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Abstract

This research was a cross — sectional study. The objectives were to measure and assess the wet
bulb globe temperature (WBGT), heat index and workload in car garages by comparing them with standards,
to compare WBGT between large and small car garages, and to study the effects of heat stress in the
workplace on employees in car garages. Heat stress in the workplace was measured using a WBGT meter,
with measurement methods in accordance with the standards of the management of occupational safety,
health, and working environment concerning heat, lighting, and sound (B.E. 2559). The study was conducted
during October to November 2018. The results showed that the large and small car garages had WBGT
values of 28.68+0.70 °C and 29.76 +1.02 °C respectively and heat index values of 34.68+1.08 °C and
37.32+1.47 °C respectively. The workload of employees in both car garage showed that the staff involved
with engine maintenance and replacement of spare parts, car parts and assemblies had moderate workloads
and the staff involved in knocking and breaking car parts had heavy workloads. The comparison of WBGT
with the standard showed that the employees in all departments received WBGT levels not exceeding the
standard. Comparison between garages showed that the small car garage had significantly hisher WBGT than
the large car garage (p-value < 0.05). Heat stress in the workplace affected both physical and psychological

aspects of employees.
Keywords : Wet Bulb Globe Temperature (WBGT), Car Garage, Workloads
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Tuseu 44 Yeuan [3] onsuansisenududlsananuien laun 1snauuan (Heat Stroke) aya3atilesann
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1. wensidakarUsziuszauanuieu avianudoulazasznuvesujiinunglugdeusosud
wAWAUIasLNdALAY e Tan1wdug

'

2. WimSeuiisuszauanuseuresnisvihnunmelugdensoud wawmauiaduneauna Jaminnwdug
ARSI
3. WewSsuiisuszAuanuiouveansihnulugdensosuduuinlnguazauinian wanauiagine
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]

4. efinwmansenuvesnnufeuvesmsvhnurefuiiRnunslugrensosusd wamauvasuneania
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FIMINNNWEUG

]

vantun15IY

msanuluadilfumsidodmssauuuunadinuans (Cross — sectional study)
anufidnen

grousneuAvINAlnguazgdeNsnsuinIdn uwamAUagNeaNAY vinniwaug
F28LLA0

svavhanInTIeTnseAuAufoureIn1sTey 2 4alus daaaan 13.00 - 15.00 u. S1uu 12 ade
(2 &AW avhms dausfuduns - fuand) Tasvhnsemaieluriadounanay S waadnieu ne. 2561
\spaflefildlumsise

\n3esinAmdou WBGT u Quest Temp 36 8% 3M leiunmsgu 1507243
N13ANLUNITIY

1. Mmsnainszdumudoudulumuuszmansuatafnisuazdunsesussnu (Fos ndninast 33013
A58 7A waYMTIATIEREAIYTIwiBafusEiuAuSeu uasEdne nieides saueszezna ez TN
Aamsiigeasiiiunis [6, 12] Ineviinisasaaa

1) gaungiinszihzien

2) gauniinsziunzuns

3) gaumgiilnau

4) msERuALTaU (Wet Bulb Globe Temperature, WBGT) wuungluens

5) AT UELTS

6) ANILSIAN

AMYUAARTIIN @;b’dammauﬁﬁy’q 2 uvis Fadumasiuiilas nns’haﬁwmﬂuﬁuﬁ@mﬁ’u U 1 30

2. madszdfiunsznuveduiinudununesgiungnssnsnimuaiasgulunisuims 3nns uae
fflunssuanuvaende endreundsuazaniniadeslunmsihemierfuanudeu wawaing wazides w.a.
2559 [13, 14] ¥ai)

2.1 mavszdiunszaudunismsnsnisenrangemsadslussnievesaunuvagyieiluiongsy
fi1a 9 1uau 2 Falus Tnemmdenuildvinulassd

1) vvensiedeulmuedsianie
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3) o luAaiugiugessame
2.2 USBLannIssulazifsgIusEiuALSou
1) U e dnwaisanudildusaiesndeldidsnuiiilnAanisminaryemnslusanieglidiiu
200 Alaunaeretnlus Inssnpsgruszdvanufeuliiruaiedsgumgiinadatinay 34 sswnisaidea
2) MuY1unas fe dnvazauildusaviunatangeldmdsnuivldiianiswnaiyeins
Tusnemendu 200 Alaunraesodalus fa 350 AlaunasIdededalus Insunsgussiuaufeulsiifuaiods
gaunillandatlnau 32 asriaaldesd
3) umti Ao dnvarnuildusannvieldtdanuiilfiaanswinaigemnstusianiaiiy 350
Alaunaodsedalus Insumsgussiuamudoulsiiiudiadsgumninnatinay 30 ssmiwaldea
2.3 mafnmanssnuresuitinulugdensasusiimn 3 dhe léua
1) fheesnigundossudiuazivdsusslug (ER)
2) thadeseslvasaeuduazUsenoverlua (CA)
3) dhameuasnues lnadiusavasnsud (KB)
3. funwaliuuddnismansenuvesanudeuseduitinulugtensaoud Tnslduuudunvaldnvasi
TassaaRefunansemuanufeuiidmasiofuf iR uwudunwaiussnause 3 aeuy il
poudl 1 deyarly
AOUTl 2 NANTEVUYBINNMTOURBGUAMN
pouil 3 uwwnatestudunseaneuieu

a

Taguszansitldlunisiinu loun fuitaouluggensasudumalng 1w 3 au uazfujdfnulug
FOUTDEUAVWIALAN TIUI 6 AU
nsUszuang

1. Uszaranadeyaseauanuiourainsiauuaznseulagliigaiiunisnuiinsgungnsensn
AMnuAN195gIulun1suIMs 3An13 kaganiiunisauanulasnde a18ewndsuazaninwindeulunisvinenu
\Reafunnusou uasadng wagtdes ne. 2559 [13, 14]

2. UsetiuAnafianusau (Heat Index, HI) To@un1sved Lans P. Rothfusz [15]

ARvtinNsou (HI) =-02.379 + 2.04901523T + 10.14333127RH - 0.22475541TRH -
0.00683783T - 0.05481717RH"+ 0.00122874T°RH +
0.00085282TRH*-0.00000199T*RH’

T = gruungilena (°F)
RH = Arwitudusing (%)
nsUsziliunazulanaddadanuieunauuszmansueunioios AndisyimansenuseguaInaInen
fwilnuiou (Heat Index) w.e. 2567 [16]

=

annntglunisanen

a

1. adATmIsaw lakn AledewarAdu e asuuninsgu

2. adfmPsoyuu laun Independent Samples ttest Aisyautpd1dny 0.05 lun1sSeuliisuansediu

AU BUTDINTYINNUSENI NG YOUTOHUAUWIA I UAZTUIALAN
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2 1399 wiudalalain Sruau 1 1n3es 1asesnantion $1uIU 1 1A389 1ATDUTES 91U 1 150 wazdniansasus
U 2 1ATRY PadnwaznuildiasesinsuazTanaunsallunmsyihnudeunsuuiesnwsasud daihlianau
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Anuseulugdensnsudiigamgiegluyie 27.70 - 30.60 °C [17] lnvdnumuzaesauieaulunisinau
wiady 2 Usziam Ae avwfeuwiadunnuieuiivgrangunsallunsssnsnanisou Suinazegseu q v
yhau wagenudeutufuanmidleviiediuaudlueina Suinannssisdauuuidenudsdani
foulugnanmnssusinAnunaneivasy Wi wiauniioled warvsaufaanlusviunsudeddnade
FU TR saunuidenhauluuinalndifes [2] acigs) Wnann waz glsassa undain (2555) (117 14
oSunefafiujvanulugdeusasudiuazgiazniudsasudansaduianinuieusinnsuissdaimiounes
i3 sdnsuazmsaNieuvesgagiivesenia WedujiRnududannuieuainiedesinsuieriaudy
nanueadssateguamld lunmsnnainszduanuiouiiiinadequnmiitadoiftomansesng wu shsuum
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Faglunsangumgiivessnenie [18]

2. Anvdadnuioulugyoausaeud

Aududuinslugdensasudvunlnguazauaiin windu 41.25+2.63 1Wesidud uay 48.67+2.14
Wasidud aud1du ausian Windu 0.97+0.43 WRS/AWT wag 0.72+0.17 Was/AuUNT aud1au wazanvdl
ANNTEU WU 34.68+1.08 B wallea Uay 37.32+1.47 Bemlgaldya aua1du wudt eglussduideuds
A o v oA v a = | v o 1 o oA P A v o
AmvuaAIfYAIN5eY 33.00 - 41.90 asAwalded Fanansenuvearnvlanuseulusyauauny Ao Waduna
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U v 6
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o & Y -
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futsataniladl 40/90°C (0:100) uaziaaUanaed 60/90°C (100:0) Mntfumidendnsduianyauiielimaaeu
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%u"L‘Ufiawa‘[,ﬁmaﬂmmauﬁﬂ'wﬂ’mmvﬁuﬁwﬁuaéwﬁﬁaﬁﬁm (p<0.05) Ve iiaaUanansasIdIu 25:75 (40/90°C)
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aunminuiiiedudaiia uanduilbousuresiuslaald

v

AdnAty: anTulan, Yananney, Yanila, auddiae, nseeusuresuilan

ISSN : 2821 - 9406 (Online)




NIATIMEMEns wialulad wazuinnssy windnerdunwdug

I 5 atiuit 1 (Uns1AY - iqmau 2569)

Abstract

This research aimed to evaluate the effects of different ratios of unwashed striped catfish mince
(UW-SC) and washed Nile tilapia mince (W-NT) on the gel properties of mixed fish gels and the quality of
fish balls. The mince ratios were varied at 25:75, 50:50, and 75:25 (UW-SC:W-NT) and subjected to two
heating conditions: heating at 40 °C for 20 min followed by 90 °C for 20 min (40/90 °C), and heating at 60
°C for 20 min followed by 90 °C for 20 min (60/90 °C). These treatments were compared with Nile tilapia
gel heated at 40/90 °C (0:100) and striped catfish gel heated at 60/90 °C (100:0). Subsequently, the optimal
formulation was selected for consumer acceptance testing (100 panelists) and nutritional value analysis.
The results indicated that the incorporation of UW-SC at levels of 50% or higher significantly increased
hardness of mixed fish gels (p < 0.05). The mixed fish gels at ratios of 25:75 (40/90 °C) and 75:25 (60/90 °C)
exhibited the highest gel strength (p < 0.05). Increasing the proportion of UW-SC tended to decrease cohe-
siveness, breaking distance, whiteness, and expressible water. However, sensory evaluation revealed that
all mixed fish ball formulations received moderate overall liking scores, with no significant differences
among treatments (p>0.05). Based on textural properties, taste, and overall liking, the formulation with a
75:25 ratio of UW-SC:W-NT subjected to the 60/90 °C heating condition was selected as the most suitable
for consumer acceptance testing with 100 panelists. Consumer acceptance testing demonstrated an ac-
ceptance rate of 92% and a purchase decision of 79%. Nutritional analysis showed that mixed fish balls
contain 14.81% protein, with low fat, cholesterol, and sodium contents, and was safe for consumption.
Therefore, blending striped catfish mince and Nile tilapia mince at an appropriate ratio represents a prom-

ising approach for producing fish balls with desirable textural quality and high consumer acceptance.
Keywords: fish ball, striped catfish, Nile tilapia, gel properties, consumer acceptance
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antulan Wundndusidieuulnatueginiundugiaeaedens fusenidedd esnideduda
fanufanguuazamamidatuinis sdadasivaiidmlng feundnnnUamzaunnianiie idesnuan
neadnliiledun fileduda uavsaninnin luvariivath3nlneshluindauansalunsiioea (selling
ability) aglusziulunanadlenSouiisuiulameta [1] Tnsanuannsalunisiineaiinalnenssiednymzves
deduravesgniulan edudafidaudanguresgniuaninnmadsuulaslassguredusiulasinde
Yovay 2-3 Wazanelusaululelvusaans (myofibrillar protein) vl evarundimnumiinuiniudenda wa
(paste) wiothinaluliaufeu luanaveslsfuinnisaaied (unfolding) uduAnnsTFITUDENSHN 9 de
fusziadiadanig q dadulasesnidie 3 fadawnsoduiuieasdu q difluanaslinmelulfianduaes
Tusitu (protein gel) fiflanuudauazBangu [2] etslsfinnu Hagtudanihialdsuauaulamnniuluguzunds
fmgRvmadoniunmslidmiunanndnsasitandu lnsenglugrannnssugs iWesmninamedsduduyud
Aoutwrh wasUaraunsoimunwaimnzanldlussesnainindedidu (3] luvssmadudanidadide
¥unld 1w Yansiale (bigshead carp) Uandu (silver carp) wazlanaide (grass carp) Waguan black carp [3] N9
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1UsfALe@ (protease inhibitors) protein cross-liker n3oaslalasAsaasss [3] N15USUAN1IEATEUIUNITHARNTT
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voslusiululefiudaanfiiumniusazanansoairdlassdionalusfuiidauudauss Sangu uasdinuamd
Usvamduiaiiaty egndlsfinulusiuiisnduuasamamdaminisesanamnnsdaievaiuaiisaundsd
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13 (w/w) W1y 10 udt $1uau 1 ada Tnefinmsauduadinsa andunseaiievarfaundetiuniuns 4 du Suth

daeenanitievarliunniiagn anuudnlevardavaludnsieunndeduanududuiosas 0.3 (w/v) wi 10

¥
=1

it $1uu 1 ada Taefimsaudundiasm nseuenidevafiavaudduinesnanidevatliuniian evaria
UAd911 (washed Nile tilapia mince; W-NT) Wiulifigamafi 4 esagaidoa iourldlunisinuely

3. Anwmaresniduioumansuasuaiatenmnimaalauasanniwssramdudaves
qﬂ%uﬂm

W3tuRaUanLIENsv03 $nFuns s3duves wazane [7] InedunaudeUauaiuindedosas 3 (w/w)
e 6 unit wagtSuaadudeiudualnglidasduaninedusesas 80 wsdndruiosazues UW-SC
o W-NT 18u 25:75, 50:50, 75:25 sanuaiu iwieuiiieuiumedismiunu laun lwavandiadiu (§ns1diu 0:100)
uaziaUanaedau (§nsndau 100:0) ulndevaiuanaudteondu 2 daw ldud @il 1 diluussalavsuaen
aflaaunn 25 x 25 Saduns wiwofsusunataRnlasiarygliuy (ealan) saefidni 2 tlutusuidugniy
Tnsmstugtiugniufinafudusaududlutuaufiodfusandlituimageudy Téun thamansedosas 3.5
waznnlnevuiosay 1 veshminideva (gniudan) mnduilulimmudou 2 sedu Tusrmuaugamngd
(guugfinnuudsusiu + 1°0) Tneilunsldmedinnsuauidovaaossiindndudedidovamaunnsnsdmd
mslanudouludunsumadnivesisassannzvesuamirdafithanld Tasgumailunanisdng (setting) 7

]

winnzauvesUarauazuaainede 40 asrwal@ya uu 20 w19l [8] war 60 oA NTALTYE UL 20 U [7]
pruddy fefu i evamasmnnndnlunmsfnuiilulianuieu 2 wuu 1dud 1) fiseduanngf 40 sam
Wwaldea w1y 20 Uil sefiguvnll 90 ssrwaliea U 20 Undl (40/90°C) waz 2) fiszugumadl 60 8aMm
waLdea uiu 20 Wil sedefigumgd 90 ssrmiwaldea w1y 20 wIFt (60/90°C) dwisusegamuay Tdud e
Uanfiadaudadiu 0:100 Wanudeud 40/90°C uasiiouanansdansasdiu 100:0 Wanufeud 60/90°C
mﬂﬁguﬁwLﬁ]aﬂa'1LLasqﬂ%uﬂmﬁrzhumﬂﬁmm%auLLﬁiuﬁWLsﬁumamﬂ;ﬂLLsﬁﬂmu 10 w1 ﬁmaﬂmuasauﬂ%uﬂmlﬂ

Viugaumgil 4 sernwai@ea uiu 1 Ay newdluliesienmuamn
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v

4. MTUATRAUNMVBIIAUAAZNTUU

4.1 NINAFBUNITIAENLRVBUIA (puncture test) UaavateenanNnszuenlanzUasnat 1nluin
anuudusaaadieniosiaeduda (Texture analyzer) 31 TA-XT plus f1a Stable Micro Systems UsgLne
Fangu 1dnauuy spherical 5s wunatdustugudnans 5 fadluns naadluludiegisiieanuiined 1.1
fadwwns/Aud Wusveyns 15 Jadiuns ’J’mwa&LLiqﬁ’L%‘Lumingmq (breaking force) (N¥1) wayszazN13f
vinnanounzq (breaking distance) (ladluns) udrduinmanuudsusaaa (1 leufums) mnuseildluns
WenzagmiiesrereTitaianatounzq Yimeaeu 5 9iseegis 9]

4.2 ms¥alasesnamaiioduda (texture profile analysis; TPA) 1aalateonainnszuenlangaonaii
50 TPA feip3esiiieduifa (Texture analyzer) 51 TA-XT plus 8%p Stable Micro Systems Uszimasangw g
Thnanssnszueniifiduriugudnans 50 fadwns naasllushogaduszozmedesas 60 vesmmgdluguuuy
Y9IN1INAADIATS (two bite) AasAuTansi 2 Tadiuns/Aud Tadraauuda (hardness) Audaneu
(springiness) kazAINITNILAT (cohesiveness) YNN1TNAZBU 5 Frriafogns

4.3 M33AAUYII (whiteness) d1taauarldinan CIE L* a* b* Adeia3e9ind 3u Ultra Scan PRO 80

¥
o A

Hunter Lab UsgimAansgalsn 91u3u 6 9siadiogn udathlumuinuinue augnsves [10] fsil
AUV (whiteness) = 100-[(100-L*) + a**+ b**°

4.4 Msiafevaznisgadeuivin (% expressible water; EW) dindiaagnglviduuin 0.5 x 1.0 x 0.5
WURWAT Tednrinuazantuiin 91nTU9A198199E®IINIZAIBNTES Whatman No. 1 1ng213n52n18n 194
AIUAN 3 Fu Auvy 2 Fu wdaldRuinidnuinsgiu 5 Alansu nesiudunan 2 wiil Mndutslminleaases

nAten 4 v winmwnAsesarnsgadetmiinlaeldgns [11]
nmsgaydetmin Gegay) = (Wwinwalainswiv-dminauaivdaiv)/dmdniealainewsiu x 100

4.5 N5UsTRUAMAMNIUTEAMEUTAY0QNTUUAHANTEATIEIUAN 9 feTTNAaRUAINYBY (9-
point hedonic scale) lunaidnwarsuanwazUsng & Ny savd eduda wazauvausiu lngaziuy 9 Ao
ouuniian wazazuuy 1 de ldveuuiniign I nageuialudiuau 30 au Wuuliiniga) lnensuudieeng

anTulanienisaniuindeuiigamgivszain 90 esrwaided \Juian 1 uil 9nduussggndulatasludie

U q

wanadntavfinfililn dawar 1 gn newdwdswlidnageuduseunna msvageudniunsaegluieslfiiinis

Y

v
Ya o A

nageunaUsEamdula lagr39eTuastuneunazisussliulviinaaeunsiuneus un1megeu NUuIuEsN

meggniulaniiaysidludrduiidy ieuseiliuauyeumuluuUssiluaz kUi vun
ARLABNERNTNTUUAINANTINIUN 1 80T Inefia1suAREDNINNANITIATIERANINVBIIAUA A
AunnnsUszamdndaiielddmiunsfinulutuseussly lnefdmuainasinisdadenilugnsniinuaudadi

v A =

Wedudannuarinzuuunageunieussanduiageign
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5. Ainwinseeniurewruilan
wAngniuUamaunuanmeiidaidentdande 4 $1uau 1 gus tilunaaeuniseeusuresuslaatiily
$1uru 100 Ay (Wuulaiianzas) TnsasuanuisinunAfidnendnsia
point hedonic scale) waznsseniuvesiuslandogniulan
6. FnwIAmaTTasgnTLUaTHAY
wAmgnTuamaNmugasTidadenldsIuau 1 gas iluinsginuniwded
6.1 asfusznaunaall IWud arwiu Weity T i uazaslulewnsn [12)
6.2 ANANNYT?
6.3 USunuqBuvEiavan [13]
6.4 AuuAmdlasuing WWud wdsoustomn lufufomn lufudui aoaamesea tnaamn Tedox
Tnuvaiges auds [14] wavuaaden M35 AOAC [12]
7. MIAATIINNGATA
YHUNUNMSYIPABILUY completely randomized design (CRD) Tums@inwpaunmmssuioduda aonmivnd
kA expressible water U84:38Ua1 LAYINLNUNITNAABILUU randomized complete block design (RCBD)
Tunsfnwnmammsssamduiavesgniulainan Ansieiarmususiudiels ANOVA fssfuanudeiiy
Yoz 95 (p<0.05) waziUiauifisuAiadelngs Duncan’s new multiple range test (DMRT) dwiunisnenis
gousuraslan ludruvesteyaialu msseusundnsust n1sindulate muandudidosas dawnisvnaey

AugaULAzAMN MYBIgNTUUaAwIsduARdsuazA LT uLIRTg Y

WNan15IvekazanUs1ena
1. HavBIINI1EULaYaNdMewasUa tasaduUAn 1w ladunavaaalan

nsnageulil oduiavesaauanlneds puncture test Lay texture profile analysis (TPA) @ stdunns

'
wa a o

Uszidiunnani@fiuansisiu Tae38 puncture test iumsauuuienzadeinnrumuiiiuiazausautuyes
Tnswwaufifvenaalusiuiiiinainnissudivesiusiu (protein agsregation) veuzdiis TPA unisianisna
fegnaen 2 ads ileUssiuguantinininefvenaalusiu [15] nansvaaeudieis puncture test (Table 1)
Wu31 Lavatalngdluiian breaking force, breaking distance uag gel strength ganinaalarianusgadl
Yodiey (p<0.05) Tnerauaniladauilen gel strength Aeudnasn (39.40+14.38 n3u-wufiauns) msuauiiovan
aneiudil evanlalusnsdiusiig 9 WU LaUaNENTiSRIIEI 25:75 (40/90°C) uag 75:25 (60/90°C) fAn
breaking force, breaking distance uag gel strength gan (p<0.05) dlesufusauanausnsdiudu q uas
walanflaaiu uadarasnanliuandisainiaalataeaiu (p>0.05) Tneaavannauisnsidiu 25:75 (40/90°C),
50:50 (60/90°C) Uag 75:25 (60/90°C) A1 breaking force ganinaavarladiu (p<0.05) Yuzdiaaanand
§n3dau 50:50 waz 75:25 7 40/90°C waziaaUawauii sns1dau 25:75 wag 50:50 7i 60/90°C §iA breaking
distance wag gel strength fnIneaUaINaufisnsadan 25:75 (40/90°C), 75:25 (60/90°C) waglaavanaediu
(p<0.05) ualduansnsaniaalaifiadau (p>0.05)

INHANITNABBIALLA U Leava1dad1udan breaking force, breaking distance Wag gel strength
csi"ﬁiqﬂ desmnifoumilaildiunisuduazudinugs 15 $ludouniouea Anvasveanazeiinvosuanina

AoRuAMLazANAINNTatuNISAnaa [16] walUsiuvesardadidrmuudwssaasmdauanddiiuii TWsiu

ISSN : 2821 - 9406 (Online)




NIATIMEMEns wialulad wazuinnssy windnerdunwdug

I 5 atiuit 1 (Uns1AY - ﬁqmau 2569)

gesmflafieuaansolunsiiamad Sseraineuleisiealudovadainnisdesiusiuannou ot
Kunsdraideindedesar 0.3 (wA) ulinavdrevdalusiuendlasnaaiin (sarcoplasmic protein) dadu
wiaswaseulesilusieadiulngsenlule wiliauisavdneuledngy myofibrillar type proteinase aanlula
donndasfiuauideves Suwansakomnkul [17] Ssmeaiuin madnaiievauslalldfaudisfuusemuuduss
Wwaluvaiuinay LaNaULanINalunISaLaIuN15v131uv03 myofibrillar type proteinase #on158a189A2U94
myosin heavy chain ¥89:38Uan Maeso way Wanieso ﬁqm‘mqﬁ 40 p3AgALTYE 91NN1TNAADILIAUATNE
Asnadu 25:75 imnuseudl 40/90°C (gamgiidndafiinanzanvesdanila) a1 breaking force, breaking
distance Wag gel strength Lﬂ'wfuasmﬁﬁaéﬁag FaorainanuavesnsiasuiussniclusiuanUandesein
Feonaaeifiuaududuvedlusiululolwuiaats uasaasuiuusmsduiusswilusiusulusiu [6] wenanil
AnideduiainaniifiutursnsaUamauiidnsidn 2575 Feiusunaaiiadovay 75 Hu o1aiinaneulel
M51UNgYSILLA (tranglutaminase; TGase) Turouardiavsdrdidamieatulusiulsleliusaaslildgnida
ponluszminnsdailovarun Ssnsvamesoulu Tease Tunduidevariiadifonssufiguasiifanssugean
flgaungfitas 40-50 asasaidoa (18] Insioulesl TGase aztrwadisiuseivilvinalusfudauudausannty
ogslsfinu nsuamiouaranesundesay 50 Tuld (flanay 40/90°C) vhlvisavawauiininuudwsaaa
anasegaiulddn dseradululdin TusAuvaraneaansafinaaldroudienigumgd 40 ssmivaldoa
denndastunisonounthives Sn5und adunes wazane [19] fisrenuin dWevaaneualdamisaiineg
Ifonmgil 40 esmiwaiBea Fauansisnnunsiiveslusiulmanesonudou (thermal stability) vhlslusiu
Uananefigumgiidsnanenaazdsliiinnsgadanimsssundveslusiunas liiinnisaaneindeavedlusiu
dwmaliluanalusiureatiovmangbiannsaduiulfifeatrdasmsaudafduinlinelu silFeeuudusg
Wwaanas vuzfian1ignislianudou 60/90°C WU WwauaHaNfisnsa@n 50:50 waz 75:25 Sfn breaking force
geniealanilaniu YauefiAn breaking distance wax gel strength ﬁﬂ'wqﬂn’jﬁLaaUmﬁaﬁwﬁé’msmu 75:25 1ny
wavawanildidovandaisnsdiutovar 25-50 tluldaudeudt 60/90°C dien breaking force, breaking
distance waz gel strength Yoaninaavatanneaau vad erasdwluldsnAnarneulesd myofibrillar type

proteinase TuilloUandadslignidnmenisansinniesosas 0.3 (wAv) wasvihnuladngaumall 60 esriwaides

'
a

TuhliAanisaanefiveseadwaliivatamauiilddnnuudusiaaanas dedenndastusesiuves [20]
FIU91UIN @%ﬁﬁw%mmﬂﬂmﬁaﬁLauisuﬂﬂiama%ﬁm serine type proteinase 34ilAanssun1siiin proteolysis GG
gyl 65 ssmwaidoa uilinaroutieiosluwalanaufisnsdulaanesevandainty 75:25 (Uaniaes
oz 25) MnranInaaenziulii Sanduenievaiinadenmnmiuiedudavensatanay Tasiaavan
wanfiiisnduenaedalannniussdinsligungilunadnifuensautuedavarniuivuiudoduen

breaking force, breaking distance wa gel strength WalUSauiieuiunisiigamaiilumsdndailivanzey
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Table 1 breaking force, breaking distance and gel strength of fish gel prepared from unwashed striped

catfish mince (UW-SC) and washed Nile tilapia mince (W-NT) at different ratios

Ratios of UW-SC: W-NT Breaking force (g) Breaking distance Gel strength (g.cm)

(heating condition) (mm)
0: 100 (40/90°C) 66.97+13.49° 5.77+0.92° 39.40+14.38°
25: 75 (40/90°C) 154.25+15.16 10.35+1.19° 159.69+23.91°
25: 75 (60/90°C) 94.37+22.44 6.77+0.81° 65.09+21.35°
50: 50 (40/90°C) 103.36+39.69 7.54+1.86° 83.25+48.52°
50: 50 (60/90°C) 108.66+22.73 " 7.71£1.07° 85.72+27.51°
75: 25 (40/90°C) 97.34+7.83 6.83+0.87° 66.87+12.03°
75: 25 (60/90°C) 146.02+39.29° 10.48+1.32° 156.55+54.96 °
100: 0 (60/90°C) 146.93+48.98 12.18+2.44° 188.09+93.64°

#d Mean in the same column with different letters are significantly different (p<0.05)

NAN19ILATIZI TPA vosaauainan (Table 2) wua1 taavarfiadauiian hardness (522.20 n3u) wag
springiness (0.658) g4131 WAl cohesiveness (0.692) WaeninaalataNedu (p<0.05) Fauandliiiudn
walarliadiu Tenuudaezenudandunnnni uallusameimanslueatesnineataraned lnsainuuds
(hardness) ¥alddude Aussdlflunmsilimenadsguiuanidaussilélunisnamedisseminsitunsuiie
WasugUs1siIeg1e vauziianuBaneu (springiness) Ao seduanuamnsalunsiudinduamilouduilofing
nouLsanaganllandIes s d1uAIn1sinIziI89Laa (cohesiveness) wanafsnuudaunssvasiusznislud
Aatulushedrudwiliegmuseussiinnsyireuiitedsaznrteusnsenainiu (21 deviledani
an9rinuinauiu wuln L'«aaﬂawauﬁnné’mwdaumaaﬂ%aaqamwmﬁﬁmm%wﬁm hardness g4n3aayan
4118874 (p<0.05) VugfraUaInaufisnsdau 50:50 (40/90°C), 50:50 (60/90°C) wag 75:25 (40/90°C) fan
hardness Liwaneneiu (p>0.05) warilAganinaauaniiadiu (p<0.05) Tnevavamauiisnsd 75:25 (40/90°C)
fifin hardness gafiga (773.04 n3u) ilefi915aue1 cohesiveness 11U walamawiinsnsd e siEesEny
msliirnudauiien cohesiveness sniaatananedu (p<0.05) vaiziiwalainaufisnsiasu 25:75 (40/90°C),
50:50 (40/90°C) wag 75:25 (60/90°C) fiA1 cohesiveness ganinaauariadu (p<0.05) uazdlAnggaiile
Wisuifleufumadaiwaudu 4 fasiiulid manaudeuaanelushsduiimnzauansotisusuuzseins
inzdmesalfiderFoudisutunalaiadudsdiimanzishan veienniosnmaiuvanaeadlute
Usulgdlassaaaatandalivilnuasmumudensneldfay dwsuan springness wui1 wavamaufinndasdau
#1A1 springiness gani19aUa1a88U (p<0.05) YuziiaUamaufionsidn 75:25 (60/90°C) fifn springiness
gmdmaﬂmﬁaﬁ”auuazmaﬂmmamﬁé’mm’w 25:75 (40/90°C), 50:50 (40/90°C) wag 25:75 (60/90°C) (p<0.05)
wifienladumnensanniavamanfishsnaiu 75:25 (40/90°C) uag 50:50 (60/90°C) (p>0.05) nsnauiievanides
siindsmarodnvasieduiasalsiuvannnnimsifidedarsialasiianilafissedraien Tne Yaranedae

WuAn1sinziveass luvasiivandadiediudinulasainauuduazauiavgurenas
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Table 2 hardness, cohesiveness and springiness of fish gel prepared from unwashed striped catfish mince

(UW-SC) and washed Nile tilapia mince (W-NT) at different ratios

Ratios of UW-SC: W-NT hardness (g) cohesiveness springiness
(heating condition)
0: 100 (40/90°C) 522.20+66.34° 0.692+0.062 0.658+0.052°
25: 75 (40/90°C) 523.93+82.29 ¢ 0.814+0.024.° 0.682+0.055°
25: 75 (60/90°C) 610.99+174.16 > 0.727+0.069 “ 0.679+0.105°
50: 50 (40/90°C) 668.66+44.51 0.801+0.021 ™ 0.665+0.056 °
50: 50 (60/90°C) 713.30+67.10 0.752+0.024 <% 0.723+0.052%°
75: 25 (40/90°C) 773.04+99.95° 0.724+0.023 % 0.726+0.063 *°
75: 25 (60/90°C) 647.47+43.79 * 0.764+0.057 < 0.817+0.339°
100: 0 (60/90°C) 282.81+101.68" 0.883+0.034° 0.562+0.107

*€ Mean in the same column with different letters are significantly different (p<0.05)

2. navasansdruldavaraneuazianiiasoA1n1uv1iuas expressible water ¥a9taauan
NANITVAABUAIAIILY LAz expressible water Uasaatanau (Table 3) wuil lwalanagiudaAiau
1331099 (p<0.05) InedlA1ANY LYY 85.00 druauaranegduileimuvntssninaalaiia (p<0.05)

=

Tnefiawviniy 82.24 eiosnuandadulandoruaziunanismidevarvisnsdadevan 2 ads &
Peidndaduazdensoniunniidova wusiivaransfideddusousuuns liiumsdradovaun Weduile
Uanaeseieumaisdmaliiaalawauiisanuimanaudndesmudaduievaans lnswavamauian
AruvTaglutag 81.99 - 83.66 d1niurn expressible water (EW) afuariivsuanisniuausalunisguni
youaa A EW Sentiosuansdt wafinnuanansoduinléd thidaigndsesninanaladsduiuslasn st
arwdvenioduia nansvaaounyin wataifiaduden Ew gefian (Fesay 75.65) muneaiudn 1wadins
aydthanmamniign sedenadululdilaseaasaiaealiufusaenadosiuiauuiusaaaes
wavaladudifians dwmaldliaunsofniuil36R szfnalaansdudan Ew silan (Govay 61.33) uas

o '

fndeatanfiadau (p<0.05) Fauansi walmaneduaunsaduthldinieavmiadiu arwanansalunisdu
ihiifuansisenuannsalunninaaiiivedusiudaenadosfunammaaouamnmiuiodudaiinauaans
Frufdranuufaussaauagnisinigdigeninaadaniadau ssdauaunsalunisguivonaalusiud
anuduituslaoassiulassadnavonaa lnswaiflassadiaudussningannsadndvilfIdunuazden
expressible moisture s [22] devilevanieomiaumaniu wui maiiatuvesdnduiiovatanerila
wavamauiien EW anaadliisuisuiunataiiadau ldesmnnssamioaiifaruaunsalunsifoeg
m"’wﬁ"uLﬁaﬂmﬁﬁmmmmsalumsLﬁm'«aaqqLsﬁ'wé’aaﬁ’u naAneaIzlsiunu Usinaideuaiifiauanus
TunsiAnieas WesanTusiu laleduanuaiiagn s (suwari) liliannsaduiulusivluleduanvaniiin

y113l6d [23]
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Table 3 Whiteness and expressible water of fish gel prepared from unwashed striped catfish mince (UW-

SC) and washed Nile tilapia mince (W-NT) at different ratios

Ratios of UW-SC: W-NT Whiteness Expressible water (%)
(heating condition)
0: 100 (40/90°C) 85.00+0.83° 75.65+3.24°
25: 75 (40/90°C) 82.49+0.54 < 71.71+2.04%°
25: 75 (60/90°C) 82.71+0.98 63.17+2.30
50: 50 (40/90°C) 82.97+0.60 ™ 68.24+1.15"
50: 50 (60/90°C) 82.23+0.45 63.87+5.06
75: 25 (40/90°C) 83.66+0.21 " 67.12+3.74"
75: 25 (60/90°C) 81.99+0.69 ° 63.18+1.42
100: 0 (60/90°C) 82.24+0.45 < 61.33+1.90°

*9 Mean in the same column with different letters are significantly different (p<0.05)

3. Nawmé'mﬂd'amﬁaﬂma'mlLLa::Umﬁaﬁiaqmmwmwixmmﬁuﬁmaegn%uﬂmwau
fmﬂmiﬂizLﬁuqmmwmwisamé’uﬁamaagﬂs?iyuﬂmwamwdwLﬁaﬂmmwSLLazLﬁaﬂmﬁahé’m’ldw
§14 9 (Table 4) WU AzUULATITEUALTAMATOIYNT UM HANTISHIIdIY 25:75 way 75:25 Tuvsaosanios
mslaudouldsuasiuumuvougsningniulariiadueseiifeddy (p<0.05) waziuuluazuuugani
qﬂ%uﬂma’mﬁau Tnongusnsidsnandazuuuedseglussiuseutiunan (7.12 - 7.20 azuuy) sgndlsin
dofansanandnunziudnuussng & ndu deduda wavaureusiy wui mawaudevarisaosaiinlunn
Snsduvesisananmrnisliinutou (40/90°C uaw 60/90°C) laifleuuansinaitu (p>0.05) laglésuazuuueg
Tudsweudnies G geuluna
Lﬁaﬂﬁmmwami‘vmaauqmmmeismmé’mﬁaﬂizﬂauﬁuNamimaaué”mﬁaé’mﬁa nu alaia
fudANV1IGER Tdnvarieduianiinuuduuundausie (high hardness, low gel strength) uaziaading
giylﬁaﬁmﬂ’ﬂdw Yugfiaatanane s nunsiieduianiiaumioinazanuudwsaean (high cohesiveness,
high gel strength) aflauanunsafniuinles uillanuwntesnieataniadu devifevaridesiing
wanfuRIBsnTIdmAg 4 w1 walamanilidnune dedudaid anundeuss Sanubanguuazinden a
aunsndudldd wasdinzuuueuvousidliuandsingnsdu q ldu grsgniulamaudnsndau 75:25 4

60/90°C FsdmFangnaulanaugnstanarielilunmaasunissensuvesfuilaassly

Table 4 Sensory quality of fish ball prepared from unwashed striped catfish mince (UW-SC) and washed
Nile tilapia mince (W-NT) at different ratios

Ratios of UW-SC: W-NT  appearance ™ color ™ odor ™ taste texture ™ overall lik-
(heating condition) ing ™

0: 100 (40/90°C) 7.76+1.09 7.68+0.94  6.88+1.36  6.24+1.59° 7.04+1.37  7.00+1.00

25: 75 (40/90°C) 7.80+£1.04 7.80+0.91 6.92+1.11 7.12+1.30%  7.60+1.19  7.40+1.15
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Ratios of UW-SC: W-NT  appearance ™ color ™ odor ™ taste texture ™ overall lik-
(heating condition) ing ™
25: 75 (60/90°C) 7.84+1.03 7.72+0.79 7.16+1.07  7.20+1.50° 7.52#0.96  7.52+1.08
50: 50 (40/90°C) 7.68+1.14 7.56+0.82 7.04+1.13  6.80+£1.47%° 7.28+1.31 7.24+0.97
50: 50 (60/90°C) 7.44+1.36 7.32+1.43 6.68+137 6.44+1.76° 6.96+1.64  6.96+1.57
75: 25 (40/90°C) 7.60+1.29 7.36+1.32 6.80+1.29 7.20+1.35% 7.68+1.18  7.52+1.00
75: 25 (60/90°C) 7.76+1.13 7.56+1.19 7.04+1.31 7.20£1.38%  7.322+#1.37  7.48+1.23
100: 0 (60/90°C) 7.56+1.58 7.24+1.59 6.32+1.86  6.72¢1.72°° 756+0.77  7.32+1.11

** Mean in the same column with different letters are significantly different (p<0.05)

" Mean in the same column are not significantly different (p>0.05)

4. wan1snagaunseaniuvauIlnadagnulaiilonsy
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muslan Andudesas 26.75 23.57 21.66 16.56 wag 11.46 Aua1AU Snuar10mgnTUUaHANLAAIR Figure 1

Table 5 General information of 100 respondents in the survey on consumer attitudes and preferences

toward mixed fish ball

General information Percentage
Gender Male 49
Female 51
Age < 20 years 8
20-30 years 52
31-40 years 16
41-50 years 20
>50 years a4
Education level Primary school — Secondary school 5
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General information Percentage
Diploma / Vocational Certificate 6
Bachelor’s degree 65
Higher than bachelor’s degree 24
Occupation Student/ Undergraduate student 48
Civil servant / State enterprise employee 26
Private company employee 2
Business owner / Self-employed 9
Others (e.q., Research Assistant, Homemaker) 15
Monthly income Less than 5,000 Baht 38
5,001-10,000 Baht 16
10,001-20,000 Baht 20
More than 20,000 Baht 26
Table 6 Consumer preference scores of mixed fish ball (n = 100)
Attributes Average + standard deviation
Appearance 7.64 £ 1.29
Color 7.55 + 1.52
Odor 6.71 + 1.72
Taste 7.06 £ 1.72
Texture 7.29 + 1.57
Overall liking 7.13 £ 1.67

Table 7 Consumer acceptance and purchase decision of the product with reasons (n = 100)

Factor Percentage
Product acceptance
Accept 92
Not accept 8
Purchase decision
In the case of purchase 79
Because they wanted to try the product * 23.57
Easy to consume * 11.46
Nutritious and beneficial for health * 16.56
Novelty of the product * 21.66
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Factor Percentage
Delicious taste * 26.75
In the case of not purchasing 21
Because  they disliked the appearance of the product 12
Unfamiliar with the product * 24
Unpleasant taste* 52
Fishy odor * 8
Unpleasant texture * 4

* Percentage is calculated by dividing the number of responses for a specific reason by the total number

of responses, multiplied by 100

Figure 1 Mixed Fish Ball
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Table 8 Quality of mixed fish ball prepared from UW-SC and W-NT in a 3:1 ratio with heating at 60/90°C

Quality of mixed fish ball Average + standard deviation
Moisture (%) 79.65+0.04
Protein (%) 14.81+0.05
Fat (%) 0.43+0.00
Ash (%) 1.43 +0.02
Carbohydrate (%) 2.53+0.03
Total Energy (kcal/100 g) 73
Saturated fat (g/100g) 0.17
Cholesterol (mg/100g) 29.86
Total sugar (g/100g¢) 1.06
Sodium (mg/kg) 62.04
Potassium (mg/kg) 313.60
Calcium (mg/100g) 43
Whiteness 81.99 + 0.69
Total Plate Count (CFU/g) 5.70x10?
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Abstract

Acute diarrhea and food poisoning are caused by the consumption of food or water contaminated with
pathogenic microorganisms. These conditions remain major public health problems and are responsible for
numerous deaths worldwide each year. Pla-som is a one kind of fermented fish that often contaminated with
pathogens from the production process occurred both in raw materials and environments might harmful to the
consumers. Pla-som is a traditional fermented fish product that is often contaminated with pathogens during the
production process, originating from raw materials and the surrounding environment, which may pose health
risks to consumers. This research aimed to evaluate the efficacy of mulberry (Morus alba) leave extract from
MonPai cultivar in inhibiting the growth of foodborne pathogenic bacteria such as Bacillus cereus, Escherichia
coli, Staphylococcus aureus, and Salmonella spp. in pla-som. The results revealed that ethanolic extract, aqueous
extract, and powdered leaves of the MonPai cultivar at a concentration of 100 pg/g exhibited antibacterial
activity. The most pronounced inhibitory effect was observed against S. aureus in 100 g of pla-som, with
statistically significant differences (P < 0.05). The colony counts were 213 + 80.83, 300 + 95.40, and 340 +
70.00 CFU/g, respectively. The inhibition percentages were 52.67%, 33.33%, and 24.44%, respectively. In
summary, incorporating mulberry leaf extracts into fermented fish products prior to consumption may help
inhibit pathogenic bacteria in the gastrointestinal tract and reduce the risk of diarrhea and food poisoning

associated with the consumption of raw fermented fish.

