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wardesTTuYIA 1AN1IIEUInvelsALaELIaIRRT WY dena
eusuamandniiazanas denavlidurunisadniuiy
safsfuualduvesiiufivinisinunsiianas lusasiiaay
Foanisuandanensineasiisty nansenuveguugiivias
11NABNITLAIYLAUTALAZHAIUINITYD ST

nsifvdudatugungifgainluszesisudunes
58893 UG (Reproductive stage) fiNanseNUoE19UINGD
nsuAniiy wagszornsaiyivlafanzdenaingumgii
g4 feddnmmenigs vilffsuazianisuianie (Hatfield
& Prueger, 2015) ag19lsdnrudTuruuianssuuay
waluladSurusniiléfunsdauaiuainniny uagienvu
dieldlunsuflatlgmiinaniafunandauazandunu ns
wanfivluszuulsadoudedauaunsalunismvaugungd
waranuTuduInsfmraudentsiasaivinuaznisling
wanvesiy iunisudnfivdnuuimienils (Namhormchan &
Muangchan, 2020) Tun1saiuaugungiiivdesnisdmsy

"Corresponding author
E-mail address: sompornrdi@npu.ac.th (S. Kongna)

nssaivlalulsaseu n1sugnitvlulsaseu wiald 2 wuy
Ao 1) lsasounvula ulsuSeundiazndsnnduntne
Hostuunas ernAsemldazain dszuulidfivuuusiag
war 2) Tsadounuula (HulseSeuiinds vdsnundnidunuy
TUssuasndolussla wuudeou viewuuuds dszuudu q 1
szuunuh Preangunpiuaniiuaruduniely ssuunsli
Uil vaeqnTusineimis szuuliy e spuuii ufne
Asuaulaeenled wagsyuuvauduwuuszive [Wudu
(Namhormchan, 2019) Tngn1sviaauLdusvusziveidu
3%'ﬂ'1iamqmmﬁLLazmm%ué’uWwﬁ‘ﬁd']&JLLaniwé'J’mwéTaa’m
mﬂ‘ﬁ'?jm (Tejero-Gonzalez & Franco-Salas, 2021) Jandu
T fildlunisudaudurinainadu (Cooling pad) Ao wiu
waglaafindmunannszaiudsnisadndesiinsdaduliiie
andaunusanandauninduluannaddgliinalan
$ou uonani Sefidunulunisndngalaousuiinudu
dusuldeululsaiousuin 0319 4 Wes 817 5 WS feagly
UHUYIAINLEY 6 LHU (VUIANTI9 30 WURLLAS X 8717 60
\wuRluns) mndnnsingednunfifanunsaldeuld 3-5 Y s1a0
ROUKY 650-2,500 UM (Alibaba, 2022) FeuriurAnubuds
Lﬁué’aﬁ’ﬂﬁ'iﬂums%’uﬁw AsnsEasavestn msluaves
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9IM1ALAZIN a‘qwaiﬂsJmqsiaqmmﬁuaxmm%ué’mﬁwﬂu
Tsadeulimunzausenisdyivlavesin Sasufidnuiiey
vianduiidguandalunisangumngiunldunuiagnszay
i oudlodgnasanaandunnlduselead (Reuse) Tag
nsfnwgadlussfanmdofionmaninnunsiunlduslewd
U7 97 g lifiAnanaglaneu uasuafiving
01 IngluvssmalnefiayTanudeimenisinens wio
Fau7a (Biomass) Uszuialay 60 a1udu (Department of
Alternative Energy Development and Energy Efficiency
Ministry of Energy, 2021) n1sgniindusnlduszleviagng
AuAleliAnnsWau gy

Mndeyatisinuun nuirfanildlunisndauduinim
Bulumsugniivuazdeadnilulsadouiinmguardilg
14 Yan dansgd A diunugs Torgnisldaud du nis
U1595nw187n wazinuesnsliaiunsandnldiedls luvned
nsfnuuAeafunsihagudediananisinuesalsluns
viryaniildsunisangamgilulsasoudedlinindn dady
FandisluTunaminuazfunue fuiagnguiigs arunsondn
Ifosiadu unauidunissunuauidedldfanndeld
nansinwasinldndnuiuangayilulsudeu §aezdu
Uselewddainunsvieyanad aulalunisandununisvin
inwasluanmlsaiou wazannsnandadodanndeuiidena
sonisasaivlauaznananveiis Insunauddiaueds
Aaurnisldun uvianuduluszuuranudusuussimve
nannsaAgoILHuAMIE Ul A sHEALH U ALY

FanmanisinuasuazauantRuiuihnudy Jedefiinalu
n1sugniivlulsaseulaenisldssuuriainudunuuszine
WiguiigudsgansamvedldTan uazuuimianisiianusiy
arudululduselov
Fiwunaslausnmauduluszuuyinrundusuyszive
syvurauuuuvszmegnldadwan Tuddud
Tunauazefdeidenaeiulneuluzuiuu veadosay
vundsarfvantaniuilddulunwunlulssimaniaig
wagUdesemimiuiingenans ydniwaielmilfinaios
e uLuussved ldndsnuanldfusg1aunsvane
13 eshanufunuussivedalmsiuauladnwviduide
yeadnsUnsvesanizeluing Sruauannlumnissui 20 waxd
Fwnsmstdanukasnisine (Table 1)

913 Taunislduaznisfinerukurianudunuan
n1sUsrgndldssuuriaiudu $inguszasdndnlunisan
gamgilulssSou iessuuesdadulngsjudiulusunisld
Fansssuvnaifegluriesdunnaiiaduusiuianudud f
Usgdnsnmlunisangamgiifiannnududivenihdd fa
Ay udeihldugunisndniiaalnedsiuszansawia
wnzaufunslfouvesnguilinudiolflinananiigeduly
Wuiinsvhunsasuiniy Sainisldeuegsunsnanslu
TseSaunuaskaniiy nsvimhsudadad Tsenugeainnssy
LLasﬁuﬁﬂaNLL%’ﬂuLﬁm (Tejero-Gonzalez & Franco-Salas,
2021)

Table 1 Evolution of use and study of temperature reducing plates in evaporative cooling systems

Year Evolution uses and education. Reference
Abroad
1906 Used padding making from wool to absorbed water for household uses. Zellweger (1906)
1993 Design basic a passive cooling tower. Givoni (1993)
2010 Created cooling pad from pine apple leave with different of PAE and CMC ratio. Khampan et al. (2010)
2013 Fruits and vegetables are preserved using evaporative cooling systems to reduce temperature and Liberty et al. (2013)

increase humidity for reduced deterioration and extend the shelf life of fruits and vegetables.

2018 Testing cooling pad made from activated charcoal and loofahs. Aziz et al. (2018)
Thailand
2007 Study mulberry paper physical properties for the evaporative cooling system. Maneewan (2007)
2008 Design and development cooling pad made from coconut husk use in the greenhouse. Kanla (2009)
2011 Study efficiency of cooling pad made from coconut husk for chicken house. It reduced the Premjai & Poolkrajang (2011)

temperature outlet to 5 degrees Celsius.

VanNI5a A YeURUYIIAIIUEY
Tuszuuyheuduluuseive wanvesnsldauwsuyn
< . & v I @ 4
AL (Cooling pad) Ao n1sudasrudauduaiuLiunes
lunelsasou Feo1n1Anteuaniiuiwaziay (Outdoor air)
gnieagan (Fan) WivelioniAluanugnguvesunurinaIy
Wuieninlaemsaildainauuu (Water spray) Tinsgane

wazszupadlfdafuihriedufunubu (Water tank) uaz
fnsidayudsundualdlnalaglddy (Pump) oo
Sounazuian i anuduiidenfasdouaineiniadeu
Wuernedu (Outlet cool and humid) Liesannisseineds
danalieanselsesoutduaa (Babaremu et al., 2018)
(Figure 1)
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Figure 1 Evaporative cooling process.
Source: Kapilan et al. (2023)

Tunszurumsiaubusuusene gumgivesenie
vutrazanaslaglifinisiudsunuas gumgiinsziunzden
(Wet bulb temperature) 1unsguiuns “evdnnnuiouass
ommdlasnsiiinuiunaledudluluwiuiamduly
Uity nszuaunsilifendinssuiunsduende
WUfin (Adiabatic process) aaungiinszilrzilenveseiniemiy
Aasiidssavilfgumgdienniranasen T1 10u T2 Weeinie
i uwwhanuduezinmuuaninavesgumgiifdu
Sou (T1) wazdmudu (T2) awddu viligaumgiiamnsaanas
161 (Kapilan et al, 2023) agwiulsiusuihanudududinats
ddlunislumsgaduuasnsssmeveni ueududuing
Tuornadsezsiligumgfianas Faldddnideduuanndnm
Fan@duszadns amlunistuind aud uinaand ud &
Usyansnnga
I rsmaEnusuiAIINEY

Rupani et al. (2017) lavin1sAnen52Us1035n150ER
wwiaudulaglduyanszurunisudauduiaudu
ooniu 2 3 suBnistuguisiuinenudu Usznaude

1) msfswene Wumsiidhwiag unatadin viedau
nszan) Aaduusudminiudazuiudusouiiusouds
Aruntuazaunadagliuaun1isuniibag A 1ung iy
aduiuuduhusutaganiuiFendeusulinniBafaudude
uuneldussnafagldyanii3endn Expansion block 1ienm
widrvdendinarasgniundedladlvldanumuiveusiu
vranufunuiifesnis anduiundulidasenluuuids
dwitlifinnfazgnisdneeniuniveaead eaglaPuusiu
Wanudusuanuvtifigeans (Figure 2)

2) mstugUasugniin 1uiBnisisiutagituguls
Tasnisnn wu faulanzuiugnnasddnvaziduasunia
Snwnrveawadiioanuuuly dngnnillvasenuiaingnnan
FaLdunsiununueivesuuynmduiidesnis udanild
Annnovidordonlunsazusiu

direction

Figure 2 Honeycomb terminology.

Source: Rupani et al. (2017)

ntuRugninudauiuliliniugmiuaiy
niveuiwhanududenis Wenvsesesidounisain
v o @ ' [T % o ¢ =1
wdrvrldiluuduuuwiwianuuiiszgnalasiduusus i
1 50U TudagUuinisudniieaesag 5.00 YBINITHAAKKLIN
2 dogvaad v 1a - aa &
Anudundsldisleganvnilideounieninisnstiuglaouy
gnyndvuseunisinunuinnitiazeiniveluniminig
nIeNIWeNsEnIwY aulufnstunuantiu 9 undouiu
wannifaiidedintunistidminnavivlutuneunisinni
' oA v ' .
seyinaununagldussnagalald (Figure 3)

Corrugated Block

gLl el -

L
S

Corrugated Sheet

Roll  Corrugating Rolls

Figure 3 Corrugation method of core manufacturing.

Source: Rupani et al. (2017)

TagnNmITINYATUaANINTAUNUIAIINEY
TutagUuunuiauduneneiandu 2 ngu Rupani
etal. (2017) laun ngulavs wazngualane lnglungulany
Usznoauludietanusyian eqdifon inanaunuiad se
Tnunden Anuiiutulaeiilufoegiidoudsusinsnsialy
ufansaiiay 9aunuiauidud doanisazd oed
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UsgAvBammmunuiougs (216 ssmiwaidea) Tuvus sy
manuduelangazUsznaumeiaguszsinvliivesnanansy
A n3onTEAwATINY deudnuindmdunduriiaiiuidu
1 esdarnsiargnitud Alwadiuudaused andadae
Wuieaty wasdinaddgmidesnisinlidie dalmves
nanansedloudai fvurnurstanuunealeass (Plain
weave) #39a18L384 45 8361 (Biaxial) @150 MINUYIIAIIY
Buiidesnisaruuisasiisunwadian Tnswduannudu
Twesnaraivhandlowiiaedesasnuusadouldini
wiagnuusnaldesniviadivhaindlewtianense luwae
finsyauasiidesiunisiadeudisasusenauindeliny
IWaunsearumngiudeufsaramnsathunldlduenanid
fafi¥anduildviusiuianudundsisiuiudes Wy neuns
A ewvavea lua1s wie tanand nlufstanlmiogns
A1suaulnlues (Rupani et al., 2017)
Tuvasiffudsiinisdnwnislifanmsninnunsid
oglurtesdunldlunsndnsdionisanuiuvianudulag
Wnazdeuldnszane i esannudndnenaznilaialulu
N99Ma19 31NN1SANEIUBY Franco-Salas et al. (2019) wuin
AsvuTesusuriAnuiunszauiinaddudeunsyanidu
van 3 ¥ wWisuigudunisvinuvesudulvdluuidiesiu
WUIINTI393NBIBINANILNTUIB AN TEIIzAnaL BN
manzireunde Janisazauvenndeiilvinisiuaiouves
arnAend uluniuses vlvussduanas Sevay 170.04
aeelsfiny Usedn3nimanududinetoiniAreunuses
Wity Sevaz 6.60 Wewnnanlunsduiaszuinsenmaty
haniy widdienldaeigduiytiuhliindedtadui
wnenssegeeilufildlulsudeunianisinens
mahfagudeldnianisinensidunldndaunurii
anuduiielvfiduyuiiuasiuszansamdsuminfuiily
vinanainiududnmadennilslvifuinunsns Tae Dhakulkar
et al. (2017) léTins1zsiuszan3anaead osviaiudy
wuuszinelasasdasldunuiauifuvesian 4 vin
Aunnsineiy Uszneudie ukunszawwaglaa téuleliue
any waztdulouznin 91NNaNITIATIERNUIN LHUNTZANY
waglaa wazwiuleliveamuliauulddusifinauduld
gaun uazunulougnindarudulosiign lususifoaty
Khampan et al. (2010) lav1n15U$udganuud susauuy
Wenvesnseawludulssaduduunuyianudunuussive
\WuLieatu Dhamneya et al. (2017) ldAnwiunuvitAauiu
Luusng q AvhenTasmdeldnienisinuns anildlunis
Ainsrzsiidieg 5 Ussiam laur 1) @uledundae 2) duledes
3) dulongndnn 4) Wdulona uag 5) naeA1wiale nafnu
wud dulouzninfivssdnsamnisienuduiesay 73.44
ulendae Tusz@niamnmshanuduosas 67.73 dulen
afdusgdnsnamnisyanudusesay 67.00 tdulodoed
Uszdnsamnisianududesas 65.65 uavurudad o

o A

UsgAnSnmnisvinanuiiusevay 40.29 JUssanSandusad

A58 1.30 WwasAeIud uduvanududuleses
TidszanBamenudusgadefisutuusiuhenaudunuuis
9 uenani Kouchakzadeh & Brati (2013) l&fin1sdnwn
Ussidiuanuivnzasvessudauaite i duTanusiuviiaay
Wuwvuszimeniadendldlulsudeu lnefinsindenis
VAFOULUURLAY Tseonuuun e Usefiuuszansninaes
Wi ue U wazUssidulseans annisvanudunazaiiu
wAnA19ve AL T uduing nan1sd nwiuansldiiud
UsgAvBamnissruisanufoulasiadsfiignluanumuiuiy
vaaruiusiud 209.58 Alandu ausnaeguuniiosas
70.00 #2oAuL5aau 1.38 wasaedund waznislnavessi
0.19 AlansumIunfinen1519UNT VoMK D
aziiuldTUsEAns nmve sk uv A B uTivinuan
nTaanensinuasiuseansnnlndiAgamTeuindtunuyi
Audufivhanannszae uammﬁﬁaﬁﬁuvsumwamﬁwﬂ:h
esnnidutanfivldainyuvu aenadesiuauide Salins
et al. (2021) wuanauiiuszansnmlndiAgsnuuruyiAm
Wuluviesmain miﬂﬁqq%’ﬂmm"’md’] Ald31esndn a1ud
Al 3189tessuy 6,713.37 v luvae i unuvinaddy
nsyauilanldane 913.38 unseuden 1 M519UAT wazdl
UsgBnBnmnisszunsenaniatu lnediuanunsoangumgd
liSovay 77.45 wazurwimuduluriowmainangamngila
Yosay 57.40 FaiidmunelunisldinaluladAddunueli
nuasansadnfalddadudutagnisildfuanuaula
LffENa]mﬁqmauﬁmumicﬂmsﬁum'm%‘”uuasiwwmﬂm
1T 099033 uge (Hemwong, 2013) (Table 2) ety
nsfnwRmuwuy e duliiusEaniaings wazauise
TdFaamianisinunsvesiosduninanazelifinisldauls
walulsadou mevhwhiuuadat Tssnugnamnssy wagitui
nansudslndios FeazdwmainenisanuSuavezmieldni
nsinemsinulaniusuianale
Hoveiidnansldszuvhprusuuvussmelulsasou
Namhormchan & Muangchan (2020) la'e5un871
gamafifinansznulnenssenisiauInisas sinevesiiy &

3 U
A

gamgiilulsaoumsUgnimunzauaziusgiuyiinueaign

3

e

=~ '

Ugn Nvudazvdlafinszuiunisiauinisnevauesrogungil

a o

AR U ALUANA19TENINNg UMY INa1TulaYNa19AY
naenaugumgiiiads 24 Falus dswanszmusionisiaiadule
vy anmgdeorniadadiunuinedauinlunisesniuy
Tassadlsufouinizignuazssuumuaug il way
AL uduing (Vapour pressure deficit-VPD) Tnemudu
Furinsfimsnzdviuniseiyidulnvesiiy eglurasosas
60.00-90.00 A7 w1117 08az 60.00 919V LW N vLAa
AuA3Enanth wasmnaTwduduivsgandiesay 95.00
Wunawnilasianizegnislunainaiuszdmaliide
Wianasimuieg1esaadald wazdanuindnsinisluaves
omAfidazdieiinyszansawlunimihauBudednnnis
1<viasummmﬂqqﬁuﬂizﬁmﬁmwmsﬁﬂmmLﬁuﬁﬂsﬁqé"ﬂaq
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(Hassan et al., 2021) uona 1T 979189 71UN 197 N
WisuiisuUsEansnmnisdudiveseinialuszuugumaid
wuussmeiiusgansamlunisangumgiigeniiseuuniunuen
fifisrandiindn dnnsléiuasndsnudesnda (Franco et al.,
2014) Fedn1s@nwriannnee Afs1ARuazinded i uay
neliAnvsssolandurzdsmarlinnslandouiininuiy
luraziieriulainisfinyives Aziz et al. (2018) Wisuiiey
n13AnB1ve N U AU UL UUSEIEUTENB UMY wodLNY
lang Fuiud Jaaiesidn Yeuening idulovuung dule
Yanszian iduleUrdudunungdy duleaa nszarvigaglaa
wanasn uazuiy wudndilugnseauieaglaadusednsam
fidumdniu dunuei warUszdnsamaud uiaga
fiuszanSamnisiamiduiiduinis ewas 80.00 uawdad

Table 2 Efficiency of cooling pad under different materials

wadenaiinANuTuBndIe witsdinnsldusurhauudivi
NNnsEaweaglagdziinisldediaunsvaty waussansan
warorgnslinuresusiwhamubuwuussmemaiiay dox
avegeamduiesannilithnges uisn aminy uasiud
azaumegaiiibiinnisgaduveuiuanangunglvih
Torgnsléanuduas nszameaglaadeudieiisnngederi
TiiRudunuveensld uenandnisudnusiuriaubures
winwagladldnszawlumswdnilvdedinisdadulddwmiu
Asthu v enseauisaruniatuiunisanguilandou
uagnindsunlasannswandenlasnss dufunisiifag
wasldmenainunsiifiarwauiselunisgduiiangamad
Tulsndou feilns@nuiidrdnlunisianldlunsudauny
anududmiunisldlulsadeulueuinn

Packing type Flow Operating parameters Wind speed Performance parameters
e Range
P $ cop Humidification efficiency (%) DP

(PA)

Coconut fibers Cross Air velocity 1.4 m/s 2.10 + 69.39 % * 39.19 +

Cellulose Cross Air velocity 1.8-4.0 m/s 2.50 : 85 % * 70.00 +

Eucalyptus Fiber Cross Air velocity 0.1-1.2 m/s a0s A 65% g 60.00 A

Charcoal Counter Air velocity 4-6 m/s 1.41 Rise to optimum value then 87.00 +

fall 57.40 %
Cellulose Counter Air velocity 4-6 m/s 3.17 Rise to optimum value then 75.00

+ fall 77.45 %

Remarks: 1. Coefficient of performance (COP) 2. Change in pressure (DP).
Performance parameters increase with the rise in air velocity.

Performance parameters decrease with the rise in air velocity.

Source: Salins et al. (2021)

wwImNnIsEuIR I ueIndagnienisinea sluly
Uszlgo]

wiuanguvadluszuuraudusuussive ad
nsAnuieldlunsuAdgnilunsimsinensiadiunis
WA sadniuazdrunisadairlulsaiou nefnnsdnuvives
Premjai & Poolkrajang (2011) la@nw1Usz@ns n1wuwe uvin
anubuanagsssumddmivlsaioudesln Insndnuu
AU UINNTUNENIIINAZUAAY 2INATTANYINUT LAY
virauuiivhiunanniuugnirudieduannaunuusu
anudusuunszaeiinnuaunsalunisangumngdves
91017 WUk urA I uaaldUssanm 5 sseaneadua
eanunsnmuaugamniivesenianielulsaieulsiliaudi
Avuald fio 25-35 asrnaifod uardamuiiuruiinnuiu
nmuuzniafvsgansamaislunisviianmbuey i
Uszunaufesaz 71.00 Indidssduuiuianudusuunszane
Aldiululsaiousss Jaduszansamnishanudusy i
Usenuiesay 75.00 duuNUIAMEULUUKNAUAINITD
angauuillauszunu 3 ssrwadea Uszdnsamnisinaiiy
\uoyfifesay 26.56 §ea1u1samuauemugivesone

melulsadouldlmAuadidvualiwuieaty Tuvaefidu
n15UgnA Y Yamfang et al. (2021) ld@nwin1suszynaly
SEUUAMSYIANMULEULUUTEIMES WA UTEUUNTHIANULE U
wwusalounldlulsedowdsluunuinssuunisiaiuiu
LLUUizmaqmmﬁmmml,azmmsz‘fyuﬁ’mﬁwémmﬂt,a?{zfl,u
Tsadeudildannnisdnwifie 27.9 ssmwaidea 27.5 aemn
waldeua uaz 27.4 sernwadoa lnedaAnududuingSes
av 83.91 Sevay 85.61 uaz Sevay 83.29 muddu Tuvasd
Puttaraksa et al. (2017) la@nwdnen1nnnsyiaudunuy
sumelulsafoulgnansoluediuniou a1nn1s@nwInydn
syuuvauduLuusTIeaIntsoangangdenieluy
Tsadeulddand 1.1-2.7 osrnwaidoa wavdanud uduing
amAfiutudesas 7.50 uaziiloldsaufunidiensiauas
anusaangamgiiennialulsaieulduindiqa 3.30 esan
waldua uarAuTuduTImE e AiuT wadsdeas 10.00
vl nandnvesansotuas i ud ulduinnaa 2 19n
WeFsuiiisunisimzugnlulsaFeuiilisinshaudy
yenanidiinisAnwdszansaimnsihauanldly
syuuyAMuduLuusEne Tag Oliy (2020) laSeuliieu
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UsydnSnmvesiesvaiuiduluussine (Evaporative
cooling chamber) fvhaindguazauiitednergnisnfiuinun
vosuzidowma wui gumgiiidneiugegauazign Wiy
26.20-17.00 BaANYALTYA way 24.40-17.00 84ALYALTea
auai Tuvaigd gungineuensiedlunanissiuiigen
wagsinga Wiy 32.50-21.00 esAaLdua asuiiuldiniosd
viandgarunsaangamndildsign 4 ssmivadea uas
49a 5.90 ssALgalfoa druviosiiviiainaiuaiunsaan
ounn v lasan 4 esanwaldoa uazgeqn 8.10 99m1
waldua vliisrsznalumafuinvundemalduiuty
ufiandnsnisaaiefuageugydo
nndoyanisliTagnisnisinumsiftendnusiuyiiaiu
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fusnsnsiudsegutladedaelud 1un Tassadrauazdosing
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vo4¥and adenalagn s o unuueaszuUYALE ULUY
see lngannisdunsgvideyaiaguaazyia nuil Tagan

S e o

A15nyasT dlaseas1entelund oo sy nazlywiu
nszvaunswl (lendle geusning lewzning levau idule
uuny Ldulelonsyian wazidulovrdudunnndy) vinld
arursanniuinted widdedinalunisnunisianseulstes
a & a o P2 o § v P A o ~
Waldes uazlinnswnleslddehlvetgnisldauiamind
n1sndnlduUesAIIAplin1 TN TUNAIUANN VDI TAR
TuvueNTan1NNuATANIUNTEUINITIHNI (81U Lazd1usn
wie) AzduTunugnsunganitilesiniinnssuiunisdesy
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Figure 4 Some example of cooling pads make from a) banana fiber b) coconut fiber ¢) luffa and d) charcoal.

Source: Aziz et al. (2018); Dhamneya et al. (2017); Salins et al. (2021)
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The use of evaporative cooling systems in greenhouse cultivation is a promising option
for addressing agricultural challenges in the face of global warming. However, a notable issue
is the high cost of cooling pads, making this technology The use of evaporative cooling systems
in greenhouse cultivation is a promising option for addressing agricultural challenges in the
face of global warming. However, a notable issue is the high cost of cooling pads, making
this technology inaccessible to small-scale farmers. This article aims to compile, analyze,
and summarize the evolution, principles, and production methods of utilizing agricultural waste
materials as evaporative cooling pads. It also compares the efficiency of using agricultural waste
materials as cooling pads, highlighting their potential to reduce temperatures by 3 to 8 degrees
Celsius. In comparison, conventional paper-based panels typically achieve a reduction
of approximately 5 degrees Celsius. The efficiency of using agricultural waste materials
for evaporative cooling depends on various factors, including the internal structure of the material,
the pore size and pore volume, water absorption and evaporation capabilities, moisture retention
capacity, and resistance to clogging. Additionally, the sustainability of these materials relies
on their ability to minimize accumulated debris and their cost-effectiveness, enabling widespread
adoption among small-scale farmers. In conclusion, this research synthesizes findings from studies
that utilize efficient agricultural waste materials for sustainable evaporative cooling.
The development of low-cost materials holds the key to ensuring that small-scale farmers can
access and benefit from this technology, ultimately contributing to the establishment of sustainable
and cost-effective agricultural practices in the future for small-scale farmers. This article aims
to compile, analyze, and summarize the evolution, principles, and production methods of utilizing
agricultural waste materials as evaporative cooling pads. It also compares the efficiency of using
agricultural waste materials as cooling pads, highlighting their potential to reduce temperatures
by 3 to 8 degrees Celsius. In comparison, conventional paper-based panels typically achieve
areduction of approximately 5 degrees Celsius. The efficiency of using agricultural waste materials
for evaporative cooling depends on various factors, including the internal structure of the material,
the pore size and pore volume, water absorption and evaporation capabilities, moisture retention
capacity, and resistance to clogging. Additionally, the sustainability of these materials relies
on their ability to minimize accumulated debris and their cost-effectiveness, enabling widespread
adoption among small-scale farmers. In conclusion, this research synthesizes findings from studies
that utilize efficient agricultural waste materials for sustainable evaporative cooling.
The development of low-cost materials holds the key to ensuring that small-scale farmers can
access and benefit from this technology, ultimately contributing to the establishment of sustainable
and cost-effective agricultural practices in the future.
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(AMOVA) lsuansliiiuddnlngvesrnuuansauintunglungudszanns (87 %) Tusasfinuunnsiesending

nguussnsiirtos (13 %) lnenmsAdetiavludoyailosiudmiunisianisdsznnslalannaelugiinnail

Introduction

The Mekong River is the main river in
Southeast Asia and one of the world’s longest
rivers,  flowing  approximately 4400
kilometers from the Tibetan plateau in China
to Vietnam after crossing Thailand 1520
kilometers and through Nongkai Province
210.6 kilometers. The Mekong River
possesses the world’s second-highest inland
fish variety with around 1100 species (Baran
et al., 2005; Coates et al., 2006; Kang
& Huang, 2021). It also provides habitat for
one of the most productive inland fisheries
(Hortle, 2009). Cyclocheilichthys enoplos,
a freshwater fish in the Cyprinidae family,
has a wide distribution range in Thailand,

“Corresponding author
E-mail address: arpasa@kku.ac.th (A. Sakulsathaporn)

Vietnam, Laos, Cambodia, Malaysia, and
Indonesia (Luo et al., 2018) with adult fish
ranging in length from 35 to 80 centimeters
and weight from 0.45 to 8 kilograms.
This fish species is economically valued,
fetching a high price of 150-200 baht per
kilogram in the Northeast region of Thailand,
making it a lucrative source of revenue
for local fishermen earning 1000-2000 baht
per day. C. enoplos is a renowned fish species
found in the Nan River that serves as
the provincial fish of Uttaradit Thailand
(Seel-audom et al., 2021).

C. enoplos commonly known as
“Ta-Kok” is notable for its huge ovary and
great fecundity, allowing it to produce a large
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number of eggs during its spawning season,
which  occurs  between  July-August
(Ratanatrivong et al., 1993). Notability,
a considerable decrease in fish quantity has
been documented in the Nan River, dropping
from 127 tons to 5 tons between 2007-2016
(Seel-audom et al., 2021). Analogous to the
situation in the Mekong River, C. enoplos
is particularly vulnerable to variations
in water levels, especially during the start of
the rainy season, when the Mekong water
recedes swiftly, rendering reproduction more
challenging. Additionally, the use of both
organic and inorganic chemicals in fish cage
farming has intensified in the Mekong River.
The application of various fishing tools has
enhanced fishing efficiency, affecting the
Mekong River's ecosystem and contributing
to a reduction in the number and diversity of
Mekong fish species (Uawonggul et al.,
2019).

The Start Codon Targeted Marker
(SCoT) is adominant marker that employs an
ATG specific primer sequence (Collard &
Mackill, 2009). SCoT has emerged as a
preferred  marker for low DNA
concentrations since it does not require prior
knowledge of DNA sequence genome. SCoT
amplified fragment produced distinct and
sharp bands that are convenient, rapid, and
cost-effective for genetic studies. The genetic
diversity of SCoT markers has been studied
in a variety of fish species, including
Dicentrarchus punctus, Cheilinus trilobatus,
Cheilinus quinquecinctus, and Chlorurus
sordidus (Hassan et al., 2020) Dicentrarchus
labrax (Almaaty, 2020) Mugil cephalus, Liza
ramada, Liza grana, and Valamugil seheli
(Elian et al., 2021).

The purpose of the study was to
evaluate genotypes using SCoT markers in
order to investigate the genetic diversity and
population structure of C. enoplos. The work
Is pioneering attempt to explore C. enoplos
wild populations inside the Mekong River in

Thailand’s Nong Khai Province from a
molecular perspective. Its findings are crucial
for the region’s conservation and governance
of this species.

Materials and methods
Ethics approval and consent to participate

The research procedures outlined in this
study, including animal experimentation,
were approved by the Ethics Committee
for the Institutional Animal Care and Use
Committee of Khon Kaen University (Record
No. IACUC-KKU-24/66, Reference No.
660201.2.11/168 (28)), in accordance with
the National Research Council of Thailand’s
Ethic of Animal Experimentation guidelines.
To safeguard endangered species, only a little
amount of fin tissue was obtained for each
sample.
Animal and sample collection

The specimens of C. enoplos analyzed
in this research were obtained from the
collections of Mapanao et al. (2023),
conducted from June 2021 to May 2022 and
subsequently from February 2023 to July
2023. These specimens were sourced by local
fishermen from the Mekong River in Nong
Kai Province, Thailand, specifically from the
locations of SK (Sangkhom, n = 4),
M (Muang, n = 9), and RP (Rattanawapee, n
= 15) (Figure 1). Additionally, Cosmochilus
harmandi and Bagarius bagarius were
included as outgroups for phylogenetic
analysis. Rainboth's (1996) classification was
used to identify the gathered samples as C.
enoplos based on their morphological
characteristics. Each deceased fish specimen,
which was generously supplied by a
fisherman, had a tissue segment taken that
included the fin and/or muscle. The tissue
was then preserved in 95 % ethanol to
facilitate future DNA isolation.
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Figure 1 Location of C. enoplos populations sampled along the Mekong River in Nong Kai Province of Thailand

Genomic DNA extraction

Genomic DNA was extracted from fin
clips or muscle tissues utilizing a modified
salt extraction protocol (Lopera-Barrero et
al., 2008). The quality of the DNA extracts
was assessed by determining the ratio of
wavelengths at 260 and 280 nm (Genova
nano 737-501, Jenway, United Kingdom).
The quality of the DNA samples was also
evaluated through agarose gel
electrophoresis, which was carried out in 1X
TBE buffer at a voltage of 120 V for 30
minutes. The gel was stained with ethidium
bromide for visualization.
The Start Codon Targeted Marker (SCoT)
analysis

Nine of the thirty-six SCoT markers
described in Table 1 were selected for the

genotyping of specimens. The PCR reaction
mixture (10 pl) contains 10 ng of DNA
template, 2 pl of 5X HOT FIREPoI® Blend
Master Mix (Solis Biodtne, Estonia), 1 ul of
10 pM of each primer, and distilled water
added to reach a final volume of 10 pl. The
PCR cycling conditions were as follows:
a 12-minute initial denaturation at 95°C,
followed by 40 cycles of denaturation at 95°C
for 20 seconds, annealing at 50-55°C for 30
seconds, and extension at 72°C for 30
seconds, with a 5-minute final extension step
at 72°C. The samples were examined on a 2
% agarose gel and stained with ethidium
bromide to visualize the PCR amplification
results. A 100-base pair (bp) molecular size
ladder (Vivantis, Malaysia) was used
to estimate fragment sizes.

Table 1 The SCoT primers used for amplification, as well as the best conditions for each primer and the polymorphic
DNA band (T = temperature, Pb = Polymorphic bands, PIC, polymorphism information content)

Primer

NO. Name Primers Sequence T (°C) PB PIC
1. SCoT-2 CAACAATGGCTACCACCC 55 15 0.38
2. SCoT -4 CAACAATGGCTACCACCT 50 23 0.38
3. SCoT -6 CAACAATGGCTACCACCT 55 18 0.37
4. SCoT -7 CAACAATGGCTACCACGA 55 18 0.40
5. SCoT -11 AAGCAATGGCTACCACCA 50 16 0.37
6. SCoT -12 ACGACATGGCGACCAACG 55 19 0.34
7. SCoT -17 ACCATGGCTACCACCGAG 55 19 0.36
8. SCoT -31 CCATGGCTACCACCGCCT 55 17 0.27
9. SCoT -34 ACCATGGCTACCACCGCA 55 13 0.32
Total 158
Average 17.50 0.35

Data analysis

presence and O representing absence. These

The SCoT bands were encoded using binary characters were utilized subsequent

binary characters, with 1 representing

investigation. A UPGMA dendrogram was
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calculated and established using the
NTSYSpc 2.1 software (Rohlf, 2000)
to assess the genetic link between the samples
tested. The genetic diversity of both intra-
population and inter-cultivar was evaluated
by computing several genetic diversity
characteristics such as the number of
monomorphic bands, polymorphic bands,
and % of polymorphism (%). Additionally,
expected heterozygosity (He) and Shannon's
information index (I) were calculated
by GenAlEx 6.5 program (Peakall & Smouse,
2012). Moreover, the diversity within the
population (Hs), total species diversity (Ht),
and gene flow (Nm) were also computed
using the POPGENE software (Version 1.31)
(Yehetal, 1999). To describe the distribution
of genetic variability among and within
populations, the Analysis of Molecular
Variance (AMOVA), Principal Coordinate
Analysis (PCoA) and Mantel test were
performed using the GenAlEx 6.5 program.

Results and Discussion
SCoT primer evaluation

After the preliminary screening of 36
SCoT markers, nine SCoT markers were
selected. This selection was based on the
demonstration of distinct polymorphic band
patterns and the consistency in reproducing

17(M3)

results across various assessments. A total of
nine markers generated 158 fragments with
an average of 17.5 fragments per primer.
SCoT-4 produced the most bands, with a
maximum of 23, while SCoT-34 produced
the fewest bands, with a minimum of 13. The
mean Polymorphism Information Content
(PIC) value was 0.35, ranging from 0.27 for
SCoT-31 to 0.40 for SCoT-7 (Table 1).
According to the current investigation, the
selected markers have moderate
polymorphisms (PIC = 0.356), where 0.25 <
PIC < 0.5 reflect moderate polymorphisms
and PIC values < 0.25 indicate a low rate of
polymorphism (Zhang et al., 2020).

The phylogenetic relationships among
the 28 genotypes were analyzed using the
UPGMA method in the NTSYSpc program.
The genotypes were found to be separated
into two distinct clusters with a similarity
range  of  0.50-0.80  (Figure  2).
The dendrogram clearly distinguished
between the two groups. The first group
included RP1, RP2, RP4, RP3, RP8, RP12,
RP13, RP10, RP11, RP14, RP15, M2, M4,
M6, RP6, M8, RP16, M3, M5, RP7, and RP9,
while the second group included M7, M9,
M10, SK1, SK2, SK3, and SK4. Cosmochilus
harmandi and Bagarius bagarius made
comprised the outgroup.

1(RP1) ==

2(RP2)
4(RP4)
| 3(RP3)
7(RPE)
[ 11(RP12)
L 12(RP13)
9(RP10)
10(RP11)

13(RP14)|

| 14(RP15)
16M2)
[ 18(M)

20(M6)
5(RP6)
22(M8)
15(RP16)

19(M5)
S(RPT)

B(RPY) et

21MT)
| 23(M9)

28(M10}
'25(SK1)
26(5K2)
27(5K3)
28(5K4)-
300K}

085
Coeft

29(K)
1

Figure 2 Dendrogram shows the diversity relationship between the study specimens analyzed with NTSYS 2.1 C.
enoplos; SK=Sangkhom, M=Muang, RP=Rattanawapee and outgroup; JK= Cosmochilus harmandi, K= Bagarius

bagarius



A. Sakulsathapomn et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(1): 10 - 20

Genetic diversity

The genetic diversity of the population
was analyzed using the GenAlEx 6.5
program, which revealed a % of polymorphic
loci (% P) range of 48.80-85.54 %, expected
heterozygosity (He) range of 0.195-0.296,
and Shannon's Information index (1) range of
0.285-0.444. The RP site had the highest
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diversity P = 85.54 %, He = 0.296, | = 0.444
followed by the M site P 74.10 %,
He = 0.276, | = 0.408 and the SK site
population had the lowest diversity P = 48.80
%, He = 0.195, | = 0.285. The overall genetic
diversity of the C. enoplos population was
P = 69.48 %, He = 0.256 and | = 0.379
(Table 2).

Table 2 Genetic diversity of C. enoplos (N = numbers of samples, P (%) = % of polymorphic loci, He = expected

heterozygosity and | = Shannon's information index)

Population N P (%) He |
RP (Rattanawapee) 15 85.54 % 0.296+0.014 0.444+0.018
M (Muang) 9 74.10 % 0.276+0.015 0.408+0.021
SK (Sangkhom) 4 48.80 % 0.195+0.017 0.285+0.024
Total Population 28 69.48 % 0.256+0.009 0.37940.013

The Popgen 32 program was used for
Nei's gene diversity analysis, which revealed

that the Nei's gene diversity among
populations (Ht) was 0.3315+0.0251,
the  Nei's gene  diversity  within

subpopulations (Hs) was 0.2558+0.0192,
and the coefficient of differentiation
(Gst) was 0.2283. The variance between
populations was 13 %, while the
intra-population  variance was 87 %.
Furthermore, the PhiPT value was 0.129
(p>0.001) (Table 3), indicating that the

C. enoplos population had moderate genetic
diversity (Mir et al., 2021). The genetic
linkages between and within populations
were also evaluated wusing principal
coordinates  analysis  (PCoA), which
indicated that the two fish groups were
clustered (Figure 3). The first and second
coordinates explained 12.67 % and 8.16 %
of the total molecular variance, respectively
(Figure 4). The Nm value of 1.690 indicated
a population gene flow rate.

Table 3 Analysis of molecular variance (AMOVA) in C. enoplos (Df = degrees of freedom; SS = sum of squared
observations; MS = mean of squared observations; Est. Var. = estimated variance; PhiPT = proportion of total genetic

variance between individuals within populations)

Source of variation Df SS MS Est. Var. Value %
Among pops 2 118.902 59.451 3.969 13 %
Within Pops 25 667.633 26.705 26.705 87 %
Total 27 786.536 30.675 100 %

PhiPT =0.129, p < 0.001

Principal Coordinates (PCoA)
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Figure 3 Principal coordinate analysis and structural analyses of three populations of C. enoplos RP = Rattanawapee,

M = Muang, SK = Sangkhom
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The Nei Genetic Distance analysis
produced a pairwise population matrix that
revealed the genetic distance across
populations ranged from 0.067-0.229.
The highest genetic distance of 0.229 was
observed between the RP and SK
populations, while the smallest distance
of 0.067 was between the RP and M
populations (Table 4). A dendrogram was

constructed using the UPGMA relationship
approach, which showed that the RP and M
populations were the most closely related.
The greatest genetic divergence was
discovered between RP and SK (Figure 4).
In addition, Mantel tests demonstrated
a positive correlation between geographic
and genetic distance among populations
(R?=10.6044, p-value = 0.0048) (Figure 5).

