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Abstract

This academic article aims to propose guidelines for the development and utilization of renewable
energy in Thailand to reduce dependence on fossil fuels and minimize environmental impacts, particularly
greenhouse gas emissions, which contribute to climate change and lead to natural disasters. The study
focuses on high-potential renewable energy sources such as solar power, wind power, biomass, as well as
the use of batteries for energy storage. The adoption of renewable energy can enhance energy security and
create new economic opportunities. However, the use of renewable energy in Thailand still faces challenges
including high costs, technical limitations, and varying weather conditions across regions. Support from the
government, integration of multiple energy sources, and increased community awareness are key factors

that will help Thailand achieve its goal of sustainable renewable energy usage in the future.

Keywords: Fossil fuels, Renewable energy, Environmental impacts, Potential and challenges
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Table 1. Preliminary Report on Thailand's Energy Situation

Consumption Volume

Energy Sources (Thousand Tons of Crude Oil Percintage
Equivalent) )
Commercial Imports 49,925 57.67
- Coal 6,828 7.89
- Natural Gas 10,552 12.19
- Crude Oil 28,315 32.71
- Condensate 1,126 1.30
- Petroleum Products 1,478 1.71
- Electricity 1,626 1.88
Domestic Production 36,639 42.33
- Commercial Energy (Coal, Natural Gas, Crude 20,945 24.20
Qil, and Condensate)
- Renewable Energy (Solar, Wind, Hydro, 13,141 15.18
Biomass, Waste, Biogas, and Biofuels)
- Traditional Renewable Energy (Firewood, 2,535 293
Rice Husk, and Agricultural Residues)
- Other Energy (Waste Gas from Production 18 0.02
Processes)
Total (Commercial Imports + Domestic Production) 86,564 100

Energy Policy and Planning Office (2024b)

A du A '

mMslandanuLaseinddlinalunisannisuase CO, laurnnindlawisuiunisidunamnasnuneada

&

WU ONURAULAEANYETTUYE LUINEI LA IR AVDANANEUTENNT LU N15AANISUARYN WS aUNTLINLAY

v t%
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wad Fafenindnandeussme Funuvremunnefidalisaung sudstesifamanedalunsiuiiifuaues
torluuieng veninidlilyminulsueiinanhsnuiuisseulunsysunnalsvisduaiunssdouas
MINS1ULEI817RES (Energy Policy and Planning Office, 2017b)

pglsfinu ndsnunaseindioifusogifveunaluladndsunaunuifinansznuidsuande
isvgianazAwandon miduaiumslindinuuaseniindlusziuaiFounarymuarhsaiuaiunudidums
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naauan mMsmunssnuanlulssealnedundyiutedndanaleysenis wu nsvesygynldussleviann

Ao =

i mmaamé’awanmméfaqmﬂw%ﬂuﬁuwmv?iﬂ‘&meamqﬁﬂ%mﬂﬂamﬂﬁgmuLLazﬁmmﬁmmﬂW‘Wwﬁ
WATAUANAIVBINITAMU (Department of Alternative Energy Development and Efficiency, 2020) uii1agil
Fosriamani msldndanuanidindidoilunmsanuaivannswilndidomauleada wazasuasaniuddu
mandsnu feonslimnenssssunadislegedislidrinuas ivharedsnaden

nsfastetuanruiadnlugeuruunduaiuaiannutunmadanulussduresdu dielfgumu
annsnanandssnnsrakaaundsndluseeren waraansindsnuanuvaseadaiinansenusie
daundey nsmumdsnuanlulssmalneddiifisudifivanuduamamdan Swaoaduaditentanis
iwswghalval 4 wWu msadsnulugramnssumdsnunuiou uagiindnonmlunsadandsnuazenn udu
Tassmandanuansualvaluiuiifisidneammnsaugs wu Muivedmeansfusen Idsunsalivayuainmais
Andau asgurauazionyu Wy ludwminssseuasfunys Sedidnenmnisaniidlunismdnnduuazein
nsasulundanuavannsoandunulunswdsliinlussezen uagdioiiunnudiduniuasugia dean
nms@nwesinidenuiy Ysemalneddnenmwlunsimuinissdaliihnndsnuauneiluazuenmeiliunane
i Wy Unanansfusenidsunile mald warusnauenveilmeagiilne (Suwannamuk, 2018)

mMswamnlasinmdanuanditisiauadsnuiuammdanulituussmasagtsannislin g
Nnundsleadaineiiinuaiiv wasiasuaismudunmmaduiitiussiuteduar sysulsving

2.3 WAKNUYINIA

Turuunvestsendlne ndsnuihualdfunseeusvegiunsuanadunadeniiddu eswnUseme
Inedulsanmnuasnssuiiinandamensinuasmannaneussam wu Uiduisiu enamns $rilne suddend
ugwdn uazdn Feuedugnlinmelulsema vuziudugndseonitoaireneldlifuussina sgdlsing
nswUssURaRARTsN BN inasdanwdenia wu mnleundu dedvilne miudsnds neaugndn
wagunau eTjﬁaama'wﬁmuﬁaﬁmﬂsﬁumiwamwﬁmu%amaié’ (Energy Policy and Planning Office, 2017b)

nslifanudofisainninnumslunsndandsnuinnaideivarsuszns wu faeandunuatlii-ly
A¥Seu waza NI UARIUINWdIS e SR uTId il uenaniiisanmsfianmdsnuanunasitlal
fefu Wy d1ufiu uaztisannsUdesuafivuasfnsiSounsyan ewnTamainsuassansuonlusedudishnin
s lusinea®a (Ajinomoto, 2019)

nslmdanuimmaansaaiuaaasugiavioduld lnaldelonaliinunsnsanunsadmietagmie
fennisinuasuazantymuesiliaansoindunliusslendld Turnsfoitu Tasmsmdsnuiunaaniag
vmm5Lﬂwm51uﬁyu17'imuumléﬁun15aﬂ’uaqumﬂﬁy’ﬂmﬂ%’gLLazaqﬁmideUixmﬂ 1w 1ASINISASHARAGTININ
mngaqﬂﬂuﬁqmuma%ﬁmamsﬁwmﬁuﬁqaLL‘UUTmamwaNLLzJaaﬁwi“mmﬂ uazrlATINITUaudaINLaY
Jwiaudlgesasuy Fdldinaluladnisudnfnedanimiiunssuiunisgesaaieniadinin (anaerobic digestion)
Tneyaansazgnifusauludmiin (digester) ifianizl¥oandiau danssurunistagdeuansdunisluyaanslv

o s

nanerdufnedanin (biogas) Niesrusynoundniduilinu (CH,) Fsanunsathluldlunisndslnin Ineaswalugd
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Aratanwluaiosiudnlnli (generator) Wiolingdulnihdmiuldnulufiuiiinunsns Fstreandqldane
eieulazafuayuamBure syl (Tangthaveephat et al, 2020)
uNuASHRIMaIN AR lvesUsenalne T wea. 2555 - 2573 (aﬁuﬂ%’uﬂgm%ﬁ 3) lomuunliinig
1”wﬁamummLmuLﬂwﬁﬂuﬂaqméﬁﬁiyiumiwmLmumﬂ%ﬁamﬁqma%a Faudududdyveinisiauinig
JebusundsnuvesUsyma lnefiidmnsaansiionunamdanuneadawazduadunisidndsnuiiduiinge
dawanden meilsandlveduussmanunsnssudiinsndnuardseennanfausinsnuastuuSuaunn wilkd
n¥menstnanarnvanedianunsatuldlunisndandsnuls
nsduasunsasulugsiandaliihanndsoudunaiaduniduiiemeiiauls Wesandiauduly
gelumslininensmariliaaussloniguan nafgldlsuealivayunisamulussiandinudanaen

Peuariisvuu lnelinsesnunsnsimvauieaivayuiamuiazilalonalituinamulunnsedu egels
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finu nsefiugsialifemadinnuimenazanudsindadenalediu wu nsidenvinafidavedasenis
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nsuImsdansingAviiianufuniu nsdenweluladluniswdnliiivmgay ulsuisuagnisatuayuain
mpsgilenaiinmsdsuuas sufsnsussaunuvesiiunuiiiauiendesimuelulasinis (Ruammek, 2017)
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Uspina usdahedaasuniauuesnsdiulududuandeudniie nsaduayunnisnassuasmeenyulung

o o

Waumaluladuarnsidesundanuiinassfunmsahaasvgiailidfiswsiianuannsalunisudedu udds
Duesvgiaitenudiiuluszozen Tnemsiauidandsduaznmnimdsnuinneuldazdisannanssusio
AsundeunariliUsymaanansaaiassdewaniidsbudmsuiuasugianardnndenluouian
2.4 wuAweILAZMSANAUNE Y
nMsidsuagiauimanaluladlunisndauumneidifioulessu (Lithium-on) gadulunisidia
UszAnsnmuazaudasndevosuunined Tnenslitagululussdusznousie 4 1wu BidnTnsnveauumne’

=
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Aaa

WoawauazAfionlnmiun Feflenuilnihriezgnlfluwumnedfifisnaussndanazannsaluldludonded
Iegnaniiswne mslilassaiaunluaivenludidninsauunneidifienloooudwhoiinussdvsamasinii
Uszaluuunnoslditu deldiuieuvesuummeiaiienlessuiloisuiiuiuiniessusduauniglu fo anusn
wamdanuanuvadmdsoudundsonlnildiissanamgenin Wesmnniedesuddununeluiitedidaly
nsulasndsnusaingdefiaeswesgammanans Ssimuniiliansouamdsnlfifuiinuiaosasdu
msaszvunsindsnulnilunaiasueudludagtuiaunatnvaisuniy Taedufufens
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dmdusooudlidh Wy nslduunmeiadionlessulusasudlniuuuudnduleusa (Plug-in Hybrid Electric
Vehicle: PHEV) uazsnsuslwiluuununined (Battery Electric Vehicle: BEV) &sldsuanuaulauniulutiagii
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[ < a

FonAundsnuluih lnefinnseenuuulassaiiuaglugamenalimingauiunisidnulusasud wenanldalinig
fwszuun1sdanisuunmesuasn1sruauAuseu Welinisinuresuunnesiivsyavinimasan Jaduds

an ”m’l,umiaaﬂLLUULLaxﬂ’wmwwwé’muﬁlﬁwﬁm%’umuauﬁluﬂmﬁu (Fadinium, 2023)
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wagihinaluladnisinifundsnuanuszgndlilussduadaiounasyuwu lifswdigliannisldndanuid
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3. Uszlavilvaansuszgndldnwdenunaunu
3.1 anA1lgangluaiatou
msldndanunaunuludinusedriulanarslumadend A lunisanaldiremundsnuludsemealneg
wuiu TnslanglunguaiiFeudi Surunlindsnunauny wu wisnuuaefing Sdldfunmsatuayuainnaiy
wionsurulasansane wu lassnistsdifimduuaefinduuufndeuundenn (Solar Rooftop)

v
o w [ a

Y89UTEN LBue wsliad (Usznalne) 9110 (NGK Ceramics (Thailand) Co., Ltd., 2023) muumimé?mm
Toaniiwadazasanaldsslniinuasfigroiinanutiupmnmdsnuasdaasunisiann fenues Tuusunues
Usselng msdaasunsldndanunauny wy wdsnuuaenfing lnoewzlufiuiisuundiiuasuansnnasaid
szgapannsianunamdnurloadaiifisaunaazaiauaiiy Snadmaslnfidoudunsanaandanuldies
wazanaldsneluszozen nsinsaunslvandwadluthudeulufiufivuunvesUssmalnesstoasuadisay
fupsiumdsnunasnseduiavsiavsudeuluiiug

fadu nsatuayunislindinunaunilasewzndanuuaefindasldifiswddieand gy
wirnluszezen widwioiuauddulunmsiammdsnululssmdlng wasiasuadenutuamadsnuly
guguviosiuldogaiusransamn

3.2 AANANIENUADAIMINGDN

[

mslindsnunauniléuniseensululssmalnginduniiizd dylunisannisuadesfudeunszan
FadudadondnifdruhlfiAansiasuuvasaningiennia lnslemzegedslutisiiussmaidandaiv
IngAnisaifudandenannislindanuilidedu wu nsldndanuneadalunisudalaii nsvuds was
Aanssugnanunssuiivaesieeunsranluuinags ssunalneldlinsatuayunislindanuanuvamauny
iWadudnnilwesgnsmaninsiamnegisdsBuiiiunsfuliiduinsfudaunden msdnwanuiunues
nInenssITNTALAransERUAMAmAIIndeY Taosmianuafivannnsadauasuslnauasduadunsuanidy
finsffudawandey (Enerey Policy and Planning Office, 2017a)

mslderueudluda (Electric Vehicle) fadudnvdaummsddalunsdauasunisidndinuazein annns
MWidemamleada uavanuaiivanmamilwidemadunszuaunstud lnewmeludledunafivszauymuadiv
Mneunmugiliint Sguialnedunuaivayunisldousudlnisiuulouess 4 Wy nsann1Buagnns
itmunlassadisfiugrudiviunisnfasasudlidia msldsasudliianiiasfniuedesniiluouen

TneUSinasasudliihilanssdfiandu 100 d1udulud w.e. 2578 (Energy Policy and Planning Office, 2017a)
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msfasandsnunaunuluvssmealng wu undeanfisaduaruunned aiienlessuiiofundsnuain
widsndsnunyudeuty uieiderluszesem wu maanaildiedundanuiastisannsUdesfeFeunszan
sudamsannisfianndsnuaniomameada uidunudusulumsiniiinaduguassaddnlunisi il
el Tasiamslusuunvieluaadouiifingldiadon feratu mefasundeardisadlulssmdlnessng
fruyuisudugs Wosmnimsamuiduiutaquasmsiaulasaiafiuguiidndu wu msfadundsanfivad
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Fremsvnemuinmananiarnsfisssansnimlumandn uenani msseusuwarnisamulumelulandsny
nounilulszmanineldmfidududfgiiesdisdundounsiasuuladlugounanidaiu Tnensatuayuain
mAsguazmIsasaunilesenimassuazientuazdievilinalulaBmardaunsodnivldhetuesiisg
fumnzan airdemalyinaiadiuaunsasuiundndunslindanunaun dassumsiaunasvgio wazudly
Hmasnndenluszeren nssufievemnnindiu H55UNa AGRAMNTIN KarUTEIITU AxHrBRENFUNT

&

WaguwUastlmduass wazasedenundadiunaziviniiey
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4.2 Fananiamail

v
o

m3fadunslgarsiwadlulszmelng lnsnwzluiuifduaunndiin wu namileludasgoru oidu
wilsluanumendnlunisidndanuanuasendiing Wesnuaswaaiisrdniilissavsnmlunisudaliiain

v o W [ a
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o

o v A
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SY8%81)

Lﬁamﬁmwﬂmymﬁ mslduunne3drseamdsnu (Energy Storage System) 3ailumadenniafiddayd
frelinslindnuanuateriinglugasnarsiuaunsafiulildlutnadunie uiiluawantos Tnaamiynis
THuunneiaiielessuilsuanuissluthubeutasssisvuadn esndanudaveugauazannsasosdu
arufosmandanulussezduldegnaiiussdniam edilsfiny dyvmdniansegfinnuquesnumnine3ndalsl
anunsnsesiunslimiluszerenluiuiifiimslindunugmiodtgaaueuu

wonaNNSlFLURAEINED NMINANNEALWA IS UTaEYn WU NS UM aNdIuTINIE SaufY
wdnuiasefinddudunumafiannsariedfinuszansnmnisnaalwih luiiuiiiiuawnnsidia nsldunds
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asnihuasleuivewiSeuiiiinanidesn Phytophthora sp. WulliymdAgyidwmanssnusonanan

a

voaisy m3ldides Trichoderma sp. Fuduideufdnsmatanim Humadeniifiussaninmlunisaueuide
sinelsn MsdnwlifngUszasdiednidoniies Trichoderma sp. AfluszAnsnmgalunisdud uion
Phytophthora sp. Inefiawenidasn Trichoderma spp. MnavlumuyFouilinunsssuiaveslselugtneuuiivy
Fo¥aunsassssusy WFunudmiunmsmageusiuau 50 loluan uarfnuenidos Phytophthora sp. 99nAU
niFeuiiuansainisvoslaald 7 lolwian (PO1-PO7) nan1svadaudaeds dual culture assay U118 o5
Trichoderma spp. $1uau 46 lelwian (92%) annsasudinisaiayvenduleien Phytophthora spp. egadl

o w a

WedAyneadid (p < 0.05) lagld Dunnett’s test LWUSsuUBUAUWDSY Trichoderma @18WUN1aNI5AT BT

Trichoderma sp. lelatan NSTRU-T93 Lansuszansninesdn Insamnnsadudsiesn Phytophthora sp. lelgian

LV ]

o @

P01 uaz PO3 lelusesu 66.41% way 80.53% nua1du Feunnsinsegreliduddgmieada ananeiugnienisdn
(p < 0.05) M3vuunlnednvarMdugIvIeTINiuilanaseyinluies Trichoderma reesei nan 3@ne
Twansliiiiuindos T. reesei wentsanauluaunieuiidnannadluniséududes) Phytophthora sp. @

TsAs1nwazlaun wazarunsanauduisusien1sinensagadsduluaunes

AdAey: N15AIUANLALTTIS WesUUng nsduwunaneiiug lsAvemiSeunion

2cience ana lecnnology Journat oy sisaket fagjaonat vniversity 12


mailto:sumalee_lia@nstru.ac.th

M5a15Inermansuazialulad un1Ingraes1vaATaziny

Uil 5 adudl 1 (unsAu - quiey 2568)

Abstract

Root and collar rot in durian caused by the fungus Phytophthora sp. is a major problem affecting
durian yield. The use of Trichoderma sp., a biological antagonistic fungus, is an effective alternative for
controlling pathogenic fungi. This study aimed to select highly effective Trichoderma sp. isolates for
inhibiting Phytophthora sp. A total of 50 Trichoderma spp. isolates were obtained from soil samples
collected in disease-free durian in Nopphitam District, Nakhon Si Thammarat Province. In addition, seven
Phytophthora sp. isolates (P01-PO7) were isolated from symptomatic durian trees. The dual culture assay
revealed that 46 isolates (92%) of Trichoderma spp. significantly inhibited the mycelial growth of
Phytophthora spp. (p < 0.05), based on Dunnett’s test when compared with a commercial Trichoderma
strain. The Trichoderma sp. isolate NSTRU-T93 exhibited the highest inhibitory activity, suppressing the
growth of Phytophthora sp. isolates PO1 and P03 by 66.41% and 80.53%, respectively - both statistically
superior to the commercial strain (p < 0.05). Morphological and molecular identification confirmed
NSTRU-T93 as Trichoderma reesei. These findings indicate that the fungal isolate T. reesei obtained from
durian orchard soil has strong potential for inhibiting Phytophthora sp., the causal agent of root and collar

rot, and can be further developed into a sustainable biocontrol agent for agricultural applications.

Keywords: Biocontrol, Antagonistic, Fungi species identification, Fungal diseases of durian

1. umin
lsAsinuduazlauiynveaniseu (Phytophthora root rot and collar rot) Af@1L%931NL% 9351

Phytophthora spp. WullymddgidwmanssnusenandnuazauninvesSeulunatayszme lnsanzluag

=

Soudunfiaudulufuas Wesn Phytophthora a1unsalivina1essuusIn a9y wazluveaiy dewaliduyiSeu

q

LanI9IN15Lie) lumdes uarlunsidlguussenaviliifusme (Phonkerd et al, 2023) msaauaslsafana1ianansa
Fnfiunsldvansds TngBBniswanssy wu msviulgeiuiiugnlissuiedind nislifundasslse wagnisine
awarernuinalaudy awsatisananudssunisiialsald (Pegg et al, 2021) vaueiinnsldansiaiidosiu
fanlsaiiy wWu WeawoSauada (Phosphorous acid) waziumuanda (Metalaxyl) Hudsnduszansamlusvezdy
uinsltluszerenienaneliifinnisn eprveados wdsdsmansenunodwindeunazgunmuasiuilan

(Wang et al,, 2024) fewmnil LuIMAIVANLULTINMN (biological control) Falgsuaruaulaiudy Tnedinasly

Pfuamvanvatevin Wy Weuuailse Bacillus subtilis way Pseudomonas fluorescens BilnnuanU@lunsuan

£% a

a13fudares nzduifuiuvesity uazanunsausuimlanlufu (Kavitha et al,, 2021; Raza et al,, 2023) agsls

v
' 1Y

finy wualiFewanfdndetgnisldnuduluanimuwindeuass uazenagnirdadieanuaimisalunisutetuiv

' v
§Y a

qauvsdviosdiu lunnssiudiuiies Trichoderma spp. losunsfinwuaglivsglovianeulunisauauie

anvglsaiivnangyin Trichoderma anunsamiuAudeslatIunalnateLuy Wy nsudsduugaBaiuniuag
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@13079135 (competition) NM3¥A18WRIIAEATY (Mycoparasitism) N13RENA15UTIUe (antibiosis) SuHINT

v
£% o

ﬂizqus:wgﬁﬁu UYINY (induced systemic resistance, ISR) (Sharma et al., 2023) UNANUTIITIB91UIN

Trichoderma spp. fiUszdnSanlunisaiunu Phytophthora spp. Tuisiasegiavatesila wu dsidawme win

< = o o

wagnaae (Fang et al,, 2021) agalsfiniy M3fnwUseansnmees Trichoderma TuniSeudaidoyarout1adnin
lnglamztayaiiinevasiuatgiugnuenanuawgnniseuase Juidadeamudsndeuianiziineddinase
ANNAINIAVBUTDT NILUMUNTTRTAULe Mandneulesl wazdnaninlunisaunudeavslsaig (Mendoza

et al,, 2022)

v
LYY o

UL

v
@

npUszasALiednuwen Trichoderma spp. MnAuluaiuniFeulunungnauuiisn Jamin
uAsAT5IINY FuduunaslgnniSeudiAguesniald wazUsefiudnenimveadeslunisaivnu@es
Phytophthora spp. kgnlaansuniseuiuansainisisasiniiwazlaui wardwunyiinueaas) Trichoderma

spp. NiUszaAnEamgean MeilivetlugnsiaudidusidwivavaulsalussuumndaySousgedsduly

Y 9

2. 3ATUNTINY

2.1 Msusnida Trichoderma sp. npusuyEsulusunauuish Saiaunsaisssusy

AushegrsdiuluaunFeuluiiud suaeuufish fmfauasaissausy Aldwumsssuiaedsnmnidiuas
TaunlmFeu TnsivAufiseduanudn 5-10 wufuns S1uau 10 feghs thandausnides Trichoderma sp.
1ne3% dilution plate method uvu®115 glucose ammonium nitrate agar (GAN) Um‘%@ﬁﬁqmwgﬁﬁm Hunan
3.5 Ju fauenialadvesdeniifidnuasleladfinsyetengy wavadslaiie (conidia) @feauuimtheoms
fuBousavsusiasiiogauuamns potato dextrose agar (PDA) ulhilgaungiivieadunan 3-5 Ju Anvidnwae
Talail uarsusrednuarvoadeniglindomanssal o uunelnuazthlunaaeunsemugunisiaigueion
Phytophthora sp. anuslsnsniialauiivemiseu

2.2 nsuenidle Phytophthora sp. annglansninlauIvemiBeu waznimagaunisiinlsavadle
Twtan Phytophthora sp.

a .«:4'

HiufessuinanudendduySeuiivantonnisvedlsasnidilauit S1uau 10 fege anauniseud

¥
A A o [

fnmssrvimvedlsasnnilaun Tutufisnaouuiish Swiaunsaisssusy thuwenitesn Phytophthora sp.
Ta8733 tissue transplanting InesniifoideusnamunaiiuansennisvedsauuiaUszanm 1x1 wuiwes dilugly
a1avany sodium hypochlorite mududufesay 1 uw 3 il uduhludrdetinduisinde 3 a¥ duliuis
ﬁwmsmwﬁmﬁﬂimmmﬁa 111U2190ue55 W1 BNPRA (corn meal agar #inau ampicillin 10 fadnsu,
nystalin 1,000 lulasans, rifampicin 10 fiadnsu waz benlate 100 Jadnsu) ﬂuli’ﬁqmmﬁﬁauﬂunm 5-7 Ju
vl dudousanslasnsdaveulaladvendulodefiiniaooninandiedis tiluidesuueims PDA Uil
guvniives 3-5 fu e luswunsdiauazvasouniaialsnuuluyFeulneisnsugnitedeis detached leaf
(Vawdrey et al., 2005) Imaﬁﬂéﬁuu”g’u PDA ifliduleveaitast Phytophthora sp. ﬁLLaﬂlﬁmmmé’umuquéﬂaN

5 fadwns MNwulunBeuiugnueunesiieglussevinaain nlnsviunaneulgnide vuluySeuiugnidelundes
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wanamniinuty figaumniivieadunan 5 Yu wagihmsduiinam ﬁ’]lﬁ'?a‘ﬁ'r:huﬂﬂﬁﬁgjﬁ]ﬁé’ﬂwmgmqé’mgmiwsn
waznafnlsauuluyduazgninluneaeuludunousiely

2.3 manadaulszAnsamwaadle Trichoderma sp. Tunnsdiudaiiasn Phytophthora sp. duglsn
FnlAuNYEEY

nsnadeulsyavsnlunistiudades) Phytophthora sp. vesdiesn Trichoderma spp. uenldanniiu
Tuanumieu wawies Trichoderma sp. aesitusymanisdn sndumslagliisnmaimesan (dual culture test) uu
9113 PDA Tundazauimizide ¥rduiu PDA swadunuaudnats 5 Gaduns §eiiduleveades

Phytophthora sp. Y9N8V UL 2 wufiues wdarunlifgamalivesdunan 24 $lue arnduaedu

Y

v

T4 PDA Mildulevesesn Trichoderma sp. vuIAWiEIiY USHMAUATIM taelviineiu 6 wuRlins auwu
WuruAugna1awesau wazvusefigaugivendunan 3 Tu wdwnisuu Tasafluewdiesn Phytophthora sp.

uAATUIMIIYaYIeINTIUsINISIIveduUly (percent inhibition of radial growth: PIRG)

logldgns: PIRG (%) = (RL-R2) /R1) x 100 s (Finn37 1)
1ng R1 = $rflveaion Phytophthora sp. luanuaiunu (Widl Trichoderma sp.)