Keywords: Mulberry leave, Antibacterial, Fermented fish, Food safety, Staphylococcus aureus
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Introduction

The contamination of food and water with pathogenic microorganisms at any point in the food chain, from
production to consumption, is a significant contributor to diarrheal diseases. These illnesses account for 20—40%
of all food and waterborne diseases, with up to 80% of cases attributed to the use of contaminated water and
inadequate hygiene practices during processing and washing [ 1]. This issue is particularly critical in the production
of fermented foods, where cleanliness and safety rely heavily on ingredient quality, sanitary preparation practices,
and proper fermentation techniques [2]. Reports have identified cases of bacterial infections associated with the
consumption of fermented foods. Pathogens commonly linked to these infections include Bacillus cereus,
Escherichia coli, Salmonella spp., Escherichia coli O157:H7, Staphylococcus aureus, Vibrio cholerae, Listeria
monocytogenes, Aeromonas spp., Klebsiella spp., Campylobacter spp., and Shigella spp. [3]. Addressing these
microbial risks is essential to ensure the safety and quality of fermented foods, as they are a significant part of the
global diet and cultural heritage.

In northeastern Thailand, fermented meat products such as naem, pla-som, and pla-ra are traditional
delicacies but are often at risk of contamination with pathogenic microorganisms. This contamination originates
from raw meat and spreads throughout the production process, from raw materials to the final consumers. The
cleanliness and safety of these fermented foods depend on the quality of raw materials, hygienic preparation
practices, proper cooking, and adherence to appropriate fermentation times [4].

To ensure food safety, the Bureau of Quality and Safety of Food, Ministry of Public Health, has established
guidelines for acceptable levels of pathogenic bacterial contamination in fermented fish products. These include
E. coli at less than 3 MPN/g, S. aureus at less than 100 CFU/g, B. cereus at less than 1,000 CFU/g, Clostridium
perfringens at less than 1,000 CFU/g, and the absence of Salmonella spp. in 25 g of food [5]. Ensuring compliance
with these standards is critical to minimizing the risks of foodborne illnesses associated with fermented foods.

Chemical preservatives are commonly added during the food production process to prevent contamination
by pathogenic microorganisms and to inhibit food spoilage. While these chemicals effectively reduce the
incidence of foodborne diseases, their repeated or excessive use can result in residues in food and across the food
chain. Furthermore, environmental microorganisms and pathogenic bacteria may develop resistance to these
chemicals, leading to adverse effects on human health. As a result, the development and use of natural
preservatives that are safe for both human health and the environment have gained significant attention.

Globally, plant extracts are frequently used in foods to inhibit the growth of pathogenic bacteria such as
Salmonella, Listeria monocytogenes, and S. aureus [6-8]. Recent studies highlight the antimicrobial properties of
Morus alba Linn. leaf extracts, which have been shown to inhibit the growth of various microorganisms, including
S. aureus, Pseudomonas aeruginosa, Candida albicans, C. krusei, C. tropicalis, and Aspergillus flavus [9].
Additionally, specific bioactive compounds extracted from various parts of M. alba demonstrate antimicrobial
activity. For instance, polysaccharides from M. alba leaves can inhibit the growth of Bacillus subtilis, E. coli, and
S. aureus [10]. Oxyresveratrol from the branches of M. alba inhibits S. aureus [11], and 1-deoxynojirimycin from
M. alba leaves inhibits S. aureus, Aspergillus niger, and Penicillium spp. [12]. These findings underscore the
potential of M. alba extracts as natural antimicrobial agents for use in food preservation.

Abdeldaiem et al. [13] investigated the impact of mulberry leaf extract on the quality of minced beef and
found that incorporating mulberry leaves enhanced the meat's quality, demonstrating its potential as a natural

preservative for meat products. Abdel-Khalek and Mattar [14] explored the biological activities of mulberry by-
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products and their potential as natural food additives and nutraceuticals. Their study revealed that mulberry by-
products are rich in phenolic compounds (5.97 mg/g DW) and flavonoids (5.61 mg/g DW), exhibiting strong
antibacterial properties. Moreover, the ethanolic and water crude extracts of MonPai mulberry cultivar showed
the best inhibitory effects, with minimum inhibitory concentrations (MIC) that could inhibit the growth of S.
aureus and B. cereus. The minimum bactericidal concentrations (MBC) for S. aureus and B. cereus were in the
range of 25.0-50.0 mg/ml and 3.1-12.5 mg/ml, respectively. When crude extracts from MonPai mulberry cultivar
at a concentration of 50.0 mg/ml were used in the post-fermentation process of pla-ra for 28 days, they effectively
reduced the overall bacteria count and B. cereus, while moderately inhibiting the growth of S. aureus [15]. The
study showed a significant reduction in the overall bacterial count and B. cereus and moderate inhibition of S.
aureus. These findings highlight the potential of mulberry leaf extracts as natural antimicrobial agents for use in
food preservation and safety.

With the previous studies, we aimed to study the efficacy of leaf extracts from MonPai cultivar in inhibiting
the growth of foodborne pathogenic bacteria such as B. cereus, E. coli, S. aureus, and Salmonella spp. in pla-som.
The findings from this study will be applied to develop standard community product formulas for pla-som to
prevent and reduce the risk of diseases caused by pathogenic bacteria in fermented foods. In addition, M. alba
extracts might be included as an ingredient in the production of safer food in the future, which this approach could
offer a healthier alternative to synthetic additives, aligning with growing consumer demand for natural food

ingredients.

Objectives
To evaluate the efficacy of mulberry (Morus alba) leave extract from MonPai cultivar in inhibiting the
growth of foodborne pathogenic bacteria, including Bacillus cereus, Escherichia coli, Staphylococcus aureus, and

Salmonella spp., in pla-som.

Methodology

Mulberry Leaves Collection

MonPai mulberry cultivar was selected based on the study by Tianyam et al. [15] which found that MonPai
mulberry cultivar exhibited the best antimicrobial properties. The leaves were collected from the Chalermphrakiat
Sericulture Station in Khon Kaen Province, aged between 1 year to 1 year and 5 months, during November 2020
to February 2021, between 09.00 and 10.00 AM. Tender leaves, particularly 1-3 leaves from the top of each plant,
were randomly collected, constituting 15% of the total 150 mulberry trees, equivalent to 23 trees by random
selection. Prior to analysis, the leaves were washed twice thoroughly with tap water, dried in a hot air oven at 50°C
for 3 hours, ground by using blender, and then vacuum-sealed and stored at -20°C until further experimental used

[16].

Mulberry Leaf Extraction

The ground leaves were extracted with water and 95% ethanol following the protocol. For ethanolic
extraction, the grounded leaves were soaked in 95% ethanol at a ratio of 1:6 (w/v), fully submerged, and left for 7
days at room temperature. During the extraction process, the extraction bottle was shaken for 15 minutes each day

to influence the extraction yield. Afterward, the solution was filtered using No. 1 filter paper, and the solvent part
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was collected and evaporated using a rotary vacuum evaporator at 40-50°C. The extract was then freeze-dried until
it turned into a powder then weighed and stored at 4°C [17]. In case of water extraction, the ground leaves were
soaked in hot water (60 °C) for 2 hours at a ratio of 1:5 (w/v). The solution was then filtered to collect the solvent

part, freeze-dried until became powder then weighed and stored at 4°C [15].

Fermented fish (pla-som) preparation

After testing the antioxidant and bacterial inhibition properties of mulberry leaf extracts, the most effective
bacterial inhibitory extract cultivar was tested on pla-som in independent three replicated experiments. The
experimental procedure included fermenting pla-som according to the ingredient composition: 500 grams of
grounded fish, 10% salt, 10% garlic, 10% sticky rice, and 2% monosodium glutamate (MSG), mixed them together
and incubated at room temperature for 3 days. Then, pla-som were randomly selected and divided into three
fractions, each weighing 100 g. The first fraction was mixed with 1% (w/w) of powdered mulberry leaf, the second
fraction was mixed with 0.1 % (w/w) of ethanolic mulberry leaf extract, and the third fraction was mixed with 0.1
% (w/w) of water mulberry leaf extract (Figure 1). Pla-som with powdered and two kind of extracts were incubated

for 1 hr then inhibitory effect of on the growth of pathogenic bacteria were tested.

@A) ®) ©) ®)

Figure 1 Additive of each fraction mulberry leave extracted in pla-som.
(A) control pla-som. (B) pla-som added with 1% (w/w) of powdered mulberry leaf. (C) pla-som added with 0.1 %
(w/w) of ethanolic mulberry leaf extract. (D) pla-som added with 0.1 % (w/w) of water mulberry leaf extract.

Pathogenic Microbial Contaminated investigation

The contaminated of total and pathogenic bacteria in pla-som, which are Escherichia coli, Staphylococcus
aureus, Bacillus cereus and Salmonella spp., were investigated by using Bacteriological Analysis Manual; BAM
[18]. In brief, weigh 25 grams of each group of samples. Then the samples were transferred into a sterile plastic
bag. Totally of 225 ml of Butterfield's phosphate buffered dilution water (BPB) was poured and mixed the samples

well as 300 rpm stomacher for 2 minutes (this sample was diluted to 1:10).
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Analysis of Escherichia coli

Step 1: presumptive phase is the detection of coliform bacteria by pipetting 1 ml of 1:10 diluted sample into
9 ml of the lauryl tryptose broth culture (LSB) medium (Himedia, India) containing the gas trap tube and made 10
folds dilution which started from 1:100 to 1:10,000 for each three replications. All of them were incubated at 35°C
for 24 + 2 hr then selected only gas production tube to confirm in step 2.

Step 2: confirmation phase for fecal coliform or E. coli confirmation by transferred 1 loop from gas
production LSB tubes into Escherichia coli (EC) broth (Himedia, India) culture medium containing tube to tube
gas trap. Then incubated at 44.5°C for 24 £ 2 hr. Only acids and gases production tubes were confirmed with step
3. In cases of no gases and acids production, they were incubated until 48 + 2 hr and reported the results as Most
Probable Number (MPN) of E. coil by compared with the MPN table.

Step 3: complete phase examination for E. coli by using a loop to transferred positive EC broth culture tube
to streak on the eosin methylene blue (EMB) agar (Himedia, India) culture medium. The medium agar plates were
incubated at 35°C for 18-24 hr. The positive colonies were examined the black color at the middle of the colony
which both produced or not produced metallic sheen. The suspected colonies were transferred into the nutrient
broth and incubated at 35°C for 18-24 hr. Totally 1 loop was transferred into methyl red and voges-proskauer (MR-
VP) medium (Himedia, India), sulfur-indole-motility (SIM) medium (Himedia, India), and simmon citrate agar
(Himedia, India) for exploring the MR-VP test, indole generation, and citrate use as a carbon source testing,
respectively.

Analysis of Staphylococcus aureus

A total of 0.1 ml of the diluted sample (1:10) was transferred onto 2 separated baird-parker (BP) agar (Difco,
USA) plates then spread evenly until the agar surface dried. The agar plates were incubated at 35-37°C for 45-48
hr. Only the colonies with gray to black round shape with convex as a size 2-3 mm had been counted. To confirmed
by biochemical techniques, at less 5 positive colonies were transferred into brain heart infusion (BHI) broth
(Himedia, India) and incubated at 35-37°C for 18-24 hr. The coagulase plasma (rabbit) (Himedia, India) with EDTA
0.5 ml was added and mixed virtuously then incubated at 35-37°C. A clotted formation in tube was observed
regularly within 6 hr.

Analysis of Bacillus cereus

Approximately, 0.1 ml of the diluted sample (1:10) was transferred onto 2 separated mannitol-egg yolk-
polymyxin B (MYP) agar (Difco, USA) plates then spread evenly until the agar surface dried. The agar plates were
incubated at 30°C for 16-24 hr. A plate with 15-150 colonies growth was selected and counted by characterized
only pink with turbid zones colony. Therefore, if the colonies were not classified, incubated more 24 hr might be
helpful. Around 5 positive colonies were transferred onto nutrient agar (NA) slant (Himedia, India) and incubated
at 30°C for 24 hr. then confirmed by biochemical techniques which were nitrate reducing test, acetyl methyl
carbinol generation test, and lecithin degradation test.

Analysis of Salmonella spp.

Totally, 1 ml of diluted sample (1:10) was transferred into 10 ml of selenite cystine broth (Himedia, India)
and incubated at 37°C for 18 + 2 hr., then streaked onto xylose lysine deoxycholate (XLD) agar (Himedia, India)
and Salmonella Shigella (SS) agar (Himedia, India). The agar plates were incubated at 35°C for 24 hr. For XLD
agar, the positive colonies were characterized as a pink color with or without a black dot at the center of colony.

Whereas, SS agar must be a clear colony forming and presented a black dot at the center of colony, reflected from
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H,S production. The positive colonies from both agar types were confirmed by cultured in triple sugar iron (TSI)
agar (Himedia, India), lysine decarboxylase (LDC) medium (Himedia, India), urea medium (Himedia, India), and

simmon citrate medium (Himedia, India).

Statistics analysis

The results were present mean+tstandard deviation (S.D.) of three replicated experiments. The comparison
the differences of antibacterial activity between control and extraction method of mulberry in pla-som by using
one-way ANOVA and Duncan’mutiple range test. A P-value as 0.05 was required for statistical significance. Data

was analyzed using SPSS Software for Windows, Version 23.

Results and Discussion

Extract yield in mulberry leaf

After extraction using a rotary evaporator, the yields from the ground mulberry leaves were 4.72% for the
ethanolic extract and 15.56% for the water extract. The higher yield obtained from water extraction is likely
attributable to the high polarity of water, which facilitates the dissolution of a wide range of water-soluble
constituents, including phenolic compounds, sugars, proteins, and organic acids [19]. However, previous studies
conducted by our research group demonstrated that ethanol is a more efficient solvent for extracting bioactive
compounds, yielding higher total phenolic and flavonoid contents than water extraction [15]. Phenolic and
flavonoid compounds, classified as polar phytochemicals, are known to exhibit antibacterial activity by disrupting
bacterial cell walls or inhibiting essential bacterial functions [20, 21], flavonoids, acting as antioxidants, might
reduce oxidative stress in bacteria, potentially allowing certain bacteria, such as gut microbiota in animals, to

proliferate [22].

The effect of mulberry leaf extracts on inhibiting of pathogenic bacteria growth in pla-som

The mulberry leaf extracts demonstrated the ability to inhibit the growth of pathogenic bacteria in pla-som.
The overall bacterial contamination and S. aureus counts were reduced, whereas E. coli and B. cereus counts
increased Notably, Salmonella spp. were detected in all samples. The total microbial contamination in the control
sample (pla-som without extract) was 7.17+2.32x107 colony-forming units per gram (CFU/g). In contrast, pla-som
treated with ethanolic extract, water extract, and powdered mulberry leaves exhibited significant reductions in total
microbial counts to 2.02+0.67x107, 2.09+0.96x107, and 4.07+1.78x10” CFU/g, respectively. Although the aqueous
extract showed a higher extraction yield, its antimicrobial efficacy was lower than that of the ethanolic extract. This
suggests that a higher extraction yield does not necessarily correspond to greater biological activity, as it may reflect
the extraction of a larger amount of total soluble constituents rather than a higher concentration of specific bioactive
compounds responsible for antimicrobial effects. The inhibitory effects of ethanolic and water extracts on the total

microbial counts were statistically significant (P<0.05) (Table 1).
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Table 1 The comparison of effect of mulberry leaf extraction method on the total and pathogenic bacteria in pla-

som.
Extraction method of ~ Total bacteria™ E. coli™ S. aureus™ B. cereus™  Salmonella spp.

Mulberry leaf (CFU/g) (MPN/g) (CFU/g) (CFU/g) in25g™

Day0 5.73+£0.91x103 466+238 3200+1802 0+0.00 detected

Day3*
Control 7.17+2.32x107 553+487.58° 4504+26.46°  1870+1630% detected
Powdered 4.07+1.78x107 913+1011.20° 340+70.00% 5500+4920° detected
Ethanolic 2.02+0.67x107 1133+1150.36° 213+80.832 100£1702 detected
Water 2.09+0.96x107 1433+2482.61° 300+95.40° 0+0.00* detected

Remark: “ The comparison was performed only in Day3, ™ Different superscript lowercase letters in the same row indicate a statistically

significant difference (P<0.05), ns = non-significance difference at P>0.05

The contamination of E. coli in pla-som treated with powdered mulberry leaves, ethanolic extracts, and
water extracts increased to 913+1011.20, 1133+1150.36, and 1433+2482.61 MPN/g, respectively (Table 1). The
effect of mulberry leaf extracts on inhibiting E. coli growth was not statistically significant (P>0.05).

E. coli is a gram-negative bacterium with a complex cell wall structure that includes lipopolysaccharides
(LPS) in the outer membrane [23]. The LPS layer enhances its resistance to antimicrobial compounds. While
mulberry leaf extracts have demonstrated effectiveness against gram-positive bacteria, their interaction with gram-
negative bacteria, particularly E. coli, revealed limited inhibitory effects. The complex cell wall structure of gram-
negative bacteria, including an outer membrane which supports that gram-negative bacteria possess a robust outer
membrane that can serve as a barrier against antibacterial agents [24], including those present in mulberry leaf
extracts.

Interestingly, the observed increase in E. coli contamination might be attributed to the flavonoid antioxidants
present in mulberry leaf extracts. These antioxidants could potentially reduce oxidative stress in E. coli, thereby
strengthening the bacterial cells and enabling them to better withstand adverse conditions. This is consistent with
the findings of Wang et al. [22] who reported an increase in E. coli populations in the ruminal and abomasal digesta
of calves following the addition of mulberry leaf flavonoids (MLF).

However, the precise mechanism underlying the relationship between antioxidants and the proliferation of
E. coli remains unclear. Further research is necessary to elucidate the interaction between flavonoid antioxidants
and the growth of E. coli, particularly in the context of probiotics and other beneficial microorganisms.

The contamination of S. aureus in the control sample was 450+26.46 CFU/g. After incubating pla-som with
powdered mulberry leaf and two types of extracts for 1 hour, a decrease in S. aureus growth was observed. The
counts were 213480.83 CFU/g for the ethanolic extract, 300+95.40 CFU/g for the water extract, and 340+70.00
CFU/g for the powdered mulberry leaf, with inhibition activities of 52.67%, 33.33%, and 24.44%, respectively.
These results showed statistical significance (P<0.05) (Table 1). While both water and ethanolic extracts effectively
reduced S. aureus counts, they were unable to lower the contamination to below the acceptable limit of 100 CFU/g,
as defined by the Bureau of Quality and Safety of Food [5]. This limitation may be attributed to the short reaction
time between the mulberry leaf extracts and the bacteria in pla-som. Future studies should consider extending the
reaction time to enhance the antimicrobial efficacy of mulberry leaf extracts against S. aureus. This could help

achieve a more substantial reduction in bacterial contamination, potentially meeting regulatory safety standards.
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The contamination of B. cereus in the control sample was 1870+1630 CFU/g CFU/g. The antibacterial
activity of the water and ethanolic extracts of mulberry leaves in pla-som demonstrated the most significant
reduction. Both water and ethanolic extracts successfully reduced B. cereus contamination to below the acceptable
levels of pathogenic bacteria in fermented fish (< 1,000 CFU/g) [5]. However, pla-som mixed with powdered
mulberry leaves did not significantly reduce the B. cereus count (Table 1). The antibacterial activity of mulberry
leaf extracts on inhibiting B. cereus growth after adding ethanolic and water extracts in pla-som was not statistically
significant (P>0.05).

The detection of Salmonella spp. in both control and treated samples suggested that the current approach
using mulberry leaf extracts may have limited efficacy against this pathogen under the conditions tested. This
finding is consistent with previous reports indicating that plant-derived flavonoids often exhibit stronger
antimicrobial activity against gram-positive bacteria than gram-negative bacteria [25]. The reported of Thabit et al.
[26] revealed the antimicrobial activities of plant extracts, particularly flavonoids extracted using methanol. It was
found that flavonoid aglycones exhibited greater antimicrobial activity compared to their glycosidic counterparts.
Among these compounds, quercetin and its analogs were identified as particularly effective, acting through the
inhibition of DNA gyrase, an enzyme crucial for bacterial DNA replication. However, the effectiveness of these
extracts was observed to be greater against gram-positive than gram-negative bacteria. Therefore, further
investigation is warranted to evaluate alternative extraction methods, higher concentrations, or combination
treatments to improve efficacy against Salmonella spp. and other gram-negative foodborne pathogens.

The efficacy of mulberry leaf extracts in inhibiting the growth of pathogenic bacteria in pla-som was
observed. The mulberry leaf extracts showed inhibitory effects against all tested bacteria, including S. aureus and
B. cereus in pla-som. The most effective inhibition of total bacterial counts in pla-som was achieved using
mulberry leaf extracts with ethanol and water as solvents, respectively. The best inhibition against S. aureus was
observed with mulberry leaf extracts using ethanol and water solvents, as well as the crude fraction. Regarding
the inhibition of B. cereus in pla-som, the mulberry leaf extracts with ethanol and water solvents successfully
inhibited bacterial growth, though the reduction in bacterial counts was not statistically significant at the 0.05
level. Abdeldaiem et al. [13] revealed that the application of mulberry leaf extract in minced beef significantly
contributes to food safety and preservation. This study demonstrated the efficacy of methanolic mulberry leaf
extract in reducing bacterial counts, including S. aureus, B. cereus, E. faecalis, and E. coli. It highlights the
potential of natural plant extracts as effective antimicrobial agents in meat products. Mulberry leaf extracts are
effective in inhibiting the growth of the gram-positive pathogenic bacteria S. aureus and B. cereus, consistent with
previous studies [15], which found that mulberry leaf extracts inhibit gram-positive bacteria. These extracts
contain high levels of phenolic and flavonoid compounds from mulberry leaves. Among these, derivatives of
quercetin, kaempferol, and rutin are prominent. Quercetin derivatives, in particular, are effective in inhibiting the
growth of S. aureus. The antimicrobial properties of flavonoids are closely related to their structure, with phenolic
and flavonoid compounds contributing to their antimicrobial activity [26]. However, the precise mechanism of
how these compounds inhibit gram-positive bacterial growth remains unclear. Future studies should investigate
the effects of these compounds on bacteria, particularly focusing on disrupting the cell membrane or interfering
with essential metabolic pathways [27].

The particle size of powdered and extracted mulberry leaves significantly impacts bacterial inhibition.

Smaller particles, due to their larger surface area, interact more effectively with bacterial cell walls, resulting in
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enhanced bacterial inhibition. Additionally, smaller-sized mulberry leaf extracts not only have higher antioxidant

levels but also provide more effective bacterial growth inhibition [28, 29]. This study also demonstrated that using

water and ethanol for extraction—both of which evaporate easily—along with incorporating mulberry leaf powder

into pla-som, is practical for food applications.

Summary

The study demonstrated that leaf extracts of MonPai mulberry cultivar effectively inhibit the growth of

pathogenic bacteria in pla-som, a traditional fermented fish from northeastern Thailand. Extracts from the MonPai

mulberry cultivar, including ethanolic, water, and powdered forms, significantly reduced S. aureus and B. cereus

counts (P<0.05). Future research should explore extended fermentation times to enhance bacterial reduction and

ensure compliance with food safety standards. Mulberry leaf extracts have the potential to improve food safety and

reduce reliance on synthetic preservatives.
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Abstract

This research aims to 1) develop and evaluate the performance of boosting machine learning
models, and 2) classify retinal images with diabetic retinopathy using symlet wavelet transform feature
extraction from 10 sub-bands. A total of 60 symlet features were obtained by extracting six statistical
measures, namely mean, standard deviation, energy, entropy, skewness, and kurtosis, from each of the 10
sub-bands. The feature set was fed into three boosting machine learning algorithms, specifically XGBoost,
LishtGBM, and CatBoost, for classification model development and performance comparison. Model
performance was assessed through 10-fold cross-validation and confusion matrix analysis to determine
accuracy, sensitivity, specificity, and Fl-score metrics for optimal model selection. Comparative
performance evaluation demonstrated that the LightGBM model achieved the best overall performance
across nearly all evaluation metrics, with an accuracy of 94.47%, sensitivity of 95.24%, specificity of 93.69%,
and Fl-score of 94.56%. These findings suggest that integrating symlet wavelet features with boosting-based

machine learning algorithms provides a promising approach for diabetic retinopathy screening and diagnosis.
Keywords: Diabetic Retinopathy, Machine Learning, Boosting, Symlet
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Filename label LL_mean LL_std LL_energy  LL_entropy  LL_skewness  LL_kurtosis LH3_mean LH3_std HH1_kurtosis
image1.jpg DR 1.6380904  1.2465191  20762.033  10.1780556 -0.2019425  -0.9855628 0.000226813  0.03871111 123.38309
image2.jpg DR 22330031  1.6203383  37297.812 5.8154615 -0.5372592  -1.4594787 0.000154046  0.03974638 113.77922
image3.jpg DR 2.0782492  1.3079135 2954581 23.5996891 -0.6137872  -0.7221148 0.000164078  0.03656798 130.96774
imaged.jpg DR 20015419  1.5169828  30906.293  7.49547412 -0.4219075  -1.5229849  -0.000808444 0.0791712 95.59997
image5.jpg DR 2173807  1.5953403  35625.684 9.8295825 -0.4431141  -1.3240011 0.000202344  0.04100434 109.89609
image6.jpg DR 3.0620954  1.8810558 63282523  35.0537693 -0.8035863  -0.8901322 0.000121285  0.07127795 151.81905
image7 jpg NoDR 26050832  1.9281298  51470.305  18.7874393 -0.4749492  -1.4979994  -0.000223355  0.06478397 130.10301
image8.jpg NoDR  2.3633091  1.4692249 37944.88 28.256057 -0.7051584  -0.8164132 0.000313066  0.04910117 135.5849
image9.jpg NoDR  1.7782497  1.3880838 24935848  31.4572532 -0.0208547  -0.6915608 0.000907717  0.12215602 44.789097
image10,jpg ~ NoDR 2.022906 1.527863  31489.918  22.0592919 -0.2072884  -0.9433601  -0.000228735 0.0869123 87.84205
imagelljpg  NoDR  1.2441466  0.9464966  11974.407  -9.1199261 -0.3036606  -1.3705189 0.000968922 0.0249347 85.797104
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U

IvinsidelagsivsiumanisnsasmedadudeyadsiiauiioUssianamsnuudiasinsiouiveunies

wudmuudiaeudnasunsiisuyadiianuudugigdssesas 91.25 lnansideiiedunninaialsauivinu

v
a o
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ANUANGIEA 4 S¥AU (max_depth=4) §n31n15138U37 0.1 (learning_rate=0.1) dndiunisgusiieestayad 0.8

(subsample=0.8) dndunsduidenaadnuynizsosui 0.8 (colsample_bytree=0.8) U wiinduivesdaninunil 1

v
a U

718819 (min_child_weight=1) A1n13anaugadetusmdmiunisuiadeyain 0 (samma=0) Msusuauuu L1
1 0 (reg alpha=0) N15UTUAILUY L2 W A1 1 (reg lambda=1) 193§ n15as19dulduvudalawnsy
(tree_method="hist') flsriduinUssavanmuuuaenaed (eval metric="logloss) Wminuaspanaiinisiiusuauna

8nluilf (scale_pos_weight) hagAmunr1AIUANN1SEUT 42 (random_state=42)
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3ou37l 0.1 (learning_rate=0.1) dndunsdusiegnadioyail 0.8 wionarudnmsviuunislunnsey (subsample=
0.8, bagging freq=1) é’ﬂﬁ’gumiejuLﬁaﬂqmé’ﬂwmzmBQﬁulﬂﬁﬂﬁuiﬁ]ﬁ 0.8 (feature fraction=0.8) N13U5uA" L1
way L2 winu 0 (reg_alpha=0, reg lambda=0) 13mﬁfnmmmwuama (is_unbalance=true) WagMnuAAIAIUAN
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3. wuudasuanyan(16] iunuusiasinisiFouivennd ssiiaufindnannsuiouyadlagld
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LLﬂwqaﬁimEJﬂ"mum"m’miaumw"ﬂsg’wﬁ 100 50U (iterations=100) ANUANFIGA 4 58U (depth=4)
§951M15158u357 0.1 (learning rate=0.1) Andunisguiiatsdeyad 0.8 (subsample=0.8) &ndunisgudon
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1.7.0, LightGBM 119591 3.3.5 wag CatBoost 139591 1.2.0
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fandrudusasdiuiiduinasgulunisssdiulseansnmvesuuudassi i funssendulunisusziiu
UszAnsamuuuiiaesnaisudvonnios 1uideildnaia 10-Fold Cross Validation vutadayadmiy
Rnuuudiaes lnenszuiunsairsuuiaewswisndeyadmiuiinuuudiassesndu 10 daugesuarlifoya 9
daunio 1,494 awlunsadrauuudasuarldtoya 1 dauvde 166 uamlunisvaaeuuuusiasdingsien
Budnu 10 seu sielimaudsdoyadananliinisutsdeyauuuasdndrunana (Stratified Split) Tneruadn
Hasunsdu (Random Seed) Wity 42 1lesnundndiuresusazaaaliividuislugndoyafindunazgadaya
naaeu Tnsdeyaramuaanunsaaduniiflunsdugadoyadwmiinuasteyadmsunaaounuusians vil¥as
Uspifiunafinnuidunasguerasiiounanssnedmesieyafiiniuaie uezuuudassannsnidouiaudnae
vosgatoyaifieduuntoyalditstu Treandefianarslunisussinuauasivaruiidofiovesuanissiuun
Tunsruaunisadeuuudans(22] udsnaisuuseosmnyadoyadmiviinuuudeonasaiu wudaossgn
ihllinaaeududeyadmiunaaeunisiuunvesuuudiass teiananissuunsiensauaindanuduan
W%’amﬁwmﬁuﬂixﬁwﬁmwLLUUﬁTﬂaané‘haﬁa%’iﬂmmgmﬂizﬂavﬁw AAULIUE AUl AIAINTINIY
warAUszArnmlnesumesuuaesdeilneasdeadwiolud
1. msaaindauduan (Confusion Matrix) Aie mseiilduanssanisiungveauudaedlunsdiuun
UszavlagilFeuifisuseninsanaiestunantssunvesuuudiaes mssuunlunuidsdanunsodnssuun
Tusuuuumssuun 2 eanadsznaudaenana Positive Aonndierelszamnniidnnslsaummuiuseysyamn
wazAad Negative ADANAN80UTEAMANUNG Wedanmssuunsanaliinadnsannssuunlneuuusiass
o 4 g‘dufuuﬁqﬁ
1.1 True Negative (TN) Ao wuudiaesanansaduunidgndesindunimaigasdszamang
1.2 False Positive (FP) Ao n1ssuundiianannifiesannuuudiaesdiuunitinnig voslsaud
HunmeeUszameunifilifiannevedsaumiuiuasysyamen
1.3 False Negative (FN) #o n1sdruuniiianaiaiiesninuuusiassswuninlidfiinnzaeddse
uinmidunimasUszamaiidamelsauimuiureysyaimm
1.4 True Positive (TP) Ao wuudaesannsnduunldgnaesindunwaeseussamaiiinig

TsAUNMIUTUIBUTLEINAN

2. ArAuwiugn (Accuracy) A ﬁ@ﬁliu%aﬂmiﬁﬂLLuﬂﬁQﬂé’aﬂﬁgﬁﬁmﬂLU%EJULﬁEJUﬁ’UﬁTWU’Jw;f’JE]EJ'NﬁﬁMNW
Huarwannsavesvuaedumssuunamiduarlifinnglsaummutuasyszamldogsgnios
Accuracy = (TP + TN) / (TP + TN + FP + FN) (1)
3. draanala (Sensitivity) Ao dndruvesnmdisasUszamandisianglsaumuiuaauszaman s
wuudassanansaduunliegiagndes feiduanuaruisavesuuudasslunisdunaindiefiiniizves
T,iﬂmemfﬁuaaﬂszmmmlﬁasmgﬂé}’aa

Sensitivity = TP / (TP + FN) (2)
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4. AUy (Specificity) dnaauninasveyszamani i anaglsauimud useUszaman
Fauvudrassansaduunliedisgndes foiduauasavesnuudiassunmsduunnmaieiliinnzves
TswmmuiureUszamaldognegnias

Specificity = TN / (TN + FP) (3)

5. A1UszAns anlaesanvesszuy (Fl-score) Ao A ldussifiuvsednsanveunuusassdaedn

AuaugasEIanuuiuglunsTunanlagneas (Precision) warAuasuinlun1snsaaduain (Recall)

TuusiazAana
Precision (Positive) = TP / (TP + FP) (4)
Recall (Positive) = TP / (TP + FN) (5)
Precision (Negative) = TN / (TN + FN) (6)
Recall (Negative) = TN / (TN + FP) (7
Flmeastre = 2 x Preci.si.oanecaLL ®)
Precision+Recall
nsi Ul
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wwuaedladitifuanmsosuungiheilifinnaumiutueUssamaidesnegnies 193 18 warduungiae
ﬁﬁmazmem%uﬂaﬂixmwmiﬁaéwagﬂﬁaaqqqmﬁmu 200 519 AN1F3TadEUING (FP) 91U 13 518 Uay

ANTITAdEaUas (FN) Arigaidaliisuiukuudiasduil 10 578 Fauansaduansalun1snsiadul e
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AN5199 2 MNSIBUASNDANUFUFUBANINANITIILUNVDILUUI1ADY

MITLREEN N FP FN TP
WnasunsuReuyad 194 12 14 196
laddddu 193 13 10 200
wAnyas 194 12 16 194
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SloRnsusrdvinmuuuasshonslienesinsmiuiliduldsesled ( Area Under the Curve of
the Receiver Operating Characteristic 38 AUC-ROC) m1un1wdi 3 LLamﬂﬁLﬁudwLLUUﬁwammiﬁauiﬂaqLﬂ%n
fiuszansamlumssuunlsaummutureussammegluszduiiben Tnsiaogsewing 0.9761 83 09780 G
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WINSFIUAT AN +0.0112 ssasnfsuuudiasdladiddy (+0.0115) waskuudaoudnasunsnAsuyas
(0.0116) mudu ogelsinunnuunnaiesAdudsuuuinsgIusznIsausuudassdiiies 0.0004
Fedeintesun anunseasulaimsauwuudiaesdianuindeliowasanunsivesssdnsninluseduiilngles

funnanansathludssendldlunsdnnsesthelnglifesinalussinuanuulsuniuvenaans

M19199 4 uansAfududsLUNIIATEINIINMTIATIEEnT I ILTLAEUlAYSTed

RNTEREEN melenesinriuilliduifesled  Auedududsuvumnsgu
BNATUNTLAEUYER 0.9767 +0.0116
[BEEREH 0.9761 +0.0115
IEVATEE] 0.9780 +0.0112

INAIANUFIAYVOIA NS NYULAIAITIN 3 RAAIAIANUFIAYVOIAUAN YL 20 FUAUKIN
FadermudrAgvseduiuadafldnudnvasduiiduuniomn 711 ase viedndusevar 63.9% Vo

o
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AdARs i enfeginudnvaziifidiauddnygean 3 dduusnie HH1 entropy grldlunisdiuun
65 asAndudosay 5.84 HLL skewness gnldlunisdnuun 61 afsAndudosay 5.48 way LH3 entropy gnld
Tumsduun 50 adsAndusosar 4.09 Wudu masuunmuduuuusuandifiuiaudnuaranduuuuduug
(HL) gnémdenuiteldsuununniigai 9 andnvazAniduiesay 39.4 sesaunfouuiusu (LH) 5 qudnvme
Anlufosag 26.3 uazuuinues (HH) 4 AudnvazAnduesay 22.2 ludssinunmsiuunnuussiamandnuuy
wuimanduazaeulnsIidndugeanil 12 audnwvasAniduiesas 60 Jsazvieuliiiuinuuudiasiends

anvaizddlassaieiuionar usnsnssanevesdyananandidunudnvasnaniunisdiwun

salal @

M13197 5 wansAanuddtyvesnuanvardgnidentdlunisdiuun 20 arduusnveuuitaedladidion

aey AANYIY FULUUA ANEATY dnduGevar)
1 HH1 entropy HH1 65 5.84
2 HL1 skewness HL1 61 5.48
3 LH3 entropy LH3 50 4.49
4 LL3 skewness LL3 48 4.31
5 LH3 skewness LH3 a7 4.22
6 LL3 entropy LL3 38 3.41
7 HH3 mean HH3 36 3.23
8 LH1 skewness LH1 35 3.14
9 LH2_entropy LH2 34 3.05
10 HL3 skewness HL3 34 3.05
11 HL1 mean HL1 31 2.79
12 HH2 mean HH2 29 2.61
13 HH1 skewness HH1 28 252
14 HL3 mean HL3 28 2.52
15 HL1 kurtosis HL1 28 2.52
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Ay ARANYIY FULUUA ANEALY dnduGevar)
16 HL3 entropy HL3 26 2.34
17 HL2 skewness HL2 25 2.25
18 HL2 std HL2 24 2.16
19 HL3 kurtosis HL3 23 2.07
20 LH1 std LH1 21 1.89
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Abstract

This study aim to investigate the drying characteristics and kinetic modeling of paddy rice using an
infrared dryer powered by liquefied petroleum gas and to develop a mathematical model to predict
moisture changes during the drying process. Paddy rice samples with initial moisture contents of 20% and
30% (wet basis) were dried at infrared temperatures of 550, 650, and 750°C for 2, 4, 6, 8, and 10 minutes.
The moisture ratio (MR) was calculated as a function of drying time and fitted to thin-layer drying models
Newton Model, Page Model and Logarithmic models. Model performance was evaluated using the
coefficient of determination (R2), root mean square error (RMSE), and chi-square (X2). The results showed
that increasing infrared temperature significantly enhanced the drying rate. Infrared temperature of 750°C
resulted in rapid moisture reduction but led to elevated grain temperature, increasing the risk of structural
damage. Infrared temperature of 550°C produced a lower moisture reduction rate and required a longer
drying time. The infrared temperature of 650°C provided a suitable balance between drying efficiency and
grain temperature control. Among the tested models, the Page model, expressed as MR = exp(-kt"),
provided the highest accuracy under all conditions. At Infrared temperature 650°C with an initial moisture
content of 30% (wet basis), the model Rz = 0.99488 and RMSE = 0.00608 with kinetic parameters k =
0.32446 and n = 0.44687. The model accurately predicted the drying behavior and demonstrated potential

for application in the design and control of paddy rice drying processes.
Keywords: Paddy Rice, Infrared Drying, Thin-layer drying, Nonlinear regression, Empirical mode
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Preparation of paddy rice
v
Moisture adjustment (20% and 30% w.b.)
v
Infrared drying experiment
(550, 650, 750°C)

v

Drying time

(2,4,6,8,10 min)

v

Measurement

Moisture content + grain temperature
v
Calculation of Moisture Ratio (MR)

v

Model fitting

Newton / Page / Logarithmic
v
Statistical analysis
R?, RMSE, X?