Table 4 Nei’s unbiased genetic distance (below diagonal) and identity (above diagonal) among three populations of
C. enoplos from RP (Rattanawapee), M (Muang) and SK (Sangkhom) estimated from SCoT marker

Rattanawapee Muang Sangkhom
RP (Rattanawapee) 0.000 0.935 0.795
M (Muang) 0.067 0.000 0.820
SK (Sangkhom) 0.229 0.198 0.000
Rattanawapee
1 Muang
i Sangkhom |
—
2.00

Figure 4 Dendrogram produced following the unweighted pair group method with an arithmetic mean of C. enoplos

populations based on the genetic distance of Nei (1972)

Mantel test
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Figure 5 Correlation test of genetic distance (GD) and geographic distance (Km)

SCoT markers are a set of reproducible
markers that were developed based on short
and conserved regions in plant genomes
positioned near translation initiation codons
(Collard & Mackill, 2009). These markers
have been utilized to assess genetic diversity,
population structure, and to distinguish
cultivars.  However, their  application
In animal studies remains limited (Hassan et

al., 2020). Nevertheless, recent studies have
demonstrated that SCoT markers can be used
successfully in  DNA  fingerprinting,
identification of cultivars, and estimation
of genetic variation and structure in aquatic
animals such as Neverita josephinia,
Hexaplex trunculus, and Murex altispira.
Ten SCoT primers yielded 115 amplicons
spanning from 120 to 1500 bp in one study,
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with a polymorphism % of 20-78 %
(Almaaty, 2020). Furthermore, the results
of utilizing SCoT and ISSR markers did not
differ considerably in terms of genetic
diversity. For ISSR and SCoT markers,
Cheilinus trilobatus, Cheilinus
quinquecinctus, and Chlorurus sordidus
specimens from Saudi Arabia's Farasan had
expected heterozygosity (Hexp) of 0.470 and
0.435, respectively, and an average
polymorphism information content (PIC)
of 0.359 and 0.339, respectively (Hassan et
al., 2020). In addition, studies have shown
that the use of ISSR and SCoT markers
in assessing genetic variation and structure
in Mugil cephalus, Liza ramada, Liza grana,
and Valamugil seheli samples collected from
four different locations in Egypt produced
amplified amplicons, with 176 and 132 for
SCoT and ISSR markers, respectively. 153
and 111 of these amplicons
were polymorphic, resulting in
polymorphism % of 86.90 % and 84.10 %
polymorphic amplicons/primer, respectively.
The similarity indices with SCoT and ISSR
markers ranged from 0.47 to 0.84 and 0.54
t0 0.92, respectively (Elian et al., 2021). Both
markers produced comparable findings.

The genetic diversity of C. enoplos
populations, using 28 samples from the Nong
Khai Province along the Mekong River
in Thailand. The previous studies within the
Cypriniformes order haplotypic diversity
in Cobitis dalmatina was analyzed with 20
samples (Buj et al., 2015), and Squalius
illyricus with ten samples, identifying four
haplotypes from the Cetina River (Buj et al.,
2020). For C. enoplos showed high levels of
genetic  diversity, with an expected
heterozygosity (He) of 0.256+0.009 and the
Shannon index (I) of 0.379+£0.013 (Table 2).
In comparison, a prior study on Labeo
chrysophekadion in the Mekong Delta
of Laos using similar dominant markers,
notably ISSR found mean estimates of He
and | to be 0.300 and 0.436, respectively

(Mashyaka & Duong, 2021). Another study
using ISSR markers discovered that wild
populations of bighead catfish (Clarias
macrocephalus) in Vietnam’s the Mekong
Delta had He of 0.298+0.023 and |
of 0.440+0.032 (Nguyen & Duong, 2022),
which were relatively higher than those
identified in C. enoplos.

In addition, the Mantel test revealed that
the genetic connections among diverse
groups were consistent with their respective
geographic proximity. Geographic distance
and genetic distance were shown to have a
substantial positive correlation (R? = 0.6044,
p-value = 0.0048) among these populations.
The presence of geographic barriers has
resulted in the emergence of two distinct gene
groups within the C. enoplos species, which
can be linked to genetic differentiation.
The present study provides preliminary
results indicating that the examined species
have a moderate level of genetic diversity.
Future research with greater sample numbers
and more sampling sites, however, are
required to gain thorough insights into
the genetic structure of these species.
Notably, the findings indicate that C. enoplos
exhibits  moderate  genetic  diversity.
To preserve the current genetic diversity, it is
necessary to effectively manage fishing
activities and restrict the impact of human
construction barriers along the Mekong
River. Overfishing is a well-known
phenomenon that affects population size and
leads to the genetic diversity loss in a variety
of fish species, as previously documented
(Mashyaka & Duong, 2021).

Conclusions

SCoT markers have been demonstrated
to be useful in evaluating genetic diversity
in wild populations as well as in examining
population structure and genetic
differentiation. The genetic diversity of
C. enoplos population in Nong Khai Province
was determined to be moderate. Both
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phylogenetic trees and principal coordinate
analysis (PCoA) were employed
to investigate the relationships between
individuals in the three populations, and both
proved to be effective techniques.
The dendrogram results indicated two
comparable grouping patterns. The largest
genetic diversity was found in the
RP population whereas the lowest was found
in the the M and SK populations. These
findings can be employed in breeding
programs to enhance fish culture and serve as
crucial knowledge for the conservation of
C. enoplos. The population in the RP area,
which exhibits high genetic diversity, could
be utilized as a hatchery area to encourage
genetic variation in the population.
Furthermore, it has the potential to serve as a
rich genetic resource and a baseline stock for
successful selective breeding systems.
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ABSTRACT

Keyword
Cyclocheilichthysenoplos
Genetic variation
Mekong River

SCoT marker

This study presents the initial genetic diversity evolution of Cyclocheilichthys enoplos, a fish
species native to the Southeast Asia region that plays a vital role in the local economy as a food
source. Start Codon Targeted (SCoT) markers (9 primers) were used to assess the genetic diversity
of three wild populations located on the Mekong River in Thailand’s Nong Khai province. A total
of 28 specimens were analyzed, utilizing nine markers to examine genetic structure and diversity.
The findings revealed 158 amplified and polymorphic loci, with polymorphic loci ratios ranging
from 48.80 % to 85.54 % across the three groups. The Rattanawapee (RP) population had
the highest amount of polymorphism, whereas the Sangkhom (SK) population had the lowest level.
The values for Nei’s gene diversity (He) and Shannon's Information index (I) were 0.195 to 0.296
and 0.285 to 0.444, respectively. The phylogenetic tree constructed using NTSYS-PC software
and the dendrogram based on Nei's (1978) genetic distance indicated two different groups.
The analysis of molecular variance (AMOVA) indicated that the majority of the variation occurred
within populations (87 %), with relatively few differences between groups (13 %). This study
provides preliminary information for the management of Cyclocheilichthys enoplos in this location.
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Introduction

The problem of drug resistance is
significant for the veterinary and medical
fields and can be the cause of the barrier to
effective tick prevention. One reason is the
misuse and lack of knowledge in appropriate
procedure for chemical application (Eisen &
Stafford, 2021). Discriminatory drug use
contributes to the worsening of this issue.
Elevate the dosage or switch to a different
medication if greater efficacy was required.
Both the patient and the surroundings suffer
as a result of this. Nowadays, people are
concerned about resistance, negative side
effects, and persistent effects.

Drug resistance arises due to genetic
mutations, a capability inherent in all
organisms, including parasites. Especially
ticks, the important parasites in livestock and

"Corresponding author
E-mail address: kanokwan.b@snru.ac.th (K. Bootyothee)

pets, which have different species. The
common  species are  Rhipicephalus
(Boophilus) microplus (R. microplus) in cattle
and Rhipicephalus sanguineus (R. sanguineus)
in dogs. There are many reports about the
insecticides and acaricides resistance in ticks
from all over the world as Asia, America,
Africa and also in Australia were reported
(Abbas et al., 2014). Due to this cause, the
situation of tick prevention has grown worse.
The new insecticides and acaricide products
were developed to solve this problem. Whereas
chemical products leave the residue in the

environment and their toxicity can affect both
humans and animals. The alternative ways are
environmental control, biological control,
immunological control, and herb products,
which are recommended for use. The aim of

Online print: 18 March 2024 Copyright © 2024. This is an open access article, production, and hosting by Faculty of Agricultural Technology, Rajabhat

Maha Sarakham University. https://doi.org/10.14456/paj.2024.3



K. Bootyothee et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(1): 21 - 32 22

this study is to clearly understand the
mechanism of drug resistance in ticks and
review new insecticides and acaricides product
for tick prevention and kill which affect to
human and animal health and probably a new
trend to be an environmentally friendly
product.

The importance of drug resistance in ticks

The drug resistance was reported from
all areas of the world. The resistance of the
cattle tick to ivermectin was first detected
more than 20 years ago in Brazil; moreover,
fipronil (phenylpyrazolic insecticide) was
also first reported in Brazil, using in vitro
larval bioassays to diagnose (Martins &
Furlong, 2001; Castro-Janer et al., 2011).

It was discovered that amitraz,
BHC/cyclodienes, and organophosphates
caused resistance in R. sanguineus. Ticks that
infest dogs and cats have not had their
acaricide resistance as thoroughly examined
as cow ticks, particularly R. microplus, which
has been intensively studied due to its
economic significance to the cattle industry
and its resistance to numerous compounds.

Multi-acaricide  resistant  ticks have
resulted in an unprecedented incidence of
acaricide failure in central and western Uganda,
according to research conducted in 2018 by
Vudriko and colleagues. Additionally, a
different in vitro study conducted in 2016 was
the first to document the establishment of multi-
acaricide- and super synthetic pyrethroid-
resistant Rhipicephalus ticks in Uganda.
(Vudriko et al., 2016; Vudriko et al., 2018).

Rodriguez-Vivas et al. (2014) reported
R. microplus resistance to ivermectin and
acaricides in Mexican cattle farms. In the
Mexican veterinary —market, macrocyclic
lactones are the most often used antiparasitic
medication. There have been reports of R.
microplus populations resistant to ivermectin in
Brazil, Uruguay, and particularly Mexico.
While the majority of R. microplus from
Mexico had modest levels of ivermectin
resistance, certain field populations of the
species showed significant levels of ivermectin
resistance. Many R. microplus field populations

are resistant to many antiparasitic medication
classes, such as phenylpyrazole pyrethroids,
amitraz, ivermectin, and organophosphates
(Rodriguez-Vivas et al., 2014; Shakya et al.,
2020; Torrents et al., 2020).

On the other hand, Coles and Drydens
were reviewed and found that the use of
insecticide/acaricide not effective in fleas and
ticks infesting dogs and cats most likely cause of
lack of the efficacy in these drugs rather than the
resistance (Coles & Dryden, 2014). The
research conducted by Lavan and colleagues
investigated the behavior of pet owners
regarding tick and flea control in the United
States. Their findings revealed a decrease in the
recommended period for flea and tick protection
as indicated by veterinary guidance. ( 10. 6
months per year). Veterinarians adhere to the
guidance of the Companion Animal Parasite
Council (CAPC) by endorsing a 12-month
regimen for flea and tick prevention (Lavan et
al., 2017).

What is resistance?

Although the official definition of
resistance is a change in the target species of
susceptibility to a treatment, resistance is
typically first identified as a drug's inability
to suppress parasitism. "The ability of a
parasite strain to survive and/or to multiply
despite the administration and absorption of a
drug given in doses equal to or higher than
those usually recommended but within the
limits of tolerance of the subject" is the broad
definition of resistance developed in 1965 by
the Scientific Group of the World Health
Organization. Discussions on acaricide
resistance could be started with such a
general term.

Type of resistance

Three categories of resistance were
added to the definition of pesticide resistance
by the WHO in 2012, as noted by Coles and
Dryden (Coles & Dryden, 2014). It is notable
that the WHO formerly used to categorize the
different types of resistance. Gene and
molecular-level methodologies are employed
for identification purposes. Furthermore, the
analysis encompasses the assessment of
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outcomes influenced by drug resistance.

Molecular genotyping of resistance

The identification of the genes causing
an inherited resistance trait provides proof of
the evolutionary process by molecular
genotyping of resistance.

Phenotypic resistance

This approach assesses susceptibility to
a standard dose by using the 1957 definition
of resistance, which is "the development of an
ability, in a strain of insects, to tolerate doses
of toxicants that would prove lethal to the
majority of individuals in a normal

Table 1 Inheritance patterns of resistance into three types

population of the same species."

Resistance resulting in control failure

The WHO was mainly concerned with
malaria, which is defined as an insecticide's
inability to prevent the spread of illness via
an insect vector. This "control failure™ could
be interpreted as an inability to manage flea-
induced dermatitis or any of the other
illnesses spread by fleas and ticks.
Whereas, Abbas and co-workers divided the
type of resistance into three types: identity by
inheritance result in Table 1 (Abbas et al.,
2014).

Inheritance Pattern

Characteristics

Acquired resistance

Cross-resistance

Multiple resistance

Resistance that results from heredity, which leads to
decreases in sensitivity to drugs with the passage of time
The drug's concentration and the level of resistance are
directly correlated. When a medication is given at a
reduced concentration, a strain that was under control with
a single dose of the treatment may develop resistance.
The sharing of resistance across several acaricides that
function in a comparable way.

Tolerance to many medications, notwithstanding their
distinct mechanisms of action.

The mechanisms of resistance

Genetic alterations, commonly
manifesting within the population, are the
primary contributors to resistance against
antiparasitic drugs. When a class of drugs is first
developed to treat parasites, resistant alleles are
rare; but, as treatments become more popular,
selection pressure on the resistant alleles
increases, and the number of resistant
individuals increases (Wolstenholme & Martin,
2014). 1t has been noted that all of the parasites
mentioned above are resistant to many
medication classes (Table 1). The mechanisms
of resistance to all medications in a class are
often the same. Acetylcholine (ACh) is an
organic compound released by arthropod nerves
into the intracellular space (synapse) where the
nerve cell contacts a muscle cell or another
nerve cell. Acetylcholine stimulates the muscle
cell to contract, and contraction is stopped by
acetylcholinesterase (AChE) that destroys the

Table 2 Mechanism of action and Resistance in ticks

released ACh signal molecules.
Acetylcholinesterase [ blocked by
organophosphates like malathion and diazinon,
which causes paralysis in the target arthropod
species. In summary, the acute toxicity of
organophosphates arises from their chemical
binding to the acetylcholinesterase (AChE)
enzyme, thereby inhibiting its ability to break
down acetylcholine (ACh). As a result, the
arthropod dies with its nervous system and
muscles in a prolonged state of excitation and
contraction (Horsak et al., 1964). In parasites,
resistance to organophosphates can arise from
two different mechanisms. Firstly, resistance to
malathion is linked to an upregulation of
esterase and cytochrome P450 enzyme
expression, which can metabolize the drug
before it affects the intended target species. The
other method of resistance to organophosphates
involves upregulating AChE transcription to
offset its (McNair, 2015).

Acaricides Target

Mechanism of action and resistance

References

Organophosphates Acetylcholinesterase

Resistance to organophosphates in tick can

Kumar (2019)
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be attributed to modifications in the
Acetylcholinesterase gene, carboxylesterase
gene, and metabolic detoxification.

Overexpression of esterases in larvae and
adult tick can lead to resistance.

Changes in metabolic activities,
conformational changes in
acetylcholinesterase.

Villarino et al.
(2001)

Pruett (2002)

Formamidines
(Amitraz)

Octopamine

tyramine

Amitraz resistance is a complex multigenic
trait with recessive alleles.

Nucleotide mutations in the octopamine
tyramine receptor gene in Rhipicephalus
ticks are linked to resistance, causing target
insensitivity.

Li et al. (2004)

Baron et al. (2015)

Synthetic Pyrethroids

Voltage-gated
sodium channel

Synthetic pyrethroids resistance is linked to
mutations in voltage-gated sodium channel
genes.

Morgan et al. (2009)

Macrocyclic lactones

Glu-Cl channel

Ticks are resistant to MLs, and mutations
were observed in the Glu-Cl gene of R.
microplus ticks

Aguilar-Tipacamu et
al. (2016)

Fipronil

GABA-gated
chloride channel

Tick resistant to fipronil showed mutations in
the second and third transmembrane domains
of the GABA-gated chloride channel gene.

Janer et al. (2019);
Janer et al.. (2021)

The alternative ways to control ticks

One of the alternative medical choice
and regimen for ectoparasite management is
the resistance of tick control treatments.
Other significant factors include the
existence of medication residues and related
negative effects. According to Turner's 2011
survey, between April 2007 and May 2009,
708 companion animal incident reports
involving spot-on flea and tick control
chemical products were received by Health
Canada's Pest Management Regulatory
Agency (PMRA), which oversees pesticide
use in the country. There were 42 cats and 1
dog reported dead. These elements drive the
quest for an innovative tick management
strategy that is safer and more effective for
customers, owners, animals, and the
environment (Turner etal., 2011).

1. Environmental management control

This is a highly effective method for
preventing tick infestations, particularly
within pastures where cows graze and
consume vegetation. For this reason, ticks
prefer to live in pastures where they can lay
their eggs and wait for their next meal. The

standard environmental management strategy
that Abbas recommended in 2014 ( Abbas et
al., 2014) such as:

1.1 Pasture Burning

In various countries, such as South
Africa, Australia, Zambia, and the United
States of America, the practice of burning
pasture during the dry season (winter)
induces a "green flush,"” contributing to the
effective control of tick populations. The
crack areas can be the egg laying sites for
ticks. Since ticks have a tendency to
recolonize burned areas, burning pastures is a
technique used to control all tick stages
(Rahman et al., 2022). However, because of
worries about air pollution, frequent pasture
burning may be difficult for cattle farmers in
poorer nations.

1.2 Pasture alternation and/or rotation

Keeping grazing areas free of cattle
until the larvae die is another method of
managing pastures. This method, when
paired with chemical acaricide sprays, has
been shown to be an efficient means of
controlling cow ticks. The most practically
priced way to lower tick populations was to
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rotate pastures and use acaricides or convert
existing habitats.

1.3 House management

Due to the larvae's enhanced capacity to
locate hosts, there are increased opportunities
for tick infection rates in tropical and
semitropical regions. Creating an
environment that is inhospitable to the free-
living stages of the tick may help lower the
likelihood of tick infestations in feedlot
cattle. The management of cattle in feedlots
involves several key variables, including
optimal animal density, minimal stress,
regular and thorough cleaning, good
ventilation, and effective management of
feed and water.

2. Chemical control

Despite several challenges, such as the
emergence of resistance, public apprehension
regarding food residues, and environmental
degradation, this method remains the most
extensively employed worldwide. Of all these
synthetic pyrethroids, macrocyclic lactones
particularly ivermectin, which is widely used in
Thailand even as an extra-label drug have been
shown to have superior residual activity against
a wide range of insect species and efficiency at
lower dose rates. However, ivermectin's ability
to eradicate ticks is no longer reliable.
Previously used to effectively control ticks,
macrocyclic lactones impede the transmission
of electrical activity in nerves and muscle cells
by increasing the release and binding of gamma-
aminobutyric acid (GABA) at nerve endings.
Although R. microplus has shown partial
resistance as a result of heavy use, the precise
mechanism of resistance in ticks and parasitic
mites is yet unknown (Lovis et al.,, 201 3;
Martins & Furlong, 2001; Perez-Cogollo et al.,
2010). The current study offered a
comprehensive evaluation and enhancement of
the most widely used techniques for identifying
acaricide resistance in order to identify
Ivermectin resistance. Additionally, this study
presents a straightforward, precise, and
dependable in vitro method for identifying
Ivermectin resistance in R. microplus. These
tests were put into practice and used to track

resistance in the Brazilian state of S&o Paulo,
and the results showed that resistance is
common. Moreover, it causes an intolerable
amount of chemical residue in food supplies like
meat and meat products, which are harmful to
humans.

Fluralaner is one of the isoxazoline
classes of antiparasitic drugs that represent
safe and effective new acaricidal and
insecticidal products for dogs to control
ectoparasitic infestations. Extensive evidence
supports its  robust efficacy against
ectoparasites, coupled with its demonstrated
safety when administered orally (Chiummo
et al., 2023). This new chemical product for
tick prevention in dogs is really interesting
these days in Thailand. Fluralaner is a very
strong  arthropod-specific  GABA-gated
chloride channel inhibitor, according to in
vitro testing. It also has a less strong but still
noticeable inhibitory effect on arthropod
glutamate-gated chloride channels, and its
receptor binding on arthropod GABA-gated
chloride channels is 5-236 times better than
fipronil. Because of this difference in
receptor potency, fluralaner may be more
effective than fipronil in controlling
ectoparasites in the field (Rohdich et al.,
2014).

3. Biological control

Biological control emerges as an
environmentally sustainable alternative to the
utilization of pesticides and acaricides.
Arthropod control has been studied using a
variety of biological control methods, such as
the application of fungi and essential oils.
Utilizing peptides derived from spider venom
represents a recently developed biological
control strategy for arthropod parasites.
Arachnids possess a diverse repertoire of
venom peptides, many of which exhibit
neurotoxic properties in other arthropods.
These peptides specifically target sodium and
calcium channels in arthropod neurons,
inducing paralysis. The topic is still in its
early phases of research, and considerable
work has to be done to determine which
peptides should target which spectrum of
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arthropods. In addition, the peptides must not
be harmful to humans or any other host
species. The mode of delivery must also be
taken into account, since the majority of in
vitro experiments entail injecting venom
peptides directly into the arthropod. To
determine the most efficient method of
administering these bio-insecticides, more
research in this area is necessary (Windley et
al., 2012).Entomopathogenic fungi are fungal
species which can harm arthropods (Rajula et

al., 2020). The most studied
entomopathogenic  fungus  for  against
Rhipicephalus  microplus ticks in the

laboratory and the field are Metarhizium
anisopliae sensu lato (s.l.) and Beauveria
bassiana s.I. (Alonso-Diaz & Fernandez-
Salas, 2021). Moreover, under field
conditions, the effectiveness of the
entomopathogenic ~ fungus  Metarhizium
brunneum in  suppressing the tick
Rhipicephalus annulatus was investigated.
The amount of tick eggs was affected by this
fungus, which decreased the percentage of
female ticks laying full-size egg masses and
decreased the hatchability of the eggs (Samish
et al., 2014). Additionally, Fischhoff and
colleagues investigated the effectiveness of M.
brunneum (M. anisopliae) strain F52, an
entomopathogenic fungus, as a tick biocontrol
agent in lowering the number of Ixodes
scapularis. The goal of the research is to verify
that this fungus has no effect on other non-
target arthropods (Fischhoff et al., 2017).

4. Immunological control

While not universally applicable to all
tick species, the development of a protective
vaccine emerges as a prospective alternative
control strategy for specific arthropod
infections in  various areas and
alsoconsidered as one of the best alternative
approaches to control ticks and tick-borne
diseases (Abbas et al., 2023; Rahman et al.,
2022). The only tick species that has been
researched in Thailand is R. microplus. It
would not be strategically feasible to
vaccinate every individual at risk of
infestation for every disease. It is a viable

substitute for many veterinary parasites,
nevertheless.

The vaccination is founded upon the R.
microplus rBm95 gut antigen. This
immunization approach aims to disrupt the
cell wall of the tick's gastrointestinal tract.
Consequently, as these ticks are rendered
incapable of converting blood into eggs, there
is potential for a reduction in tick
populations.  Additionally,  vaccination
prevents the toxicity of the tick's mouth
portion (Jittapalapong et al.,, 2010). The
vaccination makes tick management
practical, economical, and most importantly,
environmentally  friendly,  significantly
lowering the demand for acaricides. Field
research conducted in Brazil on the multi-
antigenic vaccine targeting the cow tick R.
microplus showecased its superior efficacy in
comparison to the control group (Parizi et al.,
2012). Further research on the humoral
immune response of dairy calves inoculated
with rBm95 (KU-VACL), a protein produced
from Thai R. microplus, is available. The
study's findings showed that KU-VAC1 and
Gavac are equally immunogenic, and that
more research is necessary to examine the
effectiveness of ticks fed to cattle who have
received vaccinations ( Jittapalapong et al.,
2010).

5. Herbal extract control

An emerging trend in the veterinary
sector involves the utilization of botanicals
on livestock for tick control. More than 100
plant species were studied for their acaricidal
and repellent effect on ticks. Most are plants
in Lamiaceae family (Nwanade et al., 2020).
The following analysis of reports makes it
evident that a variety of botanical products
are effective at Killing ticks or preventing
their oviposition (Abbas et al., 2014).

The herb that Thai people are familiar
with that has acaricidal properties, such as
Stemona collinsae (Jansawan et al., 1993),
Ocimum suave (Mwangi et al., 1995), peel oil
of Citrus spp. ( Chungsamarnyart &
Jansawan, 1996) , Gynandropsis gynandra
(Lwande et al., 1999), Tamarindus indicus
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( Chungsamarnyart & Jansawan, 2001) ,
Eucalyptus spp. (Chagas et al., 2002), Senna
italica subsp. arachoides ( Magano et al.,
2008) Annona  squamosal  leaves
(Madhumitha et al., 2012) and neem (Giglioti
et al., 2011). A natural substance called
Azadirachtin is obtained from the neem tree
(Azadirachta indica). The maximum
concentration of azadirachtin, which can
reach 40 % in the extracted oil, is found in the
fruits of this plant. It has been demonstrated
that azadirachtin inhibits vitellogenin during
arthropod oogenesis. Since then, it has been
observed to inhibit growth and discourage
feeding in a variety of arthropod species. It
has demonstrated efficacy as an insecticide
against a range of agricultural pests.
Although azadirachtin has been studied as an
acaricide against ticks and poultry mites,
where it was able to kill 90 % of mites in
vitro, research on it as a control agent for
medical and veterinary arthropods has been
more restricted. Since azadirachtin is present
in many commercial preparations of neem oil
and is safe to people, it presents a viable
substitute for the pesticides currently used to
control arthropod infestations (Giglioti et al.,
2011).

Conclusion

Drug resistance in ticks is a prominent
issue highlighted in the veterinary field,
exerting potential implications on human
health. The main cause due to discriminating
drug use leads to accelerating this problem
getting worse. Although the drug resistance
developing is an ability of all organism to
survive and transfer to next generation more
tolerate doses of acaricide/insecticide
products. Nevertheless, responsive drug use
can slow down this problem.

Moreover, the contemporary shift towards

eco-friendly  approaches is noteworthy.
Biological and immunological controls, along
with herbal extracts, represent alternative

methodologies for mitigating the impact of
ticks, significant wvectors in this context.
Research on methods for eliminating and

preventing ticks is in its early stages, and further
study is considered necessary.
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Ticks, as significant vectors for various diseases in both companion and livestock animals, pose a
threat to animal health and can also impact human well-being. This study aims to explore the
mechanism of tick drug resistance, examine novel insecticides and acaricides for tick prevention
and control, with potential benefits for human and animal health, and explore the emerging trend
of environmentally friendly products. Recently, efforts have been made to develop products and
procedures to control tick populations, yielding effective results for a considerable period.
However, the efficacy of previously successful products has diminished in recent times. This
decline in effectiveness is primarily attributed to genetic mutations causing drug resistance. The
issue of drug resistance in ticks has significantly impacted both the medical and veterinary sectors
and is escalating steadily. The exacerbation of this problem is primarily driven by the
indiscriminate use of drugs. It is crucial not to overlook the concern of chemical residues.
Currently, there is a growing emphasis on environmentally friendly approaches to tick
management, such as herbal extract products, as well as exploring immunological and biological
methods. Further research into these alternatives holds considerable interest. This resistance can
result from overuse or misuse of these chemicals. Understanding the mechanisms of resistance and
developing alternative strategies is crucial.
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Table 1 Ingredients to produce Hom Tong banana jam supplemented with Sriracha pineapple

Ingredients Amount of Sriracha pineapple (%)*

(9 0 26.50 42 59.25
Hom Tong banana? 400 400 400 400
Sriracha pineapple? ® 0 106 168 237
Sugar' 300 300 300 300
Pectin' 1 1 1 1
Citric acid® 6 6 6 6
Water! 240 240 240 240

Sources: Modified from 'Deepu (2007); “Patel et al. (2015); *S Wan-Mohtar et al. (2021).

* The amount of Sriracha pineapple (%) was calculated from weight of banana.
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Sriracha pineapple
(0g, 106 g, 168 g, 237 g)

Finely blended with water 240g and filtered

—

+ no

Water

Mixed g ' o o
before use E \ Peel and soak in 0.1% citric acid
Pectin 1 g solution ( for15 min)
. 2
& Pineapple juice with pectin and sugar ‘
N
Sugar 300 g

« Blend and use 400 g
for each formula

Mixing ingredients in a brass pan

4

Heating to 75°C

Evenly stirring and heating until 85-90°C for 20-30 min

. } ' Added citric acid
69

Turn off the heat and add citric acid

4

Cooling to 80°C, then packing in a glass bottle

Figure 1 Production process of Hom Tong banana jam supplemented with Sriracha pineapple.
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Table 2 Effects of pineapple supplementation on color quality and textural characteristics of Hom Tong banana jam supplemented with Sriracha pineapple

Color Texture
Amount of pineapple

Hardness Adhesiveness

(%) L* a b*

(N) (g sec)

0 49.51°+3.53 5.13+0.66 26.49°+1.51 4.89°+1.65 -0.0064°+0.0018
26.50 42.08°+1.52 5.26+0.17 22.68°+1.35 1.10°+0.37 -0.0172°+0.0019
42 41.53°+0.72 4.90+0.20 18.58°+1.10 1.15°+0.24 -0.0325°40.0051
59.25 44.26"+0.95 4.72+0.36 19.39°¢1.16 1.06°+0.11 -0.0303°+0.0024

2P Means with the different letters in the same column are significant differences at p<0.05.
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Table 3 Effects of pineapple supplementation on the chemical quality of Hom Tong banana jam supplemented with Sriracha pineapple

Amount of pineapple

Total citric acid ™

(%) Pr (%)
0 3.56"+ 0.07 1.24 +1.29
26.50 3.54% 0.02 1.13 + 0.06
42 3.63+ 0.01 1.10 + 0.04
59.25 3.70% 0.32 1.10 + 0.02

*b Means with the different letters in the same column are significant differences at p<0.05.

" Means in the same column shows that there are no significant differences (p>0.05).
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19 9 (Muresan et al., 2014; Awolu et al., 2018; Patel et al,,
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Table 4 Sensory evaluation of Hom Tong banana jam supplemented with Sriracha pineapple

Amount of pineapple (%)

Sensory attribute

0 26.50 42 59.25
Appearance 7.03°+1.48 7.07°+1.31 6.07°+1.41 6.60%°+1.36
Color 7.37°+1.13 7.47°+1.41 5.20+1.89 6.00°+1.58
Odor ™ 6.30 +1.60 7.07+ 1.23 6.07+ 1.48 6.43+1.76
Taste ™ 7.03+1.19 7.23+1.50 6.60+1.33 6.93+1.28
Spreadable on bread ™ 6.77+1.50 7.53+1.20 6.93+1.36 7.10+1.30
Overall acceptance 7.47%+1.37 7.97°+1.00 6.90°+1.27 7.07°+1.44

b Means with the different letters in the same column are significant differences at p<0.05.

" Means in the same column shows that there are no significant differences (p>0.05).
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Table 5 Chemical composition analysis of Hom Tong banana jam supplemented with Sriracha pineapple

Amount of pineapple Moisture content Fiber ™ Ash ™
(%) (%) (%) (%)
0 29.87° +1.14 0.24 +0.45 0.69+0.19
26.50 37.31* £1.40 0.18 +0.09 0.84 +0.02

*® Means with the different letters in the same column are significant differences at p<0.05.

" Means in the same column shows that there are no significant differences (p>0.05).
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Figure 2 Hom Tong banana jam is complemented with 26.50% Sriracha pineapple in a glass jar container

Table 6 Microbiological evaluation of Hom Tong banana jam supplemented with 26.50% Sriracha pineapple and control formula for 28 days of storage at room

temperature (28-30 °C)

Storage time Total plate count (CFU/g)

Yeast and mold (CFU/g)

(day) Control 26.50% Pineapple Control 26.50% Pineapple
0 N.D. N.D. N.D. N.D.
7 N.D. N.D. N.D. N.D.
14 N.D. N.D. N.D. N.D.
21 N.D. N.D. N.D. N.D.
28 N.D. N.D. N.D. 1.2x10?

N.D. means not detected.
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ABSTRACT

Keyword
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Hom thong banana
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The objective of this research was to develop Hom Thong banana jam supplemented with Sriracha
pineapple. Various proportions of pineapple supplementation (0 %, 26.50 %, 42 %, and 59.25 %
by weight of banana) were studied alongside the control formula without pineapple. For sensory
evaluation, it was found that the most suitable addition for banana jam production was 26.50 %
pineapple, which was most accepted by consumers. The overall acceptance of 26.50 % pineapple
was 7.97, or moderately liked (on a 9-point hedonic scale, where 9 = like extremely and 1 = dislike
extremely), and it had lightness (L*) and yellowness (b*) values close to the control formula. When
26.50 % pineapple was added, the gel hardness was lower than that of the control formula, while
the adhesiveness value was higher. The citric acid contentwas 1.13 %. Supplementation with 26.50
% pineapple resulted in an increased moisture content of 37.31 %. The fiber and ash content of the
supplemented 26.50 % pineapple were not different from the control formula. Hom Thong banana
jam with 26.50 % pineapple could be stored at room temperature (28-30°C) for more than 28 days.
These findings facilitated the successful transfer of processing and production technology to the
Thai Don Bak Vegetables Safety Community Enterprise in Ban Khok Subdistrict, Sang Khom
district, Udon Thani Province. This has enabled the production of banana jam supplemented with
pineapple as a new offering from community enterprises.
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Tablel Materials and the components of chemical and granular organic fertilizer with hormone mixed formula (HO)

Components of HO fertilizer (by weight kg) Total
Formula
A B C D E F (kg)
HO-1 30 20 30 5 5 10 100
HO-2 35 15 25 5 10 10 100
HO-3 40 10 20 5 10 15 100

Remark A = chemical fertilizer (25-7-7), B = effective microorganism (EM), C = soil conditioners, D = Herbal extracted liquid, E = organic plant growth regulator,

F = liquid organic fertilizer.
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Table 2 Soil properties as affected by different soil amendments at the beginning and holy basil harvested

Treat ¢ Initial soil Soil properties at the harvest
reatmen
properties T1 T2 T3 T4 T5 T6
Primary N (%) 0.05 0.04¢ 0.06™ 0.05 0.07° 0.07° 0.07°
nutrients P (%) 64.00 59.00° 71.00° 66.00° 73.00° 80.00° 76.00°
K (%) 151.00 132.00' 145.00° 141.0° 155.00° 194.00° 164.00°
Secondary Ca (mg/kg) 650.00 523.00° 723.00° 864.00° 865.00" 870.00° 863.00°
nutrients Mg (mg/kg) 121.00 112.00° 126.00° 139.00° 142.00° 150.00° 147.00°
S (mg/kg) 10.15 4.03¢ 4.05 4.83° 5.44° 7.46° 6.33°
Micro Fe (mg/ke) 72.59 51.37° 70.93° 78.57° 80.96" 85.53° 84.44°°
nutrients Mn (mg/kg) 33.33 15.05° 20.61° 28.74° 35.62° 35.44° 33.54°
Zn (mg/kg) 155 1.10° 1.12° 1.97° 2.38° 2.59° 2.43°
Cu (mg/kg) 1.15 097" 1.09° 1.26° 1.37° 1.85° 1.72°
B (mg/kg) 0.14 0.07¢ 0.12° 0.53° 0.61° 0.64° 0.59°
Organic matter (%) 1.07 0.96™ 0.94° 1.05%° 1.06 1.1%3° 1.11°
pH (soil:water = 1:2) 6.1 6.3 5.6° 6.6° 6.7° 6.8° 6.8°
EC (ms/cm) 0.11 0.08° 0.07° 0.12¢ 0.35° 0.48° 0.45°
Water content (%) 11.84 15.23 15.12 14.90 15.94 16.33 16.09
Bulk density ( g/cm?) 2.05 1.65° 1.68° 1.69° 1.69° 1.67°° 1.69°
Porosity (%) 36.18 60.41°° 59.60° 60.91%° 60.91°° 62.38° 62.03°

*T1) no fertilizer (control) T2) chemical fertilizer 15-15-15 T3) organic fertilizer T4) Hormone pelletizing fertilizer, mixed formula-1 (HO-1) T5) Hormone pelletizing
fertilizer, mixed formula-2 (HO-2) and T6) Hormone pelletizing fertilizer, mixed formula-3 (HO-3).

AuauUAveIlanuIn 51001 IUaNgedn tawn T2
(Yol 15-15-15) s3a3ubawn T6 (HO-3) (13.50-0.20-0.
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Juea nundUSunugegalaud T5 (HO-2) T2 (Juwadl 15-15-15)
T6 (HO-3) T4 (HO-1) T3 (Jeduvizd) waw T1 (control) muddiu
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Table 3 Characteristics of fertilizers used in the current study

Fertilizer/Treatment HO-1 HO-2 HO-3
Primary nutrients Total N (%) 7.4 79 13.5
Total P (%) 0.2 0.2 0.2
Total K (%) 0.3 0.3 0.4
Secondary nutrients Ca (%) 8.0 8.5 10.3
Mg (%) 21 24 29
S (%) 8.7 10.1 10.4
Micronutrients Fe (mg/kg) 2.14 2.35 2.48
Mn (mg/kg) 197.00 211.00 211.00
Zn (mg/kg) 91.00 157.00 171.00
Cu (mg/ke) 19.00 21.00 25.00
Cl(mg/kg) 1.95 211 2.54
OM (%) 0.87 1.13 1.27
pH (1:1) 6.82 6.74 6.65
EC (1:10 ds/cm) 30.25 32.12 36.17
C/N ratio 0.22 0.21 0.21

Table 4 Vegetative growth of holy basil as affected by different fertilizer during 2020-2021

Treatment Height Stem diameter No. of branch Canopies diameter

(cm) (mm) (cm) (cm)

T1 55.12 6.95° 12.68 23.99°

T2 57.14 8.31° 13.13 26.31°

T3 55.21 7.25° 13.20 24.57°°

T4 55.23 7.36™ 13.20 25.50°°

T5 56.21 7.70%® 13.69 25.88°°

T6 56.12 761%° 13.58 25.36°°
F-test 6.12" 0.97* 2.14™ 2.23*
CV (%) 7.27 881 10.74 5.86

*Significant at 95% confident interval in each column of the same period, the different in small indicated significant at 95 % (p<0.05) by DMRT.

Table 5 Yields and yields component of holy basil as affected by different fertilizer during 2020-2021

Treatment Weight/tree Weigh/1.2 m?
Fresh weight Dry weight leaves
Stem Leaves Root Stem Leaves Root Fresh Dry
(g/plant) (g/1.2 m?
T1 77.30 74.30° 21.00 14.10 15.50° 10.10° 471.60° 83.40°
T2 108.40 124.90° 34.20 18.90 21.60° 11.80%° 710.80° 121.80°
T3 86.30 81.40™ 24.70 17.70 15.60° 11.00%° 491.90° 89.60™
T4 91.70 107.30% 21.60 16.70 20.30°° 14.20%° 617.10% 110.00°
T5 98.60 117.30° 31.20 18.50 20.60°° 17.20° 664.50° 114.50%
T6 105.20 102.50°° 28.80 19.60 18.70°° 14.20%° 637.00° 108.00°>
F-test 32.50™ 30.00* 14.90™ 6.40™ 6.10* 6.40* 132.30* 27.20*
CV (%) 22.80 19.70 36.70 24.10 21.50 32.50 14.70 17.70

*Significant at 95 % confident interval in each column of the same period, the different in small indicated significant at 95 % (p<0.05) by DMRT.