R2 = SAtlvetes1 Phytophthora sp. 5’114‘1’71ILR]"§QJ111J1/1’N Trichoderma sp.

nsnegeuUsEansnmlunisdugaidesn Phytophthora sp. AnfiunsaegliukunIsnaaedLuydsauysal
(Completely Randomized Design: CRD) lngfitladuundndelolaianvedinsn Trichoderma 31uau 50 lolgian
(rudeaneiugnInIsnn) wasnaaeuiuiiosn Phytophthora 31wy 7 lalwian aevingn 3 Asaegnn1snnaes

Joua PIRG N1lea1nn1svaass Uiu13tAs1E1iANUsUTIU (Analysis of Variance: ANOVA) L ans29a8unI

Y

o

upnAsvasUTEansnmlunisdudsszninglelulanveatosn Trichoderma sp. WnwuANLANA1IRE 1l TodAgy

MeadA (p < 0.05) vimsiUSeuisuAaiesiiiume Dunnett’s Multiple Comparison Test Iagldanaiugns

a '

msfdunguenuay Wedszfiuiusazleluaniiusy@nsningandn winilew wiedesnitaneiugnenisiesnad

v
U o @ 5% o

WedAtyneadid Mslinsgideyanauamiiunisaiglusunsy Minitab version 17

11A1588arN158Udbaann1snaaes thunuseliuseaulseansnneanayloleian Ineldinueives

[

WU @508189 (Soithong, 1989) il

PIRG > Foway 75 = Uszansamlun1sdudsgaunn (4 azuuw)

v
a a o

PIRG Joway 61-75 = HuszanSamlun1sduggs (3 Azuuw)

PIRG Sa8ay 51-60 = JUseanSanlunisudaiunans (2 azuw)

PIRG < 588ay 50 = JUseansnnluni1sdudenn (1 azhuw)

=

lelwlanuesiiosn Trichoderma sp. Aflazuuuusyansnwlunisdudsnisasaaesduly Phytopthora

sp. geian aggnihludndwuntuseaualaddely
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2.4 masuunsiinvaadas Trichoderma sp. #ifiuszsAndaiwgslunisdudsnaniyvendule
Phytophthora sp. AganeuenINaugIUINgwazIsyuEana
Sruunvidnvend 831 Trichoderma sp. 7 dazuuuUszansamlunisdudanisaesyvoadule
Phytophthora sp. qqﬁqﬂiuizﬁuaﬂ%ﬁmam?T&Jé’ﬂwmzmaﬁmgm’%wml,l,aﬁ%'%ﬂmaqa ot
2.4.1 mssuuneiinvaaitas Trichoderma sp. Kaednuaznedugiuine,

a v

Yo Trichoderma spp. Tuenlduniasauuems PDA ﬁuﬁqmmwaa 7 Tu duneanwuzlaladl
e mawBeudvesomaideade uavgdnvarlasaiswesdonmeldndesganssmilasnish slide culture
thdnwaeildiusudisuiuseauues Kubicek (1998) uag Samuels et al. (2015)

2.4.20m53uunvfinvaaiias Trichoderma sp. #u3sTalunana

\deadies Trichoderma sp. Tuewnsinan PDB wedaeeuida 250 rom Wunan 5 Yu nseudule
AENTEATENTOY Whatman No. 1 111ain DNA laguseyndainisnisues Doyle & Doyle (1987) #53aaey
ﬂmmwuasmmﬁwﬁmaa DNA frena3as Nanodrop spectrophotometer WisUSinasduiualuuing TS rDNA
Aglnsiues ITS1 (5° TCCGTAGGTGAACCTGCGG 3°) wag ITS4 (5° TCCTCCGCTTATTGATATGC 3°) (White et al,,
1990) meUfise PCR Ingldusunssiuvesufiisen 50 lulasdns Usznausie 10X buffer, 2.5 fadluans MgCl,
0.2 fiadluans dNTPs, 0.2 lulasluans (TS5 uar ITSA) uaz 1 giln Tag DNA polymerase ngdnuiusaulunisi
PCR fle 35 30U THauargumgilunisdansigyians DNA dil initial denaturation guvindi 96 ssruwaidea
Junan 2 wiil denaturation aamndl 96 esmwa@ea WWuan 1 widl annealing gaungil 53 s wadad
Junan 1 udl extension gaumgll 72 esrmwa@ea Wunan 1.30 unil uwag final extension gaungil 72 83
waldea Wuna 10 und andunsraeunandnainUfasen PCR Aldlasmadnesnilsanadidnlng-n3da
(agarose gel electrophoresis) UnaniananUinsen PCR a'ﬁmmzﬁﬁﬁmﬂﬁﬂ’ﬁmw%@w Macrogen Useine

N ihaduiiindlelnanlauIsufisuiugiuteyaluy GenBank lngld Nucleotide BLAST Tugnudaya NCBI

P | o s
Winduduaslusyaualyd

3. NAN159Y

3.1 NAN1IAAUENLYDTT Trichoderma sp. 3NAUlUAIUNTEY

¥
=

INNTUENLT D31 Trichoderma sp. 3nAuluaiuiTeuaInIsaAnLdond a9l Ta nvazv 1y 091
Trichoderma sp. Aeilanwuglaladninisiasgyeg1esanda wazadladified o vullautietms laviaun
66 lalwian 3nUwges) Trichoderma spp. MAnuenlaundnangunudnuauglalaivazanvualasnielindes

L - Y & P4 2w °
qanssa iaiduduwnulunisnagaunisaiugues Phytophthora sp. laweslusaunulunisnaaesudiuim

50 loleian fauanslu Figure 1. uag Figure 2.
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NSTRU-T12
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&

-~ . — N — i
RU-T41 NSTRU-T45 NSTRU-T47 NSTRU-T51 NSTRU-T52

P .
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Buk % W o ”
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Figure 1. Colony morphology of Trichoderma spp. on PDA medium after 7 days of incubation
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Figure 2. Microscopic morphology of Trichoderma spp. at 400x magnification
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3.2 wansuemidasn Phytophthora sp. dmalsnsninlauvenEey

mﬂmﬁu,aﬂL%‘yai'm'mLﬂﬁaﬂﬁ’wﬁum%’&luﬁlﬂuiiﬂ @11150W8NLE 851 Phytophthora spp. Lds1uau
7 loloian (P01-P07) 1 o3 unldddnvazlaladiunnsnetuuueivis PDA gungives Tneid e
Phytophthora spp. lelgtan P01 waz P07 dlaladuuy stellate pattern wazlulelaian P02, P03, P04 uay P06
fignwazlaladuuy radiate wazleleian Po5s Hlalailuuy slightly stellate pattern Tneid o317t 7 Tolaian
devmsaaeudulonisldndomanssad wuiiddleddnvurlifatiiussnirnged  sporangium wuu
ovoid wazin15a§14 chlamydospore #uaa wifanun 1usiuaunin §edenndesfunanisdneives
Suksiri et al. (2018) 17'{5'1&mudwé’ﬂwmgé’mgmﬁmdnﬂué’wmwau%’ya Phytophthora spp. waziiotde
Phytophthora spp. W 7 lelaan wmaasuaNaEnsalunsinlsauulunseulegls detached leaf wuiivn
lolmandauannsalunisnolsauilufienaaeuld TnslunBeuduwansennsinge 2 Sundsandgnideuily

= = 5 % d =% . v o .
YU TDULNANIDYYIUN LLﬁ%‘UEJ’]EJﬁ']SJLTJHUQﬁU'WHﬁ‘U‘Lﬂ@IWfQ LLNaf\]gf‘lﬂa’lMIUﬂ’MLaiﬂU panansly Figure 3.

Figure 3. Morphology and pathogenicity test of Phytophthora spp. (a-g) Colony morphology of
Phytophthora spp. (PO1- PO7) on PDA medium after 7 days of incubation. (h, i) Sporangia and
chlamydospores of the representative Phytophthora sp. isolate, PO1. (j) Symptoms on a durian leaf
inoculated with mycelial plugs of the representative Phytophthora sp. isolate, PO1.
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3.3 miwﬂﬁauﬂizﬁw%mwn’nvﬁut%’aﬂﬁﬁnﬂmau%a 31 Trichoderma spp. Tunissududasn
Phytophthora spp. auglsasiniilauvawizeu

nsnadeulsyavsnmweatesn Trichoderma spp. 1t 50 leleanlunsdudadest Phytophthora spp.
WUINTOIT Trichoderma spp. wiazlolyian anusadud e Phytophthora spp. WANANAY LaAIFIDE1954
Fieure 4. TneiidZosarlunisdudsnisiasyueadule Phytophthora spp. wandlu Table 1. Fanuiniidosn
Trichoderma spp. 31uau 46 lelwan Aadudesas 92 veades1 Trichoderma spp. Tiwenldanunsadudsnis
wigenduledes Phytophthora spp. I wasiliites 4 lelawan léur NSTRU-T319, NSTRU-T44 , NSTRU-T47

waz NSTRU-T92 fildanunsasudanisiasayrenduledios Phytophthora spp. i 7 lelaanlel

Figure 4. Example of antagonistic activity of Trichoderma spp. (T.) against Phytophthora spp. (P.)

using the dual culture test on PDA medium (3 days at room temperature).

Table 1. Percentage of Inhibition of Radial Growth (PIRG) of Phytophthora spp. Isolates PO1-PO7

Trichoderma Percentage of Inhibition of Radial Growth (PIRG) of Phytophthora spp.

SpPpP. PO1 P02 P03 P04 P05 P06 PO7

NSTRU-T12  50.33+1.41° 50.73+1.16° 63.92+0.82% 26.15+1.84° 48.17+1.19% 31.07+1.21° 46.81+1.02°
NSTRU-T13  51.11+1.63° 35.99+0.07° 62.40+0.79% 30.95+2.11* 54.88+1.09* 22.31+2.68° 46.04+1.28°
NSTRU-T21  54.42+1.91° 3331+1.42° 56.46+1.02° 28.69+1.61% 56.38+4.37° 33.79+0.63° 46.04+1.48°
NSTRU-T22  59.44+1.46° 41.04+0.86° 59.87+0.78° 41.09+0.68* 43.48+1.42° 3691+0.78° 50.88+1.72°
NSTRU-T23  53.03+2.74° 36.24+0.54° 63.78+0.81% 18.19+1.63° 37.14+1.08% 39.52+2.23° 50.44+2.05
NSTRU-T25  54.69+2.22° 25.24+0.94° 5871+1.12° 36.38+0.65" 35.65+2.83* 28.57+1.74° 52.59+2.40°
NSTRU-T26  61.57+0.73% 41.29+0.28% 5893+2.52° 29.14+1.98% 51.60+0.17% 22.21+1.37° 51.38+0.39°
NSTRU-T31  60.70+2.64° 33.79+1.03° 54.10+1.62° 3339+1.37° 4236+1.02° 44.21+1.15° 45.10+0.89°
NSTRU-T32  63.22+3.54° 41.61+1.11% 62.40+1.88% 16.56+2.80° 37.21+1.27% 27.74+2.31° 49.83+0.71°
NSTRU-T34 - - 66.53+0.86° - 18.94+1.32°  2.82+2.56° 15.58+1.89
NSTRU-T36  61.66+1.94% 44.54+0.78% 67.55+0.99% 37.65+2.98" 45.19+1.94* 42.23+4.50* 56.61+1.16

NSTRU-T38  55.65+3.05° 20.28+0.92° 61.84+1.02% 29.05+1.33% 33.86+1.20a 34.10+0.83° 38.05+0.68°
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Table 1. Percentage of Inhibition of Radial Growth (PIRG) of Phytophthora spp. Isolates PO1-P07 (Cont.)

Trichoderma Percentage of Inhibition of Radial Growth (PIRG) of Phytophthora spp.

spp. PO1 P02 P03 P04 P05 P06 PO7

NSTRU-T39  44.32+255° 46.82+1.16° 62.23+0.39% 30.86+1.08" 41.83+0.10° 49.32+1.46° 44.44:2.40°
NSTRU-T310 62.83+3.23% 30.94+0.58° 64.53+3.11% 22.08+1.67° 47.35+1.60*° 32.95+2.02° 57.16+0.10°
NSTRU-T311 49.88+0.00° 26.47+2.60° 56.10+3.08° 16.11+1.84° 3550+2.42* 27.11+1.85° 36.84+0.70°
NSTRU-T313 53.46+1.70° 34.28+1.02° 68.66+0.94* 31.13+0.67* 55.48+2.04* 30.34+0.53° 53.80+0.30°
NSTRU-T314 37.86+1.67° 41.12+2.15° 66.72+1.12% 22.08+0.60° 33.33+0.67% 27.32+1.85° 45.65+1.20°
NSTRU-T316 45.49+0.56° 24.19+1.22° 61.59+0.88% 18.64+1.11° 21.03+1.50* 2555+0.53° 43.72+1.90°
NSTRU-T317 60.22+0.10° 41.29+2.54° 60.59+1.42% 31.95+2.20% 2237+2.31° 19.19+1.30° 42.90+1.05°
NSTRU-T318 51.08+3.68° 35.50+1.03° 63.28+2.44° 25.43+1.74° 50.48+4.12* 38.37+0.50° 43.83+0.10°
NSTRU-T319 - - - - - - -

NSTRU-T320 49.43+0.94° 28.83+0.25° 65.14+0.51% 25.97+0.06° 32.14+2.77* 24.82+1.76° 43.61+0.72°
NSTRU-T41  43.30+£3.16° 33.47+2.10° 45.15+0.58° 27.69+1.97% 3527+1.29° 34.20+0.19° 26.10+2.42°
NSTRU-T44 - - - - - - -

NSTRU-T45  50.09+3.39° 21.42+2.02° 63.67+0.06° 35.02+1.23% 42.95+1.71*> 37.02+0.19° 77.75+0.28°
NSTRU-T47 - - - - - - -

NSTRU-T51  41.68+1.77° 28.58+1.30° 59.07+0.04° 32.22+1.94* 40.27+1.49° 30.45+1.39° 40.25+0.93°
NSTRU-T52  52.16+2.57° 41.61+0.25° 63.01+1.73% 28.05+1.34*> 30.05+1.22* 34.93+1.22° 48.18+0.83°
NSTRU-T53  39.30+5.14° 54.72+2.60° 62.01+0.06* 26.70+1.59* 40.57+0.85* 2596+0.89° 40.53+0.51¢
NSTRU-T54  55.35+2.50° 45.68+1.30° 68.66+2.02% 40.72+1.95* 47.35+2.21* 40.67+0.71° 54.63+1.03°
NSTRU-T55  42.10+£2.67° 38.11+1.41% 67.03+1.91%° 333943657 3550+1.06° 22.94+2.01¢ 43.28+0.21°
NSTRU-T56  41.47+0.14° 26.71+1.85° 6597+0.65% 15.75+1.83° 32.89+0.86° 31.39+1.17¢ 44.49+1.30°
NSTRU-T57  38.01£2.60° 30.29+1.32° 56.46+3.21° 20.63+0.72° 3542+0.58* 29.51+1.36° 48.79+0.93°
NSTRU-T58  42.46+1.84° 47.80+3.20° 63.98+3.11* 37.29+0.15% 41.76+1.12* 39.31+1.57° 49.72+0.74
NSTRU-T59  53.70+1.35° 4560+1.65° 65.34+1.31% 39.91+0.10% 36.24+0.73% 41.29+0.99* 48.68+0.99°
NSTRU-T510 37.68+1.94° 40.15+2.92% 60.43+1.65% 20.18+2.36° 44.44+0.94* 36.70+1.24° 49.56+1.68°
NSTRU-T511 55.95+0.28% 30.21+0.31° 6597+1.42% 36.65+2.33% 30.57+0.64° 38.79+0.07° 46.97+1.29°
NSTRU-T61  48.17+0.03° 38.19+1.12% 62.84+0.30° 30.68+0.85* 23.04+0.72* 27.53+0.77° 51.38+0.91°
NSTRU-T72  58.86+1.08% 25.41+2.67° 62.12+1.25% 30.68+6.52% 27.22+1.03° 31.60+1.14° 45.54+0.06°
NSTRU-T73  56.94+0.38% 30.78+3.33° 62.95+2527 30.95+1.98* 15.73+2.42° 30.24+2.09° 49.34+0.78°

NSTRU-T81  48.62+4.02° 37.13+1.32% 60.87+0.71% 25.70+0.62° 32.89+0.28% 23.98+1.03° 48.79+1.13°
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Table 1. Percentage of Inhibition of Radial Growth (PIRG) of Phytophthora spp. Isolates PO1-P07 (Cont.)

Trichoderma Percentage of Inhibition of Radial Growth (PIRG) of Phytophthora spp.

spp. PO1 P02 P03 P04 P05 P06 PO7

NSTRU-T83  49.61+1.01° 36.32+2.35° 64.36+0.82% 26.15+3.31° 36.76+1.13% 41.40+0.73% 44.55+0.28°
NSTRU-T84  56.04+0.03% 43.65+4.41% 59.21+0.25° 30.68+2.20° 27.67+0.72° 31.39+1.17° 48.29+0.79°
NSTRU-T91  57.54+0.94° 47.80+1.42° 59.18+2.66° 46.88+1.02% 4504+1.16* 4557+0.68* 43.01+0.92°
NSTRU-T92 - - - - - - -

NSTRU-T93  66.41+0.07° 20.93+1.25° 80.53+0.38" 34.66+3.00* 50.26+0.58* 37.23+0.23° 57.87+0.81°
NSTRU-T94  47.39+0.59° 38.68+3.11° 61.54+1.29% 22.62+4.20° 40.57+0.60* 44.00+0.75* 44.66+0.24°
NSTRU-T101 00.00+0.00° 33.39+3.25° 60.73+1.42* 27.69+3.51° 38.33+0.38% 37.23+0.95° 40.69+1.06°
NSTRU-T102 51.95+3.02° 30.37+0.32° 61.59+0.77% 23.53+2.81° 36.09+0.52* 25.03+0.84° 39.59+0.73°

NSTRU-T104 53.22+3.30° 34.85+1.25° 61.76+0.99° 29.41+0.65% 38.85+0.24° - 35.35+0.39¢

Commercial  49.57+0.05 31.68+4.61 55.99+0.53  20.72+0.67  25.88+0.97  37.33+0.61  45.15+0.82

strain

Note: Superscript letters a, b, and c following the mean values and standard deviations within each column indicate groupings
based on Dunnett’s test (p < 0.05). Comparisons were made within the same column only.

A = significantly higher than the commercial strain;

B = not significantly different from the commercial strain;

C = significantly lower than the commercial strain.

- = No inhibition
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Igluseduiigeunn @ Phytophthora sp. lelaiam PO1 Qﬂé’u5&ﬂﬂﬁLﬂ%tysuanLﬁuiaié’fluixé’uqq way Phytophthora
sp. leleian P02 wag PO5 gﬂé”usqumil,ﬁwjuaqLé’uiaimzéﬁ’wmﬂma fanwy Phytophthora sp. lelgian P04
uag P06 QﬂETU5&mmﬁzgmaué’uiaié‘imsﬁuﬁw Tnewide Trichoderma spp. uiazlelmananuisadudenisiasey
vaadule Phytophthora spp. Iuananeifu Seldhandesidudnissudinisiasyvendule uldssiuavuuy
Usransammmssudadileniest Phytophthora spp. mendimsinidesaasuuulszansammstuds 1o
Trichoderma spp. #flnzuuudszansamlunissudfsmssayveadule Phytophthora spp. 49an 5 duULINGS

wandlu Table 2.

Table 2. Top five Trichoderma spp. isolates with the highest inhibition efficiency scores against the mycelial

growth of Phytophthora spp.

Inhibition efficiency scores against Phytophthora spp. mycelial growth
Trichoderma spp.

PO1 P02 P03 Po4 P05 P06 PO7 Total
NSTRU-T93 3 1 4 1 2 1 2 14
NSTRU-T45 2 1 3 1 1 1 4 13
NSTRU-T26 3 1 2 1 2 1 2 12
NSTRU-T36 3 1 3 1 1 1 2 12
NSTRU-T310 3 1 3 1 1 1 2 12
Commercial strain 1 1 2 1 1 1 1 8

910 Table 2. {031 Trichoderma sp. ﬁﬁﬂsLLuu‘Uiz%m%nwwium3€J’U€Jy’amm§zyﬁuaaLé’uia Phytophthora
spp. d4dn 5 duduusn laun Trichoderma sp. lalaian NSTRU-T93 ﬁﬂzLLuuUizﬁm%mwiumié’UéTuamm'%szaq
wule Phytophthora spp. 18 azwu, Trichoderma sp. lolaan NSTRU-TA5 flazuuuuszansamlunsdudanis
1w3yeaduly Phytophthora spp. 13 AxluU Lag Trichoderma spp. Toleian NSTRU-T26, NSTRU-T36 uaz
NSTRU-T310 ﬁﬂzLLuuUszﬁm%ﬂwwium'ié’uégﬂmsm%zgmmLé’ula Phytophthora spp. 12 Azlkuu Favra 5 lolwian
fiuszansamlunisdudanisiasaues wdule Phytophthora spp. W#nan Trichoderma sp. A18RUTNIINITAT
Sefmdenides Trichoderma sp. lolwan NSTRU-T93 ViﬁﬂsLLuuﬂizﬁw'%mwsLumiéTUé'?ﬂﬂ'ﬁw'%zysuauﬁuiaqaqm
ludnduunatinsaly

3.4 n1sdasuunvfinveaien Trichoderma sp. NSTRU-T93 faeAsvnedugiuingiuazisnieda
laana

\a51 Trichoderma sp. lelaian NSTRU-T93 duleiaSayléuueims PDA Tnedvwndusugugnans
Taladl 90 fafiuns Wodsswueng PDA Wussezne 4 fu duleduny sezusnmumsadialesdiderson
uaradusiningdmdedluomaidsate dnuarvedalifefididen Ui elipsoidal fadalevosunnuausuuy

longibrachiatum-type a$1dlWezlad 3Us1auuy cylindrical sa Figure 5. §asuwuniduiiosluana Trichoderma

sp.
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Figure 5. Trichoderma sp. isolate NSTRU-T93
(A) Colony morphology on PDA medium after 4 days of incubation at room temperature.

(B) Conidiophore, phialides, and conidia under a microscope at 400x magnification
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(Translation Elongation Factor 1-alpha) #38 RPB2 (RNA Polymerase Il subunit 2) Feanunsaufinauusiugily

v
a =

539U (Dou et al., 2020)
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Abstract
This cross-sectional study aimed to analyze the occupational health, safety, and workplace
environment among shallot farmers in Sisaket Province. The quantitative study conducted involved 320

participants selected through purposive sampling based on specific inclusion criteria. Data were collected
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using structured interviews and analyzed using descriptive statistics and the chi-square test. Additionally, a
qualitative study was conducted with 12 participants through in-depth interviews, and data were analyzed
using content analysis. The results showed that many farmers had experienced occupational accidents,
primarily due to slipping and injuries from sharp objects while working. The most common workplace
hazards included excessive heat, exposure to chemicals (especially pesticides), dust, as well as frequent
stooping and twisting postures during tasks. Statistically significant factors associated with occupational
accidents at the 95% confidence level included gender, education level, exposure to high temperatures,
and postural strain from stooping and twisting (p = 0.04, 0.03, < 0.00, and < 0.00, respectively). Findings
from the qualitative analysis emphasized the need to develop comprehensive training programs on
occupational health, safety, and workplace conditions, along with the design of ergonomic tools and
equipment suited to the body proportions of the farmers. It is recommended that relevant agencies
provide an effective guideline, promote preventive measures, and ensure access to health welfare

programs to improve the quality of life for shallot farmers.

Keywords: Shallot farmers, Accidents, Workplace environment, Occupational health and safety
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®  Medical history

® Medical checkup

Accident

» e No

Workplace environment factors

® Physical hazards ¢ Yes

® Chemical hazards

® Biological hazards
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Create and Discussion topics Scope :
1. Step of work
2. Workplace environment

3. Health affects and safety

awareness in the workplace

4. Result of phase 1
Focus group discussions

Summarize key points

Guidelines for development of occupational health, safety and workplace

environment among shallot farmers in Sisaket province

Figure 1. Conceptual framework
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Table 1. Occupational Health, Safety and Workplace Environment Data (n=320)

Occupational Health, Safety and Workplace

Number (n) Percentage (%)
Environment information
Accident

Accident Occurrence
No 74 23.13
Yes 246 76.88

Type of Accident
Slipping 121 37.81
Striking Against an Object 36 11.25
Injury from Sharp Objects 111 34.69
Falling from a Height 9 2.81
Contact with Venomous Animals 43 13.44
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Table 1. Occupational Health, Safety and Workplace Environment Data (n=320) (Cont.)

Occupational Health, Safety and Workplace

Ervironment information Number (n) Percentage (%)
Accident
Level of Accident
Low (receive first aid and continue the work) 216 67.50
Medium (see a doctor and continue the work) 87 27.19
High (see a doctor and can’t continue the work) 17 5.31
Workplace Environment Exposure
Heat
No 73 22.81
Yes 247 77.19
Noise
No 202 63.13
Yes 94 29.38
Vibration
No 172 53.75
Yes 124 66.88
Chemicals (pesticides, dust)
No 106 33.13
Yes 214 66.88
Biological Hazards (fungi, insects, venomous animals)
No 159 49.69
Yes 161 50.31
Ergonomic (Stooping and Twisted posture)
No 82 25.63
Yes 238 74.38

3.3 Tadenfianuduiusdenisiingifunnguinunsnsgugnieuuns

v ¢ a
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< 0.00 MUAIRU) S1eazLden Table 2.
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Table 2. Factors Associated with Occupational Accidents Among Shallot Farmers (n = 320)

Variable X’ df p-value

Age

Gender 4.45 1 0.04*
Level of Education 5.01 3 0.02*
Income 1.23 1 0.18
Medical History 1.48 1 0.57
Medical Checkup 2.19 1 0.07
Heat Exposure 11.65 1 0.00%
Noise Exposure 4.84 1 0.69
Vibration Exposure 1.76 1 0.08
Chemical Exposure (pesticides, dust) 2.62 1 0.17
Biological Hazards (fungi, insects, venomous animals) 1.32 1 0.07
Ergonomic Risks (stooping and twisted posture) 10.62 1 0.00*
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Abstract

Tilapia farming plays a crucial role in Thailand’s agricultural sector; however, it still faces persistent
challenges related to high production costs and inconsistent yields. This study aims to identify the key
parameters affecting farming efficiency and employs the Taguchi experimental design method to determine
optimal conditions for maximizing productivity and minimizing costs. Four critical factors were investigated:
feed type, fish density per pond, feeding frequency, and aeration method. The experiment was conducted
over six months in 150-square-meter earthen ponds, with data collected on average fish weight, survival rate,
and feed cost per unit weight gain. Statistical analyses were performed using One-way ANOVA and the Signal-
to-Noise Ratio (S/N Ratio). The results revealed that mixed feed-combining commercial and homemade
components-promoted the highest growth rate, achieving an average fish weight of 765.66 g, outperforming
both standalone commercial and homemade feeds. Additionally, a stocking density of no more than 750 fish
per pond, feeding three to four times per day, and using a Venturi aerator led to the highest survival rate of
99.21%. Furthermore, the lowest feed cost at 19.35 THB/kg was achieved with homemade feed combined
with Venturi aeration. These findings suggest that carefully managing input parameters-especially feed
formulation, stocking density, feeding schedule, and aeration system-can meaningfully improve production,

lower costs, and increase the overall competitiveness of tilapia aquaculture in Thailand.