A 1 Schematic diagram of experimental procedure
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Infrared Burner
Drying Tray

Vibration Motor

Control Unit

AW 3 Infrared Dryer Powered by Liquefied Petroleum Gas
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AIUTY NNTOUWIS . NFOUI ., NTOUIAS .
. BULIAS DULIAS BULIAS
Y1idaen
20 0 18.03 + 0.00 30.40 + 0.56 18.03 + 0.00  30.43 + 0.60 18.03 + 0.00 30.87 + 0.85
Jofdug 2 1387 £ 1.35 46.67 +3.06 1392+ 0.70 56.67 + 3.06 12.31 £ 1.50 68.00 + 7.21
wWosidus
3 a 1281 +1.51 5133+ 1.15 1243 +0.27 62.00 + 2.00 10.47 + 3.54 80.00 +10.00
gudon
- 6 1294 + 0.16 54.67 +231 1097 +0.44  68.67 + 1.15 9.15+0.73 80.67 + 6.11
8 1221 £ 0.05 5733 +1.15 9.82=+0.51 78.67 + 6.11 8.08 + 1.75 102.67 + 7.02
10 11.00 £ 0.86 62.00 + 2.00 9.82 +0.51 84.00 + 3.46 6.85 + 0.83 106.00 + 8.72
mm%u 0 2387 +0.00 30.40 +0.56 23.87 +0.00 30.43 + 0.60 23.87 + 0.00 30.87 + 0.85
J1lden 2 1896 £+ 0.98 44.67 +2.31 1949+ 1.85 54.67 +4.62 15.59 + 3.07 73.00 + 5.57
30 a 1855 +0.71 48.00 +2.00 16.15+275 6133 +4.16 13.71 + 2.66 76.67 + 5.77
Wesidud 6 1777 £1.01 52.00+ 200 1441 +0.90 6733 +4.16 11.04 + 3.15 84.33 + 5.13
gmﬁﬂsm 8 16.07 + 0.62 5733+ 231 1331 +0.81 70.00 +4.00 9.75 £ 2.19 96.00 + 2.00
10 1540 + 0.52 60.67 + 1.15 1220+ 0.84 70.67 +6.11 8.55 + 2.31 100.67 + 5.77
7
\j’ —e— 550
:'? — 750"

awdi 4 Moisture content of paddy with an initial moisture content of 30% (wet basis) after infrared drying

at different temperatures.
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120.00
100.00
80.00
60.00

40.00

Grain Temperature (°C)

20,00

0.00 2.00 4.00 6.00 8.00 10.00 12.00

Drying Time (min)

——550°C  —9—650°C —a—T50°C

A0l 5 Grain temperature of paddy during infrared drying at temperatures with an initial moisture

content of 30%

A 4 uamannAsunlaseuturesiFendinudududu 30% gruden vdsnnsouus
w1 guugiidunlsnaniinalasnswednainisanaatu (8, 9] Tnsflgamgl 750 ssmiwauiva aunsaanaudu
Id51m57iqn s09a91Ae 650 uaz 550 asrniwalea auadu sgdlsAmu ulsumgligeasdieisamssziveves
ihnelundatdn winsdiewmamnufeuiinaiuiulvensilifaauuansswesgumnisenind audouas

meluwdn dealmiannusunisluudadnuasinlan1aniseaninveaudandainisaunile

91N W7 5 wansgn)iwdnd1IndIn1souni wui gamgddunsisa 750 sarwallea deali

'
[% a

a & 1 < a = = ' 1y o= | '
Qm‘mﬂullLiJaﬂ%']'JLWlIQQ@EJ'NTJ@L?'J [7] Iﬂﬁ]mﬂfqu‘iﬂﬂ 100 DaALaLeE Iu‘U'NL'Ja']@‘ULL‘VN 8 - 10 U UIDIVAINAND
N

UAMMNEAT WU n1suaniveudn uasamn wn1sd lususfiguugll 550 ssreadua d6nsn1siiiy

2D

a I3

paungivoundndruin dwmalvimsanaruduiniuiind fidu gamnfBunsusafisedu 650 owmwadeaiady
anmgunyay Wosnannsnannnuiuldednediussansamndouismuaueumaimdatn 16, 7] Teglu
seuiliigaiull dsmaliAnmnuaunassninsssavsnmnsouurauazMssnunuamdniuden deaenndes
fumsnumseuwistdesddunsisauaznuinnislissdundsnudunsisauiunanstioiiudasinisanewm
ArudouLavanszarnanauLisldeduiivszans amlasdinsdnwaanmaind i [17] uenaniiaenndosiu
ns@nwigamaiiniseuuisiiunzauaiseglurisfianunsamuaugumgiwdnlilgaiuly iedesiuniy

deomevedlasiaiauinuazsnuaunnaanisd (4]
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1.80
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140

120

1.00

Drying Rate (%/min)

020

0.00
0 2 4 6 8 10
Drying Tirme (min)

——550°C —e—650°C —e—750°C

Al 6 Drying Rate and Drying Time at initial moisture content of 30%

Drying Rate (%/min)
- - N N
o (%, [=] w
o (=] (=] o

o
in
o

o
o
o

0 2 a 6 3 10
Drying Time (min)

——550°C —8—0650°C —e—750°C

Al 7 Drying Rate and Drying Time at initial moisture content of 20%

N 6 uazn il 7 uansmuduiudseninadnsnseunianazailumsouusi Ingwuin $asns
suwisiiwnTthudsuuasmunauazgumgidurlssaitldlumsouusts Hradudunszuiumsiisnsnseuuiis
anrudusseoonldognesnds Wefinisangangiursusn 750 ssnieailua Sonsntseuntetiaiudy
nszUIUNSEs Wlalflsuiugnmgfidunsnien 550 uag 650 ssmisaiTea

LLm‘Eﬂmaaé’mmmiauLLﬁaaaﬂﬂﬁaqﬁué’mﬂizaw%‘nmmimmﬁmﬁaqmmﬁLﬁwfumé’uﬂixamémil,l,ws'
A (21] fuwltuiutuguiu nenfildeglutae 1.75 x 107 - 4.11 x 107 m%s

NMFAATIERAILUTUTIU ANOVA gaumgiidunsisniiuandnsiinadesnsniseuuisvesiiaiden

a o o

1 ° aad A o i ::4' 9} v & - RPN
E]EJ'N@JUEJﬁ']ﬂQJW']\TﬁﬂWVﬁ%ﬂ‘Uﬂ'ﬂiJL“UE]@Ju 95% IG]EJV’T]LQaEJ“UaQ@@T]ﬂ']i@'ULLWQSZJTJLUaaﬂﬂ'NiJ%ULiﬂJﬁu 30% 31U
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Wenilgamaiidumisusn 650 asmwaldea Jr1gefian 14.4067 %/min So%unie 550smwaifea 11.77 %/min
uaw 75003AwaLTua 11.0433 %/min uarAnaAsvessasInseuwkiUdenautusudy 20% guden
Tlgaungfiduisiisn 650 ssmwaidoa fiAngeian 10.97 %/min SosawNAe 750 BsrwaLea 9.1533 %/min uag
550 aefLATEE 9.0433 %/min

NANTSANEILUUINADINIIANAAIEAIVDIHUNITOULAY
MnmsinymginssunisannnutuiarnauAsuwamungiivesiinuFenaeldanznsauusisine

A3 pseuutauuUunsusanlduadlnsdsumandud emdddianudeu wuin mswasunlatmnuduves

drdeniidnvarlidududu Tusyfugumgidunlsnsn drsnatouui uararudududuvesianedied

°

WodnAry Lieliaunsaedursuazyiuenginssunseuwislsedaiuszuu Fadhuuudasmnepdamansuuy
LoufisAa (Empirical Drying Models) TagldlUsunss Excel Solver 15197 2 unldlun1sitasizviaudunus
SEMINBNTIEIUAINTU (Moisture Ratio : MR) Auiataunite lnsuuudiassmananilasuniseeusutazldosis

UNSVaE U UITIAIUN TOULAINARNAN 9N SLNEAT

A197199 3 LUUINA0IEUNTITNNANAAIERIUDIANNITOULAS

Model Name Equation Reference
Newton Model MR = exp(-kt) 4,11,17]
Page Model MR = exp(-kt") [4,11,17]
Logarithmic Model MR = a exp(-kt)+c 4,11,17]

o MR Al 9R9187UANTLY, t A AtUNITOULI (UNT) way k, n, a Lag ¢ Ao AASTIlA 9 Fsaunsanlaain

MIIATIERENATaRaRaRUULLTLEY

NPT 4 uansAAITvesluUTIRe I sAdinAansuasAmNAAALAA BUTBsAINTE UL sl
nshnsgiteyanisanmnduresiiuFenaeldannrgumg i usauassroznameuuiaiiunneiu lay
fsauuusiaesniseuwis Iiud wuusiass Newton Model wuusassaumsitugiuiidmsiiiwmes k vl
AonMsAAILAE AT LT AN AL U e, Page Model wuUsaesiidamnsines k uaz n 1¥Aanu
wiug1ge i ilmesiuasuulasmuan1nznIse UL uay Logarithmic Model uuudiassifidmmnsiines k,
n, a wa ¢ Fefusuuuunsmildfuinsuszinasmsivesiinnududou Amnsiinesvessiazuuudiansgn
UsenauAnesn1sanaeswuulii@adu (Nonlinear regression) LagUseliiuaUMUNEEUUBILUUTIADIAINAN

a

#uuseansnisdndula (R2) Amanapdeumdsdasadesiniid@ad (RMSE) wazanlaaails (X2)
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A5199 4 ANAITILAZATAINARIALARDULUUT AN SAUAAAASYOIANNITO UL

Infrared
Model
Moisture Temperature k n a C R? RMSE X2
Name
O
550 0.07363 - - - 0.67940 0.09786 0.01197
Newton
650 0.09739 - - - 0.87178  0.06532 0.00640
¥ Model
AINUYU 750 0.14451 - - - 091361 0.07421 0.00688
Irudden . 550 0.29573  0.26987 - - 0.98752  0.01931 0.00062
age
20 Model 650 0.24509 0.50779 - - 0.99847 0.00714 0.00640
o . ode
Wasigusd 750 0.31148 0.56897 - - 0.99622  0.01551 0.00040
gmlﬂaﬂ 550 0.64476 - 0.39910 0.59848 0.97000 0.02992 0.00224
Logarithmic
del 650 0.32462 - 0.54047 0.44967 0.98536  0.02207 0.00146
Mode
750 0.34944 - 0.67932 0.31755 0.99400 0.01947 0.00096
550 0.08809 - - - 0.93925 0.11081 0.01535
Newton
650 0.11784 - - - 0.96146  0.08936 0.00998
Y Model
ALY 750 0.17192 - - - 094746 0.10438 0.01362
1lden 550 0.36305 0.24606 - - 0.99850 0.01741 0.00051
Page
30 Model 650 0.32446 0.44687 - - 0.99882  0.00608 0.00006
o . ode
Wasigusd 750 0.47013 0.41722 - - 0.99917 0.01314 0.00029
imlﬂﬁﬂ 550 0.72688 - 0.44527 0.55179 0.99468 0.03278 0.00269
Logarithmic
el 650 0.41975 - 0.57765 0.41812 0.99887 0.01518 0.00059
Mode
750 0.50556 - 0.67664 0.31562 0.99409 0.03483 0.00306

AITNT 4 LAAIANAITITOILUUTIADIV WAL AFIENT LA AIAIUARIALAG DUVDIANNITOULST LARINTS
AnszideyansanauduresiniudenmeldannroumaidunsisauaysruziaouLisiwaNa 13y wansli
Wiudwuuiiassausaesuienginssuniseuwislaiiiosanuuuiiassaunisiiamisdwes devildaiunsa

5 U8ANBAEAMUTAIUBINTLUIUNTOUWAILAR
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m MR
1.20
——Page Model
Newton Model
1.00
Logarithmic Medel
=
= 0.80
hel
&
o 060
2
¢ —
0.40
0.20
0.00

(=)
8]
o

6 8 10 12

Drying Time (min)

i 8 Drying of paddy with an initial moisture content of 20% (wet basis) at an infrared temperature of

650 °C
1.20 m MR
— Page Model

100 Newton Model
. Legarithmic Model
£ 080
°
©
[
w060
2

0.20

0.00

0 2 4 6 8 10 12

Drying Time (min))

AW 9 Drying of paddy with an initial moisture content of 30% (wet basis) at an infrared temperature of

650 °C

INAINA 8 WATAINT 9 BAAIAIUFUNUSTENINIBNIIEIUAMUT U (Moisture Ratio : MR) AULIAINIT

v v a v a A9 Y & A a I3 & a v I a a a
auLsIELAT o URtwULAUNTIIe Iduiatlnsideumaitudemadliniuseu Ngungil 650 ssriwalgya
MeldnnuuEuil 20% Uay 30% Frulen wudl anurusAulnalaenswieULUUNSWRsULUAAIAIITY
wazgaNuMINraNvestayad TN siauLuuIasmeadanans d1idenfidanuausuduy 30% giuden
LEALUILNNTANAIVBIAIENTIAIUAIMUTUDE19A DL DI AILAYIIH UIUDIY IV NEVBINTEUIUNITOUBIAS La8

AN1TOUANING ANTTUVDINITBUWILAATUTIYNNITIZNEVDIUDATZUAYNENTINTOULIENAS (falling drying
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rate period) [12] Fafutsiinalnmauniauduanmelusdagiawin dealifoyaiidnuasfuuulidadui
Fanau wangsomsliUsznamniinesveuuudasmsadaamans lunsmsatudiu mosduEudy 20%
giuden fusunuihdasenglumdanni dwalfmsanaududngdesnsnseuuiananss wagdanis
Wasuwasednsdunnutuiszesdunit ilideyauvrsniunliuanasesusni dwalinsuszun
Amnimesvesuuuitassadamaniianunainindeuvesteyanaass wazenavlrrinsfivesaunisda

wUsunugadishmsliasgimeisannesuuulaigad

aAUs8na
ansAnwMssuwistaudendaeeieseuuiuudunrusailiufstlnadeunvandudomadiauiou
wanslifuingamnfidunssaiinalasnswiodmnisananutiunargamniiudadnimdsnseuuisegad
iy TnewdloifingumgRdunsnisnain 550 1u 650 uay 750 asmuwailoa nud1 Smsnisanauduiiintu
og1esaos iloannndsnuvesdunsisnannsasemauioutiguininlilaense dawalinnsszmevani
dasemelusdaiatuegnniilutisiuesnszuiumssuui fsaenaderimaliivssdundsnurosdunsise
Pgifiusasnsiemauieulazisidninsouuesimieldegediussansam [17]

MnaNTINAAeY WUl guvndBulsnsa 750 asrusadea annsnanautuldsingaiian uidamali
onmgiilwdntnfiugeenesnigs TaefieiAu 100 ssrwaidea Tutisateuus 8 - 10 ui Fsoraneliiiin
ANuuAnsinsvesgamgisevinsiiuasununatandn demaliiAaaudunelumdauazifiuainudssionis
uandnvesudndrimendansd eilaenadestuuuimanes [17] fissyinsfiugampfiudeesanaidaiuly
g1admananun nnsduaslassasieniegluudndy gungfidunsisn 550 sarngadea ulauisaniunu
pamgiudatnliegluseduiild uidisnsnisanarududingt dwalidedddszoznareuuieuuiy an
Uszavsamnslingdsanuvesssuveuuis dsaenndesiusenuves [4] inuimsldeamglieuuisinuiulviili
nsunsmnuduanelutanietut Gy gungiursin 650 ssasaifea Jaduanmefuunyaudiae
downaunsnadsaunaseidannmsanaudusasmsnuueamniiudadilfeglussduiliguiuly e
anunsnannnutulfedneiussavsamlutasnmeuuiedy wasdhsanaudswemudemeididasaiimes
wiatn GsaeandesiunsAnuinmseuwisfdunsusamaniou [1] Anenuinslindanudursisasedu
UunansanansauinUsavsnmniseunimdonsnuiaunnanled

dofnsawavesautududu wuihindeniinnutuisus 30% uden wanuliunisaneniuiy
ogwaillesuardmaunittiudeniiaruduiugu 20% s1ulen esniviinashdassniglumdagaini
dawaliansaganfundsudunsnsawaziianisssmevoninldmnlurisiureanssuiunisounts Snveds
agviouanningAuTmEImMaiuie Sadaeitiluianutussana 25 - 30% g1uden [19] hlmngausonis
inlUuszgndldeaidusedugnamnssy [23] wasdsamsodesenlunsiiassiniaifudmdanudldan

189U THAILLATDIDULAILUUTNTINTLUDN AU LS 1D UNT S ATINAVANS D UF NS UBULIITINABI98N

NANISANEILUUIIADINNANAAIEASVDITUNITOULMS

wuin1sanantuisnwuglildudadu dulngiiniuludisdnsiniseunisanas (falling drying rate

period) nalnudnfenisunsainuduainaieluuingiawieo [12] wuudiaes Page Model Tinanisvinunedidnd

Newton Model \iaa1ndmsilmeseningdaian (n) Fadiwesuednumugnisunsanuduwuuldidadunieluian
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197 Tnomglutaniiflassadrongu wu $1auden Fsdimadsuuladeasadunislussritamsouunis dawald
nalnmsmeminadinnududousniu

1NN15LUTBULTNBULUUTI889 Newton Model, Page Model tag Logarithmic Model Wui1wuuanaed
Page Model Tmnuusiughgaigalunnanizmsvaaey waglidlndifssiunenuuuuiiassadinaansluns
puLIdIUFenfeIn sseuwiULEnaIUALdaLUA A1 k 0g581919 0.1594 - 0.2007 WazAn n ogTENIN
0.6298 - 0.684 [13] InglanziinuTuidusiu 30% gruuden uazguugiidunsiin 650 ssrmiwaloa deliid R2
g4fl9 0.99488 warAn RMSE wag X2 ¢ wandliifuiannuanunsovesuuudiasdlunsviunenginssunisan
arwdulglndifsstudeyannassunniian Wounuamisiimesdldanmasd 3 aduaunisannsndeuauns

yunggnsaIunuTulacal

Newton Model ~ MR = exp(-0.11784t) )
Page Model MR = exp( - 0.32446t>%) (8)
Logarithmic Model MR = 0.57765 exp(-0.41975t)+0.41812 9)

aunns (8) ansaldviunenginssunisananuturesiiudennelfanisfidenldegusiug was
ausailuldluniseenuuuuararuaunszuaunsounield dafu iefivsansiufuisdulssavsamnisen
ATy uargamgiindn aruaenndosiuanindiudenads uazaruusiugmesuuuiamnandnmans
anmgihuudeniiauduiuiu 30% guden figuvnisursise 650 ssrnsaidea samfunuusiasmis
adinA1ans Page Model luanngimngaudian [13] dmsunisesureraunamandniseuwisdniudensae

ATt ULAB U IR WA aUlnsdenvadudaindsininudou

dquna

kansAnyINMseuLisddenimeeieseuuiuuudunssailliufetlandsmandudemadieni
$ou wuth guupidunlssainadednmaaneutularenmnfiuded 1 lnsgamgd 750 esaueaidea lrinng
ammm%uiam%faﬁqm widwalvigumgiiwdagaiuluuazeransenudonunmiuda Tuvasfigaumad 550 o
wadedlinseunrisiningy dedu gumnfidunsin 650 ssmwadalamnyaniian eswnannsnananutu
Ieegnsiiuszavsnmmmdonmunugumniudalioglusyfuiivnzaudenmssnuamuaind

NANTISANYILUUTIADINIALAFAIENT WUIMUUTIADY Page Model Tianuwiugilunisviunengfinssy
nseuuiageiian [13) ilerUsuifisuiuuuusiass Newton Model wag Logarithmic Model Tasiamgfinauiy
Sudu 30% gnuiden oumgiidunlsnisn 650 ssreaidea Falie R2 yindu 0.99882 A RMSE winffu 0.00608
WAz X2 Wiy 0.00006 axnsTildiAe MR = exp(-0.32446t“") uansisanuanansalunsyhuneaunaeans
nseuwisléiognausiugy anmgfinaniamnzandmiuliifuleulviedddunsooniuy auau uasiaunszuy
suutiinUdendedunsusalussdugramnssuy teiinuseansnimmslindinu anszeznanauuis uazinw
AN EAdIAINSEliegalusEAnS AN

uaznHANIsAnwIMIe UL UAendeirTeseuiuUB TS TuRalTns Beuvan dudomnas
Tiruseu aunsanmulszuunsauwisiadeniinsldndnuannadsnuiaeingniandanumaden

28199u rannsitAatlnsdeurandudamdsiininudouvasiimidunsise
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Abstract

This research primarily aims to design and develop an application for finding optimal matchings in
weighted graphs to address assignment problems, along with developing matching algorithms that cover
five key characteristics to enhance flexibility in selecting appropriate solutions across diverse contexts.
Furthermore, it aims to analyze and verify the structural properties of graphs, specifically regarding bipartite
graph detection and the existence of perfect matchings. The application was developed using the Python
programming language and tested through five simulated case studies involving various assignment
problems. The research instruments consist of the developed application for optimal matching in weighted
graphs and an algorithm validation record. The statistical analysis involves calculating the percentage of
accuracy and comparing the results with known optimal solutions.

The results indicate that the developed application successfully identifies optimal matchings in
weighted graphs across all five characteristics: (1) maximum matching with the highest total weight, (2)
maximum matching with the lowest total weight, (3) matching with the highest total weight, (4) matching
with the lowest total weight, and (5) maximum matching regardless of total weight. By clearly defining the
application's goals and the scope of weighted graph matching, the system facilitates efficient assignment
problem-solving with greater flexibility compared to typical applications. Moreover, the system accurately
verifies bipartite graph properties and the existence of perfect matchings, thereby reducing complexity in
graph analysis and serving as an effective decision-support tool for both academic and business planning

purposes.
Keywords: Matching, Weighted graph, Job assiscnment problem, Application
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Tumsmmsdvgimangadlunsnaunsadidunsislagldtunsuisivanvaeaudnuurvesdym

o w

WU FuneuAsEen13eu (Hungarian Algorithm) Faduedesdoddylunisuidaymnisinasseu Tag Shahriar
Tanvir Alam uazAmy [1] 590de Jayasree T G waz Malavika V [2] uihduneudsiuldiilemmeuiimunze
figelunisuimsdanimineins dslaertiluduneuisssndoualidmiunsiugludnumzuistonts (One-to-
One) usthud 2023 Fatemeh Rajabi-Alni uag Alireza Bagheri [3] lamunsiosanliauisnsessunisdualudnuns
vangsiaviane (Many-to-Many) Wileneulandmudiosnsuazdnmnuanansefidudeuiu

wenniidedl Tunewisgounsewsi-A1$ (Hopcroft—Karp Algorithm) @¢ M. Usha Devi wazaasz (4] 18
thisggndlilumsnsummdiitevnnisdugseminsuinauasfiuivluguuuunsassdniiteliindwoug
wanzaufian waglunsdvesnsialuiifianududou Gabriel Cristian wagame [5] linauanislddunou
TBuaeady (Blossom Algorithm) dwmsudnnisninensluanigingauesseuudnn1snanduniansunme
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G 1Junswi waz V(G), E(G) WLYATDIALALIATDLEUTRNVRINTIN G AUEIAU [8] 8Na1I1n5 M G WJu

nsasunidn (weighted graph) leunazidu e € E(G) #9711ua59MAU lagdiuiuasuuaitizenii

upsihgeudiy Tadsuunusig w(e) nsm G azgnnarindunsmaedaau (Bipartite graph) dnanunsauuaiuien

V(G) oondu Vy uae V, laefl Vy UV, = V(G) waz V) NV, = 0 uazduusasduluy 6 (Judufideugniiog
Tu vy wag V, wazisen (Vq, V,) 30 @auvsnid (partite set) 109 G

1 2 1 V2 P

91 S € V(G) ¢11499 (Neighbor set) 493 S 1w G Weuwnusiy N(S) Aewnuegalu V(G) — S i
UseBadugalu S W M C E(G) asBon M 11 tomsug M (M-matching set) u G dhasaduibosile o vos M il
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WWuidenwes M waziwndug M Tu G axgniBeni1 wasugluaign (maximum matching set) §1 M © M dwsu
nn o wedun M’ lu G

ISSN : 2821 - 9406 (Online)




NIATIMEMEns wialulad wazuinnssy windnerdunwdug

Uil 5 avuit 1 (wnsien - fquieu 2569)

I oa

W M Juwndug 9958038 P 91 3aduves M (M-altemating path) dndudionlu P Uszneusiedu

a‘

Geudeglu M waglieglu M aduiu wavazSenid P 31 30usaduves M (M-augmenting path) &1 P \Juid

1Y

aduiauanevisaadligniuelu M
ngufium 1 [6, 9, 10] (Berge’s Theorem) wndug M lunsl G Wuwsduglviejan Aeedle G Liiidusafiuves M

nauiiun 2 [6, 9, 10] (Hall's Theorem) 1% G Hunswiaesduidl (X, Y) uwautaty ué G fimsdugdamnga

Tu X gndug fsoide [N(S)| = |S| dm3umn S € X

v

noufuntduiidunguifugiuvestunewislunismnisiveluganlunsmaesdruddindnnis

o«
£

Aasaluil [10]

Sumeudsmamnisiuglugigalunsimaesdau (Matching Algorithm)
fuel G WHunsigesdndlil (X, Y) Wuwaudaiy

Fupoudt 1: a$awanisdug M la

v

wneudl 2 : dmngatu X gndudlae M udmen Jesiunddli u € X Jugailignivglae M uazli S = {u}
wag T =0

Qe

2

Sumaudl 3 : 81 N(S) = T udeldin [N(S)| < |S| wse |T| = |S] — 1 Aatiudamen Lﬁaqﬂﬁﬂiﬂwqwﬁw
vosgriazliinlsifinsdugtegnyagelu X gndug faviuudlvy € N(S) — T

o '
[ =

Tupoudl 4 : i1 y \Jugaiignduglas M udli yz € M wazunudl S ¢e S U {2} wag T e T U {y} uén
nulUTidumeudt 3 flavild P 0wid u — v Fadudiududuves M udrSwnu M de M = M A E(P) Gilo
M AE(P)=(M-E(P))U(E(P) —M)) w3 andulufiduneud 2
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in3esilodmiuuitgmnsdnassau Samsimunszuuneuiaweiazgnandunislaglindnnisvesrsasdinms
Waungenduas (Software Development Life Cycle: SDLC) mauuusnaasdnuus (Big Bang Model) Faumsingsio
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TURBUN 1 NFIUNUIU (Planning) : Tumauilgniunldiiemvuainguseasd vulnn1svinau uay

Y

VOIINAVDITEUY TINAINANNVDINTHAUTUTURDUA 9|

Fumeudl 2 NM5IATIEALazEENLUUITUY (Systern Analysis and Design): 11534AS ¥ 88nLUUNS
vhauvesszuuilldgnesnuuudisduneuiinandlilunmd 2 nsutsnszuaumavhausenidu 4 fumeu léun ms
Sudaya (Get Data) N15M573d8UT0Y A (Verify Data) N153UR (Matching) wagni1suanswa (Display Results)
muadiu osessuuiiamundussuusuadnishifinniiszuunsiansgiudeya (Database Management
System: DBMS) inanlddauiutoya dmiudeyaiisudnunfionaaeuuasyszananatuldunangldeonlaonse
iesanildnnudeyailinnnlaefunsdasstouteyaludnuvaseie 4 uaznadwsildazgnuansnanisdugoon

manthae wazdanuluguuuuveddiiudoyaguuuunsne (Comma Separated Value: CSV)

) )
1 2
User Ordered Triple/ Arrangement Problem Data
Rows and Columns Get Data Verify Data
— —

Connected Graph

A,

) o
Matching Result q

Matching Result

User in Figure and Text Display Matchi
atching

~—

Results

Matching Result in Text

D1 | Matching Result in .CSV file

AR 2 wuINnSELETeYaTEAUN 1 vassiakeUndndunsTualunsnesmn

JupBuil 3 NMINAITEUY (Implementation): dnfutuneuvesnisiawszuulagninvimiuununmn
nszuatoya (Data Flow Diagram: DFD) fildieenuuulilutuneuvesmsliasgsiuaresnuuy (il 2) angldnig

Weuldsunsunrelusunsuluneu (Python Programming Language) 118stu 3.12.4 lngsisazidenluusay

N3UIUNITVBINTUTEIANE (Process) Lagnuandlinannsnei 1

a '
M19199 1 nszuvrunisluusagluga

YoNITLUIUNNT dayaitn dayavan Anasune
1. Get Data WnUesEUANIawU (Ordered  dayadmiulayminis SuAsuAUNOMUUA
Triple) ¥3991UIULDILATAAN Jn1384 (Arrangement lassasneiuguveatym

Problem Data)
2. Verify Data  foyadmiutyminisinces Joyansmieules M3IAAUTIAYDAYNYAL

(Connected Graph Data)  n1s@wensaiumuReuly

EnIt
3. Matching Yoyansmidoulos uazwdninasi  nansdug Uszanananudeulunig
(Criteria) vo33n3iidaansdug  (Matching Result) Fuiaduuy
4. Display NAN3IUA JUNNUAETOAIULAAIHA  UAAINANITTUR

Results nsdue uaglrlddoya

ATeTTLAUNaN1TIUe
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Fupouil 4 manegeusTUY (Testing): ludumeunsnaaeussuuilaiinsmaaounisiauludusiig 4
ilensanaeunugndedluudiazlugalaenslinsdinaaou (Test Case) FaztiaTIad0UAINYNABIINTEUY
annsavhausaslidmeudulumuiidesmanield venaniddimslinseiianainseyhnig (Execution Time)
iWenaaoulszansninmaslunain [nanmehauduedidladedmsatagasenduiuinn dsfuneuresns

=]

naasulagldnsdinaasuilazgniinlunseududunauniswaunssuy Welsulsessuulnaiunsavnauladuld

U q

£% '

AUNANANRIALLINANTNaNABIWIUEN

Y

¥
=

Tunoun 5: N13AANMarUI595E (Deployment and Maintenance): 1f19431N38UUNQARRILIT Ul

Jandusiunuu (Prototype) Felalfinmsudsiunsunisingaaznistizssnwagsdniau

nsfaunszuuidunstaunuussuudasslaeldnwlsunsulimeniidlad advayunsdans
\Aeafunsinl wazdeya 019 Networkx Pandas @933afis Tkinter flarfuayunisaisdiusoyszanugldsm (User
Interface: U Iaganniinenssnszuy (System Architecture) vasszuuiiairstuiifuaniinenssuuvunysdu
(Layered Architecture) fl1asion158anns Feanunsaudoonld 3 u laud fuiaus funssny LLﬁz%u‘ﬁ@;J“a #19
swazBunseluil
1. furiiaue (Presentation Layer): dauslausvanudld fnhitsutoyauasuanwmanngldom
2. Yunssne (Logic Layer) w%‘a%uqﬁﬁ% (Business Layer): drunisUszananalunszuaunisie 4 ves
LHUAMNSELATRYA
3. fudoya (Data Layer): msdmifudeyaidumsimiulnglivinensvennioaiosmnidussuudass
Ingagludnuarvatlnddoyawuunsd (CSV)

>
' o

\Waanduneuisnismnisiug nganlunsinassdiudaiuiiiiedn Tumewisdin usey (Hungarian

Algorithm) [10] 3sasnsasssiaiisuvesduneuisdiniseulanmeluil
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Function Hungarian_algorithm (Graph G, Set X, Set ¥, Matching M)
Mat M =M
Loor
IFALL x in X are M-saturated THEN:
STOP: M saturates X
RETURN Mat M
END IF
LET u is an M-saturated vertex in X
S={u} T=4¢
Loor
IF N(S) = T THEN:
STOP: IN(S)] < /S/

RETURN Mat M

END IF

LETyisavertexin N(S)\T

IF y is M-saturated THEN:
LETyzisin M
S=5U{z}
T=TUu{y}
CONTINUE LOOP

ELSE:
Mat M = Mat M A E(P)
M = Mat M
BREAK LOOP

END IF

END LOOP
END LOOP
END FUNCTION

dmsuiidedaluagnanfnmsiauiweunfinduiionisiugnsm [11] lneg1edanisesnwuussuufing1ily

Tugnadu

Nan13IvekazaAUIIuNE
1. miﬁﬁumLLanﬁLﬂﬁuLﬁamﬁU@:nﬁw

nsinsEuUiomMnsiuglunsidishviing §3seldimsfnvanafeiiivdeaiieliiiuesdemnug
ﬁugmﬂﬁzﬂaumiﬁwmﬁzwLﬁaiﬁlé'%yumuﬁiﬁﬁmmmmxauLLaxﬁﬂsxﬁw%quqqmﬁqﬁaas}mmi%’wiaiﬂﬁ
Akshitha, 5. wavaae [12] Wihiotuneuitvesdmideudunldiionsdymnisiniumeemtdnau (Traveling
Salesman Problem) Tuvauzdi Wang, Y.uazane [13] Alduinemdnnisvesdinidoundislunsdnassalii

Yueud Wudediu Othman, F. wazane [14] lvihnisduglassadidusiulagldnsimassdsu uag Rong, H. uay
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! ) Ao

Aoy [15] ladinsmassdindnandlglunisdugnm@ainslitunewisnisdugnnnanuugnangavensvuy

q

=

gosduduvlvlanasnsiianuwdugunntuioisuduisnsaaiy tnadlalaAnwranudseinuunluein
Usgneuiunseenkuuszuuilennsld msesnwuudsnu [16, 17] Ateindussruseneunddguazsndu ieswin

vya o <

weliiwaunszuvannInueaiiu wazdlavdnmavhandunnaiuvedlusunsildognagnies nitedavinlii
winfanssuandoyafisniu uaznisdsteyaooniionansaa Taenmd 3 wansdedrduduneunisvineukiu
uRun WL Bsanansnedunetumeuldin vdmniidigszuuglifesiinindenussannisindndeya (Idun
mMsuvaLAsuiu (Ordered Triple) v3emsthidnluguuuumsng) nsdfigliidennsindindoyaludnuny
yosanuAssudy ailddunlussuasdossenouludenn 3 A il Fo9ad 1 Je9afl 2 wazArdmdnuendu
Wousewitegadl 1 wazand 2 negn 1 uay 2 awgnimuslidugeuesnsi Tuvediddmiinasdudsiiuansd
anudfyresdudonsinsariaaes wiminluduseuusn flidennisidrteyaluguuuuresmans ssuy
wudalildssysnuumuasvinuewmasdeyaiifesnts sntilivhmadaouniuazudn wiosldedashmiin

PADINNTAIUTEUUNUAIRU

Ordered Triple Number of Rows
and Columns
Yes

g Problem
. Data
Connected Graph

Largest Matching
ith Max Total Weig|

Largest Matching
yith Min Total Weigh|

Max Total Weight

[ The largest Matching with ]

Max Total Weight

The Largest Matching with
Min Total Weight

Min Total Weight

[Matching of Max Total Weight]

{Matching of Min TotalWeightJ [ The Biggest Matching ]

I

Matching Result

MW 3 fsnuszuunsdugnamaiaimen

v
[

degliidhdeyansingszuuid tuneutinluAadonilaidunisviinu suuseneulume nsduelvajgn

v ' '
° ' ' '

nfladmidnsiuanniian nsfvgvgaaniiadminmudesiian msdugndanhvdnsiuinniga n1sduein
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uwinTiutesian wagmsduglvgjan anndussuvzgiimiduaiemmnsuanilndunisinuidenludeiu
sold Ingnadnsilaiannnisusyaianalzgnianteanniaminge

sannanluudilutiedu weundieduiienisiuglunsmardminlunuiligniaw lnedmannisves

JunawiSvesdniSeu ami 4 Fudunisuansiegaldnignideniuiouidymnisduginganlaeldiunewis
vosganeu [18] Tuanwided luvaeiami 5 uansiegrdlanfiiamunduienisuidayynisiugndanhmingu