Table 6 Effect of chemical and granular organic fertilizer with hormone mixed formula (HO), chemical and organic fertilizer on yields and total yields of holy
basil plant during the growing seasons, first and second harvest (2020-2021)
Yield/rai (1% harvest)

Total yield/rai

Treatment Yield/rai (2™ harvest) (kg)
(kg) (kg)
T1 523.98° 396.30° 920.00°
T2 854.43° 881.40° 1,736.00°
T3 546.88" 587.10° 1,134.00°
T4 581.85% 1,061.00% 1,643.00°
T5 738.38% 997.90° 1,736.00°
T6 707.85%¢ 886.50° 1,594.00%
F-test 200.99* 186.14* 320.71*

CV (%) 20.24 15.41 14.57
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Table 7 Eugenol and methyl eugenol of holy basil as affected by different fertilizer during 2020-2021

Eugenol Methyl eugenol
Treatment
(pug/ml) (ug/ml)
T1 0.36" 1,039.04°
T2 17.27° 1,440.03°
T3 6.60° 1,139.18°
T4 14.03° 1,277.71°
T5 28.14° 3,293.14°
T6 16.35° 1,368.77°
F-test 0.44* 2.32%
CV (%) 0.21 0.10

*Significant at 95 % confident interval in each column of the same period, the different in small indicated significant at 95 % (p<0.05) by DMRT.
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ABSTRACT

Keyword
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with hormone mixed formula (HO)

Holy basil

Eugenol

Methyl eugenol

The objective of the research was to study the influence of mixed formula pelletized hormone
fertilizer (HO) on soil properties. Growth, productivity, production components, and important
substances of holy basil (Ocimum tenuiflorum L.). The RCBD experiment was carried out,
consisting of 6 methods, 4 blocks, adding fertilizer according to the following methods: T1)
no fertilizer (control), T2) chemical fertilizer 15-15-15, T3) organic fertilizer., T4) Hormone
pelletizing fertilizer, mixed formula-1 (HO-1), T5) Hormone pelletizing fertilizer, mixed formula-
2 (HO-2) and T6) Hormone pelletizing fertilizer, mixed formula-3 (HO-3), rate 50 kilograms
per rai by planting basil seedlings in the plot, and planting basil seedlings in the plot and fertilizing
according to the recommended method. It was found that the soil after the experiment in the mixed
formula pellet hormone fertilizer group or the HO fertilizer group (T4, T5, and T6) increased
organic matter, adjusted the acidity-alkaline condition (pH), increased porosity, increased
the ability to hold water, and the HO fertilizer group has secondary nutrients and micronutrients
increased significantly. According to the influence of fertilizer on the growth product
and composition of holy basil, it was found that the hormone pellet fertilizer group mixed with HO
made the basil stem size larger, which was significantly different from the other treatments and
has a canopy size No different from chemical fertilizers. In terms of yield, the hormone pellet
fertilizer group mixed with HO mostly increased yield in T5(HO-2) 1,736.30 kilograms per rai and
T2 (chemical fertilizer 15-15-15) 1,735.80 kilograms per rai. The highest yield is significantly
different from other methods. The amount of important substance eugenol and methyl eugenol
in T5(HO-2) showed the highest results above other methods. Therefore, it can be concluded that
HO fertilizer, especially T5 (HO-2) can improve soil structure and add nutrients to the soil at the
same time as adding fertilizer.
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Average : SARIMA (p,d,q) (P,D,Q), WwamagsaNns 7 (11) (Bowerman
& O’Connell, 1993; Box et al., 1994)
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Figure 1 Movement of time series monthly rainfall data from January 2012 to December 2021.

Table 1 Statistics and p-value test independent of error in Holt-Winter model by autocorrelation Ljung-Box Q method

Lag df Statistical value p-value
18 16 20.365 0.204
*Significant difference at p<0.05.
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Figure 2 Histogram ACF and PACF of forecasting error by Holt-Winter method.
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Figure 3 Histogram ACF and PACF of monthly rainfall by Box-Jenkins method.
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Figure 4 Histogram ACF and PACF of time series monthly rainfall data transform rank seasonal difference 1 by Box-Jenkins method.

Table 2 Estimate parameter by SARIMA(0,0,1)(0,1,2);, model

Parameter Estimate Statistical value p-value
ma 100)) -0.2459 -2.54 0.013
e 0.6277 6.09 0.000
SMA 12005 ) 0.2320 2.14 0.035
sMA 24( 0,4 )

*Significant difference at p<0.05.
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Table 3 Statistics and p-value test independent of error in Box-Jenkins model by autocorrelation Ljung-Box Q method

Lag df Statistical value p-value

18 15 16.287 0.363

*Significant difference at p<0.05.
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Figure 5 Histogram ACF and PACF of forecasting error by Box-Jenkins method.
Table 4 Compare MAPE of forecasting 2 models
Monthly Rainfall (mm.) forecasting
Value
Holt-Winter method Box-Jenkins method
MAPE 355 288.68
Table 5 Compare monthly rainfall and forecasting value Box-Jenkins method
Month Monthly Rainfall (mm) Monthly Rainfall (mm) forecasting
by Box-Jenkins method
Jan 2022 22 63.81
Feb 2022 176.99
156.4
Mar 2022 292.29
Apr 2022 443.6 904.95
May 2022 533.6 1258.85
Jun 2022 23675 880.04
Jul 2022 90,4 1371.71
1494.
Aug 2022 1757.83
Sep 2022 2888 2274.21
QOct 2022 3006.4 610.20
3841.4

1171.9
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Figure 6 Time series plot of monthly rainfall and forecasting value Box-Jenkins method.
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PN $owaz 1 vasuiuiomn Tel&sunssusadussesmssuseanasguinunsduvds vie (T3) wssgdlalunadng

WS YRTEUNTT nxdndadundusznausiiae (1) ulswelunisdaaiuvasniaiguazniaenyu (2) anwuanaan (3) S1ATNY
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wAntrsunEslumusmsafionss Soriaseran Wsntu

o . y RO R
UNUI 4ann 7,127.63 auum (WWuIusaay 27) (National Organic

v

in¥nsouNs e (Organic agriculture) 1 un13v™  Agriculture Development Board, 2022) W9l uanaINNITLUE

wnensnssudeBugduuunis iWunwamenmsiinunsiidenndos  ANTEUYB IR uilaalunisquaguninuds Jagdunis

ﬂU’mﬁi'ﬁJ‘U’](ﬂ Huiinssedaunndey shlvissuuinadianuauga
#319A210T WA WD S LLavmmmUaamamaammwm
r%;ljmaml,awguﬂﬂﬂ (Badgley et al., 2007; Chouichom & Yamao
2010) UszmalngliaudAgiunsnauinunsduniguss
Useina uazkansuliinunsdunsdifunseusnesnasedslu
Y wat. 2560 — w.a. 2565 Taglgrmundmnefiaiiudiinuns
gunsdidu 2.00 d1uls Tud w.a. 2570 (Office of the
T w.A. 2566 Uszine
Inefifufinunsdunid sy 1,403,441.00 15 WisduanTnou

Permanent Secretary for Interior, 2022)

v

wigadidiuau 1,348,155.00 15 (Winduievar 4) dyamdun
WNYATBUNTEIIN 9,169.29 AU LT UINNTNNoUNTNT
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anudRfunIsnsnursuuussBuuazinunsdunsy e
$nwsEUUTnATEIMSNEINSsT TN R LA A IWINGBY (Shea et
al,, 2002) wazidulonauasaeINIeN1SVENBAAINFUALNYAT
dunsdluuszine (Office of Agricultural Economics, 2023) N5
nand19unsd uuseanidu 2 Usvian laun (1) $128unsdin
futhu ez (2) $18unidaunnsgiuaina Jaununsnsuas
FusgnaunsiesufiAniaiiolviiiunisiuses (Rice Family
Thailand, n.d.)

Online print: 4 April 2024 Copyright © 2024. This is an open access article, production, and hosting by Faculty of Agricultural Technology, Rajabhat

Maha Sarakham University. https://doi.org/10.14456/paj.2024.7



P. Bunsong et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(1): 62 - 71 63

avagnsaionsy uiluiii sz Tusenvemeiaay
awwan agsvminmglaauasaiungiasilng aseunauiud
4 9400 VITIMInAwaT Usenausig 8unedamung ennaans
wsz dneszlun wazdnenszuadus Yuduwdufunesves
NTHANFUANAYAT Lﬂuﬁuﬁﬁmmvaﬂumwaﬂﬁﬁn (Songkhla
Provincial Agricultural Extension Office, 2020) mmnam‘wiu
nsudndslussuuiadiuarsruuBunis mieausng q 7
Aeateswhajionssfuniswasliidneawenndeiy (ntegrated
Provincial Administration Committee, Songkhla Province,
2019) Buituiiiifinunsnsgudndndunisillasusesumsgu
\nuasBu3S (Organic Thailand) Tumeld annssuunmudy
ArunyaNvesTiaunUaymsafanssiuduiuiimazangs
(s1) il 262,706.00 13 Aniluseras 51.64 vesiuiidnanm
g9 INuiidmnedaasunisugndnnisldununisadauas
N139a19912ATUIRTNUYTZNIANTENT NN YATUAZANNTA] U717
wTlulnisudn w.a. 2564/65 593 130,503.00 19 18ud
129,500.00 15 uagdamanaans 1,030.00 13 wagiiuilugni
lsususesnsgIununsdunsgelinfivd1s 370.00 15 (Office
of The Permanent Secretary for Ministry of Agricultural and
Cooperatives, 2022)

nsnand1dunigiiunsgruiusesennunsng T
aaysaissziivnliuanasetwieides luvazfinisndn
F1durdduardmmnelugluuuiilifesdunsgusesiuiifingy
eftuiilumvaumsaimsddnonmlunadiuihdnsuandn
Sunsdiui eliflisunissusosuasgiuld Snifausunuainu
Foamsimdunidlunanatiesiu Auillndifes uazanudosnis
vosuilaalunaraamizngu (Niche market) laun na1ndi7
gunmdsasdianudeinisdnann Fsmsudediulunaiadanannds
ligawiunaiadnaialy windndunidlumvaymsaiionsed
INIFINENTDUNTETUTOSIZAINa LN wAINIT M eNanEnla
Tuseniigatu enudesiuresfuslnafifindy waransaves
paralunisdmigldundu fafuiaduiulunisdnw (1)
viunkazaniunsalJagdulunisndnd1ivesinunsng (2)
wsgelalunisidgnisudndnidunidveanunsns (3) Yadeida
awnglunisidngmsnandndunidildSunissusesunsgiu
nwasBuniduesnwnsng Wetdutuimdlunisdaaiunis
Suvdlumuaymsaianse ifinsgunvnsduriduazensedy
nsuant1Buvsdsialy

¢ ad a v
gunIaluazisn13Ive

nsAnwluassdiunisfnyidsamnin lnglddoya
wiseaniu 2 dau (1) Teyanfegdnguinunsnsgugndin
a 6 o LY | L3 < Y 5 v a
dunsddwminasvan U w.e. 2565 anqudimdanugindanii
waztayanziloununsnsguand1idunid annesnsivdey
FuseamsguiIwazHanduel nTun13UI wae Yeyanzileu
NRTNIEUGNTIIUTY WA, 2565/66 ANNTUAUATUNTINYAT
itayadu o Mferdesiunisfnyiisiunulivisainainsy
warmAN (2) Teyausuginninunsnsgantiduniduay

rff fiduderdos wazdndunsiiufeyarunseiisdeyainiig

U
o

dush Teeiudayaninandunungunuasiinand1n8un3slu
Auaymsafisnszawy 37 10 Saduiidndisusemnnsgu
inwnsdunideguazyilildsusennnsgiudnaiinds uay
Wnthiluagindvmsdauainumsnsgnanindun3s S1uou 3
78 salideyaadu 40 1o lunafususadouya Ty
dunwal 1o madan1sduniwalifsdn (In-depth interview)
saufunsdananisaitsuuuiidaudanuarlsifidaudan 19ns
nsIvaputeyauuvaE (Triangulation) Fsnuindeyadiledl
anuaeandotavidululuiianufesiu mslieseideyald
afifiegnadny 1wy Afosay Anads Wudu uarnslesziid
o (Content analysis)

NALAZIANTAINANITITY
1. ySunkaraniunisal v uulunisuand1iveunynsns
lumvaynsanansy

nsnwluasedudadu (1) mandad1eu uay
(2) MInARTNBuNI I e SusensgIununsdunidues
inwasns wan1sAnwdudeld

1.1 MadanskandyINvesnensnsiumuaysaiange

lun1sudanisudntnnsan wudn lulnmsimnzdgn we.
2565/2566 flufiauaunsaionsy finumansfidunsideu
\nuATNIIA 7,072.00 a3aFeu wvadu (1) inwasnslusune
nszuadug 756.0005150uU (2) SnnedamuAT 1,970.00 ATISOU
(3) gneszlum 2,490.00 A3SaU way (4) BLNBETNINTY
1,856.00 AS30U ﬁﬁuﬁﬂqﬂ%’nuﬂﬁwm 15,531.00 wias
75,329.48 15 uvadu (1) Mulusunonszuadug 1,569.00 uvas
6,920.12 13 (2) dunedmuas 4,677.00 uuas 16,251.71 13 (3)
gunaselun 5,477.00 wlad 39,990.38 19 way (4) snsaia
W% 3,808.00 wuas 12,167.27 15 (Table 1)

1.2 Mananddunidnlisuseannsgiununsdunid
YOUNWAITNTIUANUAYNTATINTY

Tun1suanddunidilauseannsgiu wuin ud wa.
2565 NAuINYATNIT LTI N YATB TS lun U
afiansy Sedu 37 1o woadu (1) inwesnslusnensuadug
14 979 (2) wnedauas 21 578 (3) 81L0a58luA 2 578 wag (4)
sunoafianszlifinunansiildsusosnnsgiudingn faua
I§sunisfuseanasgiluszeylinisfuses wie (T3) fufiun
AT 1B UNTET SUTDMIFIULN YR TBUNTS Hanua 55.00
was Amibudesas 035 vessuauutasionun f51uau 232.00
15 Amfusosaz 0.31 vesiuiiviovun wundu (1) inuasnslu
gunenszuadug 15.00 wias Aadufevay 0.96 vesdiuu
wdasvianue f51uau 15.00 19 Aadufosar 1.42 vesitui
avun (2) nnedwmuns 31 wlas Anidudesas 0.66 w09
Sruuuvasianue d5wau 94.00 15 Amfuesaz 0.58 ves
fufivianun (3) Sunoselun 9.00 ulas Andudosas 0.16 ves
Srunuudasianun $5uau 40 13 Amdudesas 0.10 vesiudi
anun waz (4) Suneafmszliififiuveunuasnsiildiuses
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=

wnsgIuiana azmulddiundunidluauaymnsafionszn
FSusennmsguiidndauiitouiiioioudisufuiuiiuiiomn
dnilvg/luusiavsnnefifuiiudurddesnindosas 1.00 fiites
sunonszuadusuiiuiinuiiuduniduinninfosas 1.00
(Table 1) e oradumwsznrsviunlunialdladnisviun
Suw%fsﬂugﬂLLUUﬁﬁéﬁyzyﬁw’%ﬁw‘%amammﬁasz witloulu

a 4

2in1PduY 9 vesUsEina lnsanenianyTuesnileanile diu
Tugdunissalulasinisvesniasy (Thailand Development
Research Institute, 2010) deralvidiusanaunisiundunidves
dofinsunuiinunsnandndunidildsuseannsgiue
1o annsaduunldded (1) Sunenszuadug finwasns An
ufesar 37.84 voununsnsfiviurdundsiavun $91uu
was Andudosay 27.27 vosduauulasionun ﬁ‘ﬁuﬁﬂqﬂ AR
\udesay 42.24 vesiuiiugndnBunidvianun (2) Srneds
wuns Sinwnans Andufesay 56.76 veanuasnsiviuIdunid
wanue d91urundas Andudesas 56.36 vassiuruulas
v ffiuiivgn Anbufesay 40,52 vesiiuiiugniniunis
v wag (3) Suneslun finwnans Amdudosas 5.41 o9
inwpsnsfivhunduvidieun Shuuuas Andudosar 1636
ORI Ay ﬁﬁuﬁﬂ@‘ﬂ Anidudosas 17.24 vasitudi
Ugninduniditamuanagiiy

nMsAnwInudn Tugnenseuadug uazone
devuas Wunisfuseddunuungu dwluduaeszlundunis
fusesmeyena invasiiuiiundunidiadedons &l (1) Sune
nsvuaAusinumsnsiiiuiiadesee 7.00 13 (2) Sunefmuas
nwnsnsiiuiiadesiess 4.50 15 uag (3) Sunoselumnumsns
fiuadssiosns 20.00 13 (Table 2) agiuldinnuasnsly
muaunsafimszdonaiiuiinde 6.30 13 dufepnianaioves
Ussinalne Saviiiy 22,56 15 Siteslugunesslunyinduid
uilndfestuAedsvesUsznalne (Office of Agricultural
Economics, 2008)

nsnAndndunidvennunsluauaynsadiansy v
nswdat s i wdes uagdnusduasy il (1) Sune
nazuaAuSTnarAnt g 9 feil Sriusineenuzd 105
t1aviuglsdiues d1awusne 79 F1asiugunusnd 1 wazdnn
#Wusna 43 (2) Sunedsmuasiinandndmdell iusidesivgs
Frrtugdsdneaings d1oiuglsdiue draiugne7e g
Foum 1 Pfugunusiill d1iugnedd driuguninenusd
105 113WUgNVA7 ward1Iugnu43 wag (3) duneseluniinis
wAmddsl FrmensTsneans dniuglsdued drugan
Aonuyd 105 F1aveunrduns wazdaiugne 15 Hadllunis
NIPUIUNIIATIVTUTBIIATTIUNYATOUNTGINUATILABIUS
Foyaitugdniivgniusisudureussifiuflensausedulingg
WAmY Liannsawasundasiuginsgminsseunisussidiu
19 (Rice Department, 2017)

et Tud w2565 YududiAnninudsunuasues
nquinwnsnsiviudunidlunvaynsafianss lunisidignis
NAATBUNISALFUTEUNATTILYBLAEATNT INAINYAINT

=l o

Ihwd8unidfvesusssnasgprunielalasainisduaiunig

v

HART1IBUNTEULABUAAIINNITTIUNAUVBUNYATNTOE N UBY
$1uau 5 918 weedlituiisudulddesndt 100 15 aadervun
lun1ssunguuesandn taslasanisaenaninisatuayunig
namveunwnsnafusyezinan 3 U (Rice Department, 2017) R
finguinumsnsfiiudeimuamannasidainaruiies 2 Sune fe
(1) ngunwasnsyiudunsgludnnensesuadug waz (2) nay
neasnsudunidlugunedanuas daungunensnsludne
selupiiu esandandnaouiuaglshdulumuuundousd
7l 2 vesmairfuilasimsdsnalifandnveanumsnslaiiduly
auteimun winwasnsgviundunidlugnesslundsnsd
AUsEaIAR09n13E ureUTEININTF LN THART 1B UNTY
ogasoifios Wedinaedinianan wussu wagSmnead
Suv3duasndnfaridndunidedisteiios Snvisdauandn
swduvengunsHandurEglusinesslundminasan lssy
N1535U50INsg1UN1THART 18 UNT Y Tuszeglvinissuses
1nsIUNATBUNS (T3) aguds Snilsdaududnanselnguas
duunuhvesngs inwasnagyiiundunisis 2 s18 lusune
stlun Feldfnsdidunisiuveiuseseifen mevdansums
InldoudAliinnsusudsunar usounnsgiunisndnd
sun3sliiuninuasnsneieldidesandunisduiunisludi
4 liladinsadvayuainlasanisvedniasy inensnIgnandn
sun3sludunosslun Teduiunsduveiusesmsuseidunis
wand1ndunduuueideiasldunisiusesdlusseylinig
Fuseq (T3) lisun1ssusosnasgiunsnanddunsduiuly
U . 2565

nauinenInsinanddunidlupvaynsadionsy fewdu
nauNuAININaUdNYesTminasvarii unsnsaUseidu
fusoannIguinunsdunsd Taen1sudatndunsdvesituil
AuamsaTianss ldunsiusedluszesd 3 1l we. 2565 1y
Igsveznslinissusosiouniuil 18 nquaiau w.a. 2564 §1 17
NOYAAU WA, 2567 Mnduazdossiiunissunsaradsidi
diolinssusesnnsgiudndunidsnads dagtunandndin
Sun3dresitufimuaymsafiansednnandndianisiuienie
KAMTIN9En Sn1ssmhedludnuasresinidenduriduay
Ms¥asmedassunse duiuiiou q d@ulugdunsuan
WemsdsdnuaznisuslaaluniaFou
2. usegalaluninidhgnisuanindunidveunvnsnsluaivayns
aiansy

1nn1sAnwnsegelalumsidngnisndndidunidues
nuRINTIUAUALNIAINTE WU NI INERTBUNSENLLIAR
Sudutudouszana O we. 2556 wazdininiudundnedig
ssdailoogendedalud ne. 2557 laetadeiiduusagdlaluns
HARTIBUNEE Usznausie (1) uleuiensdaaiuveininiguas
AN (2) anTMWINABY (3) IANINALNY LAz (4) 31A
Hadumandn foil

2.1 ulguren1sduasuvesniasguazniAenvu:

ulgueiiivatesiunsdaaiunimantndunididuiade
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o

adyiviliAansdsuudaddufiemadentu 91nan1svhun
Tuszuuiafignisvinunlussuudunidedisioiies 340 wa. 2557
FudhiFusuiifinsiuilumsiuiivgndnndunidlumuasms
afianse fnsduasaliynuluiuilfuSinanandndnl
299y mugludumsandununissdalvidesas Sn1sviunm
naniAsugianesios Tugduuulasanis 115 1 uau lneansunu
TuFesweanslioind aduayuliinuasnsl¥isnsihuiuuy
Toundununisniny eansnsnisldudaiug wazaniymn
nssrutnveslsamasnsylandtiaia (MGR online, 2014) 3
wlguied densdniidunisdeidoauded we. 2558 aarinw
ANUATULYAYIA (Aa%.) Tulguren1sandununIsHandil i
fanssunisverenana nusygyasegianetieainliiin
UszanSawluniswanlaoened (Saraban Songkhla, 2015) uay
ANTIUNITINIILUININITUIITTAN SLUAN BATLATHENAFUA
wnunsfddgluanumanzay sedui 1 Juiuiiaany
ANNzaNgs (S1) way swduil 2 Wuilufienusngaudiunany
(52) WefinyszAnEaInn1suan (Naewna, 2015) U w.d. 2559
Iafinnstuedeulasinsszuvdnasunisinunsuuuulasing
usadsfuLuunIsUgndmBuniduuuaTuiees uazueena
dinfiufisam 5 Suneludminaswan Idurd suneselun ne
nsvuadus gneadianse ounesngl wazdnnedzuy (Sae-ui,
2017) U w.a. 2560 Furdugaidusunsviiundunidegisuriade
gosfiufimuaunsafionsy esndnmsdniuenuduileuis
nensdunss laeldndn “aarntiniswdn” Wukuanig uay
Foulsstafuanuaznisnaaididaetu neldlassnisdaaiy
nINARd118uN3Td 1 auls (Office of Agricultural Economics,
2019) uenanisfuineietiernuiiingsminasa (Prince
of Songkla University, 2018) 21/UN15UTNITIANTITLUALNYAT
\AsWgAIAUALNYATA AT (Sae-ui, 2017) denalwinissinun
Sunidiuiuetreininszlan uasSinuiusododly T we.
2561 iflesanauiusinunsdunssine aswnulutuiindonnas
ausauile (MOU) funsenanunsuazannsel ieduindey
INWATOUNITA8TEVUNITTUTRIMULTdIUuT L (Participatory
Guarantee Systems, PGS) Jufindannassiudderduuinnssy
Tnlvesnisiaunnunsdunidlne ludnvauzvenisvinsiuiu
syninsonvukarnaiy e anatonsuanduddndue
Tuvmed nasgasdudadvayy dddudennasd Idmmun
e maiiafufinsuannasdunid-nunsdsugeds 5
a1uls nelud w.a. 2564 (Greennet, 2018) siaulud w.a.
2562 ladinisenszaunisuandiludaminasval Wunisaniu
1A5an15 “n15ufl udnenmng U WanT1IUUUATUINTAY
nszUIunTInetenans wazmaluladlui uil S Tnawan”
(Nstda, 2020) U w./. 2563 uaz U w.A. 2564 §3A3LTUNNT
soul 0aluis 09 SDGSPGS (Sustainable Development Goals
Participatory Guarantee System) Lﬁuﬂﬁiﬁ@ummm@mmﬁ:}m
Buriduuuiidinsou PGS Faduunfnlag IFOAM Snnsunluly
Walan Hausa uLLININ I TTRLILUatnBns8 unsdans
WAsgILNEAauNSE unw. 9000 Taesguralne sasainng

Fuindouiminawaliidy "umuesdurdd” wazsdu "gudnany
N15ALNYATE UN3 g ansendeuluniala (Organic Hub of
ASEAN) (National News Bureau of Thailand, 2021a) kag&4as
dudunsdeiiossuiediagiu eadaguvuduudazdsbu
Tngnisduiedsunumaasughanoifisdunisdsedin afa
elduarnisansiedne dudSuniseean lininensetiadnne
TatsiuoyinnInenss T RuasAsanden

2.2 ANWWING B3l: Wl IPUAL VST aNTEAE AL na Y
fumngaulunsiun fundalifemelunisudn uiogslsh
mmammmﬁ”@mﬁqmLﬂuéaﬁwﬁ’mﬁﬁmaﬁammﬁmaqmwmﬂs
Tuianafgaiu Imaamwmmmazﬂ%mmﬁmwﬂuﬁﬁwﬁmﬂu
msdnaulandnueanuaing mnanmiadeuBesiuisayama
Thnwasnsdadulaiuiuindu windlaaninuaad eyl
Besunsinuasnsssindesas aildnlnginunsnsldinng
NuHuMIKAAiB T UMIIUABULaRIENWEINA BnLTu
TudiiAndosssumaliannsaruauld wu 3 wa 2559 7
inwasnsdeundgiudymiviauminlunanediui RPN
fluftugndmveseuamsafionsgldsuamundemennn (Office
of Agricultural Economics, 2017) wazTull w.e. 2563 Aoy
fuamumanifoudsuiiufinuaynsafionsssguusandmnd
(National News Bureau of Thailand, 2020) ﬂwaxﬁaLtﬁﬂﬁquLtiﬂ
Iadsnansznudonisviuinazlssdina lnganzaundlasy
ANUdeMIEUsEISogas 70.00 9INNINTIU 500,000.00 13
(Prachachat, 2020)

2.3 FIANAWNU: TIANVBIRINARNUAINAFBNITHER
Yo uNYAINTIURANIIRTIT U UnS annd Uiy wnfignaunul
ingstuganialagdu gonadallazdmaliinuasnsdnduly
vuanas Instawizse “ddniisu” anleuievesizua
wagnananUdidufieanudossmingldnangs Wuusegdla
Tsinnsasuugmdnisiudintu nefufiguiuasuiivhun
duiluiififnverenisugniusnnlugag 5-6 Ifsuan dnns
Usudsuannisiunmasmulgniiduingdy Jadelunis
Wasuuasnudmaiduauindy desniinaasuiiede
pefiauiududnig Wl we. 2563 dwanssnusofiuiiviiu
Fruvaslngmanialdanatedesiaiies Insanasluuszunn
$ovar 80.00 uazulutgnurduiniu (Department of Internal
Trad, 2021)

2.4 1endadenisude: siavesdadenisudnlaeanie
swmf_jaLﬂﬁ%’wqumasiaﬁunumimamﬁLﬂ'm&fumum sty
vossndeiail Fsderaliinwasnsviuunviunlussuuduvsdunn
Juiieansununisnanainaniunisaivessaideinisuiu
segetu Tnsanglud wa. 2565 fisnadegise gns 46-0-0
diugeduniiiaandnounth TnetegSeges 46-0-0 T1an
1,550.00 - 1,600.00 Unsenszaoy luvngiivandeafuilodi
wdrseudies 700.00 vmenszasUNTY F991ns1Atei
aedudsmansgmuagaunluniainening (One31, 2022)
@onAdaaiu Mendoza (2004) fiwud Fununisuand1adily

answeilludsezima WavTludgauantadenisudnailinunsdafia
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WuSovaz 83.20 Wnewdurdesovay 65.00 waziluenguuas
fovay 18.20 dwalvimeligvslunisiundunidaniinisi
winllussuuiedl whwandndndurdasinindntosfin
Tuvazfl Natteechao et al. (2018) nu31 tnwasnsludanin
wngsdndulaviundunididesaniidununisudniiinninmsih
wuall lnganusoanduyunisudalalaeamngandewniils
inmsasuulaing 4 iy demaliuunliunisv
widuvEdiiutuoghateiiios Ssdnlugjazegluzuuuunisyiou
Sun3ginBunidawianudiu dunisnsudaiiduinsgu
fusesdansideudnades anunisalfididylunisidignisnan
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Table 1 Situation of rice production in the Sathing Phra Peninsula, Songkhla Province
Area Major rice (Year 2022/23) Organic rice (Year 2022/23)
Farmer's Plots Rai Farmers Plots Rai
household

Sathing Phra Peninsula 7,072.00 15,531.00 75,329.48 37.00 55.00 232.00
(Percentage) (0.35) (0.31)
Krasaesin district 756.00 1,569.00 6,920.12 14.00 15.00 98.00
(Percentage) (0.96) (1.42)
Singhanakhon district 1,970.00 4,677.00 16,251.71 21.00 31.00 94.00
(Percentage) (0.66) (0.58)
Ranot district 2,490.00 5,477.00 39,990.38 2.00 9.00 40.00
(Percentage) (0.16) (0.10)
Sathing Phra District 1,856.00 3,808.00 12,167.27 0.00 0.00 0.00
(Percentage) (0.00) (0.00) (0.00)

Table 2 Organic rice production in Songkhla Province under the sustainable agriculture development
program 2022

No. District Certification Certification Farmers Plots Rai Average rice field per
period person (Rai)
1 Krasaesin T3 Group 14.00 15.00 98.00 7.00
(Percentage) (37.84) (27.27) (42.24)
2 Singhanakhon T3 Group 21.00 31.00 94.00 4.50
(Percentage) (56.76) (56.36) (40.52)
3 Ranot T3 Individual 2.00 9.00 40.00 20.00
(Percentage) (5.41) (16.36) (17.24)
Total 37.00 55.00 232.00 6.30
(Percentage) (100.00) (100.00) (100.00) (S.D. = 8.33)

T3 is the organic certification period.

Timeline of the history of organic rice production in the Sathing Phra Peninsula, Songkhla Province
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Figure 1 Timeline of the history of organic rice production in the Sathing Phra Peninsula, Songkhla Province.
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factors for entry into certified production include (1) farmers' determination and
commitment, (2) government promotion, (3) community leaders' influence, and (4) support
from government projects. Factors causing non-accreditation include (1) difficulties in the
assessment system, (2) delays in subsidies, (3) changes in ownership, (4) labor shortages,
and (5) product distribution issues. Addressing these problems and emphasizing the
value and importance of obtaining organic agricultural certification will likely lead to
an increase in the trend of organic rice production in the Sathing Phra Peninsula,
Songkhla Province.
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AnkAUILALA IR WNINTIM TV oWIYeTS 6 WS
UziUBInNAYesT 6 Wug JdURIUANENA1ING BYTENTIN
18.70 - 26.20 fiadwms (Table 3) InewRdeiiduriugudnaona
22.70 fiadiuns Tovugduwess Wiudduseauaus wagiuswan?
18 Huiugatiduinugudnansnasnuazuanmeansadffuiug
du 9 Tneiliduinuguinansua 25.40 25.90 uay 26.20 fladtuns
muddu luwaugiiugleaslu (iugrmunm) fiduriugudnans
HA 19.80 fafiluns AUEING UiTanAess 6 g dau
g1MAeY 581N 26.40-39.70 fladwns wazlasiadeiinimen
WA 32.50 fadng Tneuswanils Wuiugifimnuetinauin
wazuAnsnasERAfUTLEdY 9 Tnefleuenina 39.7 Sadns
Tuvaugiugloanlu (fudauey) frnmening 29.80 faduns
Ao uzidemaress 6 us darmuduiioagsening
1.00-1.0 fastu Tnstadedaruuiude 1.30 Gadfu Tnesugas
Haes Wugleasli Wugludn Wugna1ild wasiuddugeauaud
Huitusideuuiuidennuasuandnmeadffuiusiu 4 lag
fiauutuio 1.20 1.30 1.30 1.40 uaz 1.0 S2du Audd
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Usnavosudefiazaneinld wsidewmmyedd 6 wug Susia
vowudeflazaerldogszmning 5.60-8.60 psrnuing lasiaded
Usnamesudeiiazaneinld 7.10 esausng Tnestugleansly
waziusAsinged \Juiuifiivinuvesdaiarmeildguas
uansaeadAduiugdu 4 Tnefuuuveudeiiasaneiils
8.00 Uy 8.60 BIAUING MUY

nsdsuntasand Wususidemeiveds 6 Wug fidn
awad i i enuasd efsudavesuzifomalas finnsg
Wasuulasedsaiuegralitedfydmeada (P < 0.01) Tng
A1 L* veuellomeiuess 6 Wug agsening 24.20-41.90 wag
Tagtodeiian L* wirdu 33.50 Tneiugludn Wuiugidan L* ge
waguansnaneaiAfuiusdu 9 Taofidn 41.90 Tuvueiiug
Toan3lu (Wugaua) den L* windu 24.20 A1 a* veeuzideina
\wa$3 6 Wug og53wIne 7.50-31.80 uazlaviadvilan a* lag
wugiugloa3ly Wuiusiisien a* geuazunnsnevnaadAfuiug
du 9 Tnedlan 31.80 f1 b* veaziFomaass 6 fiug ogszning
28.10-56.10 Taosiugludn Wuiugiislan b* gauazuansnemis
adAfuugau 4 Taofldn b* wirdu 56.10 Tuvaedivuglean3lu
(Wugaruaw) A1 b* iy 28.60 Ysunalalalu uzidowme
wos3 6 wug Tusunalaladu agsening 2£0.03-234+0.08
fadnfusie 100 n¥utmiinan uarlasiedefusialalady
8334 fiadn3usio 100 n¥udwiinan laeiusAsdimves WWuiug
Afvsualaladugeuazuandiamsaddduiugdu q Tned
Usmnadlalatiu 230:0.08 fadin3uste 100 n3uthwiinan luvue
iugloanslu (Mugmuaw) fsinailalatu 218+0.07 fiadny
#o 100 niuthwidnan Ysuanuduelsiiu ueidomammess 6
Wug dUuaudualsfiueysening 1.14+0.04-9.35+0.80
findnsusla 100 n¥uhwiinan warlnswndediuinaiuiuealsiy
3.96 findntusio 100 n¥uthuiinan Taeiushsives Wuiugi
fUsunaudualsiuganazunnanameadfsuiugdu q lned
Usnanudualsiiu 9.35+0.80 fadnfusie 100 nfudminan
Tuvauzdftuglean3Ty (fugaiuay) fusumiudiualsiu
8.05+0.50 fiadnusie 100 n¥inininan nwan1svaaes Lo
NATUIRN VUL AUNTINLASAMAINIINYUINITVOINLLT BLNA
Wwes3 6 Wug unnsnmsadaduiusdu Tunndnuasiidne
WUt duRuguEnateHa ANETING LavAuuueiiin
wiatosduianuduiussudluninsaduaslunaus Fowme
Wudiuuseneumanilunausifowma Adanaliiinnig
Wasuwaswewawadddsnaronisoeusiveinauziewmn
(Kumar et al., 2014; Panpitak et al., 2018; Sirisom, 2017) wag
Uinaveadsiiazaneldiuandetu Selnsunfudamdanis
Fuisadlenandngnazdimaasuuvasudaduing duile
Usinanhmadistuiliadiaammiudutu wiiedtoueg i
WuguazanmuInden (Petchhong, 2018) Tuvnigidnsnaves
Wuguazaninuandey frasonsazauUsinaveudsimund
azaneunlduniign iy 8.60 ssaruing aonadoafiy
Tinyane et al. (2013) #is1e41udn fuguazanmandon (A1
Wuwas wazgumai) dsuaronavauUiinaveudaiiuni

azaneildlunavesusidoma wazauduresdnauzifome
wos3 6 Wug wusasumuvunvewaliesanddiuusznou
voalaladudsanslidnanvesusifomaivess Ao all-trans-
lycopene Wars04anfia cis-isomers way walsfivesd du 9
2913 wen-walsfiu (B-carotene) (Rath et al., 2009) Tnowa
wzidowmaesifinavunlngwzdmaliinisnszaedvedd
undlunal@Fnimaifvuednndt wardnavesuzifoimnayesss
anudunusdudsualaladu lneusuialaladulunad
AudusTUALAT (Table 4) HagniifAunsdafiuTanalalalu
figamimagndvies fedu undemaresifeiniududuasgs
%ﬁﬁ'%mmiaiﬂﬁugﬂmm (Arias et al., 2000; Kongampai et al.,
2021; Nochai & Pongjanta, 2013) uazdenuinusunulalaly
waztusualsiufiaunusiulunuiuguazaninuindenly
nsUgneaenauggnIaiiugniidsuasiouTinuasdy (Laleye et
al, 2010) uagziiamavesinugnlutimauuiviualalady
gantmzdemaesifivgnluraenguuin Yszunm 1.5 1
uonanil updowmaresifiugnlutaggrudiiviianuiuals
fiu 3andiud Ianiiud uazlmuaiBengainizdemavesiinugn
Tugaggrun Ussunas 10-20 wWesidud (Rosales et al., 2011)
Tnevinalalatududussdussnoundn 80-90 wosidus ves
USinnualsfiusday uarlunsifemmveidunuasiudiun
Ts7iu Ussanas 4.30-12.20 Wesidud vesUSunaualsitusedism
Feusunlaladunaziudualsiulusgideomayes3d
anuduiusdulumavanseduge avdunsfommyesing
Usnadlalaugefiazdusunanudiualsiiuasiae (lahy et al,
2011) Fsnanlsinsiiusasiinsesuayiudlvarsly falalu
getfu Fedianauiuelsugaduiy fdulunsudauzdoma
wosTludmiauuazmawmilovesussmalng ilelildnanan
warfigunmassidudendoniuslimnzauivanimuindoy
wniian

#5UNan1339Y
IMNUAANYIHAHAARAZAMAMLAYUINTVRIRUTU YD
waesinsAludmiaun wuiusdomamesine 6 wus 3
AnuiAnANfusEn s lunndnvaeildAng IngWusadiy
wos uariugluanily Wuiugaitunlilinanansiolsgeiian
wagdusananuamtasunisoylunasifia Tasfusuna
arslaladunarUunuansiudualsfiugsiign uansdaniny
wanyauduuasazauaslalausazUSnamsiuiuelsiiuds
Judnvasiavueswzidowme wagannsinszinandnuas
0sAUTENOVYDINANAR TruauNaARdady Yiviinuadasody
wazuIunaansoranentuliavduius nisuanszdugeiy
nanAnsols LazdnwaurnInsineRskaznsasyRulnvosan
AunugAsigrafkaziugleaIs i IAuaiuuINUuIANTINY
wrindne Failiddvduilunn Sntaduiusiifiswaugenen
sedufigandniugdu q srudedufasensauseninetugiv

v ca

dundeunidsdinarionaniniigs WugAsuveTuaziugleal

as 12 & o sda
Shidaduiugniianuanansalumsusuivanimuindesluggeu
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187 wasdidnonmilmngaudmiunisugnidendedluiug
Frfaunuuazituiinamiovestssimalne Tnsn1sdesonnis
Woannsnhdnuagsnaunaansedu dinuaandedunay
Suunaansedenen Wudnwazldlunsidenuzilomayess
nsduilewfiunandn esandnvardanaafiaanduiusiv
HAKARNEY warNITITuRANAALAZAMAINNITUTINATR UG sio
an1nn1sugnluguiuusng 9 wagnisnsavdeuUsunaansdfy
Feagtelildiugnssuiivnzaunasusnssuussansiusiugh
Bty sdsnaudsUdnfasianiussdomasesfiuoms
wiogunm deiuouuranuideidensdommrossiiufiad
ansnsoUgnldluggruituiifaninuiu wandufivormsfifinaen

nalaruinisfige Tergnisiivinwilduiu dadudanas
Usgduiusuninunsnsifieidufivemsdnyianisnfinae
nalavuinisnssliivemsdely

AnAnssuUszne

U uvevaun U IngIfenalulag s vienaa LUl
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UJUANIITN AU @19 IV VAERT A TNYIAIERST LAY
wialulaBnsinums umiingrdemeluladsuanadiuun v i
Taweyanesivesy fiinslunisisundad

Table 1 Fruit yield per plant, average fruit, fruit weight, number of flowers, leaf area index and yield of commercial cherry tomato productivity of 6 varieties

Varieties Fruit yield per Average fruit Fruit Number of leaf area Fruition rate Yield/ plant
plant weight weight flowers index (%) (kg/rai)
(fruits) (g/plant) (g/plant) (inflorescence) (sg.cm.)
Solarino 178.00° 7.20° 1,278.80° 23.00° 2.64° 71.10° 4,092.31°
Kingfisher 166.00° 8.20° 1,352.30° 21.00°° 2.65° 71.21° 4,327.50°
Nova 80.00 8.80“ 695.80° 17.00 2.39° 69.41° 2,226.72°
Flavio 63.00° 16.70° 1,043.30° 15.00° 2.55° 68.34" 3,338.71°
Holland orange 72.00% 11.80° 852.30“ 19.00" 2.44° 70.41° 2,727.50“
Sun Cherry 86.00° 11.20% 959.80™ 23.00° 257° 71.35° 3,071.52%
Mean 107 10.6 1,030.4 20 254 70.30 3,297.37
F_test *% *% % % *% *% **
QV (%) 4.19 3.50 4.95 3.52 1.95 2.32 430

** = Statistically highly significant difference (P < 0.01); Different letters labeled in the same column

showed statistically highly significant differences (P < 0.01) using Duncan's New Multiple Range Test.