Keywords: Experimental design, Taguchi method, Tilapia farming, Cost reduction, Productivity enhancement

1. uniin

Uszimalnemdafngmswaunaanumsnssusauleuiglneuaus 4.0 Fajadiunisenszduanineas
wuUsLa (Traditional farming) Tdinunsadelal (Smart farming) Tneldnaluladuaruinnssuiiofiunananan
51"14‘1/1‘14 LLazLﬁmyjaﬁﬂmwmﬂiim (Ngamsin et al., 2024; Tab-eam et al., 2024) Q‘Lu‘U’%U%ﬁy mSLWWLgmUmﬁa
ﬁmﬂumﬂﬂﬁwﬁmﬁﬁﬁ’ﬂaquﬂ ImaLawwiuaﬁ”wi’ﬂL%ﬁmeﬁaLﬂmmdmﬁméwﬁmmmﬂwiﬁa (Faria & Mixon,
2016; Pashovska et al., 2024; Popova & Dolgova, 2016) aEJ'NliﬁﬁqmammiumiL?iumUaﬂﬁaéTﬂLm%ﬁy%'aaﬁﬁ’m
MAEUTENNT 19U AUNUNTHERES Sns1n55endn Larnssanisalliiusyavsam (Hernandez-Vidal, 2024; Rayos
& Macaraeg, 2024) Fagsliiflanidulafianunsodinngsinnsdwmesiand e radussuuneld anmuindeu
msiasdlulssmelng

N1598ALUUNNSNAABILUUNINTG (Taguchi method) iutuamadifidnenmlunisinsesitadondnld
agefiuszdvsnn Taglidndusesdniunmsveassuuifnguuuu (Full factorial design) 3agasaanineins 1ian
warAlganey mui‘%’a‘Lu&inszMﬂiéfﬂisqﬂmﬁlfﬁ’LmeaﬁIuwmﬂwmamm WU AMSHRILNMITART (Vakili, 2023),
msuAnasnlsiiuesianianimdsld (Mata-Gomez et al,, 2023) MsmuaumstdenanmussUan (Awalistyaningrum
et al, 2023) uagnsBaeTyArmARvDIAR MU (Qiu & WU, 2021) wenainidafimsUszgndldludiunisara
ABAANLALAINYAT (Makgobole et al, 2024) N153nn3lsaie (Ritchie et al,, 2025) uagnsuandeduvsdanvedde

91nUa (Munang et al,, 2024) Juiu
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TieonnaeIiuszUUNISLAYY (Davis & Hardy, 2022) NMSATRUARNDIUNNT IR SINDLNNNANER AT NAR D UL

a A a

(Hassan et al,, 2021) wazn1slgszuulionnssaaseeiusulsunaemsaungfinssun1siuveslal (Adegboye
et al., 2020) uaﬂmﬂﬁ%ﬁmiﬁﬁumLmdﬂmmiﬁﬁﬂmmwmﬂmmmsqqLLazéfunwi"w wu MsldingAuanie
naunuvardu (Lall & Dumas, 2022) 5908 9N15A NEILAZH AIUILIA $01U1INILE BNITNAINT 18
lng Safavi et al. (2021) lauwanliiudsdneninveainsie Picochlorum sp. Tunsudnaisdtueyyadase
Feannsotunidussdusznoulugnsemnsdniildognediussansnim vaedl Tharek et al. (2020) 14 Taguchi
method lunsifisySunameamueusuluamsie Coelastrum sp. FaduansemsiidiyaruaziiunumdWasio
gunnYesuan

UBNINY Chary et al. (2022) léauauuusiansssduringy (FsMs) dmsuussidiunnudaduveariia
TUFUNE 1Y 81501915 waznssanisnanaesls du Araujo et al. (2022) Anwinsiiiusnsinissonlusses
fgouresalnadunaiansinzidsdidulnsdoduindou waz Ard et al. (2025) iawen1sldszuu Venturi
Aerator Fatgnszaneendiausg1sdiusyavsnmemendnusmngAurhiuBandudfdesnsansunundanu

MnnITUTkanUIeufeunansAnuunansnaglasyddyveanuitedeunt & Table 1.
Summary of Key Parameters and Outcomes in Related Research Studies S?iﬁLLamﬂﬁLﬁuﬁﬂLLmIﬁmENm‘iiJ‘iz‘qWﬂ%
Taguchi method waz35n157 1A sadeslunarnuatgaien Taudunisiasigmsifmesdidy o1
gnsemns avwiilunislionns seuunsifnetnia vienseurunsudssy Fedaalnenssnonadng 1wy aanmn
Kandn UsrAnEninninaiuiuln vienisansuyu fdnsefnanntiglfifuawsinesssdauiiisonados
flluvanefif uazatiuayunNumNzaLTeINSth Taguchi method sdszgndldfussuunmsiasslmialulssna

Tngegadugusssu

v )
P

winAdeneunitlasdiiiud swszlovdveenisld Taguchi method Tun1susudgenszuaunisudn
Frumanuasazmsasdrii widulgdeglugiuuummnassnglfanmemuny viegatudfiominiies
Towniwesuiaviidy Smfidsanmauszgndlifussuuionaiiasiefiidosiaduninensuas msdanisuuy
inwnsnsseeslulsnmalng uidelufindslineiinseinanssnuuturomnaimosudnits 4 donadws
ddy 3 dw Tdun dnindanede Snnissendin uasdumuomnsrotmdniifisdy eshadussuunelddeuly
vhduase dwalvidllannnsyy edeulviivanzauiian” Wedrsinmuludaasugmaniuazdanm Snviedlaid
wudaemFeuwmiiaenadesiviiaderiesduiamnsathluldaidldluant

Gz’faLauamaaawuiﬁaﬁagﬂi‘ﬁ'mﬁmelzﬁﬂaé’wé’ﬂﬁﬁwam'a‘dszﬁ‘w%mwsuaamiLﬁymﬂmﬁalw%wh%uﬁa
AensUsrendldimatinniseansuunisnaaessuunind lned fngUsvasalunisAumisnisandunuuag
diuusyavsnmlumadesuania Fsannsnszyeivnzaniigauesnsiinesmsuanldogadussansam it}
nsfinnadsilifinmeinanssnuimfuremsives 4 ¢ 1 viavesemns Anumuiuiuresal Al
Tunslferns wagisnaiueendiau denadws 3 d1u Ae dmindanads Smsin1ssen uazdunuese
ity Feelfaunsanununsndnlfegiusiusluiuniiidediindunineins Snitadildlaseatna
N131Aa99ULUY Orthogonal Array L27 ﬁszhEJami’wmuﬁqﬂmimamaﬂﬁaEJ"]aﬁﬂaé’ﬁzﬂm813,J'aﬂmwmjﬁaﬁamaa
KANTIATIEY FadunATeifansmilussgndliduiummsinadlavesnuasnailefiunanin andunu

wazliisdinauansalunsudsduvesgaavnssumnziiesdn i lneamzlunguinuasnsmedes
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v
av A ou a

wonanil Muideddlanuasnndestuidmuneniswmunid 8 uvesandseviud laun SDG 8
Nsdnasunisaulanaasegiawasnsianuiidaua SDG 9 Ndsasunsussyndldimalulaguazuinnssy
luningnaInnssy war SDG 12 fidun1sudnuaznisusianeg19gdu deasriauiisunuinvesnuided

Tumsenlosszminenuduuiadidnmstivuselovildaesluseiuuiifnmsidedisdivsydnsua

Table 1. Summary of key parameters and outcomes in related research studies

No.  Author(s) (Year) Investigated Parameters Methodology Key Findings
1 Vakili (2023) Production rate, particle Taguchi Method Improved pellet quality
size, temperature in poultry feed
production
2 Mata-Gomez et al. Agricultural waste types Taguchi Method Increased carotenoid
(2023) yield, reduced process
costs
3 Aici et al. (2025) Aeration system GRA with Taguchi Enhanced oxygen
configurations distribution, minimized
energy consumption
4 Awalistyaningrum Preservation techniques for  Taguchi Method Extended shelf life,
et al. (2023) fish reduced spoilage
5  Makgobole et al. Buffer concentration, pH, Taguchi DOE Optimized collagen
(2024) extraction time extraction, reduced
waste
6  Qiu & Wu (2021) Salt level, temperature, Taguchi DOE Controlled oxidation,
duration maintained product
quality
7 Hassan et al. (2021)  Feeding frequency Field experiment Enhanced growth rate

and survival in sea bass

8  Safavietal. (2021)  Culture media composition  Taguchi Method Improved antioxidant
yield in Picochlorum sp.
algae

2. W/ANUUNISIY

2.1 MIMUUANIsIEALNe3lUNNTNAaRY

ATt Msesitasendniinadonsidesania FeUssneudie viavesems siuaulaseus
aualunsiiemns wayiinsiiueendiou Jadomarbutlasefiinemsnsdesindulalunssuiumsidsaauayil
naressmsINsTeReIan Yviniade LLazﬁuﬂqummsmﬁmﬁﬂﬁ'Lﬁwﬁu mASeEaddnseenLUUNSIAB LY
103 (Taguchi method) il eAlAs1zsiNansznUvesusazUadeg 1duszuu Tnglisndudomaaouluseiui
sULUU (Full factorial design) dstasUsyvdamineinsuaziailunmeaes

Lﬁamaui’mqﬂszmﬁmmmﬁ%’a lefin1seanuwuunisnaassluusfuauia 150 M519uas (319 10 LUAS
g1 15 was) Tngsmiuinumsnslugneny Swmindeese s1uu 9 510 urassieiivofunnass 3 Us saummun

27 U lngpauauseautnliegfl 1.5 Wns naensseziial 6 e Welianunsodinseiianssnuemiivesi
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fnarenasiuluassnnmsseavenania lneynuaFusumaidssiasgnuanfadidiwiniade 0.15+0.22
%4 (Kamonrat, 2017) nSAaANsEAULINSimedas 4 g1y lﬁ%’umiﬁmummu%;ﬂaLLazLLmUQﬁ’ﬁﬁmwmmi
Fosnidumsvaasddass ieliamsnaassiruaeaadesiuuiundafifuazamsathluvssgndlilaoss

swazdeavesnyinesfililunismaasuansly Table 2. Inegidslfihdadofitinnudifyainnuide
fiisrtes laud wdaveserms srwaudaideus anudlumslienns waziinisiveondiou dedudutledofia
SviswasieUszAvEA MBI IR BIER T Fausinglusasuues Vakili (2023), Mata-Gomez et al. (2023) uag
Hassan et al. (2021) filddatoadetulunsifiunandauazanduyunisidesdn it vadldivuaseduvos
wsfwesusazialinudiandly Table 2.

2.1.1 mMsmuuariinvee1ms (Type of feed)

$ilnr0381m157 19 Tun15NAaeIm LRI ineasnsdeuld &wusoendu 3 Ussian bewn
1) mmiﬁﬁﬂgﬂ (Commercial feed) Ao mmiLﬁ@16‘1’1L%ﬁ]gﬂﬁmmmm%@lﬁﬁﬂﬂmuﬁmmam 2) IMTLUUNER
1409 (Homemade feed) Ao ownsiinfinuasnsndnes Inefldmusznoundn wu $1917 nndamdss mauznd
Uantu mnsfuddends uazussinied uag 3) emnsuuuNay (Mixed feed) omnsisindi3aguiinaniuemsisind
neasnsnanedusnsdLTii

2.1.2 71uUawaus (Number of fish per pond)

Wefnwnansenuvesaunudureaidenisiasyiiulauazdnsinissen tmuasiuiulan
siovaLdu 3 seefu Téun 500 ¢ 750 1 wag 1,000 i1 FedreBsandeyavennunanadidsslarlusnewudmin
Fee3ne Aiszyinarnumnuiuiivinzauvesardaluteduedi 3-10 dvennauns lnsusuamaassanuse
sosfusuuUanldnaus 450-1,500 6

2.1.3 anwdtunisliens (Feeding frequency (times per day))

Uanflaanusadesemnsianiely 2-4 dalumdnsiu fadumsiiussernaisewiisisanmsifiold
Uangasormsldogneiiuszansnm (Kamonrat, 2017) lunsvaassiilaivuaaualunisiiermady 3 svdu
TFuA 1) $1uou 2 aderedu 11an 08:00 . uaz 16:00 u., 2) §1u3u 3 ASIoTY 1981 08:00 1. 13:00 U. uaY 18:00
U wag 3) $1UIn 4 ASareTu 1Ian 06:00 Y., 10:00 Y., 14:00 U., ag 18:00 .

2.1.4 Fn15LAnean@iau (Aeration method)

o

nsiinesndauluvadsadumfivesddyiidmasodnsinissen tmdhvan waznunmiilag

pondLauazargluun (Dissolved Oxygen; DO) HUNUIMNAIAYADNITAITITIARALNTEUIUNITININATYDINIT

299Ua1 MINTEAUDONTLAUAT 019dINAlRUA NN NS YLAUTRaNAY INAAIINLATEA LaviNUALEEIRD
<)

MsudeTIn sedulunisneasallaniruniSnisiiueandiaudu 3 seau ewn 1) No Aeration Aa luldiasoady

217781 1AMININITUNINIZANYDDNTLAUINRILINIUSIIUIIR 2) Venturi Aerator Aia THuswiuLimsoInadnduaitu

Y
v
°

SruUTlindsnususaninsaufiuan DO 167 uaz 3) Paddle Wheel Aerator f 3safnamanuuluiaindieae
ﬂizmaaaﬂ%muﬁaﬁmammzﬁm%mmgmﬁﬁmwwmLmiuqa

2.2 n1399nLUUN1SNAasy (Experimental design)

NMIOBNLUUNITNARBILUUNINT ﬁi’mqﬂizmﬁﬁaLﬁuﬂizﬁm%mwsumﬂizmumimémLLasammmLL‘UiUsau
vosmilweiitliansomuauld Ield Orthogonal Array (OA) w3 snsiudsdsain Sedwansiuaunismnaesi
Foarifiuns vasfidinennsainseiiansenurewniwesusasialdegensudiu fuidumuddedladenty

NNSOBNLUUNITNARBIUUNINT WievmsilwesnmvnzaudwiunsyuiunisidesUatia Taeivun 4 msiimes
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Wwae 3 seRu A Table 2. §9Usznaudiesinvesemis Suiulaidevs anudlunisTiems wasdsnisifu
sendiau ieliausednumanseuresiwesivariinesnsinissen waznnasyivlnvesanldedhadu
syuu ATeElddenld Orthogonal Array L27 (3%) stheansiuaunisneassann 81 nsdl (3¢ = 81) Tmdeiiies
27 N36 UWAGIANUNIOIATIZANANTTNUTBIUAAZ NI ITL005 L oeadiUszanEnm
wdnfiununndeyaannsneass sxdidunmsieseilasld n153nszianuwUsusiu (ANOVA)
warsnIdudyarednusUNIL (S/N Ratio) it eUszifiunansenuvesmsiwmeindn ldun viavetsems
$runuUaseve audlunisliens wagisnisiivesndiau desauusnu Tiud dminvanads sasnissenddn
wazunue Aot minUan lnensTiasssinnauuususiu (ANOVA) Inmadeutdidqmiead ivesusa
W151TL0eFHIUAT p-value Yauzil S/N Ratio T4 5z y A dmes i ivanzaniiganiu Table 2. Tagldinmuaivos

HARBUALBINS 3 /1 Ao Wwiinuaade §nsn1ssentin Iagldinueife 84ilA1geEed (Larger-the-Better) uazAunu

v
o

21159 DU MUNTIA YU LaeldinaeiAe 8991897 (Smaller-the-Better) sratiulunisiasizslaluswnsy Minitab

Ausunirusnaein1sUsELukuU S/N Ratio Tidaanad a9aiud nwazuaakmazfakus s olini15.Us suiiguan

UsgAvdamannsavildesisgndes uazileliinadndanniisaesisdasssymsiime 7 i nagegasonsiiiu
nandnLazUSUUIUsEavEawmsidssUandasgnadu
Table 2. Primary experimental parameters and factors
Parameter Level 1 Level 2 Level 3

Type of feed Commercial Feed Homemade Feed Mixed Feed

Number of fish per pond 500 fish 750 fish 1000 fish

Feeding frequency (times per day) 2 times 3 times 4 times

Aeration method No Aeration Venturi Aerator Paddle Wheel Aerator

2.3 MsiAUAENNRFIY (Hypothesis Testing) d1%5UN15AATIEHNNNEAR

Tunsfnwil e fvunsaulsnevaues (Response Variables) $1uau 3 &3 ldud 1) dmifnvaade
(Average fish weight; ¢/fish) Faazvieuuszansamnisasaivln 2) §nn15500T30 (Survival rate; %) Tiuansdia
ANNLdwssvasUatluannaie uag 3) ﬁunummw’aﬁmﬁ’ﬂﬁlﬁ'mﬁu (Feed cost per weight gain; THB/kg)
Faagounuduamisiunu weanuiaudsldanmmumussunssuuaraonadestulivanevennuains
Tnwazounadnslufiftinmuasiasugmans diminvanade vimswdsuemadunatanm sasseniinud
ATV AU dqus’w’unummssfiaﬁgmﬁﬂLﬂuﬁai’mﬂszﬁw%maé’mmegﬁa fuswanilaidfisady
AMNaas widsanusailUlddnduladaufun wazsesfunmsiessiuuuranedinune (Multi-objective)
Wlermunan1izildnandngs asMssen uazamuauduulieteliusyavinm

Tumsimszsideya lafinsivunaunigiunsedifiienaaouimnsfioseing 9 Athumeass Téun
¥iiavesomis Srwrulatdeus anudlunislfomns uagisnisiAuesndiou uduuséu (independent
variables) finasonanauauav’ ol Inefiansufiiuusniu (Dependent variables) a1t ldna1alidadu

o o

mleseiavtieliausassyliitademantdmaronandnuassuuresnisidesUariaegrsdidudfgy ol
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Y

AeiuauuAgIuman (Null Hypothesis; H) 3sgninnualisauusauliifinasiadiulsny vaeiauufgiuses

'
o o =

(Alternative Hypothesis; H,) seyinduusiuiinanssnusefinUsnuegnituddgy Jeanansansivaeulalngldan

17

p-value A8 91nn5IAsIE ANLUTUSIY (Analysis of Variance; ANOVA) #11n@1 p-value < 0.05 agUfLas

1Y

Ho @ 99118A2°377 Ws18mesNAnwinansenuseafuUsaueg sidsdAgnaiffnsedu 95% uaninan

o

o

p-value > 0.05 9w8ay3U H, Fwneanuimnsdwessinarlifnaderdulsauesadiudfoy

2.4 MSIATIUNINAADY

iiglinmaaesiiauusiuguazanmiuisunuanmnimesimuaulild nseeniuunisvaass
n1n3 gninldluniseenuuunisvaaes Tasfinualiinumsnsudassieid sesuardalutenaaes 3 Uo
Faurazyeldunisquinassviinennns Sauvardetes audlunislien uagisnnfuesndiau namén
Orthogonal Array (OA) mi%’ﬂaiiﬁamaaasziwammmmmmLﬂ?{auLLazLﬁmmmqﬂéfawmmﬁmeﬁ QRN
Iisunswasuulasamzunansiivesvasinsdine sdugnenuaslviae ielvaunsofnwsansenuvewusias
fuUslangadniau

wdannsimuamnsdwesuazduiumsvaasuds deyaildsuazgnimiieneilagldada wunns

AATIEAAMULUTUTIU (ANOVA) hazdnsndiudygiunodygiusuniu (S/N Ratio) Wi 0U szl uNanIznuves

¢l

wiagnslwasndny lneyaiulunussdviainnsideslardaluinuresnsinssen untinaisvesal uaz

v
o

AUV UM U MINT I uT U S1gaviBenvesnanisiasizriazgninausluiatedaly weasUwuinie

fUseAvEameandmsunsansiuuLasiiunardnlugravnssunsidesUania

3. WaN133Y

msfnwiiienesinsimeiitnadeUssaniammadewaia lagldBnsesnuuunsmnassngd
Wleszyrmsdimesivanzay doyagnitasesilu 2 daundn 1éun 1) nansznuTemnimeiretmiinyaiads
9M3INNTT0A LLazﬁunummiG\'aﬁmﬁﬂUm Tagfinrsandeanandn Tdun viinvesenmns Surudardieve A
TunsTwems wagdsnsifivesndiau wae 2) nMsdenAmsfwmesiuuizausiu ANOVA wazsnsaudya
sodynaIsuNIu (S/N Ratio) ilessymitiusy@vEningean sanmsinneitisfmuauumadanswifudaria
dofiunandnuazandunldosnedssavsaw duteluil

3.1 namsAnsnsfweidkaraUstansnwnisissUania

msfnuiilaliiinsoonuuunismaaemind lumseenuuunsmaasafietinsizvmsfinesdfnase
Usvdvsnmnaidssuania Tasfansan 4 windiwes Iiun siavesewns Suauaseve enuilumsliewns
uazIsmaifiueandiau Fusaznniwesgnutseenidu 3 s Wednvmansenusedmiinuanade Sasnssen

in uarsunuoWNSHaMInLTY InelseaviBunvasransvnaaswmauandly Table 3.
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Table 3. Experimental results of factors affecting tilapia farming efficiency

Type of Number of Feeding Aeration Avg. Fish Survival  Feed Cost per
Feed Fish per Pond Frequency Method Weight (g/fish) Rate (%) Weight Gain
(THB/kg)

500 2 No Aeration 704.97 87.75 46.03

500 2 No Aeration 698.62 85.8 45.93

500 2 No Aeration 706.48 86.42 44.16

750 3 Venturi Aeration 740.73 84.1 35.19

Commercial 750 3 Venturi Aeration 723.16 89 35.83
750 3 Venturi Aeration 723.16 85.27 36.48

1000 4 Paddle Wheel 721.79 73.98 28.52

1000 4 Paddle Wheel 713.67 77.75 28.81

1000 4 Paddle Wheel 701.31 73.66 27.89

500 3 Paddle Wheel 738.43 94.72 34.8

500 3 Paddle Wheel 728.37 90.38 36.81

500 3 Paddle Wheel 728.34 91.64 37.36

750 4 No Aeration 700.92 80.99 29.43

Homemade 750 4 No Aeration 679.37 82.08 30.5
750 4 No Aeration 681.25 80.94 29.86

1000 2 Venturi Aeration 694.38 73.27 19.35

1000 2 Venturi Aeration 689.87 72.9 20.36

1000 2 Venturi Aeration 703.14 70.54 21.54

500 a4 Venturi Aeration 741.92 95.66 37.96

500 4 Venturi Aeration 736.88 96.18 39.56

500 4 Venturi Aeration 765.66 99.21 35.38

750 2 Paddle Wheel 705.24 83.19 32.32

Mixed 750 2 Paddle Wheel 708.18 78.97 31.59
750 2 Paddle Wheel 693.25 83.15 31.2

1000 3 No Aeration 667.56 68.03 25.09

1000 3 No Aeration 674.11 67.45 23.01

1000 3 No Aeration 661.49 70.02 24.78

3.1.1 thindanade (Average fish weight)

uminuanad sldsusvninasinwisdnes dun vaveserms srurudatdeus arud
Tunslions uaziSnmsiueendiau wuin nauilldemnsuuunay Swautan 500 fdeve Ienstuas 4 ady
waznIsiineendLaude Ventur Aerator Wiminuanadsoglutia 661.49 1 765.66 n¥used Feidrgaqail
765.66 n3usos luvnsfinguild ewnsuuusay $1uaudan 1000 faseve TWewnsTuay 3 ada uazlifinaiy
pandiau (No aeration) ThuiinUanshanil 661.49 niusies Ssagvioufimansznurosmunuuturesaiuay

USunaeandiausionisiasgyiule
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1Ay MISWUUHALITRAE NS N AN 40 LT 0991NTA159IMITATUNIY YT DIMITUUUNEALDY

'
o

wiflduyuindudlinisulafianndy nmsiiaduudatluteriliinnsug M suazeondiaueau dawal
Uminadeanas laguan 500 dasevelid1idndiuan 1,000 dsieve Mslemsiuay 4 ATILLNeNT
nsivlalafiian WewinmouauaINIsiIHaIyveUalaeg1adisednsam

AUnN5HeanTLauilnaag19TALaY tnenSIHNeBNTLaURAY Venturi aerator HUsEANSA IR b

Y 9

- o w

nsnszeeondiau amalivandulaldaiy luuneinguilifnafuoendiouliiminiiige asvioufedadd
yosszusendiuiiliifiome duiumadiwosfidwmadomaiuiminuaiifiussansningsan Idun n1sldemns
wuunan Sruauatlliiu 750 dateve nsliemsuas 4 ad uazifuoendiausie Ventur Aerator

3.1.2 8n9IM3590%IN (Survival rate)

w1 iinesi dsmanodnsin13sendin laun vlnvese1m1s s1urudaineye Adud
Tumsliiems uaziSmsiaueendiau wuin Snsimssendinegluraeiesas 67.45 fis 99.21 Tnenguitldems
wa S1uanUan 500 fasate nsliens 4 afwiotu uasmaiiueandiaudae Ventur aerator fi§nsnissen
auanii¥orar 99.21 vmzdinguildermanay S1uautan 1,000 Aastevs nisliems 3 adaletu uazlifinsi
91Ma d8nn1stensnaniifosay 67.45 axouliifuitanuvuinureslaiuarsedusondiauiinanons
IRESERRIGHIRN

ownswandaeliuaisnanissoaiged u 1 esinliarsermsasudauninninomsi
KAmDY T TimafindouaetevliAansugifusmnsuaroondiaugeiu dwalidnrnissenanas Samud
Uil 500 fseve Wshsnsseniidniivedisl 1,000 dareve Turmeiinislioms 4 afwletu Tasannisuds
pwnsuaziiudnsmssenldAninsliowns 2 vide 3 afwiatu

uenniimaiieondiaudnaogadaiau tns mafineenfiaudie Ventur aerator a1u1307 81
nsnszeeondiaulutelfinizuudu dmalisninnissengeiu vasfinguiilsifimaiuermealisnanissonsh
fign wansiadosfavosssiuoontiauiilifiome diunsiimeifidmanodniinissondinfiiiussansamgaan
fo nsldeanisnan aruausiuaudanlyldifu 750 dareve nslweinis 4 asssedu uas
n9ifspaNBiaude Ventur aerator dsitanAnuieinvastal WiuuTinaoondiaului WazandnsINITaydeY
Tunszuruniadeslfedneiiussansnm

313 ﬁunuawmi@iaﬁmﬁfﬂﬁﬁwﬁu (Feed cost per weight gain)

Funuomsteruinfifiutuldsuvinarnmaiimesvdn Tiun sdavesens Suaulasote
anultunslionns wagismaiusendiou Tasnuinduyuenmssedminfifistueglutag 19.35 fa 46.03 uw
fanlansy Imaﬂa"u‘ﬁ'l%’ 91MITLUUKEALDY 511u2UYa1 1,000 fadaUs N15l9e1u1s 2 aser oty uay
nsifseenBiausey Ventur aerator ffunusmand 19.35 vmsedlansy vaziinguilld o1mnsdusasy s1uu
Uan 500 sadtava msles 2 aduiotu uaglifinisifueinia ffunugeand 46.03 vmdedlansu uansliiiu
InmsdenemnsfivinzaniayMIdnnsitusransnmeeandunldegnadidudfy

onsuuUNAaesiFunugn Wesnliingavluviosiiu wu 191 madauvdes maugniuaz
Uartu lusazemnsdisaguusiiiansemsasudau udlidumueimsgenin mafiudwiudaeveidy
1,000 fsteve fuwiltuanduyuenns iesmnieiftulssdvsnmnslivsslsninnemsuazanemandodis
arudtunislionns 2 afwiotu Tidunusiiian iesnndisannisarydeewnsluh uazandununisdans

Waeuiunishienns 4 asssaiu
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drunisiiueendauinaegwildsdfy Inun15iANeanTLaunuy Ventur aerator Wag Paddle
wheel aerator ¥188AF UN D115 11 099 1NLA UUTEANT AINNTHINAIYEIMITVOIUAINALANE P
nsgdeeins varinguilifinmaduenaidunueimsgaiian Wesndnmaasyivlamauasiodd
nadsmuty feumnnivesfivisanduue st fiiiuiuldaian fo mslfomsuuundaies S
Umagjﬁ 1,000 A7%aUD NSNS 2 aYara Ty LarNTANDenTIauY Ventur aerator @eiatinUsyANEAm
mawdsuenmaiuntinan anssernandes wasielfnsruaumadesdauduaunniias

Frfumnsnfvesfngaudmiunafuininuanadouassnsmsseniingsan éu emnsuuy
waw S1uautan 500 daseva nisliemstuay 4 ads uazniaiRuesndiaudie Ventur aerator dslvinariamiin
\dsasaiiagei 765.66 niusiad wardamnsseniingsaniieiesay 99.21 mnudisavesyanidinesin
MNMITioMTUUURANAINTO N ToNTIvaINYasLazATUR U ANMUIULLTERU 500 dasoUatianns
wistulumsfuormsuazmisldoondiau mslfemnsiuas 4 ads Paelvilargeduansormsldogisioiio uay
MsifNeenaudie Venturi aerator duasuan nwIndouiivngausensasyiule

Tugiimnfiwesivisanduyuenmsdethmiindfiusulddiian 1w ennsuuundaies Suauvan
1,000 fasteve mslsiomnstuay 2 Af uagnaifuoenBiaude Ventur aerator dsl¥iiuyusianegd 19.35 vmse
Alansu Tnenguilanusoandunuannnisléimgivemsiimldluiosdu arsmuuiuiigedy defiudssansam
nslifufiuazamns msliewnaiiesiuay 2 adstsannisgayde wasnsiAneandiaude Ventur aerator 9ae
WU sE VBN NNSERBUALMILHANRYB M

911 Table 3. awsaazuladn nmsdansmsfwesegmunzauianuduiusinensaivusednsam
yosmaiissanda seluddtimmuasasvgmans lnenadenldgamniimesemstuegiudmneveunsans
Pagtiufimadfiunandanionisanduny Wieliausauimstanisnisdeddestedussannmgean

3.2 NANTAATIZRAIMNEDR
3.2.1 NaNITIATIZRANULUTUTIUNILAYY (One-way ANOVA)
NaNTAATEimLLUSUTIUaAen (Fieure 1) msiilwaiaa 4 Tdud vlnvetemns siuwlansets

Audtunslienms wayisnisdineandiau ddvsnasaumtinUaieds 8n91N1350T30 LagsunUeIMIHoUImATN

o w a

fiiutuegredidoddymaada (p-value = 0.000, OL = 0.05) denalfanunsaufiasausfigrumdn (Hy) uazaguldd
wsfwedianiiinansenusenandnvesnisidsaila TnoAmeadn R-Sq Winiusewaz 99.74 wag R-Sq (ad))
whitudesay 99.74 wamslidiuilumaaninsoesusaruul susuvesiuUsmulfesausiug lunsnuninu
Funulaevsuaiinmsiieendaulumsiinesidsvinagae ImamngmﬂmﬁmwwmLLﬂuQQLﬁthﬁﬂﬁms
ugsenmsuazesndiauiiiniy dwalviiminuaiaisusssarnssenanas vaefimafiuoendiaudifiussavsam
W N15ANeaNndLaudaE Ventur aerator fidtudieifinsnsnissoauazduadunissaivlnvesual aanuanis
yanouIaTliHananfign Ao nmsldemnsuuunay muauduatlsifiu 750 fadeve Tewnstuas 4 el
Laz\fitoanBlausnY Ventur aerator HIgliHaNARgIan anduyy uasifiusarnssenvesualfetnediusyavsnm

uiiABnsesnuuumMInaanngd wranansausdafivmnzauveurastateldaneiadouazen

S/N Ratio usihianunsassyeanuiitedAgveadflilaenss daiudndudodd One-way ANOVA mugiuiie

v
Sac

Yn19En@ (p < 0.05) YiellISnse0niuy

o

N o

W915001A1 p-value Tunmsimsiziindadelainasonaawsogedidedn
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N15NAaIN1NT 900 Ao anT1uIUNITNAGBI91N 81 n3allu Full factorial nesign tndielites 27 nel
Ty Orthogonal Array (L27) wazfstaelvannsadinszsinaveusazadeldodadnauuanfudunou
Tunsdiinsnsinaeunnuiideddyuesusaznsinesiorsanandt pvalue 7ildainuanis
5181 ANOVA %10 p-value < 0.05 “118AIUIINITIHIADTAINaNdNanTznusg sl dsdAgynisaifse
NaneUaUBIwaIsTUUMSAsania Tu Figure 1. A1 p-value yeanines (wiavesems saulaseus
Audlunislifenns uarisnisifineandiaw) dauddn < 0.05 Feuansliiiuitudaznisnfinesisnsna

Ao o W 1

a9l AtYMoNARNEURITEUUNIELY vnudminUan §ns15en wagdunueIms

One-way ANOVA: Avg. Fish Weight, Survival Rate
(%, Feed Cost per Weight Gain (THB/kg)
M3 F

Source DF SIS P
Factor 2 7670022 3835011 15125.83 0.000
Error 78 19776 254

Total 80 7689798

S = 15.92 R-Sg = 99.74% R-Sg(adj) = 99.74%

Figure 1. One-way ANOVA results for fish farming efficiency analysis

FDINTIAT1EUATLLE One-way ANOVA FailFauifisuataasvetunazseauluuaaznisniines e

sryIdanuuanasiunsadAnield Tngliaulaufduiusszninellade (Interaction Effect) Fadudadiianis

a a

Y8438N1500NUUUNITNAGRININT NaNLUUNIFMTUNITARTIUIUAITNARDS wiidlath ANOVA 11Usznauns
AT JsenunsadudumnuiitedAgnsainvesnaznsfinesiaegedniau
3.2.2 NANTIATIZRAITARANDUAUBIAAE (Response Table for Means)
HAN1IILATIZHRATIIA AR UANBURE 8 (Figure 2) U371 S1urulatdevs Wumisdinesi
ﬁ@m%wagaqmawam?a (Delta = 23.7, Rank = 1) Tnedleduuvaniindy dmidnlaadsanasainmsug ety
AIUDIYNSHATBBNTLIY TBIA9HT AB FonN15HANaanTay (Delta = 14.2, Rank = 2) lnan1sifiuaan@iausie Venturi
aerator Tinalad sgegaiiesninanunsanszatgeendiauldegaiusednsam vz anudlunisliorms
finansznuuiunans (Delta = 6.4, Rank = 3) Inen1stemsad uiasfiuiminuandndesudliledasondn
dau vfinvese1vns fidvEnatiosiian (Delta = 6.1, Rank = 4) uansinisliornsuuundnies wioo mInuUNaN
aunsativandunulaglinsgnuniswivlavesuanfiaegeditedy
ﬁﬂﬂf’uLmeaﬁﬁﬂsz?{m%mwgaejﬂumﬂﬁmNamﬁm fio msmuauiuUasUsluszduTIINzaN
$fUnN15IANENTIAULUY Venturi aerator vaugfiaudlunisliermsuaseinvesemsiduiadosesia
wansenutiosndt aunsausuldieanunuuasiuysyaninmnadesanials
Tun1sitasieviansnsdnanauausdade (Response table for means) agldyadoyalieifuiv
Figure 1 wiflgauszasduagiimsiiasgiiunnsirsiusersdniou Tag Figure 2. gafunsiuSeuifisuamalade
(Mean comparison) kagn133na1auAINaIAgY (Rank) vowninesTinademsiieania weiuanuusdug

¢

YDIWANITIATIY
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v
) o

faduiieliviuiwilduvesrwanauauaa 3 M loun duinuaady (Average fish weight), 8m51

N13558A% 70 (Survival rate) Wagd UM WOINIIA DU AN NT W ud W (Feed cost per weight gain) n1ela

¢l

winzszAuveImilmesidnw ladausunugiiuanidade (Mean Plot) dsuandly Figure 3. §aasounqy

WmeTuan 4 w1sdwes laun ¥lne3e193 (Feed type), Iuaulasous (Fish density), A2uilunsl

9113 (Feeding frequency) Wazisn15LANBONTLAU (Aeration method)

Response Value

Response Value

Response Table for Means

Number of

Type of Fish per Feeding Asration
Level Feed Pond Frequency Method
1 278.0 286.5 271.1 266.0
2 271.9 273.9 274.6 280.2
3 273.2 262.8 277.4 276.9
Delta 6.1 23.7 6.4 14.2
Rank 4 1 3 2

Figure 2. Response Table for Means in Tilapia Farming Efficiency Analysis
*Note: Figure 2. illustrates mean comparisons based on S/N analysis and

is complementary to the statistical significance results presented in Figure 1.