Weeiian Jaannisvirnuvesilandu sort_vertext filgnusvasAlunisdnnisdeyanisdug (dunsuds matching)

1%} {0

Tngdsmuduenlunsim (uus edges) Inaduds choice Aumnazgnldimuanssnylunisuszanana laun

“nmsdugiiiandmilnsiutesiign” wiensddunldlenmsivgifianhwinsudesiign Tunsdifiduus choice 1lu

'
rala 1 v a

nsdugniianhminsudesiige Auminvesduenazgneniivesnly udidniAvegaven 1 uag 2 inasly

Y
v

AuUs sort_matching uivnA1v84 choice lillinsfugndaniminsiudesfign seuuenIIaaoUIINITTUAL

DA

azgIfdudenigniemiely dnlvedaesiamy suiuulvidenndeiu uimnliadnaanaull
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def Hungarian_algor(G, X, Y, M):
unsaturated_X = [u for u in X if u not in M or M.get(u) not in Y]
if not unsaturated_X:
return False, M
for start_node in unsaturated_X:
S = {start_node}; T = set()
parent = {start_node: None}
queue = deque([start_nodel)
found_path = False
while queue:
U = queue.popleft()
for v in G.get(u, [1):
if v not in T:
if v not in M or M.get(v) not in X:
path = [1; curr = u
while curr is not None:
if parent[curr] is not None:
path.append((parent[curr], curr))
if curr in M and M[curr] is not None:

if curp == u:
path.append((curr, v))
else:
pass

curr = parent.get(parent.get(curr))
path_list = [v]
curr_node = v
while curr_node is not None:
prev = parent.get(curr_node)
if prev is not None:
path_list.append(prev)
curr_node = prev

path_list.reverse()
M_new = M.copy()
for i in range(len(path_list) - 1):
nodel, node2 = path_list[i], path_list[i + 1]
if nodel in M_new and M_new[nodel] == node2:
del M_new[nodel]
if node2 in M_new and M_new[node2] == nodel:
del M_new[node2]
else:
M_new[nodel]
M_new[node2]
return True, M_new

node2
nodel

else:
T.add(v)
z = M[v]
if 'z'not in'S:
S.add(z)
parent[v] = u
parent[z] = v

queue.append(z)
return False, M

Ad 4 1ARTumRUITEIN S
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def sort_vertex(matching, edges):
choice = choice_matching.get()
vertex_data = [(edge[0], edge[1]) for edge in edges]
sort_matching = []
if choice == "msFugiiartiwinnuiaoian” :
for vertex in matching:
if len(vertex) ==
nodel, node2 = vertex[:2]
sort_matching.append((nodel, node2))
else:
sort_matching.append(vertex)
return sort_matching
else:
for vertex in matching:
nodel, node2 = vertex
if (nodel, node2) in vertex_data:
sort_matching.append((nodel,node2))
elif (node2,nodel) in vertex_data:
sort_matching.append((node2,nodel))
else:
sort_matching.append((vertex))
return sort_matching

v
o o £

ani 5 fMegralantieundayynnisiugnilaumiinTiutesiign

AT 4 fuds G Tuilaridu Hungarian_algor iunsdefensimilaeidesnisiiuuitagmiug lne

o <) v 14 a a o = al' y v o w !
ﬂﬁﬁuﬂLUUIﬂiQﬁi’]Q‘U@;Jﬂﬂ%Uﬂﬂﬂ?ju’ﬁ Tuaoueh X wag Y LLV]UL"UWU@Q@WIUE:]\‘]“U']EJLLa%‘U’NC‘]’ma’WIU a3 M ununis

de

At Gamsfuvitusadinves M lunswiassdiugninlaenisfumluiinning Breadth-first Search: BFS)
Fadutumouisvisumsviosnswl [19, 20] Insuadwsildanmsvihauvestuneuitdnisoutzuioenladu
2 nsdife 1) Naé'wétﬂuaﬁaLﬁ'awu‘iﬁLwia@uw%'ammié’ugﬂmj uay 2) wadnsiduiavnlanuitunaiu
Tutumeuresnisiimunszuui uenmiionnmadeulusunsuiieadsszuuuda mamaaaumnugniesd
Lﬂuﬁaﬁﬁmmsﬁmw@jﬁ’u A5 2-5 LanInsEnaEeUFMSUNSEUIUNSYN U 4 Lﬁammaaummgﬂéfm

uazInuszansnmlunisvinauluaiueig 9 fsil

AN5199 2 NSENAFDUNTLUIUNNS Get Data

SWANTAUNAGOU  518AZIBEANITVIARRY Fayatndn nadwsTiAAn s a0y
001 mssudeyauuueyes  yateya 3 41 Wy szuvawnsadudteyaiite
ATl (A, B, 2) FdumsaolunszuILn1Gh 2
002 nsfudoyadiuiuuny Teyaludnwae  szuvawnsaduddeyaiie
uagvan A3 sidumssislunszuaunis 2
003 n13n319aeunIniy  Teyadnwarduil  szuvududoudeudeyald W

Joyalinsanuuuuy  Wilduvvesamwan  assguiuy
fd19u n30d1uI

LOILBTURN
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AN999 3 NIUNAABUNTZUIUNIT Verify Data

FWEANIANAGAU  T1eaziduANIMARaY dayatndn nadwsTAAnTs anug
004 nsafunsidenles  deyaligvimsdnGes  nswliidqeeoauazidudon s
Mndunoud 1 AsUTUmUTeya
005 nsallyianunsoasng Joyalymnisdases  ssuuwdadiaudnliaiunse s
nsidesles Mntunoud 1 77 ahenswidenlesls
Wideusisliingy
5797 4 nsdinaaeunsEUINS Matching
sWENTAinegoU  S1UALBYANIINATRY dayatndn NadwsTiAAn s d0uy
006 QRERIV RG] n31vhd eulos waz  wadwdnisdugiignaesany HU
\NEU9iNTue Foulv¥esay 100
007 nsdugilifulunn  nsideuleafidady  szuuwdehldanansadugle H1Y
\neuat \NNTINITIUR
A15197 5 NIdivedeUNITUILNTT Display Results
SWANSUNATOU  T198LIBUANTITNATDY Fayatndn HadwsTiAAn s a0y
006 NsuanIman1TTUe Ly HANTIUA HamsduglugliuunTviey W
sUwuunTIMaz RGRRH
Fomumamtinge
007 nstufinHansdugly HANNTIUE HansuglugUuuulnd HAY
sUuuulvd .Csv
008 ANUADAATDIVBINTG HANTIUR nIskanHanIaniIveuay  Hu

LARSNAVSNTNDUAY

Ina .csv

nd .CSV Apamsariu

) o v a o PR i H o PR v ' 1%
INATN 4 QgL‘VluvLﬂ'JqLL@U‘W@Lﬂ‘UUﬂ"]5‘\3‘1_]@114”15']Wﬂ')\?“’]ﬁﬂﬂﬂ']ll’ﬁﬂﬂUQﬂi"lWﬂ']EJIG]N'EJUI‘UW'N ) VL@

gnéesienay 100 uimnfinnsanisnainsssihmssgnuinisainsnlasnisléismsdmuaniiommumises
@maam‘lmamﬂ%ﬁﬁy’umaﬁ%‘ Fruchterman-Reingold (annsldi@ds Networkx.spring_layout) Tunswaiunueundin
) daugudauniual (Time Complexity) indu O(|V|? + |E|) HON15IUTMiase Fatumndenisadng
nywiifigegenduiuliinazannsavinuldesnesns uddidesnsaiiinsmil gnsendiuiuannazdanasio

nalunsuselanasgavanaealile

o/

v g LY. v a o oA (YK, ' H
2. NaaWﬁﬂquUQ‘lﬂﬂi"ULlaﬂwaLﬂ?juLwaﬂqﬁﬁ]UﬂiuﬂiqwaQqquUﬂ

v

IINFINUNMINAWTFU VLT TURDWITVRINTIUALWITRNH I MITRwIweUnGIATuioTuanIING

v
' o

9
Ipdaneingusrasavan1sdudld 5 guuuu toun (1) msduglngianiniidnivtnsuunniign (2) nsduglngjaniidl

AniwinTmtesiige (3) msdugniladmdnsiuuinian (4) msdugndaniminnudesiign uay (5) n153ue

@

Ingjanlaglaifdafisrnimingn Inensdvausasdsenmilanumanzauiuanuaevaslymiiuandeiuly dadl
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' N

(1) Mmsduglvgjanindiaimdnsunniiga Wunsfugiiliganisiugiivnalugian lnefidnimin
Twdeunnfigaruiy JsnsfuguuuiivingfulgmidesnismnisiugiilvyNgauaziidneuvsenanilsgeian

1% o

(2) msduglngjaanideiminsandesdian Wunisdugiadieiuguuuud (1) wikansd1emsaiinisdueglu

Y Y

suuuviiFesnslirthminsuedosiian Famneautudgmilidunmsmiuyumiian
(3) mafugiidendmiingamminiign 1unsdugfsaiulinasuvesdmiminfmuadauiniign Tnel
Sudusedliisnmsiugisiuunnlngiian Flmnziudgmiidesnsnansuunmuvieussansamlnesmgan 1wy

Y

msdnassnulinssiuanuadpvessazyana wisnafiunsauiilildsunisdnassaufinig

il

(4) n3dugifiaiminudesiian unisdfueiiysannasuvosdimidnlvdedosdian Inglsi
Fududesliionnisivgilngiiga %ﬁmmzﬂuﬂmmﬁLﬁuﬂwsaméfuv,!w'%ammqmﬁdﬁﬁaaﬁqﬂ ude1adiung
3 Y] LY
asrUszneuildlasunsdugini
(5) msduglvajanlaglimiafeanimingy Wumsiugisadulisnmsiugiaunlvafigawiiiduly

19 Togldfasanaiminvesduiou

FeregensidnuneuniindunaznanisivelignuanwazesuielinseasBendeluil

4.1 M3dvgluglgaiidnivingiusinign

deglianuladndszuy deumaniunsmmsiugluns dlifeufonTnsidndeyadsilaesuiely
Tuneunihil dannil 6

' Graph matching program = (m] X
Ordered triple  Table

Please enter the details in the format (Node1,Node2 Weight),
where there is an edge between Node1 and Node2

Example - (A,B.2),(B.C.5)

[Wssdonmsdua

(a)

¢ Graph matching program = a X
Ordered triple  Table

Please enter the number of rows and columns.

Number of rows
Number of columns
Next

(b)

A 6 MsFuteyaldn (a) WedpamISuAuUANASUAY Wag (b) MITUATIIUUAIIIS
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=]

s dunisuAdiluguuuunse ndanniissyuiuuauazndnuds seuuasiin1sasannsenian

whiuinvua aniuglinsenteund Jevian wisuadwiinadlumsniunngiuin duu Jymnisdanidnau
elimnzauiviudilsednantdmesielilimlsunnign duusnildsewinisnsendeyaninisned 6 adlussuy

Tognnd 6 wansnstddeyalusUiuurennsn kaensdenIsnsiuguuuivgvajaniasilAnminguunnige

AN5197 6 AlsnTnauIEaINTaY LA luLAaZIANNLABSAUAN

WNBLAUANULADS NIV
A B C D
1 22 18 30 18
2 18 24 27 22
3 26 20 28 28
4 16 22 27 14
' Graph matching program - a X
Ordered triple  Table
A B Cc D
1 22 18 30 18
2 18 24 27 22
3 26 20 28 28
4 16 22 27 14

N59UA MajARuaslF WA TININATES

Back I Next

awi 7 nsidenilandunisdueingjanuaziiandimingiuniniign

NN 7 Wienadu “Next” 52UUAEyNN1TUTEINARANINTURDUISTINIVUA WALLAAINATNEYBINTT

o

Juafiiondunnd 8 Fauandliiiuin wiino A gndalivseduanives 1 nidnau B gndalivseduanimes 2

winaw C gnanbisegdnantnes 4 uagntdnnu D gninlivsednanives 3 wavllkasiudnimtnunniigade 101

Y Y
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' Graph matching program = ] X

Bipartite graph or not? : Yes
Maximum Matching - {(4, C), (2, B), (3, D), (1, A)}
Perfect matching or not? : Yes
Total Maximum Weight - 101.0

\\ ’\" 0
.\ ¥ /16-
\E\ /////,/

A

=

AR 8 HaMIuglgjanuarilaiminTinannfianvestayanaaeun1snei 6

' 2
=

4.2 msduglugjaniidanivinganiosiign

Tudruiazidunsuanwadnslaannisliveundinduiievnismnisiuglunsm@adunisiug ng
gausitientmiinsiutdesiign lnedeyanithuvinnisnaaesee
USEN Anon #89n153ANTNU A, B, C kag D LUusedn 4 a1vn tnefinsinauwsazauiiailgangduiaui

LANANAUIULARLEIYT AaLEAILUANTIN 7

dl 1 7 a = L% 1 1 ) 1
A15197 7 AN519nanaAlgInekuReuvasn TN uLsazaulufazaivite 1 U (vdie: wawuin)

177 Winau
A B C D
1 22 18 30 18
2 18 24 27 22
3 26 20 28 28
4 16 22 27 14

wadnsiileannsyhauresszuuuandlddanmi 9 Fsanmnsoaguladn wiinnu A gadaliusedn
Wtlees 2 winnu B gnialiusednatives 1 nidnew C gninliusednatves 3 wagniinau D gndald
Usgdnamined 4 waedinasmanimidndesiigade 78 tufeusvnesiid it etuioureminnuesiian 78
WauUMm
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' Graph matching program - [ | X
Bipartite graph or not? : Yes
Maximum Matching : {(3, C), (2, A), (4, D), (1. B)}
Perfect matching or not? : Yes
Total Minimum Weight : 78.0

4'?14‘0\0

e D—220 —tt]
N 27,0/ . —i2
\ N\, T, 10T
\ o T c1 /
Y .0 80 40
N S 0—10.,
P .0«
) o —
' 2% B 18.0 44— 1
/7-0'0 . )
3° \ N
o>
2% v

e

A 9 Hansduglngjganarilaiminniudesfigavestayanaaeunisnd 7
4.3 m3sugndRnming I Inige

nsfuglunsmdnuaziaziuinislasmdminuuinian lnglirladauavenisivelunsv lag

Joyaiitnwhnisnaaeaieynsivaidanhminiuanfanlauanallunisei 8

AN5199 8 ANAINITAIUNITVINDIMNS (NEBI) VBINABNITVINEIMNS 1 ASS

L YUAUDIDNMNT
1 2 3 a4 5
A 35 15 24 15 30
B 23 20 - - 30
C 45 10 - 12 22
D - 30 44 - -
E 24 - 14 - 10

Toyalun13e¥ 8 uansanuansavesusaraulun e mnsnaedluszaga v Fuviusaz
AuardlanuaalunsYemswiasUssamuaneeiy Asiumnndeanisinassnuliisasaulseneuemnsnuay
1 wila szawnsauvsulaegnels welilauinaeimsunian iwewidymidenan deyalunisei 8 avgn

PR

tdglusunsudszend wasvinindenilerduntsuddymmamnisfugfifeimidngu snian Tnonadns
Buludanmit 10 Feamnsoagulean wi A ldsuidenlsiviomsussamd 5 v B léuidenlimiensussiani
2wl C Ifsuidenlyivinonsussiandl 1 uazionl D Iesuidenliitemsussiand 3 uazdruuemsiianansnsh
Ianniigade 139 naes Tuvazii £ lildsudenlmiemsusziavloae iesanewnsdssanil 13 uas 5

gninasslian C D uag A udy audny
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§ Graph matching program = o X
Bipartite graph or not? : Yes
Matching : {(D, 3). (A, 5), (C. 1). (B, 2)}
Perfect matching or not? : No
Total Maximum Weight : 139.0

wo” N *
E /A — 15,0 —
R A -l
e B0 ® ol S
\" ~
1 =y /723 > . ’
N 5-230="30=——@8
5 o
o 5
v
\c’ - po——4
L

v '
° o d

Ad 10 nan1sTugndAminTININNigavedeyanaaeun1Iei 8

4.4 mssvgadanhmingaleeiign

dmfuteyalunisnaaeulyminismnisdvansadmdnadadmdnsiudesign s endieeig
Jgymudeniunsiguszneumsnenilesnainisddilsanuunisdl 1-5 innswdeduaniveriheand niie lagmnsng
1 9 uansrunuNsSKansevY (Um) vesdumudazUsziny uslilewnededinmuiluyu fUsznaun1sisrens

51U Elandnduaiiewidadanelnlausinamnnign Ingldduyuniswinmian

= v a a v ] ' ' "o
13790 9 WUV!Uﬂ’ﬁNaWaUﬂ’]LLfﬂagﬂigLﬂVl@]@Vu’JEJSUENIiQQ’]‘ULLWQV] 1-5

15994 AUNUNSHARLazUTTLANsIBVIY (UM)
A B C D E
1 12 8 7 6 13
2 10 9 8 9 10
3 11 10 9 10 12
4 9 14 6 7 14
5 8 8 9 12 13

Tumsudtlgni gldldvhmadenilsidunahauuuunsiugnamasiminidanimdnnutosiian
wiszlddanisianudidyiunisivelnggn Faaztrednidenmpouiimnzauiigaludymnsdiislssmaiie
wAndudiomileina TnodeansUiunaduiunnian wagdunulunsudesiiiian lnonadwsdudanimi 11 8
wandliiuinfidfiodsenud 1 Wedssnudondldiunsdaassiindnnulssam D Fsilymnismnisdugdiia
ihwinsudesfigadasdunmuinsnuielildfuuiian fufuisdesdussnouuesidszney (Ifurlssnui

2-5) lilesunsduglunisudtymissinnd
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l Graph matching program = o X

Bipartite graph or not? : Yes
Matching : {(1, D)}
Perfect matching or not? : No.
Total Minimum Weight : 6.0

Back
o o 2

A 11 wan1sdugndanminTiutdesfianvedayanaaeunisne 9

Y

4.5 msvuglvajgalaglumidedenmimingau

' v
1Y =< 1 o o '

Jumsmmsdugfidesnsiigansdugiivunalvgfiaalaglifdsdsindminsuinzdnuniiaavie

Y

Wosdign dregradudyninisdnnisnsieslssyu nndedn1sdnnsussyaioUssyungudosnguas 1 43lus
Tugaaaan 8.00-12.00 w. meldFeuladuiuriosssguiilidndn uazusaznguusznauimeaundndaseluil
nauy 1: A, B, P

nguil 2: A J H, S, T

nguil 3: G, H, L, P
nguil 4: B, P, L, M, T
nguil 5: R, J, S, M

AquN 6: E, N, Z

9

Nnndeyaazifuintlaundnuisaudsinunnnin 1 nguees Wu A Wuandnvesnguil 1 way 2 Fevinliinga
7l 1 uaz 2 ldannsodavszgulunanfentuld fosdund A wldaunsadiusssuldasu fafuasdanisUssm
othslaifielaundnynauldidnsmunisusssalunduiinuiesdsinognsasuiau weudtgmi Fesndudesuvas
Hamuazdoyaditmualiiegluguvesnsm (amil 12) iledmualiigasenlunsiunungunisussay duidon
seui14 2 9ale 9 ununsilddanndneulafiuaundnly 2 ngutu q wastmueddvinvousazdudy 1

WenmsUsyyuvemnnguiianudidaviniu
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Abstract

Patients with stroke often experience impaired ability to perform activities of daily living and reduced
quality of life, which affect both patients and their caregivers. Therefore, the development and evaluation
of a rehabilitation program are essential to enhance functional ability and improve patients’ quality of life.
This study aimed (1) to compare levels of activities of daily living, quality of life, and utility values of health-
related quality of life among stroke patients before and after participating in a rehabilitation model, and (2)
to evaluate the satisfaction of stroke patients and their caregivers with the developed rehabilitation model.
A quasi-experimental one-group pretest—posttest design was conducted among 50 purposively selected
stroke patients from March to September 2025. Data were collected using the Barthel Activities of Daily
Living Index (BI), the EQ-5D-5L quality of life questionnaire, and a satisfaction survey. Descriptive statistics
and paired t-test were used for data analysis. The results revealed that prior to participation, patients had
a mean Bl score of 8.02 + 5.06, which significantly improved to 15.74 + 4.60 after six months of continuous
rehabilitation (p< 0.001). The mean EQ-5D-5L utility score significantly increased from 0.20 + 0.29 to 0.63 +
0.29 (p< 0.001). Both patients and caregivers reported high levels of satisfaction, with mean scores of 47.51
+2.66 and 47.14 + 2.96 out of 50, respectively. In conclusion, the stroke rehabilitation program was effective
in enhancing patients ability to perform activities of daily living and improving health-related quality of life,
while also generating high satisfaction among both patients and caregivers. These findings highlight the
importance of integrating structured rehabilitation programs into healthcare facilities on a continuous basis

to support functional recovery and improve long-term quality of life in stroke patients.

Keywords: Continuous Rehabilitation, Activities of daily living, Quality of life, Stroke patients, Subacute

stroke rehabilitation
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wagdlauaunsalunmsaniiudinused1iugiae (The Barthel’s ADL Index) Weanivwsawiniu 15 Avuuu
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= . . . - & . - ) i =
N eE Barlhel ﬂg’lm::ﬂuﬂ:u.uu 15 Azwindulil v i mdmuthedela
WaTIIATUTTEE 6 Wauwn (Golden time pariod)

Al 1 slivussuunsiuadssanmEielsaviaenidenadues

wnsesilanldlunside
1. 1ASesiialun1snaaas
1.1 gilauuamamsiuyaussanmuaznisuinisnignmdada (Clinical practice guideline: CPG) 14
Tuguuudthelu wasuumnisiuraussanwlugueuy Envinvenseantidanisuauiazn woiiuauudus
% & a 1% & A = o v & = v = - 1% a & @
Y0end1uiile Mitianduileiioananufsinvenauile Rnn1snswii Annsiedeudne nsiutuasiule) [11]
1.2 \3paflenenienmuntn dmsunsingUignisszuudszam laun ww3eanseduaiendu

wilmdnlulil (PMS: Peripheral magnetic stimulation) uaziesesengaiuwuuiisnadeu Wusu
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2. wFeafislunisiiusausiudeys
2.1 wuutuiinUseiRgthengulsavaeniienaues Usenaume
2.1.1 SufinUsziadeyaiuguvestasngulsanaondonaues funfunisinunilsmenua
usimalusuuuuginelu Wudeyamuuumismssuiinlunvssfeunenisnimintn wadu 2 dawu feil
dauil 1 TeyarUnendulsavaonidenases liu 01y A an1unmausa n1sAnw 91T Ao
the meldvesrseunss Tsauszdi avsmssnm uilihiunsinu fuiidmine msiladelse

1% 1%

duil 2 oyardnuagUae (Care giver) LAA el 918 A@0MUAIWANTE WaZNITANY

o w v

1M9TM5USEINTU Mgk uUAtuISLsa (Barthel index: BI)

a o

2.1.2 uuUsEiliuANaNN N1y
warunlnennslatuazunsiva [12] wadunwilneuazéislasgisng suas 9] WueTeslenfdanudesiuegly
seauARaann Tnefidrmnuaenadosnislu (Cronbach’s alpha) Uszanas 0.80 - 0.95 uazANAIBLdesusE I8
Uszidiuuazmanagoudn (1ICC) 1nnnin 0.85 [13] Usznousaedwil 10 fu uiasdulssiiussduauanansa 0 - 3
AzuLL Azdlinaueied

1. AZLUWAL (3 Azwuw): aunsavhianssuldedauysaiuaglifeanisanutiemie
2. AZIULUINEIY (2 Azu): a1ansovifanssulauisdin widiseansautdievie
NnEu
3. azuuusingn (1 azuuw): liaansaviAanssaldies desnisanutieimdesgiaiui
4. ladannsavifanssuld (0 Azwuw): Wanunsavihfanssuldiay
TngAzLLLTINGIEn 20 AzuuY AxkuuTiguuendssyiuamannnannty sAdeildinasiusadu
mnuaansalunsiAsinsussd funungudnenmigeeny leud fanefiaislaoauysal 0 - 4 azuuy) Az
ﬁﬁﬁﬁimlﬁ\‘l (5 - 8 AzuuL) NMzfiafisUIuna (9 - 11 azuuw) waghilunsfieis (12 - 20 Azuww)
213 wuuUsgilua a1 ng Ina 38U uuUseidy EQ-5D-5L (The European Quality of Life

o Al

Measure-5 Domain) fiUszifiuganmdinsuguamatunrwlne [14] feanudesudiinunsyssiiulugioe
TsmiFoss nud ICC vospzuuusmagii 0.89 uandliifuiuvulsdudaudoiuffeiuin (15] Usznaudae 2
dru ol drufl 1 wuulssidugun@indiugunndaeiinisgunin 5 1w ldud msadeulm maguanuies
Aanssuitviiduuszd emindutae/emsliauied uazanudnnina/maduna$ Aaoufuuuuinnsidn
Uszanauen (Rating scale) 5 5eiu AzwuunanwiingUhefiansening 5-25 avuuu wanansuuu eonilu 3 sviu

Ao AMAINAING (5 - 11 ATUUL) AMAMAINUIUNAI (12 - 18 AXUUL) UALAMAINTIATEAUA (19 - 25 AzUUL)

o
o '

AZWUUAMAMTINAIUFUAIN EQ-5D-5L UsnewinnzkunessaUsele lneAossnusslew IA1saus 0 - 1 &
0 vanede @eTin way 1 vueds avamudaussauysaifian wsnanunnsnea duussansdmsumuiunsuu
a330Usglevivaauuuanuniy EQ-5D-5L atuniwilne [14] d3ul 2 wuuingunInn1ansameananiaIfawe

0 - 100 lag 0 visNeds gUAMLETAR UWay 100 VENeRgUAMTRANER

v
Yo o =

2.2 wuvUsgifiuanuianelavesiUlslsavasnionauasuaziaua §138lddnrdulag Yiaue

v

Fidormng S1uau 3 viu ilensadeuauiisansed il onudaimanisusgiiuindiuaumaidy e
a8nAR04 (Index of item-objective congruence; I0C) #an13UsELEIU I0C Wud1dA1ag sening 0.67 - 1.00 1ng
wuvasunuiiday 10 9 Aasutdunuuinesdmussuae (Rating scale) 5 sedu loun femelasniian (5
Azuuw) fanelann (@ azuu) Fawolaviunans (3 azuuw) fanelades (2 azuuw) fmelatesiian (1 Azuuw)
lifianela (0 Azuuw) AzuuuaMuTiwelavesasaunTataeda R 0 - 50 Azuuy ulananzuULFBARdY 3

SzAU Ao ANUeNalad (0 - 17 Azluy) Anuianalauunans (18 - 34 Aziuw) ANURaNelage (35 - 50 AzLUL)
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nsiRssideya
nmyaszviveyalagliatmdanssaun lnenssauianud Sesas Tusmuusidngu(Categorical variable)
wazAady (Mean) + @ U8 ULNIMSFIU (Standard deviation: SD) Tusawdssiaiiias(Continuous variable)

wazldadfidsouuu WellSsuiisuaguuuauansatunsinAvinsussanfunudsiuisisateuea (Barthel

U @ o

ADL Index; BI) Aain1n¥in uazanufisnelaneunazndsnismaass lngaffiuuy paired t-test fisziuliudify
0.05 elusunsu SPSS® Version 26.0
nsivingadvsngueietng
FAduldauslassnsideiievefionsunaiesssunsiduanauzeynssunisesesssunsideluuyud
uninedomaluladsasnadau Ingnananauns idoiusenanii HEC-04-68-013 il {iToaslshianudy
wazdayara 9 veuignideluiDamedumaensis uiriiauedeyaildiomaluguvsmaifolasnins
nsiusIuswdaya
fidemdumsiiunusudeyannnguiesaiduiielsavasndenausiiidrsumsine a lsmeuna
usina lnefissandeadsil
1. Foyaitugruresiiisuasdaua Inaiununudoyannnwssdoumamenmininuestaely uus
senilu 2 du ldun JayadUae uazdeyadoua
2. M3Usziliuanuannsatunsaniudinusedniu Ussilugieuuuuseidiu Barthel Index (BI) lagvin
nstuiindeyaneusasvdanslésuuimsituyaussnnin
3. Mavssidiunaunndinsugunn Iduuvasuay EQ-5D-5L Ussilluamun ndinaugunn Asaungy
5 §f Tnewfudeyaneunasndnislésuusnisituyaussanm
4. nsUssidiuanufisnelavesiUlsuazaseunss Tduuvasuauanuianeladiuin 10 e lnaiiu
swsdeyanendanmslésuuinsiiugaussonn

WNan153eLazanusIENa

=1

1. JoyanugIUYRIENEIIAT

v L

o LY

miAdeifiTwueaadiag 50 au Wuftaengulsavasaidenauas wuin inaws favay 46 inAnds
Yovaw 54 nquey 18 - 59 U fewaz 38 nqueny 60 Jauly Sevaw 62 anuninlan Sevay 10 ausa Sovay 66
wazning/menie Seway 24 nsegenfunuitegauisiieuay 2 agiurausa Sevar 66 wazediuynviaiu Jey
ag 32 MIAnuTEAUUSEANRNYY Teuay 74 seaulseudinw Sevar 18 SRS 1nINTeaINdT Teuay 8 Wuin
oraasiasililsuszneuendn Andudesay 64 endmnuasns fesay 16 drswnis/minausy Sesas 4 Avne/

g3nedw Savay 4 uazsudnwall Sevay 12 Awanslunnsnadn 1

M19197 1 wanadeyaiiugiuvesenaadasniiisulasmis

dayao1aiins (n=50) 1w Souas
1. el
My 23 46.00
AN 27 54.00
2. 914
naueny 18-59 Y 19 38.00
nauey 60 T1ulY 31 62.00
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dayaenadins (n=50) 31U Soway
3. #0UN N
IG5 5 10.00
ausd 33 66.00
W8/ 1e1379 12 24.00
4. n130gaAY
DYAULAET 1 2.00
REGGHGS! 33 66.00
aguYAIUAIY 16 32.00
5. A1SANEN
seAuUsEaNAnw 37 74.00
seAULsEUANY 9 18.00
JEAUUTYYIRIVITOZIN T 4 8.00
6. D1YN
Lilgusznauenan 32 64.00
NYAINT 8 16.00
11BN/ NENUFT 2 4.00
AV18/5INEIUN 2 4.00
Suihainly 6 12.00

a w

2. MsSsuiigunanIsvegeauaNaEnsalunsuuRnainsussanumudviiuisisateniena (Barthel
ADL Index; Bl) qaunmiind1uguaindaeffiviaguain 5§ (EQ-50-50) deunagndanisldsuuinisiuy
aussanm vosthelsanasaiienauss wui

ﬂ'auL'%':uﬂﬁlﬁ%’vﬂ%ﬂmﬁuvjamsamw wuin dnnefefislaganysal 0 - 4 Azuuy) Sy 12 Ay Aady
Youaz 24 A1yRafiagulss (5 - 8 Azuuw) S 13 Au Andudesay 26 nazdeRiadiunans (9 - 11 Azluw)
$1uu 10 A Antdudesay 20 waglidunsiiefis (12 - 20 Aziuw) $1uu 15 au Andudesay 30 ndanslésy
Uimstunanssaninuda wut enanaas A Bl iisdulaefiamglidunisfisis $1umu 42 eu Andufesos 84

Ameiisfiagunss S 5 au Aadudesay 10 nneisfislaeauysal S 2 au Aaduesay 4 uazn1izdisiia

v '
(= - .Y A

Urunans 91w 1 au Ancdudesay 2 muddu laefiszau Bl AduedraiitedAymsadiiofisuiuneulasy
Uémﬁyxluwuamiamw (p<0.001) Fsuandlunmi 2

naFeuiiisunanismageuanuainsalunsufURaeinsusesiu (B) wuindeudunsldsuuing
fhunanssonw Se Bl Wiy 8.02 + 5.06 Azuuy wazndnldsuUEMsuanssnn e 6 Weuuda fi
Bl Wiy 15.74 + 4.60 Axuuu anran1snagevaziiiuldidUielsavasndonauasdl f Bl Wity fenuuaneig
a9l TudAYNIEnF (p<0.001) LﬁaLﬂ%‘EmLﬁemﬁ’uﬁaulﬁ%’uu%msﬁmdammmw IneiiA1 mean difference
WU -7.72 (95%C] = -9.19 @19 -6.25: t =-10.54) fauanslumsned 2

Anadoaziuuga mIinduguamdaedifniguam 5 d1u EQ-5D-5L deuuasudsldFuuinisiluy

aussanIm wudn neulasuuimsiuyaussanmiiaiazwuuessausyle Wi 0.20£0.29 Azxuuy naslasy
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UM WU 0.630.29 Azuul nuARiAzuuuesTaUsElevdnasldsuusmsiluyaussanwiudy aged
Hod1AN9ada (p<0.001) laediA1 mean difference Windy -0.43 (95%Cl = -0.51 13 -0.35; t = -11.09) AUAAS

Tumsnan 2

100.00 -

KKK

90.00 84.00
=
c 8000
Y
g 7000 -
v 6000 J
b}
2 5000
-
2 9000 4 30.00
% 3000 4 20.00
AKX
& 2000 4 #xx 10,00
*KK
1000 - 400 = 2,00
0.00 H
baseline month 6

amgdisidneauysal (0-4 Azuuw) [ A1fiefieguuss (5-8 Aziuw)

[ Ameftefindiunans 9-11 axuuy) g Tiduansitea (12-20 Asuuw)

AN 2 LARSTEAUANNAILNTOlUASALEUTINUSEINTY (Barthel ADL Index; BI) (Savay)

e p-value<0.001 Wewssuiisuiuneulasuuinisiunaussanin

A13197 2 MswWSsuiisunan1ageuANaNnsalun1sUURNInsUsEd T (Barthel ADL Index) WagAnInn
FInAUgUAMAEAANI9GUAIN 5 61U EQ-5D-5L veu{Unelsavasnidenaussneunaznadlasuuinisiug

AUsT0n1 (N=50)

Aaung . mean
- NAINIINAADY
F18N15UTSIU NAADY difference t p-value
mean+SD
mean#+SD (95%CI)
ANANNNIlUNITUURAYING
-7.72
Usedniu 8.02+5.06 15.74+4.60 -1054  <.001
(-9.19 - -6.25)
(Barthel ADL Index)
ANAMTINAIUFUNIN
. " -0.43
AzuuuesIaUTElowl (Utility 0.20+0.29 0.63+0.29 -11.09 <.001
(-0.51 - -0.35)

911 EQ-5D-5L)

e p-value<0.001 WawSsuisuiuneuldsuuinisitunaussonn

3. anuienalavesguagUisuazdUislsavasaifenauaddunisidriugiiuunisusmsiugaussanin

Lsaneuianusting dnenusiing Jwdnanauas naanisanliunisialusunsuiiunaussanmlugiengulse

¥ £

vinonLdanalas nulgguarieinnuiianely Azluaie 47.14+2.96 avuuu agluszdunelanin uazgvaelse

vaonidenauasdiauiiwelalunislasulusunsuiuaussanings Wi 47.51+2.66 Azuuu agluseaunalaun

AILANILUAITI99 3
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M13199 3 uansrziuuaNuiaelavesguaitisuaUielsavaenidenaues naslasulusunsuuylanssanin

AzuuuANNnala (50 AzLUL) Mean + SD sTAU
Aufsnalaveguariie (n=50) 47.14+2.96 1N
AufisnalaveiUlglsavaenidonatas (n=50) 47.51+2.66 1N

dsunauazaiusiena

v v
N v

nsfinwafsdivngusrasdiiiotmunguuuunisilunaussnameeidosluvaslsanaondonanos
lsaeuianusiing Sminanauns nanisanwiuanslimiiui giJLLUUﬂWiﬁuﬂdammmwmLﬁmﬁﬂ’ﬁumsﬁu
amsauinauannsalunsiuduiinsssrivvesfviel savasaidenaussldegaitoddy Tnoaziuy
auannsalunsufoRnaTnsUszd1Tu (Barthel ADL Index) laABifinduain 8.02+5.06 Azuuy fouidn9am

TUsunsu 10u 15.74+4.60 aviuu ndudnsulusunsy 6 Weou (p<0.001) @xvioufinisanseiunniyiiaiiskaznig

Wiudnenmlunstemdenues uenaini AessausslesdinuamnIngin (EQ-5D-51) Wiiaduain 0.20+0.29 1u

0.63+0.29 (p<0.001) kAR INITH UAINIAIUTINBUALTAGUVAIEINETIN FadAA BN UNANFIUT 53U
ANLANIATMTT (functional ability) Imnuduiuslaenseiuaun ndinlugielsavasnifonasas

HAGnSAINANIARAAReIiUNSANYIYeNEISNY uazaAMe [9] NTeuimsiuyeg1vsdellomaudssazau

Pwduasunmtuimamenmsazinlalaaniinisguanuuliseiiies sutsaenndesiundngiuainaaseina
[16] NauauukuiAn continuum of care Tansnannzunsndeauaziiulonanduludiemdenuedussey

#13ld wen il AnuitanelavewUle (47.512.66) uazkaua (47.14:2.96) agluseaugs azvioufisnnanmingay

VY
a1

Y9s3ULUUUINS wazmudenadesiunIfeInIsvesaseuata Ssaenndesiunuiden sumii [17] #5315t
dauiammﬁg@LLaLﬁuﬂaﬁ’aﬁwﬁmﬁiamm&iaLﬁaaLLasﬂisaw%mamaqmiﬁuvj

nalnflenaesuienadwsnanie nsdalusunsuiugidummdudu aruaiiase wazanudeiies
Tug29 3 - 6 iouLsIMdLAnlsA §adurreddueInsTUIUNNT neuroplasticity MsRnswuuiiidmane (task-

specific repetitive training) wWagN158L@3 motor releamning ‘U"JEJﬂiz@l:umﬁU%’UIﬂiﬂa%'NLLazmiﬁN’mﬁuaﬁzUU

'
P 1 ]

Uszam dwaliianisitudaudamiifiedadugusssy [6, 7, 18] suuuuuinsfiifienleanisquaainlssme1uiag

U

o ]

yuruarAvussantesinmdsdming uanuaiateveanisiin wazannzunsndeu suidutedui
senuiduiusiunadndarazeniiatu [16, 17] yuuveslsunsuiifsogiinsysanmsfiuanindn nisiidau
$m983AT0UAT WarNInLarolletuuUBIReIm FeuansnsaingUuudn Ainsuinisnisiiugassnnines
Tsmeguna Wegthengulsanasnidonauss unfumsnviwuugtsluvedsmeuia dhmeniwdidaagliuing
s uylanssannld ndsanunngdeinvivingy fadudedriariliuasuissmeenslaldsuuinsiug
AUTTONINBY1IVTUYIT

ogslsfiny winadwsTnesiuagty uidmuiguisunmeasdinmefieisguus Sovas 10 nefieis
Tnoauysal fovas 4 uazamefisfisssdudiunans Sovay 2 ndsdugalsunsy deeraiedestudadoduongy
mguLsewdlsn 15Asan uazseRumMsatiuayuanaseunia fadnenulunuideieunth [19] azviouliiiuin

