATIERUANULALTIANA ANUAUNILYDIRUYT AUAL W3BNTS
avanvesnenlidy Feaoiiuauatnsalunsiusnagn1sUSuRa (Abdel-Latif et al, 2022) A5lwlna
Tulefinean L. plantarum (HK L-137) nasemistutanila anunsaannisudsnesfvea (cortisol) liussimn
anaaseaiinannsduiadunenluieunaslsd (Van Neuyen et al, 2019) mswaSusaelnalulefinain L.
plantarum Anutaudy 1 nsudedlansy Mliuaingwiwas (P. major) NURDANNLAIEADDNTLATULAZANINAIY
Lﬁmﬁamad (Dawood et al., 2016a) astitnaluledn Pediococcus pentosaceus Tudan P, major YMANaNTSY
Weseanding (Peroxidase) qﬂﬁuuazﬁmmmmmﬁammLﬁum"’wLﬁ'wfu (Dawood et al,, 2016a, 2016b) A5l

Inalulafinteiunisivuveseuleddueyyadasy 1wu geseenledfaiinmg (SOD) wazngalvleuasosn

o

F9d (GPx) Yevrmanaudemeannanuasenaandnduiiiinaintadewindaun baivunas wanaindlnalu
TofindveunsansyAunisuanseenvesduiifedostuglifuiu wu SumesdiAu-1 we (L-1P) wazlusfiugnden
70 (HSP70) 9978l iuAN@nd150989UaNfien1sne UauaInon U3 gnlazn15aniie (Sudhakaran et al., 2022)

4.4 AMURUNIUABLYDTIA

v
a o

Wnalulefindienuynsinuvesildlagannissniausaznseiunseanilulnddugfunid Jagieduds

\onelsa (Hernandez-Granados & Franco-Robles, 2020) nsAnwiludniun wu vanshane Uarluuaza wud
nsiesslnalulefndiousuannaduniduaziiunisuansesnvesduitisadeatuszuugdduiu (Li et al, 2023;
Yu et al.,, 2023; Wang et al., 2023b)

nslilwaluledndléann L. plantarum wawewnsisfnunsuanmnsadfindnsnsseavdsannsinige
Aeromonas hydrophila 88 191 ula ¥a (Dash et al,, 2015) nslwe1unsuaulnalulednain Clostridium

butyricum CBGO1 UAMNYIENNTANANURUMNURBNSAAER V. parahaemolyticus (Luo et al., 2021) 413

134 -



J§T Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

filesuainisuaulnalulednann Bacillus cereus Ad FI8aNTHIINITANY NAIININNISNAABUAULT © V.

v a a

parahaemolyticus (Li et al., 2021) uonanillarfanlasueimsuaulnalulefnandaddsiuss@nsnnlunng

Hosfumsinide A hydrophila (Ran et al., 2015)

5. unagy Anuvimeuazlania

nsUszgnaldlnalulefnlunisimzidssdniviwandiviuisdnonimlunisduasunisesagiivle
wsuaagiAuiuuaziiudns N ssenvesdndui IngldneliiRadymnisiesuBiugnionnudsninnsly

N 6

RuUNIEITIn uenanillwalulefndsliunuvlunisiiuyseavninmnisdesuazgaduansemng sawdnsedunaln

@

nsmuaumasydulnneluglévesdnit ednlsfnunisiiinalulefnluldlussdugramnssudsnaunda i
Hodiafidrdy Fwenunsoaguidudsadundnldsd

1)  sdUszneukaznalnniseangns

navianuidlessduszneumsiinmiaznalnniseanguivestnalulefnluseduluanadufiugu
ddnlunsmunuann ey UsAvEnmuaskdnie nuitemsadumdansesaseangyindn mfinuids
flafduvesans uazmsian BT giiongianzas

2)  msimuassiunsldianzay

ATAVAINYINEYRENETUSIALNIE undakAn uazaiinvesdniih shlvnsvuntiinauarenadlums
HfnaduFewinme msAnuniliuSeufioulssansamsewinsvualag uaznsinesisunu-naneuuniluus
avsvuumsAssdadiauddu

3)  msfnwneldaniznmaiienie

foyadruunnlutiigiudieglussduionfofnamtessunismuny msfnwmelddeuluniadesais
Tnsamzluduasugmanimsnanuaznansznudenmnimi astelimslinalulofndenmdullfluds
wivdnntu

4) anulasafuazniseauiuveiuilag

willwalulefinazdinnuvasndoganindunidfitin uwidwndudesdinisuszfiuaisanAng anuduie
doundunaziiods naoRIUNANTENUTEIzEReRUTLaA Lilesesfunisvrenslilusedunain

5)  msWaLLazmMsysansiumaluladdy

o a o

msduasunsiawgasinalulefnivainvaie vidluudaneiugdaduysd Bnwde uagnswaunaud

3

s
<

asaiudu 1wu wilulefin ussny videmsiueyuedass ileAnwiufduiusiienaiugvivieianataud o
wnliluewenasiiunsiauingdlulefnamznguimngauturinvesdaii Wmnevesnisld
01U (e manseduniduiu vienmsidsnisaiyiuln) waranmuwindeuresszuunaidss uenandnisiaun
walulagnisade nsviusis uagnisieuiiannsadnviaiesninvesanseangns saudanisysannisdu
weluladfnmuazulumealulad asiofiudseAnsnnlunisdweuasoangrdosemsntmneg mslamei
ANUANAINSATYEANERSLazNanauwIuaINNIsasu foduiladidylunsadausgdaliinunsnsuwasudn

gausuwazimalulaglnalulefnluldaselussuuimnsiaesdnivognadedy
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£
av A

nuITeilasunisadvayuuniside and1inideuazduasuivinisnisinens unInedenild
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