Mean Plot by Feed Type Mean Plot by Fish Density
180 1801
160} /‘\1 160+ \\
140 140
a
=
1201 —e— Average Fish Weight (g) § 1201 —e— Average Fish Weight (g}
—e— Survival Rate (%) E —e— Survival Rate (%)
100 —e— Feed Cost (THB/kg) o 100F —e— Feed Cost (THB/kg)
o« —e
80 80r
60 60
40 00— 0 _ 401 ——
Homemade Mixed Commercial 500 750 1000
Mean Plot by Feeding Frequency Mean Plot by Aeration Method
180 V/_//'/" 180
160 160+ /‘\Q
140} 140
[0
=
1201 —e— Average Fish Weight (g) g 1201 —e— Average Fish Weight (g)
—e— Survival Rate (%) b —e— Survival Rate (%)
100 | —e— Feed Cost (THB/kg} §. 100+ —e— Feed Cost (THB/kg)
5 - —
-— o
80 80+
60 60
401 A0 — R
2 3 4 None Venturi Paddle Wheel

Figure 3. Mean plots of (a) Average Fish Weight, (b) Survival Rate,

and (c) Feed Cost per Weight Gain across all experimental levels
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271 Figure 3. (a) nuihoskuunaslinanevauesifian lasdidminuanade (180 nfuseda)
dasnssen (Fevay 92) uazdunuemsengn (35 vmsaedlandy) Weiuivemsnanioazemsdisagy
wansliftuisenumnzauisdnuianmuaziasugamans da Figure 3. (b) wandiiduindemiusiuaudarluve
970 500 U 1,000 § dinedsuaydnssenana ﬂumzﬁﬁunummiﬁamwaﬂauﬁméﬂﬁaa ALNaUNIAIY
auARTTIINANANTLAL s AVE I MASHER Tnsruruuiuiiguiuluenansenusiogunwlan

Tu Figure 3. (©) mslfensvostu lnsiaweTuaz 4 ads dewalviiwiinauassnasongstundon
Funuituuliiuanas uanafannudiiusiBsuanserinsauilunislionsiunanan aavine Figure 3. (d) wuin
Venturi aerator ikadwsiiamissmunimiin Snmsen wasfunu vnsfimsliifusendaulinadnsianosnsinia
asﬁauﬁawmmﬁwﬁmaﬁ:wLﬁuaaﬂ%Lauiuﬂizmuﬂm?iumﬂmﬁa

TngaUukugfinaneananauausnads (Response table for means) 114 4 s1emsuansiulud
ADAAADINUNANITIATIZNNIEDAIN Figure 2. (Response table for means) LazN15ILATIZRAISRTIEIUA Y10l
RedtaysUNILTEINaRaUALal (Signal-to-Noise Ratios (S/N Ratios) uandluiade 3.2.4 Ssaunsalitszneuns
snaulafiedendmnnfiwesiuenzauiigalunmafiuusyansammadssadaldosnadussuy

323 NamﬁLﬂi?zﬁmiwﬁ’]mﬁmﬁ‘mLuuuﬁmigﬁu%aﬁmamauaum (Response table for standard
deviations)

nanshATgEnTemanulsuLIaT TR NanaUALeY (Figure 4.) wud1 AmsiAusendiauiiy
wwswﬁma%ﬁﬁmaﬁiammLLﬂsﬂsaumaqmamammﬂﬁqﬂ (Delta = 18.2, Rank = 1) Ingnslidneandauinlvivaivln
T aaned osnnseavoendiaulutia dewmaldsnsinisndvinvesdatunnsratuluusazauves
Ua509a9u1 3uwIulaisieus (Delta = 9.2, Rank = 2) Imaﬂ'wmmLLUsUiauamaaLﬁ'aaﬁ’wmuﬂa%ﬁwﬁu Fsorainann
miﬂszmst%’faﬁuaqmmsLLasﬁ”uﬁa&jmﬁ’aﬁﬁmmmmzaummsﬁu anudlunisTiewns Suansenuseduuiunay
(Delta = 6.9, Rank = 3) TnsnsWonnstestuohlfiiansnsyaeemnsithiasiaue wazilnvesenns fuaste
AmuuUsUTIUeETign (Delta = 2.9, Rank = 4) uanyi N surinevslifinadenuaianovossandn
pglidudAey yenaninnamsnaaes WuIMsLieandausg Ventur aerator 1ﬁmaLa§8maaﬁﬂmamauauaﬂqa
fign (280.2) Geagioufeuszansnmlunisnizaseendiauiiduaiunmaniyivlnvesanldfnd Weifsuiu
nsAnendlausie Paddle wheel aerator (276.9) way Lifineandiau (266.0) widrA1AULUSUTIUTDINITLAN
99NT1aUF8 Venturi aerator 919890310935 uideseiuALdeiigaign Jauandliiiuinnafiusendiause
Venturi aerator fidnsnmlunsiiunandsldogrstanu dufuuumeiinzaulunisauauiisaied sua

a a

ANUANUALDVDINANER A N1TLEONTLUURNRONTLAUNNUTEAVTANES LU ONTIAUAIY Venturi aerator

'
v a

Suwfunsmuuaduulatdeuslieglussduiivingausnnimaldsuriiavesemnsvsennudlunsliems

RIS HALEN AN YDINTHUILN AL LAzanANILUTUTILYOmaKAR T LANNTIR
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Response Table for Means

Number of

Type of Fish per Feeding Aeration
Level Feed Pond Frequency Method
1 278.0 286.5 271.1 266.0
2 271.9 273.9 274.8 280.2
3 273.2 262.8 277.4 276.9
Delta 6.1 23.7 6.4 14.2
Rank 4 1 3 2

Figure 4. Response table for means in tilapia farming efficiency analysis

3.2.4 NANITIATIZRANTNONTIAIUR Y YR DR Y QY IUTUNIUVDINANBUAUBS (Response table for
Signal-to-Noise ratios)

Han15aeseilagliiSmseenuuunisneaemngd (Figure 5.) wuii Suaudatsevs Wunsfiwes
ﬁ'a'amaiﬁl,ﬁmmmLLUiUiau‘uaamamﬁmmaﬁ'qm (Delta = 0.510, Rank = 1) Taend o91uruUa e oy oLf N U
fin /N Ratios (Signal-to-Noise Ratios) amaaenedaau avvoudinunlsusivvomananiviniy sudunaain
ATHEDIMISHAYERNTLIW 898911 Ap YAUeI1S (Delta = 0.126, Rank = 2) Iﬂammsﬁﬁagﬂiﬁmaé’wéﬁﬁﬂdw
SWNIUUUNBRLDS 3D 01MsLULREY Lesnilnuaiauevesesemng dndsmsiiveandiau (Delta = 0.038,
Rank = 3) WUl nMslfieendiause Ventur aerator treanaauUsUsiLvemananliiian vazinnmdlunisl
21915 ﬁmaﬁaaﬁqﬂ (Delta = 0.019, Rank = 4) wansiinslyewnstuas 2 3 wie 4 ads Lifldvnsanmuuusunu
yoamaiaseUanoesituddny ”aﬁuﬂaﬁaﬁﬁ@w%waqaqmaUisﬁm%mmaamgmumi Ao FuularaUe
090911 Ao viinvetermsuariinaiAuoondion varfiaudlunislievnsiinansenudesiian s naifu
2ONTLAUAIY Venturi aerator LLazmamuqma’iﬂmuﬂaﬂuizﬁuﬁmmsammmmﬂiwammmLLUiUi’JmmmiLgm

Uandla wavyhlvinaansianuainauauniu

Response Table for Signal to Noise Ratios
Nominal is best (10*LoglO(Ybar*+*2/s**2))

Number of

Type of Fish per Feeding Aeration
Level Feed Pond Frequency Method
1 -1.443 -1.273 -1.518 -1.492
2 -1.569 -1.485 -1.521 -1.530
3 -1.528 -1.782 -1.502 -1.518
Delta 0.126 0.510 0.019 0.038
Rank 2 1 4 3

Figure 5. Response Table for Signal-to-Noise Ratios

3.2.5 MINATILINANBUAUDIFIBUNUATYIANNTRNY (Interval plot)
WaliauN IS s UEUNAYRIvNaIMNSADAINANaUALDIN 3 f1 town Uudnualads 9ns1nns

59ATI0 wavAunueIHe NN LYY ladanududalddnaueununivienudedu (nterval Plot)
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FILANIANRAUVDINANBUAUDILARLH I NIDUTAMUTDAUSDEAY 95 (95% Confidence Interval) 1usuwmay

naueImIRaandly Figure 6.

Interval Plot of Average Fish Weight Interval Plot of Survival Rate

94
180
92

170

8

Average Fish Weight (g/fish)
Survival Rate (%)

88
160
B&
150 B4
a2
Mixed Feed Commercial Feed Homemade Feed Mixed Feed Commercial Feed Homemade Feed
P ’
(a) (b)
Interval Plot of Feed Cost per Weight Gain
a2
]
=
T a0
E
]
L]
'E,\ k]
=
-
&
E 36
]
]
¢
34
Mixed Feed Commercial Feed Homemade Feed

(c)

Figure 6. Interval plots of growth, survival, and feed cost by feed type

310 Figure 6. (a) nudremnsiuuralianaisdmvdnuaigean (180 nfusiafa) wiouyiendy

4 & o

WeduuAuNgn avvisunadnsiduntazalnate BnvawansitegaiidudAyainaimsuuundnoilviaage

#1an (150 NSusofa) d3u Figure 6. (b) wansine msiuuraudslidnsisenadoasan (Sosay 92) wiaedyieiu

q

Y .:4'

FOUVDIANUTRIUAUBIMTUUUBY UikUIlINUWTINM SRS AulakazaunImnfng1 vauedl Figure 6. () wangin

gIMshuuNaNTiAunUeIsHoumnEn (35 uunsentaniy) Tuvaeenmsudaesdidunuasgn (40 umse

Yo

Alansu) uwlimgivazgnndt uinmsasudminlalid vilvianldiesenaningstulngson
H

WU

U

NSLASEYAUlN SRT190A WATANNALAMIAUNY dOnAGEINUNITIATIEN S/N Ratio wagAadeneuin Tun1sm

w4 3 Tu Figure 6. (a)-(c) g ududremisuvunanlvnanavaussdign v ey

AN unzay 1935 Multi-objective optimization IngWa15uLNUel 8u1n89A (Larger-the-Better)

v '
o o o o a

dmsudmtinuardnisen uay Betesdad (Smaller-the-Better) dwsuduyu 3ntuiasanAaie S/N Ratio
wazdnauauminzaulagldnisasdmdnminiies (Equal weighting) Naadwswud ganisfimasnmunzay
fian laun ermsuuunay 91uiutan 500 dadeve lemsiuag 4 ASY waziAueondiaudie Venturi aerator

FelinadnsAngnaiarnuTInmuaAsygaans Inglideadeniiessnuladumia
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4. 2AUT1INANTTIY

nsAnwiigatiunisliiimasenuuunimaaesgd lunsienesitadefifnadeussansamnisdes
Uanfla nan1sdnwiiia liidiuin Jadeiiisvisnasedssansawnisidssania 1éun sdnvetenms sruudanse
Vo anudlumsldems uas Fansiiveendiay dadullasendniidmansenulnensatuiinlanads §as

aa v

N1350AT3A kagAUUDMTARUIMENTIANTY HaN1SIATIEINNERRAAY One-way ANOVA BuduitUadeimant

= '

fnanszvueysddsdAgyrenandnveinisidsslaiia (p-value = 0.000, o = 0.05) FsdanAa0INUIUITY

rounthilfislidudsaruddyuestafomarilunafulsansnmuaranduunsndalugramnssumizides
ﬁmfﬂjﬂ (Ngamsin et al., 2024; Pashovska et al., 2024; Rayos & Macaraeg, 2024)

4.1 BNEWAVDIVUADIMIADNFAIYLAULALAZINTINTTON

INHANITNAADY U1 DIMITUUUHAL F 9UsEnauf 1891138115 93U UaTeIMITUUUHE ALDS
Tudnsnan 50:50 Iiuadwsinfiansie dmtinuaadouazsnmmasen esniiansomsiiauna sihlfuanannse
anduansonslfetnefiseaninm nansAnwiiaonadestunures Vakili 2023) fiwudn mausuesduszneures
onsEAsseeniuUNIAaeIMINT aunsatietiinyszansamlunisnanemsdnild uan Nl Qiu & Wu
(2021) é’qLLamﬂ,ﬁl,ﬁudqmiﬂ%'uqmmmimmmLﬁu@mm‘wmawﬁmﬁmeﬁlﬁaﬂmﬁmuﬂizmummﬂigﬂ aeals
fimu wifremnsuuundniesasddunudind usnlifinsuiugaslimunzay o1adawaliansormsildsu
Liasuiu uazenavhivanduladinitensdusagy (Fara and Mixon, 2016; Mata-Gomez et al., 2023)

4.2 wavassuauUavaveraUsEANEwNSIABY

nsifinsuaulatseUesan 500 §udu 1,000 & fnavilvionsninasgyivlnveslaianas Fafna1nnig
weaiuduemisuazeendaunislute dwmalilariinizinsnuaznisininalye1msanas Nan1sAneI
aonAdartu Chary et al. (2022) inudn nsmuauAMEMUILLLYesUaTluszUUINzIA Badn A sndae
LﬁmmamamLLazammiqzyﬁaiuﬂismuﬂm?:m HeinansAne nuiieiiiivarenumunuiuganda 750 faseve
Tinananiiinitlusivesiminadouassnsnissen Fadudeyad Syfiensnsaldifuuumsdunmsuulgansies
Uanlviiiuszavsningeagn

4.3 armdlunisliensuaznasisdnsinissen

211NM13NAT0S WUT1 N3l mg 4 aeretu deaaliuandviminied suazsmainissengadu
lomnUanflafissuummatsyesiiga wasfesmsndnusioiiemasnieiu sgrlsimumslionns 2 adweu
ffunuomnshan Fuansdnnuaunaszrimasyivlauasdununsran ansinunienndesiununes
Davis & Hardy (2022) suansliiiuin naidenanudlunisivennsiivinzautieiinyssaniamnisudavailag
lainsgnudunuanniull wonaNil Adegboye et al. (2020) l¥@nwrszuunislfomssnlusifnaunsaraoan
amuulsUsuresmsuilanemslunduuanda satuayuinisliomsituansatelivaiisnsnaivlad
Fiu uazanmsugsonsldosnaiiusyansnin

4.4 NAYRIITNTAUIINTRUABDNTINTTEYLAULAVBIUAN

N13N15ANBNTLIUAE Venturi Aerator ﬁmaﬁﬂﬁﬂmﬁaﬁé’mwmﬁamLLawjmﬁﬂLa?{aqﬂﬂimduﬁhjﬁ
A15L1B11A (No Aeration) @ sanunsaesunsldannisi eendiauaratsluia (Dissolved Oxygen; DO)
funumandasionszuIunsRatyesYean HansAnwidenndosiunues Ard et al. (2025) A4 Gray

Relational Analysis (GRA) ka35n1580nLUUNITNARBININT Tun1sUTuUTIUsEanSanssuuANenadmsy
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nawnzdssdn i lnewuihnsdseniafivansausfiunsaigdulnuaransuundany vananddmuii
Ueiilaifimsifnennia (No aeration) fuwalthlidnsimssenasninnguduesnsiifudfey Sauandiiiufmanseny
gaansneendauiifismedenssuiunssuiulnvesuan

4.5 ﬁunua’lmiﬁiaﬁ’mﬁnﬁﬁuﬁu (Feed Cost per Weight Gain)

NMITARDI NUT1 WNIUURARLDS Treanfurue st minTiRtulFunTian oehdlsAnuwuiy
Uanilid sasaee1msvilnd 4605115193 i vlnand1Uand La 8@ e 91 suuuNay @ suandlifiiuils
AIUANAATT IR U URAZAMAINILAYUINITVEIDIMS 91UITBU01 (Safavi et al,, 2021) Sauandliiiiuindsnns
ponLUUNIAaNd aunsnthaldlunafuussAnsmwwesemadsadn i uasusuannzlaguinisly
Wiaeau

4.6 UadeiiarsiansaniiuiAunaznisaruauiulssunaulunimaaes

LLﬁdNW%é’]’ﬂﬁ%ijaLﬁumiﬁﬂmmammﬁﬁwé’ﬂ 4 Uszns lun vllavese s Sruauvaidete amd
Tun1slomns uagdinafveondiau widsitaded uil oradenansznusouszAnsnmnind ssuaniia
emsfirsuniuilunuidelusuian wu aunimi (pH, gumgd, wewlude) aeiuguariia uazoryves
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uar Bnsiiveendiau nanmmeasstlmiiuin niadenldemnsuuusan nsauANdIwInUaTliiiiu 750 dsevs
nslenstuay 3-4 ass wagnaiinoandiaudie Ventur aerator WuuwmsiwangaslunsmgidssUaria
Tnetaeliuanihiwiinedegen Snmssoniitu wasdunuenmsdenihedmiiniianas

5 alee a

HANTIATIZNNWETAIN One-way ANOVA 52UdnmsdiinesiAne d8vSnadenadnsveenisifes

C- Y
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Abstract

This research on topic modeling combined with text clustering of international tourists’ reviews on
Khao Yai National Park utilizing unsupervised learning techniques collected a total of 3,491 reviews from
various online platforms between January 1, 2023, and December 31, 2024. The data underwent a cleaning
process before being transformed into numerical vectors using the Term Frequency-Inverse Document
Frequency (TF-IDF) technique. Topic modeling was then conducted using the Latent Dirichlet Allocation
(LDA) method. The analysis identified five main topics: 1) tourist attractions and the natural environment,
2) service quality and available facilities, 3) costs and value for money, 4) transportation and accessibility,
and 5) personal experiences and enjoyment. These results correspond with the findings from K-means
clustering of negative reviews, which were categorized into three major groups: 1) entrance fees and pricing
structures, 2) accessibility and service satisfaction, and 3) facilities and tourism activities. These factors were
found to significantly influence tourist satisfaction. Addressing the identified shortcomings can support the
development of appropriate strategies to meet the diverse needs of tourists. Furthermore, the application
of big data in systematic policy development is instrumental in shaping responsive management approaches
that effectively tackle emerging issues and contribute to the long-term sustainability of Thailand’s tourism

industry.

Keywords: Unsupervised learning, Topic modelling, Text clustering, Latent Dirichlet Allocation (LDA),

K-Means clustering
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(Text mining) WazN1TIATIZNINTE (Al et al., 2022) ieAumtandniinulesaSianuvidansal uenaninis
fanqudenn tomenudenlosssrhaiemiindoedatu Fetnslfaunsauiusuasinunnmuamysaunas
veafleuaznisliuinmsfiiededliosinssme adslsfinu dediavemumaifeaududoulunisyszanana
LLazm’]mi"]LfJuSLumiﬁQL%mngLﬁaimiwﬁwaé’wéaﬂwgné’m

< e

nAinanAnegITedslaiudisrnudAylun e iideniBinaien1susenianan1¥sTIHYIA

Y
a A

JuduiiuvesingUszasdluanideidiieasawuudaesiatesiudunisiangudeninuainuniaisaives

UnvisaiieIvanidesneuwisnfingsrensiteuiwuuliiifaeu Usenaudie n1sadawuudnaesiate

a1 I

ilesuunuazafniidondn sifsidedesideusgluuninsallieiadussuy dedivsslonilunisingies
omiivannuanelagldfesendonisinsesiiiazsnens dwaliaunsadiinssduddyithesiiorlran
aulalFesnutiuguazaseungy luruzdinsdandudennuiifidomlndidstulieglungudeatiu shlsaunso
woutuuwli JUnuungfingsy uasanudssnsvestinvieaiiedlddaoudetu nssurumsfinaniaduitnisi
Uszansnmlumsiinszsideyarunlvg uasnadndanusadutiadeduindoundnlunmsmanuiamgaainns

TAUsnsvavaiauielliaonndndwasnauauaIsaANUAInnIRItnviewnedld a8ty
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2. FAuiiun1339Y

MiATeiidunuidedssgndiileaduvudassiate Tausunisdangudennudenisidousiou
laififfaou uvsnsduiiunusenidu 3 funeu Usznoudemsainsdeyannuninsaivesinvioaiisaisinemni
AegneULInIATIug n1siasedeyanisiuuitaeninte wazn1siiaTeRdeyanienisianguteniny i

UazLBEAA Figure 1.

1) Creating a dataset from foreign tourists' 2) Topic modeling for 3) Text clustering for data analysis
reviews of Khao Yai National Park data analysis
Khao Yai National Park (™ ™
... g *fq t 1 Data Collection . R — = o re:((:lus(er.ng using K-Means —
L ) e SR . . : o
. Gz
1 N
-
( ™ i 1 . 2,
fE 02 L]
Data cleansing B | N )
‘ I ’ |, ey
- 011 g e -
L AL .
' ™\ o ] ) ] ] * .
Word TR
representation
. J
Web scraping LDA technique K-mean clustering

Figure 1. Conceptual framework

2.1 nsadreyatayasnnuninsaivestinvssiisavinneifnegneumwisuidwalug (Creating

a dataset from foreign tourists' reviews of Khao Yai National Park)

Usznause 3 tuneu fieasidondal

2.1.1 M35IUTMteya (Data collection)

memsanauaziteya (Web scraping) Pnunanresuesulaiiuneuiisidaliinvioiien
WrnlvagkuukazWeuunIansalaisisuess g neueaiwilug W Google reviews, Agoda.com,
TripAdvisor.com Wag Trip.com ﬁgﬂLLGﬁ’uﬁ 1 9RSIAL W.A. 2566 D19 31 SuAL w.a. 2567 Wuszezian 24 1feu
i’mﬁﬂéu 3,491 5189019

2.1.2 myvhanuaze1nteya (Data cleansing)

AT l¥lausn3 NLTK (Natural language toolkit) Usznausienisiidigadn 1ianumngann
nltk.corpus W “the”, “is”, “and” \Jufu ﬁ”nmﬁwﬁiﬁﬁﬂ’aﬁwﬁ’ay{amqwmaiﬂanmaﬁamm wazdingnein
9anAouN13TLAT IV IA el lutmaaiunsan i ulugedd daudidguinnd wud sadunisdidn

WordNetLemmatizer 910 nltk.stem @elddmsunisudasalvieglugdiuusndni (Lemma) nn1santiivan

a1

omw-1.4 (Open multilingual wordnet) Aignglinsutasadinnuusiug B Tnefansanauuiunmeheinsal

o

nsruIuMsiYIsanAIaINaIevesAnds UL kAN Tuusiia e afeadaiy 2614l5A7 uATedly

laus13 spaCy LilednA19andanun1w18angwain en_core_web_sm Geazlanadnsoanuduing (Object)

ca o o \

fuszneaudemudarAazdoyansn wmansiidfey wWu Uselea “this park is amazing!” aggnuenidu
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aa

“this”, “park”, “is”, “amazing”, “I” ﬁﬂLﬂuaﬁﬁﬁﬂizﬁwﬁmwmm’h word_tokenize 910 nltk.tokenize
Taglomzidlodnmstunniidudouviomifisuuuuiivay wu dge wFomnenssaneu videdolany
2.1.3 MIWNUANUNLIEUBIA (Word representation)
Tneuvasfenmulinaadunnnesfidsiuauiemaiia TE-DF Wetednszinnudfyvesdily
o anmsiFenld Thdfvectorizer Faaglulaus1s scikit-leamn 3o sklearn lunisuvastaanuiirmunisii
Anvazerndoyauddadiluudazdennueeniduniisges (Tokens) nouazAuinauivesdvie TF

(Term Frequency) lazmUANNEUYDILBNEIT %50 IDF (Inverse Document Frequency) 31AaNN159 1 tag 2

J.l‘,d o
TF(t,d)=——"——F—— (aunsi 1)

Zt'edft',d

lny It,d Aodruaunsenian ¢ Usinglutenars d wazdidrududiuiusinvesdsisvun

Twenans d

IDF (t) =log N (aunsfi 2)
1+ DF(¢)

oy N Aednuiulenalsvianun uaz DF(¢) Aednuiuenaisida ¢ Usingey denisuin 1
lughdutietesiulymnsmsmeeud
AatiuA TF-IDF 9ztsandvtnaesdn Tngiansanvsanudiagvesanielulenaisifednuilay

anuddgresidlewieuisuiuienarsimualugadeyansurzulasdunnnesidwiiay fwEunisn 3
TF — IDF(t,d) = TF(t, )< IDF() e (ennsii 3)

2.2 MyAnTeideyasisuuudnaaswiada (Topic modeling for data analysis)

Tnethnneed Weiarnnsuuaumnevesd uimuasuuidedisesnindu 3, 5, 7 uag 10
FtenuERUNILNTInAsIATIAG (Latent Dirichlet Allocation: LDA) (Blei et al, 2003) s1uidoiidenldlausis
gensim § udulavsndilasuanutonedsuns narelusuussutananiwisssuwd Laadvunldde
gensim.models.LdaModel Inga1dedanaifiuuuu Online variational bayes Tumﬁﬂizmmﬂ'mwmﬁLmai‘ﬁ'sziauagui
desndiguauifidulunissessutoyaiifouelng Ineldswiudesinandayaimuadngninsaudmiaury