HadnsvesnsHuiianududeularuiuuiunanz ey

=

JodnfinvainsAnylAelunsidefmeassuunguiiien (quasi-experimental one-group design) lidl

nswSsuisuiungualual 9013lasudnsnantadeunsndeu Bnnsngdudietgnadidiuiudiia (50 518) uax
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Judheluiuiisnnennusing dminanauas Feenadiianisd1adeinly arsiinisfnuluguuuu randomized
controlled trial kazvengiunfnulusuAnaduduUTaEHAYDITULUUUTNITAINGT?
adlainguuuunmsiuyaussaninsaioilsmeuiaiusinaiussdvenalumafiuauaiusatunis

o

AfluTinusedniu enseAuaunnGIn wavadsnufianelanndUisnariaua Judunumaiidnenmdmiu

nsiawsEuLUINsuyaussannluseivdnewazimindely
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Abstract

The Computer Science Program, Faculty of Science and Technology, Rajabhat Mahasarakham
University, has encountered challenges in managing and retrieving student projects due to the absence of
a centralized database system, resulting in fragmented data and risks of information loss. This research
aimed to: (1) develop a student project management and retrieval system using serverless web application
technology, and (2) evaluate the efficiency of the developed system. The study employed the System
Development Life Cycle (SDLQ) as the research methodology. The system was developed using Google
Apps Script in conjunction with Google Sheets to implement a serverless database and processing
architecture. The user interface was designed using Tailwind CSS to ensure responsiveness across multiple
devices. The sample group consisted of five experts in computer engineering and information technology,
selected through purposive sampling. The research instruments included the developed system and a
system efficiency evaluation form based on Black-Box Testing. Data were analyzed using mean (X) and
standard deviation (S.D.). The results revealed that: (1) the developed system functioned effectively on
web browsers, comprising key features such as project search, document display and download, and
administrative data management. The system reduced operational complexity and eliminated the need for
server maintenance costs. (2) The overall system efficiency was rated at a very good level (X= 4.57, S.D. =
0.52), with usability receiving the highest score. The system effectively addressed existing project
management issues, reduced infrastructure costs, and can serve as a prototype for low-cost information

systems in educational institutions with limited budgets.
Keywords: Serverless Web Application, Google Apps Script, Google Sheets, Project Management
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Lifleldaediai mnnismumussanssunuindnsimeluladiinszgndldedaundvans datuenuide
09 ana Yok uazame [6] faunszuufamunszuanuuinsesulatiuasnuittisantuneuuazinatlunig
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way Waugd YAude (8] Idiludszgndldasauasnuingisand uneunaznssnisquadnunszuuldognad
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o o A
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38395UN1509NKUY Responsive Design laognefiusz@nsnn waztielissuuliemuaisnuviuadonuuinsgiuns
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INMTNATIEIANNFRINTHUINSEUUEnguildauan 2 ngu Towa (1) gldnunild (General User) #
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Serverless Student Project Management System Architecture

HTML
o "R / Google Sheets
unAn E ~N (Project Database)

(Students)

HTMLS  TailwindCSS |~ .
%

-
J s Google Apps ScripN
O e (Middleware/Controller)
Q JavaScript

a1sd/dquaszuy weli Browser Google Drive
(Advisors/Admin) (Frontend Interface) (Document Storage)

\

Vi

2N 1 anndnenssuseuu (System Architecture)
Tnglunmdl 1 uanslisiuniseenuuuaninenssy (System Architecture) Ingsiamesssuy fail
2.1 mysenwuugiutoya lneld Google Sheets 1ugudayandnlunisdnmiudoyalasenu
(Metadata) waganugnisaniuny iiesnndanudanguguasssndaldang lnegudeyausenaume 1 g

3 Sheet AILAAIIUANTIN 1

M19197 1 1Aseasneg udonavesseuuuu Google Sheets

Sheet Field Data Type Description

members email Text §L3Ja@f[,‘ffﬂm
Name Text Fo-uwanaglda
passwordHash Text sWarnuidsauda
registerDate Date Suitaaneideu

projects ProjectID Text sHalATIu
NameTH Text Felassunwilng
NameEN Text Felasanunwdangu
Authors Text Fofdminlaseanu
Advisors Text Feo13e7iuInm
Keywords Text AdAyodlATINIUY
PublicationYear Number Ynsfnuiidavi
AbstractTH Text unAnganwlng
AbstractEN Text UNANEBAIWIDING Y
FilelD Text ID I PDF Uy Google Drive

ISSN : 2821 - 9406 (Online) K



NIATIMEMEns wialulad wazuinnssy windnerdunwdug

I 5 atiuit 1 (Uns1AY - ﬁqmau 2569)

Sheet Field Data Type Description
UploadDate Date SuitsUlnanenans
UploaderEmail Text duagdulvan
passwordresets  Email Text SuarvesidnIwaru
Token Text Token d@wsutiududinu
ExpiryTimestamp DateTime iutaammmqmad Token

2.2 mysenuuudAndeg i (Ul Design) sonuuulagldinisuiisn Tailwind CSS telviAn
ANEnBY Tiuady waraduayunisidoehuanialniu Tnewudszaunsalfld (User Experience) 1udnAty

2.3 M500NLUVANITNINTTUITTUU 1AgonuuunIzsuiunIsiIauLuy Serverless 1ngld Google
Apps Script Wudnandlunisuszaranasswitmdnivwazgudeya anuduiusseninangudldnuiasszuy
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ansiUdnmn
(Advisor)

A

msam&‘ﬁ/i’mauguuz, SINANTY, iaya'[nswmﬁqua
YOYANITIAMST (Status Reports, Advisee Project Data)
(Approval/Feedback, Management Data)

Fayamsdum, i'au‘a'[nﬂnuﬁon?'mﬁu,
dayansaaTassau ndienans
(Search Data, Project 0 (Project Data to Store,
Submission Data) Document Files)
unAnm > S »| Google Workspace
(Student) < FTUUUINTINANTT | o = (Google Sheets/Drive)
HansAuM, Tsacden Tasesenaindnin fiayalasanufifang,
Taseay, aomemsas ndienansiiisang
(Search Results, Project A (Retrieved Project Data,
Details, Submission Status) Retrieved Document Files)
doyag 14, TIBTEVY,
NINIAISEUL tuiinns 1
(User Data, (System Reports,
System Config) Usage Logs)
gQuascuy

(Administrator)

AR 2 LunInuIUY (Context Diagram) ¥895UU

3, ASWALITZUU (Systern Development) ssilunisideulusunsumuiildsenuuul’ Tngldnnw HTML,
CSS (Tailwind), waz JavaScript Tuils Client-side uagld Google Apps Script (GAS) Tuils Server-side W oudafiy

o

Google Sheets AP Lﬁa%’mmisﬁayja CRUD (Create, Read, Update, Delete) dusunisinnisinatenaisiasesiu
szuuld Google Drive uitufidafiulng POF vosdumesilassnuudazdu TnsideduaszuusuInanlndr
wiiL3u Google Apps Script azsndunsunlngduuy Google Drive uaztufin URL wadlwdtiuasly Google
Sheets Tngonlugia ﬁﬂﬁl,ﬁa;3‘1‘5&mé’umwdmwmuasﬁmmimaﬂmamaﬂmiaﬂmﬁm S¥UUEAY URL AINa1
910 Google Sheets LiteidouselUdslnduu Google Drive Tgldnilnanviosussulatlsviui

4. MINAADULAEMIUTEANSAINTEUU (System Testing & Efficiency Evaluation) Tuduneuil HATelY
3%'miﬂixLﬁuﬂsxaw%mw‘lmaﬁﬁamm (Expert Judgment) fewafia Black-Box Testing tilensa9aaun1sviney

vosilaidusingg Igndesmuanudeinisuazlsiraindeianain (Bugs) visely sl

ISSN : 2821 - 9406 (Online)




NIATIMEMEns wialulad wazuinnssy windnerdunwdug

I 5 atiuit 1 (Uns1AY - ﬁqmau 2569)
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4.2.2 wuuUsziliulsyansamszuu (Black-Box Testing) wusnausinisiarsaundu 4
A loun 1) Anuilandun1svinau (Functional Requirement Test) 2) A1uaugnfesveafiaidy (Functional
Test) 3) muaulgaudne (Usability Test) wag 4) sruanuuasnisvesssuu (Security Test) [6, 11]
4.2.3 MInTRdeUAMANUeNATosledy neuhuuuUsidulsransamszuululd
239 §3sulddudunisnsaaeununsadaien (Content Validity) Insthuuudssiululigidsamgdiu
FrnssunsNiiwesuasmaluladansaumainsanaNdonafIsenIttamnuiuingUsvasaveansusediu
Tuwsagdu wansfinsanwuirdafmoumndeiiauasnedesuazaseunquiomiidosnmsinldetnamnyan 3
thuuussiiatiufikunsmrsaeuarumsadadomudlulflunmafuussdeyaanndudifenmg S 5
inu sialy

Ya o o

4.3 MmafiuTiusndeya: {idednauessuuwngidermngiionaaeddiuais wasdufinuanis

Y

UszifluaslunuuaounusnnsduUsyanman 5 sesiu (5-Point Likert Scale) [8, 10, 11] flams1adi 2

M19199 2 inausiUseiliunaildlunuuaeunuvesilisavsy

SEAUNUNLUAS AL UL

. ATWUaANUNLNY
LBIANIN WelSina  AzluuedY
Aun 5 451-5.00  S¥UUTEISUNSTINNUOEUTEANSAINSEAUALIN
A 4 3.51-4.50  S¥UUTBISUNSINUeE1diuSEaNS A TNSEAUR
nold 3 2.51-3.50  S¥UUsEIsUNSYIuegelivsyansnnseauneldy
UuUse 2 1.51-250  szuusesiunsinuegaivssdnsamseaunely
lalimangau 1 1.00-1.50  sruusessumsiauegraliussansnmseauldviungay

4.4 mylesieideya dmansuuuilaudinsegimeanaie ( X) wardiudoiuuninsgu

(S.0.) uimuUanamunaeiunsgiu lneivuaiissuudesdinanisusedivegluseau 3" Yuld Feastiodndunned
5. MSAANMATNITUI3IN¥158UY (Implementation & Maintenance) (il a5¥UUH1UN15UTEIIUAN

HieIeyuad Jat1svuuTuldauase (Deploy) H1u Google Apps Script Web App wagineunsasiliuntndnwm

waro191sdluanyiviitaldeu nieursdnigilonsldnuuasasensinasuguassuuliinuldegseiiie
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NaN193Y

Pnnsidiunisedes “uTanssunsuimsianisuasdvdulassnutindnundemeluladiivueundie
FuuuulEiasnes” fidvethiauenantsdiusruutsoondy 2 du il

1. HaN13RALNIEUU (System Development Results) §3delaimmnszuuuimsdanisuazdudulaseany
UndAnwauadaauysal Ineszuuiaulugduvuiivweundindu (Web Application) uuanitnenssuwuuls
dsiies (Serverless Architecture) Smneanuinszuurhauldlaglidosfianid@smiesmenmusmiienu
a'nwaiﬁlaiﬁﬂ'ﬂ%’ﬁha’LUﬂ’li%’Wijw?aaLLa%’ﬂmL%%WLaai‘ Lidpansguaszuuiasednglagianiy uara1unsaveny
guransldenuldauninudeanisiaesaludfniulassadisiiugiuaes Google Cloud uonand szuudsdinig

sankuudILAnserldau (User Interface) isesiunisuanmauugunsalivainyiane (Responsive Design) Han1s

Y

£
v Ao a

W luaud Ay il

1.1 daunihusnuazszuududu (Home & Search Interface) daszuuldiunmsesnuuulyiini
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2. HansUsEuUsEANSAMSEUU (System Efficiency Evaluation Results) f3delainszuuinmunzuly
i@ernymuingnsmeniamesiazinalulagansauma 91w 5 inu Usediudseansnnlagldls Black-Box

Testing Tu 4 muvidn nan15Uszliuysnginisei 3

M19197 3 wansAade dudonuunnnsgiu waesmswlanan1susaiiudssavianseuulaediie gy

519M5UsTIETY Auade  drudoauu AU
(X) UATFIY Useansnw
(5.D.)

1. funengun159191u (Functional Requirement Test) 4.60 0.55 fun
1.1 szuuawnsatuiinuazdanudeyalagndes 4.80 0.45 fun
1.2 ssuusnunsadududeyaldnssmuiteuly 4.60 0.55 AN
1.3 ssuvuansnadayalaseaulinsudiou 4.40 0.55 g

2. fuanugndssvasilendu (Functional Test) 4.53 0.52 AN
2.1 anugndasvasnsidenlesdard (Links) 4.60 0.55 AN
2.2 aAnugndsvasmnllnanlndionais 4.40 0.55 A
2.3 Anugniasvasnisnsavdeuanidnlda 4.60 0.55 AN

3. uanuldeudne (Usability Test) 4.67 0.49 fun
3.1 ANuEBMNLAzANNTIUGTBYawtiRe (U) 4.80 0.45 AN
3.2 anuazadnlunisldaumydiieg (UX) 4.60 0.55 AN
3.3 N155995UNSUEAINaULIIane (Responsive) 4.60 0.55 fun

4. fuAMNUaANBVBITZUY (Security Test) 4.47 0.52 f
4.1 szuudinnslasiunisidrisdeyadiudfy 4.40 0.55 f
4.2 anuuaanfevasgudaua (Google Sheets) 4.53 0.50 ANN

sauadsyndy (Total Average) 4.57 0.52 AN

NA5NA 3 WU wansUseulsgansamssuulunmsimedlusedu Aunn (X = 4.57, S.D. = 0.52)

WeiasanTeaunud munileziuuaiegeande auanuldnude (Usability Test) (X = 4.67) sesadunde

1%

Auiladun1svine (X = 4.60) uag AuAugnaeasiiaidu (X = 4.53) audwiu dusuilasuuuaiengn

flo shuanulaendevessyuu (X = 4.47) edpseglunaei uansbiiudssuuiivauduiiussdnsamuwasainy

nSoudnsunisthlulfnuasaieusmsdaniswas duAulassuln@ne
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anUsena

PNNAMFALILTAINTTUNTUSIMSTANsLazduAulassnudn@nwmemaluladiivueundnduwuuls
e (delivsufuddgitnuneAusenautuuufavnuiuarnuideiiieatos dei

1. UszAnsnmaesanitnenssunuul$id5mans (Serverless Architecture) Han15398mu31 s3UUT

v
1 =% o

Wawduannsavhauldegadivszadnsanlaglidosianid@snnesnenin dwalvanasealdinsuazanmny
Fudeulunsiniesyuu Sedenndasfunuddoves Sfumun vafisns uazans [12] uas Lira-Camargo et al. [21]
figusuinnsUszgndld Google Apps Script Faelinisdanisteyadiamudangu annudidou uazanunsoadn
szuudnluiRfidusyansnmaddlaglifosamulassadafiugruduiu uenaintd madenldaninensuuuuly
a3 fidonndesTunuafn Green IT Uil Pan et al [22] leiausuuzlian Serverless Computing vJu
waluladfigrannislindsnuuazdunulunstigesnuldiniiszuudsinosuvudaiu Samnzausgnads
dmsunmsiaunssuuasaumaluesdnsfifliuussanasiin

2. UszdAnininatunisldaunazniseanuuudiudasien 19 (Usability & Ul Design) Han13Useiiu

Usgansnnlusruanuldaudie (Usability) iavuuuaiogean (X = 4.67) uandliifiuinnisidenldumsuisn

U 9

'
v A o

Tailwind CSS Tun1seenuwuudiudan e 19y Jduddgvilissvulianuais oy Muads wagldaude
aenndpaiusideves suma uduvjs uag o391 nilun [14] finuinnisesnuuy UX/UI findssalagnsesionan
fanelavesflioy uazmeulandnginssunisliamulugafavianud alerd dad [7] IWiausuugly

3, UseAnSamd1un1sdudunazdanisansaune (Information Retrieval & Management) szuyil
fiatuannsoutgmanugeenlunisivdulasamuiuazmagameesidenasidesadugussm lnewa
msUszifiusuiladdunsihaueglussdudiun (X = 4.60) {ldnuannsadumdeyaldsiaiuazusiug g
aonAdasiuNaNISANY VDY ViRfls ingUseana (2] uar nuSund Suui uagane [3] uendniidsaenndoaity
sieRnaUsEmAves Abiola et al. [23] inuiimsiaunszuuuimsianislassnuindnuuuiviisann
Friouresidelasiny wasfinussansanlumsinnueuduniwesindnuldedditeddry deeui
NSTANITHULENENT

4. AnugnsetiaraNuUaeniereilaya (Data Integrity & Security) widnszuvayldgiuteyauunan
M550 (Google Sheets) Uinan1sUsLiiusuANUUaansedseglunueid (X = 4.47) dlownnstuuadnd
nsdianau Google Account warn 1sideudnIURnTIvERUANS (Authentication Script) luila Server-side %78
doatunsithdsteyaandilaildsuoyaald Sadululuimmadeaiuniddeves argind aeded [11] fissyin

I3

nsfimuednsyldau (User Role Authorization) utladedAgfiasemnudedulunisldnussuvasaumauy
wintedumeside agslsfinnn azuuuluduiddesnitdududnies Fufidefitedunniteradunse
193111AU9UTEN15U09 Google Sheets APl lun159Ans Log File aziBaadudeuiilomsutiugiudeyaisduiug

(RDBMS) 5¢eUB9ANS

d3una

MTeEes "maianszuUUIMsiansuardudulassnuinAnndomaluladiiuseunaiadunuuly
E$ned annsoasuranssuiunismuiaguszasdnnsidelased

1. NaNISWRILITEUU FIdsanmnsanannuinnssuszuuuimsdanisuazdudulassnuindnuldd sy

vauaivun lnessuuiidnwaziuivueundindu (Web Application) Mviauuuaadnenssuuuulii@svines
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(Serverless Architecture) Ussgnsild Google Apps Script Jushiundoundnuazld Goosle Sheets Jugudeya

v
o

Ferrwanniszaldinsuardiuneunsguasnydsiies ssuusessunisldruiiuivusiwesuugunsain

o

na1nvane (Responsive Design) WagUsenaumeilsidunaniidrfn taun seuvduaulaseauiisnsl ssuuuans

o =

eaziunuazailnanienasatuiiy uazszuuuimsianisdeyadmsudguaszuu Jstiedieanuazain

TuAdndAnw 819138 waryaanslunisihivasaumelassnulasgadivsydnsamn

2. HaMsUTTIUUTEASNNSYUU ﬁnﬂﬂﬁﬁﬂszuuﬁﬁmm%ﬂﬂﬂsxLﬁuﬂizaw%ﬂwwiﬂaﬁL%EJamwm 11U
5 vIU $EIBN1INARBULUY Black-Box Testing wuin seuulivszdnSainluninsiueglusedu fivan (X = 4.57,
S.D. = 0.52) lngsuiifiazuuudseiiuganie sumsildamuine (Usability) (X = 4.67) sesasnfe fuilaidu
M54 (X = 4.60) Mupntgnaeswesilendu (X = 4.53) uazdunnuasnsdsvessyuy (X = 4.47) amuddu
wamsUszdiusandiifuissuuiivaunduiiaiugndes asufu wardanumfeudmiumsihluldausiaiieo

YNTLAUNITUSUITIANITLATHNUVDIAIVNIUN

Jorausuz

PNnMsTRLILasUsEliulsEAnSamsyuuusmsdansuarduaulasesnutdndnwmemalulagiiviey
waladuuuul$@snes {ifeideiausuusiiadunuimslunisimansideluldusslovinazuumaedmiu
ms@nwialuswan dall

1. Torausuuglunisiwanisideluly

1.1 msdsestioya (Data Backup) wifirszuuazdmiudeyauu Google Cloud Afimnudasnsie

g9 uiiitetlestunnuiiemainainsldany (Human Error) wiensdiayd Google vosguaszuuindam adsi
nnseteandayaain Google Sheets Wulndd13as (WU xisx 30 .csv) wazganilvanlwdienaislassauuifiuly
Tugunsaldaivdeyadses (Local Storage) athsahanemusaUTTETIATIR VU LW nn??umﬂmiﬁﬂm

o 1

1.2 Mswseunnunenvesgltey arsinsdavheaientsldnualtuge (Quick Guide) W3aiale
wuzthmsldnudug wusihduneunmsaufuazmsdudulaseny WisliinAnvwazorasdiusnwannsaldnu
svuuldeshafiuuszaninm Tnsanzludmeinisivusdndnsdhdddienarsatusiu

1.3 anmwandeunisldau wWesenszuuiaundudsmalulagivadelml (Modern Web
Technologies) ?NsuaLLuzﬁﬂﬁéﬂ%’muLeﬁﬂﬁizwmuﬁuLusﬁma%ﬁﬁmmﬁuaﬁa 1% Google Chrome, Microsoft
Edge w30 Safari ostudagtiu lel¥nsuansnadiudnsofld (U) wazmsvhauvesaaiudiiniwauysaiuay
aewiign

2. Sorausuurdmiunmsivendsioly

2.1 mainssuuwdaiiou (Notification System) aasWaiuduveneiiodeusefussuundafiou

KU UnATugoaiew 1 Line Notify u3e E-mail Automation Liteudsaniugnisdslaseu nseusivade

wiansudadeudelndfaimunduaulasenu feztelinisdeassenininAnviuazdauassuuinnusings

v
=

ge7u
2.2 Ns8nseAUgIuTeYa (Database Scalability) mnlueuianddniulassnunaglidienans
azaududuiuninauiuladiinues Google Sheets N133duAsIaluonafiansanysudsululdgudeyauy

AANIANIIUSEANTAINEITU LU Google Firebase #38 Cloud SQL tiesassunsUszutanatayarunalvg (Big

Data) uazifiunnusinsilunisdududeyaidudounnndsdu
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2.3 nMsUszidiupuansalunisldeusie System Usability Scale (SUS) n1s3deasssioluaas
diunsuszdiugng SUS dudueesdioumsgiuanna lumsianuanunsatunisldau (Usability) 91nyuuedves
Aldnuasdluiunnsldnuszuy Tnanudeyaanindnududn 4 aadulassnuluudaly welinaniside &

AnuAsaUAUNsludAdaalauasifusaunsalildeuegsaumu

AnAnssuUszne
vavauRNNaulUsINTIINIARLTIMES AuEInemansiasinalulad unInedesuiguiasey Nl

nsatuayugunsallaganiuilun1snide wazveveunseAudlietvgmnvituinianliduugdinasUseiiy

v
o

UsgdnSnmszuu swilianuddeddnsaqarsied
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Abstract

Colorectal cancer is @ major public health problem with a steadily increasing trend in Thailand.
Effective individual risk assessment plays a crucial role in promoting proactive screening and improving
access to healthcare services. This study aimed to develop and evaluate the quality of a risk assessment
tool for colorectal cancer among the general population, including both males and females aged 50-70
years, in Namon District, Kalasin Province.

This research employed a Research and Development design conducted in three phases: (1) a
review of literature and international guidelines to establish the conceptual framework and components of
the tool; (2) content validity assessment by three experts, yielding an overall Index of Item-Objective
Congruence (I0C) of 0.95; and (3) pilot testing with 30 participants in Maha Sarakham Province to assess
clarity and reliability.

The results indicated that the developed tool consists of demographic factors, health behaviors,
family history, and key warning symptoms. The internal consistency reliability was high, with a Cronbach’s
alpha of 0.87. The tool also demonstrated good discriminative ability, with a sensitivity of 82.50% and a
specificity of 78.40%, based on a sample of 405 individuals aged 50-70 years who underwent colorectal
cancer screening.

In conclusion, the developed risk assessment tool shows good validity and reliability. It can be
used as a preliminary screening tool at the primary care and community levels to support decision-making
for screening, reduce unnecessary referrals, and enhance the efficiency of local health resource

management.
Keywords: tool development, risk assessment, colorectal cancer, screening
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uz13sd 1 dvniuarldnss (Colorectal cancer; CRO) uilymansisuguitddnysedulan Tnsfuudliu
iutuedseiloniiussmaiauudnasUssmamdniam 5189184 International Agency for Research
on Cancer Mel# World Health Organization 5¢1 Tl 2022 CRC iunziSsiinuvesdusy 3 veslan wazidy
a1 adeTindudy 2 Mnlsausdeioun Aaduitaemelmininm 1.9 §1us1e wandedinnt 9 uauoso
T [1] wwslthilugned 2024-2025 Sapsaeitounisslsadiiudy Taslamzlugfiniaeidens fusenideslddsiinng
WasuwUawulpseadisUssannsuazindinetanaga [2, 3]

dwsuussmelng deyasingunzidounziseseaulsyinauassieauadfaigaseninad 2022-2024
Fiiudn CRC WHuuzSefinuvesluddudu q vestanamowasvds LLazﬁLLmIﬁuLﬁ‘wﬁyummmﬂ%’ngﬁ’mu
dgeeny [4,5) dmsulsundlng deyanngrunsilouusssgiulsenataznenuadfagnsznineg a.a. 2022-
2024 Flkiuilsnuzseanldlnguaraldnss (Colorectal Cancer: CRO) Wunzidsiinuvoslududy o vowia
LAY LAZLNANEY Imaﬁmagﬁué’uﬁuﬁ' 2 lumawe uagduduil 3 lumands Anduuszana 19.00% waz 10.10%
Yoz Ssmmnnua iy warduulduifvtuedaaidiomiuniadddnudgeny (6] lussduuspina ndngiu
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aoammsgssiaLilos (Annual Percent Change: InAwny 4.10% uagtnands 3.10%) uazdigUieselmininnin
17,000 TesieT AnLdutszann 10.00% vesziieiavunlulssine [7, 8] TUSEAUUAAVAIN WUAULANAIIYDS
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\Wisuiugfinadu uarfiunldufiutuves CRC agsralies Hadoraduiusiudadodulaseadisusseing
ngAnTsuauam LarATIIAsNA luNBuImafnnseuarsing Ssaenndasiutoyarnneifouunss
seiuUszmAvasUszmelng (91 lussdudmin feyadsiuiilumany usenidoaniefifvunlndiAssiudmin
nwaug wu nsfnwannsidounzidmines nuindnseURnisaluninsgiuniueny (ASR) vea CRC wirfiu
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MOPH) Zsrimuanguitimineusseinsiialy (average-risk population) 81 50-70 FlumsidirFumsdnnsesse
38 fecal immunochemical test (FIT) 0 2 T [6, 91 N3t wungasey 50-70 Ifsnandifiugrusnainudngiuds
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a5 (Validity) waraudosiu (Reliability) sgnafuszuu a]zsu'aaiﬁmmm%’méﬁummﬁwﬁmamajm?{mqq an
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Beuleslasnssiuidimnonsimundidadu (SDGs) Inslawz SDG 3.4 fAjsannsdedinneuiosuasanlsal
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a¥1analniianansa “udaseadanuignisudiase” (Translation to Practice) lsagradugusssu nanafie
nam5iTazlivgaegiimsifaniiiainnms wiansalUlfduesesdeatuayunsdnaulelussfumeuing
Usugdl taeliiynainsansisaiguaninsadnafuaudifuesdiuuimsmuseAumnuides s avsanmsly
nneIns uarananugaudeainnisnsrafilisidu nseenuuuuiidindeulsseuidefunissuiunuaidy

o o

szuvgunm Faduiladfuesnuideidaldouisuayssuuguain (Health Systems Research) 3) luiBsuloune
seduuId Tnssnstatuayuunannisiauiuleuisasisnguuugiundng u (Evidence-Informed Policy)
Tastamgluviumminennsiriaisndudesinnudfyivauduruazyssansam msaansesdlodnnses
muszAuANds ezt liUssinaausaUugvsmansnslosiulsauzifennsuuuuilulugsuuuuiigath
(Targeted Prevention Strategy) Faaonndosiuuwamng Global Health Equity u,azmiammmLwﬁaugwﬁwuqmnww
Fenndeyaatuayuiomeduiimuddguesnuitvatitegiintmennguiiomsanmsslsaundedildlng

wazldnssegnedstu liiieaandnsnsidedin widiaanansenumaasegna dau warAnnndinvesseynsly

Aoy v v ) a

szoven Insamglulssaiiitediadunineins mifeadsdfadunisamuddessaiaiiadomansuuny
AUEVAIN (Health Return on Investment) Tusyezeny wazddnennlunisvensnagd ssauginiauazununid
ogadugusssu Fsluneliuloune Service Plan avuziss Usemelnelddudunsdansedlsauzidedldluajuas
aldnsdludnuaz “nmInsadansendesn” Tasdmuanguidmnelszvnsery 50-70 U Jsaenndesiundngu
WT95EUININGAZUUINIIEING [6, 9] N15ANNTBIALTUNTTIIEITATIIM G oAuNil1EI15EAI8YANTIT Fecal
Immunochemical Test (FIT) tHun1sussdiuosiulussdummeu uadlunsdifinansaduuin fEuuinisoslésy
nsdsseringnsvuunItdesienisdendesintdlueg (Colonoscopy) [6]
wmstananasieunuaenndeadalouns Tasfimsliiedeslefnnsosiifiussviamuasimnzan
AUUIUNURIUTEINA mmﬁy’amﬁmwudqdaLLaxﬂws%’ﬂwﬂLLuuuvsmwﬂﬁs [9] eghalsinu A1sBEIENIAANTONTITN
dwalisunudildsunmmadansesasananurauinifindy fuhlugnssnuiiisuresssuuuimsaunm
'mJ5ﬂmmﬁmmw%midmﬂé’aaﬁﬂé’lmﬁﬁqasﬁu (6, 9] @DNUNNTAUAINANIDIINB ILAAAIULBDAVBITLULUI NS

LAYSYHLIAN5EARENYNIUIUIUUNNUY F9a19dinansenusaUsyansuavasuleunsannsaslussesen [9, 14]
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4. WeUsediulsgdnsnmlunisdwunseauanudesweaniosile (Screening performance)

1. sduuunsIde
n933un st dunsifouasitann (Research and Development : R&D) fi¥mgUszasdiiiomm
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deauaznsdnnsodsauzidealdvauazldnge Ined19deuuimiaves World Health Organization wae American
Cancer Society LileynunimuansaulLIAn (Conceptual Framework) veaia3asile Fansounqu 4 SAndn laun
(1) Foyauserns (2) wadnssuguam (3) Useifinseunss uay (4) 91n1sieud1Any Mniudarhdormauativing
Tugunuuuuuyssifiuazuuunandss (Risk Scoring Form) Tz aufuuiunuinsaunnsyfulgund
stoedl 2 MamynasuATms Lo
wesdioatiutldfumatssidiurumsadationlaeinasnand 3 viu Ussneudedifay
AULELEIIMET 520NN wazansnsaEe vnsussfiumudenadesvesdemauiuingUszasdnnsidy M
Adiinnsaenndaaiion (ndex of Item-Objective Congruence: I0C) Tnefmumnaisisensufl > 0.80 waz
UFuugsunladadmnunudaiausius
sveil 3 MIveaeUAITos
viad eafien Ufuugsudalunnaesly (Pilot Testing) fuuszwvueny 50-70 3 Tudania
umansany $1uau 30 au Ing3Bnnsidenuuuasnin (Convenience Sampling) liloUszidlunudnlauseIn1N
warAnzaNTeaion TinsgimamdeiunelufeafinssAviuearhuesasouuia (Cronbach’s Alpha)
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FuunszRuAMIEBIvenas asile WSBUBUTUNNTE1984 (Reference Standard) fail nan13ns79 Fecal
Immunochemical Test (FIT) 14 Juadosilofnnseadosdu nansdeindesdildlng (colonoscopy) M4 duinausi
1IM3511g980 (gold standard) d1vfunisBudunisidadelunsiinseid davueli “a1gilsn (Disease
positive)” 8198431NNAN150TI9 colonoscopy TinuseslsaRiaUnf 1 Adenoma n3e Colorectal Cancer uax
“nmgliillsn (disease negative)” mnedslinumuiinunfainnisdesndes anntuhnanisUsediuaudssen
wiesdlenndssuidisutunansddadesanan wWeruimeiaula (Sensitivity) warAnaus iy (Specificity)
WIAWNIZEN 981171 18RLdUlAY Receiver Operating Characteristic curve (ROC) Lﬁaﬁmummﬁm (Cut-off
Point) Aivangas
ﬂﬁﬁﬂmﬁ%’fmidmﬁaaéwLLuwmsﬁﬁu’umau (multistage sampling) luusenseny 50-70 U i
Lﬁi’h%’Umiﬁ’mﬂiaqmﬁqﬁﬂﬁumLLaﬂﬁmﬂuﬁuﬁﬁﬂm lagimuArIAR1881931NgATYBY Krejcie and Morgan
dmsuusznssida (finite population) Faflaunnuszansiavua (N) Wiy 8,519 au fissduanudesuesas
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ynfregsTus g 368 AU wanifletesiunisgymevesteya (attrition) AdeldAuLAI0E198N 10.00%
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918 50-70 Y
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adlaslanginide
InaugiAnean (Exclusion criteria)
Uz ugiSedldlvg)
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1. wan1sWaLLAale
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nIgULWIAR (Conceptual Framework) ﬁﬁmmmamquﬁu’ﬂﬁaw%amw NOANTIU UATUTUNNEIANGVNN

HATINNITZUIUNTAUATIENDIAAIUINIINUUINNEINS NANFIUBUTEANY Uavaddelieites vinlv

o
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ansaimunssdUsznavveaeiodlieUssfiuanudsseendu 4 ifivan Jenseunquiladeidusdrdaiidluszau

UAAAKAZATOUATY Aakansswatdenlumsned 1 mssagudeyadeusinnue 4 16 wazUszaniannsitady

lunsAmnsesuzisealdluguayldnse (n = 405)

= o a A& aa a a aa o 1Y) 2 o ' v
M1979 1 ﬁ?ﬂmaﬁdaL%ﬂUiM’]m%@q 4 e LLaEUTJE‘W]ﬁﬂr]Wﬂ'TﬁrJug\]QEﬂ,Uﬂ']iﬂﬂﬂﬁa\‘11]3Liﬁaqlﬁﬂuwﬁaﬁlﬁmiﬂ

(n = 405)
1@ fianus NAAWSLINUSN ANNEDR
1. doyauszyns 91y (¥) 58.1 + 5.9 (50-70) p = 0.003*
BMI (nA./12) 251 +38 p =0.012%
wa FIT u3n 65 AU (16.00%) -
Na FIT au 340 AU (84.00%) -
91¢ (Adj.OR) 1.08 (95% Cl: 1.02-1.15) p = 0.005*
BMI (Adj.OR) 1.12 (95% Cl: 1.03-1.22) p = 0.010%
vwene (Adj.OR) 2.31(95% Cl: 1.25-4.28) p = 0.007*
2. NOANTIUEGFVNIN miquq‘lﬁ (Adj.OR) 2.85(95% Cl: 1.48-5.47) p = 0.002*
3. UsziRnsaunia THluwuusiaesnnudes  lildseauuwen -
audeiiuaiesde Cronbach’s alpha = 0.87 -
muasadaiiem I0C = 0.95 -
4. ansiaudAgy 91N1519AaTn 10/30 e (33.30%) -
NOANTTUAVA N 8/30 ¥@ (26.70%) =
UsziRnsounsa 5/30 19 (16.70%) -
Hadudu 7/30 40 (23.30%) -
AMUEDRAADINYTY oL = 0.74-0.82 -
UseAnSnmnisatade  Sensitivity 82.50% -
Specificity 78.40% -
AUC (ROQ) 0.84 (95% Cl: 0.79-0.89) -
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) fiauls NAAWSITIUTUE ANNEDRA
True Positive 54 A (13.30%) -
False Positive 74 Ay (18.30%) -
True Negative 266 AU (65.70%) -
False Negative 11 Au (2.70%) -

“Mnewe: Teyauanaduanade + drudesuunnsgiu (mean + SD) wiodwiu (§oeaz); Adj.OR = adjusted
odds ratio anMFIATIwianneeladainuvan (multivariable logistic regression); 95% Cl = ¥33PARN U D8 AL

95; FIT = fecal immunochemical test; BMI = body mass index; AUC = area under the receiver operating

o o

characteristic curve; I0C = index of item-objective congruence; *p < 0.05 LaPIIIAILLANASOENHTUEATY

o

NNADR

[

1) FFrmudeyaUsz¥ns (Demographic Characteristics)

v
aaa

fifdlsoumguiladeiuguiidnnuduiudiuanudswonisiiaussealdlnguazldnse Tngarnwa

nsAnwlungusiieg199IuIu 405 AL wudtegdeminiu 58.1 + 5.9 U Fseglutisiaides (50-70 U) uavnu

1 P o w

ANUUANFseg il led Ayt anguninansia FIT vankazau laengy FIT uindlengwadegindn (60.4

Wieuiu 57.6 U, p = 0.003) @eansesiunan1siasiziannegladafnnyguinuil engiiadun 1 U dwali

ANMLABURUTY 8% (Adj.OR = 1.08; 95% ClI: 1.02-1.15) ludiuvesnviuianie (BMI) WUALRAY 25.1 + 3.8

a

kg/m? wazdAuuanseseIenguegailidedidny (p = 0.012) Ty BMI ALNTUNN 1 e dawaliaiudes

o

WiNTU 12.00% (Adj.OR = 1.12; 95% CI: 1.03-1.22) uananil memaﬁmmL?‘fmqm”hLWﬂM@qaéwﬁﬁaﬁmm

lngdlonainna FIT uIngendn 2.31 i1 (Adj.OR = 2.31; 95% Cl: 1.25-4.28; p = 0.007) a5 HANITAR
N394 NUALYNTDINA FIT UINLNFU 16.00% (65/405) uagnaay 84.00% (340/405) axvieulviiiudaniszlsalu
nauUszunsidmangegeldedfny 19l N135UAMUIAUIEAUNSANYIRATAN IUENILATYFAY Fadlunuim

ddylunisesunganuunnIsusIngAnssuaunkarNsinisuimsaanseduseaulseIng

2) RPN ANTIUAYAN (Health Behaviors)

v
aad 1

findyadunsvssidiutadeidesiansausuvasuld Fannan1sinsginuin “neinssunisay

yid” \utiefefifidvswageianlunuusiaes InedidusefRguyniinnuidssionisiing FIT vanidfiuduia 2.85
W1 (Adj.OR = 2.85; 95% Cl: 1.48-5.47; p = 0.002) nan1s@nwdsnanagyiouliiuingAnssuguaindunum
ddnlunsimuseuidsswedsa Insamenginssudeaiianmnsausuaeuls wu msguyrs msuilnaevns
waznstifanssuvname Fsmsysanmsdafomariluadosdioliifisseussiiua nudes uidsauzaldidu
wwndlumsduaSuguainuasdosiulsaluseaudgugildegaiiussdnsnm
3) fifPuUsEIRATOUATY (Family History)

Adifunsvsadueudsmetugnssuanusy iiaseunss uiimansinuniazlalldmeaue
UTinaudvadAvessauusien dused uildgnsamdussduszneudnluiniesiossifiuanuidss Faiuns
nnaeuAmneasie nuidarunsadatenlusedugs (I0C = 0.95) uardarundesiulasrmoglusefud
170 (Cronbach’s alpha = 0.87) wasananagyieulsiiiuil fuusaulseiRaseunsaiianuaennassiulasaaiig

vouAIedile warliunumdAglunistieduunnguidssganonddedlasunisAnnsaeidudunInTy
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4) AfgueIn1sAaud1Aty (Warning Signs and Symptoms)

e

aa

fAtlaseunaun1sUseiliveMseuiiiiettesiuneisanimvesaldivg Inenuinlulassainaves
\w3edlle peAUsENOUAURINISHAREILNINTIAR AR 10 21N 30 U8 (33.30%) T83a3KNADNGANTINFUAIN 26.70%,
Uadedu 23.30% uavdsyifaseunsd 16.70% luiuanudeduvenniasileselia wuiteyluyis Cronbach’s

alpha = 0.74-0.82 waziiAtaassiu 0.85 wanstanuaanadoinIelulusedud uenainil N13TINAAMIUDINTT

o -

Woudsdwarouszansamlnesiuaeansesile Tnanuinadesdledarniula (Sensitivity = 82.50%) way
AU (Specificity = 78.40%) ogfluszsufl wazdidn AUC Wiy 0.84 (95% Cl: 0.79-0.89) Lilefiansainan
confusion matrix Wud%ﬂ%"aaﬁammsaﬁwLLuﬂﬁjﬂaa"Lﬁgﬂéfm Imed True positive 13.30%, True negative 65.70%,
False positive 18.30% waz False negative Wied 2.70% Fsasvioufsusyansnwlunsinnsosuasainuanunsely
msaamsnaianmsAfadeluseiufivanga
nan1sinasasfiafinauud Ul (Implementation Outcomes)
nsuedsdefildannsitmuindinisnszuiunsideaiadiu 1 naNAN 2567 — 31 natAu 2568
MendnsiauaIdeuaunwreaasisUsiiunndedsauniidldnauayldnsaudn Iinadesde