Table 2 Correlation between the productivity, composition of the productivity of commercial cherry tomato productivity of 6 varieties

Characteristics Fruit yield per plant Fruit weight

leaf area index

fruition rate (%) Number of flowers

Yield 080" 1.00”

0.92" 0.52%* 0.80"

** = There was a statistically highly significant correlation (P < 0.01).

Table 3 Fruit width, fruit length, fruit firmness, total soluble solids (TSS), color value, lycopene and the beta-carotene of commercial cherry tomato productivity

of 6 varieties

Varieties Fruit Fruit Fruit TSS Color value Lycopene (ug/g beta-carotene
width length firmness (°Brix) L* a* b* fresh weight) (ug/g fresh
(mm) (mm) (N) weight)
Solarino 19.80° 29.80° 1.30° 8.00°° 24.20" 31.80° 28.60° 218+0.07° 8.05+0.50°
Kingfisher 18.70° 36.30° 1.20° 8.60° 27.30° 30.50° 28.10' 234:0.08° 9.35+0.80°
Nova 19.90° 34.20° 1.30° 5.60° 41.90° 2390°  56.10 46+0.08° 2.37+0.70°
Flavio 26.20° 39.70° 1.40° 5.80° 35.40° 19.10° 43.40° ND 1.1620.03°
Holland orange 25.90° 28.90 1.40° 7.40° 38.50° 21.10° 48.10° ND 1.14+0.04"
Sun Cherry 25.40° 26.40° 1.00° 7.20° 33.30° 7.50° 38.30° 2+0.03° 1.65+0.03°
Mean 22.70 32,50 1.30 7.10 33.50 22.30 40.40 83.34 3.96
Fotest . . . . . . e e .
QV (%) 3.84 3.70 5.20 4.96 3.30 4.21 4.05 1.65 2.10

** = statistically highly significant difference (P < 0.01); Different letters labeled in the same column showed statistically

highly significant differences (P < 0.01) using Duncan's New Multiple Range Test.
ND = not detected.

Table 4 Correlation between the productivity, quality characteristics and nutritional value of commercial cherry tomato productivity of 6 varieties

Color value

Nutritional value

L* a* b*
Lycopene 082" 081" 076"
beta-carotene 083" 077" -0.80"

** = There was a statistically highly significant correlation (P < 0.01).


https://www.abbreviationfinder.org/th/acronyms/nd_not-detected.html
https://www.abbreviationfinder.org/th/acronyms/nd_not-detected.html
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This research aimed to study the productivity and nutritive value of commercial cherry
tomatoes during the rainy season between May and September 2023. It was conducted
in the area of Rajamangala University of Technology Lanna—Nan. Moreover, the
research studied the appropriate commercial cherry tomatoes in quantitative and
qualitative production for cultivation in Nan province and northern Thailand. Using the
randomized complete block three times. They included six F1 hybrid varieties of cherry
tomatoes: the Solarino, the Kingfisher, the Farvio, the Holland orange, and the Sunserie
The Solarino is the most popular type of cherry tomato that farmers grow as one of the
comparative (controlled) types under the conditions of a plastic mesh farm. The research
found that all six types of cherry tomatoes yielded statistically highly significant
differences (P < 0.01). The Kingfisher and the Solarino yielded the highest, yielding
4,327.50 and 4,092.30 kilograms per rai (1,600 square meters). The analysis of nutritive
value shows that the Kingfisher has high lycopene and beta-carotene levels and differs
statistically from other types. It contains 234+0.08 mg of lycopene per 100 g of fresh
weight and 9.35+0.80 mg of beta-carotene per 100 g of fresh weight. According to this
study, the Kingfisher and Solarino types are appropriate for this season. The research
results can be used to improve production efficiency and advance the selection of
potential varieties that farmers can cultivate. The outcomes can also serve as a
foundation for research comparing this season to others in order to create cherry
tomatoes varieties with higher beta-carotene and lycopene content.
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1993) wagAnwirauvanisad laun pH Ay (National Soil
Survey Center, 1996) 8un3eng (Nelson & Sommers, 1996)
Tulnsiauitonun (Bremner & Mulvaney, 1982) Weaedaiidu
Uselewt] (Bray & Kurtz, 1945) Tnunadeudiiulselen] (Pratt,
1965) AnudutuvesupaduLaruuniideudiadals (Lanyon
& Heald, 1983) ﬂ'wmmqLLamﬁﬁlaumelaaau (Summer &
Miller, 1996) wazA18m51 % A3 U8 uiLud (National Soil
Survey Center, 1996) udathaauiinnselalulszifiuseu
ﬂawmqmuaugiﬂi (Soil Survey and Soil Classification Division,
2000)
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Unmaemafidunasfudsegiideumosdantuiiluiug
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Vacuum pump Sparmax ldnsza1wnses whatman Lues 1
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Aeumniivesenslinnuieud 55 ssmwaidua agldoonudu
A1387nAINUZLVIU (ALUadi51n Nanasombat et al., 2019)
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NALazATAINANITINY
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fulusuavind onouduns 39uiaideslng wuan
YUINBUAIAAUTOUNIAYBINTTY (sand) 41.20 % BUNIANTIY
udls GsilY) 15.90 % uazeunirdumied (clay) 42.90 % lagd
doruduiuniedadunduindeasiBonrduiudufoude
wisazdienuuds fauansalunsguildinndufuifens
qmmwiﬂj (Lecturer in Soil Science Department, 2005) @33
wnwius Auenamuudusiveglurisiitesndt 1 fe 0.97
¢ cm?® Fadmdufufi darunuiniusiusiuan (Hazelton &
Murphy, 2007) fuaziinniswiufiuusduauisiuiiunnnds
Lﬂuaﬂaﬁﬂmamwaulmamﬂwsn (Hunt & Gilkes, 1992) Ay
fﬂmm%umﬂﬁum fAiniu 2.21 % ﬂﬁmm‘ummﬂuﬁmWﬂ
Sushsethiiswinfu 57.75 cm h (Table 1)

fuluduagzans suneudsy Jwminleslm wuinauin
UNIARUTBUNIAYBINTIY (sand) 52.80 % BUAIANTIBLTS
(silt) 17.10 % wazoymARYiea (clay) 30.10 % lneflidonu

Table 1 Soil physical properties

\WuAusumioaunsiouts (sandy clay loam) Safunguiu
dovunans uAuiifidefudouttsasiBonuiie Tuanmiy
i dutuiusoundmeusyna luanmiutuiuasongu
1§ fuiorunansiinnugauanysaifesniiuiiioasden
uifirugaauyseinniAwione1u (Lecturer in Soil Science
Department, 2005) AnusuIutusmeglur it 1 fe
1.10 g cm?® Fedadufuiiemunuiwiusausiun (Hazelton
& Murphy, 2007) fuaziAnn1suuLivuedIuaudsLiuiuun
Faduguasadenisveulvreasiniiy (Hunt & Gilkes, 1992)
LAEAIANMUIULUTINT 53AUANEN O - 15 Loufiuns
fansnalvaudinaniuidmidnvugninisamadui iy
vsduiifimnuuiuiiv wudsiduiudiue Uil Aenug
PTUNAAWIL WY 2.28 % nstvesiuluaniniisush
faeti Sy 52.80 cm bl uandliitudinguAnidouny
nanadleBuadasinisssuehanAutuuugAutuanses
szueldfuardnogludu VR (very rapid) s Office of Science
for Land Development (2005) Igudaseiuduaniminivay
ussnethueshudiishsunnnd 25 cm b (Table 1)

Area Particle size analysis Texture bulk density Field capacity Saturated hydraulic
gcm? % conductivity
Sand % Silt % Clay % cm h?! class
Phapae 41.20 15.90 42.90 ct 0.97 2.21 57.75 VR?
Saluang 52.80 17.10 30.10 scL! 1.10 2.28 52.80 VR?

YscL = sandy clay loam, C = clay.
“VR = very rapid.

msansIEsin s ualvesauiigauzuyIu

fusuavawd den pH windy 5.27 §adunsadn
SuvSeingfien 4,530 ¢ ke ogluszdugs lulasauianuaden
0.23% oanesamduussloniia 12.22 me ke’ dnagluseiu
Yrunans Inuvadeudiduussloniian 320 me ke dnoglu
JAUE waaBesuaruuniBeudiadalafian 466.94 way 48.64
mg kg Muady Arwannsalunisueniuasuuszquand el
6.22 cmol kg dnegfluszdueudnasi Ansinladihiien 0.08
ds m™ uardnsn % mnuduuaiie 56.80 % Snoglusedu
ABud9EIININAIITEAUAINRANANYTAIYRIAY Soil Survey
and Soil Classification Division (2000) (Table 2)

Ausuadyads a1 pH A 4.30 WJunsaguuss
(Kheoruenromne, 2005) 8uv3eingiian 4,560 g kg lulasiau
Wanuniian 0.23 % Weaesaiduusslomida 8.97 me ke
%’magiuisé’uﬁawﬁwﬁ Tnunadoailiduuselonifian 140.40
mg kg™ Anagluszaugs waasduuuazuunidoudiadaladen
156.32 wag 25.54 mg k' a1ua1au ANa1u1salunis
uanuAsuuszquaIn (CEC) ff1 2.49 cmol ke dmaglusesus
Far CEC annsaldiduvdninasilunisusuendnuvazasile
Aulsl Tneflosdusznevvosusaumiengeaeilan CEC ga siae
Duilonuiiesden uenanidauiiiitataduesdusznevuney
iGE CECﬁﬁau‘ff’NQﬂﬁm (Lecturer in Soil Science Department,

2005) Fafuiduatuliidnduveseymaiumieinnniiu
fuaazaedeilia CEC vasduduatulganitdusiuaay
alude (Table 1) mnsthlndingen 0.04 dS m™ uazdns %
AnuBudatuaiian 54.81 % dnoglusziuaeudiegs Wousyiiu
TaginueiszAuAINgANaNY S8lvesAY Soil Survey and Soil
Classification Division (2000) (Table 2)
nsUsdulszAuagnauy Tl
mi"dixLﬁuizéﬁ'uﬂanuqmmaugizﬁmaqﬁuiuﬁuﬁsh‘uaﬂ']
wU nouduns wagiuagzals nauisy Jamdadesln
fIULN Y U9 Soil Survey and Soil Classification Division
(2000) TdnaTdiasizvinminadl laun Usunaduniedng Usuio
woavlesaiifuuszlov Inunadeudiadald Arnruglunisg
uaniasulossuuinuazA1snst % anwdudiiua (Table 2)
wuAugaNanysalvesduiualwddAAzuuLAI119A
auyIalveanwvindu 19 azuuudednfuilniugauauy sl
AUYN9E4 uarAumUadzalAIAzIULANgAALY Il IAY
winfu 17 azuuufoindufuiaugeuanysaiuiunans e
fananuanatisnnugauanysaivesiulazauluUssleyives
simpnsivRfivannsathluldle (wWeil & Brady, 2017)
nsannuzsyIulunIsEsuTaAY
asatauziviuvesiuatluagiuadagals wuin
uguviunnsaosiiuiiduesfudnondnvdsadaidoadnde
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mueannnidleatadet wasiosiduinandanissie
IndlAgariuegludig 24.3-26.2 fidd L* a* uay b* IndlAeeiy
louAn1 L* viser1muadnseglugie 33.29-35.60 A1 a* visof
Aunsoglugas 0.77-1.90 uazdn b* uierrduniveglugas

Table 2 Soil chemical properties and soil fertility assessment

(-1.68) - (-1.10) wazaA1 pH n3eArmndunsa-lua aglugas
4.63-4.97 nanAsuzLvIuilsataLazszineLalandunse
(Table 3)

Area Depth pH! N Avai. P? Avai. K? Ca Mg om* CEC® EC BS® Total Fertility
(cm)  (1:1 H0) % mg kg™ mg kg™ mg ke’ mgke' gkg' cmolkg? dSm? % score’ level®
Phapae 0-15 5.27 0.23 12.22 (3) 320.00 (5) 466.94 48.64 4,530 (5) 6.22 (2) 0.08  56.80 (4) 19 MH
Saluang 0-15 4.30 0.23 8.97 (2) 140.40 (5) 156.32 25.54 4,560 (5) 2.49 (1) 0.04 54.81(4) 17 M
1/pH 1:1 (H0): 3.50-4.50 = extremely acid, 4.60-5.00 = very strongly acid, 5.10-5.50 = strongly acid.
?/Avai. P = available phosphorus (mg kg™): < 6 = (1), 6-10 = (2), 10-15 = (3), 15-25 = (), >25 = (5).
*/Avai. K = available potassium (mg kg™): < 30 = (1), 30-60 = (2), 60-75 = (3), 75-90 = (), >90 = (5).
“/OM = organic matter (g kg-'): 5-10 = (1), 10-15 = (2), 15-25 = (3), 25-35 = (4), > 45 = (5).
®/CEC = cation exchange capacity (cmol kg™): < 5 = (1), 5-10 = (2), 10-25 = (3), 15-20 = (4), > 20 = (5).
§/BS = base saturation (%): < 20 = (1), 20-35 = (2), 35-50 = (3), 50-75 = (4) > 75 = (5).
(1) = low, (2) = moderately low, (3) = medium, (4) = moderately high, (5) = high.
7/Scoring is used for the assessment of fertility level (the score is presented in blanket within the table) where score
<7 = low (L), 8-12 = moderately Low (ML), 13-17 = medium (M), 18-22 = moderately high (MH), 23 = high (H)
fan: Soil Survey and Soil Classification Division (2000)
Table 3 Mean + SD of color, pH and % of yield
Area Phapae Saluang
Variable Water Ethanal Water Ethanal
% of yield after extraction 59.2+1.20 63.9+2.00 56.3+0.60 59.9+2.20
% of yield after evaporation 25.8+0.80 26.2+0.50 24.3+0.40 25.4+0.20
Lightness (L*) 33.29+0.41 33.47+0.08 34.07+0.31 35.60+0.17
Redness (a*) 0.77+0.01 1.23+0.02 0.77+0.05 1.90+0.08
Blueness (b*) -1.59+0.10 -1.17+0.06 -1.68+0.05 -1.10+0.15
pH 4.97+0.01 4.82+0.01 4.94+0.00 4.63+0.01

dleldasatnusuaiundadiiiunsussdfiunmedszam
dulalagdnaaaududuiu 15 au AI8819MU181aY 357 168
way 639 Aefed amaasafivsznoutn 1000 faddns 1nde
10% ansannuzuuiudivatind 1 % 2 % waz 3 % AUaIay
druseEnmuneiay 583 824, uay 498 Aefegeiisznaudae
11 1000 fadans 1o 10 % ansafauzLYIuiUaaYaI 1 %
2% waz 3 % Aua1ny W ageuduiTesdduileg19my
mnudnananndian (§1euil 1) luidesdian (rduit 6) wuing
nadeuTusIuIu 15 AU seusuihasatnusuuiusuatiud
3 9% IeuAuanniian sesasnldumiasatausuyiudiva
4¥a29 3 % unansanauzuyiusivatanl 2 % Wansaiaue
wwiusuaarans 2 % thansaauzuiuivathud 1 % vhans
afnuuvIUiUaaEa1e 1 % muddu (Table 4) & Szallasi &
Blumberg (1993) nanyinfivasulnsiidsaiiniouazdansddny

TN IZa13NaUsanIAREAIZAINISANTEAUNTIN YD IsaY
Fusad wuuud uvnliaseudutveuduleyszaniv
anusaniiiiAndygranudiludateuiionseduaiuidn
lun133usald uenainiu Mekhora (2022) wuinnisluesesne
wazayulnsursriamemundusasazsanulvomisia lnanis
Windnaduayulnsainansuinsgiuseear 25-50 Tuemis
sgtiwaansluasesUsdafenadlsd 25 % HadlsamAonmsing
\Aevansnsgu wasuivensuvesguslaadlewisuifieuiv
n1sann1sluin3eslsaiiesesfied dennassiun1sAnyives
Ghawi et al. (2014) wunsloias eaunawazayulng laun

a a a a J a @ IS
a3l wednwiaes uasninlvedlundndunguuzidowme
awnsaanUsunanisleindeadtla Tnegnsiiiiuayulnsazye

a 3 a CoA = ~ Y a
susahukaznausavesgUln WelUSeufisuiugnsaniaiion
nlalalaayulng

Table 4 Sensory analysis of Zanthoxylum limonella Alston. extract for salty flavor enhancement

Number of
498 168 639 824 583 357
samples
Rank Total 68 53 61 57 45 31

v
°o v o

aduiimun (rank total) fidesnsdmsueuiiteddry
VIERRTsEeU 5 % TIsIuInresnIsdduRe 15 au S1uILves
Aimnanife 6 et fefudildardesiiningieaziyy
37-68 Fefioindivudrdymeadifisedu 5 % (Kramer, 1960)

a3ty 6 Arnduneet vinlwansadana 6 faegreiian
wansinsiueg1alidedAyn1eadia (p<0.05) Inanaaeudaly
AZLUUAIRUR AT 6 Aodrsanauzuyiuresuaywl
3 % \Aufign (Table 4)
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YINISNAFBUAIULAUVBIETAN AN WUIUS AT 1 %
2 % waz 3 % SUNULNED 5 % %30 10 % warliduasania

Table 5 Mean + SD of % of salt from handheld salinity refractometer

85

nzwviulasldiasaatnarudunuudadludndanuindan
Woasiudndalnalfeariu (Table 5)

Salt Extraction Mean £ SD
(%) (%)
5 1 4.5+0.00
5 2 4.5+0.06
5 3 4.6+0.06
10 1 8.6+0.10
10 2 8.7+0.12
10 3 8.8+0.00
5 0 4.5+0.00
10 0 8.5+0.00
Table 6 Correlation between soil properties and sensory evaluation
Correlation Coefficient
Sensory evaluation Phapae Saluang
Particle size .500™ 1.000%*
Soil pH 0.894™ 0.894™
Nitrogen -211™ -211™
Phosphorus 0.894"™ 0.894"™
Potassium .600™ .600™
Calcium 738™ 738™
Magnesium 0.894™ 0.894™
Organic matter -800™ -.800™
Cation exchange capacity 0.894™ 0.894™
Electrical conductivity .800™ .800™
Base saturation 1.000™ 1.000™
" = non significant, ** Significant Difference, O = 0.01.
AMUFURUS SENIINITU T unsUsramduRanu #5UNan1339Y

AaandAmaaiLaz e muesAui dnwmuinauau At
nennlawn vuIneunIRfusIUadrallauduNusly
mavanfunisuszidunislszamduiaed 19 TodAnyda
(p<0.01) dhunaantinmsnenmuaziaiiay q lifauduiug
fu (Table 6) G?J'HLﬁuaﬁmi’]uqmamﬂ’ﬁmamamwma&ﬁuﬁu s
guaestumuivsznoufuuuiy wiidefuussinvila
FuogfuUiaueInguuLIANT1Y (sand) vuremsneuds (i)
uaznauvuafumnied (clay) vosRuiiy 9 uzuanTRiatios
luuansnsidsuudasnelaanmsssuavenislafiuiiatag
Uszasananisinems wasduaniiluiinansenulagnsnens
wigdulauaznslinananuesiiv wniludsiiamuaunuauUa
8 9 wa1vUszns wunsgadatn nsgaduloauuarns
wanidsuuna iuau aiautRvaiuguaudififinanseny
Tnnsanonisaigiulanazn1siunandnvesiia (Lecturer in
Soil Science Department, 2005) Waz31n518971UU84 Bryant &
Mezine (1999) wui1@1s5Usgnausyinelyla alkylamide
hydroxy-0l-sanshool ag hydroxy-B-sanshool w7 ¥ils
AamnuidnivansUszamuazduiinsedurussuuiududa
1119018 (somatosensory system) FafupsinisAnwianina
veRaNUARUAUUTIUENT alkylamide hydroxy-O-sanshool
ey hydroxy—B—sanshool TunaNzL L RRY

nynneinuauiAfuINIEnILazialivasAuiua
Ul guneuilLag Lazfusuadzals enausiu 3ania
Foslval Favts 2 Auifiuzuaduiidulnesssurfey samiudi
¥iindu 9 auandAfuvesdumuatwdidudofunien
fuinasmemslufusinnitdudvaazaledidufusu
wilsunaeuth wasuiaaesusisdiarugauauysaiunnsing
fudloviinnsusziduaueananysal daunsuszidunis
Uszamdudavesansadnuzuviudeldiafusadnaindiva
Uudlinnudnifunnndtansainusuyiusivadsaieg 193
HedAgyeada Aauantivninienmaesfuiiuadads lawn
yuneuNAliaudIusiun1sUsEuneUssamduiaegiad
Toddyds Fadduslnaugeemnsiiddiunauvesuzuiy
aunsaannsliladeuadld idesanuzuuiuaifiunsiusaiy

Thaudnyu
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ABSTRACT

Keyword
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Ma-kwaen
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This research aims to study soil properties that affect Zanthoxylum limonella Alston. extract in
enhancing salty taste in two areas: Pha Pae Subdistrict, Mae Taeng District, and Saluang
Subdistrict, Mae Rim District, Chiang Mai Province. Samples were collected and analyzed for their
physical and chemical soil properties, and soil fertility was assessed. Sensory evaluation was
conducted through tasting. It was found that the soil texture of Pha Pae Subdistrict is clay, while
the soil of Saluang Subdistrict is sandy clay loam. The bulk density was 0.97 g cm?and 1.10 g cmr
3, the field capacity was 2.21% and 2.28%, and the saturated hydraulic conductivity was 57.75 cm
h't and 52.80 cm h, respectively. The soil pH was 5.27, indicating strong acidity in Pha Pae
Subdistrict and 4.30, indicating extreme acidity in Saluang Subdistrict. Organic matter content was
4,530 g kgt and 4,560 g kg, total nitrogen was 0.23% and 0.23%, available phosphorus was 12.23
mg kg™ and 8.97 mg kg, available potassium was 320 mg kg™ and 140.40 mg kg%, and extractable
calcium and magnesium were 466.49 mg kg, 48.64 mg kg™ and 156.32 mg kg?, 25.54 mg kg™,
respectively. Soil abundance evaluation revealed a moderately high level in Pha Pae Subdistrict
and a moderate level in Saluang Subdistrict. In Pha Pae Subdistrict, Z. limonella extract at a rate of
3% provided the saltiest feeling (p < 0.05). The extraction of Z. limonella for enhancing salty taste
correlated with soil particle size in Saluang Subdistrict (p < 0.01).
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Experimental diets

Crude beta-carotene extract from mango peel level (%)

0.00 0.25 0.50 0.75 1.00

Ingredients (%)
Soybean meal 12.29 12.29 12.29 12.29 12.29
Full fat soybean 40.00 40.00 40.00 40.00 40.00
Broken rice 38.96 38.96 38.96 38.96 38.96
Rice hulls 1.00 0.75 0.50 0.25 0.00
Crude beta-carotene extract 0.00 0.25 0.50 0.75 1.00
Soybean oil 2.88 2.88 2.88 2.88 2.88
Dicalcium phosphate’ 2.15 2.15 2.15 2.15 2.15
Calcium carbonate? 1.45 1.45 1.45 1.45 1.45
Common salt 0.54 0.54 0.54 0.54 0.54
DL-Methionine 0.23 0.23 0.23 0.23 0.23
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Table 1 Experimental diets for chicken age of 1-3 weeks (Cont.)

Experimental diets Crude beta-carotene extract from mango peel level (%)
0.00 0.25 0.50 0.75 1.00
Premix® 0.50 0.50 0.50 0.50 0.50
Total 100.00 100.00 100.00 100.00 100.00
Nutrients calculated (%)
Dry matter 90.17 90.17 90.17 90.17 90.17
Crude protein (N x 6.25) 23.00 23.01 23.03 23.04 23.06
Calculated ME, kcal/kg 3,000 3,009 3,017 3,026 3,034
Ether extract 10.45 10.45 10.45 10.46 10.46
Crude fiber 7.28 7.21 7.13 7.06 6.99
Calcium 1.20 1.20 1.20 1.20 1.20
Available phosphorous 0.50 0.50 0.50 0.50 0.50
Lysine 1.40 1.40 1.40 1.40 1.40
Methionine 0.60 0.60 0.60 0.60 0.60
Methionine + Cystine 0.97 0.97 0.97 0.97 0.97
Beta—carotenea, milligram 0.00 13.41 26.82 40.23 53.64

'Contained 23.31 % calcium and 17.48 % phosphorous; “Calcium content 38.00 %; *Mineral and vitamins premix provided according to National Research Council

(1994) “Betacarotene from crude beta-carotene extract from mango peel

Table 2 Experimental diets for chicken age of 4-6 weeks

Experimental diets Crude beta-carotene extract from mango peel level (%)
0.00 0.25 0.50 0.75 1.00
Ingredients (%)
Soybean meal 10.80 10.80 10.80 10.80 10.80
Full fat soybean 30.50 30.50 30.50 30.50 30.50
Broken rice 50.79 50.79 50.79 50.79 50.79
Rice hulls 1.00 0.75 0.50 0.25 0.00
Crude beta-carotene extract 0.00 0.25 0.50 0.75 1.00
Soybean oil 2.80 2.80 2.80 2.80 2.80
Dicalcium phosphate’ 1.94 1.94 1.94 1.94 1.94
Calcium carbonate® 1.10 1.10 1.10 1.10 1.10
Common salt 0.40 0.40 0.40 0.40 0.40
L-Lysine 0.06 0.06 0.06 0.06 0.06
DL-Methionine 0.11 0.11 0.11 0.11 0.11
Premix’ 0.50 0.50 0.50 0.50 0.50
Total 100.00 100.00 100.00 100.00 100.00
Nutrients calculated (%)
Dry matter 90.00 89.99 89.99 89.99 89.99
Crude protein (N x 6.25) 20.00 20.01 20.03 20.05 20.06
Calculated ME, kcal/kg 3,000 3,009 3,017 3,026 3,034
Ether extract 8.73 8.73 8.74 8.74 8.74
Crude fiber 7.81 774 7.67 7.60 7.52
Calcium 1.00 1.00 1.00 1.00 1.00
Available phosphorous 0.45 0.45 0.45 0.45 0.45
Lysine 1.25 1.25 1.25 1.25 1.25
Methionine 0.45 0.45 0.45 0.45 0.45
Methionine + Cystine 0.79 0.79 0.79 0.79 0.79
Beta-carotene *, milligram 0.00 13.41 26.82 40.23 53.64

'Contained 23.31 % calcium and 17.48 % phosphorous; “Calcium content 38.00 %; *Mineral and vitamins premix provided according to National Research Council

(1994) “Betacarotene from crude beta-carotene extract from mango peel.

Table 3 Effect of crude beta-carotene extract from mango peel supplementation

Items Crude beta-carotene extract from mango peel level (%) SEM P-Value
0.00 0.25 0.50 0.75 1.00
Growth performance
Initial weight (g/b) 45.25 45.00 44.75 45.25 45.75 0.79 0.921
Final weight (g/b) 2581.65 2665.68 2678.94 2698.53 2671.09 4717 0.481
Body weight gain (¢/b) 2536.40 2620.68 2634.19 2653.28 2625.34 47.39 0.485
Survival rate 95.00 95.00 97.50 97.50 97.50 2.66 0.896

Starter period (1-3 weeks)
Average daily gainl 38.21 39.56 39.65 40.15 40.05 1.29 0.832
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Table 3 Effect of crude beta-carotene extract from mango peel supplementation (Cont.)

Items Crude beta-carotene extract from mango peel level (%) SEM P-Value
0.00 0.25 0.50 0.75 1.00
Average daily feed intake’ 60.96 61.45 61.63 61.26 62.13 1.43 0.983
Feed conversion ratio 1.60 1.56 1.55 1.53 1.55 0.03 0.622
Protein efficiency ration 272 2.80 281 2.85 2.79 0.06 0.630
Grower period (4-6 weeks)
Average daily gain' 82.57 85.23 85.79 86.19 84.97 152 0.508
Average daily feed intake' 206.21 207.05 210.05 212.19 209.31 4.56 0.889
Feed conversion ratio 250 243 2.45 2.46 247 0.07 0.952
Protein efficiency ration 2.00 2.06 2.04 2.03 2.02 0.05 0.961
Overall (1-6 weeks)
Average daily gain1 60.39 62.40 62.72 63.17 62.51 1.13 0.485
Average daily feed intake’ 133.59 134.25 135.84 136.73 135.72 2.18 0.845
Feed conversion ratio 222 2.15 217 2.16 2.18 0.05 0918
Protein efficiency ration 2.19 2.25 2.23 2.24 222 0.05 0.925
Production index 260.87 283.17 282.44 284.73 281.79 14.07 0.735
' g/b/d.
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The objective of this study was to determine the effect of crude beta-carotene extract
from mango peel supplementation on the growth performance of broiler chickens.
A total 200 of 1-day-old Arbor Acres broiler chickens were used as the experimental
animals. A completely randomized design was used in this study. The chickens were
randomly allocated to 5 groups (levels of crude beta-carotene extract from mango peel
in diets: 0.00, 0.25, 0.50, 0.75, and 1.00 %) with 4 replicates of 10 chicks each. Chickens
received feed and water freely available at all times (ad libitum) until 42 days of
experimental periods. The results showed that broilers fed the diet with supplemented
crude beta-carotene extract from mango peel 0.25, 0.50, 0.75 and 1.00 % showed higher
average daily gain than broilers fed the diet without crude beta-carotene extract from
mango peel were 62.40, 62.72, 63.17, 62.51 and 60.39 g/b/d, respectively. Similarly,
feed conversion ratio (2.15, 2.17, 2.16, 2.18, and 2.22, respectively) protein efficiency
ratio (2.25, 2.23, 2.24, 2.22, and 2.19, respectively), and productive index (283.17,
282.44, 284.73, 281.79 and 260.87, respectively) but not showed significantly
differences (p > 0.05). In conclusion, this study indicated that supplemented crude beta-
carotene extract from mango peel in broiler diet showed growth performance
improvement in broiler chickens.
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guamadly wu loamis Wsku wisng wazdandu 1Judu
(Zulaikha et al, 2021) SwAdsrounthilinsnesunmsiau
wﬁmﬁ’m%wmmﬁymmﬁmLwiﬂwmﬂuawgﬂLLUU LW ULy
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Aenrliawiaasunsafefiniodldnnmunieannisusg
(by product) LﬁaLﬁMﬂmﬁ’u‘?wﬁ’]ﬁ (functional value) Ty
9115 (Zulaikha et al., 2021) ATWAUINER SN UL
yinuna1nnUard venil oLl uundswosussindensduay
wpaLfen (Elnovriza et al,, 2019) NMsWaILKANS MR IMEW
ﬁamwm%’uﬂizmuwﬂLLMuﬁ@mmiMﬁ’ﬂ (Chueanopparat et
al,, 2021) warMINAUINANAUINSYNBULVIINTIINADIBUNIY
winuileuiasacn (Chittapalo et al,, 2017) Wugiu

vandui ulamirdnvunndniigaudoueadougs
warAUAIMIATUINT TneUaidauiiauwie 100 nsuly
wuiavian 432.22 Alaueae? Tufy 22.38 n3u lawanosea
548.29 fiadnsu Wsiu 57.40 nfu A1sTulamsaiianun 0.30
nsu wan 1.883 dadnsu lee111s 0.21 n3u 141 11.69 N5y
loif ey 252,139 dadnsu wazuaatdou 1,941.17 dadnsu
TnsUsunanrafouresUardiniteuwisinduiosay 60 909
Thai RDI 98115 100 N §93adfiusunaunadeonge
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(Auyyuenyong et al., 2023) Wi 099 nmINUsENIANTENT A
as150in (07Ul 182) wa. 2541 Fosaainlazuinis seyin
wAnAeifiUSinaueaidenlitosninfesas 30 ve9 Thai RDI
#8113 100 ¥y ansnsana1n8ndldindundnsiaeifduuna
LLﬂﬂL%EJ&Jq\i (Food Division, Ministry of Public Health, 2023)
Uandaudaannsndulsemuldvisda dgusandersn fla
wnEavianaznaalddts wumnluwddilosuagadianan
uammnﬁé’nwummﬁdwLﬁmf'n,%uqua%“mﬁ \Woudun Weu
370 uandoudsuss (Jutagate et al., 2001) Yan@uAaduva
Asuldunndususudy 4 mnsrafuindeudiun smia
nwdug Tnsvnuszasiiuduarsmitgluguuuulananvie
wusguidundndausivauste Tagdmineegisin 250 - 300
vndedlaniu eimlsdeniereudisd egalsfinuiagty
nszuannuaulaludesguamuesiuilnafiuntusuaniuei
FosnsuslnaemsiifustlominazUasnds Uardumdauiu
Vaniidulsnsssund Wuuvdslusiuuazeauseunaidon gn
thinsesenamanfusiyadisluguiuusing 4 tensuaues
ANuRBINsvesUilaakazastlonalunmsudsdunianisnain
Witunguifuussu wWu mMswaundndusivaidiuiiukuey
n58U (Auyyuenyong & Kingwatee, 2023) N1SWAIUINAAA U9
waafouauinuoataiuuarduinai eldiduoimisdng
(Mungmai & Wanna, 2019) 1Judu se1elsfiniuniswaun
nandasinUar@uiamnuiididreudedeslneanizlungy
yuLUAEEu itioradesndesitaidonduresads
wimnuiadedidnuazianed wiseauamislavuinisuay
Usinauaadouiigs fidedeflanuaulalunsimundadus
Pnuardauiannuisliidundnsusiidusslovdsequain
fiyarnufin uazidundnsisifiaonadeatunginssunisuilaalu
gty FedurmiAte il iagUszasdlunsiaundnfusiou
yuiRdauiaasuUauiannuia (SB-TRS) ioifiunmen
malagwiniswaziasuwnadenliiundnsioe adundndoe
Afiuszlevildoguammevaussanudosnisvesiuilaaluga
Haqtuiifesnsanuazmnlunisuilnawaswamn Snstadunis
afayaadinlituingiuluiesiudedoyadiliannisd nwas
Wudszlendlunswdndandvdaoly

gunsaluazIsn19Ide
msdrsaeiaundvesusinanondnsasivusyuiAeswinui
LTUYUAITAININUIS

dmavinuaivesiuilaaialusiuiu 100 ey wuuls
191299) Tnen1sliuuvaeuauiienuuifandnsaet (product
idea) lngasuniudsdoyanaluvesuilan Toyaidvady
wAnssuuaziiauafvesuilnadevunvuifsrsious way
Foyalfsatu SB-TRS Auslnadesnissauiunismaaeunis
Usvamduianieisnaaauniuyeu (9-point hedonic scale)
WATNITNAABUANUNWBFAAILTT just about right Tnansld5eyie
wiafi Srirenensindsiidnvazadeiundndueifdomnis
Wandushegdlunismeaey ihdeyauniesigianufinagen

Jogay dmiuteyaniimaaeunisssamduanieisnaaey
AT VLA BuazA LT BUULNINTEIL dIUKANNS
nadeuamedA A iuiFosay thdeyaildundmuauun
nendeludesely
ImgAuuazn TN IngAY

1) Ya@auiannuvienen

Fouardaufamnuiannguetiuiniondsd duag
A g neaiatus Jamianiudug udandwieslfiRnisws
Ui ananivmeluladnnsUssas augmalulagmsinuns
W Ing1denudug nmensigaungll 170 esrneaided
wiu 1wt duisusesinlidy smfuiludnagniedfuiue
Iniiteannduvan fliliduuduhlulilunsinusoly

2) Pranesven

ihdmdeamudinduszerioa 1 fu aniuidn
wileailwethidenauan il diludsiifiodaenstn
wilen fidliazdah wildonn udnlunnuanauuis tidn
wil sk snnealinesdis i gungd 170 s
waldea w1 uii dudstunasieliidu udanluldly
nsfnwsell
AnwInsiarans s YUY TNy uUa 157
U91ALAI (Prototype)

af1andndmet SB-TRS dunuulagn1naulasgnsan
Soyftawdsiidmhenanisfuansds Table 1 thihisuasnglaa
lesuldlunszng W@eadaelneouruiivonden anduifs
dunaun1u Table 1 asly paniadnliiidniu dnldgenedieiau
Fruau 1,000 n3u wdanhludalmduuiuluaiawuin 30x30x3.5
wuians® thlveufigumail 150 sseniwaldea Wunan 10 wil
el udrdaduuvisnun 3x8x1 wufiuns® vssqldwes
warafnwedeiidu trluusziliununmmalssamduialagds
NAFDUAINUYDU (9 point hedomc scale) Tuﬂmaﬂwmumu
Snwaurdsing & Luaama nau savA uazAmweulag I
Tagazuuu 9 Aoveusniign wazaziuy 1 Aolivousnniign
uarNIVAFUATINe AT udNwEA1uA aduda nduuam
FANNU FAVIRAETIN USUIauUanBuAInnuis uagnsoanie
YosBuLFIETE just about right LBlrimndeyTuTz YLl
Afosn1siuulgmToamnanduel wiseandu 5 sy
1#un anasnn anasdntios wed isduidntios uaznfiuduun
(Lawless & Heymann, 1998) T%ﬁimwaauﬁ}qlﬂa"wmu 30 AU
nansnaasuAmTeUthlUmALadsLar A T uLIRsgIY
drunanisvegeuauanunefsumadudisesazvoined
wazen net effect Tnofnuainasinumediagiisosas 70 uans
31 liifpsuiuussnudnuaizdngn wimnilaiesaziisziu
woRtaunitsesas 70 TANa1541AY net effect T3u678 Taepn
net effect AMUIlA1NN1TUIATNATINVOIAS DBAZ AN
FoansUsupnasnuarlfiutuaudernasuemiosa
ANuReIN1sUTuUTsRnanvuglianas mndiateunitfeay
20 wansinenadslidesfuusslugadnumedu 9 uimnden
wnnIseuag 20 NansandsulsesnudneagaIng1InY
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FAN197 TA111nn7 7 (Chittapalo et al., 2017; Lawless &
Heymann, 1998; Somthawil & Sriwatta, 2012) Azuuudildidu
\naseilunsgRnisiaRRSusiRe AxuULALYEUIRALREN
"oy 6 ATWULIIN 9 ATLU wazdAUNEAYDINNAMEN YL
Haus¥osay 70 FulU wiefldn net effect Younindevay 20
(nsdlfienfevasiiszfunefiosninfosay 70) Toyaiildanns
nnassihluldlumsanusiely
NITANYIANAIUYSUIYIUAITIAININUAUAZUTUIUT I INES
TnnzanTunisedn

INHANIINARBINITNAUIGATAULUY SB-TRS 11311

Wanngasiuuuulaguususinaudadiu (Sesaz) vesum@iui
mnuimensiednaneseenitiy 4 gns Taun 25:11, 23:13, 20:16
wa 18:18 MUy v USinamesdiunandy o Husunaui
Wunw Table 1 W80 SB-TRS MadSnsiuligIfugnsauLuy
ihlunageueuveuLazageun mmed dgvaaeusialy 30
AW LEUNIINRaesuuduluuien (Randomized Complete
Block Design, RCBD) 31A518%AMNMUSUTIULazIUS 8 ULTiBU
Aadelneds Duncan’s Multiple Range Test (DMRT) 7i5¢#u
mnudesiudesas 95 Andongnsivanzauiielilunismeass
sialy

Table 1 Ingredients of commercial snack bar (prototype recipe) and snack bar enriched with dried Thai river sprat (modified recipe)

Commercial snack bar (prototype recipe)

Snack bar enriched with dried Thai river sprat

(modified recipe)

Ingredients Amount (%) Ingredients Amount (%)
Peeled pumpkin seeds 45 Fried dried Thai river sprat 27
Honey 15 Peeled pumpkin seeds 13
Roasted white sesame 15 Honey 19
Roasted black sesame 10 Roasted white sesame 13
Crispy rice 10 Roasted black sesame 9
Sugar 5 Puffed sticky rice 9
Glucose syrup 10

Ffﬂ1s/7f775aay§’uwaqt§/”v?fnﬂm'a?/umfvzﬁjémfﬁmzw’m’%“mjmsz‘h
uramnusieiiaule

Anwinsuondundnduel SB-TRS vosr{uilamialy
$1uau 200 AU (wuulienzay) Tnenslduuvaeuaudaauany
Werdudeyanaly seduanuvouii Srondndmueidddszdu
1-9 Az nssoNsuRAnSuT warnsdadulatendoumena
Anwinanimuaznain N lnTuInITvesNARS T UUNTULAY
sawiuasUUaIT T INUFITIIRIL A

1) Saendluszuu L* a* b* e L* Aeranuaing a* (+)
Ao ANAWAY a* () Aa ANELYY b* (+) AD AALRADY Lay b* ()
fio Aditu Mewdesind Hunter Lab Ju Ultra Scan PRO v
AINAADY 6 Sgw

2) Siasizidnvaniiloduiavowanfaeifaoind o
Texture Analyzer Ju TAXT. plus ngldhognsmumauiensin
WYIUA 3x8x1 WUALAT TgWriakuyu 6 mm Cylinder Probe
(P6) naaalulumegraduszaenng 6 Tadwns lugluuunisng
WUU Return to start 1% pre-test speed 2.0 mm/s, test speed
1.0 mm/s wae post-test speed 10.0 mm/s GGRERRPTIGR
(hardness) (g force) ¥NN1sMAaBY 6 &

3) YaA1US i asslunan S (water activity, aw)
TngthaunvuAeedausidunsualiazidensam 2 nda
391 a, A81A383IAAN a, JU Aqua Lab vin1smaaessiuiu
3 %