Snnadainuuiuuesulatl (Online learning) liedUinansdinasvedluinast1asiaiilor uazuaninannloyany

al v o '

1aus13 pyLDAvis.gensim tJuununInszeyrissznineide wazsonsadniiineatesiunnasiade Jeraeld

@ Y Y =

ANNITORAANULALIATITAUINEURLAaY T a9 tlU s ANE AN

a U 1<

n1sARNURaaNSIINKUUTIaeY FIdednludesussiluanumunzauvesdnuiuiate lneiadeiiuin

v
o v

ulursetesiulusnadamalvmdailaiinnudgou wseoliauisawenwerlaagnadnau auiunsI9deuns

nIzaNeivesveliiaiuneauals (Non-overlapping) ioU I adafiladauunnaeiudaau wazaunse

Science and Technology Journal of Sisaket Rajabhat University 66



M5a15Inermansuazialulad un1Ingraes1vaATaziny

Uil 5 adudl 1 (unsAu - Tquiey 2568)

o

hlugnsfirruiifideddny aaenufiansandiliisitesiuusasiideses Relevance score 9nANAvRIA
Tuwsagidemugifunnuddyuesiilunins dunsdendmsiineslunisuiussduauieadodeing
sonsuanshdeiinzay Aeuazuanmmnewsiazindelasiidelviaenndestuuiunsumsveaiies

2.3 mylmsevideyadien1sdnngudaninu (Text clustering for data analysis)

nAdeliSane3Tiuaiiu (K-Means) lumsiandudoyaitliflassatrs Tnsordevdnnismeadinaansly
mamanalndifsaturesteyaludennined Fuinusiunssuiunisfifudeah (terative process) iilenqn
Audnansvesusaznguog1svInzan FunsimusdIungy (K) Afeansdiuun nuATeilsmuadu 3, 5, 7 uas
10 ngumuddy Mndulunatzduidengaqudnatadusiu (nitial centroids) $1u7u K 9aaingyadeyalilag
Falusfd ol udumiaGudurenaquinanwessdazng feuszduinszoziavetoyanngudnaisusias

nau Ingldszegniauuugada (Euclidean distance) Wieiansanindeyalamseglungula dsaunisi 4

ad(x,y)=,1) (x.=v.)" (aunsii 4)

lng? x uay y unuAfinavesteyauavaudnanslunsaziii

Nnaunsi 4 szezvanvvgadnduszezmanasnadaluliglinames n §@ daelvamisa
Famnulnd senineteyaudazenisiuaudnanwesudazngy eRansanitdeyalansgnialieglunduln
leteyagninnguatafiunds axdnarunandlmivewusazndulnenismsaiadevestoyaonualungudy
Faildagnaneidugudnandlndluisiasseuraanssuiumsuuuaugi (terative process) auningaguenang

srliifinsivdsundas viieianisidsundaafisadndes Fadioddngnizasii (Convergence)

3. NAN15998

v
awv o

NATedldunuidelalsygnd Welsizidayanuninsalvenineuiisawnananfiseavey

[ 1% °

wisndnlug denisaiwuudaesiitesindunmsdangudennumenisfeusuuulidiidasy wwan1side

< ! = =
sanillu 3 du dgaviBendisil
3.1 nansaseyadayaanuninsalvestinvisaiigrvisufdegneuuissifwn vy

INMITIVTINUMNTAUATITULFR e WA T N unasrasusaulatiiunsvipaiiey Asus

o

JUN 1 UNSIAY WA, 2566 D9 31 SUINAL N.A. 2567 USENDUAILAIALLUUANUNINDLY haziilaniuniaisal
Awdangy wisdurinzuuuauiaonelasedu 1, 2, 3, 4 uag 5 1uduau 149, 158, 462, 788 uay 1,934

ANUAIAY TINVNEY 3,491 519715

v v Al

nsruIunsvhanaverndeya ieidndeyafilidndunasysutennulvedlusuuuuiiinunziunis

Y

Uszaiana Uszneusmemsudasennuduimsnysiuridnvianun nsanguliegluguuuuiug i sudmsay

DNUTLMLAYUAYLIAS DIUUNBITIARNDUN LU T NAM BAINUNUEYDITOAINY S18azL8 uAn s Table 1.

«

ﬂ”'ﬂ%mﬂwmaﬁgﬂauaaﬂ Town “an”, “and”, “is”, “the”, “its”, “well”, “go”, “during”, “you”, “will”, “to”,

“it”, “at”, “Where”, :(orn’ «Suchn’ aaS”’ “With”, “iﬂ”, “my”, “ﬂOt”, “for”, “but”, “more”, “onn’ :(of»’
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“s0”, “that”, “was”, “had”, “no”, “till”, “any” uag “has” sudlaadudRumidniiavun WuReaty

“hands” Wegnuuatliegluguuuuiugmuazidu “hand” aaenaunsaudnuseiiuuaziaseamuIeIssAneu

Table 1. Example of a tourist review of Khao Yai National Park after data cleansing

Rating

Plain text

Cleaned text

5

An incredibly big and scenic park. Locals pay 40 thb
per head while foreigners pay 100 thb. Its well worth
the visit. Wild animals roam the massive park. Go
during the winter months. The weather is cool and
windy. You will need a car to go through the entire

park.

incredibly big scenic park locals pay
40 thb per head foreigners pay 100
thb worth visit wild animals roam
massive park winter month weather

cool windy need car go entire park

The park is not meant for hiking, tracking but more on
wheels, driving or biking. At places where you can park,
stop over such as viewing points or waterfalls, it is
usually crowded and with small stores selling food and
drinks. The chance of encounters wild animals is slim

in my opinion.

park meant hiking tracking wheel
driving biking place park stop viewing
point waterfall usually crowded
small store selling food drink chance

encounter wild animal slim opinion

Very beautiful place beautiful waterfall and overview. |
paid for entry 400 + 20 thb, the price is very high for
entry, did not like that there was no water in the toilet
near the first waterfall. soaped my hands and had to
look for water to wash off the soap. A lot of monkeys

that robbed motorcycles

beautiful place beautiful waterfall
overview paid entry 400 20 thb price
high entry like water toilet near first
waterfall soaped hand look water
wash soap lot monkey robbed

motorcycle

Not quite worth the 2.5 hour drive from Bangkok
though. Some trails are not walkable due to fallen
trees. Watefalls are the main attraction but they were
just ok. There are other things to see within the Khao
Yai National Park, such as elephants and cliff, however
no luck seeing them, and the cliff is closed till Oct

2024.

quite worth 2.5 hour drive bangkok
though trail walkable due fallen tree
waterfall main attraction ok thing see
within khao yai national park
elephant cliff however luck seeing

cliff closed oct 2024

400 baht for foreigner, 40 baht for thai. Where is
equity? Or you think foreigners so stupid to pay 400
baht for nothing. I'll never go to any of national parks

anymore as it has no sense for such money.

400 baht foreigner 40 baht thai
equity think foreigner stupid pay 400
baht nothing never go national park

anymaore sense money
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AMTUNUAMNNLBYDIA 13 N9 NIT oAU HIuAISIAILazoInTeyauda (Cleaned text)
widadluusiazdeniuesnidumiieges (Tokens) newsrulandudayadisiasluguuuunnnes (Vector) e
MM3AIAAT TF-IDF faedasiziannudrfguesaludoninu fegslselen “the park is good and awesome”
way “the park is disappointed” Wwnug3e docl hag doc2 MuEIRU S18aziBunsa Table 2. LNMDIAMAN MY

(Feature vector) 31nA13AWIAd TF-IDF azuansiaaud1fgaosailuenaisudazatuiuananeii wu “good”,

¥
val

“awesome” way “disappointed” NiUsINglutenans docl waz doc2 Fsaunsaldlunisuenuezaddglanvy
Tunanduiu “the” waz “is” fdn TF-IDF au3eenawiniu 0 uwansdadumausingues waldaesiinudidnlu

o

wnans waziioduiliSrnumneiionagnidadusinszuiunmsiauazeindeniny wudeiiu “and”

Table 2. Example of TF-IDF calculation for two documents

Word TF df IDF(log,) TF * IDF

doc1 doc2 docl doc2
the 1/7 1/7 2 log(2/2) = 0 0 0
park /7 /7 2 log(2/2) = 0 0 0
is 7 1/7 2 log(2/2) = 0 0 0
good 1/7 0 1 log(2/1) = 0.3010  0.3010 x 1/7 = 0.043 0
and 1/7 0 1 log(2/1) = 0.3010 0.043 0
awesome 1/7 0 1 log(2/1) = 0.3010 0.043 0
disappointed 0 177 1 log(2/1) = 0.3010 0 0.043

3.2 namsaeszidayanieuuudnaaiate
NMFUNNPBITIFUAVIHIUNTUNUANLTINEVRIAUTEIUNTIATIERIEN15InasIAsIAa iTey
defideusgluunmiansal aelduwifafiiusasuninsalilunssuiuvesUssiiugosnansUsziu uazusay

'
o o faa U v § Y

Ustifiugosgnusznaviunnyavesidmififimudiniusiu msieseitenuisiosmilidasadadaien
uarN1INIEBFIVRIAINElULAaITITD A4 Figure 2.
310 Figure 2. HANITIATILITOAILN1TINATIASAG waztawenadnslusUuuuun ndayaidaldnay

KU pyLDAVs iaelannsafinnuuasiinmyilasasentideldesnadmautiu Usvneude

3.2.1 unufisvainaseninaade (ntertopic distance map)

WARINTINEEMIveITelugUkuy Multidimensional Scaling (MDS) Tneuwsiagienauivuneias
tumelunuiadeildanmsiinsedt wasaumvesinauasoufisdndiwvefemuiifstestumdetily
yndayatiimun

3.2.2 anuigitemwasmdniduiadeiidon (Relevance metric: 4) Wunisifimesiildniugu

AudduesidnusiarAluusiayiite TneAnnuieItenregsening 0 fa 1 Analdanaunisi 5
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Selected Topic: [0 || Previous Topic | [ Next Topic | Clear Topic Slide to adjust relevance metric:2)
A=1 0.0 0.2 0.4 0.6 0.8 1.0

Intertopic Distance Map (via multidimensional scaling) Top-30 Most Relevant Terms for Topic 1 (31% of tokens)
0! 1,000 1,500 2,000

0 500 1,000

rork [
one [N
5 sce [N
<ay [N
waterizl [ NN
animl I
national [N
Tot. I
guide [N
beautiful [N
wail [
nature [
place I

PC2

w
&

Marginal topic distribution
Qverall term fraquency

2% I cstimatad tarm fraquency within the selected topic

1. saliency(term w) = frequency(w) = [sum_t p(t | w) * log(p{t | w)/p(t))] for topics t; see Chuang et. al (2012)

2. relevance(term w | topic t) = A * p(w | £) + (1 - §) = pl(w | t)fp(w); see Sievert & Shirley (2014)

Figure 2. Topic Modeling Analysis Results with topic = 5

relevance(wl )= /1P(w| H+(1-4) M ............................ (a5 5)
P(w)

g P(wlr) Ao mnuhazduvesi w flasusingluide ¢
P(w) Ao enuhasiluvesi w imuslulenais
A A MIARBINAIVANAIINANAATENINADIDIAUTENDUT Y

INaun1N 5 mndmuaasfives A =1 fivsngasduminuldvesfignnmeluideniden
Fonneanundarididumalidvesneluidetdulasaniz laglifinnsinnsanindumaidunszaeeyly

onansisiunnteeiesls 35duunvdmiumsssyrwaniiduendnualvesindetu sgalsinig Adldily
Tunanewdersgnihuuanssie Tunessiudin mndmuaen 4 = 0 Adignuansaziudifianudiniziu
Wideniden lnglssuiisuiunisnszatevesairaitululenansiivun asdumonadanudmusiunuivdiAey

lunswenueziitetusenainiideduszgniduliviuauda I5dmunzdmsudumangieduuniadasiig 9
gonanfiuldegetaau wazillon A og5ening 0 uag 1 naansiilaagazuanwismnianudgduideniienuas

Adfideddglunissuunide Bideliaunsauewiunmsuvesiletuliegisauna vislundvesiilives

o

wazmunumdrAgsalasiasnsedluing

A v v o v

3.2.3 ANUANULALITDINUIIYE (Most relevant terms)

FaANIAFNANLDNSNanewI9e7aanUsEnauni8mINud VeI luenalsiavua (Overall term

frequency) Wnumedin wagaudvesRluiideiiiasn (Estimated term frequency within the selected topic)

LAUAIBFLA
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PNNANTIATIEIVBAILNITINATIATHAR WU NINTLANYFIVBITBMALANTLNEITBI L UITITaN
1 Juidendnvesadeya eswindvwinlugfigauazusznausieminertesiunisvesieinazsssui

Turauzivndedu o Jvwimdnni agveuliiiulullovianiziaizasunniu usnannilsyeyunssewinamenay

v
v Y o a

wanatlanuLana1aveailont mndelaegieannguvesiteduinnvingfsitetuiiileniunnd1eiuege

Fotau Tunnanduiunauiieglndiuasvieufvwirdeiifillemadeafeiuviefidfidouriuiugs duaziviuldain

Wite? 5 FeniIeenaNNguveintodusgetnlay aranueiiallomaunnd19ainiideduy q egrwdideddny

swtenaluSeslilifeitestiunisauiievsadadnrans ALANA19 NIt audnss Table 3.

Table 3. Topic analysis results using LDA: 5 key topics emphasized in the reviews

Topics Keywords

1. Tourist attractions and environment park, nature, beautiful, trail, waterfall, mountain, scenario, guide

2. Service quality and amenities staff, service, friendly, helpful, hotel, restaurant, clean, food

3. Cost and value for money price, expensive, worth, money, cheap, ticket, entrance, cost
4. Transportation and accessibility transport, bus, taxi, road, drive, parking, far, location

5. Personal experience and enjoyment fun, experience, amazing, enjoy, exciting, great, love, adventure

91015797 3 A1UITARUINANITTIATIEYIT AN UNT AN Tel ve T v B Ba% 1 19w
dognenuuisnAlvgdundalvg o Aasvieufsdsiidnveadenliainudidny 1dun 1) aouiviouiisuas
?ﬁLL?ﬂé’@@J (Tourist attractions and environment) mmuﬁmiaﬂuﬂﬁmﬁﬁﬂdnﬁdmﬁmmﬁuaﬂﬁiimma ﬁ’wm
Wuynaiudn 500 uazgn sudsnsuusthanudl uazsidunsiithaulslumsiBensy 2) auamesuinisuas
AsguaeAuAzAIN (Service quality and amenities) Wdeiiisatostuamamuimsvediausy $ruewng uas
Flsiuinns Tneitnvieadienlimuddyiduisosmnuazoravesiiin anudutueseadming wazaunm
9113 3) AlidnsuazAuduA1 (Cost and value for money) fiagvioufisaruiisnslaifisafudrssruidoy
InglanznsUssuifisuse I e nassIf 19 V‘?qmmiﬁﬂiﬂmmzaw%qqLﬁulﬂﬁm%’uﬂizaumiajﬁ
Igsuannisvieaiissluaouiidy 9 ¢) msiumaasnnsdhs (Transportation and accessibility) naenauieym
wazgUassalunsiunie Wy Srnusrunmuglutiavananistungae1n msldanusuiunguuneiivualy
duvneansnsnig viseAuinnsvudsansisasiilinseuagu sndensitnfuasiisiniuwe uay 5) Uszaunisel
drusfuazmuaynauy (Personal experience and enjoyment) Inglddfifienumnedsuinananuussiivle
Tumsvieaiien Jeaenndesiuianssuiivarnmansuazaeuauseufesn1svesinvisaislldynsuuuy

M5 usnmsmageulnemvundmsidines A ertes (A1) duansiaiy i euanads
nansznuvaInIsiienswiuitelunisasudeys lnewlsesndu 3, 5, 7 uay 10 Wideaudau flswasiBondel
deuvseanidy 3 Wde fdvun A = 1.0 Jeyaiildsuaziduiideriniauazaseunqu wu anuil msuinsuas
AldTeandiinuldves wu “hotel”, “food” way “transport” Jadsldaninsanenueziitodesldogstaan
ol A = 0.6 Buiudfilanizianyaanniy Wy “mountain”, “adventure” wag “experience” dmsuiitod
Aentvanud widdldanunsasenueziidetesldfundn widleld A = 0.3 mfdendianuddydsduuni
FARUNINTU 19U “parking”, “taxi” wa “expensive” widaditadninlunisueniitedesldotsauy el

oA 1Y) o) o v ° ' v Y o ' B 2 o ol S
WULALINUANTHLULTU 5 U8 Iﬂﬂﬂ'ﬂﬂu@ A=10 NUINNIITUUITIVDUIANABUTNAGULATD LLa%ﬂ']V]I@ﬂL@u&JQLUu
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fiinaly witideld A = 0.6 Wadeduiauamiziaizawniy Useneudie anufivieniien Wy “park”,
“waterfall” ag “trail” N1UINIT WU “staff”, “hotel” wag “friendly” A1lgae U “expensive”, “ticket” Waz
“worth” AMTLAUNIN WU “bus”, “taxi” way “drive” wazUszaunisallaysiy wu “fun”, “amazing” uay
“enjoy” Wudu Tnemiiedesiuidossinumamsinzamnniy Saaunsavnldnsuenuesidedeevinlan
Fu wandlold A = 0.3 nMsswuntidednnutu wu FdeddTreansaneneenanmnaunidldatu dafuns
14 5 Fadeamnzandmiunisesuneteyaliasudau Tasnisandives A fsusnuoziilaniziaizaddity
uenantudewvadu 7 ade fuun A = 1.0 nuirdeiiueneenuimdn q Swmaliauadiends
fu 5 Fadewna udileld A = 0.6 wanusauenFTiansradiiinty Ussnaudeems Tsausy wagnisusms
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Figure 3. Clustering Results Using K-Means with K = 3
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Table 4. Key terms from K-Means clustering with K = 3

Clusters Keywords

1. Wildlife experience and guided tours  park, guide, saw, day, animals, elephants, tour, great,

wildlife, monkeys

2. Natural beauty and tourist attractions  park, mountain, atmosphere, reservoir, visit, beautiful,

waterfalls, nature, view, day

3. Fees and value for tourism place, park, beautiful, 400, good, thai, visit, nature, baht,

nice
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drulvguansrnudususeriadonmuesgvetu waslinnuiuiiasaiunnisiuniwndeusy uay Cluster 2
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Figure 4. K-means clustering results for negative reviews with K =3
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Abstract

This study examines the feasibility of developing a multimodal transport system along the Sisaket-
Laem Chabang corridor, focusing on the integration of road and rail networks to enhance cost efficiency
and competitiveness in Thailand's logistics sector. A qualitative methodology was adopted, involving in-
depth interviews, focus group discussions, and field surveys with key stakeholders, including transport
operators, exporters, government officials, and representatives from the Sisaket Chamber of Commerce.
The primary commmodities on this route are cassava and sugarcane. The results show that implementing a
multimodal transport approach could reduce transportation activity costs by 4,910 Baht per trip representing
a 40.92% cost saving compared to conventional road-only transport based on the Activity-Based Costing
(ABC) framework. Project feasibility analysis revealed an internal rate of return (IRR) of 15-18% and a payback
period of approximately 7 to 8 years. Ban Nong Waeng Station was identified as a strategically located site
suitable for development into a small-scale distribution hub and rail-road transfer point. Despite its
potential, the proposed system faces infrastructure-related limitations, such as the inadequacy of
transshipment facilities and weak rail-road connectivity in rural areas. To maximize the system’s
effectiveness, policy support and public investment in infrastructure development will be essential. This
study contributes practical insights into multimodal planning for regional logistics networks in emerging

economies.

Keywords: Multimodal transport, Logistics cost reduction, Feasibility study
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Figure 1. The mode of transportation in Sisaket Province that sends goods to Laem Chabang Port
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Figure 2. Road & Rail freight service model
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Table 1. Calculation results of Internal Rate of Return (IRR) and payback period

Year Income Cost Administrative costs Depreciation cost  Net Cash Flow: (Million Bath)
0 0.00 1200.00 0.00 0.00 -1200.00
1 400.00 240.00 60.00 62.50 162.50
2 440.00 264.00 66.00 62.50 172.50
3 484.00 290.40 72.60 62.50 183.50
4 532.40 319.44 79.86 62.50 195.60
5 585.64 351.38 87.85 62.50 208.91
6 644.20 386.52 96.63 62.50 223.55
7 708.62 42517 106.29 62.50 239.66
8 779.49 467.69 116.92 62.50 257.37
9 857.44 514.46 128.62 62.50 276.86
10 943.18 565.91 141.48 62.50 298.29
11 1037.50 622.50 155.62 62.50 321.87
12 1141.25 684.75 171.19 62.50 347.81
13 1255.37 753.22 188.31 62.50 376.34
14 1380.91 828.55 207.14 62.50 407.73
15 1519.00 911.40 227.85 62.50 442.25

IRR 17%
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Table 2. The current logistics and freight transportation costs in Sisaket Province

Mode of Cost Duration
Num. Activities Location Hour
transportation (Bath) (Day)

1 Loading Goods onto a Hired Hired Truck Sisaket Province 1,000 0.5 12
Truck.

2 Transporting Goods to The Truck Sisaket Province to 12,000 1 24
Freight Service Provider Using Laem Chabang
Containers. Sea Port.

3 The Freight Service Provider Laem Chabang Sea 1,000 0.5 12
Loads Goods into Containers. Port.

4 The hired truck returns
empty on the backhaul trip.

Total 14,000 2 48

w1 M3danaraeunugedumliudminaiasiny
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anflsalvuuesins sunefunstsud Smiariaziny awietuluowian §ideidldifouiAsenldinsnisuuden
yasunsaarisalvauasysil ldwarensaantisaluvindounanats szuenne 642 Alawns dns1A158319013
yudsgaumaoumuuesuuumInA faldangegil 7,090 v vTnaaugAsumuuefandsalrlunauads
afumswuiegreumuiueiaminali Sasdiaildiedszneulude niszendreumuiueiiurioassalu
423 v Audensdaaninsiesetgluienase 1,000 um mvudnsaidauvilale sesannduaiusala 1,000
U ST e U 2,423 vin lunsdAnwrdandunissusuailddtenisvudsdudiaingadunisdinia

Asaziny Idatgmevinsanranatayintu tnealdaneienunwaiazwinny 11,936 U S1eazkdenn Table 3.

Table 3. Cost and duration of freight transport by truck from Sisaket Province to Laem Chabang Port

Num. Activities Mode of Location Cost Duration Hour
transportation (Bath) (Day)

1 Loading Goods onto a Hired Hired Truck Sisaket Province 0.5 12
Truck.

2 Transporting Goods to Nong Hired Truck Nong Waeng 1,000 * 0.08 2
Waeng Railway Station. Railway Station

3 Loading Goods into Containers Nong Waeng 1,000 * 0.5 12
at The Container Yard of Nong Railway Station

Waeng Railway Station

[ Moving the Loaded Container Nong Waeng 423**
onto The Train. Railway Station

5 Transporting the Loaded Railway Nong Waeng Railway 7,090%* 0.5 12
Container. Station - Laem Chabang

Railway Station

6 Delivering the Loaded Railway Laem Chabang 2,423%* 0.5 12
Container to The Shipping Railway Station
Line.
Total 11,936 2 50

M * mydsawazasuauguedumluiminaiasiny Wdsinssena

** naguinsaumaouuues dauinisdum nssaludsusemalng https://srtcontainer.railway.co.th
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333 WAMTAATIENAUNUTIEAINTIH
ndeyanldanesuuuunsuudmsauuiifanssunanineliiadunulunisaiduaudiuu
4 Aanssu lawn 1) ddumdusadnanan 2) vuddudludadliiuinisvudaduiinedaoumuues 3) fliusnis

YuAIFUAUTIIAUAAGABUINUIIET Uar 4) sndnanundndusaifisadn Inedeyarldineguuuunisuuds

¥
v ==

seilomansguuuudfanssuvdniineliAndunulunisdndunusiuou 6 Aanssy Tdun 1) didudduinamn
2) yudsduiluaaniisalivusaing 3) vssedudindiaugdreunumesaniisalurusaas 4) vuthedneumy
wosfussgdudtusalyl 5) udsireumuiueiiiussadudugs uas 6) dufroumuueifiussaududlviuiane
3o entutmuafanssumdndufie Suaudunusefiovenia 2 adent wardmusfanssumdnfiduiansaluy
yanaieatuld 3 Anssumdn Aanssudunuenau Tdun msvudedaoumuues nmirauddusa Aanssudunu
yudaity yudnouuLes uazAanssusumulady Wy n1sussedum WenSsuiisusunualddnglunisuuds
sEinemsvudaneauusesaUsTAisunssvudseidesansgunuuTnesaussnmiusaly Jaduguuud
wAntuldluomannuin sUuumsuuiialielaesan 14,000 vw/Afles JULuUNsTudseLomAaTeFULUY
fidld3105megl 11,936 UAfien ansnagunanisidelaimnguszneunisiasuanldguiuunisvuds

ollawangsUwuLITaNIaUsEndaduyuAvuddaesidlate 2,070 vIn/Afied TeasiBunns Table 4.

Table 4. Cost comparison between current freight transport and potential multimodal transport

alternatives in the future for Sisaket Province

Road transport Multimodal Transport
Cost Percent Percent
(Bath) (Bath)
1. Handling Cost 2,000 14.29 2,846 23.84
2. Transportation Cost 12,000 85.71 7,090 59.40
3. Overhead Cost 0 2,000 16.76
Total 14,000 11,936

4. 3AUTWHANTTIVY

Nninguszasduesnsinyuasiieszvinnudululsusinsyudsduire emanssuiuusiesaussyn
wazsalil FineTasiny fdedudilugmindeunauatedy 33eldinsAnwanudululdvedasanis
Usznausae 4 ssrusznau Tanadsdl 1) nan1simseidiunisnann (Market Analysis) wuin nsvudssewios
vianegULUUMBsaUsIUasso lindmiaiazinvluinindouwanateldneammnsnaindia (esniigiu
nMsuanduAinuasLazenavnssuindunss uazsndudeinagnsmsnaaivanzauiieainsaulfivievly
nsutstuuazAsgagniliuunlduinmsvudsguuuulmidasandeatu Muangnuae (2013) nuimsiissmelng
swdszavanudndauazidudirdunisvudwioiomats suuuu nirsauniaigazdedinisatuayudaeasy
fusgneunsianagpamnss fuudn faseen dliuinmsruddasensiUsznaugsiavuinnansuassuingosls
lafismansemunazmsmdoudiludeanisuiuivesesdns esesiunsvudwieiematsguuuuati adu
3Us3U 2) mamshnsiziinumnaila (Technical Analysis) wuindanudululinianaila wisndudesdinsamu

Waunlassadsiugutazinalulaiingitesegiaduszuu lneanzogrsBinmsimugunasiusazaudiadui
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faonilvuoanas uazmaiisdszavsamlunszuiumsiasumosuiuunsvuds el msandina e
Anauanunsalunisudsdunuladafindvedminasasinuiazginialaesid 3) KaN1TIATIERAIUNITIANTS
(Management Analysis) wuinsiaudndugesdssuumsuimsdnnisiisiussansamuazBangu amnsnsessu
Aududouven s iunukazn sUsTa U usEnIERdladudevangdhe mahwaluladadelniunlely
msuimsdanisanduiiidvddnlunsifiuussansanuasanuanansalunisugadu wenani nsliaudAgy
Aumsiaunyaainsuaznsadsnudsiuazdislinsddunuussauaiudisalussezen uag 4) nans
FA5129i81u1913 (Financial Analysis) wuandannudululdmenisidu lnedsnsmaneuunuaielufivraula
(RR $eway 15-18) uarszuzaAunuiisensuls (7-8 9) Insaenndasiiu Pinyowong (2016) finuinnisdnun
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a I
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Aanssudunuonvu Aanssudunuauds wazAanssuduyulae Tas msvudesioidemategunuvanunsaanduy
AanssumsvuddlEyiify 4,910 vmseifisanisuuds Andudesay 40.92 LﬁaLﬂauﬁ’umsﬁuudqmaauwﬂmgﬂuw
WennaunAnsruuiuugiuAangsa (Activity Based Costing) asnsaagunanisiseldimmniusznauniswasu
ildguuuunsvudsderomassuuuuazannsaussndnsuruavudddaesiuldi 2,070 vwsioliien aonades
futfu Phamornmongkhonchai et al. (2020) denl433 Activity Based Costing WUz nAlglunIIMIAUYUNg
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= o & A v ¥ U | v ' S N i
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6. AinANITUUTZNA
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= a 1Y) v o i o & a v o & o
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Abstract

This study aimed to identify the key factors influencing the extraction efficiency of olicosaccharides
from yam bean (Pachyrhizus erosus (L.) Urban) root using the Plackett-Burman design (PBD). The screening
was conducted on five critical factors: sample size (2 mm and 10 mm), extraction temperature (30°C and
60°C), extraction duration (30 and 100 min), ethanol concentration (30% and 50% v/v), and pH (5.0 and
7.0). The experimental results revealed that ethanol concentration, pH, and extraction temperature had
significant effects on oligosaccharide yield, with the highest yield (36.00% wt) obtained under the following
conditions: 2 mm sample size, 60°C extraction temperature, 30 min extraction time, 50% ethanol, and pH
7.0. Statistical analysis using Design-Expert® 7.0.0 confirmed the adequacy of the model (R2 = 0.90), and
residuals exhibited normal distribution, independence, and homoscedasticity. The findings highlight optimal
conditions for oligosaccharide extraction, which may serve as a foundation for future scale-up studies or

further functional characterization.