Tunaaeddlunguuszvnaithmnelusgduiug dwevssfiuanudululalunisldnuess (Feasibility) rueeusu

¥
Yo

Vo414 (Acceptability) wazUselevti@iasyuuuing (Practical Utility) lnganunsaasunalanail
1. eandululalunsihluld (Feasibility)

nansnaasddnuinaiedioausadudunslinelussesnanadefivunzay (Uszanm 5-10 uni
sios1e) liadumazeuiunifuluudyeainsasisugy wasannsaysanmsditutuneunsliuinidanses
wnls yrannsanunsaedunsuatldiniesiioldlagliifosiunsiineusuiidudeu esnnlassairsdamiiaang
Fovau ilade uaraenrdesiuuiunvesUssrsuluiiud annsvesedldlutszanadmine (n = 405) nu
in3esdlefiradeazuuuanudululs (Feasibility score) ogfluszaugs Tngldnausziiiuadeussunn 5-10 wni
Ho918 FeaeandosiumszuUndvesunisguamseiulgund uazlinelmAnmssnuiinfogsiitoddgse
yaansassaia wenani lassadsenadesdiofianudaeu Wilade aunsnesusuasldinulilnglidomsiiu
nsfineuswiidudou dewaliyaainsannsmiluldliiuiluaniunisaiass Sntsdianansaysanniadfudunon
nsdnnsoadu W madnUseTRuaznsliuinan AT Wegnenuilludajin indesdlefueanszesiiailu
nsdinduladanses naradussuulunisssdiuerudes wandetonsliimslufuiddnineinssiie i
mheuinmsugugivieyuruvuun agvieufannumnzauuazanudBulunisiluldaidlussuuuimsguam
soly

2. ANUEDUTUVDIETUUINNT (Acceptability)

Usgrvunguidmanelvianusiudelunisneuwuudssiivlussaud Tnenudgsuuinissesay 85.00
finrufianelasionsldiniosdeluszdud esandonilidudou Wilaie waziReadostunginssuavaiwly
FAnusedriu msiing esflovsuszifiuaruidssdsdamalidFuuinisiinanunseningfuainumdes (Risk
Awareness) i Tnsiamglunguiignineglussiuanudsniunansisgs Teiluwldudnduladrsunamsada
nseufianfial 1 FIT w3 Colonoscopy 1niu azvoufisaruduldlflunmminedesielulfaseluseiuyuals

28198UsEANT AN
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3. Use@nBuadiessuuusnis (Service-Level Impact)
nsldiaTesiietanliypainsannsndadiduanudidny (Prioritization) vesnguntmanelddmaudu
Taglomglutiuniinineinsildrin 1wy Suuansia FIT wiedoandes nguilliiunsdnduanuidssglasu
nsawlaifiomansrafiuiuegaumnzay dwalinssuiunmsdansesdanuidussuunniu uazanauuesnves
ﬂ'ﬁm’aaﬂun&jum’mﬁa&ﬁw HaN1SANINUIINITIRaUAILEARY (prioritization) vasnguilnung ﬁ'f[.ﬁﬂfjuﬁ
isunmsdndumnuidssgsiisnsnsnsanuanuiieundinenddngsniinguidluuszana 6.1 wi (Gevaz 16.0
Wiguiu Seway 2.70) uaﬂmmfé“waﬂammixmﬂuamuw8Wmaiz61’11mﬁﬂqﬁmnmiﬁ’mmmﬂfjul,é"mﬁwaaﬂlﬂlﬁ
otaduszuu Tnewuindndugilddndudesdasiofiqeiis fevay 65.70 damalianadsszoziiaisensy (wait
time) vostheRfamdndusehuiiuuliianasededifvdfny azvioufisaudua (Value-Based Healthcare)
Tumstiedestieluuszgndltlussiuulovnsuazszuuuimsguamseld
4. nasiensnnaulalsngAnssu (Behavioral Impact)
w3 oalolalldvimi s dutuudanses uddwimin iy “iniesdedeasanudos” (Risk
Communication Tool) fitheliuszmmudlassduaruidssvesnuesegiandusussm nssuianuidesdin
yARa (Perceived Susceptibility) ifindufidrutensesunsgdlalunmadiuuins fedenadasiuuuin Health
Belief Model ﬁ%ﬂwmi%’uiﬂmmﬁmLﬂu{]ﬁlé’aﬁﬁmawqamiumaﬂaﬁu‘hﬂ
5. ANUWNEALLTIUTUN (Contextual Appropriateness)

A = a

wsesdlefiamnTusenuuulnedoyalszynsineuasusunuinisugunll Isdianumaneauiusyuy

Y

guamsEAugLnevseTvin drsnlunaiueandsanndtssemeanenadeddteyamedinnvisesiudeya

Y

[ Y%

dannsedindduas wnseelanunsaldlaudluiunnidediindunalulad
6. AnsnInN1svEenNa (Scalability)
INNANISNARBILY wulesesladdneninlunisveenaludanunou tnoanigluseuuusnis

anssauauseAuUgugll luewanaunsaimunduguuuudisia (Digital Screening Tool) n3edeureaiusyuy

HDC/g1udoyagunw WisatuayunisAanseadaintuseduimiavsessauusena

afuTena
wansnwadstiuandiifiuineiesdovssdiurumismnsaildnguasldnseiiauntudauamogly
sefurimela feduanunsadaden amdetunielu wararuaunsolunsduunssduarudes fsaeandes
AUKUINIINITW AU Risk Prediction Model Wag Risk-Adapted Screening Strategy ﬁllﬁ’ivumsaﬁ’uaquiu
13IUNTTUINNNTIRUENEN [24,25,26] uﬁﬂgmL%wizﬁﬂﬁﬁzﬁummmﬁéﬁudﬂ aEN W TARRIL AR PPE R EeTe
WUsvaneii 1wy o1y e dvdiananis wgAnssunisguyn msuilanewns mseenindiniy warUsziRaseuna
ansafiuauuiuglunisiuunseiunnudeddognedideddy Wedsusulumailldul siugudeseds
e [24, 27] WNAANIAANSBILUUUTUANLSESUAIALES Y (Risk-Stratified Screening) delasunisiauainduna
gndTiteifiuUssaniuaresszuudanseduseiuuszang uasifiumiuduAmaAsygenansanssugy [25, 6] 39
anandostulassadng 4 ffvenndosilelumsfinuadall fsudeyaussrins wonssugunn UseTRaseuats uae
o1nsiiiou luvunveaalds uiduananifsriunsinnguanuidssdmiunisfnnses Colorectal Cancer (CRO)
5983771 M5a$a Risk score Mndoyaiimninssusamivieyanendinanunsatioduunngudegailodase

11301593 Colonoscopy tAuiug1du wilan C-statistic azogluszauliunane uddanudAgidaseuuuinis
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Lﬁ'aqmmhaammizmiaiaaﬂﬁaaﬁ'laiaﬁLﬁuiuﬂizﬂzmiﬁummlmg [27, 9] HaPaNAATUAULUIAAIINITYTINIS
Fuvsvaneiuluaiedloyszfiumuidssannsaifiuussansawnsdansosls dmiuusemelng usfnuiamn
Risk Prediction Tool lngnsedafidnuiudiin wilinang1uainnuideaunsdnfeusnmikagad nsveansaanses
Aafuayuauddnuesiadonginssuuazuiunuinisguam nmsAnwsedulsemaisatunadhfinisdnnses
Colorectal Cancer (CRQ) lutsznnsnguidsaiads wuisnmnsidiiunsnmaieglusziuiiunans uaztade

1Y

dfnyiiduiuiunsididm 1eun msldsudeyatniems mssuianuidss wagmsaduayuanyaainsasisaay
[28] woNan# TenuNaNIALIuURRNTemetTUUMs AU eS sEEaumIIEfuANLATOUAGILAY
NSAARINNANES FIT positive Fetaemrusiluveunisdlotiedadiunudssegiadusyu [29]
foyan1szlsnann GLOBOCAN 2022 fafuduin iunildunysiifatAnisalgdluuszinelne [28] e
#nsanuivwliunisldmalulagnidviauagsyvuativayunisdadulansadinlussuuuinsaunin [23, 29]
nsWmueieslleUsziliunnuidssiiannsaUssgndldldaidussduguruiafionud dydeemsmand helulifinng
Wiudnsinsdanses msdndifunrmddyvesnguidss uaznislivninensedraliuszansam
nsfnwiidaasulunsimuedosfiovsaiuaundsan sl dnauarldnsauuuysannis 4 7 1iud doya
Uszrng woAingsugunm Usziesouaia uazermsiiieudify Jausnsnsainnuddeiniisinuiuans Yadesiu
Tasunds Tasnrsuanuistadeflianusausuaould (@u eng we) uastladofiamsauiuudsuld (du
waFnssugun) Samfutoyanenddn dwaliaansaduunanudssldnsouaquiazimnzaniuuunyususnn
ety Tuduussansamwenaiosile wuinilen Sensitivity Wiy 82.5% uay Specificity 11U 78.4% lagiie
AUC Wiy 0.84 Feeglusedud azvieufisnuansolunisduungiiiinnudodldegeaiuszansam e
Wisuiisuiuinarisnasgiusesaiesdiednnsemnsansisugy Afananioieglussiufivensuls wasidnanw
Tunsthlulda3s Teslannznsanlenanisnainnisnsaany (False Negative) Sanuludndius sunandesiv

YoaATedde nudnden Cronbach’s alpha iy 0.87 wagsiedifedluyie 0.74-0.82 Faeglusyaudfiafuinaiy

Y

\nuTAsgIL (=0.70) uansdsmuaenndesmeluronadasie suefidamunsadaien (10C = 0.95) agly
seiugann azvieufsenumnzavestornulunisinduusiidonising anmsdnudmuimans@nuds
fanuaeandesiuulouionisinnsesuzifedldlnauarldnswes dnammdnussiuguamuionid Seaduayu
nslin1smsn FIT luuseansngueny 50-70 U ImaLﬂ%‘laaﬁaﬁﬁmmﬁummmmﬁ’mﬂiaq@ﬁn Fndduaudes
waziisUsEavsnmnislinswenslussuuuinisauamse fulgugile

Tavasy ndesdledifsanuuiudwazanuindefelussduiimunzan nfeusfiauaonadouds
uluny Seiidnenmlunmsiiludssandldifoatuayunmdansesuastostunsiiedldvguag ldnsduse fugumu

wazseaulsenanably

49311MAV84N157398 (Expanded Version)

'
4

W13 1N1TANEIT 92T AT URTIATUNTEUIUATWAILILAS 89518 N1IATIFOUAIIUATUT T anlae

o

HLTegy waznIVadeuANU e uTEdf uieglsin Selided

o =

ALYI5EL U8V WAL USUNTIAISNANS UL
SaUABU Mall

1. TodnfinauzukuuNISAn®I (Study Design Limitation)
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n53deilldgunuunisfnwiuuuniagauang (Cross-Sectional Study) duffudeyalutaiaifes daa
TildausaeSuieanuduiusidannuazia (Causal Inference) lapgadaiau udagnuanuduiussenindady
WBuafussduanudsaienanisdanses usliaansaaguldiiadesnanduamnlnenssamnisiialse
wonani msliifamunaluszozenduililiannsaussdiu predictive validity vounieddieldedis
auysal namde Saliiaunsaduduliinguiigninidu “idesge” asfaundulsaluounanmnniingudewines
vizelal FaduvseifuddydmiuedasdiovThunennudes
2. fadrfadusuusiisalulinea (Model Specification Limitation)
wioslouszdiuaudeddunuifeiiiuiateussansmansuagngAnssuavamdundn Selalld
FIAWYUINITINN (Biomarkers) 13U szAUInflammatory Markers, Genetic Polymorphisms %38 Microbiome
Profile @ sfiudngruifisduindunumaeaiundss Colorectal Cancer (CRQ) nslalsaudauyssananagavile
AMUA1N5lUN13TMUN (Discrimination Ability) ¥esluiaaegluseduUiunans uazdaiileniaiia Residual
Confounding a1niadeiilallada
3. fedrAnsumInTRaeUALITiBRsINIELeN (External Validation)
uffiedoafloazsihunisnsasouaunsadaiien (Content Validity) wazarundesunislu (ntemal
Consistency Reliability) uéa wagslulanaaeululszvinsdase (Independent Dataset) wioflufisunisuians
NAFOULUY External Validation enavhluszavsamueaniesdieguiusislunguiaegistiagiiu (Overfitting)
wazdiliannsoduduanuaiosvestinaluuuniuanseiy

4. FoINNANIUNRIBIUNANNEDR (Statistical Power)

Wi17192 N1 5AUIUIUIANAUAIDE NN NGATUINTTIU UaINT UL RTiNanTIRAUNAVSeaglungy

B
\dvsgeidndrudeudiaios ervilinisiiasgiuisdauusiingssiuranneada (Statistical Power) Laitileswe
Tnglanglunslinsievinyaa (Multivariable Analysis)

5. FoNAAUUSUNLTITZTUUUINNS (Health System Context)

wan1sAnwenaldfudvEnannuloutsnisdansessiuussma mssassAlutanaiiiuieya nie

mmw%’amamﬂmﬂimﬁﬁmqﬂuﬁuﬁ FeonavinlisziuarunseninuasngAnssun1sAANTaILANAI9aIN
Pranadu dafu msfiaunamsiidniundssuuaunmlutaanaiiinw

ndeyatrediuis ufeddeiifianuduulsnunssuunsinuiedesdiowasnsinsgideyaieadn
widslidedrindunisesnuuunisfinw anududunuvesngudiegns nslddeyasenuauied wagn1sunnng

ATIVABUNIBUDN Fee1admasianIsimukaznsUszgnaldnadnsluszauuloue

AnAnssuUsEnA

mu%é’&aﬂ’uﬁyﬁ%%ﬁ]qdaaléi’@’hmammzmwuazmmﬁwmﬁammnmamﬂdau HAT8U0VRUNTEAN
fusanandynvhuiinganlifodaiusudulsslomitonsimunauiss ddfduusi doauonundsinns
paeANsrUIUMIIde Twdsyamnsassaauluiuiifnw wasussrsunguiegmmviuiliausudeluns
Wususindeya

YOUDUANMUIBNUA LA AL E1WIN1TsameIuIauIny Jmdnnwdug waglsameuiadesdu Jamin

wansany Mdedneninenswasnsatvayulunisaiivaideasail
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TNeNFALIILVBNTIVVOUNTEAM ANATANTETA - AATIAYAS 235u3N5 ATEUATITIBUGY UAzEnTEAM

Y 9 o

v
=]

N8 URUULANNYNUNTEI LTI UN1ITA LI

U q
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Abstract

This research investigates the technical feasibility and evaluates the performance of a drying system
for raw materials used in Isan musical instrument production, utilizing waste heat from an air conditioning
system. The case study was conducted at Ban Tha Ruea, Na Wa District, Nakhon Phanom Province. The
system employed R-32 refrigerant in a vapor-compression refrigeration system with a cooling capacity of
36,000 BTU/h. The drying unit consisted of a shell-and-tube heat exchanger and an air-cooled heat rejection
unit. Experiments were conducted using water flow rates of 15, 20, and 25 L/min, and an air flow rate of
1.10 kg/s to evaluate the drying system performance. In the experiments, 10 kg of wood for Isan musical
instrument production was dried to a final weight of 4.45 kg, corresponding to a moisture content reduction
of 15% on a dry basis. The system operation was controlled based on dry-bulb temperature.

The results indicated that the water-cooled system, at a flow rate of 15 L/min, required 76 hours
for drying, with an average drying chamber temperature of 40.70°C. In comparison, the air-cooled system
required 49 hours, with an average temperature of 48.20°C. The coefficient of performance (COP) of the
water-cooled system was 2.33 at a flow rate of 15 L/min, while the air-cooled system showed a COP of
2.16. The compressor power consumption of the water-cooled system was 2.99 kW, whereas that of the

air-cooled system was 3.43 kW.

Keywords: Waste Heat Recovery System, Vapor Compression Refrigeration System, Isan Musical Instruments,

Drying Performance, R-32 Refrigerant.
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1. iissenuuuuaraiadeuurslsifldluniandnedesnusidausess uuouuidagldanudouiisdundy
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1.1 syuuyanudu ssuuvanudunuudale (Vapor Compression Refrigeration System) 9u1a
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\
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Y

meluiesou
3. dhumuAuuaz TanalfiuiAy
3.1 Rotameter: lddmSuindnsinisivavesarsvianudulusyuy
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a A
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U
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w,, — W,
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v
o

W, @ dwminldvauznegeu (ke)

v

W,  feo dwiinlduiisaiin (kg
3.2 NMsANAIENUSEENSUSZENSNAIN(9,10]

TdieUsziliuUssanBnmndanuesszuuianuduuinn 36,000 Jgnatilus

Q

CoP = —£
p

dlo COP o Aduusyavsuszansam
Q. #o arwamnsalunsvihnanuu (Cooling Capacity) 999355UU 36,000 ﬂﬁg&ia%ﬂm
p Ao mddlwihdneumsawesly (kw)
3.3 MIWIBATINT IMaLTIN1av8901M A [11]
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Abstract

This study aimed to investigate the effects of different growing media on the growth of potted
hydrangea (Hydrangea macrophylla) and to provide guidelines for selecting suitable growing media for high-
quality potted hydrangea production. The experiment was conducted under a containerized cultivation
system using a Completely Randomized Design (CRD) with 12 treatments, 5 replications, and 4 plants per
replication. Plants were grown in 8-inch plastic pots. The growing media consisted of loam soil as the base
material, mixed with organic materials including dry compost, coarse charcoal, raw rice husk, coconut coir,
and rice husk charcoal, as well as an inorganic material, coarse sand, in different proportions. Pots were
arranged in a greenhouse covered with 70% shading net. Irrigation was applied using a drip system twice daily
(morning and evening) for 15 minutes per session. A compound fertilizer (NPK 15-15-15) was applied at a rate
of 5 g per pot in three applications: at transplanting, after the first data collection, and after the second data
collection, over a total experimental period of 3 months. Growth parameters, including plant height, number
of branches, and number of leaves, were recorded at 30, 60, and 90 days after transplanting. Data were
analyzed using analysis of variance (ANOVA), and mean comparisons were performed using Duncan’s New
Multiple Range Test (DMRT) at a 95% confidence level. The results showed that growing media significantly
affected the growth of hydrangea (p < 0.05). The medium consisting of loam soil mixed with dry compost
resulted in the highest plant height, number of branches, and number of leaves at all growth stages, followed
by the medium containing loam soil mixed with coarse charcoal and dry compost. In contrast, the use of
loam soil alone resulted in the lowest growth performance in several observation periods. These findings
indicate that growing media containing organic matter combined with porous materials can effectively

enhance the growth of potted hydrangea and can be used as a guideline for improving commercial production.
Keywords: growth, growing media, hydrangeas
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ag 90 Ju

AugeEsurewulanuds (wufuns)

N331735 — — -

30 9U 60 U 90 U
NITART 1 Ausu (T1) (hssu3BaauAm) 22.00° 24.20° 30.20"
A35U3391 2 Ausau : duuaneu Sasdu 1:1 (T2) 27.80° 29.40° 33.80"
NITART 3 Ausru : Jovstnuvis Sadau 1:1 (T3) 33.80° 35.20° 42.00°
N55U3ET 4 Ausiu : uwnaudu Sasrdau 1:1 (T4) 30.20° 32.20™ 34.60°"
NITUART 5 Ausru : yeugndn Sandu 1:1 (T5) 31.20° 32.80" 35.60°
55337 6 Ausau : dhuwnau Sasrdau 1:1 (T6) 24.20° 26.20° 32.60°"
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M990 2 Sasnisesaaulaiuanugeaduvedlawmsudeignaduianugnaneiu 12 gas wasdhedgn 30 60

ez 90 U (5i9)

A543 7 Ausau : isevenu Shsndau 101 (T7) 30.60° 32.60™ 36.60
N353357 8 Augau : auuemeny : Jevsinuis Sasndu 1:1:1 (T8) 31.80% 34.20% 39.40°
A543 9 Ausau : duuAneny : wnaudAu Sasrdau 1:1:1 (T9) 31.40° 33.80° 38.40™
NITART 10 Fiusu : Buuaveny : Yaendn dand 1:1:1 (T10) 30.20° 32.40 38.80
AF5UARA 11 Ausau : dhuuaveny : snuuwnay sasidau 1:1:1 (T11) 30.20° 32.20™ 35.80%
A55UARA 12 Ausau : dhuuaveny : neney sasd 1:1:1 (T12) 29.80* 32.00° 38.20"
Mean 29.43 31.43 36.33
F-test * * *
CV (%) 6.27 5.35 5.58
NUBLUR

1Y

* 9121809 AANULANANNADANTLAUAMURBLU 95 % (P < 0.05)

MdnNEsNTSINguRLIAaNTIA9Y wansIndiauunne1mIsadinssRuaNesiu 95 % (P < 0.05)

MmN 3 Sammasaiulaiinunwedawmsudenugnaduianansineiu 12 gas naadeuan 30 60 wag 90 Ju

" v

Fuunwesrulawmsudy (Rewamu)

N33U’ — - -
30 Ju 60 Ju 90 Ju
n95A339 1 Ausu (T1) (n3saSrauna) 4.60° 4.80° 5.20'
3533371 2 Ausau : duuaneu Sasdn 1:1 (T2) 7.00" 7.40%° 7.80%
NITART 3 Ausru : Jovstnuvis Samdau 1:1 (T3) 7.80° 8.20° 8.20°
N5913391 4 Ausiu : unaudu shsndu 1:1 (T4) 6.20° 5.60° 6.20%
NTIART 5 Ausiu : yeupnin Sasdu 1:1 (75) 5.00° 5.20° 5.40"
A55U3391 6 Ausau : dhuwnau shsndan 1:1 (T6) 4.80° 5.40° 5.60
553337 7 Ausau : isevenu Shsndau 101 (T7) 6.40 6.80 7.20™
NIIIRT 8 Ausru : duuamey : Jevsiuis Sasdu 1:1:1 (T8) 7.40 7.60" 8.00°
A5U3371 9 AusIu : duuAnenU : unaudAu Sasrdau 1:1:1 (T9) 6.80° 7.00" 7.60 %
NIINART 10 Ausu : duuavey : a1 Sandu 1:1:1 (T10) 6.20° 6.60° 6.60%
A5UARA 11 Ausau : dhuuaveny : enuuwnay Sasidau 1:1:1 (T11) 7.00° 7.40%° 7.60%°
N353ARA 12 Ausau : dhuuavmeny : neneu shsd 1:1:1 (T12) 6.20" 6.80 7.80%
Mean 6.28 6.56 6.93
F-test * * *
CV (%) 9.30 11.88 8.01

NUELIA

' '
aaa 1Y =

* 91311904 UANULHNANNNERANTEAUANUTDIU 95 % (P < 0.05)

[y

MNYINIBINGURNNIANTIRSTY BanIIEAMNLANANVINERATISERUAMULTEIU 95 % (P < 0.05)
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undlu
MnsAneravesianUgnulinene q densiasaivladuinnuluvedlawmsudes wudt ey 30 Tumds

g1eUgn N353 3 n1sldausiu 1 @ : Jenidnune 1 du iduuluedegeiaavindu 108.80 Tu Feunnsing

aad

amﬂuuammmqammﬂﬂﬁmﬁawmmmwmummmauu 95 % (P < 0.05) 5898911A8N55UITN 8 NshuAUTIUY
1dau : auuaneny 1 d@: Jeminuiis 1 @ waznssudsi 9 msldfiusau 1 du: duuanenu 1 dw : unaudv
1 @ FadAanadewiniu 84.80 kay 83.00 Tu MUATNU YaUNNTSUASA 1 MShAusIuieaagamen tanuiuly

wagAaawiriu 71.80 Tu Wefiansaniieny 60 Tundsdredgn wuii nssudsn 3 Saslidunilundegeiganiniu

aaa

117.80 Tu wagumnm1soL 19l UEJE’?W A maaammmwﬁ%‘é’wwm (P < 0.05) 9998911ABNITIUITN 8 ‘lNlIﬂWLQﬁEJ
WirAu 87.20 Tu wagnssuisa 10 ATIEAUTIU 1 d9U : 81UUANYIU 1 @9 “UEJlIu‘Wi’l’J 1dmu ‘UﬂiJﬂWLQﬁEJL‘VHﬂ'U

83.00 Tu vnugfingsudsi 1 Widwanluiedsdiigauindu 71.80 Tu dmiueny 90 Tundsdedgn wuin nssuisi 3

gendlidrinluaiisgeiaamindy 121.40 Tu Faunnssegrsildeddgnisadfnainnssuisaunmun (P < 0.05)

q

5992911ABNTTUITN 8 FellAadevniu 93.00 Tu wagnssuITN 10 Faliaedewinnu 88.80 Tu vurinssuisn 1

' '
o a

Trdnuuluadeiigawiniu 76.80 Tu dewandlunisnan 3 uazamd 1

MmN 4 gammaasaiulaiminuluvedawsudengnaduianuaninaiu 12 gas vdsdhedan 30 60 wag 90 Tu

uuluvesrulawmsudy (lusedu)

QRRFe - - -
30 U 60 U 90 YU
n55A339 1 Ausu (T1) (n3saSrauna) 71.80° 71.80° 76.80°
5533391 2 Ausau : dhuuaneu Sasd 11 (T2) 72.60° 76.20° 81.00°
NTTUIRT 3 Ausru : Jevdfnuis Sadau 1:1 (T3) 108.80° 117.80° 121.40°
5533391 4 Ausau : unaudu Shsndu 1:1 (T4) 76.80" 79.40° 84.20°
NTSUTET 5 Ausau : geugnin Sandiu 1:1 (T5) 7520 80.40°¢  87.60™
5533391 6 Ausau : dhuwnau snsndu 1:1 (T6) 78.80™ 81.60™ 87.20"
553337 7 Ausau : ey Shsndau 101 (T7) 78.20° 81.80™ 86.80™
N3UIET 8 Ausru : dhuuaney : Jeudnuis Sadu 1:1:1 (T8) 84.80" 87.20° 93.00°
3533371 9 Ausau : duuAnenU ; wnauRu Sasdu 1:1:1 (T9) 83.00° 83.20" 88.00™
NTTUTET 10 Ausu : duuavey : yeuendn Samdu 1:1:1 (T10) 78.80 83.00™ 88.80
A55UARA 11 Ausau : dhuuavmeny : enuuwnay Sasidau 1:1:1 (T11) 79.20° 82.40" 87.20"
A5UARA 12 Ausau : dhuuaMeny : neneIU sAsd 1:1:1 (T12) 77.00% 81.20™ 86.60™
Mean 80.41 83.83 89.05
F-test * * *
CV (%) 9.93 8.52 7.64

NUYLYR
* 909 AANUUANANNNEDAT 5 TAUALLTDIU 95 % (P < 0.05)

fdnusnmsanguiinsiidniidnaiu uansiifianuuandnensadifissdfueadediu 95 % (P < 0.05)
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i 1 dnwaiznisasaiulnveslainsuidy (Hydrangea macrophylla) ilgnluianuangnseng q 91w 12

33378 (T1-T12) Miong 90 Fundadneuan laeusziiuainanugaru 31U9uRe uazdwly Lansrnuuan e

msasgyiulaniglaanmlsasou

afUs1ena

a

MnuaMIFnwmavesianUansienisisyiulavedlamsuBensennmuii esduszneuvesianuaniisvsna

°

a1l Amead (P < 0.05) semsiasayiulavedlawmsuonseandluyndiudsnfne Taua annugediu 91w

A wazduulu Ineanienssudsn 3 daldausiusududendnuisludgasidin 1:1 inansasydvlafnanaeng

@

aaueluynineny vaeiinssudsnldausiuiissegrufeliainisnsgivladiian wansdlidudsunuimddy

o

vaaduniginglunsuiuussnunmvesianuanuardaasunisasayiulanvediy WeoRTanANNLANAIIYBIHA

[ |

nsasyivlaauisaesuiglaaindnuuzvesianugniiddiunanvesdendnuis Fadusuiudunseingdma

q

a o

semaiasayiulnvetlawnsudy aenadasiuseauves Widiasr et al. (2022) [21] Aiseanuinfaguaniiiduniedng
geeiiuAuaINsalunsd il WnYesdenianeluian waziiuauaiunsalunisuandeudszquan
(cation exchange capacity; CEC) daaliisnemnsgnianidesadsiailowazegluguitiivaunsatluldlaeedl

UszdnSam Jeilifivdnsasgdulegly duanuaaaifunudl nssuisi 3 Iaanuaanniianlunnyiteny

@

MINAaRY wagnuAMLEANA1eg1lld A nwEda (P < 0.05) Tuszey 90 Ju wansbiiiuinttanuaniifiduniedng

1

anunsaduasunIsIyresafulafnitTanUaniilassadsuiunielisine msinda esnuiusindanin

Y 9

wgay vinliivaauilaauazdenniaiieine Jsdwmaliivaiyivlalan [22] Tudiurssdruiuisazaruauly

U

o+

wuinssuIsasiensindussdusznou nslamenssudsi 3 uay 8 liduniian wanslisiuinduvSetagdunum
ddnyronsnsefunisuangeauaznisaiiely aonadosiusienues Dorji et al. (2023) [23] fivsauidunisTng
Peifiuarumieuvesiulanauiazsmewnsiiistesiunsaieaaslsiladuasnsutaged demalvfivdiiuily
Wutunazannsduasziuadldunniu uenand Weifeudivussninssis 3 Fusrunauiudendinum) wag
n3ET 8 Fusrunantuduuaneruuasleninuie) widieaeanssuisaglinansadquivlnlusedugs us
n35u387 3 Winadnindndesluyndanys avvieuliisiuindadiuvesianugniininuddayseuszansamnns
Wiaivlavesiiy et Tagfifiennumugs wu diuuaveny ssteduaralaasnsssuiseniavesfaguan
wimnltludndiuigauiuluenadsmalirnuduturessinomsiuiaguananas damasdenisissaivlavesiivanas

1 JeaeandediuseaIuved Huang and Gu (2019) [22] Nissyinnisusudndiuvesianuaniinasoaudfinianienin
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wagiadvesianuan aufemnuanunsalunisgaldsnemisvesiiy lunenssiudiu n3sulsi 1 (Ausiuiieegi

Wen) Winansasaiuladiigatunndiuds wandiviuinislifusnuiesegrndeshivngandmsunisugniielu

°o v v

g 1ennddedidaduainungy nsszuigennie waznsUanddessinemseswieliles dwalviszuusin
wauls lifuiuazanyszavnmlunsgaldsinoimsvesiiy daaenndesiusieauves Dorji et al. (2023) [23] 7
wuiTanugniifiesAusznovvesdurienquaslassanalussannsoduaiunsaiydvlavesivldfiniriagugn id
fudussdusznaumdn Wlefinsansmiurmanaudunsn-ang (pH) vesiasuan dsegludisszana 7.3-8.0 wandlsi
wiudrianugnidnvazifunansiainadnies §senvdsmaronnuaiunsalunisazais 189519813 19U tdn
wanila wazdangd edlsAnulunsmasosinuiiisdsansndydulaldd Tnsamelunsisiddenindy

asrUsEneu Mallenailleunandunieingiieusvaninwindenuiiiusniidanumunzaudenisgaldsine1ms

zl 1

[23, 241 TudauvesArnsuilaii (Electrical conductivity; EC) vasianuaniieglurag 0.25-1.13 ds/m Tednelu

U 1]

szausdiaUuna wansbiiuintaguandsedlussauiildidudunserofiy fedwmalinmsaigiviaduluedis
oLl @onARDINUTIBIUYDY Widiasr et al. (2022) Lags1891uves Dorji et al. (2023) [21, 23] A5189°U37A1 EC
Iwnzauluianuandeduladvddayiivisduaunsadyduinvesiiv Tusaeiian EC Aigaiuluaailiiudia

AMLLATEAAINANNLALLALSUTIN1SRSRUlale

dquna
INMIANwIHaresianUanalingie q denisisyiivlaveslamsudenszanadannded wudi Janugn

fnaran1sasyiulavesiivegslituddaynsada (P < 0.09) lunnduwdsidny laud Anugeiu J1uiuis uay

| a

by Ingdanuanididunauvesdunieing lnawnedeninuis awnsoduasunissyivlaveiiglinng,

Y

'
= [

YanUgnildfidunseingegndaau uansliiuintaguaniidauaudRdiunisdui n1sszuieeInie wazn1sii

U

o '

sewsvingau IanudAysenisasaivlavedlawmsubenszans ludunsAnidendanugniimangay wui

7

aaa = g va 1 + o v 1Y) | Y .:4' a ° 9 a a
NITUITN 3 "'INi‘UWUTJUNaQJTJEJWNﬂLLMQSLHE]WT]?{'J‘U 1:1 LUu?aQUQﬂWLW@J']SE!@JVI?!@?{’]'MTUﬂ'ﬁﬁxla(ﬂlﬁmiuwEJﬂi%i,TN

o

Wasnlinan1ssyivlngeiianlunndiuuseguadnane sesanfAenssuisninsnandendinsiuduiannd

q

AUNTU LU 81UUANENU Faudiavdleiiunsseuieeiniavesianuan wininldludadiuildvansaunonvdma

Tinmsiaseaulnanas

o

anuaniifinswawdurse Tngludndiuimanzay Wnawmziusiumandondnui snsam 1:1 10w

Amunzaudnsunisnantamsudenseang

AARNIsUUSENA
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Abstract

This study aimed to investigate the effects of cassava varieties, planting locations, and their
interactions on cassava yield and starch properties. Four cassava varieties, namely Huay Bong 60, Kasetsart
50, Rayong 3, and Piroon 1, were cultivated in four provinces of Thailand: Yasothon, Kalasin, Mukdahan, and
Sakon Nakhon. The experiment was conducted from January 15 to December 25, 2024, using a 4 x 4 Factorial
Randomized Complete Block Design (RCBD) with three replications. Data were analyzed using analysis of
variance (ANOVA). The results revealed that cassava varieties and planting locations had significant effects on
several yield and starch quality characteristics. Huay Bong 60 produced the highest number of roots per plant
(16.33 roots/plant), the highest average starch content (26.5%), and the highest starch yield (1,955.6 kg/rai),
whereas Piroon 1 showed the lowest yield and starch content. Regarding planting locations, Yasothon province
produced the highest fresh root yield (7,100 kg/rai), while Sakon Nakhon province showed the highest starch
content (25.0%). In addition, the interaction between cassava varieties and planting locations significantly
affected yield and starch quality. Huay Bong 60 grown in Sakon Nakhon produced the highest number of roots
and starch content (17 roots/plant and 27.5%, respectively). These findings indicate that cassava varieties
respond differently to environmental conditions in different planting areas. In conclusion, selecting
appropriate cassava varieties for suitable planting locations is an important factor in improving cassava yield
and starch quality. Huay Bong 60 demonstrated the greatest potential for commercial production and starch-

processing industries in Thailand.
Keywords: Cassava, Variety, Planting location, Starch properties, Yield
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audfsuanuniiavewds Usunalesludluuduivdsndadaregluge 0.540-0.598 ppm lagdwinglass

a ¢ a1 -2 Ao o a0 ! [ 2/ | a IS
NuWAUS wazynamsiiaini (0.598 ppm) varidaninanauasiaininindniios (0.540 ppm) WANANITIATIZY
eadd wud liusndnsduegadideddy (ns) wansbiiuiriuivanlildfinaseusunaleeludluwlegredoiau

1Y

wazAinvagluszAuidseglunaeinuasndudenisuilnn
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M19199 4 uansravesruandRvesduiudendsiiugnlunuiiuanseiu 4 Jamin

dd US1naunnsty ANUT o Ammsdn menanda leenlua

: (%) (%) N Ee) (BU) (opm)
Jininelass (A1) 12.78 95.44 5.71 47.35b 871.83ab 0.598
Jamdanwaug (A2) 12.66 95.43 5.61 55.27a 865.83b 0.598
Jaminnams (A3) 12.59 95.02 5.65 47.05b 887.67a 0.598
Jminanauns (Ad) 11.70 94.69 5.72 46.89b 872.25ab 0.540
Mean 12.42 95.15 5.67 49.14 874.40 0.60
F-test ns ns ns * * ns
% CV 13.55 0.80 4.39 10.52 2.51 31.82

NUBLUR

' |
o = ' o A o

ns WaE * NN hlkanenaiueg 9 TINed AN IEDR war TANULANANNERRNSEAUAINUTIBI P<0.05

o

LY o

AadeTdfgnyIsnAnuasiulureaulReINY nuIets wanANiueg T AYN NEI AN SEAUAUToNY P<

0.05

Umnaanuduveautaiudiusndaia 4 areiug denoglutae 11.67-12.76% lnewusiaeus 60 fan
ATaBugefian (12.76 %) s0san Ao Wusfigas 1 (12.70 %) uaztudinunsenans 50 (12.55 %) dauiugsvees 3
AsnTian (11.67 %) aedlsiay nan1siesiesimuudsusiu wui ldunnssfuegsiideddmisada (ns) uans
iuhaneiusvosiudvsndshifiiatousinuautureutledaduda ieraideminnssuiunmsndnuasns
suwandelinisamuaulusgaulndidssiu AaruvnvedaiudUsnaaiiiagsening 94.69-95.84% lagiugving
U3 60 flA1ANLYIGITian (95.84%) F09a91 Ao Wuginumseans 50 (95.10%) uaviudsrees 3 (94.95%) vaiz
Wugfises 1 TAnrmnasiign (94.69%) egnslsfinu nan1smaaeunisadd wudt liusnsnsiuegaditoddey (ns)
wandliiudnaneiuglifinasorinnnueivewtaiudlevdsedrsdnau a1 pH votlsiudsndsaniia 4 ang
wugiieneglutie 5.56-5.90 Tnewugiaous 60 a1 pH gaeilgn (5.90) wagiuginunsmans 50 fiednfian (5.56)
9e19l3AnIN Han131ATIEINEaR wudn lufleauuensnaiuedaddeddey (ns) uwandliiiuitanenugvedu
druzndliiiinasonnudunsa-aweadegrsdaau anmsiiliihveudadudsndalaegsening 47.71-51.25
Tnerfusiiga 1 Tengetign (51.25) sesa8n Ao Wusvheus 60 (49.09) vaurifudinumsemans 50 uagiugszens 3 4
Arsnniuarlaiuannety nan1sinszdanusUsusiu W fenuwandistuegaived fyvnsada (P < 0.05)
wanslifuinaeiugvesiudendaiinasoaniniliiweats fseraferdestuuiinuussnuiossdusznoy

v a1 ' '

maupiinuanssiuluusiazaneiiug Aanuviiavesduiudendslidragsyning 858.67-899.17 BU lneiugiieus