4) Aiszriesddsznaumand THuA Usinanutuny
75 AOAC (2012) USunaulusiunarlafun1uis AOAC (2019)
YSuraa 1m1u35 In-house method TE-CH-026 based on
AOAC (2012), 920.100 (A) uazuiutuaislulainsaniuis

Department of Medical Sciences and National Bureau of
Agriculture Commodity and Food Standards (2003)

5) Ainsrzsinuamalasuinisdendamieuilna ldun
wFsuanua wisewanluiy wazarilulansaniuds
Method of Analysis for Nutrition Labeling AOAC International
(Sullivan & Carpenter, 1993) 14 Uit muAn w38 In-house
method TE-CH-014 based on AOAC (2019) 948.15 lusudush
#1475 In-house method TE-CH-177 based on AOAC (2007)
Celb-89 lataaino359an1u35 In-house method TE-CH-143
based on AOAC (2019) 994.10 1U5#AUn335 In-house method
TE-CH-179 based on AOAC (2019) 981.10 Te@1m15m1u35 In-
house method TE-CH-07 6 based on AOAC (2019) 985.29
Y¥1m18m1035 In-house method TE-CH-164 based on AOAC
(2019) 925.35(B) leAsuuazLAaLduunIuis In-house method
TE-CH-170 based on AOAC (2019) 984.27 Amfiute A1u35
In-house method TE-CH-024 based on AOAC (2019) 992.06
T9180u0 181435 In-house method TE-CH-057 based on
AOAC (2019) 942.23 3niiud 2 m1u3saes Journal Agriculture
Food Chemistry (Simwemba et al., 1984) tvi& na 37T 5
In-house method TE-CH-170 based on AOAC (2016) 999.10

6) WATILRAUAINNIRATIINGT loun USunaugdunid
v (Andrew, 1992) wazUSinafasuayst (BAM, 2001)

NALAZITAUNANTTIVY

wamsarsaimundvesusinalunmsusionvuuyuidesviauia

PINVAITUN 1IN
Han1sETIaTAUAR oM wLrARl USRI A T
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SB-TRS w11 drulngjiassulsemula@ninnuiiosay
60 InFouay 66 BTUUTENUUAITILAIMOANTEU TBIANAD
yandauiausesa (Sewag 25) dwmsuanuauladeuuiannis
WauWansnel SB-TRS wuin dwlugiianuaula (Fesay 90)
Besosnslilduandautmnuidluguuuuianadlususauien
yiaunia (Fosaz 51) vaizfidrunand u 4 fideaniswavadly
Sosdduannnludes T $1mes dids swm n wée
flnvios wdamungTu waznglaalesy eilnaaeusosay 98
Fosnstendnusimnazinisiaunty Tas veuaiiseaniste
Wesadvanunlumdesfe seinnaass danuudaning
HAuAMNLATUINIG LarTarAetey Mua1u dmTuNanis
demnudenisvesiuilaaieatudnuassdndasilnonisly
Sayivurananmsandudusuulunisnaaou (Table 2) wuin
AZWUUANNYBUYNAMAN BUzYasSywvsiuL uUiiasLuLeg
Turrawouidnesiaveuuiunans (6.52 - 7.18 Aziuw) Yo
NAN1IVAABUANLNDRA (Table 2) Feiansanandrosazves
ANuNDALATAN net effect TnoimusLnusinsmefogfises
az 70 uwanalifesUSul RN vaieAIng 1 wimniiasey
avfiszaunedlafslifiansanan net effect wuan Sayftvuiis
Funuuiirnfesarremnendnunsiissfunedtesnindosay 70
Faioeia13UA1 net effect Usenauna lagnan1siansannuin
AN net effect voenAudnuazdAtosnitfesay 20 Fauans
Igwnaaeuidnindaunednd (Lawless & Heymann, 1998;
Somthawil & Sriwatta, 2012) St uUSaNveIdIUHANA 9
Pdvadlusgyfsurimanisdduuuuianumneaund 3l
Fosvaunlaonsuiudadiula q sgnslsfnmuioninnmsfng
dpsnafiuguAmdlasuinisuazyarveslaauiannui
TagN1TN1TIINNANITAITIVAUARKAZIINKANITNAABY
\oasu (preliminary method) sngnsuesuLUUIMsALi

g dululd Faldvihnisdaudasgasiaenislda@uianin
wimendesas 27 nauludrunauvdniAniisiuinusnniiae
1dur wiafinnes (Sovay 45) Matidesnua@ufaninuied
thwiudefeututiings uaziinduamevesUandeiuidld
Tudsunadidesndn diuwdniinnesvanaaniedesay 13
Fadudrunaniiviofndduvosmandusiliunfuusznu &
AuAvalaTNg uazaenadesiunmFeInIsvesiuiland
soansliianaslundndue Tudivestisunseudideidenly
F1amesantrunderninuia (Fovas 9) naunuidesain
Famseuladaeuardrunisnduomsudnvesaudiuluglu
fufl nnangtusonidounie dmivarslianumivluges
Funvumemsdldun ditsasthana §iseldusugasiaonisld
ngladlasuvouusus ($osas 10) nawnmuhmaiiielinnunia
Auwdnduiuazsiovilian a, vesndnsasianasdedanase
anulaendeveseImsangaunsduazannsafiusnuldui

'
=

3 ﬁzﬁﬁmmmﬂﬂ@lﬂﬁl‘lﬁﬂﬁmﬁmmﬂLLﬂﬁﬂuﬁﬁU%MﬁﬂL'ﬁuﬁﬂL%IEJ?,J
ngleaiidiAn dextrose equivalent sndntniaglasa (dina
n318) Tailwanavalngvilfflonadatusslelasauiu
Ifunninhmaglasa dawalian a, vesudnsasiinianas
(Nimitkeatkai & Potaros, 2016) @0AA® 84N UITUI T YYD
Nimitkeatkai & Potaros (2016) #isiea1uin nslédadautiana
songladleiulurumuisviauisaniaundensoutas i
wiu Wielddadueshmasiongladlesuiiugetu (1:2) fuali
A1 a, kAZANUNTEVANAY WANARTusTdAumdeaunty
Famsldludnrduiivanzay vagidaseddiduasliany
wuALAY dvsudlunaudy 9 fnsuulsnanfindunas
anaudntosilaifoutugasiusuunenisén Téun dide s
wazaen (Fogag 19 13 uay 9 AUa16U) ﬂwqmsuumm?ﬁumsuﬁm
wisiidaudasgnsudlldlunisinusiely

Table 2 Hedonic score and just about right scale of commercial snack bar (prototype)

Attributes Hedonic score Just about right scale (%) net effect
Much Slightly Just about right Slightly Much
decrease decrease increase increase

Color 7.18+1.22 5 11 65 14 5 3
Texture 7.08+1.32 7 20 61 11 1 -15
Odor 6.95+1.68 5 9 53 27 6 19
Taste 6.52+1.93 5 10 55 24 6 15

Overall liking 7.08+1.14 - - - - - -

HanHHARS s yuN LAY s A B9 A
FULLYY (prototype)

HAN1INAAOU (Table 3) Wud1 SB-TRS AuLUUNAzUUY
ruveulunnAudnvazeglutazuuureudnlesfveuliu
nane (6.00 - 7.13 ATUUL) VuEiNaNI AR UAILWER (Figure
1) wud arudnuasiud eduda uazsanilasrdiadosas
fiszfunefunnninfesar 70 Fuansilifsulnudnuay
fana vaurfinudnuazdy q firdevariiszfunedtfosnin
Yoway 70 Fafeafiansandid net effect ludruvasnmudnume

v

f1usanIukazlsuiavaidiuninuii dandeasninsesay

20 Fauanagmaaeuianintinnuweudlifioasuuse vasd
AudnurAunAuauarnBanIzvesturuumnud i net
effect 1nnninfepar 20 Fauansingudnvazdnangaaey
saniddlined lneneaeusesay 56.67 dauaniinisda
imzvesturuimsiuiudntes wioaiaanuandauiann
whaldidnwasdulasioaianstarndunisBainie
yosudnfug variindulamuin graaeusiosnislianasens
iesannaulaniifidnuauzianziuaranulsiduiaglunisih
vandauisnuisdadusmsanmaniurusdadisanininy
danaligmaaeuii liduineidnliveunardosnislidsuan



J. Treeinthong et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(1): 96 — 105

USinaas sadudiediunisdanisdusunaranuSunamenay
Uanasiifedsldusuanusinaandufmnuiauasfiu Ui
vostnesdsoraduwmisdunisannaulatasuasiiunison
inglunsdnwisely
HaNTIANYIARF TN aUYeIUS AT U kA
Usinauthmesiiazaslunisuas

NANNAADILAAART Table 4 NUTT SB-TRS g7 il
dadruvestar@iniinnuiiennednanediinuiovas 20:16
ﬁﬂ%LLUUﬂQWN%aUﬁIWULﬁyaﬁJNﬁaLLa%ﬂ’NN%@UIWBi’DNQ&ﬁ;W
(p<0.05) wngfiAzuuuAMUYBUATUAN WML UTINg & nAu Ta
YU WAy sErIRlAETILYRI 4 gaslaluansinaty (p>0.05) ueid

wdlduengegalolddndiuiiosas 20:16 WoNa1saHaNIT

100

nageUANUNaAY8gnsTlYdnduenay 20:16 (Figure 2)
wud fifnfesariiszdunediosniniesas 70 Fesesfinnsandn
net effect Usznouna 24mudn A net effect vosnnAmENLaLL
fianlaifiugosar 20 waneirdalaidesuiuuse edidosann
azuuuamvelunnamdnyazIes SB-TRS vosgnsillidndiu
fovaz 20:16 fAzUUUAINTOULRABUINNT 6 AZLUY UazE
naaeuianneflunndnyaeuad JeAnsiaugasauiuy lny
gn3 SB-TRS fiwannlsusznoufeuadufimausiamen 412
was this nglaalesy wdaflinnes :am uazaifesay 20 16
19 10 13 13 uag 9 sy thgmsiianldlunaaeuduilae
sioly

Table 3 Hedonic scores of snack bar enriched with dried Thai river sprat (prototype)

Attributes Mean + SD
Appearance 6.83+1.39
Color 7.13+1.38
Odor 6.00+1.88
Texture 7.03+£1.03
Sweet taste 6.50+1.80
Overall taste 7.10+1.16
Overall liking 7.00+1.26

JUST ABOUT RIGHT SCALE (%)

1l Much decrease \» Slightly decrease

23.33

FALFASEAAS. 3667

3 3.33

588510
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s 687

4'4\ TN 83.33

O,? N 36.67
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o
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Figure 1 Just about right scale of snack bar enriched with dried Thai river sprat.

TRS: Thai river sprat; SB: snack bar.

#: Slightly increase = Muchincrease = net effect

(i 56,67

0
oaDeDe el 13,34

o 13.33

Table 4 Hedonic scores of snack bar enriched with dried Thai river sprat as affected by various ratio of fried dried-Thai river sprat to puffed sticky rice

Attributes Fried dried-Thai river sprat: puffed sticky rice ratio (%)
25:11 23:13 20:16 18:18

Appearance " 6.37+1.79 6.33+1.99 6.90+1.35 6.27+1. 72

Color ™ 6.27+1.26 6.47+1.61 6.63+1.54 6.23+1.61

Odor ™ 5.43+2.10 5.57+1.98 6.37+1.79 6.13+1.83
Sweet taste ™ 6.03+1.99 577+2.11 6.27+1.68 5.83+2.28
Overall Taste ™ 6.07+2.07 6.27+1.76 6.83+1.62 6.47+1.76

Texture 5.80+2.04° 5.67+2.01° 6.73+1.86° 6.23+2.10°°
Overall linking 587+2.01° 5.93+1.80° 6.87+1.68° 6.37+2.01%°

" Mean in the same row is not significantly different (p>0.05).
*®Mean in the same row is significantly different (p<0.05).



J. Treeinthong et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(1): 96 — 105 101

JUST ABOUT RIGHT SCALE (%)
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Figure 2 Just about right scale of snack bar enriched with dried Thai river sprat as affected by 20:16 ratio of fried dried Thai river sprat to puffed sticky rice (%);

TRS: Thai river sprat; SB: snack bar.

HansAnynIseensuvesusTnaaludoyusy A AU
vnvarFauramnusieiianly
HANAABUNITENTUVRINUTINATIUIY 200 AU WU
Aveaoudunandguazimavefaduievay 42.50 uar 57.50
auaau daulngeglunaueiy 20 - 30 U (Seeay 28.50)
sesanfenauyuslaAe1gunndl 51 U (Segar 23) nqueny
a1 - 50 U (Fewaz 17) nguengsiinin 20 T ($evas 15.50) uae
nauey 31 - 40 U (Sowaz 14.50) mua1du lnusosay 39
dn1sAnwszaulszaudnyinaziseudny) sesasnAoUTyan
m3seway 28.50 dulngiudnSewin@nudesas 30 9989
lawn 913wANvne/g30dIuds (Souag 24.50) dmsunanis
nAdoUANNYBUABNAA Il SB-TRS wuln Juslaalvinzuuy
anuveuluqudnvaedudnvurUIng & ndu saud o
Fuila wazanuveuIneyfisdureuidniesfevoutunans
(6.99 - 7.77 Azuuw) Ineduslnaliniseensuniniueisosas 94
wazsindulatodosay 93 dwmsumapalunsinduladeFosdiu
nunlumtdesde danuwdanini osey dauAmalawuins
auINVAaeIUIlana uavazandon1susian Andusesay 27 23
19 17 uag 14 Aua19U
HANITANYIAQN INUALANIAINININYUINITYOINAAT N YULYY
ievdauviaaudar@oudamnuikeiianald
HANSANWILARIAY Table 5 Wu31 wdad e SB-TRS
A1 L* a* uay b* Wiy 58.38 0.71 uay 13.63 audau lay
Arudnvaziudvewdniusituindununinuesesiing
somwavlavesifuslng mnuanisnaesaztiiuldin Fndainle
709 SB-TRS aonAdesiuinumzAvesumuIA I iaLYsdeld
senlumalnudndesihmasewdudnlng (Fieure 3) wailiin
Mndnvuriudvesdunaudlnglugnsidnumieninia
wazdvrundesliun Ua@auianinuimen 91mee 919717 wae
s Tnednwardnitut uesdunandodiouiudisudulae
53TUIANBUNIUNTUUTFURAENTRULARIINUATEN maillard
reaction 6’1’}@Lflu‘dﬁﬁ%mmstﬁmﬁﬁwmaﬁﬁﬂﬁlﬁmmiLU?%auu:dm
duaznauilenmnsliiuanuiousinnisugienns 1wy nseu
n1aven 1udu (Zulaikha et al, 2021) dwmfuganmdmile

Fudanudn Serauuds (hardness) Wiy 41.02 T ile
Wisuleufuruiuuiesilauviesy q wudi dannndiau
guisilauiuasunstanila (A1 hardness wiafu 24.14 -
27.39 6iu) (Zulaikha et al,, 2021) wagdlalnalAesiudnlneg
N59UTU ALY S (hardness LW1AU 41.92 - 54.57 926 U)
(Chueanopparat et al., 2021) Welonainainisnisnanuay
gaumngfifildseninenisuusgUsneiu lasszdugamgduas
538237 N TOUTULITAINALALATIR DN 1T TEMEVB UV
ansuagnTAnUEenuds (crust formation) fiRaveskan o
denalindndueifanuud ity (Zulaikha et al, 2021)
dwsuAn a, wuindidwintu 0.39 segseiudinn Sneglungy
grmsUsvianude fUsai i ulsslevddenisasyues
yaunIdlusgiu lnsuuaiiFoanlvgliannsonigdulald
Fmnuandaeiien a, #nd 0.90 vauziiBaduazsaglianunse
wiaAulald@anndan a, #1071 0.70 (Maepakdee et al,,
2014) 3o wnsUaonfbannisiasyvestiogduniddsuali
Fushwldfusvernaiun dnsuuinamatu Tsiu ludu
W1 waganslulamsnues SB-TRS dAwviniusesay 1.20 21.61
30.49 2.92 uay 41.75 mud1du Tngaaud udusunas
AOAAADINUAT aw ﬁumzﬁﬂ%mmiﬂiﬁuﬁmﬁawﬂ’wqﬁfqLﬁemﬂ
dunadlundniusiluunasedusiu Toun Yanduianinuis
winfinnes dwiulausazasiulawsadaduesdusgnouma
wiffUSInasnninanduraud g kunsnenuas ity
WuesAUsynau (UarBwdmnuis 419mes 91917 wagansn)
wavidudesAusznovvesmsiulawmsn (G1ames waninnes
ity waengladlesy) vasiiviuandidaduesddsenouma
wnfifivsuenaTinuansedunidifiegluovnsinanussin i
ogludrunauves SB-TRSIAgLamzUaauiannusted oy
WWAIYBILAALTYNEY (Auyyuenyong et al., 2023) AMAINATY
EANg MU SB-TRS ANmunldiusinaqaunisiimuntdes
N1 25 CFU/g waglinudanuazsn
dmfuaaamelarun1sves SB-TRS sendamiiag
uslam (23 n$u) (Fieure 4 ) wuin Tndearustanun 110 Ala
umae3 ludu 5 ndu laaawnesea 20 Jadnsu lUsAu 5 nsu
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a o

A1slulawmse 11 ndu leAey 20 dadnsu Tandiud 1 0.04
Jadnsu (Seway 2 Thai RDI) weal@en 105.91 dadnsu (Sevay
15 Thai RDI) wazwndn 0.77 fiadnsu (Sesaz 6 Thai RDI) iile
Wisuiuiusafivuianesnsin (udadlnmesusiunauthie)
Faldidusunuulutuneunisdrsavimuaiveauilaaion
wwIRanAndg WU Syitwurianianisiiaaainidlayuinis
sownilaniaeuslan (30 n§u) Windsau 160 Alawaass oy
10 n5u laadwesea 0 fadansu Tusiu 6 nSu Aslulawnse 13
n%u loemns 2 nda thana 4 ndu Teilew 0 fadnda Sandiud 1
$oway 6 Thai RDI LAaW@eu3oas 4 Thai RDI Lasludnsouas
10 Thai RDI 9 nnnsiUssuiieuludsinanevilmieuiinad
Wit (30 n3u) wudn SB-TRS Tindsnusienilmiieuslnauay
flasfufivesndn dusualusiuvitusasiivsinauaadoy
(¥ovag 16 Thai RDI) figeniwandnsivnanisdi (Fevas 4 Thai
RDI) Uszanas 4 wh steiiinanndan@aufamnuieiiiuasldly
SB-TRS daifluundwenadondsdmalivusauifeiviauviad
Wannldfunadendussduszneuiiganin sgrdlsfnmaiia

Table 5 Product quality of snack bar enriched with dried Thai river sprat (SB-TRS)

unnsrevesnmarslnsuInistuegfudiunaniilduasnsis
n1suan dadundndet SB-TRS AvaurldTudundnfuaid
wanzaudmiunguiuilaadifesnisndsnuuasiaduunaidey
Tiusnane Jagtuaulneasldsuusiaueadoslaeiadse
Uszanal 400 fadndusoiuainnisiudsemuemisddan
waaLdonoy dufudsmsldsuuaniomaimdluliifoameriy
Uinaufisanedonisuasasvsngauiuuiaziaeny Tngiwe
FIYUATINANG 19818 9 - 18 T doan1sumaidey 1,300
fiadn3usetu vasfnamouazinendsony 19 - 50 U foanns
1,200 fladnsusio¥u (Leerapun, 2020) ety SB-TRS Fa1du
wanfusiiannsoldlumadennisdmiuaugadagiuiiseu
wazABINTIANNAEAINtUNITUSIAA dnansannmkazSulsEnIY
ielindsnunartoeiuunadonlitusnaniels egslsa
msdudsgmuluviinuimngaudesanmniuussuann
auAulvondwaliiinlsndauniolanid o5eit laiAns old
(Auyyeenyong & Kingwatee, 2023)

Product quality Mean+SD
Lightness (L¥) 58.38+2.55
Redness (a*) 0.71+0.87

Yellowness (b*) 13.63+2.90
Hardness (N) 41.02+6.83

Water activity (a,) 0.39+0.04

Moisture (%) 1.20+0.10

Protein (%) 21.61+1.24

Fat (%) 30.49+0.81

Ash (%) 2.92+0.62

Carbohydrate (%) 41.75+1.42
Total plate count (CFU/g) <25

Yeast and mold (CFU/g)

Not detected

Figure 3 Snack bar enriched with dried Thai river sprat (SB-TRS).
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Serving size: 1 Bag (23 g)

Serving size per bag : 1

Nutrition Facts

Nutrition Facts Per Serving

Total Energy 110 Keal (Energy from Fat 45 Keal)

TotalFat  5¢
Saturated Fat lg
Cholesterol

20 mg
5

va @

Protein
Total Carbohydrate 11¢g
Dietary Fiber <lg

g

Sugars 5¢

Sodium 20 mg

9% Thai RDI

Vitamin A 0%
Vitamin B2 0%

Iron 6%

Percent Thai RDI*

Vitamin B1 2%

Calcium 15%

2,000 Keal diet.

* Percent Thai Recommended Daily Intakes (Thai RDI) for population over 6 years of age are based on a

Figure 4 Nutrition facts of snack bar enriched with dried Thai river sprat per 1 serving size.

d3UNan13IvY
nmsdnaiiruadvesiuslnaiioiaundnfus Sa-
TRS AdldFuuuuansnyiivuisidmienanisimui uilae
dulugaulandnie SB-TRS Anilusesar 90 uavdoansle
T9Uandruamnuiainenuuuieia (Jesay 51) Wudiunas
dmiugas SB-TRS fitmunliusznouse Uardaudaninuis
nen 4§19 tite nalealesy wanfinnes 11913 wagad
WA USesay 20 16 19 10 13 13 wag 9 aua1nu dazuiuu
anuveulagsmegluszAureuliuna msinduladonaznis
gansulundniusianlusesay 93 uay 94 muafy NaRA
fiUsinaumuty Wsau Tusfu B uasanslulawmsawiniuiesay
1.20 21.61 30.49 2.92 uag 41.75 awawu farmuuds, L* a*
b* uwag awtv1AU 41.02 126U 58.38 0.71 13.63 Lay 0.39
muddy edafusiusinagdunidimuatiosndt 25 CFU/g
warldnugaduazsn AuAmIlavuINIsves SB-TRS 91uu
1 mieuilaa (23 n$) Twdsau 110 Alausasd Tusfuiane
5 n5u laaamesea 20 daansu 1Usiu 5 n5u mslulansm
Ve 11 n$a Tedey 20 fadnsa 3afiud 1 0.04 fadndu
(§osag 2 Thai RDI) wAal@eu 105.91 fiadnsu (Sesag 15 Thai
RDI) uawindn 0.77 dadndu (Fovas 6 Thai RDI) fetiunansias
SBTRS 7 waunlaarusaldusinaui el nd e unaziasy
weadealiiusneniemnzdmiunguiuilaaiideanisainy
agmnlunsulnauag vhauiisdulugaiagtu

AnAnssuUsENA

A T8I UA NN INIFEN 1WA US A 1T NS
aduayunuuasYangunsallunisvhenddeluadsd Taonside
ﬂ%ﬂﬁlé’ifunuaﬂfualgumﬁﬁﬂmﬂﬂamudatﬁﬁwmmam% Wy
wazudnnssy Usgiay Basic Research Fund un1inende
nuans Yeuusenna 2564
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ABSTRACT

Keyword

Dried Thai river sprat
Snack bar

Product development

This research aimed to develop a snack bar enriched with dried Thai river sprat (SB-TRS).
Surveying the consumers' attitudes toward the product to develop the SB-TRS using
a commercial cereal bar as a prototype was conducted. Then, the prototype product recipe,
formulation development, consumer testing, and assessment of the product's quality were studied.
The results of the attitude survey found that 90 % of consumers were interested in SB-TRS
products, and 51 % wanted to supplement with dried Thai river sprat. The recipe for producing
SB-TRS comprises the following ingredients by weight: fried dried Thai river sprat (20 %), puffed
sticky rice (16 %), honey (19 %), glucose syrup (10 %), peeled pumpkin seeds (13 %), white
sesame (13 %), and black sesame (9 %). The overall liking score was moderate (7.57 points).
A remarkable 93% of consumers decided to purchase it, and 94 % accepted the product.
The SB-TRS includes 1.20 % moisture, 21.61 % proteins, 30.49 % total lipids, 2.92 % ash, and
41.75 % carbs. Hardness, lightness (L*), redness (a*), yellowness (b*), and water activity
of SB-TRS were 41.02 N, 58.38, 0.71, 13.63, and 0.39, respectively. The SB-TRS showed a total
plate count of less than 25 CFU/g and no detection of yeast and mold in the product.
The nutritional value per serving (23 grams) was found to provide 110 kcal of energy, 5 g of fat,
20 mg of cholesterol, 5 g of protein, 11 g of carbohydrates, 20 mg of sodium, 0.04 mg of vitamin
B1, 0.77 mg of iron, and 105.91 mg of calcium. Therefore, the SB-TRS product is suitable
for people who want convenience in consumption and help in adding calcium to the body.
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Figure 1 Research Conceptual Framework.
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§4 Table 1

Table 1 Number of farming households and cultivated area, classified by in-season paddy production, distributed across districts *

Sample size

No. District Field area (rai) Households
(Confidence level at 90 %)
Chiang Rai Province 1,327,864.97 124,225
1 Phan 164,994.15 14,786 100
2 Muang Chiang Rai 153,554.00 14,272 100
3 Thoeng 138,588.06 12,554 100

* Modified data tables from the Information and Communication Technology Center Department of Agriculture (2019).

3) nsTmTgiteya Tayaniluvennunsnsldnig
Aaswilagadfdanssaunluzuvesnud (Frequency) Aade

(Mean) Y088y (%) wagd 1wl o9uuNIAgIU (Standard
Deviation) d@ualddeuasdunuilunisinsziduuniswds
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A siinandniadewintu 640.24 Alansudels daudadonns
waAming q gnimuaduiuysdastdadudumesaldsielunis
wAnd1nveanuAINT Usznousie Awdmiuddnidiadset
289.33 v/l3 anldTelunsisdouduiianaeds 923.42 vin/ls
Aldanglunisquasnu danads 27.94 vm/ls Aldsrelunns
\utAeamandn slAade 433.03 vn/ls Aldrededonisudn
i Joren Yol sosluu arsiadiing 4 flaueds 977.27 v/
13 dauituiissadszmuduiudsvu dnlugjinunsnsazes
lulunvauseniu 184 AU uaguanlunvaUsynIu 116 au
Uoyans Table 2

Table 2 Statistical values of variables and estimation of the stochastic production frontier model of rice

Factors Mean standard Minimum Maximum
Deviation

Rice yield (kg/rai) 640.24 113.27 356.25 1,021.67
Rice seed cost (baht/rai) 289.33 152.57 59.38 960.00
Expenses for preparing soil (baht/rai) 923.42 383.21 100.00 3,500.00
Field maintenance cost (baht/rai) 27.94 58.97 0.00 500.00
Harvesting cost (baht/rai) 433,03 267.34 0.00 1,000.00
Cost of production factors (baht/rai) 977.27 562.55 35.09 3,351.00

Irrigation area (in the area - outside the area)

Explanatory Variable - -

Calculated with the Limdep version 8.0 program.

dlovhmsieseiusyansammanaianisuandinund
YDUNYATNTIINWUUT IR LA UTDULYAT W Ug UAINAUNIT
arlinavesA1duUssaAns 20 auUsA M lun1sussunaa
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wag Sigma LaRdlALAiNINELUS Lambda wag Sigma Juei t-
ratio fisgRuNEdAYN19ad AN 0.00 wazdarduUseansa L
Wirugud uanedn LU iimsuLaunSRARINY AN TiaE

TEnsheseilegdunsuuauls uazdr Wald Test daudunis
nadevuauud gIudt nvualdde Hy=f,+ B+
B, + B, + By = 1 Fslupsniluandiifiuing chi-squared i
AwnlafiAngandtAingd uansdn aunsnsuanildfignuae
\Ju constant returns to scale n3oluildeglugravewmaldne
IAAST]

Table 3 Maximum-likelihood estimates of the stochastic production frontier model for rice farmers

Factors Coefficient t-ratio
Constant 5.90770 42.593%**
(NZPAYR 0.03649 2.291%*
(NPDINR -0.01947 -2.588***
INCARER 0.02163 5.389***

[NHVESR -0.00053 -0.110
INFACTOR 0.07952 5.191%*

INOUT -0.02051 -1.146
Lambda 0.87136 2.936%**
Sigma 0.14588 12.661***

Wald test of 1 linear restriction

Chi-squared = 581.88

Sig. level = 0.00000

Note: Calculated with the Limdep version 8.0 program., ** significance level is 0.05 or confidence level is 95 % and *** significance level is 0.01

or confidence level is 99 %.
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adAgmnNads
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Table 4 Technical efficiency level of rice farmers in Chiang Rai Province

111

daiutiosmintesas 1 vieenana it wndualddetasoms
wamsing o ludmsmite serdndnillisfiutlusaniisinidan
msimeAldinetasensraniu
msUssananUssansmMmamaia (Technical Efficiency, TE)
MMNMFUTEINAUSERVB M amatiavatnwRsnsE Uan
Fruitludorindesonded nasflunsussaasydsnm
ymawadla 5 sey Saannsfnwmunin inwesnsgugnieylu
sedfufl 3 e Slawdnlva)unuasnsgugnimidussavs amns
WAmg g (52U 5 1510 09001 < TE < 1.000) fidnnuriedu 235
au wieRnidudesay 78.33 lnefimauilussavs nmmadswintu
09320 sesauidunuasnagugndniifiuszans mmandang
(526U 4 il 0.8001 < TE < 0.9000) fi1uau 58 Au 1S oRALTU
Soway 1933 ToeflAaufiussdns nwad ewinfu 0.8734 dau
iemsnsEfugndmAifiuseavs amnnsrasUunans (sesu 3 0.6001
< TE < 0.8000) flifies 7 Au vizeAndudovay 238 winu faiu
PINTIIUNBAINT 300 AL TR Uszans amad swindu
0.9169 Fgnfie 0.7235 uazgagare 0.9752 Avaudiszavam
WABWINTU 09169 1 wanIn tuAsNITYNsRE Al nsHEn
2562/2563 |Fnardsdnsininseduussavsamgaaaiinisar iy
Usznaiewaz 8.31 neldmalulad vs etladensudnfuasnsa
dasyAnsammsrantildEntenaz 831 ft Table 4

Production Number of Standard
L. % Average . Minimum Maximum
Efficiency Level Farmers Deviation
Maximum 235 78.33 0.9320 0.0175 0.9008 0.9752
High 58 19.33 0.8734 0.0235 0.8055 0.8991
Moderate 7 2.34 0.7726 0.0241 0.7235 0.7942
Total 300 100.0 0.9169 0.0373 0.7235 0.9752

Calculated with the Limdep version 8.0 program.

nameinuliissavsamamaila (Technical Inefficiency, T)

Taglruuuinanudadunsinaqlinisitasizvionnes
Aad (Multiple Regression Analysis) siag38n13iasasstioy
f (Ordinary Least Square: OLS) Usgnaunleaiulsdasy
#uUs &9 Table 5 Sudunavesdadeiidmanoninulyd
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Model test: F 3aada F {Juaradanldnaasumduussansiu
AM5eSUNEFILUTANY AU F [ 8, 290 1 = 4.21 waziiAn Prob
value = 0.00004 waAe31 A1 F Adialada1ganina1ings

a
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Table 5 Estimated coefficients of technical inefficiency in rice production among sampled farmers

Factors Coefficient t-ratio
Constant 0.13750 2.259%*
INAGE -0.02213 -1.291
(nEDU -0.01990 -1.523**
INYEAR -0.01282 -1.142**
(NLAND -0.00836 -2.890%**
(INOWN -0.00297 -0.637
LOAN -14.13463 -2.893%**
PART 5.37886 0.951
GROUP -18.38935 -2.380**

Model test: F [ 8,290 ] = 4.21

Prob value = 0.00004

Calculated with the Limdep version 8.0 program., ** signifiance level is 0.05 or confidence level is 95 %

and *** signifiance level is 0.01 or confidence level is 99 %
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The objective of this study is to analyze the technical efficiency of in-season paddy production by
farmers in Chiang Rai Province, focusing on factors affecting both efficiency and inefficiency.
A survey was conducted, and data were collected using questionnaires from representatives of 300
rice farmer households in three districts: 1) Phan district, 2) Mueang Chiang Rai district, and
3) Theing district. Efficiency was analyzed using the Stochastic Frontier Approach model (SFA).
The study found that factors significantly affecting the technical efficiency of rice production
include the cost of rice seeds, maintenance costs, production factors, and expenses for preparing
the soil. Regarding the estimation of farmers' technical efficiency (TE), it was found that rice
farmers exhibited production efficiency ranging from moderate to high levels, with an average
technical production efficiency value of 0.9169. This indicates a rice yield lower than the maximum
efficiency level by approximately 8.31 percent. Factors such as rice field size, debt, level of
education, experience in growing rice, and membership in a farmer group were found to affect
technical inefficiency of rice production negatively and significantly. Increasing these factors could
lead to a reduction in technical inefficiency in in-season paddy production.
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Figure 3 Automatic frying machine in the experiment.

Table 1 Experiment with French fries at 120 degrees Celsius
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veaesiiusyavsamiiifian fauandlu Figure 3
HANINATOUGINIUALLIAT

HANINARBINTNOANTUTHII8d Flggamgiiuaziian
funnsinefu anansauanawansssly Table 1- 3

Weight temperature time L
Results (Compare with sight and touch)

(gram) © (second)
100 120 180 Not ripe, the touch is still soft, it is white

color and very oily.
100 120 300 Not ripe, starting to crisp,

some parts are starting to have a yellowish

white color and oily.
100 120 420 Not ripe, the crispiness increases, some

parts it started to have a yellowish color,
but it oily in some parts.
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Table 2 Experiment with French fries at 140 degrees Celsius

Results (Compare with sight and touch)

Weight temperature time

(gram) © (second)

100 140 180 Nearly ripe, texture is crisper, white in the
middle, the edges are starting to turn
yellow and white, but oily.

100 140 300 Nearly ripe, texture is crisper, in some parts
it started to yellow, the center edge is
white and yellowish, Not oily.

100 140 420 Ripe, crispy but not hard, it is golden

yellow and does not oily.

Table 3 Experiment with French fries at 160 degrees Celsius

Weight temperature time L
Results (Compare with sight and touch)

(gram) © (second)
100 160 180 Nearly ripe, some pieces begin to crisp up,

yellowish white and does not oily.
100 160 300 Ripe, crisp, it is golden yellow and does not

oily.
100 160 420 Ripe, crisp, some pieces are hard, dark

yellow and does not oily.

Table 1 - 3 uandliiiuindogamgdildlunisnen
wisudnsed wiingivazsssdnfuuduunliufinanazinnyie
tfonazauegfutminvieuTuuvesingiuilineanduusas
afa Tagarnnismnaesmsmenauazguvnifiensanly
nsneasudnsedlitianugnned nseu Tdwdemeuayly
outiiy (Bnsveaeulnenaifivusemeniudnume fuiud
WnsgIULNsUdng KFC) wudﬂﬁy'qqquﬁ YU LAZITLHZLIAN
dutldefidsnaronuamlunismen Seisansognseiosdiand
wUswnduiy Wy mnldgaumgiige nandildlunismenazdes
anas wagmnldgamgiaiiarildfdowndy 9anansng
dananaazdiuladn lmmaﬂuuauammuﬂwam wlyudnsned
Uinawid naflngauiigaasiiu 300 Juriivieeiass

a

vanaulaiiiu 30 3undl igeungll 160 esrwaled vildannis

U

aqmmmimaauu,ﬂawammmmmmmaﬂmauaﬁumumm
F199N13 uaﬂmﬂumamiwmaaqmiwamiﬂ maammmamam
UANANAY ANTOLAAINANTSASIUY Table 4-6
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Table 4 Experiment with fried chicken at 120 degrees Celsius

Weight temperature time
Results (Compare with sight and touch)

(gram) © (second)

100 120 600 Not ripe, the chicken meat is white color,
inside isn't yet ripe.

100 120 900 Not ripe,
There is still water in the chicken meat,
inside is not ripe and has a light brown
color.

100 120 1200 Not ripe, chicken meat is light brown, inside
isn't yet ripe.

Table 5 Experiment with fried chicken at 140 degrees Celsius

Weight temperature time
Results (Compare with sight and touch)

(gram) © (second)

100 140 600 Not ripe, crispiness increases, in some
parts, the flesh inside is not yet ripe and
has a light brown color.

100 140 900 Nearly ripe, some of the meat is crispy,
chicken meat inside Starting to ripen and
have a brown color.

100 140 1200 Ripe, It's crispy on the outside and soft on
the inside.

Table 6 Experiment with fried chicken at 160 degrees Celsius.

Weight temperature time
Results (Compare with sight and touch)
(gram) © (second)
100 160 600 Ripe, some of the meat is crispy, outside of
the chicken meat is starting to turn brown.
100 160 900 Ripe, crispiness increases.
Some of the chicken meat is beginning to
dry out, starting to have a dark brown
color.
100 160 1200 Ripe, crispy chicken meat, completely dry
inside, it is dark brown.




K. Tantichukiad et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(1): 118 - 129 125

Table 4 - 6 uansliifiuindlogamafifldlunisvenls
wiipgAvassisiafuuiuulduiinaasnnuiedesasiueg
futhwinuievsinavesiagiuilivesedluusazeds Tnoann
nsMAaBINsMTIIa ez g iivsnzaslunsmen LAl
augued ludvuarldlndindouauduly wuiwisgumgd
YA uarsvogainaneUszAvinmyeenismen deadeq
g vazdpslianfiuUsundudy 1wy mnlteamgias naildlu
nsnamazdosies uazmnldgamgdidnadliideamniy
nnsednavziulailuingAvuazgumgdilinenln
Uil nanfiangaufigaaziniu 1200 Junitvieeaas
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Funansidsuudasesingivinfienugnydefiddununy
foan13
NsAIAMISEYz8 AU UYaIg UnsaluasA1lT e 88y 9
vImsgiagAuimaaey

Auuduusudnsed n1snea 1 sevayldiaanly
nsweugUnsal SngAu uarsogumgiiveamienenlwimud
un sadwaatlunisnenadseunns 20 w1t laenisnen 1 seu
awldingivu 500 n3u azudeleidu 5 62w (Fawaz 100 nf) Tu
1 Hilusazanansavenld 3 soU Fawhdumsudnised 15 de

Equipment list/other costs

Price (baht)

Food fryer
Motor DC 12V 5RPM 2 piece
Linear actuators 1
stainless steel

Steel and wood for making tables
Electronic equipment for control boards

Labor cost

600
760
1,450
300
650
1,660
2,500

Other expenses (Electricity cost, additional equipment cost for damaged parts,

expenses during operation)
Total

800

8,720

Table 8 Cost of French fries (baht)

Quantity (unit) Cost of French fries (baht)
1 bowl 8.75
1 round 43.75
1 day 1,050

n1sAwIMmAuuIesudnsed anTable 8 Tu 1
Fu vifoneaanansavenls 8 Halus whiuiazannsanonls 24
sou wundu 120 d28 winwe isudnsed wruds dunse
YA 7 4y wie 2 Alansu 175 vn (13 dquieu 2566) @11150
wlsedudaedeaz 100 n3u 16 20 de (saendaeaz 20 vm)
lagmnAamduuvaamsudnseddonie azladunsudn
3988 91A1 175 UM M3e8IINIUGIL 20 638 Wiy 175 + 20
= 8.75 UMABRIY (AUNUANITUNTIY 1 698 Wiy 8.75 um)

Faauwnmauyuveasudnsed dedu azldinsiaise 1 dae
AMALEY 120 998 WU 8.75 X 120 = 1,050 UMAaiu Aalu

u
v

fuuvaamsutrised deo 1 Tuwirdu 1,050 U Al
T Fam1519d 9 anlwiiilunisnen 1 sou agléludh 0.5 kwh
Andutuagld 0.5 X 4.2218 = 2.1109 U msasau (Alufise
1 &2 whity 1.055 vm) Tu 1 Flusavanansavienld 3 seu 9z
Tl 1.5 kwh Andutuasld 1.5 X 4.2218 = 6.3327 umsie
Flus winlu 1 uldulunismen 8 $alus avanunsanenls 24
sou §aazldluia 12 kwh Aavdwiuasld 12 X 4.2218 =
50.6616 UMD IU

N1IAILIUMAUYUVRBNTUTNIEE A3 Table 9 Fiunu
Yaunsutns1edne 1 te + arlwiee 1 dae aglavindu 8.75
+ 1,055 = 9.805 vwilady dufufunuueansuinseduazan
Iifise 1 dewindu 9.805 v Tu 1 Tuanansaneala 120 e
= 120 X 9.805 = 1,176.06 Uwsetu fefudunuuosnsudn
seduazarliinee 1 Tuaglawinhu 1,176.06 U UMK
ls sie Table 9 Taglu 1 Juaunsavigla 120 dreazlawindu
120 X 20 = 2,400 U mmlsaemeazlain s1a1viese 1 62
- fumusio 1 fe wihifu 20 - 9.805 = 10.195 umdede Fty
mlsanmsuesutnse 1 Gaeiaiu 10.195 v flsee 1
Fu aglsndnnuiuiiniglfietu - sunumsudnseduazenlm
sodu lewinv 2,400 - 1,176.06 = 1,223.94 v lunselld
uss9uAY 1 aulunisvewsutnsied 1 TuARAILSIAIL 87T
Ausadus v8ansuLsIY @UTUA 12 Saudsudl 1 unsiay we.
2567) Wity 350 siodu aglaviniu 1,223.94 - 350 = 873.94
v aguledn mlsannisvewsudnsedlu 1 fu aglawindu
873.94 um
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Table 9 Profit from French fries sales

Quantity (unit) Cost and electricity cost (Baht) Sale price (baht) Profits (baht)
1 bowl 9.805 20 13.995
1 round (5 bowl) 49.025 100 27.99
1 day (8 Hour) 1,176.06 2,400 1,223.94
1 month 35,281.8 72,000 36,718.2
1 year 423,381.6 864,000 440,618.4

The above calculation does not include the cost of rental fees. Cost of various sauces or toppings. The price will vary in each area.