Keywords: Yam bean root, Oligosaccharides extraction, Plackett-Burman design

1. Introduction

Yam bean (Pachyrhizus erosus (L.) Urban) is a leguminous root crop widely cultivated in tropical
regions, including Thailand. The root is consumed fresh and processed into various food products due to
its crisp texture and mild sweetness. It contains valuable carbohydrate components, notably inulin-type
fructans and other oligosaccharides, which have attracted attention for their potential application as
functional food ingredients (Bhanja et al., 2023). However, the extraction of such oligosaccharides is
influenced by multiple factors, including solvent composition, temperature, and pH. Ethanol-water mixtures
are frequently used in extraction because they offer an effective polarity range to isolate low molecular
weight saccharides without degrading thermolabile compounds (Huang & Huang, 2020). Despite increasing
interest in bioactive oligosaccharides, preliminary extraction studies often lack statistical rigor in evaluating
the influence of multiple process variables. Conventional single-variable approaches are time-consuming
and fail to reveal interactive effects between factors (Fan et al., 2022). Hence, a robust experimental design
is essential for efficiently screening and identifying key variables influencing oligosaccharide extraction.

The Plackett-Burman Design (PBD) is a fractional factorial method suitable for identifying statistically
significant factors among large variables using minimal experiments. This design is particularly effective for
early-stage screening and has been widely applied in the food and biotechnology industries for optimizing
extraction, fermentation, and formulation processes (Boateng & Yang, 2021). While PBD does not directly
model interactions or curvature, it serves as a critical precursor to response surface methodology (RSM) or
central composite designs (CCD) for further optimization (Du et al., 2021).

This study employed PBD to identify the most influential variables affecting the extraction of

oligosaccharides from yam bean roots. Five factors—sample size, extraction temperature, extraction
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duration, ethanol concentration, and pH—were evaluated for their impact on extraction yield. The study
aims to establish statistically validated conditions that maximize oligosaccharide recovery and to provide a

framework for further functional assessment and process scale-up.

2. Materials and methods
2.1 Raw material preparation
Fresh yam bean roots (Pachyrhizus erosus (L.) Urban), aged 90 days, were harvested, washed with
tap water, and peeled. The roots were sliced into thin pieces and dried at ambient temperature for 6 h.
Subsequently, the slices were dried in a hot air oven at 55°C for another 6 h to reduce moisture content.
The thoroughly dried samples were cut into two particle sizes: 2mm and 10 mm. These samples were
stored in a desiccator at room temperature until use.
2.2 Extraction and analytical procedures
Twenty grams of dried yam bean samples were immersed in ethanol-water at a solid-to-liquid ratio
of 1:5(w/v). The extraction process used specific temperature, time, ethanol concentration, and pH
combinations according to the Plackett-Burman design. The mixture was stirred continuously during
extraction. After extraction, the mixture was filtered through Whatman No.1 filter paper, and the filtrate was
centrifuged at 4,000 rpm for 10 min. The supernatant was then evaporated at 40°C for 1 h using a rotary
evaporator to reduce the ethanol content. The concentrate was further dried in a hot air oven at 50°C for
48 h, followed by freeze-drying at -55°C for 12 h to obtain a stable dry powder. The final extract was
weighed to determine total yield, and the following analyses were conducted:
- Total sugar content was measured using the phenol-sulfuric acid method.
- Reducing sugar content was determined using the 3,5-dinitrosalicylic acid (DNS) method
(Jain et al., 2020).
- Non-reducing sugar content was calculated using the equation:

Non-reducing sugar = Total sugar - Reducing sugar (1
- Oligosaccharide yield (% wt) was used as the primary response and calculated as:
Yield of oligosaccharide (% wt) = (W /W) x 100 s 2)

where W, is the dry weight (g) of oligosaccharide extract obtained, W, is the dry weight (g) of the
yam bean sample used.
2.3 Experimental design and statistical analysis
2.3.1 Plackett-Burman design (PBD)
The Plackett-Burman Design (PBD) was employed to identify the significant factors affecting the

extraction yield of oligosaccharides from yam bean roots. Five independent variables were investigated:
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sample diameter (X,), extraction temperature (X,), extraction duration (X3), ethanol concentration (X,), and
pH (X5). Each variable was tested at low (-1) and high (+1) levels, as shown in Table 1. The experimental

design follows a first-order linear model without interaction terms:

Y=8,+>BX, (3)

where, Y is the response variable (oligosaccharide yield, wt%), ,30 is the intercept, and ,5,-
represents the linear coefficient for the i-th factor, and Xl- is the coded value of each variable. Each factor
was tested at two levels (-1 and +1) (Table 1. and Table 2).

PBD is suitable for screening purposes, where the primary goal is to determine the most
influential factors with statistical significance using a minimum number of experimental runs. While it does
not account for interaction or quadratic effects, PBD serves as a valuable foundation for further optimization
using response surface methodology (RSM) or central composite design (CCD).

The experimental results were analyzed using Design-Expert® version 7.0.0 (Stat-Ease, Inc,,
USA). Model validation was carried out through residual diagnostics, including normal probability plots,
independence checks, and variance stability assessments to ensure the assumptions of linear regression
were met. The R-squared (R?) value was used to evaluate the goodness of fit of the model, while analysis
of variance (ANOVA) was performed to assess the statistical significance of the independent variables. The
impact of each variable on oligosaccharide yield was quantified using the following expression for the main

effect:

_ 2(ZM,.+ _Mi—)

N

E ()

where, E,, is the concentration effect of the tested variable, M, and M, are the response values
(oligosaccharide yield in %wt) from experiments in which the variable of interest was at the high (+1) and
low (=1) levels, respectively, N is the number of experimental runs. This first-order model enabled the
identification of significant factors without considering interaction or quadratic effects, as is typical of
screening designs like Plackett-Burman.

2.3.2 Statistical optimization and desirability function

The optimization function in the software was employed to determine the most suitable
conditions for maximizing oligosaccharide yield. The analysis considered composite desirability (D), where
values closer to 1 indicate greater optimization efficiency. This multi-response optimization ensured a

balance between experimental feasibility and extraction performance. Using statistical tools and PBD design
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ensured the experiment was robust and reproducible. It provided a solid foundation for identifying the

most influential parameters, guiding further process refinement using advanced optimization models.

Table 1. Levels of Independent Variables Used in the PBD

Code Variable -1 (Low Level) +1 (Low Level)
Xi Sample diameter (mm) 2 10
X, Extraction temperature (°C) 30 60
X Extraction duration (min) 30 100
Xq Ethanol concentration (% v/v) 30 50
Xs pH 5.0 7.0
3. Result

3.1 The yield of oligosaccharide extract from yam bean root

The results in Table 2. illustrate the influence of various extraction parameters on oligosaccharide
yield from yam bean root. The highest yield (36.00% wt) was achieved in experiment 5, which employed a
2 mm sample size, 60°C extraction temperature, 30-min extraction time, 50% (v/v) ethanol concentration,
and pH 7.0. Conversely, the lowest yield (8.94% wt) was observed in experiment 12, where all parameters
were set at their minimum levels.

Among the tested variables, ethanol concentration and pH were found to have the most
pronounced positive effects, as shown by the Pareto chart. A smaller particle size (2 mm) also significantly
contributed to a higher yield, likely due to an increased surface area, which enhances mass transfer and
solvent penetration during extraction. These observations are consistent with the theoretical expectation
that finer sample sizes promote solute-solvent interaction, thereby improving extraction efficiency. An
additional extraction was carried out under the predicted optimal conditions—2 mm sample size, 60°C,
99.93 min, 50% ethanol, and pH 7.0 to validate the predictive model. The experimentally obtained yield
(34.96% wt) was in close agreement with the model’s predicted value (35.58% wt), demonstrating a relative
error of less than 2%. This confirms the accuracy and practical applicability of the Plackett-Burman model
for optimizing oligosaccharide extraction from yam bean root.

3.2 Statistical analysis

3.2.1 Model validation

Model validation was performed based on three key assumptions: normality of residuals,
independence, and homoscedasticity (constant variance). Figure 1. illustrates the standard probability plot
of the residuals. The residuals were approximately aligned along a straight diagonal line, indicating that the
errors followed a normal distribution. No significant deviation or curvature was observed, thus supporting

the normality assumption. Figure 2. displays the residuals versus predicted values to assess independence.
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The plot showed a random scatter without any visible pattern or trend, confirming that the residuals were
independently distributed. Figure 3. demonstrates the homogeneity of variance, showing residuals plotted
against levels of the independent variables. The distribution of residuals was fairly symmetrical and
balanced between positive and negative values, indicating stable variance across factor levels. These results
collectively support the validity of the model assumptions. The residual analysis confirms that the
experimental data meets the requirements for reliable statistical interpretation using regression analysis and

ANOVA.

Table 2. PBD design matrix for evaluating factors influencing oligosaccharide yield from yam bean root

Run X; X, Xs X Xs Oligosaccharide
code actual Code actual code actual code actual code actual Yield (% wt)

1 +1 10 +1 60 +1 100 -1 30 -1 5.0 18.81
2 -1 2 -1 30 -1 30 +1 50 -1 5.0 22.50
3 -1 2 +1 60 +1 100 -1 30 +1 7.0 28.98
a +1 10 +1 60 -1 30 +1 50 +1 7.0 25.83
5 -1 2 +1 60 -1 30 +1 50 +1 7.0 36.00
6 +1 10 -1 30 +1 100 +1 50 +1 7.0 24.70
7 +1 10 -1 30 -1 30 -1 30 +1 7.0 14.25
8 +1 10 +1 60 -1 30 -1 30 -1 5.0 11.01
9 -1 2. -1 30 +1 100 -1 30 +1 7.0 17.15
10 +1 10 -1 30 +1 100 +1 50 -1 5.0 14.70
11 -1 2 +1 60 +1 100 +1 50 -1 5.0 25.45
12 -1 2 -1 30 -1 30 -1 30 -1 5.0 8.94
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Figure 1. Normal probability of the residual plot
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Figure 3. Studentized residuals and predicted values

3.2.2 Coefficient of decision and analysis of variance (ANOVA)

The coefficient of determination (R?) was used to assess the goodness of fit of the regression
model. The calculated R? value was 0.90, indicating that 90% of the variability in oligosaccharide yield could
be explained by the five independent variables in the model (Table 3.). This reflects a high predictive power
and model adequacy. Analysis of variance (ANOVA) was conducted to test the significance of each factor.
The results showed that ethanol concentration, pH, and extraction temperature had statistically significant
effects (p < 0.05) on oligosaccharide yield. These findings support using the Plackett-Burman model for
screening influential variables in the extraction process.

3.2.3 Effect of independent factors

The oligosaccharide yield obtained from the experiments ranged from 8.94% wt to 36.00%

wt, as shown in Table 2. The influence of the five independent variables—sample size, extraction
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temperature, extraction duration, ethanol concentration, and pH—was analyzed using a Pareto chart
(Figure 4.), which graphically displays the standardized effects of each factor.

In the Pareto chart, effects that exceed the Bonferroni limit are considered statistically
significant. In contrast, those above the t-value limit are likely significant, and those below the t-value limit
are unlikely to be substantial. The results indicate that ethanol concentration, pH, extraction temperature,
and sample size exceeded the Bonferroni limit, suggesting that they strongly influenced oligosaccharide

yield.

Table 3. Coefficient of decision and analysis of variance (ANOVA)

Source Sum of df  Mean F Value p-value Remark
Squares Square Prob > F

Model 625.5352 5 125.107 10.53954  0.0062 significant

A - Sample diameter 73.55701 1 73.55701 6.196752  0.0472

B - Extraction temperature 160.3083 1 160.3083 13.50505 0.0104

C - Extraction duration 10.56563 1 10.56563 0.890093 0.3819

D - Ethanol concentration 208.5834 1 208.5834 17.57194 0.0057

E-pH 172.5208 1 172.5208 14.53388 0.0088

Residual 71.22152 6 11.87025

Cor Total 696.7567 11

Std. Dev. = 3.44; Mean = 20.70; C.V. % = 16.65; PRESS = 284.89; R-Squared = 0.90; Adj R-Squared = 0.81

Although not crossing the Bonferroni limit, extraction duration remained above the t-value
threshold, indicating a moderate effect. The findings were consistent with the ANOVA results (Table 3.),
which showed that all five variables had p-values less than 0.05, indicating statistical significance at the 95%
confidence level.

The results confirm that optimizing these independent factors is critical for maximizing
oligosaccharide recovery from yam bean root. The sign of the effect coefficients (Table 4.) provided further
insights into the direction of influence:

- A negative coefficient for sample size suggests that increasing particle size reduced
oligosaccharide yield, likely due to reduced surface area and mass transfer efficiency.

- Positive coefficients for ethanol concentration, pH, and extraction temperature indicate that
increasing these variables enhances oligosaccharide extraction efficiency, likely by improving solute

solubility and cell wall disruption.
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The multiple regression analysis can establish models or equations that predict the
experimental results of each factor. The results obtained from this experiment were a non-linear quadratic

correlation model. Results of the oligosaccharide yield extract are shown as follows:

Y =20.69 — (2.47X,) + (3.65X,) + (0.93X3) + (4.16X,) + (3.79X5) oo (5)

where, ¥ is the yield of the oligosaccharide extract, X; X,, X5, X, and X5 represents sample
diameter, extraction temperature, extraction duration, ethanol concentration, and pH.
3.3 Optimization of extraction conditions
The statistical analysis of experimental data was conducted using Design-Expert® version 7.0.0
(Stat-Ease, Inc., Minneapolis, MN, USA). The study was divided into three key components: model validation,
coefficient of determination (R2), and analysis of variance (ANOVA). These analyses were performed to
evaluate model adequacy, identify significant factors, and confirm the reliability of the regression model.
The numerical optimization function within the software was used to determine the most effective
combination of extraction conditions. This function identifies the factor levels that maximize the desired
response—in this case, oligosaccharide yield—while satisfying practical constraints. The composite
desirability (D) index, which ranges from 0 to 1, was used to assess the overall optimization outcome. A

value of 1.0 represents an ideal solution where all goals are fully met.
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Figure 4. Pareto chart of the standardized effects of independent variables

on the oligosaccharide yield
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Table 4. Effect of independent factors

Term Effect Sum of Squares % Contribution
Sample diameter (X)) -4.95 73.55 10.55
Extraction temperature (X)) 7.31 160.30 23.00
Extraction duration (X5) 1.87 10.56 1.51
Ethanol concentration (X,) 8.33 208.58 29.93
pH (X5) 7.58 172.52 24.76

The optimization results revealed the predicted optimal conditions for oligosaccharide extraction
from yam bean root to be:

- Sample size: 2 mm

- Extraction temperature: 60°C

- Extraction duration: 99.93 min

- Ethanol concentration: 50% (v/v)

- pH: 7.0

Under these conditions, the model predicted an oligosaccharide yield of 35.58% wt with a
composite desirability of 0.985, indicating a high level of agreement between the objectives and the optimal

solution (Figure 5).

_ T L

2.00 10.00 30.00 60.00
Sample diameter = 2.22 Extraction temperature = 60°C
30.00 100.00 30.00 50.00
Extraction time = 99.93 min Alcohol concentration = 50% (v/v)
5.00 7.00 8.94 36
pH = 7.00 Oligosaccharide yield= 35.584% wt

Desirability = 0.985

Figure 5. The optimal conditions for oligosaccharide yield
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4. Discussion

The optimal conditions for oligosaccharide extraction from yam bean root were confirmed,
highlighting the substantial influence of multiple factors on extraction efficiency and supporting the
effectiveness of the Plackett-Burman Design in screening critical variables. Among these factors, ethanol
concentration had a strong positive effect on oligosaccharide yield. Ethanol’s amphiphilic nature facilitates
the selective solubilization of oligosaccharides by adjusting the solvent polarity. Increasing ethanol content
reduces the overall polarity of the solution, promoting the precipitation of high-molecular-weight
polysaccharides and enhancing the solubility of smaller oligosaccharide fractions. This observation is
consistent with (Huang & Huang 2020), who reported that ethanol concentration significantly affects
carbohydrate solubility and fractionation during extraction.

Temperature also played a key role in improving yield. Elevated temperatures increase molecular
mobility, solvent penetration, and diffusion rates, enhancing mass transfer between plant tissue and solvent.
This trend aligns with the findings of (Poka et al. 2023), who demonstrated that higher temperatures facilitate
more efficient oligosaccharide extraction from plant roots.

Extraction time was another contributing factor, as longer durations allow for more extensive
contact between solvent and solutes, increasing the total recovery of sugars. This agrees with (Jaffur et al.
2024), who observed enhanced fermentable sugar recovery with prolonged extraction periods.

Sample size (particle diameter) was deliberately varied (2 mm vs. 10 mm) to study its effect on
extraction performance. Smaller particles provided greater surface area and disrupted cellular structures
more effectively, improving mass transfer and facilitating the release of target compounds. These results
confirm the hypothesis that finer particle sizes enhance extraction efficiency, a trend also reported by
(Fan et al. 2022) in studies on solvent extraction of bioactives. In contrast, larger particles may be more
advantageous during industrial-scale processing by reducing clogging and energy input during milling. These
findings underscore the relevance of particle engineering in optimizing both yield and downstream process
compatibility.

The effect of pH was also significant. Lower pH values (more substantial acidity) enhanced the
cleavage of glycosidic bonds in complex carbohydrates, thereby increasing oligosaccharide release.
(Lu 2023; Wandee et al. 2021) previously supported this acid-assisted hydrolysis mechanism, which reported
improved breakdown of plant-based carbohydrates under acidic conditions.

Although this study focused on oligosaccharide extraction from yam bean root, the findings provide
comparative value when considering other plant sources. As summarized in Table 5., extraction efficiency
and bioactive composition vary depending on plant material, method, and conditions. Therefore, the
selection of raw material and process parameters must be tailored for each application. The insights gained
from this work are relevant to research on functional carbohydrates and the design of scalable extraction

protocols for use in functional foods and nutraceutical product development.
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Table 5. Comparison of prebiotic extraction results from different plant sources

Plant source Extraction method and Processing conditions Reference
Jackfruit seeds The extraction method using different solvents (e.g., (Wichienchot et
(Artocarpus distilled water, 50% ethanol, and 95% ethanol) al,, 2011)
heterophyllus) demonstrated that 50% ethanol yielded the highest

extraction efficiency.
Sangyod rice Prebiotic extraction from Sangyod rice involves germination, (Sivamaruthi et
(Oryza sativa L.) drying, and milling processes. The obtained prebiotic al., 2023)

powder is rich in non-digestible carbohydrates, serving as

potential ingredients in health-promoting products.

Mung bean seeds Oligosaccharides (RFOs) are the prebiotic extract of mung (Elango et al,,
(Viena radiata L.) bean seeds. The ethanol extraction process has shown 2022)
promising results in isolating these oligosaccharides, which

contribute to the modulation of gut microbiota.

Carrot A prebiotic extract from carrot residues is a polysaccharide  (McKay et al,,
(Daucus carota L.) developed as a functional ingredient. Studies indicate that ~ 2022)

consuming 300 mg daily enhances immune function and

gut health.
Coconut residue The extraction uses acid hydrolysis and enzymatic (Plangklang et al.,
(Cocos nucifera L.) treatment. Oligosaccharides are used for the prebiotic 2023)

extraction of coconut residue. The presence of these
compounds was confirmed through Thin-Layer

Chromatography analysis.

5. Conclusion and suggestions

5.1 Conclusion

This study successfully optimized the extraction of oligosaccharides from yam bean (Pachyrhizus
erosus) roots using the Plackett-Burman Design (PBD). The statistical analysis revealed that ethanol
concentration, pH, and sample size were the most influential variables affecting extraction efficiency. The
optimal conditions identified were: 2 mm sample diameter, 60 °C extraction temperature, 99.93 min
extraction duration, 50% (v/v) ethanol concentration, and pH 7.0, which yielded a maximum oligosaccharide
content of 36% wt. An additional experiment was conducted under these optimal conditions to validate
the predictive model. The experimentally obtained yield (34.96% wt) closely matched the predicted value
(35.58% wt), with a relative error of less than 2%. This confirms the reliability and practical applicability of
the PBD model for identifying effective conditions to enhance oligosaccharide extraction. The findings

contribute to the design of statistically robust, scalable, and efficient extraction protocols for use in food
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and bioactive compound applications.
5.2 Suggestions for future research

5.2.1 Scale-up and industrial application

Further research should focus on scaling up the optimized extraction process to pilot or
industrial scale, evaluating technical feasibility, cost-effectiveness, and process efficiency.

5.2.2 Structural and functional characterization

Advanced analytical techniques (e.g., HPLC, NMR, FTIR, MALDI-TOF) should be used to
determine the extracted oligosaccharides' chemical structure and functional groups and assess their
biological activity.

5.2.3 Stability and shelf-life assessment

The stability of oligosaccharide powders should be examined under varying temperature,
humidity, and light exposure to evaluate shelf-life for commercial use in powdered or encapsulated forms.

5.2.4 Synergistic effects with probiotics

Studies should explore in vitro and in vivo interactions between the extracted oligosaccharides
and probiotic strains (e.g., Lactobacillus, Bifidobacterium) to assess potential synbiotic effects.

5.2.5 Alternative extraction technologies

Comparative research involving ultrasound-assisted, microwave-assisted, or enzymatic

hydrolysis may offer enhanced vyield, reduced energy use, and improved selectivity.
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Abstract

This study examines the impact of caching techniques on the throughput and response time of
RESTful APIs in a headless CMS architecture developed with PHP Laravel that connected with external CMS.
End users frequently experience issues such as slow page loading, delayed content updates, and occasional
system errors. These factors contribute to a diminished user experience and undermine the overall reliability
of the system. The primary objectives are to enhance the API response time between the Presentation
Layer and the CMS and to evaluate the most effective caching technique for optimizing Laravel’ s API
performance. Various caching drivers, including file-based caching, MySQL caching, and Redis caching, were
tested to assess their effects on APl throughput. All three caches have their own advantages and
disadvantages, with File and Redis being built-in cache mechanisms, while MySQL is a database adapted for
caching purposes. WRK was used to simulate realistic APl usage by generating concurrent user requests to
the API. Each test involved sending requests to the application with a single concurrent user per thread for
60 seconds, using varying payload sizes of 20KB, 200KB, and 2000KB. The results indicate that caching
significantly improves API performance, with file- based caching achieving a throughput of 126.82 requests
per second compared to 5.55 requests per second without caching at payload 20 KB. Among the three
cache drivers tested, file-based caching provided the greatest performance improvement, with 20 times
increase compared to no caching. However, file-based caching while easy to config, has limitations in terms
of scalability and deployment flexibility, making it more suitable for small applications. Redis was found to
be a superior alternative for high-performance applications due to its horizontal scalability. In contrast,
MySQL caching was not recommended due to its relatively low performance, except in scenarios of low

cache loads where other caching options were impractical.

Keywords: API, Headless CMS, Caching, Performance optimization, Throughput

1. Introduction

A Headless CMS (Content Management System) is a content management system that provides
content without a front-end website. It allows developers to build websites and applications that consume
and display content as needed. This approach decouples the content from the presentation layer, giving
developers with greater flexibility to create engaging user experiences. Kamal (2022) suggests that a Content
Management System (CMS) is a cost-effective option, as it enables individuals without coding knowledge to
develop websites in traditional CMS systems where the front-end and back-end are tightly coupled.
However, in a Headless CMS, the back-end is entirely decoupled from the front-end, resulting in greater
flexibility and scalability. In the research context, a headless CMS offers a key benefit: write content once
and display it across multiple subdomains within the organization. Typically, a Headless CMS requires an
APl (Application Programming Interface) to allow other applications or websites to retrieve and display

content. In a Headless CMS, content is stored separately from the presentation layer, meaning the CMS
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does not dictate how the content is presented. Instead, the content is made available through an AP,
allowing developers to access and use it in their own applications or websites. The API usually contains
content in a structured format, such as JSON or XML, that can be easily consumed by other applications.
This empowers developers to create customized front-end applications or websites that can display content
in a manner that suits their specific needs, without being concerned about the underlying CMS or
presentation layer. Integrating APIs with external CMS in a headless architecture often encounters challenges
such as slow response times and instability due to external dependencies. Data retrieval delays can
negatively impact user experience, while caching limitations, rate limiting, and APl version changes pose
further complications. Debugging becomes more complex, requiring in- depth understanding of
interconnected systems. These issues collectively reduce the overall performance and reliability of the
platform.

One of the most critical factors influencing Web API performance is response time. Response time
refers to the duration it takes for the API to respond to a client's request. Slow response times can lead to
a degraded user experience, resulting in high bounce rates and negatively impacting the overall API
performance. According to the study by Babovic et al. (2016), response time is a key determinant of the
overall efficiency of a web API. Reducing response time can significantly enhance Web API efficiency,
resulting in improved user experience and increased user engagement.

To improve APl speed and efficiency, several key strategies can be implemented. Caching plays a
crucial role by storing frequently accessed data in memory using tools like file, database, Redis, significantly
reducing response times. JSON compression techniques such as GZIP help minimize payload size, enabling
faster data transmission over the network. Integrating a Content Delivery Network (CDN) allows static API
responses and media files to be served from edge locations closer to users, decreasing latency. Moreover,
load balancing evenly allocates incoming requests across multiple servers, helping to prevent system
overload and maintain stable performance during periods of high traffic. Combined with other optimization
strategies, this approach supports the development of an API infrastructure that is scalable, efficient, and
resilient (Bautista et al., 2023; Vemasani & Modi, 2024).

Caching is a widely used technique for improving the performance of web APIs by temporarily
storing frequently accessed data, allowing subsequent requests to be served more quickly without
repeatedly querying the underlying data source. Various research studies have investigated and validated
the effectiveness of caching strategies in optimizing APl performance across a range of platforms and
application scenarios (Mertz & Nunes, 2017; Hasnain et al., 2020; Sudda, 2024, Shi et al., 2024). They found
that this approach greatly reduces response latency, leading to faster load times and more efficient resource
utilization.

Laravel Cache is a powerful caching library that can be used to implement caching in Laravel-based
web APIs. Consistent with the work of Ahmed et al. (2024), that focused on a comparative analysis of
performance optimization techniques applied to two PHP frameworks, Laravel and Codelgniter, in

implemented various optimization strategies, including caching, query optimization, and code refactoring,
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and measured their impact on the frameworks' response times over single and multiple iterations. Laravel
Cache is a popular caching library for PHP-based web applications. This library provides a simple and
efficient approach to cache data and reduce web API response times. Laravel Cache can be utilized to
cache database queries and APl responses, and it seamlessly integrated into Laravel- based web
applications. There are many caching techniques like file, Redis, and database caching, each with different
performance benefits. Laravel supports multiple cache drivers, making it easy to improve performance by
caching data, queries, or full API responses efficiently without additional hardware.

A RESTful API (Representational State Transfer API) is a web service that follows the principles of
REST (Representational State Transfer) architecture (Rodriguez et al, 2016) to enable communication
between clients and servers over the intermet. It is widely used for building scalable, maintainable, and
stateless web applications. It enhances scalability, simplicity, and performance by enforcing statelessness
and resource-oriented interactions. This architectural style has become the foundation of modern RESTful
APIs, significantly influencing web standards, particularly in HTTP- based API design ( Fielding, 2000).
By leveraging the advanced capabilities of the Laravel framework, the proposed approach seeks to optimize
the development process of RESTful APIs, thereby improving efficiency and maintainability. Chen et al.
(2017) emphasize Laravel's built-in functionalities, which ensure compliance with REST architectural
principles, facilitating the design of scalable and resilient web services. This study provides significant insights
into the adoption of Laravel for RESTful API development, contributing to the establishment of best
practices in modern web service architecture.