Y
o w aa ¢

60 difnauniingafign (899.17 BU) §aunnn199nateiug d ueg 19l dd1Ayn19adf (P < 0.05) vauefi wug

]

a9

nuRsAERS 50 Wugszeed 3 uaziudigu 1 daranunialndifesiu nadsnaruanddiiiuinaieiugiinase

a '

Aavantiduauniiavends Fserainananuwanawedasaiadaudwiodadiuvesezlulaawazos lulawn

niuluwsaraneiug Usinalgerludveawdaiudusndaineglugag 0.500-0.675 ppm neiugsvees 3 fidnaanian

(0.675 ppm) Veuzfiiugiigas 1 fleendian (0.500 ppm) aedlsiniu nan1siaszivneadn wud luansnsiuedg

L] 9
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@

SN oo DA 9 1 A v o @ Y 1A @ [ Y
fdednfny (ns) wandliiuianeiuglifinaseusunalenludluudaiudlendsegadany uazAmnudeglusediu

o

MNUasnnenan1sustaa

M19199 5 uanawavesnaantiveswlaiudendiuansieiy 91w 4 anenug

oo 5 UTuw AL AT AR Taelun
NuUgHUE UL AT y pH
' AL (%) 212 (%) i (EQ) (BL) (ppm)
Wugigus 60 (B1) 12.76 9584  5.90 49.09a 899.17a 0.608
UGN uATAENT50 (B2) 12.55 9510  5.56 47.71b 876.83b 0.608
ugsveed 3 (B3) 11.67 94.95  5.66 48.51b 862.92b 0.675
g Wyew 1 (B4) 12.70 94.69  5.57 51.25a 858.67b 0.500
Mean 12.42 9515  5.67 49.14 874.40 0.60
F-test ns ns ns * * ns
% CV 13.55 080 439 10.52 2.51 31.82
NUYLAR

o = '

ns Wag * My lluanenadued 9 TitedAun1Enn waz JANULANAN9ERRNSEIUAINUIBIAL P<0.05

o

LY v o o

Anadenddsnwisniiuasiulureduilifvadu wnneds wanansiusg1elidediAynisedansyaunudeonu P<

0.05

PNMIANBIUFAuRUS sEnIeiuivgnuazaneug dudUsndsdonuaudfivesudadudvsnds laun

]

YSuaumnudiu Aue A1 pH Arnasdaliin (EC) mannumie wagUsunalaenlus wuin Usinuanuduvesdedu

' v a

dgndannnisugnluniunuagangiugiuandaiuiiieglugae 12.37-13.13 % lnerianuauasiiaanuly Jamin

]

' '
1 o a

YNAMS WUGIBUS 60 (13.13 %) vausdiasnfiganuly Sswinnuwdug Wuginuasans 50 (12.37 %) agaslsinu

q q

HaN15IATIEINIERA wudn TuusnsnsiuegnedidedAty wansbiiuinufduiussenieiiuiivgnuazaneiugliiing

v v '
o

AoUsuIuAuuve skl sudUsnasogatnian Mellenaflosa ntunaun1sNanLasn15e Ukl linInsgu

IndiAgaiu Arpuvveswlaiudivevadiaieg sening 94.83-96.10 % lngerraiuigeiganulu Jaminelass

U

o a o

WUSVIBUL 60 (96.10%) wagsfiaanulu mianwaus Wug

a

Wiad 1 (94.83 %)
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M19199 6 wansravesUfduiussEnIniunUgnuaraneiugiud Usndsionuaudiveswdaiud e nas

v . st Uynds Usuna ANV pH  armsihlwin ANAUTTA Twenlua
wunilgn Uadeil) ) - z
Y (Uadwii2) AT (%) (%) (EQ) (BU) (ppm)
Jwminelass (A1) Wudieua 60 (B1) 12.47 96.10  6.23 44.77bc 900.33a 0.675
Jinelass (A1) fuginunsAansso (82) 12.47 9500 535 40.80c 865.33ab 0.675
Jwninglass (A1) fugsvees 3 (B3) 12.55 95.60 5.8 51.71a 858.67bc 0.675
Jwninglass (A1) g g 1 (B4) 12.87 95.07 5.7 52.12a 863.00bc 0.608
Jamianmdug (A2) Wugvieus 60 (B1) 12.90 96.00  5.84 55.33a 866.00ab 0.608
Jamianmdug (A2) Wuginuasmansso (82) 12.37 95.40 557 56.25a 870.00ab 0.608
Jamianmdug (A2) Wugszees 3 (B3) 12.88 9550 561 53.20a 857.67bc 0.608
Jamianmdug (A2) g figu 1 (B4 12.48 94.83 542 56.32a 869.67ab 0.608
Jwdaynams (A3)  viugvieus 60 (B1) 13.13 9590  5.7a 50.64b 926.33a 0.608
JamIngna1ms (A3) Muginunseansso (82) 12.73 95.13 5.81 44.37bc 890.67ab 0.500
JamIngna1ms (A3) Wugsvens 3 (B3) 12.46 95.83 557 46.05b 884.00ab 0.500
Jwmdnynams (A3) g figu 1 (B4) 12.81 9520 552 47.13b 849.67bc 0.500
Jwinanauns (Ad) Wugvieus 60 (B1) 12.53 9537 5.82 45.63b 904.00a 0.195
Jwinanauns (Ad) Wuginuasmansso (82) 12.61 9587 550  49.43ab 881.33ab 0.171
Jminanauns (A4) Wudszed 3 (B3) 12.42 95.87 5.88 43.07b 851.33bc 0.142
Jwminanauns (A4) g figes 1 (89) 12.65 95.67 5.67 49.42b 852.33bc 0.117
Mean 12.42 9515  5.67 49.14 874.40 0.60
F-test ns ns ns * * ns
% CV 13.55 0.80 4.39 10.52 2.51 31.82
VU8R

ns waz * nunede lluanenadusgnedidedn

LY

AladndmnyssnMnuaA1eiuluAeaLlREINY BUNED LANAeRUeENel

0.05

NATIATIZAAMULUTUTIUAININYT LazAl pH veskdaludiends wuin lidanuuansaneiusgied

U o o

UYAIAUNI9EDH Wang

)

'
=

denag Tuvuenainsii

AUNINADR LA

=

fanuuansnsadaTisy s UANIITesTU P<0.05

Toddnymneadndisy

=

o

VAT I P<

i jduiusseninaiufivgnuazaneiuslifinaseninues wazan pH vesudalu

L wazanumdavesids wul denuuansnsiuegeilidodidgmnisads (P < 0.05) wans

Tiiuiujduiusseninfiuiivgnuaraneiuiinadeninistlniuaranumiinveswts Sannisilniivesudeiy

dgndainegsening 40.80-56.32 lagAriganganuly Yminniwdu

s o

§ WUy

]

1(56.32) mmzﬁmﬁf’]ﬁamwﬂu

Janinelass Wuﬁmwmmam 50 (40.80) suqma]msrruaqﬂuﬂimmmﬁmmaamﬂivﬂa‘mmaLﬂﬁiumuumﬂw vﬂ

v a1

LLG]ﬂG]’NﬂUGI’IiJﬁJ’HWWULLagﬂﬂEJﬂWWSZJ’ENLLGIa%ﬁ?ﬁwuﬂuﬂqiaﬂlﬂ]ﬁqﬂﬂqﬁqi ArAnuniavetaiudlsnasinney

e

53999 849.67-926.33 BU Tasmanunilngaiiaanulu Smianamns ugieus 60 (926.33 BU) vauziiddiian

q

wulu daminynaims Wugiige 1 (849.67 BU) Fsenaiinainaruunnanavedlassasiudauds saudsdndiuvetes

q q

a

lulaawazerlulawmnfiuilasudninaanviaiugnssuvesaeiuduaraninwindenlunisuan ddsunalseludves
wladudUends wudn liusnsineduegrefideddy wandlidiuinujduiusseniniunivgnuasaneiusluinasie

USunaulwenluntusteiudruendsegedniau LLaxmﬁwuﬁaaﬁiuisﬁuﬁﬁwaamﬁammiu'%‘lmﬁmaaﬂwzm 0.117-
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'
=]

s

0.675 ppm lagAiigenganuly Janinelass Margangiugilen 0.675 ppm) uagarviganuluy Jaminanauns fiug

q q

W3au 1(0.117 ppm)

aulAnuvasiunugniiudusndslundazdmin
NnuansiaszianRfuluiuivgnie 4 Ymin nudrdirnudunsaaiwesiveylugig 5.10-7.90
Usnaduvise Tagegluszaumiaiunans wasUSinasinensiivuansisiulusdasiiug Taoraduledeniindma

faANULANAIIvBINaNanTud U aannulunsNeaas

M990 7 AnsiesevanRniuresiunugniudvsnadluidasfmin

%@gaﬁ?mmgﬁ/ﬁmuﬁ Jwdnglasy  dwdanwdud  Swiaynevns IINEANAUAT
pH 7.90 5.10 7.40 7.80
Electrical Conductivity (dS/m) 0.19 0.01 0.14 0.17
Organic Matter (%) 1.88 0.54 1.11 1.59
Total Nitrogen (%) <0.10 <0.10 <0.14 <0.10
Available Phosphate (P,Os) (%) 40.63 39.45 27.43 35.08
Exchangeable potassium (me/kg) 508.1 259.40 335.30 459.90

NUBAN: FaTLanIAINTIATsaNRRuedsvesiuivgniounmnaes

afUs1ena

' a o 1

wan1sAnId idudn Aufivgniidvsnassrsiideddgmnaaifnouiuasisonu nandniituan uas
Unaudaindnlel (P<0.05) uilidwasiowesiGudutisluianlumead azvieuliifiuinanmuadesiinasdons
a$19¥una (Bomass) Inssannnninmsilasunlasesduseneumandmeluisiudusvdcagnss Inodminelass
Toinandntisiuangsdign (7,100 Alan3u/ls) esniiusinaduriotag (1.88 %) uagveavlesaiiazansls (40.63 %)
aumiiiufidu Sudesensitaunsruunnuasmaaiiaidluszerian sasfitoraanauesulFnandaiaandinit
ndulviesdudutlaiogaiian (25.00 %) uasdiuTunudnugaiian (1,515.7 Alanfw) Usngnsaliesungldann
audARuvesiminanauasifiuiinalnumadoiuanddsuldlusydugs 459.90 fadnu/Alansy) Fslnunaidend
unumdrdlunmsmuauniada-Saunluiiemsduasgiuas saonsudsniaedeudiethmannlulvazaslusy

voudeiilafu aenndasiusieauves [4] NssyinAnugauauysalvediuwagsmemsaninalagnssiafianssy

3 3

[

M9EITIngwansasenun L laiud U nas

Tufhudnsnavesanosiug SudUsmdaiuginews 60 uansfneniwmaiugnssy igsgaegradaiau Tngls
wawdntiasiuan (7,000 Alansusiols) wWesiududaade (26.51 %) uazUSmnaudsinanls (1,955.6 Alansy) gefian
ogafifodAnymeedn uansisydvBnmiigilunisduesginas msdidesnnslulewnsn wagmsasusundany
Tazanlwi Jadudnuusriunmaiugnssuiviumldduanmiunsevesnans Tusenidsunie asmimssau
¥0s [1] flodued dnenmmslinandauaznsazaunislulamsaluisiudsvdagneunsilagdnuvazmeiugnss

N EUBIUFRTAENUT
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v
av a4

UszinudAginulun1sidedfe Ujduiusszniniiuiivgnuazaieiug (G x E interaction) inaogned

o a

TodimeaifsiouSunarisedy Wedldududs nandaiisiuan uasuTunaudaindals Tasemeiugious 60 7
Ugnludawinanauns ansauansdnenmgsanlaelsiosidudutegeds 27.53 % uarliuSinaudaindnldgiign
(2,065.0 Alansu) Buduinnisuanseannisiugnssuvasivdendadianuinmziaivasioaniniindouiasauta
fuluusiasiiuil denndasiuuunAnues [5] Faszyihmsussiduiusiiudugnduiiensduaiudandudlaiannsa
firsananAnedsvesaeiuiuiofuiifissodauiedld uifoserdedoyaufduiudsuiiessymumnsauany
ol (Site-specific suitability) Faazteliinunsnsanunsaumsdansanudewasiivaiosnnvemaninldotg
wilug

\defasanautidmihfimagaainnsy wudﬁ‘ﬁuﬁﬂgﬂ aeiiug uazUfdutussemineadesiiade dewa
ag1afidedAgyvsaifaeainisiilain (EQ) uagAraunilngedn (BU) Fhmiﬂ’lvl,w%ﬁﬁuLLﬂimmﬁyuﬁﬂQﬂ
(nearzludminniwadus wugiga 1 Afienges 56.32) duiudlaasafunisiguaglooouiiazarslilufuiisings
Fudlunndnsludauds dmuaarumiagean fiugvous 60 Agnludmiaynamsiveigean (92633 BU) 3
autAduanuniiniiiendedasnsstuindiuarlasadluanaveserlalaaunazerlulainniiu TneAufifusum
Tnunadousuinazdednaiumisanysaivedasaadands liudedflasaieiginhuasmumudousadould
Faju WzdmSUgnamnITuLUTULAA18e Wi wleinuwds leniuea uaznanadndinm Turnsdiaderomualsl
dsnansgnuReATIIY AL pH warUiinallseludesaiifsddy esnanudusaseurignaiuaudae
wnsgulunssuunIsEnwasnIsoultawda SnaUsunasleslusAinuiiAnduan (0.117 - 0.675 ppm) ?fﬁasﬂu

wnaiivaendusenisuslnanunsgIuEaIna

dquna

a a ' o

HaNSANYINUIN aneuglivdUsndsldvinadednuiuiinedny Ysunauds waznandaudalsogad
Tuddnymeada lnowugvieus 60 Winadiige fwiuiieds 16.33 Wsedu Usinautuads 26.51% uazuanan
uilsgean 1,955.60 Alan3usiols uandiiufadnenmmaiugnssuiidlumsasauutuasnslinandngs Samnzan
semsUgniBsndivdannnitanewugau ﬁuﬁﬂqﬂﬁwaﬁiawamﬁm%ﬁuamu,azmiazamLLﬂwaaﬁuéwwé’aa&hﬁmLﬁ]u

Inedainelassiinandaiiiuanndogdiign wiriu 7,100 Alanfusels sasiiduminanaunslivesidududegadian

Windu 25.00% wiideziinandniaandindt wandliiuinan muindonvedaiui 1y AnueaNauysaiveRuLay

P

anmgiona dwadensnisaiwandawaznisarauudsluidudidends Uduiussenineaneiuguasiunugndl

Y

Hangalledftydonandnuazaunnuds Tnslameiuimieus 60 MUantudminanauns Winandnudadolsasiian

wiriu 2,065 Alansusials wenaindidmuinujduiusaenaidinanaainisinlui (EQ) wazAiaunila (BU) ves

wiseghelidudfgynneads axvouliiuinisidonaneiuglinzauiuiuiivgniiauddysenisiiudszdnsam
a a a £

nsudnwazAun Ll audRfuvesiunugnns 4 damdadannuuandaiuludiuen pH Usunaduniedng uazse

911918 N FedsHanon1TRsyiAulaLaznsazanndsvesiud1Usudy lasanizdaninelassuazanaunsnilan
WoaleFauarinuna@eunsud1aas Al pH Indifgenans ilimmngaunen1simuIseuUTINWAENN T899

wnndmiunfdanudunsags nmadenaneiugiinuzaudvanmiuwasdwndey wu nsldiugmevs 60 Tu

v
P

Hunfwminanauasuazelass awdiediunandn snseduaunmds wastiinanuansalunisudaduregramnysy

fudruzndwesUsemalnelussazen
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AnAnssuUszne
vavauAm AuzmAlulagn1sinens Inninerdenwdus wazuien udalun1wdug drin Aaduayuns
9w sulszanaasiunlun1svinaudde wazequaiuteyanuideluaseld sawilbinuidednsaieusos

anysal
Y
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Abstract

This cross-sectional descriptive research aimed to study the digital literacy and learning organization
affecting the development of quality standards in primary care network. Udon Thani province, Thailand.
The study employed stratified random sampling to obtain 206 participants from a total population of 134.
The research instrument was a questionnaire, which was validated for content validity by three experts,
with all items objective congruence (I0C) greater between 0.67-1.00. The questionnaire’s reliability was
assessed, yielding a Cronbach’s alpha coefficient of 0.97. Data collection was conducted from December
1%, 2025 to December 31, 2025. Statistical analyses included descriptive and inferential statistics, with a
significance level of 0.05.

The study found that the overall levels of digital literacy, learning organization, and the development
of quality standards in primary care network were at high, with mean scores of 4.48 (5.0.=0.40), 4.05
(5.D.=0.51), and 4.18 (5.0.=0.47), respectively. Both overall of digital literacy and learning organization
showed a moderate and statistically significant relationship with the development of quality standards in
primary care network (r=0.490, p-value<0.001) and (r=0.695, p-value <0.001), respectively. The four variables
consisted of learning organization in system thinking, digital literacy in digital literacy, learning organization
in collaborative team learning and digital literacy in digital skill affected and could jointly predict the
development of quality standards in primary care network Udon Thani province at 53.1 percentage, (R? =

0.531, p-value < 0.001).

Keywords: Digital Literacy, Learning Organization, The Development of Quality Standards in Primary Care

Network

Unin

N ~ ' Y a av v v O v
nsdgunUaseasszuuguanluanissui 21 dwaliniigusnisguaindgugiifesUSudamesnunis

o

UIN330N13 NMsttineluladfdsia wazn1siauinunInuInIsedaaiilos melduleuisnisimussuuavnin

vouszmelneiydszuuguamAisia (Digital Health) eadn1seunsielantaidunisaunssuudeyaguainuag
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I~ v

nuniianafiegeiign fe Ausvuudesiukazaiuaun1sinle agluseduiin Aadie 4.34 (S.D.=0.51) 509A4K1

o))y

8 AUTTUUUIMIIANTS egluseAuunn Alade 4.31 (S.0.=0.57) dwsuitddadetdesiian Ao s1un1sdn
yaansuazdngninlunisliiuinisegluseduiin Anade 4.04 (S.D.=0.56) 709831 Ao FusEUUBIUSUANTS

AuMIIngduarasnsauay egluseduinn Anade 4.06 (S.D.=0.59) AR (Ha013797 3)
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M13199 3 Aade ddeuuuIINIEIU kAENSLUANATEAUMITAILIALINMNAMAIMATEYIBUTNMTUTH T ves

Winihfanssaugululsmeruadaasuguaimeiua Jawmingnssnd

FuusiiAnyn Mean S.D. wlana
MNTIUNTHALIALNUTAMNINIATIYIBUINSUUYT 4.18 0.47 Ol
1. UTBUUUIMTIANS 4.31 0.57 N
2. iunsIayaansuasAnannlunsliuinmg 4.04 0.56 1N
3. fruanufikeineuinig 4.21 0.58 )
4. FUSEUUATAUINA 4.10 0.58 N
5. AMUIFUUUINNTAUANUgUH 4.23 0.52 11N
6. MMusTUUVBIURURNIAUNTUN S LaransIsaan 4.06 0.59 N
7. AUAIITAVIAITLNFUNITULATIIUA AT UTLAARAIU 4.17 0.55 N
qunm
8. fusvuudosfuuazmununisinide 4.34 0.56 N

5. ANTBUIAUAINaLATIANTWAINISIS B NEANNFURUSTUN sWAILIAMN eI AN NLAT YUY

uIn1suguniivesdwmdhnasisagululsmeruadaaiuguamdiva Saningassail

v

HANTSAN®Y WU NINTINAMINTBUTAUATTE TauduiusseAuUunaeiun s uginun 1w

' ] a 3

wIsteusnsugugivesdmtfiansisualulsmeuiadaasuguamiiua Smingassiil egraddedAgmni
atidl (r=0.490, p-value<0.001) WBRITAUNANTOUTAUATTATIEAIU WU NAAUAUTANNFuRUSSEAULIL

nanfuNsiRIANATiAuA AT U NsUgI ive Tt as sugululsaneuaduasuguaineiua

o

JaningassnflegreiliudAynealia waznuinnmsnesAnsuiansiseud danuduiusseauiiunatsiunis

¢

Wawmunaginunmas ev1euInsUgugiivesdminaissagululsmeiuiaduasuguaindiva Jmin

q q

o w a

I 1 a o a -ﬂl a s 1 a ¥ v 1 %
2ATTIUDYNUUBANAYNIERF (r=0.695, p-value<0.001) LIBNINTUIDIANTHVIINITLIHUITIEATY WU YNATY

'3 '

auiiauduiusseAuiiunansiunsimuaunasiaaun a3 e 1eusnsuguniveadmiifaisisaaly

q
o o

lsmenuadeasuavninsiiva YmingnssilegraliledAgyvneads (a5 4)

o
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o s

M19199 4 duUseAnTanduiusveuiiosdu seninemuseusiuATnaLag 09NN BUI TUN SWAILIA1Y

WnaTAMAINATEUIEUINSUTHY v nThNans1sualulssmeuadasuguamitua Jmingassiil

NIHAILIAUINMTIAMATNIATUIBUINSUgUY Hvad mTiW

ve e asnsugululsamenuiaduaiuguaindiua JmIngassiil
ANATBUIAUAIVA

e A duuszans .
KaTAIANITUNINTIREUS . o . 3ZAU
ANAUNUSVDY 95% Cl P-value . o .
e AUFUNUS
bNeSEY (r)
ANATBUIAUAIVA 0.490%** 0.348 t0 0.627  <0.001 Urunans
1. Mmanlafania 0.377** 0.247 t0 0.503  <0.001 Uunang
2. MsleRavia 0.405%** 0.241t0 0.552  <0.001 Uunang
3. nswAtlymeiadesiieddva 0.385%** 0.249 to 0.506 <0.001 Uunan
1. msUfusgnsiasundasiava 0.443%*x 0.288 t0 0.585  <0.001 Urunang
MWTIBIANTUNINSITEUS 0.695%** 0.610 to 0.777  <0.001 Urunans
1. m3fuyarasouy 0.574%% 0.436 t0 0.690  <0.001 Urunans
2. MSULUULNUAIINAR 0.551%** 0.419 t0 0.669  <0.001 Uunan
3. Msindeviamisuiu 0.570%** 0.437 to 0.689 <0.001 Uunana
4. msBeuisuiuduiiy 0.568* 0.431t0 0.695  <0.001 unang
5. msanegaduszuy 0.665*** 0.565 to 0.761 <0.001 Uunan

*** Correlation is significant at the <0.001 level

6. AATBUIAUATVALALRIANTUIINSISBUSNTNARBNITWAILIANINUIIAMAINATEYIBUINITUTH

s IS

plvaadmihmasisagululsaneiunadusiuguandiua Smdngassiil

q

meifeasalfiteldnsamoutonnantowiu lunsdildaditinseidoyannoesndadunuutuneu
§ail 1) Arranniadsy (e) fnmsuanuasuuun@ nageulae Kolmogorov-Smimov (p-value = 0.056) 2) NAgay
Toeldadf ttest nui1 AnadovesAna1nAdew (e) Wiy 0 3) naasulasn1syh Scatter plot WUIINISNSEANE
vaaA1nanaLAd ousyludnuazasdl 4) @1 Durbin-Wastson wu3nfie 1.801 waz 5) AwUsUTIUTRIAIAIY
paaad oulunsiugvesiaudsnndaulsiidiasd aranueatnndeufidaszsedu lagnismaasuliny

AUFURUENYIS T (Tolerance = 0.353 - 0.374, Variance Inflation Factor: VIF = 2.603 - 2.756)

v v o

HaNSAN®Y WU AaudsBaseilinason1simuImunueiAMA AT Y8 UTN1TUTULdv0 U MU

I~ v N

anssagululsimenuiaduasuguainsiva Jamingassndl NgnidenidnaunisheswlsilidedAynisadanseau

0.05 uazsuusdasenlilignifenidraunsfediwusiaduddgeaifiinnndt 0.05 lneduusitgnifenidnly
aun1sisesEIny fll esdnsuiinIsieusiunsAnegialuszuy (R? = 0.442, pvalue <0.001) AINNTOUSAY

aa o

ARviasnunisidlafdsia (R? = 0.040, p-value=0.020) aadnsurin1siseuimunisseuisuiuluiin (R® = 0.030,
p-value=0.001) warAuTOUIAUATTaRUNSTERTTEA (R® = 0.019, p-value=0.022) Fananiladn dauUsdasey e
4 7 anunsasudulunisnensaluagiinase nsiauinunasiguaInATeYI8uTnsUgug dvesd i

asnsaglulsmenviadaasuauninsiiua Yamingassnd lasesas 53.1 (R® = 0.531, p-value<0.001) nganunsn

ISSN : 2821 - 9406 (Online)




NIATIMEMEns wialulad wazuinnssy windnerdunwdug

I 5 atiuit 1 (Uns1AY - iqmau 2569)

iwuaduaunisanoesnmdudunse Faduaunsiusluguazuuuiv wiueluaunisld dsil v = 0.788 +

(0.294) (aeAnswiIMsFauFAuNsAneg 1 luszuu) + (0.142) (Auseuiiundviasunisdlafdva) + (0.202)

U

(efnIuvisMaBeudmiumaSsudsuiuiuiiy) + 0.167) (Anuseuiiufdadnsliniva)

Y

Feanunsaesueladn Wemuaudiulsdug iasiiui azuuwrewiulsesdnsuiinisiseuimunisinetg

< 159 o

Juszuu anuseuiduddadiunisdleddia esdnswisnisSeudiunisdeussuiuduiy wazanuseud

Y

v
o Ya =

sfuRdadunslifdia Wndu 1 mie wihlfazsuuunsiaumunusinuamieaiorisuinsugugiives
Edhilassagululsmennadaasugunimiiua Smingassil sty 0.294, 0,142, 0.202 ua 0.167 Mg
g Tnedinasiivesaunisviune it 0.788 Sauusuusiis 4 i aunsasaufulunsweinsaiuasinasio
mMsfmuIRanusinunmeIet eI Ui iveud i ianssagululsmenunaduaiugunmiiua dmia

9n3511 Iasesay 53.1 (R? = 0.531, p-value<0.001) (19157971 5 )

M13190 5 A1ATRIIATIZYINTA0RLNYITUAULUUTUABUYBIN THAIMAUNAYIANNIATEIEUTNTUTUY VRN

Winihfiansisaugululsmenuiadaaiuguainsiva Jawingnssndl

. 95% Cl R?
fianus B ———————— Beta T p-value R R? R? change
Lower Upper adj

1. aAnsuiamIsiSeuisnu 0.294 0.170 0417 0399 4.693 <0.001 0.665 0.442 0.438 -
msAnegraduszuy

2. mwmauﬁﬁmﬁ%ﬁa 0.142 0.017 0301 0.125 1765 0.020 0.649 0.482 0.474 0.040

a o

AuUNS bR

3. 9IANTWMINITISBUIAIY 0.202 0.080 0325 0264 3270 0001 0715 0512 0500  0.030

a

msdeudsauiuduii

4. mwmauiﬁmﬁ%ﬁa 0.167 0.024 0.309 0.170 2310 0.022 0.729 0.531 0.516 0.019

o

ANUNS LRIV

ARl 0.788, F = 36.505, p-value<0.001, R = 0.769, R? = 0.531, R’ adj = 0.516

7. Jgym guassa wazdaiausuus Mneadasiunisiananasinaa wesaisuinisugugiives
Wvthitanssugululsmeuiadasiuguamdiua Samiagassnil

Uy guassanazdalausuus MAstesiumsimumunasinuamadetieunsUsugivendmiig
anssugululsmenuiaduasuauainsdiva Samingassndl PNUUUAB VAT IMNA 134 2t WU nauag1ald
iauedggUarsauasdolauouuiimun 42 atu (31.34%) Tnedawn guasseuasdoiauonuzseduls s

aa v A v

AuseUEiuAIa Ao sumsidladdvia (54.76%) wui Wnihflanssaugululsmeuiadaaduguamda
vidndnnnnudilasuadnalunisidssuuansaumeguain nmsiwaeideya wagnsuszgndldinalulagly
mMsanna dwalvinisdndunumanasiaunimeetieuinisugugiviaussavinmuazauselies Fardu
msdaaumsmuinwe Mt lefdviakunseusy nmstimadamu wazmsBouianmsufdRnuaie e

Angnnlunislideyauazmalulaglunisimmuiguninuinisauainugugledaluseavsnn asrnsuianisiseus
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sumsanegaduszuy (47.61%) wuin Wmthilasisagululsmenutadaaiuguainsiuaunsdiudaininey
nsAneghaduszuulumsiinesitiym Weslsstoua uaznauwuimnumsnusinaa A a8 UINNTUsY
ol dsralinmsiuiunuusunaarudeiesarliaunsaudlatymldeinsouagu fufussdnsmsduaiy
nsEUIuNTFBud Ay Msisesidamnideszuu waznnsuaniUdsudszaunisallunsWaunau ol
UsAnSAmn I sianAnNINUINSERANUTNN ardanudndudInsiRIuInINNIAMNATNATEYIBUTNNS
Ugugiiveaimihfiansisagululsimeunadaaiugunmiua Smingassnil Ae duszuudesiuazaiuguns
Ainutio (80.95%) Ssnutesriaduyaains Yangunsal warnisufiinuunsgumstiestunisindenswaiies
dawaliursnheuinsdsdimnudsiomauninszaradoluaniuuinisgunw Kufumsduadunisiauneming
L.Lazﬁﬂmﬁmmiﬂmﬁ’uuazmuqumiﬁmL%a nsimeaRamuetaiaue saufssatuayunineinsiilome
ilesnsziuamnmuazaLUasafevesuinsquanUgunilndulunumasgudidmun sesasnfe fuszuy
UIMIIANT (71.42%) SanutodninaunITIuELaIL AMSUSMIMINeIns kazn1sinaudseidunanisaniivny
ogaduszuu demalintsdudurunsilddulunmdmsasraausodes fafuasiamdnenim
yAaINIFIuNTUIMITan1s msliteyamsaumaienisindule uaznisddusmvosiiuguan ol

UszdnSnnmseiiuauLazenseAUAMAMUI NI NUFUN A

dsduazenusena
MNHaNTIATIEA MIAlesIzinIsanaesdaduiuutunou nu fulsBassiitinasie maianna
\nassinaunmed e euIMsUguafivendminiianssuaululsmeuiaduaiuguaindiva Smingassnd G
aunsnefuenantsive Tnedesdduiudsiignidenidrannslé dell
safnswiimsauiiunisareguduszuy nansfnwmuihdenuduiiusronsiaununasinann

w3eveuinsugugiveadmihiiassagululsmenaduasuguaimiiva Ywingasond Melilesanndu

'
o A

nszvIunsaRgiteliuaainsansains sy Weulssdadeiieades wasnunuiaunnuegiaduosd

o

530 dealvinsadununnuinueinunimassYeuInsugugidanuseideuazissdnsamuniu ¥

1% [ a A a ' a ! < < Y °o v L3 1 a 2/
FOAARBDINULLUIAAUDY Peter M. Senge [13] VIE]ﬁU’WEJ’J’]ﬂ’]'ﬁﬂﬂE]EJ’NLUui%UULUUMﬂiﬂﬁqﬂmﬂaﬂaﬂﬂﬂﬁLL‘MQﬂ'ﬁLiEJUE

o 1

tlesdnsanunsosonfiuaruduiusvostiaderne q uazdiusrensdsutaddetnamngan uanainiiua
nsAnudaenndesiunsinuiinuit ssdnsuisnsouifunsanegradussuuiinademsimunnuainuas
wmsgusUInsguamugugivesdmifilumieuinisasisaau 7, 211 egndlsfnm armuandavesuium
Bt Tassadnisuims wesulsveduguninlusasinguain orsdmalissfumsiauesdnsusns

Seuiiaznadnsransaiunuwangaiu

v Y

ANNTOUIAMUATTaRUN1 AR Han1sAnwInuIdanuduiusaen sWMuIALNMIIAMAN

a v v

wiotneusnsugugiivendminfiansisagululsmeviadeasuguainsiiva damingassii Melilosanndu

Y

a o

Finweiugiuddyiiteliyaansanunsodnfe fiesed fnnu wesUssendlideyamsaumauaznaluladddse
lun1sufuanulaegregndesuasinunzay dwalinisandununiuinasinuaimeietisuinisugug il
UssAnamaintu Taslamegdunisdafivteyaguam memesudeya nisldssuuasaunagunin uaznns
AnmuUsziiunanunmung dedudussdusznouddguesmsiannszuuuinsaunmdgunilugafaa [22]

o o

wanNUNANIsAnSiaonadasiun1sAnunudl aAnuseuiauAIiasunsii1landva duaseniswmun
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AN INLAZUIATFIUNTUINSFUAMUgUTve st luniieunisansisaa [11, 23] egslsiniu A

WANANVDIUTUNMTINUN 1A59ai1amsuivns wazuleuiesuaunnluwsiasiunguan enadmaliseAun1siau

o v &

ANUTOUIAUAR AL NAANTYRIN TANTULUANANS Y

s 1 o ¢

aaAnswiINIsSBuiAumMsisaussawtuduiiy nan1sfnvinuindanuduiusdoniswmuiniuns
@mm‘wLﬂ’%@ﬂzhau%miﬂgmgﬁmaaLﬁmﬁﬂﬁmﬁﬁmqmiﬂiqwmma@iuﬁ%u@mmwﬁma Jmingnssil Teiiesan
msFeusiuiuduiintsdaaialiyaansiiansuaniudsung Ussaunisal wasuiunmienisufdRausiuiy
ildanansaudlodgyn Wauiseuuuinig wazanduauaunasiaunIne3 oY18u3IN5UguY T laegiadl
Usyansanundu Tnglaniznissndunudideserdeausiuiiovesiiuawivndn [13] Peter M. Senge a5UNYI

nsleuiTuiuduiiu Wussdussneudidguesssdnsuanisiseus gagliyaainsiianiswaudneninuag

@

ansaUuidenisilisuudasesesdnsidegrauninzan Fwmansfnwessilasnadesiuanuifendgnfnuwly
wan nuinsseudududuiinlunsujiRnuuesdmihiassaaulumheuinisasisagy danuduiusede

NSHRILIAINUIAMANATENBUINTUTHNH [24-25]

v v '

ANUTEUIIUAITRAUNSTERITR HansAnwInuIdauduiusieon simuInNInMTIAMA AT

o

uinsUgugivendmihfiassagululsmeuaduasuguaimdiua Smingassiil vellilesnniduiinveddg

o

o

Hreliyaainsannsadunaluladasaumenazszuuidnanvszendldlunsuf iR viu msdaivuazinsizi

v = o a ¢

Joyagua1n Msdeasnelufinguam naenaunsinauUszliunan1 s dunumUnMgiAMNANATEYIBUINS
Ugunldogaiiszansnim [22) Sswansfnuluadsiiaenndosivamadenflfnwliud wui erwseudiu
Afasunslindvavendmihilansisua fdwsulunmensaluasinasonsufiRnuveadviilumiog
U3Msanssage (10, 11] Vil mnusaziuiiduiun ulsnisnnuhsnudauuandsiululuudasfuil ene
daralvinuseuiiuAdianunsldRdvia Ianuwansaiv

lgagunan1side wud1 AmsuanuseuiauAITaeglusyavinn uarlianuduiusluseauliunanaiu
msamsINasinua e eT1sUInsUgunvend e sagululsimeuiadaaiuguainsiua e
9n5514 wagnudn AnsImesAnsuiINsSeuiegluseduin uasdanuduiusluszduuiunansiunswamuimy
inausinunmaseY1suInsUsug fivend i fiasisagelulsmenuiaduaiuguaimeiiva Smingassii
uanNHEUT fauushe 4 ¢ Uszneude asdnswisnaidouifiunisinegnauszuy e useuddiudisa
sun1slaRdvia esinswiinIsBeusAunseuisuiuluiin uasanuseuiiuiiviadsunisldadva aunse
suidlunswernsaiwazdnadenisiauimuinasiguamadetisuinsugunivesdvindiasisuguly

Tsmegunadaaiuaunimsiua Jmingassnd l0sesas 53.1 (R” = 0.531, p-value<0.001)

JoINALATBLEUBLUTIINNIGTINY

mMyeasalidunsfinvidmssaunsuuniadnung sililiamnseedueanuduiusidanwasnaves

fudslaegnsdnau wenaniideyalinnineuiuuasuniuenalieniainnissuidiuunna wazngudeg1adiinet

]

Tulsanenviaduasuguamsiuadiningnssidl Jwenalidedndnlunisiinanisidelusedmievetanaluuiun

NUNDUY
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Faauauuglunsimanisidgluly

ddnauansisaguiwin dinnuassaauene lsmeiuiaduaiuavanindiua ludswingassndl
Arsudiums deil

1. msduatuliyrannsinslieseidymuasnaunuinunnuegindussuu Inglddeyamsauneuas
nsfldusamvesiingunw weliuuszavsamnsiannaunmesorisuinsgund

2. nsanvinuznndlatoyafiviauasszuvansaumagunmuosypains ielvianunsathveyaluld
Tunmsdndulauazimnaunmuinsguainliegalussdnsam

3. ensaduayuAanssunsuaniasuiieusuasnsvhausuiuvesfivaninn iiledaaunsian
A muImsuaznsuAladgmlumheuinisednasielies

4. msduazunisliimaluladfdvauas seuuansaumalunsufiinuaznisfenadseidiusa el
AUTINGT Qnaed warUszdniamlunsandunumunasinaninaistieusnisugugd
Forausuurlunisisenisialy

1. msfinsfnuiiadeiifinasio nmsAnegradussuuvondmihfiassagalulsmeadauaiuguain
Aua

2. ensiimsAnutiadefuduiiandy wu nngdihesdns fausssuesdng usagdlalunsujifnu vie
aussauzFuuInNgsy lo1vdwmaiemsiannmunasinuamaieteuinsUgugivedsmenuiadaaiuguain

fAua
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Abstract

This research aimed to design and develop a batter mixing machine for Khanom La production in order to
reduce the time required for batter preparation, while preserving local wisdom and supporting sustainable
community development. The designed machine consists of four main components: the machine frame, the power
transmission system, the stirring unit, and the automatic timer control system. The paddle stirrer was selected
because it is suitable for low-speed mixing. Open spaces were incorporated into the stirrer design to reduce batter
viscosity during the mixing process. The study then compared the mixing time and mixing capacity of manual
labor with those of the developed batter mixing machine based on three repeated trials. Manual mixing required
an average of 40.00 minutes to mix 10 kilograms of batter, resulting in an average mixing capacity of 15.15
kilograms per hour. In contrast, the developed machine took an average of 13.33 minutes, with an average mixing
capacity of 46.06 kilograms per hour. The difference in mixing capacity between manual labor and the machine
was analyzed using a Independent Samples t-test at a significance level of 0.05. The results showed a p-value of
0.014, which was lower than the significance level of 0.05, indicating a significant difference between the two
methods. The findings demonstrate that the batter mixing machine operated 3.04 times faster than manual labor

at the 0.05 significance level, which reduced the production time of Khanom La for the community.