ATIUMITEEELIANAUNY Table 9 AUINAINAUYUVBY
nshdeneneimssnludifainargunsal Auseny Al
wazAldIedu 9 sewineduduniswindu 8,720 uin aglédn
sunugunsal + AMlsannmsuemlsudnsed 1 Ju wiriu 8,720
+ 873.94 = 9.97 aguléin azldnanlunsvemisudrisiedeyi
10 fu FeagldmuAuludiuvesargunsaluazanlidnodu 1

Table 10 Cost of fried chicken

wazfanamderilsavSedil 19.4 v

Srunamnduyurestudula lumsven 1 seuagldiam
lunswSeugunsal TngAv uazsequngivemlevenlias
aiidvue saudsnailunisenuszanm 20 unit Tnsnismen
1 sevagldingdu 500 nfu avwvaldidu 2 dae (daeay
250 n3u)

Quantity (unit)

Cost of fried chicken (baht)

1 bowl
1 round
1 day

21.25
42.5
1,020

funasnduyuvedlinen anTable 10 Taglu 1 F2laaz
aunsanenla 3 seu wiiu 6 21U uazlu 1 Tunleneraansaven
15 8 F9la wirduinazanunsanesls 24 seu wuadu 48 97 Un
a9l wwn 1 Alansu 51a 85 U (13 Tguieu 2566) &M150LUS
peidunuaay 250 n$u 18 4 dhe efinanaiuas 30 um wn
munansunuuadninseauagladn Unlnsan 85 um mseae
AU 4 37U WU 85 + 4 = 21.25 uwsea (GunuAdnla
1 uwiniu 2125 v) Fsdunammdunuvesdnlisotu aliin
Awie 1 HRawrIe 48 am Wiy 21.25 X 48 = 1,020 vnseiu
Sedfusumuueniienysio 1 usiniy 1,020 v dnamailiih
Famad 11 Arliialunisven 1 seu a2ld i 0.5 kwh Aaudu
[uagle 0.5 X 4.2218 = 2.1109 ummesou (Alnime 1 31
wirfu 1.055 um) Tu 1 $alusazanunsavienld 3 sou agldlvidn 1.5
kwh Aaduduarld 1.5 X 4.2218 = 63327 vvwedalus winlu 1
Sldulunsven 8 4alus szanansavenls 26 seu Fegldlni
12 kwh Aauluayld 12 X 4.2218 = 50,6616 Umseiu

Table 11 Profit from fried chicken sales

Amnamdunuvesliven dmsed 11 funuuesln
nonre 1 91U + A1lWime 1 97U M1AY 21.25 + 1.055
= 22.305 vsiea Tngduyuvedlnneauazaluiinde 1 91
Wiy 22305 v @slu 1 Suanunsanenld 48 97U = 48 X
22305 = 1,070.64 ety duusunuveaionyuas Al
fa 1 Juwindu 1,070.64 U Auamniils Table 11 (Avum
510197187 30 Umse 1 a1w) Taelu 1 Suawisoviels 48 9w
Winu 48 X 30 = 1,440 U nunnlseeaty aglean s1en
VY60 1 97U - AUNUFD 1 31U 11U 30 - 22.305 = 7.055
vindeau feuiilsannselinen 1 9wy 7.055 um
Famnmilsde 1 u alédn Sruauduivgldetu - syl
neawazAlnoTu Ay 1,440 - 1,070.64= 369.36 U Tu
nsallgusuAY 1 Aulun1seemsusWsIgd 1 TuAnAILIINIL
FR51ALT U YoenTULTINY (RUUTA12 S Tuft 1 unsaaw
W.A.2567) AU 350 Aadu aglavinfu 369.36 — 350 = 19.36
v agulaan mlsannisnelavealy 1w wiriu 19.36 um

Quantity (unit)

Cost and electricity cost (baht)

Sale price (baht) Profits (baht)

1 dish 22.305

1 round (2 dish) 44.61
1 day (8 Hour) 1,070.64
1 month 32,119.2
1 year 385,430.4

30 7.055
60 14.1122
1,440 369.36
43,200 11,080.8
518,400 132,969.6

Note: The above calculation does not include the cost of rental fees and there may be daily fluctuations in chicken prices.

AUIUMITEEELIANAUN Y Table 11 AUINIMNAUNY
Y915 mleneno1msenlusiAanataunsal AU
mlniuazelddedy 5 SEUINANTUNT aaﬁiﬁ 8,720 U lag
3zld7n dunuaunsal + Mlsannisvielanen 1 Ju windu
8,720 + 19.36 = 450.41 ayUladazldialunisvieglinen

TasUszuia 45170 Teaglanuduludiuvssrigunsal
warAlidnedu q uazdinanderlsgnSedi 11.36 um

90lNan15IY
Ugymuasmisneniilulagldinsomendie fnenaiuise
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fungamnilildmuanidaanisusliannsanisimuniand
winzaslunisveniidld Vilmiegmensmevimiinfinatsesng
apbiluriesomsenaasyiliingdla nsnenewnsmelyung
e M1yl nenaunsaimungumgiuazaalunig
nenld Fafunsmensossuudalusfasyhlildnandaninnis
neafifimuiisuiiunaeniannsvenuasldagAuilis
AMHUANANTY UANFNIINNTNOAGILENOR Fefunsnendae
svuviazdnliannsodmungunmuesnismealdindanig
naadasAy uazdiaunsaandunsefianfiatutugnenldsn
e

A3UNaN1339Y

nsafrnagvaansldiai eanensaluf@fnuaulag
Arduino 1l evinnsUsEneuemsununisldau Taslde1nis
$1uau 2 Uspiam ednuaizmanienmuansnafilunisnaas
énannasaderaluil nsmaaesnismdisnauazgumgid
weanlunsneamlsudnsiedliiianuanned andulanseud
Avdomadlilouiiiu nuiwanfimnzauiigaaziviaidy 300
Junfinsesrsazuinaulaiiiu 30 Junii Agaumgd 160 e
waidea sozarduuldinanlunissmsudnsediady
10 Fu Feagldyuiiluduvesdgunsaiuazalisnedu o uaz
fanawderlsavdegil 19.36 UM MsvAaBINITINTIIALAE
gamgiifimnzaulunismonlalifiniugamed laifivwazlailvsl
wnFomauwiull nuifigunnd v warsrezaiinadie
aaunmlunismen wudaimsgauiigaasyindu 1,200
Fundl wioonaazvanaulaitiu 30 3unfl igungill 140 samm
wadea svezaidunu aruinagldiailunisuiglinen
TngUszuna 451 Tu FeaglanuAuludiuresrigunsaiuay
nldanedu 9 wazdsnavderilsgrbori 11.36 vm nsduIn
AuLATEEANEns WU NMsamuimdenansgnludiiunldlunig
nononaiiiedming feilumadeniimidesainyiaulday
Whmnglunn q Susazfuszneunisiinarindldiiedady
TuunatmgAuililunsvenenaasdinarlunsfunuiienuiuus
duslefisuiuguamemsilduaznisanludiuveaussnuay
Tumsvhauiteinduluduiamuly

AnAnssuUsENIA

Y9YBUAMAINIIVIIAINTIUAT BaNa Anzinalulad
wAngdesvdinenssnd feynsizianiuiivazgunsaiuas
AudIToial osdnsnanwasuazinensiuier avdn
TAINTIUNBAT AULTAINTIUAIANT UNITNUIFBVOUKAY
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Effect of temperature and frying time for automatic frying arm
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ARTICLE INFO

Article history ABSTRACT

Received: 31 October 2023 The research involved developing a prototype mechanical arm for frying food, controlled by
Revised: 1 April 2024 an Arduino board, to fry food instead of using a fryer. In the experiment, two types of food with
gﬁf&f%%bTiSthg'ZSBZ:ﬂay 2024 different physical characteristics, namely French fries and chicken wings, were used at the same

- temperature and with the same weight of ingredients, ensuring proper frying with an initial weight

:Sévr\g;ﬁ: fryer of 100 grams for each. Three levels of frying temperatures were set: 120, 140, and 160 degrees
Robot arm Celsius, respectively, using the prototype mechanical arm for frying food. French fries, weighing
French fries 100 grams each, were fried to achieve a cooked, crispy, golden-yellow appearance without being
Drumette soaked in oil. It was found that the most appropriate frying time was 300 seconds, with a tolerance
Food processing of plus or minus 30 seconds, at a temperature of 160 degrees Celsius. The payback period for

selling French fries to recover the investment in part was 8 days, considering the cost of equipment
and other expenses, with a net profit of 688.48 baht. For chicken wings weighing 100 grams each,
the most suitable frying time was found to be 1200 seconds, with a tolerance of plus or minus
30 seconds, at a temperature of 140 degrees Celsius. The payback period for selling fried chicken
to recover the capital for equipment and other expenses was approximately 24 days, with a net
profit of 144.64 baht. This approach offers a relatively short payback period and can reduce labor
costs for cooking staff as well.
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anmstszmariuldenufiucluamsdnd Isdnludenasaiuniivssansamiieanusenaunu
nsldenujBaue nsfnwassiidunisnadaunavasmsiasunsadunidsan wiunzdu waznisldsauduly
awnsliludeaussanmmsninuasaaninly mmesssldununisnaaasuuduanysal uasldlnlewuglawn-
¢ o ¢ o o ' & : . o k3 o v

U191 18 70 dUani 31wy 32 67 wdseanilu 4 ngu udasngudl 4 91 9 az 2 @1 lagldemslummaaas
A9il 1) 21915ATUAN 2) DIMITAIVAN + NTABUNSEITIN 0.3 % 3) 2IMISAVAN + urunzdu 1 % 4) 81913
AIUAN + NIADUNEETIU 0.3 % + ununzdu 1 % neasuduszeziaan 8 dUavi innistuiindwings naxdaly
whainly waald Vsunaemnsiiiu sasmswisusmnalunandnly uazasiaseuqauninleluiugadieves
N13NARBY HANTVIARAINUTN MILEBUNTABUNSY wazn1stEsuNIABUMEEsmAuwiunz Tufluua T ldnanin

& X ' ' a a o 6 v ' o ° v a & o
ldindumnndngualugu (p = 0.059) nMaasunsadunidsauiuununsiulinainlimnaldiutunindiga

y o g o A Sy oo A oy X o

(p < 0.05) Tudruamawla wudn nsldansiasunnnguiivudlduilianunundanlaisduuinndingu
A3UAY (p = 0.075) MSLESUNTADUYSE wasmsiaiunsadunidsauivuniunsSulinavilianuudausaadion

P2 . A A mgi e o
Tuind@y (p < 0.01) HaaNNTIINARRILERSIRITIUIINsIESUNsABUNS s uuuAuas L TuamsTnldTinaYae
Wnanssanmnseanly nsEsunsadunidiiesatiufieauaznisldsuduunungdulinailinuainees

o v %
wWhanliiuiy

Uniin

Tun1swdadnidnladnisldenddiusluemisiiie

wivggngaeasuuailissuualdlvg Tngagnsedunis
M9IULaZdLETUNIT19T Yo uAN LS o dUsz vl
(bifidobacteria, lactobacill)) T3uvanuuaSedudunsiese

duasuguamdninasusuussaussaninnisudn egrslsfinng
n15ldeUfFrurlusedunn (sub-therapeutic dose) B84
sewlasldneliAntamiang 9 e Wy iensandvesen
UfTuzlunandnaindnd nanuldaunavesqdunidluald
muaAnmsnesesuafiFeiinelseludniuazuyud e

v
=1

f3afimnusuiulunisdumansasufifiussansnwiion aunu
nslde1Ufdue asiaiuemnsdniflafinsihunldnauny
loun auulng arsadnainiis nsnduvsd Wsluledn wiluledn
1Hudu

wAunzSu Uerusalem artichoke) 94 o3 nenmans
Ao Helianthus tuberosus L. 3naglusdnune u Lﬂuﬁﬁuﬁﬂgﬂ

Tisuusemuim Tuiunune TuaeliansdrAgyelianils fie Sydu

(inulin) Faduthanaddou laeununzJudsznousieduau

a =

14-15 % (Yildiz et al., 2006) wazdinaantAdunslulofin &
lanunsadesuazlignaeduldvidlunsyimeemsuaraldian

"Corresponding author
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snnulianiiaeas (Clostridium perfringens, Streptococcus,
E. coli) Sritiawthai et al. (2013) $1891u Mskasunnung Tuly
amshalafisyau 0.01 % lddwmansznuseysunaemnsiAu
wavnandnly uwinisaSuinatieiusuiuiuaiidefindanse
Wan#in (lactic acid bacteria) TuldR svaslaly Srikijkasemwat
et al. (2021) sr8unsiasuununzTundduamslaiolae
WUINSESUTISEAU 0.25 % Presinuszansnmnisldeims
voslriielutateny 22-35 Ju uenainil Nabizadeh (2012)
SBUMSERHBYAUTARRIn51NTLeS (chicory root) Tuams
e Imawudﬂmil,a%m@ﬂﬁuﬁizﬁu 1 % Feiumindves
Tiiile uavdiinasilit bifidobacteria luldRsisoufisanniu

nsadunsiduasiiiunnudunsadi dnsthualdly
asuaztfuvedaifiefinaudunsalumaiueims
Wunstduselonidldaetaiseins Winswuwuaiiedd
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Uselenyd wazdudansiasguesuuailiieiinelsn uenainiu
annzanudunsalunszimzemsiinadieifiunisudeuuud
Tulau (pepsinogen) Huludu (pepsin) Sstneifiunisdesves
TUsAULAZLTTINAIT 9 N15LaTuNIAduNT g 393 (caldum
butyrate, calcium propionate, calcium lactate, fumaric acid)
Tuemslalynudn dreiiunandnliuazauaimddenly
(Soltan, 2008) st TR sl udu (Shalaei et al.,
2014) Feansnduniduasnslulefmduasiasuiiidnenly
nsthuldnawnuerljiiuglunisndndnidn wazlaing
g usgraninewae egrelsinunisiunldssuuddl
Foyanisin lunisAnwadaildhuniung Sudsinuansidun
Sulefnuaznsmdunidinliiasuluemsidldlnesimslidiiuuy
WWemazHanINfuiograsioaussanInnsHan wazaunmly
wieiutoyadesiudmumsldluemsdnield

gunsaluazIsn19ide

MIANYINAVDINETUNTABUNTE T Uiume T Uazn1s
T5wiuluemnsinlideaussannnisndauasaunnluld U] o
mungszdevveseaenssumsiiuguaniad suarlddninaaos
youminedvamwauaiund (auiluoyanelddnd: U1-04206-
2559) lfununisnaaeswuuguanysal lneldlnlyaneiug lawn-
v 018 70 dUani S1uau 32 fa Teeuuseanidu 4 nqu usaz
nauil 4 4 9 az 2 2 @edunsdliliaun 40 w. x 45 . x 35
w1, (Fanseaz 2 #9) lyazld$uemmeassd sszneugnsna
ANUABINStNYUEYDIANI S Laen-Us1al (Table 1) nquN1s
VARDIUITNOUAIEY 1) DIMNSATUAY 2) BWNIAUAN + NINBUVTE
53 0.3 % 3) 9WNTPIUAN + UAuAzIU 1 % 4) ©WNSAIUAN + N5A
Buvisdaan 03 % + uupTu 1 % AedliliveaedilsuFoussuy
a WlFSvewnswuuidiud Thidessuuiuida warld$uuas
i 16 Faluwiotu vhmsveasaduszezian 8 dani Taensa
Suduiildlumsneasadundndnsimamsiagluguuuuns
Usznousie nsaylunin nsaudniin nsawesiin nsslnsitlelin wae

Table 1 Feed formulation and chemical composition of the basal diet

nsnde3n laeldfisedu 0.3 % muduusthvesindn dmiuudy
azTui 1ilun1smaae e suansiun unz Tuaneny 4 1ieu
AsTUILNSWIBLLAUAY TuRIS HINNd A uae Ul aven
Joniden Wil oliidud uns 9anduhlvevudsil gumg
60 asrnwadea \Jusvezim 48 $al wavuslviazBen asiedui
4 2 simenaasitiuowsinlelnelfird saomsmnadn
NI5inaussanINNISHARLaZAMN LY

shmsaiminlalddedudummenes (wld 70 dUami)
LLazLﬁa§UQQﬂW5Wﬂa@ﬂ @wld 78 dami) et namntiuin
ot A suulas mstaaussanmnisndnaglddoyaied svois
8 & Tnedimstufinuardsls wiinle wnaly Wanaewnsiinu
wagsmmadsuevnaduendsly dwiumsnsaounummid
awviluSugavinevesnisvenes laedald s 4 eynau (@
1 Wod) thanmsaeuimiinwedly Yinivdenls dminlauns
dwnflaam euvmndents muudwsweutdenls Flvuns uay
A1 Haugh unit dimedavhmsttarerimanes muuduss
gaaUd onlyvhnsTadens emeaeuauud swssweauienly
dminveaudenty dminldun uasiwinldrmhmsdaeeios
F9f3nea anunuvenddenlivimstadaenesidelulasiwes
Toevihnsin 3 9m A Audm Asanans Anuuvas waethu A aae
dmiuavedlvuns uaze Haugh unit VnmsTaseirisianaunmly
S7lwgiA (Digital Egg Tester DET 6000, NABEL Co,, Ltd, Kyoto, Japan)
ﬂfumammﬁﬁmﬂun7534@5737/??7@%15

Foyafildanmsmaaes l¥un daving wardls dwinls
wale Usuauevnsii i §asinsia suemmsdunandnly wae
AunlY whuiieneiienseda lemslnsedanuudsusiu
waziSsudisunrauans 19vese1ad elae3s Duncan’s multiple
range test (OMRT) TngldlUsunsumauiames SPSS 16.0 (SPSS Inc,
Chicago, IL, USA) wannsvnassuandlug U 1Lad suaza 1Ay
AALAR DLINASTILANARAY A1 p < 0.05 RNTAUIWANF
ag 19l JedAneala wazen p < 0.1 Aggniansandduwiliy
(Thiese et al., 2016)

Item Amount (%)
Ingredient
Corn 56.94
Soybean meal (44 % CP) 22.48
Rice bran 4.00
Fish meal (55 % CP) 3.00
Qyster shell 8.30
Dicalcium phosphate (18 % P) 2.00
Plant oil 2.55
DL-Methionine 0.13
Salt 0.30
Vitamin and mineral premixes' 0.30
Calculated analysis
Crude protein 16.5
Metabolizable energy (kcal/kg) 2800
Crude fiber 3.43
Crude fat 5.69
Calcium 4.08
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Table 1 Feed formulation and chemical composition of the basal diet

Item

Amount (%)

Available phosphorus
Lysine
Methionine

0.45
0.88
0.42

Premixes: 2.0 MIU vitamin A, 0.32 MIU vitamin Ds, 2,000 mg vitamin E, 330 mg vitamin Ks, 220 mg vit By, 450 mg vitamin B,, 4.5 mg vitamin B;,, 600 mg niacin,

100 mg copper, 150 mg iodine, 130 mg cobalt, 10 g iron, 8.8 ¢ manganese, 8.8 g zinc, 25 g preservative, up to 1 kg filter.

NaKazIsalNan1sIdY
HAYDINTEINNIABUNTITINLAz LA URY TUNlUB 1M1 S
seaussannnsnanvestily wanslu Table 2 Fawudr thnidn
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nananlaliiiAuLAnNE1RUNISEaa (p > 0.05) UANIILEINNTA
dunidiilseegafealaznsia@sunIndunsgsuiuinunz Tuly
ownslaluuwltuilinendald it usnnningueuauiey
nguiaTuununy ufisaegauien (p = 0.059) waznisiadu
sufuresnsnduniduasununzTuiinavilvinaldidiuiuann
fian (p < 0.05) Faanmeudunseidutulumaduenmsly
nquitinisldnsaduvidensasiidvsnadeniaiiuanssaniwnnis
wanlY Tae Marinho et al. (2007) Misneeuin nsiueudu
nsalumapuemstedaasuvilioulsiiuuduwihnuldatu
dawalfnisdoslusiulunssimnzenmsad uuasdoinlidn e
Usglomiannuisgldifiumndy nisadunsndunidasiuly
o sfuiliannzieasulumadueimisldmunsauiuns
Winuondouuafiiunalsa Hedmszuuafiionelsadosnis
anmzwndouiidunarwiedussdmsunisiady wenan
N3A8UNSFezYruans UG anolsA (Enterobacteriaceae,
Escherichia coli, Salmonella sp.) aslodn S'Qﬁﬂﬁl,wﬂﬁﬁaﬁ
nARNsANSALANTN (lactic acid bacteria) §aduwuailiSedidl

Usglonflumaiuomsidauiuindu damalidnily
Ustlemiannermslduindu (Ogunwole et al, 2011) Tnglu
nsnaaesndadnuIInsasunsadunsdsaufuununy ul
Usinanalvgean dsenaaziinaindninasiuvensndunid
waznilulednlunisyisysuusaguaniglumaiuemisves
Inlulimunzausenisyesuarn1sgaduaisemis Mlnild
Usglerianomisldundu delaeialuudamslulefnasu
pwsdmuuuaiiSediusslovilumafuews diensedu
n1sviueedlusiuledn inlidnsudansalediussmeliuay
nsaudniinlumaduemsvesdnifiutiuge fufudeinan
suvidunldsautunnung Tuisdinatoiasugns sauduyile
aussanwmsrdalifiutiu dmdulunguiladunnune udies
stufeiinandnlinazinalylndidsadungumunu Gao1a
Aululdivsuunsaiuununs Tud sedu 1 % e19azlyl
wiganedmiulnle lnediseaunisldununs ulussdugada
5 % lugnsoinastnla (vildiz et al, 2006) ag19lsf Aw
nanouauoswasnsliuiung Suluewnsdnitndsdueg futiade
#na q MiAetes 1wy seduvesdyauniensnnlealnudnanlse
Tuwrusziu viavesdnitn viavesomnsild miueienan
ANNLINGBY kargUAIanIvaenTI (Comescu et al., 2023)

Table 2 Production performance of laying hens fed diet supplemented with organic acids (OA), Jerusalem artichoke (JA) and their mixture during 70-78 weeks of age

Treatment
Parameter OA 0.3 % + SEM P-value
Control OA 0.3 % JA 1.0 %
JA 1.0 %
Initial body weight (g) 1738.80 1737.50 1732.50 1728.80 291 0.643
Final body weight (g) 1763.20 1759.20 1755.50 1747.50 257 0.157
Body weight change (g) 24.40 21.70 23.00 18.70 2.13 0.848
Egg production (%) 82.87 84.25 81.50 86.50 0.71 0.059
Egg weight () 58.20 58.10 57.92 58.22 0.11 0.834
Egg mass (g) 48.23" 48.94%° 47.20° 50.37° 0.41 0.029
Feed intake (g/hen/day) 95.12 94.25 93.50 94.50 0.51 0.773
Feed conversation ratio (g of feed 1.97 1.92 1.98 1.87 0.01 0.124

consumed/g of egg mass)

P Means with different superscripts in the same row are significantly different at p < 0.05.

NavBINISEsNNIAd UNIduazunungiulueinisee
Aunmlyliwanddy Table 3 31nn1snsIanuanly wudn
nsiasunsadunsduasunung uluemslifinasetminlyis
Wea dhandents dminlduns daivdnldv Flduns waven
Haugh unit (p > 0.05) uwawuiinstdansiaSunnnauiluualiy
vildarumunddenldifistunnniinguaiuay (p = 0.075)
NSLETUNTADUNSOLNBIDENLAE LA AISLESUNIADUNIE TIUAY
wrunyuiinavilfanuuduswesldenluiuivededaou

(p < 0.01) Bsgunmidenlafifisduasiliannsuandeme
voslyluszuinemsiiusnwinaznisaudald Khan & Igbal
(2016) 1A51991U71 NSLEUNIAIUNS iNaYI IRLAREN MAI W
LfluﬂmiumaLé‘mmmiLﬁuﬁuﬁqﬁwiﬁmsam«ﬁmanLLi'ﬁmwé’ﬂ
Wiy warduavhliauainvesufonliiudy (mnuudauss
gosUden AnununUden) Tuvazdl Soltan (2008) s189 U
NS UNIABUNI U5 (calcium butyrate, calcium propionate,
calcium lactate, fumaric acid) luensiiszsu 0.078 % Tulald
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dnd anmwindeu druUsenauresgnsoms a1 Tun1snaaes
afiinduiliasuuuns uifissegrafeafirnuuduseaddon
IlndiAssfunguauay Georadululdinnsasuunung Jui
seU 1 % o19azhifiemedmivlAly ddneinluud wiluled
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Table 3 Egg quality traits of laying hens fed diet supplemented with organic acids (OA), Jerusalem artichoke (JA) and their mixture at 78 weeks of age

Treatment SEM P-value
Parameters OA 0.3 % +
Control OA 0.3 % JA 1.0 %
JA1.0%

Whole egg weight (g) 59.12 58.95 59.20 59.30 0.21 0.960
Shell weight (g) 6.65 6.62 6.57 6.67 0.05 0.938
Yolk weight (g) 15.82 15.85 15.77 15.87 0.06 0.957

Albumen weight (g) 36.65 36.48 36.86 36.76 0.23 0.963

Shell thickness (mm) 0.377 0.395 0.380 0.392 0.003 0.075

Eggshell strength (kg/cm?) 3.50° 3.80° 3.42° 3.90° 0.06 0.005
Yolk color score 8.62 8.57 8.52 8.45 0.04 0.515
Haugh unit 85.12 84.75 87.25 86.12 0.58 0.475

P Means with different superscripts in the same row are significantly different at p < 0.05.

A3UNaN1339Y

nslasunIdunsduiusiune fuluenslnluinatae
Winanssanmnsndaly Tusuguamly wud1 nisiasunse
unsdiiesenafenarnsldsiiuuniune Tulnavinligaunm
vouUFenldifindy
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ABSTRACT
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With the ban on the use of antibiotics in animal feed, it is necessary to find effective supplements
to reduce or replace the use of antibiotics. This study investigated the effects of supplementing
organic acids, Jerusalem artichoke, and their mixture in the diet of layers on production
performance and egg quality. Thirty-two Hisex brown hens, 70 weeks of age, were reared in layer
cages using a completely randomized design. The hens were randomly divided into 4 treatment
groups, with 4 replicates per treatment and 2 hens per replicate. The following dietary treatments
were applied for 8 weeks: 1) control, 2) control diet + 0.3 % organic acids, 3) control diet + 1 %
Jerusalem artichoke, and 4) control diet + 0.3 % organic acids + 1 % Jerusalem artichoke. Body
weight, egg production, egg weight, egg mass, feed intake, feed conversion ratio, and egg quality
were examined. The results showed that supplementation with organic acids and the combination
of organic acids plus Jerusalem artichoke in the diet tended to increase egg production compared
to the control group (p = 0.059). The combination of organic acids plus Jerusalem artichoke
resulted in the greatest increase in egg mass (p < 0.05). For egg quality, the use of supplements
in all groups tended to increase eggshell thickness more than the control group (p = 0.075).
The combination of organic acids plus Jerusalem artichoke resulted in an increase in eggshell
strength (p < 0.01). The present results indicate that the supplementation of organic acids plus
Jerusalem artichoke improved egg production performance. Dietary supplementation with organic
acids alone or in combination with Jerusalem artichoke resulted in an increase in eggshell quality.
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ih¥eugmngli 80+3 ssrnieaifioa Uinms 500 findans tudae
VA3 DIHANTIANILEITOU 25,000 SoU/UNT ANda 1,200 See Ju
Lan 1wt aandunsesriud1vnaue 2 4u Jutinziieen
JunsEsminnInuEndIALA oSz 30045 N3 ¥ann
uzwirudumeviigumgd 10043 ssmwadea Wuan 30
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Wl udheenuaulildiy sudedn 30 Uil WeenINLeN
ouinlilhifuaiin Falmdnvdseuintu 2005 ndu v
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anania ivludifugamad 2 ssenwaidoa 9nduiily
Anszandimaniiuaznisnin ldud fd Anewmesuonnia
() WarvosAUsEnoUNanlueIMS
nsAmdengnsitug IueINITed
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i laun g»3 1 (Boonsiriwit & Sriwarom, 2018) g3 2 (Panyayong
& Khantasen, 2018) uazgns 3 (Siyunglek et al., 2020) dyunay
73 Table 1 Tngansununisnaaeswuud wluvdenauysal
(Randomized complete block design, RCBD) ﬁ]”lmfuﬁ’lmmi
painanld umeseusszamduialuiudnwazusing a
nAusa sav1d eduia (unsou) wazeuweulassau dae
8n139uskuuliaziuuAIIUYeU 9 EAU (9-Point hedonic
scale) Mgnpanuitalusiuau 50 au itedmiengnsiuguda
azuuumuvevgeigaunlflunsdnwidely lunsvaaeuma
Uszamduilavesinnises {ifuazudsteyatienadmmasiogunm
Tifmaaeusunsiuneunisnaaey tileannudssdenisui
omsannTanauildlunszuiunisuda wazg 35895y d
nsvaaouTiuil edmaseuiionisuianesfing
NITANITNNYULIBUSIT
yhnsAnuUszianvesmeuisiflnzauseantinig
wilwazn1en1n n1sgeusureuslaa lagdiun1vesges
fuguiiguilnalirsuuurougeiigaandnuilasiusuiiioy
Usgianveamausaiseninasudiwaused (French meringue)
adaiuausen (Swiss meringue) wardn1idsunaused (talian
meringue) MNtUAATEsiaLTATaATiLar NN MEININT0S
W 3 Uszim oun ind dnvasidledudta Usinaanudy a pH
wazAT a, MNTuNTesinAaldumadeuamn NN
UssamdudanieIsnisduuuulvasiuuniugeu 9 sy (9-
Point hedonic scale) 14¢naaouitalusiuau 50 au aaniuth
Usziamiueusinisinzuumnuveugeigaanlflunsdnwdeld
I5n9HERNINITE

Buanvhmasdeuaender il

1) wsudiaeusar (French Meringue) Algu1asieiadog
NAUB111S (Kitchen Aid, 'u;'u Heavy Duty, USA) A2131t5 214
nae 30 Junit wdaldinianseafsar 10 ndu v 1 wai
dolvtuydunlesasiBen Afoaruiigeaauonniosuy 4-5
il auildnwaieeen (Stiff peak)

2) @damauded (Swiss Meringue) waylywniuaziiaia
31y thlmsuusrsihdoulas i feududaiunivug (Bain-
marie) gaunqdl 55+5 ssrngaldea auliunniansisazats
MndufidhoiAimanomItieAIEIgIaATeNAT e 4-5
it auil§nuaissaen (Stiff peak)

3) Sandsueuded (talian Meringue) futhanansie
wagthlwunans sudonigumaii 118 ssauwaidea vinsi
lajv1ai81A3 oenane1v1s ARmITaUIunans 30 3urdt audl
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dnvastuyurlesanden Juhidoudumesiluldvnidoy
ﬂ’J’WﬁJL%’JQQQGW‘UENLﬂ%IGQUWU 45 Wil auiidnunsasen (Stif peak)
ntahsaneuslunasinaledseusufusenzunseung 40
i 1 da dlunanfusoussiials seaoudewesndiiduie
Wentu nndudnldgsduldtuues 8 widuduunay vun
ushugudnansUszanas 23 wufums vuneeuTisesnenseay
1y anduitnld 10 w7 wdanhideudaeieiey (Franke, Ju
FO40012 96MXS Useweilne) figamgdl 150 aseniwaidea Tnuu-
an e 15 ud winlidu
MISAIDATITIUN NSNS TUAA DT LU ITHE AL 7509

WnsAnws asdui nzauvesninuznd 1w o4
nounuluduve e aneus MaukunIeasuvguluuden
auyizﬁ (Randomized complete block design, RCBD) %ﬁﬁmum‘lﬁ
Snsnduseminesauouddusonnuznd1 Wused 4.0 305 21
115 waw 02 Mntwhmsnannmseuazthnnsesinanlan
nagoun MU sEa MUl an 135 s unuulviazuuy
ABU 9 5EU (9-Point hedonic scale) T4 naseuialus vy
50 AU
MTUATIZAATA NIATIUAE N I8N WY N8I 1TO9

ihfeghanmseanieseiaudimaeiiuasnenmeel

MIATIEVANE Fae1A3 093aAd Hunter Lab Su Color
Flex, USA T8MLAAmNaIss Uy Hunter Aniiusngfiviavan 3 én fe
A8 L* (Arrnueinedan 0-100 lagen 0 Ao AANNEINeden way
100 A® AIANUETNEYN) ATE a* (AN + ﬁai’maﬁﬁaamma ua A1
- ﬂamgwmaamﬁum) uaz b* (A1 + ﬂa’mawmanmam uay A -
ﬂa’mamaaﬂmuu) Aswisan 3 91 uavanduiinen L o*
ey o*

1M531A3 12981 e d il FALUatan Reitz (2016) N1
naaesTaLl oduilad 1035 Texture Profile Analysis (TPA) & 28
wisoriniladula TAXT Plus texture analyzer (Stable Micro Systems
Ltd, Godalming, Surrey, UK) Iagld i inuunad usingug nans 100
fadns (P/100 probe) s¥a¥mInsnaviniy 10 Jaawns ALS?
Y920 (test speed) Wiy 2 Tadlunssaiuni Hevanauay
NeUgFwMaFa (pre-post test) Wiy 1 Hadwmsdedund THam
5 Jniiseninng ﬁ’ga&hﬁﬁiﬁﬁ%ﬁaﬁuﬁﬁﬁ]ﬂﬁﬁﬂ’liﬂ‘i%ﬂm‘ﬁE]‘Uiifq
14 fhawzduidusnnmseainiu dwmindszanas 67 ndu Tae
Soghegnemely 26 ks mmusenuduieiuuds (Hardness)
SIUAINLIIGAATIART wsryraNanaAd awsnuagylH Tnguan
uATANAINNNTBY (Crispness) 81uA19 NG ALINTA Tl lATAS s
meluFuemmsdemeustiiunnesnaniu wiemiuaunsalunis
unniin enunauviaeiafu (N) uesliadiwns (mm.) sy
Fmsiasesisognsas 10 91

M5 UsINamLTy Tnld35uas AOAC (2016) %4
Ymdndnedn 3 n3u ldlumwusiouwiuds Gwinai) thlveu
Tudouandouiigamaii 105 ssewaifea sudwmiinasi il
Ia@,mmms?iuu Fahwinflvde hmsvnaosiaegisay 3 51 thend
A naBinai uwesog s

MTIATERAMEMESUORRIA FELRBT a, meter (RS-232,
AQUA Lab, USA) $112u 3 51 astuiinudadnamenindsvase
Jomesuenian

M3IATIERAT pH Fen1sdasieg 1unn1sesUsuia 10
n$u Wanindu 90 fadans vinslelisludeeniedelusluges
AIEISEAU 1 U 117 wagiaRdaes og pH meter ¥n13
a5k 5 9

MIATIERBIRUsENaUNENUD IS AT wriesRUsyneu
NANVBIH DY 19NINNENS 1UATHA A T INTeS tain USnu
mutu Wity sty Willevenu @n auids AOAC (2016) uay
aslulawnse (A

AaseideyanasilSsuievanUAnaaiinngnmuasn
NMIBINULKUNNINARBILUUE NNy sal (Completely randomized
design, CRD) Ineldlusunsudiasizviniead Adusagy SPSS (SPSS
26.0, SPSS Inc., Chicago, IL, USA) WeTiasnzv AruuUsUsIu
(Analysis of variance) WaWIAINLANG 198941104 B 287§
Duncan’s new multiple range test (DMRT) fisesuanuid oums
annsovay 95

NaLAZITUINANITIVY
VNI AT AT RV AT LT TNRIENE ALOUA U AN NN T
3 ﬂﬁm%ﬂi?ﬂ{]“ﬂ@ﬂﬂ?ﬂmxﬁ/ﬁ W'JL'IJ ‘umama ﬂﬂﬁ?ﬂ?u’la LL‘VN

uazlu daudaneunvu ddmdssluinma (Figure 1) Lasdlaud®
MMINNTLARLLERSAY Table 2

(A)

Figure 1 Almond powder (A) and Coconut powder (B).
ANMTIATIEA TR LATI LAY NENNUBIT AU LAY

(B)

ANUENS1I WU mﬂmwi”nﬁmm‘?i'yuqnmﬁﬁauauﬁﬂu 1y
AsuvesTgRUNNIsnwRTes L T sulvijasdia sl
Auderay 10 donpdasiuniidenes Yalegama et al. (2013) il
AnnmnuendnfimEsnnmseunsavata i Ted
Frelinamdueyfisosas 2,50 uay 4.20 audiy dnUFinn
w1 sty warlusiiu finulunnuendniadesndidateud Uy
i snnlunszurumsauneit @ uswiuindeu nses wasdu
thngd) erreiinfunasussmaraernluiud Suilsie i
anas vautAenfuUsuadludu uwaglusiufanas lunuideves
Yalegama et al. (2013) nanvin lunsvuaumsauneiignetian 1h
ou Yuion Saufusenusidy szansaanUsinallusuresnin
WS MaNIevay 62 Wdesevay 42 dnlSinuasiulawnsauiay
dllevenuresmnugni1aiiangaty Wesanmnuewdniiiums
Fungiivi oartpuufuuendnud sgfiusinumsTulawsag s
Sovaz 57.35 (Marikkar & Madurapperuma, 2012) WeHnnLEnaT2
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Anumsisalutudaduune weosdsemsusuanldazane
(Insoluble fiber) 1nnflssoraz 56 (Trinidad et al.,, 2006)
HaeInIsAALEONgasug 1UYeIIIN50d

a ﬂwzuwi'mgﬂuanmmiaqﬁ"q 3 g3 wudehinnseses 2 3
Adfuitan voueiiges 3 Taseuuasilmuainanniign Tuswiaduda
vasgns 1 falenuszuinitgasdu 9 dunalinnmEnaion
vowunMsasidimsguia 1A PN uavaLTesT U e 19T g
Figure 2 Ginanimauazaunanfiusnseiuidlienuud wsees
inmsesAmAneaTl denrdaatu Boonna et al. (2022) ANy
nsiusadenimaluruais Tethmaieiussiud sty
Tusfu dodhmevdinsouissiuinamsegluzuvesdn

Figure 2 Characteristics of basic macarons. Formula 1 (A) Formula 2 (B) and
Formula 3 (C).

NNMINAFDUNIUTTAMF U EVRIUINT0991 9 3 AT
(Table 3) wu31 AzLUUATIIYEUY AW SEAUATINYE UL TUY I

ALRAYTEVIN 4.70 §i1 8.17 sglunauiseAuidniay o Seveunn

a

Nan lngann1sesgnas 3 IATLUUANINYOUEINEAYNAMS Ny

q U

anwawusng & ndusa sani Wedudawasanuveusiu lagian

usneineg 1ildudAymata (o < 0.05) fugns 1 uae 2 Aauda

Geninnsesgns 3 Wugesinasgilumsinwisely

BAYDIN TSN IUSENNYONULBUS I

é’ﬂwmzﬂiﬂﬂgmaamalﬁﬂﬁﬂ% 3 Uszunm wuin Wl oway
A TUNANANG ATUINTTIUA IUNTLUIUNTTA LY U120 Al 5w
weuar waralaweudivinlidumauidnuasiivainidaidey
wouSerd ilWszmininsseauldsrasnanuniniiimiasuia
neuthidnau Lﬁmf\nﬂﬁfﬁamﬁqmuqﬁqﬂ (116-125 permiwaidva)
Tumgnuazudesi degnisomuidunadnaomissou To
dhssweldd weusuiSsiwenuareriildfdian edudaasfon
wtu Fvnuazinannnieiamisudiueus e wavadaweussd e
fhegats 3 Ussamaniuds sunmsesdiageesilndifesiu
(Foot ¥i5® Skirt) daumsudieusen wavalawausaiavinesenie
ABuT 191N Aziula 2 1u1n15Ind 9eUITil YuIANDIDINA
AougannYlviReg wilauUswann (Figure 3)

Before

After

(A) (B) (@]

Figure 3 Appearance of macarons. French meringue (A), Swiss meringue (B)
and Italian meringue (C).