Therefore, this study aims to improve the response time of a RESTful API between the presentation
layer and a headless content management system, and to evaluate the most effective caching techniques

in PHP Laravel for optimizing APl throughput and response times.

2. Methodology

2.1 Experimental Setup

This experiment is conducted to gather information about various types of caching in the PHP
Laravel framework, their advantages and disadvantages, as well as cache functionalities. This case study
involves implementing caching in a Laravel application and measuring the impact on performance and
throughput relevant to APIs and caching used for Headless CMS. Throughput is the rate of work that can
be done. In the case of Web APIs, it is the rate of processing API calls, specifically the average number of
requests that can be successfully processed per second or per minute over a given period.

Laravel offers a standardized APl for multiple caching backends, enabling seamless transitions
between different caching systems without requiring modifications to the application code. The framework
supports various caching drivers, including Array, File, Database, Memcached, Redis, DynamoDB, and Octane.

However, this experiment focuses on File Cache, Database Cache, and Redis Cache.
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File Cache stores cached data as individual files in the filesystem. While simple to implement, it
suffers from slower read/ write performance compared to Redis due to disk I/O limitations. Additionally,
managing large cache files can become inefficient in high-traffic applications.

Database Cache mechanism stores cache data in a database table, making it easier to query and
manage. However, retrieving cached data requires database queries, introducing latency and reducing
performance under heavy load.

Redis Cache operates entirely in-memory, resulting in ultra-fast read and write operations. It also
supports advanced caching features like automatic expiration, data persistence, and pub/ sub messaging.
Due to its ability to scale horizontally, Redis is the preferred choice for applications requiring high
concurrency and low- latency responses. Redis can sometimes be slower by its communication over the

network, even on localhost.

wrk curl Benchmark
| i
,
S/ Content
// / (Headless CMS)
HTML | —— API Redis
N\
Y A

Cache file \ MySQL

Ul Laravel 3rd party

Figure 1. Components used in the experiment

WRK is a modern open-source HTTP benchmarking tool that enables the measurement of the
performance and throughput of web servers or APl servers. [t is designed to generate a high load on web
applications to simulate realistic scenarios and evaluate how well a server handles the load. To measure
the throughput of cached responses, the ‘curl” command was used to execute PHP scripts that record the
time taken to retrieve data using the ‘get cache’ command, successfully fetching cached data across
different caching types.

The experiment was conducted to evaluate the impact of different caching techniques on the
performance and throughput of a RESTful API. The APl application was developed using the Laravel
framework (version 10) and connected to a MySQL database and a Redis server. The application was
deployed on a cloud server with 1 vCPU, 1GB RAM, and a 25GB SSD, running a LEMP stack (Linux/ Ubuntu
22, NGINX, MySQL, PHP 8.2). Additionally, Redis Server and WRK were installed for performance

benchmarking.
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2.2 Testing Procedure
To measure the effect of caching on API performance, a structured testing procedure was
implemented. The experiment aimed to evaluate various caching mechanisms under controlled conditions
to assess their impact on response time, throughput, and resource utilization.
2.2.1 Load Simulation
WRK was used to simulate realistic APl usage by generating concurrent user requests to the
API. Each test involved sending requests to the application with a single concurrent user per thread for

60 seconds, using varying payload sizes of 20KB, 200KB, and 2000KB.

Table 1. Experimental Environment

Configurations Sizes
Concurrent user 1, 100, 200 concurrent user(s)
CPU 1 thread
Duration 60 seconds
Payload Size 20KB, 200KB, 2000KB
Cache Size 1 - 1,000 records

2.2.2 Caching Implementation
Laravel’ s built-in caching system was utilized to implement and compare various caching
methods. The evaluation was conducted under three distinct test conditions: File Cache, where responses
were stored in Laravel’s file-based caching system; MySQL Database Cache, where cached data was stored
in a MySQL database table; and Redis Cache, an in-memory caching system, which was employed for
storing cached responses.
2.2.3 Performance Metrics
To comprehensively evaluate the caching mechanisms, this study measured the following
performance metrics, which are often used in various research studies (Ahmed et al., 2024; Arifiany &
Kusuma, 2025) to assess the effectiveness of caching strategies: Response Time (ms), which refers to the
duration taken for the API to respond to each request; Throughput (requests per second), the number of
successful APl requests processed per second; Throughput vs. Payload Size, which analyzes how different
caching mechanisms handled varying payload sizes in terms of processing efficiency; and CPU and Memory
Usage, where the system resource consumption for each caching method was recorded to determine the
trade- offs between performance and resource utilization (Babovic et al., 2016) including/ excluding API
processing in the measurement process for testing power of only cache without API lag overhead.
2.3 Data Collection and Analysis
The response times and throughput metrics were systematically logged during each test. To ensure

accuracy, multiple iterations of each test were conducted, and the collected data was analyzed using
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descriptive statistics (Kamal, 2022). In this experiment, each test was conducted 10 times, with throughput
and response time reported as the mean and standard deviation of the observed values. The performance
differences between caching mechanisms were visualized using bar and line charts. Throughput was
compared across different payload sizes and cache sizes to determine which caching mechanism offered
the best scalability and efficiency. The results were then interpreted to identify the most effective caching
strategy for optimizing Laravel APl performance in a Headless CMS environment.

2.4 Limitations and Considerations

Despite the structured methodology, certain limitations existed in the experimental setup.
The experiment was conducted on a single-node server without horizontal scaling, which may limit its
ability to handle higher traffic loads (Bhatt, 2024). Horizontal scaling may be considered for implementation
in future work to improve scalability. Additionally, only three caching mechanisms (File, Redis, and MySQL)
were evaluated, while other caching technolosies such as Memcached and DynamoDB were not included
in the study. Moreover, network latency and external traffic variations were not considered since the tests
were performed in a controlled environment.

Measuring the impact of caching on performance and throughput, WRK was used to simulate user
traffic on the application. The experimental scenario involved sending one concurrent user per thread to
the application for 60 seconds, while using different payload sizes of 20KB, 200KB, and 2000KB. Throughput
was monitored throughout the test. Cache drivers were implemented in the sample application using
Laravel’s built-in caching functions. The cache drivers tested included File, Redis, MySQL Database, and No
Cache. The results were compared to evaluate the impact of caching on performance and throughput.

The collected data was analyzed using descriptive statistics and visualized with bar and line charts.

3. Results

3.1 Installation Complexity

The complexity of installation and configuration varies significantly across different caching drivers,
as summarized in Table 2., indicates that the File driver does not require any installation or configuration
steps, while Redis and MySQL necessitate the installation of software and configuration within the
application to connect. Redis on Windows may require additional setup for proper functionality.

These differences in installation complexity highlight that while file caching is the easiest to
implement, it lacks scalability. Conversely, Redis and MySQL require additional setup but provide better
support for distributed applications or horizontally scalable by network I/ O configuration (Camilleri et al.,
2024).

3.2 Throughput, Response Time vs. Payload Size

The performance evaluation measured the throughput of the APl under different caching
mechanisms using payload sizes of 20KB, 200KB, and 2000KB, simulating various realistic traffic scenarios in

a headless CMS application. The results are summarized in Table 3. and Table 4.
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Table 2. Installation Complexity of Each Caching Driver

Driver Installation Condition

File - No dependencies required, simply use the built-in file driver in the framework.
- The cache storage location is in the folder /framework/cache/data.

- Supported on all operating systems.

Redis - Redis is a key-value store, which requires specific configuration for the connection.

- Redis is officially supported on Windows using WSL2 (Windows Subsystem for Linux). The

performance can be more efficient for running on Linux.
- Requires installation and configuration within the application.

- Network 1/O configuration

MySQL - MySQL Server needs to be installed with some php-mysgl extension for PHP.
- Create a database and some schemas specifically for caching.
- Requires configuration with the application to ensure proper connectivity.

- Network 1/O configuration

Table 3. API Throughput vs. Payload Size

Throughput (request/second)

Driver Payload 20KB Payload 200KB Payload 2000KB
Mean SD Mean SD Mean SD
File 126.82 14.19 115.88 13.93 63.28 7.70
Redis 113.71 13.81 96.92 13.04 49.81 6.84
MySQL 104.31 12.98 85.28 10.82 48.76 6.44
No cache 5.55 1.99 3.66 0.88 2.45 0.31

Table 4. API Response time vs. Payload Size

Response Time (ms)

Driver Payload 20KB Payload 200KB Payload 2000KB
Mean SD Mean SD Mean SD
File 7.89 1.33 8.63 1.43 15.80 2.35
Redis 8.79 1.62 10.31 1.83 20.08 2.88
MySQL 9.59 1.65 11.73 1.57 20.51 243
No cache  180.18 10.59 273.22 14.03 408.16 49.99
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File Cache outperforms other caching mechanisms across all payload sizes with the highest
throughput. At 20KB, the file caching method demonstrated a throughput of 126.82 reg/s, SD = 14.19,
outperforming Redis, which achieved 113.71 reg/s, SD = 13.81, and MySQL, which recorded 104.31 req/s,
SD = 12.98. As the payload size increased to 2000KB, the File Cache remained the fastest but dropped to
63.28 req/s, SD = 7.70, showing a decline in performance due to file system limitations. Redis provided
better performance than MySQL in all scenarios. At 200KB, Redis achieved 96.92 req/s, SD = 13.04, while
MySQL lagged at 85.28 req/s, SD = 10.82. At 2000KB, Redis performance declined to 49.81 reqg/s, SD = 6.84,
though it remained marginally more efficient than MySQL, which achieved 48.76 reqg/s, SD = 6.44. Both
caching methods, relying on network communication, still suffered performance degradation at higher
payload sizes. The API without caching (No cache) is the baseline, achieving 5.55 req/s, SD = 1.99, which is
more than 20 times slower than any cache driver. As shown in Table 4., considering API response time
alongside API throughput, the File Cache driver is the fastest in all payload sizes.

The results of the payload simulation scenario demonstrate that caching has a significant impact
on the performance and response time of the sample Laravel application. File caching is best suited for
small-scale applications where simplicity and fast access to local files are priorities. However, it lacks
horizontal scalability. Redis offers a balance between performance and scalability, making it the preferred
choice for large-scale applications requiring low-latency and high-throughput responses. MySQL caching is
the least effective for high traffic or high payload applications and is primarily useful in cases where existing
database infrastructure must be leveraged for caching. However, caution is needed to avoid system

bottlenecks caused by database caching.

API Throughput (request/second) vs. payload sizes
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Figure 2. APl Throughput vs. Payload Size
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3.3 Cache Throughput vs. Payload Size

To analyze the caching mechanism alone (excluding APl processing overhead), an additional
benchmark was performed focusing purely on cache retrieval throughput. This test aimed to measure the
effect of caching alone, where both the cache and no-cache scenarios should be in the same direction with
different throughput results. File Cache again demonstrated the fastest response times, maintaining higher
throughput across all payload sizes. At a payload size of 20KB, the File driver achieved a mean throughput
of 25,006 req/s, SD = 3,034, which was 2.5 times higher than Redis (10,002 reg/s, SD = 1,334), and over 31
times higher than MySQL (791 req/s, SD = 112). However, its performance depends on disk I/O speed, and
for applications with limited storage, this could be a bottleneck. At the highest payload of 2000KB,
throughput dropped sharply across the board: File at 164 req/s (SD = 22), Redis at 124 reg/s (SD = 18), and
MySQL at 98 reg/s (SD = 12). Despite the sharp drop, File Cache maintained the lead, but the performance
gap between File and Redis narrowed significantly. Redis performed better than MySQL, confirming its
efficiency as an in-memory cache. However, Redis’s advantage diminishes with large payloads due to the
memory cost of storing large objects, which aligned with the study of Shi et al. (2024) regarding Redis's
advantages in data structure support and persistence features, and highlights issues like scalability and
multi-core CPU utilization. MySQL struggled with larger payloads, reaffirming that databases are not
optimized for high-speed caching. While file caching provides excellent single-server performance, it is not
suitable for distributed environments. Redis and MySQL, on the other hand, support remote access,
clustering, and horizontal scaling, making them more appropriate for applications with growing traffic.
Intuitively, memory operation (Redis) should be faster than storage (file), Redis can sometimes be slower
than file-based caching in Laravel because it communicates over the network 1/O, even on localhost,
introducing slight latency due to TCP connections and data serialization. Moreover, on modern SSD with

light traffic, file I/0 can be faster than Redis in some situations with small application or low traffic.

Table 5. Cache Throughput vs. Payload Size

Throughput (request/second)

Driver Payload 20KB Payload 200KB Payload 2000KB
Mean SD Mean SD Mean SD

File 25,006 3,034 8,822 1,131 164 22
Redis 10,002 1,334 2,807 400 124 18

MySQL 791 112 539 64 98 12
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Caches Throughput (request/second) vs. payload sizes

== file == redis mysql

30000
=
f
o
(8]

$ 20000
=
[
(]
3
o
@

3 10000
=
oD
0
<
=
=

0

20KB 200KB 2000KB

Payload sizes

Figure 3. Cache Throughput vs. Payload Size

3.4 Cache Throughput vs. Cache Size

Cache throughput refers to how many read/write operations a cache can handle per second, while
cache size determines how much data it can store. While a larger cache size can reduce cache misses by
storing more data and tend to cause higher throughput as table 6, it doesn't always lead to higher
throughput. At a cache size of 10 records, File driver achieved the highest throughput at 125.80 reg/s (SD
= 15.02), followed by MySQL at 97.59 req/s (SD = 13.13) and Redis at 97.24 reg/s (SD = 15.08). As the cache
size increased to 100 records, File throughput slightly declined to 116.71 reg/s (SD = 16.71), Redis dropped
to 87.49 req/s (SD = 27.41), while MySQL improved to 101.40 reg/s (SD = 11.71). At 1,000 records, File
throughput slightly recovered to 118.90 req/s (SD = 17.37), Redis increased to 102.21 reg/s (SD = 15.46),
and MySQL decreased to 90.90 reg/s (SD = 13.79). These results show that Redis is more stable at higher
cache sizes, while MySQL fluctuates and may degrade due to database read overhead. The File Cache
maintains consistent performance across all sizes, though slightly impacted at 100 records.

In-memory caches like Redis offer high throughput with low latency but are limited by RAM,
whereas file-based and MySQL cache may support larger sizes but have slower access speeds due to disk
I/0. Optimizing API performance requires balancing both cache size and throughput to ensure fast responses
and efficient data access.

3.5 Cache Requests vs. Concurrent users

The number of cache requests typically increases as concurrent users grow, each user request may
trigger a cache read. With effective caching, most of these user requests are served directly from the cache,
reducing database load and improving response times.However, if the cache isn't sized or configured properly,
high concurrency can lead to higher timeout requests and degrading performance. To maintain stability, the

cache system must scale to handle increasing read/write throughput as concurrent user counts rise.
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Table 6. Cache Throughput vs. Cache Size with Payload 20KB

Throughput (request/second)

Driver 10 records 100 records 1,000 records
Mean SD Mean SD Mean SD
File 125.80 15.02 116.71 16.71 118.90 17.37
Redis 97.24 15.08 87.49 27.41 102.21 15.46
MySQL 97.59 13.13 101.40 11.71 90.90 13.79

As shown in Table 7., with 100 concurrent users, the File Cache handled 6,596 requests with no
timeouts, demonstrating excellent single-node efficiency. MySQL also performed well with 5,288 requests
and no timeouts, indicating acceptable performance at low load due to direct database access. Redis, while
faster in memory access, recorded 2,412 requests with 140 timeouts, showing stable behavior under low
concurrency. When the concurrency doubled to 200 users, File Cache still performed relatively well with
6,656 requests and 638 timeouts. Redis's performance dropped further to 2,210 received requests and 1,177
timeouts, likely due to memory pressure or network I/ O bottlenecks. MySQL showed a drastic increase in
timeout behavior with 5,181 requests and 5,018 timeouts, meaning nearly all requests experienced latency
or failure to respond within time limits.

These results highlight that while File and MySQL caches handle light concurrency well, they
deteriorate rapidly under higher user loads. Redis, although designed for high-concurrency workloads, needs
proper configuration and more system resources to meet expectations. Although MySQL is convenient in
certain infrastructures, it is not optimized for caching under high concurrency and exhibited critical

bottlenecks due to limitations in concurrent query execution and disk access contention.

Table 7. APl Request vs. Concurrent Users in 1 Minute

Requests 20 KB

Driver 100 concurrent users 200 concurrent users
Received Timeout Received Timeout
File 6,596 0 6,656 638
Redis 2,412 140 2,210 1,177
MySQL 5,288 0 5,181 5,018
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3.6 Scalability and Infrastructure Considerations

Although the results demonstrate an impressive performance range for the file driver, it is important
to note that the file driver is only suitable for single-node servers, where the APl and cache reside in the
same file storage. On the other hand, Redis and MySQL can be deployed on separate nodes and connected
over the network. If insufficient file space is an issue, File Cache can easily fail. Additionally, for APIs that
need to share cache data, Redis and MySQL are more appropriate solutions. Both Redis and MySQL are
designed to scale both horizontally and vertically, whereas file caching is limited by the performance and
capacity of the file system, resulting in lower scalability for large applications or high-traffic scenarios on
cache of Laravel Framework. Although MySQL can function as a cache, it is not its primary purpose since
MySQL is typically used for persistent storage and can become a bottleneck in routine query services.
In rare cases, MySQL may be selected for caching simply due to existing infrastructure, but Redis remains a
more efficient and scalable caching solution compared to MySQL.

The scalability of each caching mechanism was evaluated, as summarized in Table 8. This result
may provide additional insights to inform decision-making regarding the selection of appropriate cache

drivers for specific situations.

Table 8. Experiment Scenarios

Scenarios File Redis MySQL
remote server FALSE TRUE TRUE
cluster FALSE TRUE TRUE
vertical scale TRUE TRUE TRUE
horizontal scale FALSE TRUE TRUE
replication FALSE TRUE TRUE

Based on the experimental outcomes, File Cache, while efficient in localized deployments, showed
significant limitations, especially when subjected to concurrency stress and increasing data sizes. As seen in
Table 7, it experienced higher timeout rates when user concurrency exceeded 200, mainly due to its reliance
on file IO and lack of network-level scalability. Redis and MySQL support advanced infrastructure
capabilities like clustering, remote access, and replication. However, Redis outperforms MySQL in read/write
speed, memory efficiency, and cache- specific features, making it more appropriate for dynamic,
high-throughput environments.

In conclusion, File Cache is ideal for simple, single-node setups with minimal scalability needs.
MySQL may be used where integration is prioritized over performance, but Redis remains the optimal

solution for scalable, distributed, and high-performance Laravel applications.
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3.7 Advantages and Disadvantages of Each Cache

A comparative analysis of each caching mechanism is presented in Table 9.

Table 9. Comparison of the advantages and disadvantages of each cache

Cache
Advantages Disadvantages
Driver
File - Easy to set up and use as it utilizes the file - Performance may degrade as the cache
system for cache storage. size grows due to file system operations.
- Suitable for small applications or - Limited scalability and performance
development environments. compared to other drivers. No horizontal
- No need for additional dependencies or scaling.
configurations. - May be slower than in-memory caches like
Redis for certain workloads.

Redis - Fast in-memory data caching with high - Requires a Redis server, adding extra
performance and low latency. dependency.
- Provides advanced caching features like - Needs specific setup and configuration for
expiration, tagging, and pub/sub messaging. connecting to the Redis server.
- Network I/O provides Highly scalable, - More complex configuration compared to
handling large datasets and high traffic file or MySQL caching.
loads, ideal for horizontal scaling. - Network 1/O Overhead made some certain
- Supports more complex data structures lags even though enhance fast speed from
and operations beyond basic key-value in-memory.
caching.

MySQL - Leverages the existing MySQL database - Performance may degrade compared to

infrastructure, requiring no additional setup.
- Ideal for applications already using MySQL
and wishing to use the same database for
caching.

- Provides data persistence and durability.

file-based or in-memory caching due to disk
I/O and database operations.

- Can increase the workload on the MySQL
server.

- Limited scalability and performance
compared to dedicated caching systems.
Can scale horizontally but at a higher cost

than Redis.
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The comparison of caching mechanisms reveals distinct advantages and disadvantages for each.
File caching is the simplest to implement, requiring no additional setup or dependencies, making it ideal
for small-scale applications. However, it suffers from performance degradation as the cache size grows and
lacks scalability. Redis caching offers fast in-memory data access, advanced features like expiration policies,
and excellent scalability through clustering and replication, making it ideal for high-concurrency applications.
The trade- off is that it requires more complex setup and consumes more memory. MySQL caching, while
leveraging existing infrastructure and offering data persistence, is the least efficient for caching due to slower
performance from database query overhead, making it better suited for persistent storage rather than real-

time cache retrieval.

4. Discussion

In summary, the results of the case study demonstrate that caching has a significant impact on the
performance and throughput of the Laravel API application. The File Cache driver provided slightly better
performance compared to Redis and MySQL drivers by the result of throughput and response time, although
with limitations when used on a single-node machine, which can only improve performance through vertical
scaling. In contrast, both Redis and MySQL can be deployed anywhere and connected through a network
layer, offering more flexibility in deployment. Using MySQL as a caching mechanism is considered a rare
case due to performance concerns and potential bottlenecks. The result of cache performance with and
without API are in the same direction, while the without APl shows better throughput due to no network
impact.

The selection of an appropriate cache driver (File, MySQL, or Redis) depends on various factors,
including the application's context, complexity, performance requirements, scalability needs, and available
resources. File Cache is easy to set up but may have limitations in performance, especially in terms of
scalability, as the cache resides within the API project code. MySQL caching can be beneficial if MySQL is
already in use and you want to reuse the same infrastructure. MySQL offers better scalability than
file- based caching because MySQL services can be separated from the API, though scaling MySQL remains
challenging and costly.

In comparison with existing research, this study confirms several key observations. Hasnain et al.
(2020) emphasized caching's role in improving scalability for web services in CMS platforms. Similarly, this
study found Redis to be the most suitable for scalable, high-performance deployments, while file caching
was effective only in single-node environments with limited scalability. Mertz & Nunes (2017) provided a
broad theoretical foundation on caching benefits, such as reduced latency and better resource utilization.
This work complements their findings by presenting experimental evidence specific to Laravel APIs,
particularly regarding performance across varying payload sizes. The observed performance order
(File, Redis, MySQL) is consistent with Sudda (2024), who demonstrated that server-side caching in Laravel

improves responsiveness. Sudda’s suggestions for future enhancements, such as prefetching and rate
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limiting, offer valuable directions to extend this research. Compared with Bang et al. (2024), which
quantitatively showed Redis outperformed MySQL in data operations by several factors, this study supports
the conclusion in the context of APl caching, especially for large payload scenarios. Moreover,
Ahmed et al. (2024) benchmarked Laravel and Codelgniter and highlighted Laravel’s flexible caching system,
an insight directly reflected in this research’s ability to switch between multiple cache drivers.

Redis, on the other hand, is highly efficient and offers advanced features, but requires additional
configuration. Therefore, selecting the most suitable cache driver for an application should align with its
specific needs. This aligns with the study by Bang et al. (2024), which demonstrated that Redis outperforms
MySQL, requiring 5. 84 times less time for data insertion, 6.61 times less for data retrieval, and 12.33 times
less for data deletion. These results indicate that Redis is particularly advantageous in environments
requiring high data processing and maintenance. Consequently, organizations and online service providers
may opt for NoSQL databases such as Redis to enhance data management efficiency.

File caching can be faster than Redis in some cases because it avoids network overhead and
accesses data directly from local storage, making it more efficient for simple, low-traffic applications. For a
small usage application like the experiment configuration, File Cache is recommended to use.

As the number of concurrent users increases, cache requests also rise. A well-optimized cache
reduces database load by quickly serving frequent data; however, under high concurrency, it may cause
higher timeouts, so the cache size (i.e., how much data can be stored) must be carefully balanced. In-
memory caches like Redis offer high throughput but limited storage capacity, while file-based and MySQL
caches allow more storage at the cost of slower access speed. To maintain performance, systems must
scale caching strategies to handle both increasing user load and efficient data storage.

This research focuses on improving API performance for headless CMS platforms. File-based caching
is the most suitable choice for small-scale applications, considering payload sizes between 20 KB and 2000

KB, cache sizes of 10 to 100 records, and concurrent usage of around 100 users.

5. Conclusion

In the research context, headless CMS enhance a crucial benefit feature that write content one,
display many subdomains in the organization and the bottleneck of these system is slow API. Caching is an
effective method for improving throughput and enhancing the performance of web applications built using
the Laravel framework. This study evaluated three caching mechanisms (File Cache, Redis, and MySQL)
within a Laravel-based APl environment for optimizing RESTful API throughput and response times of
headless content management system by using system without cache as baseline. The result of cache
performance with and without APl are in the same direction, while the without API shows better throughput
due to no network impact. File caching is the simplest and fastest for single-node applications but lacks
scalability. Redis offers the best balance of speed, scalability, and flexibility, making it the ideal choice for

large-scale applications. MySQL is the least efficient for caching, as it introduces additional query overhead
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and is better suited for persistent storage rather than high-speed cache retrieval. For production applications
requiring high throughput, low latency, and scalability, Redis may be the recommended caching solution.
However, for small-scale applications or development environments, file caching remains a viable option
due to its simplicity and keeps the best performance as the experimental result. The study also revealed
that the File Cache driver provided performance that was 20 times better than the no-cache driver. Among
the three cache drivers, the file driver performed the best, although it had limitations in scalability and
deployment flexibility. For easy installation and low-cost implementation, the file driver is recommended,
despite its limited scalability. For high performance and cost-effectiveness, Redis with high horizontal
scalability is recommended. MySQL is not recommended as a cache due to its lower performance, except
in cases with light cache loads where it does not create system bottlenecks and using file and Redis caching
would be inconvenient. File caching can be faster than Redis in some cases because it avoids network
overhead and accesses data directly from local storage, making it more efficient for simple, low-traffic
applications. For a small usage application like the experiment configuration, File Cache is recommended
to use. Future research could include studying caching in scenarios with very high loads (more than one

concurrent user and test more than 60 seconds) and horizontal scaling.
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Abstract

This cross-sectional study aimed to determine the prevalence and assess the risk associated with
work postures, including recommendations for improving them to reduce the risk of musculoskeletal
disorders among 72 bus drivers in Nakhon Ratchasima Province. Data were collected using the Standardized
Nordic Questionnaire and the Rapid Upper Limb Assessment (RULA) method. Data were analyzed using
descriptive statistics: frequency, proportion, percentage, mean, and standard deviation (SD). The results
showed that the prevalence of musculoskeletal disorders in the past 7 days and 12 months were 88.89%
and 94.67%, respectively. The most common body parts were lower back, hip/thigh, and upper back. For
the RULA method, most of them had a risk score of 2, indicating that further study and continuous
monitoring are recommended. Redesigning certain work tasks may be necessary. For the comparison of
scores before and after improving working postures, it was found that prior to the intervention, 3 people
had a risk level score of 3, indicating that the work was becoming problematic and required prompt study
and improvement. After improving the work posture, the risk level score had improved to level 2. Currently,
research on occupational hygiene related to long-term driving remains limited. In order to prevent diseases
caused by prolonged driving, it is necessary to establish standardized sitting postures or equipment

adjustments for each vehicle.

Keywords: Musculoskeletal disorders, Work postures, Risk assessment, Bus drivers
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Figure 1. Research Conceptual Framework
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Table 1. General characteristics of the bus driver sample in Nakhon Ratchasima Province (n = 72)

Data Number (n) Percentage (%)
Age 72 100.00
< 37 12 16.67
38-47 23 31.94
48-57 22 30.56
58-67 13 18.06
> 68 2 2.78

(Mean = 48.5, S.D. = 10.3, Min = 28.00, Max = 73.00)

BMI 72 100.00
< 18.50 3 4.17
18.50-22.90 17 23.61
23.00-24.90 31 43.10
25.00-29.90 11 15.28
> 30.00 10 13.89

(Mean = 24.76, S.D. = 4.40, Min = 16.37, Max = 38.74)

Work Experience (Years) 72 100.00
< 10 16 22.22
> 20 56 77.78

(Mean = 16.80, S.D. = 10.60, Min = 0.33, Max = 47.00)

Working Hours per Day 72 100.00
<8 69 95.83
>8 3 4.17

(Mean = 7.40, S.D. = 1.30, Min = 4.00, Max = 10.00)

Working Days per Week (Days) 72 100.00
<5 50 69.44
> 6 22 30.56

(Mean = 5.20, S.D. = 1.00, Min = 4.00, Max = 7.00)
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Prevalence of musculoskeletal disorders in the past 7 days and 12 months.
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[ The percentage of individuals who experienced disorders over a 7-day period.
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8 The number of individuals who experienced musculoskeletal disorders over a 7-days period.

Figure 2. Prevalence of musculoskeletal disorders in the past 7 days and 12 months.