Keywords: Batter Mixing Machine, Khanom La, Paddle Stirrer, Local Wisdom Preservation
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Introduction

The Tenth Lunar Month Festival (or Sart Duean Sip) is a long-standing cultural tradition in southern
Thailand, particularly in Nakhon Si Thammarat Province, where cultural heritage has been continuously preserved
and passed down through generations. One important practice during the festival is the preparation of traditional
desserts known as “Mmu Rub.” Popular items included in the Mmu Rub are Khanom La, Khanom Pong, Khanom
Dee Sum, Khanom Ba, and Khanom Kong. These traditional desserts reflect local wisdom and also serve as a
form of soft power that adds economic value through the promotion of long-held cultural beliefs and regional
identity. Each dessert carries its own symbolic meaning. Khanom La represents clothing and textiles offered to
ancestors, Khanom Pong symbolizes rafts or boats used by ancestors to cross the great ocean, Khanom Dee Sum
represents money for daily use, Khanom Ba symbolizes the traditional game balls used during the Songkran
festival, and Khanom Kong represents decorative jewelry and ornaments for the body [1].

Khanom La is one of the traditional desserts prepared for the Tenth Lunar Month Festival. One of the most
well-known production areas is Ban Hoi Rak Community. At present, the community has approximately 15-20
groups that produce Khanom La. Each package is sold for around 30-50 baht, while La sheets are priced at
approximately 120 baht per kilogram, depending on size and quality. The production of Khanom La generates an
average monthly income of 15,000-30,000 baht per household. As a result, Khanom La production has become
both a primary occupation and an important source of income for the Ban Hoi Rak Community. The production
process begins with raw material preparation. Fine and clean rice flour is selected and mixed with palm sugar and
water in appropriate proportions. Rice grains are then soaked in water for approximately 3—4 days until softened.
After that, the soaked rice is processed in a grinding machine to produce rice batter. The batter is filtered through
a thin white cloth to obtain a smooth texture. Once the batter settles, it is wrapped in cheesecloth and pressed to
remove excess moisture. The dried flour is then transferred to a mixing machine, where honey is added to improve
the flavor. Before the batter can be used, it must be stirred thoroughly each time to prevent the ingredients from
separating or forming lumps. This process takes approximately 40 minutes per cycle before the batter is further

processed into Khanom La.

A\ \\id

Figure 1 Traditional Khanom La batter mixing by manual labor

Based on the production conditions of Khanom La in Ban Hoi Rak Community, manual batter mixing has

been identified as a key issue affecting both production efficiency and the quality of life of producers. Hand
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mixing requires considerable physical effort and takes a long continuous period of about 40 minutes per 10
kilograms of batter. The daily production volume varies depending on customer demand, while orders increase
significantly during the Tenth Lunar Month Festival. This leads to fatigue among producers, limits production
capacity, and prevents them from meeting rising market demand. As a result, income opportunities are reduced.
At present, there is also no suitable batter mixing machine for Khanom La production that fits the community
context while maintaining product quality.

Improving production efficiency through the design of appropriate machinery can enhance productivity,
reduce processing time, and help maintain product quality. In the industrial sector, [2] designed a solar-powered
palm sugar stirring machine and compared it with manual labor, finding that the machine reduced stirring time
by up to 58 percent compared with traditional methods and also helped reduce worker fatigue. [3] developed a
gas-fired filling stirring machine for curry puff production in community settings, which reduced mixing time and
manual labor requirements, improved ingredient homogeneity, increased production capacity, and generated
higher income for farmer groups. [4] developed a fruit processing stirring machine suitable for elderly users in a
community enterprise in Ban Pa Suan, which reduced the workforce by one person, eased physical effort, and
shortened working time, leading to lower gas consumption and reduced operating costs per production cycle.
[5] designed a rice mixing machine and tested optimal speed and mixing time, which increased production
capacity at the same labor level and reduced electricity consumption. [6] developed a dough kneading machine
for small and medium enterprises to improve production efficiency by applying a bidirectional rotational system
along a single axis, achieving a kneading efficiency of 90.65 percent. Similarly, [7] designed a dough mixing
machine for bread production capable of processing 31.90 kilograms per hour at 280 rpm, with an efficiency of
94.70 percent, taking into account the properties of mixed dough. [8] designed and simulated a dough mixing
machine to reduce cost and processing time, using Fusion 360 software to analyze structural performance. In the
chemical industry, [9] designed and constructed a mixing machine for cosmetic and cleaning products to control
product quality and increase production capacity to meet market demand. The system used a paddle impeller and
produced 57.85 liters per hour, increasing output by 64.36 percent with a payback period of 0.6 years. In the
agricultural sector, [10] developed a semi-automatic chitosan mixing machine for community use, which received
the highest level of user satisfaction in terms of usability and safety. The machine could process 20 liters in 2
hours, operate continuously for 6—8 hours per day, reduce production costs, and allow easy mobility and use.
[11] designed a horizontal compost mixing machine using a rotating ribbon-type blade system to improve mixing
efficiency in community fertilizer production. The evaluation of dispersion performance showed a coefficient of
variation below 5 percent, with 1.74 percent at 3 minutes and 3.5 percent at 4 minutes. [12] also studied the
efficiency of fertilizer mixing blades for farmers. Overall, improving production processes through machinery
reduces labor requirements, lowers production costs, and decreases work-related fatigue. However, the mixing
blades used in commercially available mixers may not suit Khanom La batter, as the batter has a high level of
viscosity. The project team studied, researched, and developed a batter mixing machine for Khanom La production
that is suitable for the Ban Hoi Rak community. The objective was to improve efficiency in the Khanom La
production process and reduce the risk of injury among producers, which would lead to increased output, higher

income, and a sustainable improvement in the quality of life of Khanom La producers in the community.
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Objectives
1. To design and build a batter mixing machine for Khanom La production.
2. To study the efficiency of the batter mixing machine for Khanom La.
3. To support the preservation of local knowledge and enhance the community economy in a sustainable

way.

Research conceptual framework

To implement the innovative batter
mixing machine for Khanom La in the
Ban Hoi Rak community.

To study the production process of
traditional Sart Duean Sip desserts,
particularly Khanom La.

!

To design a Khanom La batter mixing
machine using SolidWorks.

Khanom La batter mixing machine

Test the machine’s
performance.

To construct a Khanom La batter
mixing machine according to the

design, based on engineering principles. Improve the
machine.

A

Figure 2 Conceptual framework of the research

Research methodology

1. Study relevant theories and research related to the chemical and food properties of flour, the production
process of Khanom La batter, electric motors, stirring blades, and related studies.

2. Design a Khanom La batter mixing machine using SolidWorks software.

3. Plan the manufacturing steps of the Khanom La batter mixing machine using an operation process chart
(OPC).

4. Construct the Khanom La batter mixing machine based on engineering principles.

5. Test the performance of the machine by measuring the mixing time for Khanom La batter in three trials,
each using 10 kilograms of batter, and then calculate the mean and standard deviation of the mixing time.

6. Compare the mixing efficiency between manual labor and the machine using statistical analysis with
Independent Samples t-test at a 0.05 level of significance.

7. Summarize the experimental results and submit them for innovation registration.
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8. Transfer knowledge and provide instructions on how to use the Khanom La batter mixing machine to
the Ban Hoi Rak community.
Results
1. Results from the design and construction of the Khanom La batter mixing machine
The Khanom La batter mixing machine was designed using software and then constructed based on
engineering principles, as shown in Figure 3. The designed machine consists of four main components: the
structural frame, the power and transmission system, the mixing blade assembly, and the automatic timing control

unit. The details of the machine design are presented below.

Power and
transmission system

Automatic timer
control unit

assembly

Mixing blade 4_[[

Structural frame
assembly

Figure 3 Khanom La batter mixing machine

The structural frame was designed using stainless steel. It has a height of 100 cm and a width of 86 cm.
A single 70 cm round steel pipe was used and formed into the frame structure of the mixing machine.

The power unit serves as the energy source for the machine operation. It uses a 0.5 horsepower electric
motor, and the rotational speed of the mixing blade can be calculated using Equation 1. A control box regulates
the electrical voltage at 220 volts. The transmission system transfers power from the motor to the mixing shaft.
Its main components include a belt, pulleys, a shaft, and pillow block bearings.

The mixing blade assembly was designed as a paddle stirrer, which is suitable for low-speed mixing.
Gaps were added within the blade structure to reduce the viscosity of the batter and improve heat transfer during
mixing. The blades were made from stainless steel 304 and ensured that the Khanom La batter mixed evenly
throughout the process. The main component is the stirring shaft, which has a width of 20 cm and a length of 20 cm.

The automatic timer control unit regulates the operating time of the motor. Users can set the desired time,
up to a maximum of 60 minutes. Once the system starts, the timer counts down and keeps the motor running
continuously until the set time has elapsed. The system then automatically cuts off the power, stopping the motor.
This helps ensure consistent mixing and reduces user error.

The rotational speed of the mixing blade assembly is calculated using Equation 1. The system uses a 0.5
horsepower motor with a speed of 1,450 rpm. The driving pulley had diameters of 2.0 inches (d;) and 2.5 inches (d3),
while the driven pulley had diameters of 12.0 inches (d2) and 12.0 inches (ds). The speed of the driving pulley (n;) is
1,450 rpm. The rotational speed of the mixing blade assembly (n4) can then be determined, as illustrated in Figure 4.
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Driving pulley ——» n, = 1,450 rpm

d = 2 inches

n, = ? rpm
d, = 12 inches

n3= ? r1pm
d; = 2.5 inches

) ng = ? rpm
Driven pulley ———» d, = 12 inches

Figure 4 Calculation of the rotational speed of the mixing blade assembly

nddriving pulley ~ Ndgriven pulley (1)
Where:

d, 3 = diameter of the driving pulley (inches)

d, 4 = diameter of the driven pulley (inches)

n; = the speed motor of the driving pulley (revolutions per minute)

n, = the speed motor of the driven pulley (revolutions per minute)

ngz = the speed mixing blades of the driving pulley (revolutions per minute)
ny4 = the speed mixing blades of the driven pulley (revolutions per minute)

Substituting the values:

nid; = nyd,
_ md;

n, = K
_1450%2

L= 7

n, = 242 rpm

n3d3 = n4d4
_ n3d3

Ny = K
_242x25

Ny = 75

ny = 50 rpm

Therefore, the rotational speed mixing blades of the driven pulley (n,) is 50 rpm, using a 0.5 horsepower
motor.
2. Operation Process Chart (OPC) and Engineering Principles Applied in the Construction of a

Khanom La Batter Mixing Machine |
The operation process chart for the Khanom La batter mixing machine begins with defining the scope of
the production process, from the design stage to the assembly of the machine structure. The process is then
analyzed and divided into sequential operations, such as cutting, turning, welding, and assembly. Standard
symbols are used to represent each type of activity, allowing the overall process to be presented clearly and
supporting improvements in production efficiency. In addition, the chart assists in the systematic analysis of waste

reduction and product quality enhancement, as shown in Figure 5.
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3. Performance Evaluation Results of the Khanom La Batter Mixing Machine
The researchers evaluated the performance of the Khanom La batter mixing machine by examining the
time required for batter mixing and comparing its mixing efficiency with manual labor. Electrical energy
consumption was also taken into consideration during the evaluation.
3.1 Mixing Time and Performance of the Khanom La Batter Mixing Machine
The mixing time of Khanom La batter was tested using two methods: manual labor and the batter
mixing machine developed through the design process. Each trial used 10 kilograms of batter and was conducted
in three repetitions. The results were then analyzed to determine the mean and standard deviation, as presented in
Table 1. After the design and development of the batter mixing machine, the operational procedure was carried

out as outlined in the process chart.

Belt pulley and Motor installation and ~ Stainless steel mixing blades Machine structure
pillow block bearing  the time control unit
> _> I ‘
design @ design design design
drill holes for ° bend stainless cut steel for the
drill holes for belt motor installation i steel machine frame
pulley installation
. H install th? motor weld stainless weld the structural
attach the pillow and the time steel frame
block bearing to control unit
the belt pulley
4 Q 2 1 1
install the belt inspect inspect
inspect
inspect

—— L Je—

v v
S (1) (e
inspect assemble the motor, time assemble the stainless install the cover onto the
control unit, and belt onto steel mixing blades machine

the machine

Figure 5 Operation Process Chart of the Khanom La Batter Mixing Machine
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Table 1 Mixing Time and Performance of the Khanom La Batter Mixing Process

Manual labor Khanom La batter mixing machine
Trial Mixing time Mixing capacity Mixing time Mixing capacity
(minutes) (kg/h) (minutes) (kg/h)
1 35.00 17.14 16.00 37.50
2 40.00 15.00 13.00 46.15
3 45.00 13.33 11.00 54.54
Mean 40.00 15.15 13.33 46.06

Based on Table 1, the mixing time and capacity of Khanom La batter were tested using two methods:
manual labor and the designed batter mixing machine. For manual labor, the average time required to mix 10
kilograms of batter was 40.00 minutes, resulting in an average mixing capacity of 15.15 kg/h. In contrast, the
designed machine took an average mixing time of 13.33 minutes, with an average capacity of 46.06 kg/h. The
machine therefore operated 3.04 times faster than manual labor. The viscosity was then measured with a DV2T
Brookfield viscometer, and it was found that the batter’s viscosity decreased from 14,213 cP to 2,847 cP, which
was within the acceptable range set by the community requirements. This improvement helps the Ban Hoi Rak
community, Hu Long Subdistrict, Pak Phanang District, Nakhon Si Thammarat Province, reduce production time
in Khanom La processing. The machine also provides continuous and consistent mixing, leading to better batter

quality and a finer texture, while also contributing to energy savings in the production process.

3.2 Electrical Energy Consumption of the Khanom La Batter Mixing Machine

In applying the Khanom La batter mixing machine to the production process, the research team
calculated its electrical energy consumption by considering the total power usage of all electrical components in
the machine, which amounted to 379 watts. The calculation also used the average electricity tariff of the Provincial
Electricity Authority, approximately 3.98 baht per unit. The results of the electrical energy consumption are

presented in Table 2.

Table 2 Electrical Energy Consumption of the Khanom La Batter Mixing Machine

Trial Mixing time Electrical energy consumption
minutes hour baht per cycle baht per hour
1 16.00 0.27 0.41
2 13.00 0.22 0.33 1.51
3 11.00 0.18 0.27
Mean 13.33 0.22 0.34

According to Table 2, the electrical energy consumption of the Khanom La batter mixing machine
shows that the amount of batter used depends on customer demand during each production period. For each mixing
cycle using 10 kilograms of batter, the average electricity cost is 0.34 baht per cycle, equivalent to 1.51 baht per
hour. The results indicate that the use of the Khanom La batter mixing machine can improve production speed

while maintaining a low electricity cost of 1.51 baht per hour.
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3.3 Analysis of Differences in Batter Mixing Performance
The comparison of batter mixing performance between the machine and manual labor was conducted
using statistical analysis based on Independent Samples t-test at a significance level of 0.05, with the statistical
software. The results are shown in Figure 6, and the hypotheses for testing differences in mixing performance are
presented as follows.
Ho: py = pm
Hy:py # U

Where: p, Mean mixing capacity using manual labor (kg/h)

Um Mean mixing capacity using the mixing machine (kg/h)

Independent Samples t-test: Person, Machine

Source N Mean StDev SE Mean
Person 3 40.00 5.00 2.90
Machine 3 13.33 2.52 1.50

T-Value  8.250
P-Value 0.014

Figure 6 Results of Statistical Analysis at a Significance Level of 0.05

As shown in Figure 6, the analysis of differences in mixing performance between the machine and
manual labor was conducted using Independent Samples t-test at a significance level of 0.05. The results show a
p-value of 0.014, which is lower than the significance level of 0.05. This indicates a statistically significant
difference in mixing performance between the two methods, confirming that the mixing machine operates faster

than manual labor at the 0.05 significance level.

Summary and Discussion of Research Findings

Ban Hoi Rak Community, Hu Long Subdistrict, Pak Phanang District, Nakhon Si Thammarat Province, is
well known for producing Khanom La, a traditional dessert associated with the Sart Duean Sip festival. The production
process relies heavily on manual labor, particularly during the batter mixing stage, which requires continuous stirring
and considerable physical effort. This results in a long processing time and high labor demand. To address this issue, a
Khanom La batter mixing machine was designed and developed. The machine reduces mixing time and produces a
more consistent batter texture compared with manual mixing. This approach aligns with the concept of applying
machinery in food production processes to improve efficiency and reduce production time [2] [3] [4] [5] [11]. The
developed machine is capable of continuous and consistent mixing without the need for constant human labor. It
shortens the mixing time, improves batter quality, and produces a finer texture. It also contributes to energy savings in
the production process.

The Khanom La batter mixing machine consists of four main components: the machine frame, the power and
transmission unit, the mixing blades, and the automatic time control unit. The results from testing the mixing time and
capacity of Khanom La batter were compared between two methods: manual labor and the designed mixing machine.

For manual labor, the average time required to mix 10 kilograms of batter was 40.00 minutes, resulting in an average
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mixing capacity of 15.15 kg/h. In comparison, the designed machine required an average mixing time of 13.33 minutes,
with an average capacity 0f46.06 kg/h. The viscosity was then measured with a DV2T Brookfield viscometer, and it
was found that the batter’s viscosity decreased from 14,213 cP to 2,847 cP, which was within the acceptable range set
by the community requirements. The average electrical energy cost was 0.34 baht per cycle, equivalent to 1.51 baht per

hour. The results also show that the mixing machine operates 3.04 times faster than manual labor.

Research Recommendations
Future studies may place greater focus on energy consumption through the adoption of solar energy
systems. This direction could also expand the scope of analysis to cover both economic and environmental

impacts.
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sEAUAILANATinaeANITNAGDS sqmmi‘vmamﬁ 2 4 uay 6 1FvsUalasinsdsunlasanuidnseaing
N1INAFD wamaﬁnmmmamamﬁL?iumﬂmﬁmwmﬁm 30 ppt 1781 180 U fenthmindiindu (weight gain;
WG) Soway 1,359.29+126.26 eniminufiuadesiou (average daily weight gain; ADG) 1.45+0.19 n3usteu uax
AdaTmsasaAuladnng (specific growth rate; SGR) foway 1.49+0.05 siofu geigaideiSouiisuiuganis
Vnapsdu q uawandsegsitedfynneadi (p<0.05) ﬁ’m;mmimamﬁL?ﬁumﬂa’mswwnﬁssﬁummLﬁ:u 5 ppt
180 u (8nL7uA1 ADG) LLassqmmﬁ‘mmamﬁL?ﬁyﬁwmﬂzwwnﬁssﬁummLﬁ’m 0 ppt 180 Tu wihifu saustaiiusana
1wﬁuuu§mfﬂmﬂ’ﬂam§aaaz 3.27+0.62 LLasU'%mmlsuﬁuwgmﬁmﬁﬂLLﬁﬁasJaz 13.38+1.81 FsiiAngefigauay
LANAIIM9ERR (p<0.05) Augansnnaesdy urldiin1uuana1anisadd (p>0.05) fuganisnnassiassuan
fieuiiy 15 ppt 13a1 90 Yu wazidsssefieandu 5 ppt vaan 90 Fu AUANNINGIN WUTMNYANITNAGD]
WesiGudideriiuldliunnsmeiumaada (p>0.05) qumsmmamﬁémﬂmﬁmﬂmﬁm 15 ppt 1781 180 Ju dAzlul
N 7.30+1.32 AU WALNAUSA 7.23+1.04 AzuuY getanideifisuiugnnisnaaesdu uduandnsetnaiioddny
N9@dRA (p<0.05) ﬁU‘Uﬂﬂ’li%ﬂaad‘ﬁ‘LgﬁJ\‘anﬁﬂ”Wd“UW’]ﬁi“’ﬁUﬂ’Nmﬁu 15 ppt 90 o) LLangmsiaﬁmmﬁu 5 ppt
181 90 Tu mmmsmaawLamﬂmﬂvwam’amvm‘ummmu 5 ppt 90 Yu wazidssreiinrua 0 ppt 1381 90 u
(Emnuﬂau) LLauwmsmaawLamﬂmmwwnmummmmm 0 ppt 180 Fu (8nsfundu) fadu n1sidsalan
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nEnaufisyunaiy 15 ppt Tuly mwaimﬂmﬂxwwnummmmdmLLasﬂmmWLuamuﬂssmmmamm
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Abstract

This study investigated the effect of salinity level on the growth performance, carcass quality,
nutritional value and meat quality of Asian seabass (Lates calcarifer). Fish were cultured under salinity
levels of 0, 5, 15, and 30 ppt over a 180-day period. Seven experimental treatments, using different salinity
levels and rearing durations. Treatments 1, 3, 5, and 7 were maintained at fixed salinity levels throughout
the experiment, whereas Treatments 2, 4, and 6 were exposed to salinity adjustments during the culture
period. The results showed that fish reared at a salinity of 30 ppt for 180 days exhibited the highest growth
performance, with a weight gain (WG) of 1,359.29 + 126.26%, an average daily gain (ADG) of 1.45 + 0.19
g day !, and a specific growth rate (SGR) of 1.49 + 0.05% day !,compared to other treatments. However,
this was significant differences (p < 0.05) experimental treatment rearing fish at a salinity of 5 ppt for
180 days (except for the ADG) and the experimental treatment rearing fish at a salinity of 0 ppt for
180 days, this treatment had the highest lipid contents on both a wet-weight basis (3.27 + 0.62%) and a
dry-weight basis (13.38 + 1.81%), which were significantly different (p < 0.05) from those of the other
treatments. However, no significant difference (p > 0.05) was observed when compared with fish reared at
15 ppt for 90 days followed by 5 ppt for an additional 90 days. Regarding carcass quality, no significant
differences (p > 0.05) were observed in the edible flesh percentage among all treatments. Fish reared at a
salinity of 15 ppt for 180 days achieved the highest sensory scores for odor (7.30 + 1.32) and flavor
(7.23 + 1.04) compared with the other treatments. However, this was significant differences (p < 0.05)
experimental treatment rearing fish at a salinity of 15 ppt water salinity for 90 days and 5 ppt water salinity
for another 90 days, experimental treatment rearing fish at a salinity of 5 ppt water salinity for 90 days and
0 ppt water salinity for another 90 days (except for the odor) and the experimental treatment rearing fish
at a salinity of 0 ppt for 180 days (except for the odor). Therefore, rearing Asian seabass at salinity levels of
15 ppt or higher can enhance growth performance and improve sensory quality of fish meat. These findings can

serve as a practical guideline for aquaculture management to enhance the production efficiency of Asian seabass.

Keywords: Asian seabass, Salinity level, Nutritional value, Meat quality, Carcass quality
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Yangnsana (Lates calcarifer) \uvanfinuanudulalugaening (euryhaline fish) nanafie a1unse
msadinldluannzarudufivannraisdausininuiahidanumduge 1) dawiedldsuanudenlunis
weid osedrsunsuaneludorinmel meiavecssnelne ewnidosine Tna eflsanfnuazisan
FeflanuddymassusiaretsamalnedislusumsuilnanelulssmaasdsneeendisUszme [2] lngmann
nanlunisdseanvainswiv1ivesive laun go3ns snatde ansgenusuedisnd Weuuns wazdnsu [3]
Tugaadaned n.a. 2562 suiedlagiu Usemdlneuszautgmsiavaingnarnyivdanas iosannisiidh
UangnawmanUsemannailedusuunnnuagsmirglusiafisiniaingnsnaneglulsemne wilvinaie
neluysswadduaiuinnInAueaaenIs mﬂamumimiﬂzymﬁLﬁﬂﬁuﬂimﬂizuﬂiﬁﬁﬂLﬁuﬁaﬂiimﬁaﬁua%m
nsuslapstanisuslaadannenarnnielulssnauaznisadrdenialunisdeeanvainzneraldmainiu

weaalenanisalifiuinuasnsuagdiensedulinmsiunisdseenuaingnavvdudigeu (3, 4] Jadawal
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RN AILILALYENENSR NN TR UUBAULATN ST Usenauiuuainenauninlaannniswing dgsdisasnin
Fadunfeulunsusiaalaganiznainnielulseme [5]
wiaswziagalangneuiinisnseaeiinseunauisuyngiiniaressemdalne lnedwminiiunum

o w

Afydunsnan I asldane aynsanns aynsaesiy aswan wavaynsusin [4] v Swieasmaiudy
wildluiuf drdyresnisimzid ssainensniveslssng 1l esaniiauldiussuddiaanesssuea
Tneflanmundeniisesnesensides felsyneudeunanifilanmuansieiu 3 Ussam ud thia vhnses
waziufa Tnsdmsaluituiisvainzeeiinisuusiulugae 0-31.6 dauluiudau (ppt) FereliAnanmuindoud
flannuemsenzauas N sauRen snnziE ssUainenee vhlddandideduuinasndnidededudes
“iovatasen” [6, 71 Wl w.a. 2563 nsunindaumsdaaldindunstunsdeou "Vansnsamimziaaiu
GAGRK Lﬂuﬁdﬂq%mngﬁmam% (Geographical Indication; GI) Lﬁa%’mmLma'drﬁ’%ﬁmmqgﬁmamﬁé’mﬂuL@ﬂé’ﬂ‘uai
YDINANU [8]
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NFWINAIYNENIY AITVIUNNATIINGT UAZNTZUIUNITUIUNUDATUYBIUAN uenanigmuiausaveiin
figrearudnfivangauunndnety Tnenswisuulaswesssduananduannsoneliiinnisdsuudadlud
nsasgiuln nMavihaunisaisinet wazaunidouatldodrafideddy 19, 10, 111 91051895

1Y

aunthil sgiuanuAnivinzaudmiunsmnzidesuaingnenilusyuulneglugas 5 89 36 ppt [12, 13, 14]
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1. Wiefnwmavesnisiasuulasanniudensiaiaiulauagdnsnisseamevesaing e

2. Wiefnymavesn siUasuUaeALRonnNINgInN ANAMNLATLINTT WazAnMMleveIUaINENIw

antun153e

1. NSBDNLUUNITNAABDY

mqLmumsmamuw&jmugicﬁ (Completely Randomized Design; CRD) Usznaunay 7 YANITVNAADY
YAN1TNAADIAY 3 1 Lo sqmmimaaqﬁ 1 BesUaniisysumnudy 30 ppt 180 Ju (30/180) ﬂ;@msmamﬁ 2

GesUandisyiuainandu 30 ppt 90 T wazidssrefiseiuaudy 15 ppt 90 T (30/90-15/90) (USupnuiuas

I Y I3

Fuaz 5 ppt) YN Aaesdl 3 lssafisziuANuAY 15 ppt 180 u (15/180) Yansnaassil ¢ laBsaiszsy
AAY 15 ppt 90 Tu uasidesraiiseiuaaiy 5 ppt 90 Su (15/90-5/90) (Usumnuiiuasiuas 5 ppt)

YAN13nAaBsdl 5 laeslarfiseaunuay 5 ppt 180 Ju (5/180) ¥An1svnaesil 6 desuaiiszAuaIuAy 5 ppt
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90 Yu uazlAssrofsEAUAMILAY O ppt 90 Yu (5/90-0/90) (USuamnuifuasiuas 5 ppt) wazyanisnaaesd 7

\deaUa1sEauALLAN 0 ppt 180 Ju (0/180) Ymsvaasadusseziian 6 lieu

2. nsayn e ludnd

nuIdellasuluveyginlddniienumadnemansiaviilueuyginlddnd U1-02775-2559 wazlasu
AU A LEER TN UNITINeIENSAINENA1TATT Ref.AQ116/2022 NUMNINGIFEAVAIUATUNS

3. dnivaaag

aniugUainenazivuInnueiaie 3-4 19sed7 nlsumeiinveununsnsludminasidans

Y

' v
sa a °

unUSvanmlutefimudiifudiveia seAuALLAL 30 ppt 11a1 7 Tu MniuinUailddmaassuunn 200 ans
ﬁquﬂ%mmﬁw 180 &m5 S1uuday 20 f LiteUSuanmmLANTT 15, 5 waz 0 ppt mma1su Tuseninnis
Usuanmdan TewnsdSaguiiilusiudosar 42 Yuar 2 ads 1981 09.00 uay 16.00 u. d1eth Sosay 50 Nt
a1 16,30 w. Yuaamdanduszezinan 14 Ju dadenUafifidmdniads 19324073 nfuded Udesluds
yAaeIrLIA 200 75 AMNIULLLYTEINUAT 1 fadenn 10 Ans (12 dadleds) dnszuuliennimegnusioiiios
sewiemnaedomnsdiagy Ailusiuosas 42 Suae 2 adt a1 09.00 war 16.00 u. Tnel¥iuauds iiudeya
dwiinemsitlinniu wWasudiethdosas 50 yniu 1ia1 16.30 u. maeRszETANIMIAAEY In1sATIaRan
AULATINAABANISYIAREY Wann 4 30 Fu ImsinsuninedyifiulavesUan fnsfaimdnanseslagliiades

q q

WINandaNuazduanatioy 2 Al waztusnulanimasluwsazdmeass dhluduiandesiduduvdn

Re.

MANTY (WG) dndniiuiad onotu (ADG) snsinisiasqiauladuniy (SGR) §ns1n1sid suemsidulile

(feed conversion ratio; FCR) kagadns1n155aaa1e (survival rate; SR)

4. N3LATENIMNTNARDY

nanaaosadall MHommadadusasudmsuuangnanivelusita (Thai Union) siinaost (IUsiu
$ovaz 42) neulfifuemsdmsuvamaaes emnsdiadusaguluimszinuaimalaguinis tun Yua
Ay 1 Tsiu uaglusiu auABnisues AOAC [15] eiildiviniy Seuas 7.21 7.2 43.22 uax 8.46 (Sovaruu

FruINUWR) audEau

5. MIUATILVAMAINYIN UAAMAINIELABUINTT

'3

Wiaduann1svaaes quiaidiuau 6 slunnganismeaed (n = 6) Wieihlulnsgiaaningin Inenisi

q

€
€

' v

U o o o a

Uadahminrousasndsmstiunas srendestanaraiiianuansen 2 sunds mndudaihmindudiusing 9
Yo3Uan ﬁuﬁmmzﬁmamﬁﬁa;&aLU@%L%uéLﬁaﬁﬁu"Lﬁ (Edible flesh) feil
Edible flesh (%) = (Flesh weight / Body weight) x 100
Lﬁ'a?iuuqmmimam duvardnnu 6 dlunnyanismaass (n = 6) iethlulengiauammalaguins
vouilovar Tiud autu i Tuseiu wagledu audsinnsgiu AOAC [15] nsisiuSmamnitulnenisiuie
Yareulviuisaiindeg ouausau (UF110; Memmert, Schwabach, Germany) ﬁqquﬁ 105 a9A AL ud

unsealaiudnas Jirszriusunailaediilavatwismenuni (Ney Tech, Vulcan D-550, York, PA, USA)
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Mgl 600 ssrwadua Wuan 6 Falus Aesziuinalusiiuieniaddinseinuis Keldahl (KeltecTM
8100; Foss, Hoganas, Sweden) kardiasigivsunaladusisinsesainlaeldllnsideudnesidudniavane
(SoxtecTM 8000; Foss, Suzhou, P.R. China)

6. madwnzviguaile (Fudssamduiaveaiiaua)

Lﬁ'a?:uqmmimaaq duiandiuau 6 ddlunnyanisneaes (n = 6) Lﬁ"aﬂﬂﬂ%Lﬂiwv‘iﬂmmwmwizmw
dufamoaiiovan Insudanmziomamuinuaiuudiin (drmndausemly) Sruseharoin faduiuoun
5-6 nSu Mdudrenaradnydalndlnsiiau (Polypropyleneu PP) Ussinn 5 wagyinlvgninegldimilulasiam
Samsung 4 MS20A3010A figaumgdi 250°C iurian 2 uit anduneaeunruseuesfuilnadeisfasedu
AUTaU 9 sedy LAun dnunizUsing ndu ndusa dnvasideduia wazanuveulnesn Tnsnzuuu 9 fe
Yousniign uazazuuu 1 fe laiveuwnitgn Winesoududevamnyanisnaaes q ay 1 3u manaaouasilld
Sruugmasouily 30 au Taoinaaeudulindnuuaryrainsmeluuviinedoasvauaiuns menvamelug)

IngliifmuninalazegueEAzey WagINUNLN1TNARBILUY Randomized complete block design (RCBD)

7. madaseiguninti

mafmesnuamiiiinmata 1dun Vsinasendiaufiazarsth (Dissolved Oxygen; DO) faenadosin
DO meter 8%8 YSI §u 550A gauvgiisnemeslufitnes A1uLANsIe Salinity Refractometer 1 RHS-28ATC An
oH #38 test kit 8%o AQUAVBC 81urinlne Spectro kit 8% Marine Leader (\fiuaagnein 1aan 8.00 1. A539
Aamunniu) Aweulande uazlulasifie test kit §%e AQUA-VBC s1urlag Spectro kit 8% Marine Leader

(AUIBE19t 1181 8.00 U. MTIAAMY 5 TusDAT)

8. NFILATIULAYANWADA

ey an15ia3 LAt 9nTINTTEANY AMAINEIN AMAINILAYUINTT LLﬁZﬂmﬂ’lWL‘frE] UINATIEN
AMULUTUTIULUUNILAYY One-way analysis of variance (ANOVA) LaziSouLiauALLANA19UeIALade
#7835 Duncan’s Multiple Range Test 7 szaua111Ld 0y 95 Wosidud Tngldlusunsudisagy SPSS
(version 29.0.1.0; SPSS Inc.; English, USA) ¥t wiazgnnsvaaegniasadumbhenaaesdasglunisiaszi

Toyaneaiin

9. anuiivhmsideuaziiudoya

v
@ °

slunieaeasiiudeya o Audiduaguamdsiin Aan1s gaued awivsyeansuasuinnssy

A15IANT AENSNYINTFITUYIR UM INYNFUAIVANUATUNS

nan1sIdauazailsaua
1. mssgyiulanazdnsnnissannie
HaveINIsiUdsuLUaIsERUAUANABN1SR3 R ulAkazdRIIN1TTERRIETBIUaINE NIV (Table 1)

nuIsEAUANLLANdNanaasifud i mIn ATy (WG) dmdniiiuaiesrety (ADG) waydnsinisiasaivln
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v

NN (SGR) Ifﬂaﬁqmmiwmamﬁ 1 (30/180) fiAmiminiiiuty (WG) UAZASNIINITRTYLAUIATUNIE (SGR)
gefigaileSouifisufiugnnimmaasdy q uwiuansseenadiduddyneaia (0<0.05) fuyanisnaaesil 5 (5/180)
(8nc¥uein ADG) uazyAN1TMAABaT 7 (0/180) wintfu LavyANITVIAABAT 1 (30/180) fianhmindimaderetu
(ADG) gaigauleiSsuifisuduyamsvaassdu q udlnnasegiifedAameada (p<0.05) fuyansnaaosd 7
(0/180) wintiu Fadwuiiszduanuiulidswasosnsnsidsuemanduie (FCR) wagdnanissonnie (SR)
(Table 1)

dlonssuifisunaissangnamniifinaudsuaeanuifussminmamaasstumatississduand
Asl lussuamasPRensysamInaaes wuitlifinademsaiyifivlauazsnsmssennevesan (Table 1)

2. AUAMLAYUINTITUAZAMUNTNYIN

naveInsUAsuLUassiuaLAusonaA M slnvUINITUAT AN MEINYBIUAINENIY (Table 2)
wut sefunnuAnlildmatouiinmuanutu i Tusfuuugiudwingn Tusfuuugudwinuiweaieva wae
Wodiduddefinuld iflanuunnsnemneadd (p > 0.05) lunnyanismnaes udseduanufudnasoyiinaludu
(inan) uazUiuadesiu (dwiinuie) veudievan Tnsyanisvaaesit 1 (30/180) fiAngafian whnnsnyanIs
nnaetdy 1 egheliudAmeedia (o < 0.05) wilifanaunndreneeda (o > 0.05) ﬁ’uqmmsmamﬁ 4 (15/90-5/90)

donssuifisunadssanswarmiifniaisuaemudussrinismesssfumsidesiisssuaudy

Asfl TilusedUgaLaEAMABATEILIAINTNIARDY NUTIANIIIAAST 2 (30/90-15/90) Huimailuduiilugu
ﬁwwﬁ’mﬂEJﬂLLazimﬁfmﬁﬂLLﬁqﬁwﬂ’immmiwmaaaﬁ 1 (30/180) ag19fiad1Agyn19adf (p < 0.05) ualaifinau
LANANSERR (p > 0.05) fuyAn1TMAaDsdl 3 (15/180) (Table 2)

3. gaunwiile

NasuaqmimﬁlwLL‘UmmmLﬁuGia@mmwmqﬂismwé’uﬁammLﬁaﬂmﬂzwwn (Table 3) wWuinszauALAY
dawarionziuumNYeURUNAY warndusa Tasazuuumuveusundluyanmsvaaesi 3 (15/180) sldnunniian
UANANIINYANISVIARBIT 4 (15/90-5/90) peiltfedndnymiuada (p<0.05) uilsifimnuuandnamsedd (p > 0.05) fu
YAMIMRABID 4 (191971 3) uazAzuuLANTEUTUNAUSE Turansveaesil 3 (15/180) Senunniign uand1sanya

o w a

MsNAaesN 4 (15/90-5/90) ¥AN15NAaeIl 6 (5/90-0/90) Uay YaN1IMAaeIfl 7 (0/180) egwilduddynisada
(p<0.05) usilslunnanavneadi (p>0.05) fuganisvaasdil 1 (30/180), 2 (30/90-15/90) uax 5 (5/180) iallwuinsesiu
enuduliidssanonziuumTeURUAN Yz INg Snvazillioduda wazauweulaesan iflanuunnanmieda
(p>0.05) Tunnyansvaaes (Table 3)
o - X da « o A d
WenFaumeunisiaeslainsmeeaninisasuulasnanuifnsgndnaniamaaeeiunsaesnssAuas
WANAT 719 UITALQIUATANRABATEEZINAINIITNARDY WUIITANIINAADIT 4 (15/90-5/90) Timzuunlusunausn

NANANTNAREIT 3 (15/180) BENINIRIANATUNWNATEA (p<0.05) ATUWLILAUNAUIA WLINTANNINAABIN 4 (15/90-

° o

5/90) IAAziuANNdgANITAaesN 3 (15/180) Btialitd1Atyneada (p<0.05) ustlduanssanganimaaedi 5

o

(5/180) INUNLINEANINARDIN 6 (5/90-0/90) THAzuuusUNAUld LANFN9AINTAN1TNARDIN 5 (5/180) LAY 7
(0/180) wrmzuuWluAUNAUSANLLT FANIINARBIT 6 (5/90-0/90) lAAzuunluRUNAWAINGT FANIIVARBIT 5

o o

(5/180) atiaNTAATUNNaA (p<0.05) Wl luansieanganismaasdil 7 (0/180) (Table 3)
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4. gaun1win

wavesnan i lunsinwiasll wuisinuesndlauasane (00) fregluti 4.98:0.03 fis 5.700.01
me/L gaundl dA1egludag 26.1420.02 §9 26.50+0.01 °C Aradunsn-Ans (pH) Aoy lutyag 7.34+0.01 &g
7.64+0.01 wouluile da10gTuyaa 0.012+0.001 §4 0.018+0.001 me/L wazlulasvisiAeyluyae 2.89+0.16 A
3.31+0.06 mg/L
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wannil Li et al. [23] nenuianudusieliiinanuaionniee3sine) W oxidative stress uaz
endoplasmic reticulum stress dsdanalinisiasaivlnanas Snmanisidsunvasmududuveslesou Suilna
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