PMNMTIATIERENTANIINIEN TALA AdUemINITeY
Adueudeiin 3 Ysvam dowssuidlouaranuadng (i L)
Arrsdudnns (A a®) wagArnududiudes (A1 6% nui
Sridsuensed fian L* gendn wisuduieuied uazaiaweudsd
sy Turasdiientu A1 o way A1 b* vesdandsueused
femninsudueunder uavadaweuser drudSinaeuty
wazen aw finantsmaseslulufiemadionty Tneusinamuiy
wagen a, veaBnndsmueuianfiaiininsudeuden uas
alawauien dmduen pH vosiwauSaiii 3 Usviam daumndng
ageldideddey (p > 0.05) ludrua1aaruud e (Hardness)
Sndsumeuieidangeiian aufeaiaweused uazmsudiy
auSsinuay dauAmunsou (Crispness) dAnaaunisiuan
ANuLds (Table 4)

nsnadeuMUsTamduiavesnnIzeta 3 Ussian
vouueuiar (Table 5) Wu3n AzLUUAIINYOUNNAUT T2AY
anuveueglutIAdssuing 6.10 9 8.00 dnegluinwsi
seauveuldnteeiweunn lefarsandad slundas
Qmé’ﬂwmwawssmmaqLuaLﬁaﬁﬁy’q 3 Uszinn wudn Banide
weufaiddnadunzuuunurounnd gt
wazgadawaunsen (p < 0.05) 8N UATLUUALTBUATUEUDS
Said sueuSatuanaeiuaiaewdetog 19l diddy
(p > 0.05)

NNMIANUTEINTRALIBUS s linswIwmaliAnSh
weuSaidmasennuudwswadasadwedtvn Wewnnaia
msalvuuumsuteused Gldfuima) uazaiaweused @ty
shmavuesinden) silsldvngnlidiud dunauFeiamumen
Auly dwavilifdruenfnesorniann sunsauastuannsesd
Tnssomedt Wasiauerty dedsuiumeian1sfiweous sivin
Sidsueuderfiliidenlurieannd 116121 eswmisaifea
Fuaurulyan 3wty vndnnsdeeen uazud wswniy
Tnethmauazgamgiastaeanindanmafinnesestusiy uastae
Sus snsdeaninvedlusiusieaudeu lilasedcld v
udauss donndeanuUITeves Yang & Foegeding (2010) N3N
slaiuBinanhmarietfoutietesay 44.30-88.60 Taetiwiin
fousua aunsan uauvi alulyvisaranresenialy
wandnuidnls TneuFinanhmailllugasnpsguegfissiuos
az 47.62 Tnetiwidn Solflusiuiiddsnsifanlesanas thma
qglududsnssausa (Incorporation) vesrasernaluansazans
venaniuhmad dinalunsiumuasiavomies iewndu
s Bulk viscosity wag Surface tension (Chiralaksanakul, 2018)

mﬁ'summmiaal,ﬁsmfﬂfu'm’;LLasﬁﬂmamwﬁmﬁﬁ%m?l
1}’1@’16 (Maillard reaction) $¥#131901158ULY (Quan & Benjakul,
2019) Fwhlbmnnisesdian L* a1 a* wazan b* IndlAssiu wadle
windmidsumouieriliindengamgddmarhlfmmuidu uasen
auflavhilgaidedioutusn 2 Ussan omaniensssmedluly
msyrInsAwens e Tudwatrnuudawagaiamnunseuiinanis
neaesllufirmaieniuAmuty uazen a, denndesiunanis
NAABIVY Siyunglek et al. (2020) Femnmanaassiifin a, fue
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sl sararunseuTideutady dae pH veset 1wt
3 fegadinunnansesliiveddemeeia (o > 0.05)
AU TSN 1T T IS AUAN DN NI 1IN TR IN 1509
anvauzreunmIsdluusazs nTdIveId ataun U usionn
ugwi1avh 5 gas andiuldunnsesiiviudadiuresninuend
ity Freghanmsesnsdiaidu Gwies Tunudiu Tasfiai
gosisnmsedd Aavguse b Seunsyaeiaau lnemmnzeg e
an3 5 Telldnvarimineusurustanniige Wethdeedluey
Tign fegrannisesiivnndiedns nemmgwegns 4 uae 5
fimmgeesnadiuldda unnsdetudnvustusshmelurody
Fregailafdumudisu & Figure 4 Snuazvesnnisesluusas
SardnmesauousUusonnuEnd Ve 5 gas nsesdiidia
Fnduveamnuznd it uesddfdy @ wdeq) Tunud ey
Wesnmnuenwimiflgnuautfidulsenns wisinsgaeuduly

Aunanhlvisieg1alidanuwae ey s lidley
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After

(B) C) (D) (E)

Figure 4 Macaron appearance from different ratios of almond powder to coconut
powder: Formula 1 (A), Formula 2 (B), Formula 3 (C), Formula 4 (D) and Formula 5 (E).

NNMSANEBRTIEUS aLeuAUuRonnugns 1Iluns
NAMNMSBIRIENMSIAFEUYNIUsE AT AvBRnMISea 5
gns (Table 6) WU AZWLUAINYEUYDRNNTOIGAT 1 9 3
fawanawegslifidedymeada (o > 0.05) Tuaudnua
U319 dedudawazanuveulasiu nadudadaunin
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Uutemnuznsuslardnlugliviuseunislannugndni
snniAuly
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LW nfuaneeiuns 5 gns (Table 7) wun dlafiusnndiuves
nnugndaluftegeannsesgedu vhlan L funliuanas
Yauzfien a* uazAn b* funliufiudu deardasiunsdnwues
Wirkjiowska et al. (2021) mstfiannugnd i waeannmsaunsd
wazi i eannisadauaiuluvunie waznsfnwves Sykut-
Domafska et al. (2020) fisiunnuznd 17w eanlsesrnuludy
wad il o* uawAn 6% gedu vusfioatu Eadmusi, et al

(2022) enuInsEsunnuznslundnd e tadnviliuulily
yosroadifiugsdu drulvgininufaserdiaa (Mailard
reaction) kaUf]1381N19ANA15 NS (Caramelization) is1elu
s mnasaed (nglrauasisring) uasdnaglasa saily
feffavdelusiuusdnitorailiAauiisedananld
Uainaummiuiia 5 gasfidunssesedideddnymeeda
(p < 0.05) Yo iUSinanemetueniin (a,) vesaegunnises
g0 1 89 3 unneiwegwhifldedAyveada (p > 0.05) duen pH
YouNMIvegns 1 84 5 uandweelifideddgneadia (o > 0.05)
Fruaudimeiuiodulavennnsesnds TPA asdiulid dle
mnszndalusaeeseigty Megannsesasneuuds
29U UaYANAINTEUARENANLASY
sl NLERE g usaTAY 1:15 Gaveusivu
sennugni1) n3egns 4 dwmalvian a, liwdsuuasngms
muAy wiideifisdududadan 02 viegns 5 ¥ilian a, a1
anas 3961 a, TaIRE I 5 gmﬁadwﬁﬁmau%’wﬁw AR
ueUTIiAn a, #1971 0.60 wasaaTuAITYeYay 5 azanse
Fudsmaasyivlavendoqdurisiinelsn uasdisanmadomds
YDIHARNA 91 0191549 (Thai Industrial Standards Institute, 2005)
AN aw wazA Ut uTunszuIunIRan eTsinantaduides
gl szeznaTlunsouwis SIENE ANy Ivewdnsaein
danasiensii s oanvesen a, wavUSnanatu ludiuresen
pH YosI0eI 5 g3 wulndAueneetliiidudAgmeeadia
(p > 0.05) d9ues (Foot w3 Skirt) HaArmiged u 1 esarnnin
ewirfiguanaidulooms diegammduludaunal il de
oulussesnmasgumg ity SedmaliiEdiiy sonadet
a3F8v0e Adeloye et al. (2020) fisrenuin msfia3uanin
Uzn313 (Defatted coconut flour) TueM3azanANURUILULIIY
(Bulk density) tazanmmasnsalunsiianes (Foaming capacity)
LLauLWMﬂ’JWJJmJJ’IiOGLumwG]“lmm (Water absorptlon capaoty ) gt
mmwmmwawu uavAAINSeUTianas Fuiudadiu
yoamaiunnuEn mnugndnifieamiRdulsennadiluan
Wasenne Lﬁummm;malumi@mifuﬁw UAZARALAINITALUNTS
Aanes (Adeloye et al, 2020) TneBinallsemsviiaiildavanely
i wdwaliinnsesdAruudanniu Wy waglaadifinglea
Innunniniziuey dmsdnSesdy meiusglnalaled (Glycosidic
bond) fisunuedan-1,4 (B-1,9) Filiiduled anuud susald
uaniindte vhlilassasluanavenvaglaadunuunedaiadalal
(Polycrystalline) & adi mmm?umuazﬁmmmﬁ uduleomns
(Siyunglek et al, 2020) maamﬂaaaﬂumunmaa eruowska et
al. (2021) #inarindlediunnuznd1iiwdennmstungiuagi
maamﬂmiaﬂmm:uuiumumﬁwﬂmwm”mwunL‘W;Jqqsuu
HAYEINITHATISVNAUTENOUNANYEININTOITTIN TNALYUEA
UOUAUAIENNULWI1ITEAVIN
MnMAeTeiesduszneudnlunnisesifidnduda
soufUusoninugng 127 unna 19Ut 5 g3 (Table 8) Wy
Usinamslulamsmiasduloveruduuliugedu sasfivsun
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Tusiu Tty 1 uazen iy denanasudduid efimsmauny
SowouiluFennuzni iy
Mg Mg udmadeunltinesmadisleemns
Tusnog1annses Portugal et al. (2013) narinlemsdmindu
Freddaedarunsiia leemnadulndusaalsdiliannse
devviogaduludilddntd loemnsfiavaedild axdisannisga
FunglrauazaelaanesealignIzuad onsenINnTstaeeIMs
wazludruvedluomsiiliazanehesduiubidlenumaivens
wilgansza 1w waglaa wamefiwagloa Snvisdsetasiy
msiinlsa3admemns omsvieeyn uastsasmNdBBIIEIS
vwda Tetamegaziadild anmsBlarewnsiigausneleams
wialiavanen1 99nM939e03 Trinidad et al. (2006) uilaznim
floownsiandesas 60.90 Sesznoude wilafiliazanuihdos
av 568 wawviinazaenldSeray 380 iliuinmnueni i
wievmmsidsluiuiviinalemsiige

d3Unan13IvY
AANENSIInA TR ANE L* o* way b* LAY 89.77

Table 1 Basic macaron recipe ingredients

141

0.41 Uz 9.51 MUAWTU fN a, Wiy 0.6 warilUSunanuy
Winiusesay 4.10 wvndusesar 1.21 laduwiniuievay
42.41 Wsauvhiudesay 4.27 aslulawmsavindiuioeas 48.01
wavidulowindudesay 36.27 Tunaidanisiwousefvila
Sandsudwmanennuuduswedasiadiweslyenn nsiia
dnumnueningetuluinnsesyidlien L anas anzdien o
wazAn b* Wiy A a, Reasid 1:1.5 (FaneusUudasonin
ugwi7) Senlsiunnsnstugnsauny Tasretusasan a, 3
ﬂ'ﬂ,aiLﬁumﬁmumaammmuamammiu‘ﬁ'ﬁmuﬂl’? daumn
AULT (Hardness) mmawu hay mmmmau (Cnspness)
anasmudndIuYaInnuENE TR ﬂsmmmnwwanawu
dsnasionsiinlemnslufegiannises Sedwadrenmamna
1nvu1n1s lnednsidlu 2:1 Gavsuddusaninuznsil) 1y
dnduinganiigalunissanunnsesanninaendn

fnAnssuUszNA
NuiTeildsunuadvayunisiteainnuideaisly
edendnsil Useddnisfinun 3/2563

Basic Macaron (g)

Ingredients
Formula 1 Formula 2 Formula 3
Almond powder 100 140 250
Icing sugar 168 196 250
Castor sugar 23 30 250
Water - - 120
Egg white 83 100 180

Table 2 Physicochemical properties of almond powder and coconut powder

Physicochemical property

Almond powder

Coconut powder

Color
L* 7793 +0.17° 89.77 + 0.14
a* 0.99 + 0.09 ° 0.41+0.10°
b* 22.53 + 0.07 9.51+0.20°
aw 0.60 + 0.01° 0.51 +0.03 "

Proximate (% Dried)

Moisture 381 +0.15° 4.10 +0.07 °
Fat 54.53 + 0.16 ° 4241 + 009 °
Protein 18.29 + 0.11° 427 +0.11°
Ash 3.51+0.08° 1.21+0.05°
Carbohydrate 19.86 £ 0.21° 48.01 + 0.04 °
Crude fiber 17.49 £ 0.43° 36.27 + 0.08

Note: Mean values + standard deviation of determinations for triplicate samples. Values with the different superscripts in each row are significantly different

(p < 0.05).

Table 3 Sensory test of basic macaron recipe

Basic Macaron

Characteristics

Formula 1 Formula 2 Formula 3

Appearance 587 +1.11° 6.60 +1.13° 753 +094°
Color 550+ 1.07 697 +1.03° 7.83+099°
Flavor 577+082° 653 +1.20° 803 +093°
Taste 567 +0.71° 6.67 £ 0.96 ° 8.07 +0.98°
Texture 470 +0.92 ¢ 6.40 + 1.38 ° 8.07 +0.87°
Overall Liking 567 +0.96 6.53 +1.04° 8.17+0.83°

Note: Mean values + standard deviation of determinations for triplicate samples. Values with the different superscripts in each row are significantly different

(p < 0.05).
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Table 4 Physicochemical properties of meringue types

Physicochemical property French meringue Swiss meringue Italian meringue
Color
L* 79.74 £ 212 8353+ 155" 88.12 + 1.05°
a* 368 +0.27° 322+044° 269 +0.32°
b* 16.96 + 0.46 ° 15.07 +041° 14.18 + 0.49 ©
Moisture (%) 360 +0.10° 341+0.12° 321 +0.06
EM 0.58 +0.01° 0.52 £ 0.01 ° 0.48 + 0.01 ¢
pH 6.26 +0.01° 6.28 +0.01° 6.27 +0.01°
Hardness (N) 228.69 + 13.96 266.30 + 14.78 ° 371.94 +11.18°
Crispness (mm) 0.76 + 0.09° 0.69 + 0.08 ° 0.63 +0.07°

Mean values + standard deviation of determinations for triplicate samples. Values with the different superscripts in each row are significantly different
(p < 0.05).

Table 5 Sensory test of meringue type

Characteristics French meringue Swiss meringue Italian meringue
Appearance 6.37 +1.07° 6.70 + 1.44 ° 737 +1.06°
Color 6.40 +1.13° 703 +1.40° 7.30 + 1.05°
Flavor 6.10 +1.12° 670 +1.62° 753+ 1.22°
Taste 6.33+1.06° 6.27 +1.36 ° 753+120°
Texture 6.60 +1.19° 6.90 + 1.45° 8.00 + 1.08 °
Overall Liking 6.43+1.07° 6.76 +1.28 " 773 +1.05°

Mean values + standard deviation of determinations for triplicate samples. Values with the different superscripts in each row are significantly different (p < 0.05).

Table 6 Sensory test of macaron from different ratios of almond powder to coconut powder

Macaron (Almond powder: Coconut powder)

Characteristics Formula 1 Formula 2 Formula 3 Formula 4 Formula 5
(4: 0) (3:0.5) (2: 1) (1: 1.5) (0: 2)
Appearance 764 +0.75° 742 +0.84° 742 +0.67° 6.82 +0.59 ° 6.56 +0.70 °
Color 782 +0.80° 7.46 +0.99° 762+073% 6.78 +0.74 6.04 +0.90
Flavor 782 +0.90° 746 +0.73° 7.58 + 0.64 7.16 + 0.65 6.72+0.76 ¢
Taste 8.00 + 0.86 ° 766 +0.85° 7.56 +0.79 6.94 +0.71° 6.54 + 0.68 ¢
Texture 7.88 +0.85° 7.76 +0.82° 770 £0.79 ° 6.98 +0.68 ° 6.30 + 0.58
Overall Liking 792 +0.83° 7.70 £ 0.95 ° 7.60 + 0.81° 7.04 +0.83° 6.68 +0.77

Note: Mean values =+ standard deviation of determinations for triplicate samples. Values with the different superscripts in each row are significantly different (p < 0.05).

Table 7 Physicochemical properties of macaron from different ratios of almond powder to coconut powder

Macaron (Almond powder: Coconut powder)
Physicochemical

Formula 1 Formula 2 Formula 3 Formula 4 Formula 5
property
(4:0) (3:0.5) (2:1) (1:1.5) (0:2)
Color

L* 87.92 +0.08 ° 85.30 + 0.26 ° 8491 +0.10° 81.95+ 0.45 € 7763 + 092 °

a* 1.99 +0.02° 2.02 +0.05° 240 +0.32°%° 238 + 0.59 278 £ 043

b* 13.78 £ 0.12 ¢ 14.87 + 0.07 © 14.90 + 0.28 17.17 + 0.50 ° 18.57 + 0.69 °

Moisture (%) 4.15 +0.03 ° 3.96 + 0.08 ° 3.78 £ 0.09 3.53 +0.09 ° 3.16 £ 0.08 ©

aw 0.48 + 0.02 ° 0.49 + 0.02° 0.48 £ 0.01° 0.45 + 0.04 *° 0.41 + 0.05°

pH 6.58 + 0.02 ° 6.61 +0.01° 6.59 + 0.02 ° 6.62 +0.02° 6.62 +0.01°
Hardness (N) 370.94 + 850 © 37593 + 12.32 384.34 + 10.03 42456 + 9.90 ° 466.30 + 14.78 °

Crispness (mm) 0.79 + 0.05 ° 0.68 + 0.08 0.66 + 0.08 ° 0.61 +0.09 © 0.59 + 0.09 ©

Note: Mean values + standard deviation of determinations for triplicate samples. Values with the different superscripts in each row are significantly different (p < 0.05).

Table 8 Proximate of macaron from different ratios of almond powder to coconut powder

Macaron (Almond powder: Coconut powder)

Proximate Formula 1 Formula 2 Formula 3 Formula 4 Formula 5
(4:0) (3:0.5) (2:1) (1:1.5) (0:2)

Carbohydrate 56.21 + 0.11 5732 +028° 5894 +0.19 ° 59.81 + 0.07 ° 61.29 + 0.15 °
Protein 21.53 £ 0.16 ° 21.37 + 0.09 ° 20.88 + 0.07 ° 2095+ 0.11 20.02 + 0.05 ©
Fat 16.21 + 0.26 * 15.76 + 0.13 *° 15.24 + 0.15 ° 14.82 + 0.24 14.54 + 0.19 ©

Ash 1.92 + 0.03° 1.64 +0.01° 1.12 + 0.02 © 0.81 + 0.01 ¢ 0.66 + 0.01 ¢
Crude fiber 247 +0.14 ¢ 327 +0.11° 4.02 +0.09 ¢ 5.49 +0.15° 6.48 + 0.12°
Moisture 4.13 +0.03° 3.91+0.04° 382 +0.02°¢ 3.61 + 0.02 ¢ 349 +0.03 ¢

Note: Mean values + standard deviation of determinations for triplicate samples. Values with the different superscripts in each row are significantly different (p < 0.05).
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ABSTRACT
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This research examines the development of macarons using coconut residue. Physicochemical
properties, types of meringues, effects on quality, nutritional value, and consumer acceptance
of macarons were analyzed. Coconut residue showed L* a* b* values of 89.77, 0.41, and 9.51,
respectively, with moisture, ash, fat, protein, carbohydrate, and dietary fiber percentages being
4.10, 1.21, 42.41, 4.27, 48.01, and 36.27, respectively. It was found that the Italian meringue
technique shows the structural strength of egg whites. Sensory evaluation indicated that Italian
meringue was more preferred than French or Swiss types. Increasing coconut residue in the
macaron recipe reduced the L* value while increasing a* and b* values without significantly
affecting moisture and water activity (aw) compared to the control recipe. Hardness increased,
but crispness decreased as the proportion of coconut residue rose. Furthermore, dietary fiber in
macarons increased with higher coconut residue content. Consumer acceptance tests showed
that macarons with a ratio of 2:1 (almond powder: coconut powder) were accepted similarly to
the control recipe, but acceptance tended to decrease with higher coconut residue ratios. Thus,
using a ratio of 2:1 (almond powder: coconut powder) in macaron production is deemed
optimal, enhancing nutritional value while maintaining high consumer acceptance, and
presenting a new approach to utilizing leftover materials effectively.
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Table 1 Concept academic and research team

Concept Academic/Researcher
3 =
S ~ = . ~
8 S 2 z 2 g 3
c g Q o I & o ~
o = N ~ N o
~ B ; 8 = IS et a <
] © ® c = = Q o
Components of an loT system to = 5 o g o 2 E S g
- Q ()] © —
measure water quality S :(: 3 5 ; 2& E ™ §
5 = £ @ & & T e o
< c > c 4 <
& s 2 S 2 P < 3 F
© o % ° & [} & T
5 g © 2 9 £ %
B < & O ]
<
1. Sensor to measure acidity-alkalinity (pH) v 4 v 4 4 v 4 4 v
2. Temperature sensor in degrees Celsius (°C) v v v v v v v 4 v
3. Dissolved oxygen (DO) sensor v v v v X v v v v
4. Turbidity-cleamess sensor X X v X v X v v X
5. Air pump v X X v X v X v X
6. Relay equipment v v v v v v v v v
7. Notification report via application v v v v v v v v v
Table 2 Sensor devices loT
Sensor Measuring tools Appropriate value Notification conditions
1. Dissolved oxygen The optimum value is Notify when the value is less
sensor greater than or equal to 2.5 than 2.5 mg/L in the application
mg/L
Dissolved Oxygen Sensor. (2024)
2.Waterproof The optimal value range is Notify when values are found to
temperature sensor between 23°C and 30°C be lower than 23°C and higher
than 30°C in the application
3. pH sensor analog The optimum pH range is Notify when pH values are found
pH meter between 6.0 and 9.0 to be lower than 6.0 and values
higher than 9.0 in the application
pH Sensor Analog pH Meter. (2024)
Table 3 Sensor certification results
Results
Evaluation — Level
X S.D.
1) The pH sensor analog pH meter optimum range is between 6.0 and 9.0. a.20 0.45 a lot
2) The waterproof temperature sensor optimal value range is between 23°C and 30°C 4.80 0.45 the most
3) The dissolved oxygen sensor optimum value is greater than or equal to 2.5 mg/L 4.40 0.55 a lot

Sum 4.47 0.48 a lot
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Table 4 Evaluation results of application to notify of water abnormalities
Results
Evaluation — Level
X S.D.
1) The pH Sensor analog pH meter notify when values are found to be lower than 6.0 and values higher than 9.0 440 0.55 ot
. . alo
in the application
2) The waterproof temperature sensor notified when values are found to be lower than 23°C
and higher than 30°C in the application 460 055 the most
3) The dissolved oxygen sensor notified when the value is less than 2.5 mg/L in the application 4.20 0.84 a lot
Total 4.40 0.64 a lot

4. waUsziiuuses Application nsudadioumuiinunfivesni
danumunzauluseduuin (X = 4.40, SD. = 0.64) LaAAIAa
Table 4

9nM9338 wuth msmueuean i lasiang ay
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Hunsa-vavesi (pH) ifmﬁwqmgﬁmmﬁw (Temperature) aei
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Usziflusauad odts 3 siladanumanzanunn aenadoafiu
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FraAnzaniianssning 6.0 §9 9.0 faamuizanunn
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581919 23°C f9 30°C fanumnzauaniian uag 3) yn
Wuwesaoendiaulu (D0) AlmurauazuInndwmde
Wity 2.5 mg/L fnnumangausindsanansafiunands iy
08197 @9nAdBINU Ardarsa & Apinantanakon (2021) Walu1
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A3UNaN1339Y
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n3A-A"9 (pH) YA Timnzauiignsening 6.0 89 9.0 usiiile
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191 Application vuiiefiotnwnsng Sanumuizauluszauuin
2) ynduwesingumgiiesmiwaldoa (°C) Tamillnzaniign
s¥md19 23°C fia 30°C usiiloszuunusning1 23°C vierngs

n11 30°C laysyuuazLd i ouLd 1 Application vuiiaile

inwasns danumnzanlusgdvuinian 3) yadugesia
sondrauluih (DO) AflmnzauaznnnI Sy 2.5 mg/L
will oszuunuafesnn 2.5 me/L laeszuuazudaiiowd
Application vuilefiatnunsns daumuizauluszauun
Feszuudinanannsoutledymanuiensoudnarilaidu
06197 (fleaangidefinsiised eenuuULagiRLIANNaS
MsWANTEUY (SDLO) Fessuuanuuszneulufeandu dimsu
nsufuRnu wanduiuinvdeyanisussuanadugiudeya
Tunfalnedide IHhuwnAnnsuimsdanisiwldlaeiuen
wialulad loT unysannisuuufidwswiudugesineandiau
Tuth (Dissolved Oxygen) Anaaqil (Temperature) ArALTu
nsn-uavesth (pH) Tunsihss Tudafoumanudoigelunsy
Felandia Feagulédn esdmnuiiildannisdunsgianduimes
iudniluuszgndldiumalulad o7 TihssTaudafou
K11 Application fedeinumsnsiassaniia sruuaunsa
vauldegnsdivszansamdrelunsdndulaudtymviudinoud
sziAntymnisgadouanlaviuviieg sozdsnalsinanniiia
vgldnntuiaineldfigdulusserdaly

AnAnssuUsENA

nM9deildsunsatuayuangiderng gvsinand
wazavluguvunnynuiildnsanaasnanduiialunislidunivel
AsIvARULAI 0l ddy mTrmpuzULLY nasnvulvidelauauLE
oRnuiirlunmsiauiaiostionn 4 Suldiiussansnm

References
Afifah, F. N., & Haryatmi, E. (2020). Design and control system

monitoring of water quality on Tilapia cultivation farm

based Internet of  Things (IoT) with
NodeMCU. InfoTekJar: Jurnal Nasional Informatika dan
Teknologi Jaringan, 4(2), 325-329. doi:

10.30743/infotekjar.v4i2.2398

Ardarsa, P., & Apinantanakon, W. (2021). Development of smart
agricultural technology for Tilapia farming by using the
intemnet of things. Journal of MCU Ubon, 6(3), 531-543.
(in Thai)

Arreerard, T., & Arreerard, W. (2020). loT system for humidity and
temperature monitoring to promote cultivation of

mushrooms in greenhouses to have a complete



S. Sinton et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(1): 146 - 152 151

product. Journal of Applied Information Technology,
6(1), 7-17. (in Thai)

Cherdchu, N., & Chuenta, W. (2019). Increasing the efficiency of
shrimp farm management by reducing unnecessary
electricity use. Bring benefits and control farming with
precision aquatic animal farming technology. Journal of
Industrial  Technology Ubon Ratchathani Rajabhat
University, 9(2), 85-96. (in Thai)

Dissolved Oxygen Sensor. (2024). Cyber Tice. Accessed March
26, 2024.
https://www.cybertice.com/product/5073/do-sensor

Huan, J., Li, H., Wu, F., & Cao, W. (2020). Design of water quality
monitoring system for aquaculture ponds based on NB-

102088. doi:

Retrieved from

loT.  Aquacultural  Engineering, 90,
10.1016/j.aquaeng.2020.102088

pH Sensor Analog pH Meter. (2024). Arduino Step. Accessed
March 26, 2024.

http://www.arduinostep.com/product/425/ph-sensor-

Retrieved from

module
Piakkhunthod, T, S, &
Satayavibul,, A. (2019). The information system of water

Khongphol, W., Chayanusgara,
management in fish cage farmer, Trang Province by
community based participation for water quality
monitoring and warning on mobile application. Jounal
and

of  Multidisciplinary ~ Academic ~ Research

Development (JMARD), 1(4) 51-66. (in Thai)

Sinton, S., & Songphum, C. (2023). Synthesize moisture and
develop a highly accurate Reishi mushroom quantity
control system with 10T sensor technology to increase
mushroom  product export entire of Kanchana
community enterprise mushroom farm, Chaiyaphum
Province. PrawarunAgricultural Journal, 20(1), 98-105.
doi: 10.14456/paj.2023.12 (in Thai)

Somchaiwong, N. (2017). Design and construction of an acid-
alkaline control system. and dissolved oxygen in Koi
pond. Kasalonskham Research Journal Chiang Rai
Rajabhat University, 11(3), 327-341. (in Thai)

Vengsungnle, P., Nuboon, T., & Jongpluempiti, J., (2018).
Controlling of ultrasonic air humidifier system on the
Lingzhi Greenhouse. Proceedings of The 19" national
academic conference of the agricultural engineering
society (pp. 26-27). Bangkok, Thailand: Thai Socity of
Agricultural Engineering. (In Thai)

Waterproof Temperature Sensor. (2024). My Arduino. Accessed
March 26, 2024.
https://cu.lnwfile.com/ /cu/ raw/eu/by/eq,jpg

Retrieved from

Wattanapaiboon, P., & Suwanbon, I. (2019). Driving public policy
to increase management effectivenessTilapia business
chain. Journal of MCU Peace Studies, 7(1), 224-241.
(in Thai)



S. Sinton et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(1): 146 - 152 152

Research article

Synthesizing sensor values in an loT system to monitor water
abnormalities in tilapia cages through an application
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ARTICLE INFO

Article history ABSTRACT

Recgiveq: 11 January 2024 The objective of this research is to synthesize the levels of sensors to monitor water abnormalities
Revised: 28 March 2024 in Tilapia cages through an application, which is part of the research on developing a precise fish

Accepted: 12 May 2024 farming monitoring and control system using the Internet of Things to increase production. Nile
Online published: 4 June 2024 tilapia cages at Lam Prathao Dam, Chaiyaphum Province, were monitored by synthesizing
Keyword the frequently changing values of oxygen, temperature, and pH sensors of the water to support the
Notification systems decision-making of the tilapia farmers. The research results found that: 1. The results of
Internet of Things the synthesis of three sets of sensor values for monitoring water abnormalities are as follows:
sensors, fish cages 1.1. pH sensor set: The most appropriate value range of 6.0 to 9.0 pH is very suitable ( X = 4.20).

decision support systems 1.2. Temperature sensor set: The most suitable range of values, 23°C to 30°C, is highly appropriate

( X =4.80). 1.3. Dissolved Oxygen (DO) sensor set: The optimum value is greater than or equal
to 2.5 mg/L, which is very suitable ( X = 4.40). 2. The results of developing the application will
notify farmers' mobile phones if water parameters have abnormal values as follows: 2.1. Set up a
sensor to measure pH in the loT system; a value lower than 6.0 or higher than 9.0 pH is very
appropriate ( X =4.40). 2.2. Set the temperature sensor in the 10T system; values lower than 23°C
or higher than 30°C are highly appropriate ( X = 4.60). 2.3. Set the sensor to measure dissolved
oxygen (DO) in the water in the loT system; values less than 2.5 mg/L are very appropriate ( X =
4.20).In conclusion, the knowledge gained includes sensor values that can be used in loT
technology to monitor water abnormalities through a mobile app to support decision-making to
prevent fish from falling out of the water. This will result in higher fish production and increased
income for farmers.
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Table 1 Formulations of banana flower beverage samples
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Figure 1 Date palm juice.
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Iltem Sweetener
Control Added brown sugar Added date palm Added Luo Hang Guo  Added stevia syrup
juice sugar

Banana flower juice (g) 99.9 94.9 87.9 95.4 97.9
Brown sugar (g) - 5 - - -
Date palm juice (g) - - 12 - -
Luo Hang Guo sugar (g) - - - a4 -
Stevia syrup (g) - - - - 2
Milk flavor (g) 0.1 0.1 0.1 0.1 0.1
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Removed the outer petals of banana flowers,

only used the inner core white part, cut into small pieces

Pack banana flower juice into glass bottles, sterilize with an autoclave at 121 °C

pressure 15 lb/inch? for 15 min

Banana flower beverage products: (a) control; (b) added brown sugar;

(c) added Luo Hang Guo sugar; (d) added stevia syrup; (e) added date palm juice

b) () (d) (e)

Figure 2 Procedure flowchart to produce banana flower beverage samples.
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ﬁﬁﬁﬁ]g‘d SPSS version 13 for Windows (SPSS Inc., Chicago, IL, USA)
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AUsinaweudiazanglgluthtoma (Arennumaw)
wavUsunaveand st anunvoaads i uanUandae uanas
Table 2 IngnuINAIMNUNIUYBYNGATHADY ¥ 3.25 —
9.70 94AUING wnamﬁwammﬂﬁmmmmﬁﬁwmmmm
1INNTIFATAIVAL (p<0.05) Imaammaumauwammmm
MUGIEA LA mmmmmammmamwum amwaumma
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vmuvesgnImuauiiafidnigasuaanslinumiunngns

Table 2 Total soluble solid and total solid of banana flower beverage samples
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faiiiosnuinuvewdsiiazagldluivisuadudriuans
fenumuuduveshmaluasazans lugnseuaulidnisu
arslianumnudsfidianumud anndn wasgnsnant
Sumduiienanuvudigeaningmsnananslinnumiudy 9 i
ﬁiumiﬁ%ﬁumﬁé’aﬂ%ﬁ fnsufuusiay amﬂﬁﬁiamammﬁ
Indifipeiu 4 §egnananurdunnduiiainnumaiuiigeens
dounan thaaludunsduszneudsdunaussriaiema
vangyila Ao glasa nglaa uazwsalaa (Al-Shwyeh, 2019)

ﬂ%mmﬂuam%aﬁgwumamﬂqmﬁmaq'swdwi”aaaz
1.78 - 7.35 lnsgmanasnindunnduiiuiinuveundeianungs
flgn uanensIngnsdu 4 (p<0.05) Sawsnsnanansliadu
mwuasmqmmauﬁwmamwLLm qmmauﬁwmawdaé’ﬁw gns
waniFoungmuiiviunuvewdafimnganiignsniunu
(p<0.05) nsuavanslimmmuiliuSInawewdsiavae
WutudewFeuifisutugainivau degnanamindunndud
Usinaveaudeiiganingmsu 4 FeiidosnniBunmauilinan
finswiouannauredunndy dedunndudunalsifivsznouse
TyomnsUiungs feewnsegsewinedosar 10 - 2.5 veuile
Tneffduuszneuiiliaraneildud woglea wiiwagloa uaz
antiu (Al-Harrasi et al., 2014)

Item Sweetener
Control Added brown Added date Added Luo Hang Guo Added stevia
sugar palm juice sugar syrup
Total soluble solid (° Brix) 3.25+0.07¢ 8.90+0.14° 9.70+0.14° 6.60+0.28° 4.20+0.14°
Total solid (%) 1.78+0.01° 6.81+0.02° 7.35+0.15° 5.85+0.00° 3.26+0.00°

Means values in the same row with different superscripts are significantly different (p<0.05).
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Andvees paRLINUANE Y UAnss Table 3 lagmuine1
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ANEI191En (p<0.05) namsiiAnANaLduduns () agsewing
1022 - 14.49 gnawasnivdosmd vy fermuduiuageian
(p<0.05) ﬁumy‘wamsmammmawaaaaﬂaﬂmmmmmuaummwam
(p<0.05) guranauL AT UAAzgRIHAB UL A1
Duundiunnsineiumneda (p>0.05) @A b* vawngsilAI
Wuvan () uansderpnududivios Sanegsering 1547 - 16.66
Tnegearautmansues granasiwavaedsfiae uavgnsHan
o v Senmrududvmdesinigesmua onuges
wautihdunndud Anaud udimdesganingasmunu §edves

Lﬂ%‘laqﬁmmﬂﬁﬂé’aanﬂqm‘iumuiﬁ’aﬁ UANEININNSANIVOI
Chantaratheptimakul & Santakul (2022) fiatauandae 7 RRIVEHH
70 °C Wunan 4 Fls dwandrwadaiidivne Seemuainsedd
2344 §1Fveund esnulunuided dddeulumanaidnies
\eananudndeildiduingAulifddainnisiluuyly
asavanensnduvas Uandeantinunsiudiedudatuennesin
Anddldiernuiisenmafedimaiideatueulal S
Tuansarared @ ninslad 7 1 unsaazludud e anssuaes
IndWusavand na (polyphenol oxidase) waztUes eond Lad
(peroxidase) (Liu et al, 2021) wa o819l analud uneunisgu
Uandefdaieduinma iemninmadfadrhugizendumofiy
fogliluanavesnsneziiluvd slusivluannigifionmyfigadu
nau shlfiandediddhmaied wd edumsliarudeu
flgamniias (Fadel et al, 2023)
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Table 3 CIE L* a* and b* values of banana flower beverage samples
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Item Sweetener
Control Added brown sugar Added date palm juice Added Luo Hang Guo sugar Added stevia syrup
L* 41.14+0.23° 42.77+0.12° 38.99+0.19° 43.41£0.18° 44.60+0.07°
a* 11.90+0.01° 10.68+0.02° 10.82+0.02° 10.22+0.08° 14.49+0.11°
b* 16.59+0.01° 16.28+0.01° 16.66+0.04° 16.42+0.02° 15.47£0.01°

Means values in the same row with different superscripts are significantly different (p<0.05).

KANI5INAT pH UazmsIins 1RSI SIS

A1 pH v09LA3 094 U NUENE 28 wanaAs Table 4
Tnemuindn pH vesngmsiidogszning 4.55 - 4.78 Fauandly
Juasesfumngasiian pH eglutasdiannudunse Taogaswna
ddoungdhmnden pH ﬁwﬁqm Lmﬂsmmﬂqm'ﬁu 9 (p<0.05)
nswasanslimumuiiliien pH anauiie3ouliiouiugns
AUAN (p<0.05) wauiUSunansnviavsn (AnlugUveansndnin)
voNngasiA1ey seninedegay 0.20 - 0.24 (Table 4)

Table 4 pH values and titratable acidity of banana flower beverage samples

TaeUsunaunsedninianuaenadadlumenniufuan pH Hufe
qmmam?']5uwmé’uﬁﬂ?mmﬂm%m?mjnmhqmmmm (p<0.05)
dauqmmaufmwawﬁaé’qﬁ":;&Jﬁﬂ%mmnm%%hﬂmnsﬁamm
qm'ﬁu 9 (p>0.05) Falsinmnsavanuadanaidsualiai ey
nUandrenngasiifisaniiuieandnties edlsanauiernn
\Rnunanuandaegadunsadunisludunsunisuduindaslu
asaraeiivsznoudonsndnindudulosar 1 uasinduaney
ndududusesas 10

Item Sweetener
Control Added brown sugar Added date palm juice Added Luo Hang Guo sugar Added stevia syrup
pH 4.78+0.00° 4.66+0.14° 4.63+0.14" 4.59:0.28° 4.55+0.14°
Titratable acidity (%) 0.2120.00° 0.2320.00% 0.24+0.00° 0.23+0.02" 0.2020.01°

Means values in the same row with different superscripts are significantly different (p<0.05).