3.3 A15UTEEUAUEEYITNIN19I9U
Nuan1TIATIEiveyalaglduuuussiliuainudsasiimienisvineuaie3s Rapid Upper Limb
Assessment (RULA) wud1 drulvgiiiaguuutde siimiensviinueg sedu 2 vseasuuu 3-4 Aziuy vaneds
=~ = a  a a o 1 oA o & o Y fa & v
AstinsAnwILRNLasAnn L Ianasd1wReLliase1azdnlunaziasiinisesntuunulul Aaiduiesas 95.83

NawEngnd Table 2.

Table 2. Results of the Rapid Upper Limb Assessment (RULA) for evaluating work posture risk (n = 72)

Risk Score Result Number (n)  Percentage (%)

1-2 Acceptable but may cause ergonomic problems if such 0 0.00
work is repeated for long periods of time.
3-4 Further study and continuous monitoring are needed, and 69 95.83

new job designs may be necessary.

5-6 The work is becoming problematic; further study and 3 a.17
prompt improvement are required.

7 The work has ergonomic issues and needs immediate 0 0.00
improvement.
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Table 3. Methods for improving work posture among bus drivers in Nakhon Ratchasima Province

Order Body part Posture improvement illustration Description
1 Neck w100 Keep the neck upright or slightly
bent with the head angled of no
more than 10°.
2 Shoulders Extend the upper arm slightly

outward parallel to the body at

an angle not exceeding 20°.

3 Upper back ah Lean the upper body against the

. {v."\=
) 7 backrest at an angle of no more

}\“ '\_\\ \ than 20°.
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Table 3. Methods for improving work posture among bus drivers in Nakhon Ratchasima Province (Cont.)

Order Body part Posture improvement illustration Description
4 Elbows Bend the forearm  slightly
upwards, forming an angle
O [e]
60°-100 between 60° and 100° with the
upper arm.

5 Lower back Ensure the lower back is full
contact with the backrest, leaving
no gap.

6 Wrists/Hands Hold the steering wheel without
bending or twisting the wrist.

7 Hips/Thighs Ensure the hips and thighs are in
full contact with the backrest.

8 Knees Keep the knees bent at an angle

of approximately 120°.
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Table 3. Methods for improving work posture among bus drivers in Nakhon Ratchasima Province (Cont.)

Order Body part Posture improvement illustration Description

9 Ankles/Foots Place the toes at an appropriate

angle, not too straight and not too

high.

namsiUSsuifsunzuuuisuLazrdssU U svieamshanilagnsUssiiuanudssiinansia
#9835 Rapid Upper Limb Assessment (RULA) Luszezuszana 3 iieulasidonusuusssfidazuuusedud 3
mneaud susuiududgmensinsfnsudiufusezersiuliulssnnnniinisuul sesuunseaud 2
wui feunsUiuUssmMsmsianudnlngiiasuuussdudesiiseiu 2 Andudesay 95.83 uagndsnisuiuuss
azuuuniinmudusadalagarssiuau 3 wui vdinsufuussdnlngdezuuuanudedisedu 2 Andufosay

100.00 WaLkdnass Table 4.

Table 4. Comparison of work posture risk scores before and after posture improvement using the Rapid

Upper Limb Assessment (RULA) method.

Before adjusting your After adjusting your

working posture working posture
Score Interpretation
Number Percentage @ Number Percentage
(n) (%) (n) (%)
1-2 Acceptable but may cause ergonomic 0 0.00 0 0.00
problems if such work is repeated for
long periods of time.
3-4 Further  study and  continuous 69 95.83 72 100.00
monitoring are needed, and new job
designs may be necessary.
5-6 The work is becoming problematic; 3 a.17 0 0.00
further study and prompt improvement
are required.
7 The work has ergonomic issues and 0 0.00 0 0.00

needs immediate improvement.
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3.5 WaN1TIATIZIAULANATNYBIAZILLY RULA fauuaznaauTulsedieds ANOVA

mami'ﬁLﬂi']sﬁmmsqﬂmiLﬁmmmEmﬂﬂamqszwﬂiz@ﬂiﬂsﬂiwLLasﬂﬁmLf":al,l,awhmiﬂi"wsqwhma
navheurerUsznavendnsatans 3 au dsldnanzuuunsssdiuaudsmisnisemansanas Fehng
AATILIANULANAIIYDIAZILY RULA Noulasndauiuussdeds ANOVA Tnsfinnsanazuuuaandosesdiy
#149994319n18 (Body) 313 uLarnd Ui ulTaviinig (Method) Tnewadns i lduandliiiuinga p-value
fiewindu 0.00 Fstfesnin 0.05 mmma@iﬁiwmsﬂ%’uﬂgwhmamiﬁ'mu%mwﬁ’w;?n 3 AU ANALANGEIIAN

a o o

neuUTuUsIvimensiuegelidudfgmneaiia ¢a Table 5.

Table 5. Analysis of differences in RULA scores before and after improvement

Source DF Adj SS Adj MS F-Value p-value
Body 15 98.625 6.57500 47.22 0.000
Method 1 6.000 6.00000 43.09 0.000
Error 79 11.000 0.13924
Total 95 115.625 0.03125

4. 9AUTI8NANTIVY

a1 anuynanuRaundmsszuunazgnlassauasndiuie

HANMTIFENUT nennwtusadalagansiudminuassvdunianugnvesanuiiauniniesssuunsegnlase
$rauazndniogieiosar 88.89 way 91.67 Tuta 7 Su uae 12 ieufiiiuun amudiy Seaeandasivanife
289 Cheng et al. (2022) Tutszwmaldniu Ainudn wineudusavasiuiudesas 63.8 fe1n1snunfnisszuy
néniilauarlnsenszgn Tnsamzluninamdsduauazaring dudugafifimslinuedudeiiasanviniadu
nauY nadnsinsfudiaenndosiu Pongpattarapokin (2023) §4516411AMNYNYEI MSDs gedefovay 84 lu
naumeaiiviuluvedtheings Instamzuiianme va uazndsdinans wandifuiilienzanuitliisann
it uilldvimesng wazegluriiiendunanufidesienisiin MSDs sedideddy auaenndesassa
il fununound wandiiiiuin anmuandeunsiauildasnadosiundnadsmans uaznisuinnis
YSuiasuyhmensvinauessasiase Lﬂuﬂaﬁaﬁwﬁ@ﬁdma‘[ﬁﬁm MSDs (WHO, 2019; Taylor, 2013)

4.2 msUssifiuanaudsarimianisineudieds RULA

NaNsUsEIIE RULA wuindesay 95.83 veangusegisdinsuuuegluseiu 2 famnefansiinsin
dufuuasfamunaegieonies Tnsamelunguiifidnuasane 1 wavogluiidmdunaiu nsld RULA fe
Juedesdlefilasunseensulunmsiesizdanudsmienisemans Ineauues McAtamney & Corlett (1993)
uag Dockrell et al. (2012) uansliifiuinanuindeieves RULA aglusziugs (Aanuidiesiu 0.96) uavanunsa
Usigadseninvimisnisvineufienadsnara MSDs Idognsusiugn nan1sidelunssdaenndasiudoiauonos
Jongkol et al. (2024) fiszyfismududilunisuimén Human Factors Engineering (HFE) anl#luniseenuuusu

PAplInaLlod WDanN15ENTINAFIANS
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4.3 msuTussvinmemsyinundnaudusadalageans

#RIN15USUUTIImMmIeNsienu tasganumdn HFE W nsusunandelidiuwnss n1sdnvinualifs

a

ndsldain uaznissodemenlfegluymiimangan wuih nifneuis 3 eufiduoglussiuauded 3 gnanasn
ogfisedu 2 Hanun uansliifudsuszAnsaimuaenisuduniime nstiesizsiifeadfide ANOVA wue
p-value = 0.000 sninsgdutiddny 0.05 ogredaau uandiiiuinnsuuusimaiinasenisanauidss
g aildeddyneaia nadnsidenadasiuuuaRnues Open Government Partnership (2011) wagnsAnulng
Naghdali et al. (2014) %ﬂaﬁuauudwmiaaﬂLmuﬁ%uwéﬂuquéﬂma (Human-Centered Design) o

3 3

FeanANULEES MSDs teoenafatiu

5. agUnan1sideuazdatauauus
nansifenuiiniinnudusatadiulngienuiauninessuunssgnlesasuazndunile lnsianis
USundadauans aglnn/fun wagndsduuu fudugaiifunissannsdedusadunatuiuegsaiie
dlouseidiuriimnenisvhaugeds Rapid Upper Limb Assessment (RULA) Wuin3esas 95.83 YBINFUAIBE 9T
azuuuaglusrduaded 2 fusiazeglunasifsonsuld uimnvhausludnuusfuduszesinauiu
o19dsHanszmuAogunmluszazen uazluunasediazuuusydu 3 Femsldfunsusugiedtasesiou annnans

o

AT Az laaLdun1sUTuUTwImInsiadusa limngand ey 1wu nsinlilmanse n1snnsuuuLae

Y

'
a

foagegnetunis wazn1susugunsalnnglusalvisesfuivasseveaddul saufansinundianameannyse
Wasuvimneegietienn 1-2 $alus namsiUSeuifiunzuuy RULA fouuagndanisuiuusmuiasiuumudes
anasegefiteddy sasviouuuliuiiflunisandatedestonnuiinunfimeszuunsegnlassisuazndundeves
winudusnda Tnsnnediseitoiuouusy il
5.1 dawauauuzlunisimaideluly
nuitsiideiaueuuzdmivnAtelumafudeyaneulammdsuugimsiinuvesfussnouondndusn
Tt WldnanAteiidanudndodofiuiu
1) Msvfuigauarmandslidivaiszvesiu ieliaunsodduiniignguanuas anns
infeuasanuiiosdvesndudeuaznavgnlussesem
2) msfineusimiinauliinuurmauazidsuviivhauegagnis 1wu nsdaviinienisiis g

finnoulut I iwInzay Weteatunsasauvasnuiingdwaza1n1suInLEU

v
a o

3) MsvonLuULarAndsgUsallaT 1wy fnahiiuiuld vdemsldiuzsesiafiotisanusnasiu
uazauAItarenduiionasdose
0) daadailiinnudswiuasmgeindusses 4 ogatiesyn 9 12 $2lus dWelindudouasnszgn
F¥umstieuamsuazann sz
5) msthwansifeluliluulovedugueunionisiieu wu msfvusinasiviinsnsdauagnis
Usugunsaflundazsalidummsg iedesiulsaiifinannsiailuszezen
5.2 daiausuurlumainidendeioly

1) nsfnwnugulunquitedeiidvualvg Tunaznszargauiuinisussinnvessa el

HAN1T3IT8dANUATOUARNLALULDTDUNTY
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2) mIleinansenuvestadusuduindey Wy gumnll wasadng @essuniu udednuas
gUnsaifflilusa ilevnPateietufionaiinateruiinuniivieszuunssgnlnsshauasnduiiouas sy

3) nsldmaluladfunsinauuay ana 1wy mstufinnsiedoulmaessisniesmeieionduies
(wearable devices) LiteliidoyafiusiuguazaziBomnndeiu

4) M3ANYIHAREAUNINTIUTEULE1ILALNANTENUIINAINTTUATY LU N1500NAIRINE A5
ngnmitn e BdosfuuasussmenmadutinfiAstunnassa

5) s TzUULUzng elUsun TN sUS UA suvimnanasAetnsusedTu il eaduayuli
wiinauanusaguaguanauedldessiiuszansam wazannsadlUuualuFinealdasainuasnadnsid
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Abstract

This research aimed to 1) assess the current situation of non-technical skills among nurse
anesthetists, 2) develop a model for improving these skills, and 3) evaluate the effectiveness of the
model at Sisaket Hospital. This research and development study involved two sample groups:
17 purposively selected multidisciplinary healthcare professionals involved in operating room patient care
and quality assurance, and 15 nurse anesthetists selected through simple random sampling. Data
collection methods included in-depth interviews and focus group discussions. Research instruments
comprised structured interview forms, the developed non-technical skills improvement model, a non-
technical skills assessment form, and a satisfaction questionnaire. Content validity was verified by five
experts, with a reliability coefficient of 0.86. The findings revealed limitations in four non-technical skill
domains: situation awareness, decision-making, teamwork, and communication. The developed model
employed two simulation scenarios: preoperative patient assessment and preparation, and prevention of
reintubation within two hours following extubation in the operating room/recovery room. After
implementing the model, there was a reduction in incidents of surgery postponement due to inadequate
patient preparation and reintubation within two hours after extubation. Average scores in all four non-
technical skill domains increased significantly (p < .001). Nurse anesthetists expressed the highest level of
satisfaction with the model, particularly regarding overall performance efficiency. The model enhanced
emergency decision-making processes, improved communication between anesthesia and surgical teams,
increased awareness of critical situations during anesthesia administration, and strengthened effective
teamwork in the operating room. These outcomes ultimately contributed to higher standards of patient

safety in the operating environment.

Keywords: Non-technical skills, Nurse anesthetist, Simulation, Patient safety

1. uni

vinwzililzmadia (Non-technical Skills) WuuwaAnfumudasndefigniunldlugnainnssunisiumn
agseuu Inglinnudidyiunistineusunidnanunnaulinszguiniinuesdudiuddgyuesszuu n1svia
itudodaituflomilsaunsndmansenusionnulaondefauald (Fin et al, 2018) wwaRniigminsndszegndld
Turimssuguaiiieladuairsnnudasadevesitheingd anunisalanuaendsvestaelussuuasisugy
sedulaniuussifuddny Tuansgowinmudidedinananuianaianianisunndfiaiuisadosiule
44,000-98,000 51868y mmzﬁaqﬁmiamﬁaiaﬂiwmummL?{aﬂuﬁﬂwﬁ'Lﬁﬁw%’umﬁﬂmqqﬁﬁaaax 4-16
(Kohn et al, 1999) msnwilusnsuszimanutymdalunsujifnumslierssiuamnuian Taewunsdoas
Hanatnlunislvenseiuaiuidngefsiosag 43 (Jones et al, 2018) uazannisnuniugUigluleasuil
wuteranaIAMUNTIUITosaz 38 wagaumnailafesay 31.5 (Schulz et al., 2017)
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Independent Variables Dependent Variables

Phase 1: Review literature/information 1. Patient Safety in the Operating Room
related to patient safety in the operating room 1.1 Incidence of surgery postponement due to
and conduct in-depth interviews using focus inadequate patient preparation
group discussions based on the SIMPLE 2018 Safe 1.2 Incidence of re-intubation within 2 hours after
Anesthesia framework, covering pre-anesthesia, extubation in operating room/recovery room
during anesthesia, and post-anesthesia periods - 2. Non-Technical Skills of Nurse Anesthetists

Phase 2: Develop a model for improving 2.1 Situation awareness skills
non-technical skills of nurse anesthetists for 2.2 Decision-making skills
patient safety in the operating room at Sisaket 2.3 Teamwork skills
Hospital 2.4 Communication skills

3. Nurse Anesthetists' Satisfaction with the Model

Figure 1. Conceptual framework for research and development of Non-technical skills of nurse

anesthetists to enhance patient safety in the operating room at Sisaket Hospital
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IsinzunuAiade 135.70-185.00 sediugs
I@AzuuLAIaY  86.40-135.60  SrauUIunaNs

IgasuuuAaay  37.00-8630  SETUA

2442 wudssifiuanuvaondevesiiae Taefidefansundsd 1) gonisaiidoundia
ilesangiholinion IneBamundnnsiewginisalideurndaidesangtaelindouvesaniususesanm
an1uweIIa (CPS306) uay 2) ginsainislavietaemeladiundsnonietaemelanislu 2 daludluesinge/
iy (Re-intubation) vidneavietemela nannstlenuesantuiusesnuamEnUnNgIuIa (CPS203) ¥inns
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2512 meleneiteyaduiom nmnaseuwariinneianuiismswesioyanudeil
Auenrdowontion maiutoyaifanmiensduntwalifein msaunuingy Wi mseseiidom (ndex
of ftem Objective Congruence: 10C) AnuuaMeas Polit & Hunger (1999) Tnefldumeusianelul éwu%aaﬂaﬁlﬁmﬂ
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o wieuDalemaliilideyaiuiutoinitu uas Uiuusdoyamudaimueunzosdlitoya uarimiudontly
sUuuUANE Tl smnedaiau

252 madedoyalelsuna miwssiteyalasldlusunsudniaguneada nsimssideya
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3. NAN1599Y

=

3.1 Yumauin 1 Anwanwmsalnisldvinueililywetinveidydneruialsaneruianiasing

' 3

wud nddyanervalianudfyiunisguadUislaeyaduinssiukazanuvasndeves

q

o a

H3UUSNIRINALLITNG 2P Safety 2018 yaanslafuniseusuasudiu warddunuaminnsgIunaAmiiiiun
ogslsfn Saliuszifiuidosimuniindy 1iun msangdinisaimsdeuridaidosinnsiwioudtaeliniey
wazmsangiinisainsldretiemelasmdanenodiemelaniglu 2 dalus luvesnda/sinitu (Re-intubation)
Faflanmgudnaunaniamnisiteans msUszauanussnidnin uazniseseringfeaaumsalidesveailedd

15As3u Ay AsiinswamiwnuuRndanuiuiediudss@nsamnisquad el ey 6e Figure 2. wag

Figure 3.
Simple 2018 Patient Safety goals for Surgery
and Anesthesia
|  Policy Indication
1. Incidents of surgery postponement due to inadequate patient
preparation.
2. Incidents re-intubation within hours after extubation in operating
v
Communication Inefficiencies
Inadequate medication reconciliation
instructions and insufficient verification of
patient comprehension
Risk Assessment Limitations
Non-cormprehensive risk stratification
Situation of e Pre - anesthetic and suboptimal contingency planning
A Anesthesia Verification System Deficits

h 4

Service » e Intraoperative care ) )
Nurse Absence of structured information

® Post- anesthetic care

verification protocols such as Closed Loop

Communication
Decision-Making Vulnerabilities
Suboptimal clinical judement during

emergency situations

Nine Standard for Patient Care v
Patient 1.Pilot Standards for Patient Care
® Performance
Ly Care ™| Z2.Pre-operative assessment
> ® [Fualuation
Standard 3.Vital sign monitoring

® Action

4. Abnormal signs recognition

5. Airway management
6.Emergency medications
7.5urgical team communication
8.Recovery room handovers

9.Documentation Complication management

Figure 2. Current Patient Care Process in Nurse Anesthesia Practice
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1. Gathering/recognizing information related

to patient status

2. Information gathered from monitoring

devices

A\ d

v

Situation Awareness

3.Understanding the meaning of

information

1. Recognizing when information changes

1. Identifying available options for problem-

solving

\d

Decision Making

h 4

2. Selecting the best option for the specific

situation
Non-Technical Skills
— 3. Reassessing the situation

Components

1. Summoning others with their

responsibilities
Team Work

Y

2. Coordinating team activities

3. Exchanging information among team

members and providing feedback

1.Information sharing with surgical team

members

Communication Ly

A4

2.Using clear and concise language

Figure 3. Non-Technical Skills of Nurse Anesthetists
32 duneudl 2 s guiuunswaninusibilymedave 3dydneunalsmeunaniazing
NMNUTEAUAUNINSAINBAITIBYARS LALIINNTNUMIUITTUNTTLOWITeTAaTeq ileadns
sUnuumsitainuedlallmadeveidydueriaronnuvaendovosiaslufesindalsmeunaniasinuiu
fail nmsinsgaaunsallutuseud 1 wud danzgiinisaififefunnudaonsevesitiefo gifinie
nadeurdaLdoInnawIsuitislinden uazginisainislavetiemelatmdmenredismelanielu

]

2 alus Tuiessnda/sinilu (Re-Intubation) anteywifinainn nmsasransedieienmuyinuesililvmada wu

'
fa o W o

msasenunseninanunsaliidfdnduvesiielensdnaulefivanzan msvinududiu uazasdeas
Jsfimnudrdgyegnais ndesilodinaiaistieliyrainsannsayssiiuanudssveaiaeldesaduszuy
a1 sUsTaunUsEIeiy wazatiuayunsdsiedeyaiasuiuuazisiud Wesnszdunnmmsquariae
anenudseannnisallifisUszad wariiumnufimelavesiihouazaseunsilussuuudnmsguamitense sy
as19numszuiindluaniunisel mssadule mavieuduiin waenisdeans svevia 12 it swasBeaidon
Uszneudie anunisalil 1 msuszilutazniseisuanundeudiisnounisssiuanuidnidimineiiiean
gUiAnisainisideusndaidesainnsmdeugUaslinion antunisalfvlends fonarsau unnditadeindy

Severe MR with mild TR tingUevinisedia MVR wagaaiunisali 2 mstesiugiinisainisldviediemeladn
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nisnearietemelanielu 2 dalus Turesknda/iniiu (Re-intubation) Aeanunsaiftheseeny 70 T flse
Usgadadu DM, HT, Dx, Gut obstruction Operation. Explor lap ¢ hemicolectomy Under GA with ET tube
33 duneuil 3 mamaihguuuuiivanulUiEiudTidausalunmsussdiuguiuy

ke stuuuTian Ul g dusalunmsssfuguiu Tedidnlumsdssdusuuun 5 au
nnlsmeaiidnuuglndidssiulsmeunaniasing deululdat lnemsfinousimnidriudsns wagiuans
a1 08.10-08.30 . MHinausvanm 12 uitdeads nansléguuuy Taeldadi Pared ttest Wisuifivuazuuy
foulazvdINSiaLY nunAstuedsndsinunganineuianegslitodfameada (p < .001)

331 doRvesuvanunsaidtaes (Simulation) ikl 1) Aseumauanunisalddey 2 aniunisel
2) wansnslivinweilaldmaiinme 4 @y 3) ﬁmﬂ%m%"aaﬁaﬂszLﬂuﬁlﬂummigm 191 Mallampati Grade, ASA
Status 4) uanen1sdeansszniAdydnerviafuivisnaziiuunndodadaiau waz 5) dnnsldinada 1SBAR
Usenoude 5 asAusEnouldun n1suugiid (ntroduction), $1891uAnILN50iTa9Tu (Situation), Teyaiiugy
(Background), N15U5¢L8U81117 (Assessment) Lay %amuauus/tmumsqua (Recommendation) ISBAR
Juwumeddgydielidnenesdeyalddaauuazasuiou anlonian1sdeansinnain

33.2. wansUsslivlugidusnlunisussidiuguuuuinges Usenaudiesinuens 4 a1 lagd

a

Azuuuladeagluseiuge dall 1) nsasieanuasendniluaniunisal dauadewindu 53.60 (5.0.=8.29)
1 AARAYINTU 35.20 (S.D.=2.16)

=

2) mssndula fdadomiidu 39.80 (5.0.=2.77) 3) n1svirarudud
uaz 4) Msdeansiiaiadeiniu 36.00 (5.D.=3.39)
3.4 dupoudi 4 wansUszdiunsldsuuuunsianiinesitlilimatinvedidygweuna Tudfidoy
saulunsussifiugUuuungundn 15 au TnefiseasBendsd
341 deyaluvesldsiulunisussdiugiuuy dnluadumanda Govay 93.33) forgade
32.4 U (SD=3.56) ynAuiin1sAnwiszauusynns dnlnglianunimlan (Fesaz 73.33) Lufllsauszdndn
(Soway 86.67) uazliingausu 2P Safety (Souay 80)

v
L) o

3.4.2 wansUssdiuinueldldwellavedidyd nenunans 4 a1 Tunquétegn 15 Au kan1suseiiy

=

WU naasiRLAaudazLuuRisganIneun TR eiltud Ay neaia (p<0.001) lneiseediunis
Wawanuntudeelddsl 1) nsassarusssvtniluaniunisal dinduein 44.86 10 58.73 2) mavieudu
A WinAuIN 27.53 10U 38.33 3) N1580a1T LWNTUAIN 29.13 1 38.66 waz 4n1sdnaula Winduan 34.66

\Ju 43.66 nansnageunisuanuaseseyailuwuuund F4ldatd T-Test anudonnanlessiu waneia Table 1.

Table 1. Comparison of Non-Technical skill Scores Before and After Model Implementtation (n=15)

Non-Technical skill Before After df p-value
1. Situation awareness 44.86 58.73 14 0.00**
2. Decision-Making 34.66 43.66 14 0.00**
3. Teamwork 27.53 38.33 14 0.00**
4. Communication 29.13 38.66 14 0.00**

*p-value < 0.05, **p-value < 0.01
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3.4.3 wan1susziiuanuUaendeveethe 2 AU Han1sUTEEIUNU naenisian guRn1saing

dowinuananduguddsfinnuddignienddnedisnn wanwa Table 2.

Table 2. Patient Safety Assessment (n=15)

Before Implementation After Implementation

Indicators
(Sep 2024) (Oct 2024 - Jan 2025)
1. Number of surgery postponement incidents due 2 0
to inadequate patient preparation.
2. Number of reintubation incidents within hours 1 0

after extubation in operating room/recovery room

3.4.4  wansUssliurnuiianelavediday nenuad agUiuumsiayi nuelugHdusulunsusediu
sUkLU HamsUsEiuauianelanudt Idydneruiadanuiianelalusyivinnigaluynide lngsunilaade

geanfe lneTuAsetietieiinuseansnmlunsuiRaureidaydneuia (4.80) uansda Table 3.

Table 3. Nurse Anesthetists' Satisfaction with the Skills Development Model (n=15)

Items Mean S.D. Satisfaction Level
1. Helps increase awareness of critical situations 4.67 0.48 Highest
2. Promotes thinking processes and decision-making 4.73 0.45 Highest
3. Helps develop teamwork skills 4.67 0.48 Highest
4. Helps improve communication between teams 4.73 0.45 Highest
5. Helps increase work performance efficiency 4.80 0.41 Highest
6. Easy to understand and clear 4.73 0.45 Highest
7. Overall satisfaction 4.73 0.45 Highest

4. aAUs1ENAN1TINY
4.1 aawmsaimsliinueitlbilimedavesidydnetuia Tsaweunadiazing
nsliinuedililimadavesidygworuiaianuddysenisquagtae lagianizmsinienaiiy
wieunousiielunguidesgs nmssenudeyasiomaia ISBAR Paelnisdeansillassairsuazandofianain
A9AAARIAUIUITBYOY Jones et al. (2018) wag Radhakrishnan et al. (2022) AiNava191391TNADIYVINIUIIUAY
Lﬁ@iﬁmiﬂimﬁuuazm%am}’ﬂwﬁﬂw%m%mw A0AARDINUIIUITEUBY Weiser et al. (2008) wag Flynn et al.
(2022) nsaLnEEnsAeastheasuaianudlaarunumidaauluiiuiesifaiifinnsyhausiui

sEnInAagunng IFYQunnd wazne1uia a1uisaannzunIndeuLasiiinaulasnduvedUie nsin
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dan1un1sal91aedlaely Closed-loop Communication ¥relvidayagnaeiasdalay anAd1uinniala
e Uae wazduasunsHuiTIng: denndasiunuideves Jones et al. (2018) waz Radhakrishnan et al. (2022)
4.2 nsadsguuuunmsaineslilvmaliaveidydneruialsaneunasiasing

msawyinuelildwadaveddygneiuia lsmeruiaaiasing lasuniseenuuulagldaniunisel

@ .

aesiidunisyszdiuguienesuridngdinisalnisidewidaileinmswieugUleldnson uavn1slesiu
guin1sainisldviediemelagvidsnenvietiemelaniely 2 43lue luviesndn/Minilu (Re-Intubation) Felltunau
A 1) Anwiannienans wleuiy Jeyasienuaides Inmsaununguiuiiuiingites glideyandn (17 aw)

2) vnsadguiuy Ingruanudaiuaniuiiieates 3) ihguwuuiilansiaaeulaedeaiy $1uu 5 Au

'
a =

Faeasuasanudilawarmaihnuduiiuluuiunidudon namsidenuimdnisilineusy vinvensaseming

@

anunsaluagmsvhaudufuiinduedeiifodfiny (o < 0.001) (Schulz et al., 2017) nsldantunsaldianstae
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voueluviosirdn
4.3 wavesguuuunsiauinezilildmaiavedidydnetuna lsmeuianiazing

waveansliguuuumsimuinue lilamaiasianumnganfuuiuniulsmeuianiazing
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Kfa/ARIY (Re-intubation) (Kacha, 2023) nsineusuiiadieusssteliidydneruaiamusiulalumsdndulowas
eusufuiildessfivszansam Feaenndostunuideuss Schulz et al (2017) wag Phoson et al. (2020)
fiwuin msflneusiluanunsaidaesisandefiawanauaziisszavsnmlunisquarioe Tnenadnsildifioausidiy
UseAVBNMNIYINUYes) “’mymjwmmal,mﬁ”’u Lwié’qﬁqwaiﬂamwiamiammmLﬁaaLLaxLﬁummﬂaamﬁdﬁﬁuﬁﬂqﬂu
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v
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