HanITiATIUsIaTITUsEna Utue AR qwa"(m”’mayya
dasy upsUsuIuaITUNUIY

USnaensUssneufiuedniismunrenad sshuanuandae
wanss Table 5 Tnewudn yngasiiFinmuensussnoufiuedniioun
Y 38N 1,260.71 - 1,385.71 mg GAE/L M3uasasviamyy
ot NgsHAITIaYTIBuAY BEaY 5 KA B UK BvaY 12 Haw
Yenanaesiaetesar ¢ wasna S eumguSeay 2 lidewa
vl U InaansUsEneufl uednyt suuakang1991Ng AIAIUAL
(p>0.05) Fauamdliiiiuin Usanamsuauanslianamniy Seegly
szl snariaUiinnmsUssneufluednitonun 3 saenndoaty
15@ NW1U89 Panyayong & Srikaeo (2022) 7 b 5189105 110
ansUsznaufluednitsvusluowslve 16 :ems AdUanEedu
SnnAuvdn nuin dhandendeufiufivsinumsussneufiuedn
Havunegil 258.43 mg GAE/180 ¢ agludndfuil 3 dellusanmuganin
Uandawan Uandaens uazanayulnsudnde v nmsfinwmes
Chantaratheptimakul & Santakul (2022) ¥n15af AU nd e
gamgil 70 °C iunan 4 Flus nuirdiviinamsuszneufiuedn
ﬁaumagﬁiﬁ 248.85 mg GAE/g Gﬁqqmimuﬁsﬁ Hijoraileansn
msldnanatafiuiuni Tneldnanarin 4 4alus Gamsldmmusoud
gampigaduaneiifinnusouismelumsiaiuszansusznau
HuoAniiogluguiiliunnd 1wu wame3 i (esterified) wazlnala
FLaw (glycosylated) Fsdwalvidiansusznauiiued ﬂaaﬂugﬂaawﬁm
1NNty (Xu et al., 2007)

Yosnwnsdudoyyadasy DPPH uavavisfuoyyadaszaod
PR DININUANG Wamsds Table 5 laemuin yngnsiiesaznis
ﬁuégaaggaﬁaiz DPPH ®gj5¥%319 20.11 - 22.30 Msiasansivinu
vt 4 viin lidsals¥avaznsiud soysadasy DPPH unnsing
91NgAIAIUAL (p>0.05) Ynuefl g f1ueyyadasy DPPH weq

a

wieshunUand e muaenndatuiosasnisdius soyyadasy
DPPH Tnemswessansliemvnuiia 4 wia idwaliqvsduoyya
a5z DPPH winsinengmsmunal (p>0.05) Inevingnsiirte sewing
1,981.54 - 2,197 mg TEAC/L AOAAA DIN U Panyayong & Srikaeo
(2022) Wlsreamin ﬁmﬁﬂﬁ’mw%u@i‘mﬁqwéﬁmauuaaaiv DPPH
Imaaaaamuamw 2 mmwm%mmﬂmwlmﬂaﬂmalfdmm Ay
ol mn WUA 16 918019 umaa 7 19247 mg AAE/180 g fmmfm
Uinaawan Uandaens ﬁﬂamqul‘wwa nale wazdandel mﬂm
Tneflqvifusyuadass DPPH sesnsemsudndaevienanseu

USnauensunuliuvesied ossmnUand s uansda Table 5
Togwudn VngasiuTinamsunuiusenings08.84 - 1,221.99 gL
amwamumawmmmuuﬂimmamwuumamwmmNf\nﬂam
81 9 (p<0.05) il mimamm{lwmmmmasmmwammma
VTR GATHANL D UTHAY wasnannwravses e bidael
UTunauarsunuild us 19318 ATAIUA YN (p>0.05) asunutiu
Huansuszneuilueaiiivaddunussunidsahn dou vidou
Toevhluwmiduwdadu 2 ngu fe lelnslawmbauniiu Ussneuse
wnalauvuiiy Sanduvuilu uazrousudwnuiiy vielUsweulslyent
Al (Mueller-Harvey & McAllan, 1992; Mueller-Harvey, 2001) %ﬂ‘iu
Tungfwmuiansunuiuduesdusznou Tnewuegiievas 5.43 -
591 ypsimiinuiis (Gasmalla et al, 2014) FethuFsdmaliedosiu
arsnashdeue s inuesunuiugandngasdu 1

i osuanUAnd ey ngaslusmiadeil farseangni ms
Fanm e eansUszneuiiuednitsun ansuvuily waedlqvs fu
oyyadaszeylusesiuilvanzay (Table 5) anseongudymsdann
Fanamuazqvisiueyyadaszildiutiedasiunmsihnuressesliy
TWsuanfnuludon (Pohan & Margolang, 2022) 5 wiliiad eadamn
Uandwansonsydunsaininasnsevdeaenls
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Table 5 Total phenolic, % DPPH inhibition, antioxidant activity, and tannins of banana flower beverage samples

ltem Sweetener
Control Added brown Added date palm juice Added Luo Hang Guo Added stevia syrup
sugar sugar

Total phenolic 1,314.88 1,311.31 1,385.71 1,260.71 1,285.12
(mg GAE/L)™ +15.99 +22.73 +50.51 +107.75s +22.73
% DPPH inhibition™ 22.30 20.83 21.37 21.74 20.11

+1.03 +1.80 +1.50 +0.52 +0.75
Antioxidant activity 2,197.00 2,051.73 2,141.50 1,981.54 2,105.59
(mg TEAC/L)™ +101.57 +177.74 +50.78 +73.87 +147.73
Tannins 719.58 834.39 608.84 805.94 1,221.99
(as tannic acid g/L) +20.83" +23.71° +09.57° +52.44° +178.17°

Means values in the same row with different superscripts are significantly different (p<0.05).

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

WM TUsEUN Y SEaMALAE

dlewued sshiuanuandrediduunusanstianumnsing
19 5 g3 sUssiiumeszamduda lagls nadeudumwami
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Arwaulnes et 5 gns favuuusyseming 5.08 - 7.91,
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msUsdiududnuasUnnguasdudvesgnanauindunndud
ALLUUNTEOLTUAINIgATH U 9 (p<0.05) Turauzd azuuuns
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Table 6 Sensory evaluation of banana flower beverage samples
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Attributes Sweetener
Control Added brown sugar Added date palm Added Luo Hang Guo Added stevia syrup
juice sugar

Appearance 6.75+1.48° 7.91+1.16° 5.08+1.62" 7.50+1.08° 7.50+1.24°
Color 6.67+1.97° 7.25+1.29° 5.00+2.00" 7.00+1.60° 7.75+0.97°
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Overall flavor 3.33+2.19° 7.58+1.51° 5.25+1.71° 6.25+1.76™ 6.67+1.72%
Overall acceptance 3.00+2.96° 7.58+1.97° 5.17+1.79° 6.17+1.74% 6.67+1.78%

Means values in the same row with different superscripts are significantly different (p<0.05).
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Effects of different sweeteners on the quality of banana flower beverage
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Article history ABSTRACT

Received: 30 April 2024 The objective of this study was to observe the effect of different sweeteners on the quality of banana
Revised: 20 May 2024 flower beverages. Banana flower juice was produced by water extraction through boiling and fine
Accepted: 29 May 2024 blending. The sweet taste was improved by varying natural sweeteners in five experiments:
Online published: 5 June 2024 a formula with no added sweeteners (control formula), a formula with 5 percent brown sugar,
Keyword a formula with 12 percent date palm juice, a formula with 4 percent Luo Han Guo sugar, and
Sweetener a formula with 2 percent stevia syrup (w/w). The results of the study found that the sweetened
Beverage formulas had higher total soluble solids and total solids than the control formula. All beverage
Banaqa f|0\_Nef ) formulas were acidic, with pH values and total acidity (as citric acid) ranging from 4.55 to 4.78
Lactation simulation and 0.20 to 0.24 %, respectively. The sweetened formulas had a lower pH than the control formula.

Moreover, all beverage formulas exhibited a slightly dark red color. The lightness value (L*),
redness value (a*), and yellowness value (b*) were between 38.99 to 44.60, 10.22 to 14.49,
and 15.47 to 16.66, respectively. The formula with date palm juice had a lower brightness value
than the other formulas. Total phenolic compounds, % DPPH inhibition, and the antioxidant
activity of the sweetened formulas were not statistically different from the control formula
(p>0.05), with values between 1,260.71 to 1,385.71 mg GAE/L, 20.11 to 22.30 %, and 1,981.54
to 2,197 mg TEACIL, respectively. The tannin content in all formulas ranged from 608.84
to 1,221.99 g/L, with the stevia syrup formula having a higher tannin content than the other
formulas (p<0.05). The hedonic sensory results found that the formula with stevia syrup and the
formula with Luo Han Guo sugar were accepted by consumers at the level of "like slightly.” Both
formulas are low-calorie and suitable for people who are concerned about their health and are
suitable for further development into commercial products.
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Figure 1 Positions of the various body measurement for female swamp buffalo.
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Tasaad9519n18v09dnd (Asyar et al, 2022) ol ednifinng
wigiulaiedy dwalisuiniianie Tasesns ofeaesng 9

Table 1 Mean values and data ranges of the live weight of the body size values

dnduuazduuszneuvesiuneasuutadluseg Tasguined
Wasuuadlutuiulassadueanssgnuasiioibelusnenied
Wasuulas aunavessnmediiutuudiitondndesdamarili
dwindniatunudndiy wansdwunssmeiiiaty deald
Faduuavimindfiuduseruiu msasyivinveeteay
s q lusmeiinnsiiuduisudnvazvesnisiudiina
LaEA1sA U9 15 191ANTEUIUNTSA T a8 YRR
Wasuuladly Tnensiinsiuiuveead (hyperplasia) 3L
Ynvansad (hypertrophy) vi3enswdsuudasanmueisad
(differentiation) vl daus1 9 20951901804 sunlasly
(kamalzadeh et al,, 1998) 91AN1SA Nw1UYBY Johari et al.
(2009) $IBNUTINITIAVUIATNAAIUAN 9 Usznausae AL
#1919 ANgvestiva Augavesaslnn anuanvetien
ANUNINNVBINTIEN LEUTOUNVBINTERNITINTIU AIUNTIS
vo407 danuduiusigatudminga ¢ > 0.6) uazarvun
Sumeduse q Aldannniste Sanuduiugiduansutmn
Hnazanusnihlvadsaunisoanesiidigels lunisuszaa
dminshnsefeudnlagldauunsraniediusing q fanaradu
Jadeildluaunisannesiduduuuuny (multiple linear
regression) @enAdpITUNUITETNILLY wansdwwIng1anie
d1ue19 9 ldud ANe1350UBN AINGIUDIVIMIEN AILEIVDS
axlnn anuenadis duiusiudmdndilunsyde lnsiang
og15B9n e seveniugaiafidfuasiimudiusiigaly
n1sUszuruInd ndadn T (Ghutpracone et al., 1994;
Raungprim et al., 2020; Agyar et al., 2022)

Variables n Mean + SEM Range
BW-1 (ke) 145 278.38 + 2.48 215-352
BW-2 (ke) 145 303.98 + 2.92 208-386
HG (cm) 145 165.64 + 0.62 145-185
SH (cm) 145 117.31 £ 0.38 109-128
BL (cm) 145 108.11 + 0.66 91-126
HH (cm) 85 118.67 + 0.36 110-127
UG (cm) 85 189.16 + 0.70 168-205

BW-1= digital body weight, BW-2=tape body weight, HG=heart girth, SH=shoulder

Data are expressed as mean + SEM.

Anavduiussewinaimindafuruuns anedusig 9
lunszdowmeadly gnuansly Table 2 Tnethwinsiimnuduius
WeuanluseAugs (0.61 - 0.80) AUAIYIATINEAIUAG 9 210
AsAnwAdell nudirneniseuleadAnanduiugideuan
Wiy 0.796 (P < 0.0001) gefign wazaAmeIITeUEN AN
AVAUNUSLAIUIN WU 0.779 (P < 0.0001) ANAGY Lansds
FnnfinaisunlaswasaugnseueILaL/MIoANE1ITe
vendwaliimdndnszdefinsidsuwladuiimmaieatu
#onARIIUNITANEIVOY Johari et al. (2009) WulmanduRUS
¥9anmENTOUDN (1 = 0.935) dutusAutmindrgeiigalu
nszDemmslogeiian vuziRrtumanduiusvosnueniddi
(r = 0.900) uazAME1ITEULN (1 = 0.896) lunszlawnagoglu

height, BL=body length, HH=hip height, UG=umbilical girth.

sydugaruiy nannsAnwluaded fenavduiudidaandy
dhmindalusedutiunats (0.41 - 0.60) Ysingludivuia
INMEAIUYDIANNGIVDIALIND AINYTIEIFILAZAUGIVEY
Yt WU 0.520 0.512 uay 0.498 auaau tunszlonne
1NN 4 - 5 U dermuduiusAeudegaunasivedAgnie
aff sz N UAIINE1TOUBNUAL ALY
WiNAU 0.93 wag 0.94 a1ua1au (Rattanaronchart, 1976)
Taensussanashming @ fansananuuinsianedines
ATNEITOUBN AVINGIURIVIMTkarANgIasinngnuunly
TunsUszananingansede annsinseimenuduiug
vauhninfafuaueseven ANNFIVBIUINTINAZAIEN
azlnn wudnilauduiusge (r=0.961) lunszdainale



N. Phansri and A. Kraisoon / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(1): 163 - 170 166

Yrminiaszning 176 - 500 Alandu (Ghutpracone et al.,
1994) nsfiansanazuuusanie Wudanidwssiduilianu
aulauazldiusgraunsvanaileuszifiugusns Usunailuiuuas
AIUA BINTTNE 991UV M7 (Veerkamp et al., 2001)
31N51897U%84 Dechow et al. (2002) fsAuduiusidauan
senIadnyuEaRUEN SN Lan e BN UALLLUI 1IN EUd
ﬂaaﬂqﬂLLazmingLﬁaﬂfmﬂ’ﬂ&fwﬁqmmaam TagUszidiuen
ANUFNINUSTZNIN AINLTIITOUBN AINLIITOUNY AIINEIVRY
Yt Augeesasinn agelsiniy nuanuduiusidauan
FENTNALUUUT WNILUAZAIINYIITOUNS AIIUYIITOUBN
uazAugevesazing onunnugevesymhideuduius
\saufumaziuuine TuanmnsUcRoudeiud nsld

Table 2 Coefficient of correlation among body weight and body size value

v v &

13 pad s dail oussliudmdnddafduldldaoutsen
dielinsufoRaudunstaimdnddnifidounelugdtu
wazazaInmeIsn1sldateinseuenuednd n1sdanisnisule
ulunisvssifiunsivdsuutamenimindudaziieuves
vsumeldanmnisufoinuats mstiedosdiolumsufifnu
fusiudrninsUssfiuaguuusisnedsaiom ievaeluns
FAN15AUUTEANTAINNTFURUSAIUNITINRRUN I THANNUS
voswiiugnszde msdanisiue sz aslutisesnis
waniuguaznslyinananuas Msdanisvinsuiudy o aziiuld
Juadosdmiunsdssidiudvindade ifusiugiinadentsl
foyaiitrelunsdadulasunisimunlsednsawnisduiug
uaznsinmsgadailushudu q (Kohiruimaki et al., 2006)

BW-1 HG SH BL HH UG

BW-1 1.000 0.779" 0.498"" 05127 0520 0.796
HG 1.000 0.415"" 0.248 0.432™ 0.693™
SH 1.000 0.189" 0.847™ 0.267"™
BL 1.000 0.361™ 0.422"™
HH 1.000 0.388"
UG 1.000

BW-1= digital body weight, HG=heart girth, SH=shoulder height, BL=body length, HH=hip height, UG=umbilical girth.

*** P < 0.0001, * P < 0.05, ns = no significant P > 0.05.

mamﬁmiwﬁmmama&JL%@Lé’ummwuwmmﬁwﬁﬂ
FANUTUINTNILEIURANY 9 vasnszomadelunisanundsil
NUIIAINYIITOUBN ANUFIVBIUINT AINLTIIN AIINES
Y93zl NNKATA2ILLIITOULEY NUTIEIUITOAS19aUN1SAS
anuduiusidadunsafiunzansuimindagean lneden
R’ =0.794 (P < 0.001) duansly Table 3 Tngfliguaunis
OANDULTUAUNTILUUNY AB BW=-421.532 + 1.709 (HG) +
0.841 (SH) + 0.434 (BL) + 0.175 (HH) + 1.335 (UG) fn
AIC Wiy 446.321 agslsfinny 1eRarsanauduiugids
Wumseszrhaiminffuanuensoueniies 1 dhvae finns
aSsaumadaduladu BW = -239.30 + 3.13 (HG) (R? = 0.607,
P< 0.0001; AIC = 482.026) nan1sAnwiluadeil aunislunis
Ussanahmdndansedemeade axildn R wiudu Wedinns
NANTUIAIVUINT AU 9 UIANTT 2 ANBUTLAAIDNY
AILRUE AN RIFUNITAAN DU UEY Usenaunlstadues
qunsnedus 9 Wun dhaing enuenidiia aauea
a1y Anundevesazlnn wazanugvesasinnlunsetowug
Doro Ncanga warflanuduiussyninaimindaiuanue
2098107 ANUNIN19BLEEINALAYAINNENITBUBNTATHUWUS
WU 0.319, 0.071 wag 0.967 aua1AU (Husni et al.,, 2018)
Tunsieszianuduiugssrinaninfsuiunisiavun
FremeArnuduiusiigs uansdsnnuusiuglunisiluly
Usuiluthmiingadn il Uohari et al, 2009) MSAAsIEHanns
Baduannosuanimanuduiugseninaimingatuanuning

tfuie (ishiatic tuberosity width) Ing¥aauniieseuingt
nszgnAunuiBuazvIgaiga (R2 = 0.78) ilssdnuaziiealy
aunnsnsUsziuiming uazdlenduiudiiniu (R = 0.86)
dlefinnsanauiasiame 2 dhwae Tdun pnunieduieuas
g3l Tnetannunislnadnewazein dewesarnduuuves
Fansede egnalsfiau Wefinsandnunedu q 119 3 uay 4
dnway saualelunisiasigdaunisAiuln denalian
R2 [iindudniion (0.88 - 0.89) Tnedaunislunsussananimdn
Fanszdemamdofe dimdni = -563.66 + 7.94 (F23lnd) +
14.77 (Aruni1aduing) duandusieuwes Buranakarl et
al. (2012) msthveyanueNIEI ANEILATAINNETITBUDN
vrainseiluaunisnisUssdiudminddesalidnlndanu
wiugrnniwdedisuiunisinruasisneiiesdnvasiie
(Johari et al,, 2009) 91nn15A N®1U83 Ghutpracone et al.
(1994) ¥hmsiaszianuduiusvosimdndaiuauese
UBN ANUEURIVIMIE UazALgeasarinn wuhauduius
aagalasfaunisduan Ao uamidnida = - 500.94 + 399
(AU81ITOUN) + 4.59 (AINFIVRIVINTN) - 3.20 (AI1NGS
azlnn) (R? = 0.961) anaun1siduduannssuuunvaalunis
Uszsnanimidndadaiusznouludeamuasisniediusig 9
wazazuuus1anitegairluldlunsedestus Niti-Ravi 9o
AwduiusTusaugs (R? = 0.95) ¥89A71U81I50UBNLAY AL
8172U098160 (Tariq et al,, 2013)
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Table 3 Regression equation between body weight and body size value of female swamp buffalo

Variables R? R%adjust AIC a b1 b2 b3 bd b5
HG 0.607*** 0.659 482.026 -239.30 3.13
HG, SH 0.644%** 0.671 479.857 -340.93 278 1.36
HG, SH, BL 0.741%** 0.711 470.640 -403.25 251 1.14 1.22
HG, SH, BL, HH 0.726%** 0.715 468.764 -369.16 261 0.76 0.83 0.32
HG, SH, BL, HH, UG 0.794%* 0.784 446.321 -421.53 1.71 0.84 0.43 0.18 1.34

HG=heart girth, SH=shoulder height, BL=body length, HH=hip height, UG=umbilical girth, a = intercept, b1-5 = partial regression coefficient of HG, SH, BL, HH, UG.

*** P < 0.0001.

aunsiuashmtindfifiauduiugiusuwasianie
Vimmzamﬁqﬂumﬁmww%ﬁ UszNousig JoUsn ANLEIUDS
VM AN ANUGvRLAENN LAETEUL) dlofiasen
aunsananuduTusIBedunsaliidu BW = -421.532 + 1.709
(HG) + 0.841 (SH) + 0.434 (BL) + 0.175 (HH) + 1.335 (UG) lng
fArAuduius (R?) windu 0.794 (P < 0.001) Lagyinnsunual
YUINTNNBAIUAN 9 TUANNITAIUIN NUTIAULANAIIVDS
Aeagvosmind Saldainanete (303.98 + 3.03 Alandw)
(283.17 + 2.39 Alansw)
wazthmindaiildnnaunisiuan (283.06 + 2.13 Alan3y)

aa v

fenganinhntnlaaniesestaidia

agnafitfuddnyBamnaadd (P < 0.001, Figure 2) eedlsfiniunis
Wisuifsusewinsimdnasnniaioinasta (283.17 + 2.39
Alansy) wavdminUszanmnisanaiede (303.98 + 3.03
Alansy) Wiauuane 19y (P > 0.05) wazid 81013
Wasuifisusewinsiminasaniaiestinaa (283.17 + 2.39
Alansu) waztmnainaunns (283.06 + 2.13 Alansu)
TdwumuaLLAnaIRg ATy (P > 0.05) §an1sussuna

v

inndnselomeisnisnne 9 wu mMyiamuenseusn ng
Taaugeveavmtl wasnsinaugsaslnn Salviussunu
hwingirainndeugs (rainadeu + 35 Alanu) AuAn
A suaziAnd utunszdefifonguinnd 3 9 Tulvuarluwl

A A

nsxfafifienguinnda 3 U uagdaias (Ghutpracone et al,
1994) gt msvssanadwiindiinisfnwinisléiadoste
fofivuasiosutuniosdeluminseinmdnifenoufiames
ylinsuanssadoyafiisiosivaun daduuaziming
dnifienuusiugiunniu wavesisnisdinan gihanlddaniy
MsUsziiummaasygRiauaraiine1vesinedad diannsa
Ussiiudmugiuinealdanszoglnd (Negretti et al,, 2008;
Gomez-Vazquez et al., 2024) agslsAnu lawumnuuaneng
gesimineSinnieiesiiivaazdiminussinansanany
1o wansdansihllduselevdananeinaiunisujumanulu
meaTazmnLazdety Sninrausiuglndidesfudlon
nsSsuisussrinaiminasiannied et ah Stauaziivin
Pnaumsildannisaneluasd
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Figure 2 Mean (+ SEM) digital body weight (BW-1, kg), tape body weight (BW-2, kg) and body weight estimated from regression equation (BW-3, kg). Means with

different superscript letters (a, b) differ within a body weight (P < 0.001).

d3UNan13IY

nsAnwInded uansBsmuduiudseninsimdndaiu
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ABSTRACT

Body weight is one of the most important traits for dealing or breeding improvement. Swamp
buffaloes are large ruminants that will be difficult to weigh on an electrical weighing machine.
The objectives of this study were to select a model of the relationship between body weight and
body size value and estimate the weight. Female swamp buffaloes (n=145), two-year-olds were
weighed by a digital weighing machine and weight tape. The heart girth (HG), shoulder height
(SH), body length (BL), hip height (HH), and umbilical girth (UG) were measured by length tape,
all data was analyzed for the correlation and estimated weight. Average body weight from a digital
weighing machine, weight tape, and weight calculated were compared. The suitable associate
values between body measurements and digital body weight are from HG and UH. Through
Multiple Linear Regression Analysis, the weight estimating equations were BW = -421.532 +
1.709 (HG) + 0.841 (SH) + 0.434 (BL) + 0.175 (HH) + 1.335 (UG) (R2 = 0.794, P < 0.0001). The
estimated weight calculated from the weight tape was significant difference (P < 0.001) between
the weight from digital weighing machine and weight calculated. However, the estimated weight
calculated from this equation was not different from the digital weighing machine. In conclusion,
body size measurements can be used in predicting the live weight of female swamp buffaloes
with weight tape would be useful to estimate body weight in estimating weight female swamp
buffaloes.

*Corresponding author
E-—mail address: aree.kri@srru.ac.th (A. Kraisoon)

Online print: 10 June 2024 Copyright © 2024. This is an open access article, production, and hosting by Faculty of Agricultural Technology, Rajabhat
Maha Sarakham University. https://doi.org/10.14456/paj.2024.18



2738190 IWIEIgAd (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(1): 171 - 178

4 ' v

s A &
7, &

4 &

,
L L4
Y >
N »
AcricuLTo®

PRAWARUN

AGRICULTURAL JOURNAL

https://li01.tci-thaijo.org/index.php/pajrmu/index

UNANNIY

a ¢ a Aa dy |agll I 1'% 1% = (% a
ﬂ’]'i')Lﬂ’i”l%‘V]‘U'ﬁSﬁ‘Vlﬁﬂ"leﬂ’]ﬂﬂ’]'iLﬁEl\‘llﬂW‘lJLﬁJ@\iﬂ’JEIGI‘IJLLUUIS\‘iL'iE]‘IJE]ﬁ]Q'iﬂz

TngldnsAasemidalaudondaya

gons wnnius’ sl Yreyny’ 395500 Junias® Uad

aa 5 LY a ! [ &al 1*
FANT WvHUIIee uazUudinn gnindil Waenes

o

A ynslans® wawitus s1uana’

s ivueluladenamnis aazInenmansuazmalulad umiversemelulagsvaseansade ennoyas 99inunsAsssuTIY 80110
ZmvImdmmans aazinasmIans e IaewmeluladyIviepaniIte enneyeas 1InuATATsTINTIY 80110

@Y1IgINUNYAT AAIINYATAIANT U Ineaemaluladsivusnaniitey e uneyas JaniauasAIsIINTIY 80110
‘@YIIvUNYITIRTeY ANHINYASMAaNT un1IneIaemaluladIvIeeanTIvY §neYae T9ninuATATsTINTIY 80110

‘a1 Inegrmans aalzInermansuazmalulad wmiverdemaluladsivienaniivty duneyeas SminunsATTINTIY 80110

dayaunninu UnAnga

Article history

Fu: 8 By 2566

wile: 17 weadneu 2566
ABUSUNSATLN: 9 nawaAnAY 2567
FRueeula: 14 fguieu 2567

AdAgy

lsaousaasee

Initudloq

vrugaa I
msnATIEAtilevaeudoya

mAfeilifagusrasdiieseniuuuaraiafuuuulsudouseaiorlunaidsdldfuides Sniadainnism
UssAvsnmannsdedifudessridssFeunuuiuiuiuuilsnieusanios Tastunoulunisduiuamide
Bunasuaumnuienislsaieunninymsns uazthsnulasteyannusesnismeiuguamiiessnuuuuay
afusunuulsadousaaes nuineludusuulsadousaaiesussnaudas 5 ssuu ldun ssuuemns svuuth
STUULAIINY 33UUTEUIDIMA warszuumuaunslulsaFeu udmniuihnismussansamlaenislins
Anseiidddeudoutoya Fetladernd 1fun dviug dremmns afafuwasen atansesitu A Al Aussou
Fgoutilsadounazgunsal dautiaderionn Tiun s1eldannsela Samuissavsamanmsideslide
sunuulsadeusaniszannnitlsadeunvuindesar 11.0 wagmninumsnshnsamuiiieaindsadoudanio
wuszziatlunsAunueiy 11 Weu egalsinumanvasnsaunsadentdszula 9 luduuuulsaiou

gensezlulszyndldlunisifeddinumnumngananmlsaseuiu o Wedweanuasainlunisidedlnliiu

Inwnsnssell

unii
wnwasnssudusingudAyfieddiuuszmalneunds

o

v
o &

m’;mu%mﬂwwz"dqﬂﬁ% nsingidesladnd uagn1susyaa
wiatduumasingAulunisiilugulnauasuslnadadududly
algemnstunsiss®in uasnuiwiduodnmanuasnssy
Mesumuien Tiun madesdd mnadanisdedilug 2565 3
ﬁi"maumwmm@gmidwhﬁu 2,856,277 578 wagsuaulii
WAoaaviun 498,862,811 ¢ T,ﬂaiﬂ'ﬁL?ﬁymﬁwmﬂwmaawﬁuﬁ:
1dun Tttt Tignua lrde 1rle nideyeiug lndovie
wiiug nloyegiug Inluweuswug (Uudu (Department of
Livestock Development, 2022) Inginunsnssiegagiiauyn
Jorfedenidedniudeniieduodnasy warnuirannis
deddiudewsraulymluiomwosnsudnlinandnm way
nstas i vladdemalildiisanenennudesnisvesnain
(Chuaychu-noo et al,, 2022) Tutlagdussuralianudidgly

"Corresponding author
E—mail address: Banthita.p@rmutsv.ac.th (B. Poosabmee Ponatong)

NSRS wazieluladifiowindnannlunisudalviv
NEAINT Wwieatuivulevieuazynsaansnisgaudnw
Ingmans 35euazuTanssy w.a. 2563 — 2570 4 andl elu
gusmaninsisenisaiiauianssuiieneulandvivinevesdnm
dawﬁﬂLﬂuﬂﬂsﬁmmmsmwﬂugﬂLLUUV\Iﬁmé’ﬁ]a%z (Smart
farming) Taeuwildurasnisidseuursusaasesluussmalneg
Fadoindudedmldmiununsnssedesuddviuinening
wiavhsuvualngduiuliaualansusaaios funnniu
(Manwicha, 2016) usinuinnuasnssedeslulsemelnediog
TIuuLn wazsyuuisudaaserduduinaluladin
N3l nsulanareutegiend niuinunsnssegesuay
Fuyulumsamudusndeutiegs Tnsannisasiufigudizous
M3 wUsEANS amnnsHandud1inens s1LnegnTal
JariaunsAssssusw wuitlumsdsslivesnvasnssedes
Fanserfoussnuaulunislfermsuazin snitededesnas

Online print: 14 June 2024 Copyright © 2024. This is an open access article, production, and hosting by Faculty of Agricultural Technology, Rajabhat

Maha Sarakham University. https://doi.org/10.14456/paj.2024.19



S. Getpun et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(1): 171 - 178 172

muAuNsIadauaaing dansadusudanandawalidu
msiiusunulunssdadudesnanemisitliinaviedosiiu
Ay uazsruuiliinsuiowdeonaslifisaess
AudeIn1svedlnluggseudinaradniinissenvesii
Wulienfu Kanasri & Mongkolkaset (2023) wuinlunsidesla
Fosnesguangnasaia lianduszuuih nsmuaugangd
fansldfiolunsUndauasdiliannsansiugugifivanzasly
msdsdliondeusraumsaluaznmsnain
fefulunuiseiainisoonuuuuazaiafuuuussuy
nsideslndaassrlunisdsdliiuiios Tagldvdnnismis
AmnssusuiuiuaunnlunisesnuuularaiaiuLuUTEUY
naiedliduaiesndeuafnsassuuaninvhidiensaunu
Tngaunsnlnu Inevinisaiuay 5 seuu ki s8UUemmIs sEUU
11 SEUULANAIN SEUUTEUI88IN1A warSEUUAIUANATETY
Tsadoudadunismuguinnuuagsonunasiunisudaioy
KuainsnlnudssesiuiaszuuUftins 0S wag Android lng
yatuievasannisldussany uagnisAnauaiunuguala

¥ v
1

Nudladliuninwasnssieges TnedauseansSainainnisiaealn

¥
oA

v P a o a A o
udles meduwuulsasoudaasuziiaidunuimslunisuiulse
wazwansaeslnisaly

gunsaluazIsn19ide
in3osdleRldlunIsive

w3 osflofldlusudde Iaud 1. drunanmldlunig
wasaudesnisvesnuasnsuidieldlunisesnuuuuasadng
aukuulsuiaudanies 2. MlmTeiidsloudeutayaniy
TWsunsy Lindo iitemUsyansamannnisidsdlidedunuy
15913 pud90Tuzuaz SIS oULUULAYL LAy 3. N1TILATIZUNN
wisugenans lnan1snissezAuvulunisamuduwuulsniau
BEDERE
BN15aNdUNITI9E

Fumeudt 1 msinwnszvaunsuardadeildlumsides
Tifiuiles TnensszaumuAnamnERsNILAY Fidenay
wiethandudeasuvesdoyadou

Fupaudl 2 MINUMUITIANTTUT WA UNEAATNS
Fmnssu Taemsuszgndldnsudasmthiivianuniw (Quality
function deployment, QFD) iua'au‘umﬁm@mmw (House of
quality, HOQ) 1eonluukazas19auLUUlsIsaud sy ag
thuguamithinaadunmsausdndazdszneuse 6 dw
¥un Anudesnisvesiluld wn3ndnnsanaunu madad
Yurld ewduiusseviameiaifnailuldfuanudesnis
vosff e udpdedumanaia wagmsinSeuiiou
ANTIOULNINNATA

Fumouil 3 MsiwseiUsEansamseninensdedla
Togldlsasouluuipniuiuusaases Ineldn1sieszideleu
5awﬁa;§a (Data envelopment analysis, DEA) 1A8NSIATIEI
\Bslovdeuteyaduind ssilefidrslunisdndulalaenism
Uszdnsninaintady 19190619 9 laensldasnisnig

a & v a ¥ . .
AMAANERS A28n15MELUTHNINLT LAY (Linear programming)
Tngsnuunenadaeanslunislyd DEA gnAnAulay (Chames
et al,, 1978) uanssuuuvAdinmansaisalul

Maximize Ef ficiency Yier ViV (1)

Subject to: Yier XU = 1 (2)
YierVikVi - ZierXig Ui =0 s KEK ..(3)

U =20 ;iel @

Vv, 20 i JE]T .(5)

Tupouil 4 nmsTienegssernarlunisdunu Tasld
MANNIMNAATYEANERS (Payback period) N53tAT1EHANANNY
Humshessiauduiusiifeiunndunu 1old weessarils
fiUSnaun1sHAAAng 9 (Yaemphuan, 2005) Taglun1siasies
srgghattunsAuuaziatsanludinvesaldanglunisamu
afalssdouduiuneldnmadedlinaoniuenglunsldn
vodlsudouvoamaisslisiuie faumsd 6

0=—P+A(P/A,1%,n)+F(P/F,i%,n) 6)
lng
P dupulumsamulsaSeudassesiuiuu (Um)
A ilsenmadsdised (wm)
n  ownsldnulsaseu @)
F yaden (um)

HALAZINTAINANITIY
mﬂmwﬁLﬁuaﬂuiﬁ’aﬁ"’qmﬁsﬂmmmﬁmmﬁﬁlﬂlmﬁm
Taunmsihdeyauuvasietununmielflunsesniuunay
adrafunuulsudoudaaioy ndsanduliuiesigi
UszAnsamlunadeslinaenaunisiianesinuduainig
\sugmans uansseazBendsil
HaMITEANAINANNTToyag AN T
msuvasthiimeunnluduvestuguamansaely
nseenuuukaradeuLuulsaFeusiaiey euvasanuaiy
H9IN15U0UNYATNTUIBONUUUNARA M9 WT 0aT191A3 0Tle
WwuReAu Suwannaket (2018) vinissiusmdgninaz Ay
A94N15U8g A IUINTREAUAUNEATY w10y AN
wdasdetuaun i e mundnuasgani oty
sonuuuilaUiuuIussatasigunsalliindeanunsaansunuls
fisfovar 3157 wazdinsUszgndlinisudasmiinmeganin
anfun1500nuUUE uduA i af$u (Function behavior
structure, FBS) elunisutastonmunveslynilazvauiun
luniseenuuuii edaslunisesnuuugunsaldudanszasy
watad na1ulun13Y 89 uksINNITUH IR uveIANIY
(Janthong & Chaloemphak, 2019) fin1sUszgndldnisuias
i fimanuamitedunuimdunsesnuuuiaieafiuieims
nsinunssIasey laglunisesniuuiiunudnuuzidailnidu
N1971191Y LATN1TRBNLUUNINTAINTTY (Fucheng et al,
2022) Snitsdsdinslonisuasiiinegunimilesaeluns
ganuuuaadliosliedaddiunnuddyresanudesnis



S. Getpun et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(1): 171 - 178

mawaila dnvaziaiosiazndn ilonouausinmFeIn1sves
Flélaonisduntvaianneunuiliornsla (Hikmah, 2022) 3
TusuAdedvhannisszaunnuinanudesnisveunynensd
desliuazdifomgiutunnside uasihdayadluuvas
wihinanmdetiunann (Fauandy Figure 1) Fsawnsa

Correlation matrix
1 Minor relationships
3 Moderate relationships
9 Extreme relationships

Technical relationships
® same relationship
O Conflicting relationships

173

ayldwiideondn 4 7 wade ldun Auiluazdwindeun ssuuy
9113 TUUNT SEUULAIATNN SeUUTEUIEeIN1A M3Ungeshm
wazn19ilUlY ndnduideyaantrunuainllesnuuy

wazaseuLUUlsISaudaRsusnlU

B 2
I ]
P o @ “—
B4 = ) =
2|2 |3 2|
B on = @ o
£ | r 5% |¢ 5| &
i~ — = ] = k=l = T
Farmer/Expert Needs E 5 £ é £ g an'\' gn :_n_J gg,, % £
E w | E | E|E 5| 52| 2|2 | % a| =
= =} = 2| 5 B} P =} 5
& = |5 | E|ls|3|5|E2 |22 |= 2 5|2
= s ls|s|l2|Y9l% | |S]l<c |2 2=z
= 2 le|l=|B|lE|le & |Z|®"|% §le| 5
= o - = = <] = = = = — 2 7]
o] £ o =2 o o | 5 © = E =1 = = K] 5
i a = g | = & | = & Al & | =] 2 = | o
MPAI DD DM PO O [0 OO |0|0|O0 0|0
The area for rearing must be suitable and adequate. 7.33 9 3 3 3
The floor of the house is suitable for keeping chickens. 6.67 1 ]
The walls and ceiling must be able to block animals that are
dangerous to chickens. 6.67 1 1 9 9 1
Spacing of chicken feeders T.67 1 1 3 9 3 1 1
Altitude of feeding trough 8.33 1 1 3 3 1 1
The amount of food is sufficient. 9.33 9 3 3 1 1
The irrigation system is sufficient. 8.67 9 3 9 1 1
The lighting system is adequate and turned on at the right time. 7.00 1 1 1 9 1 1 1
The ventilation system is adeqguate and turned on at the right time.| 7.33 1 1 1 1 9 1 1
The temperature of rearing inside the house is suitable. 8.00 1 1 1 1 g 1 1
The equipment used in farming is very convenient and easy to T.00 9 9 3 3 9 9
The material used must not harm the chicken. 6.33 1 3 3 3 3 3 3
Raw score 118 (120 | 104 | 111 |214| 160 | 122 | 26 | 126 | 78 | 103 | 185 | 145|138
%Relative 67 | 69 | 60| 63 |12.2] 9.1 70 (15 7.2 |45 59 |106| 83| 7.9
Rank 9 8 11 10 1 3 T 14 3 13| 12 2 a 5

Technical Goals

The size of farms is appropriate and adeguate

The floor of the farms is smooth and put on a primer

The ceiling of the farms is attached to the barrier material

The walls of the farms are partitioned with mesh

Feeding equipment is safe and adequate

The irrigation device is safe and adequate

The spacing of feeding devices is appropriate

The spacing of the inigation device is suitable

The height of the feeding device can be adjusted

The height of the irrigation device can be adjusted

The lighting is adequate and turned on and off at the right time

There is a ventilation system and it is turned on and off at the right time

The eguipment used inside the farms is safe and easy to clean

Implementation/maintenance is easy

Figure 1 House of quality.
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wall

Figure 2 Smart farm prototype.
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() Auto_Temp »
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Figure 3 loT SPC application
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AAndusios (Vvsed)

Table 1 Variables and values derived from data collection (baht/bird)

Factor Variable  Traditional ~ Smart farm
farms prototypes
(baht) (baht)
Breeding costs Xq 12.00 12.00
Food costs X 75.60 73.80
Vaccines and medicines X3 0.50 0.20
Floor laying materials costs X4 0.30 0.30
Water bills Xsg 0.20 0.10

FrLuuneAtinFans DEA waslsasounuulis (DMU,)

Table 1 Variables and values derived from data collection (baht/bird) (Cont.)

Factor Variable  Traditional ~ Smart farm
farms prototypes
(baht) (baht)
Electricity bills Xe 0.50 0.97
Labor costs Xy 111 0.14
Farm maintenance and Xg 1.67 3.33
equipment costs
Average chicken sales income Y1 160.00 180.00

Source: From questionnaire and author calculations.

NEI91ANIUA LA az T T UUINIAT 1A ILUVUNIS
Adnrans DEA feaunisaeluil
¢t (Index)

® Setlfo Yaduthutnlae1=1,23,.,8

® SetJ fo Uadwiean lay J = 1

® Set K fAn nadennie DMU lae K = 1, 2
W13 (Parameters)

® Input 1 fio AUG (Unsas) (x;)
Input 2 Ais A8 (UIMEBEA) (x,)
Input 3 fis AIATULAZEY (UINFB) (x3)
Input 4 #o Fr¥ansasitu (Umeed) (x,)
Input 5 Ao fth (Umslesh) (x3)
Input 6 @ Alw (U ME) (x6)

Input 7 Ao AILSNIU (UABsA) (x;)

Input 8 e AgeuUelseSoULaraUNTal
(Umsiod) (xg)

e Output 1 Ao seldannisusliede
(Vmsiod) (y,)

TnUszasn
Max Z = 160y, A7)
ToIin
12.00x1 +75.60x5+0.50x3+0.30x,4+0.20x5+0.50x¢ +1.11x,+1.67Txg = 1 ..(8)
160y, (12.00x1 +75.60x, +0.50% 3 +0.30x4 +0.20x 5 +0.50x 4 +1.11%7 +1.6 7xg)<0 .9
180y4-(12.00x4 +73.80x5+0.20x3+0.30x,4+0.10x5+0.97x4+0.14x-+3.33x5)<0 ..(10)
frLuuneAtinFans DEA waslsasouduwuy (DMU,)
TrgUsvasA
Max Z = 180y, -(11)
91
112.00x; +73.80x,+0.20X3+0.30x4+0.10X5+0.97x4+0.14x,+3.33xg = 1 -(12)
180y, -(112.002 +73.80%,+0.20x3+0.30x4+0.10x5+0.97x6+0. 14X, +3.33x) <0 .(13)
160y, -(12.00x; +75.60x,+0.50x3+0.3024+0.20X5+0.50x¢+1.11x,+1.6 7xg)<0 .(18)
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Figure 4 The result of finding the efficiency from the Lindo program of
traditional farms.
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Figure 5 The result of finding the efficiency from the Lindo program of smart
farm prototypes.
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Figure 1 Neighbor-joining (NJ) tree of Betong chicken population

from different locations. A = Betong Pikunthong chickens from
Pikun Thong Royal Development Study Centre, Narathiwat
Province, B = Betong chickens from model farm, Yala Province, C
= Betong chickens from Bo Namron farm, Yala Province, PSU =
Betong chickens from Animal Production Innovation and
Management Division, Faculty of Natural resources, Prince of
Songkla University (PSU).
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Figure 2 Delta K values and population structure of Betong chicken breed
from difference location.
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Figure 3 Principal Component Analysis (PCoA) of Betong chicken population
from different locations. A = Betong Pikunthong chickens from Pikun Thong
Royal Development Study Centre, Narathiwat Province, B = Betong chickens
from model farm, Yala Province, C = Betong chickens from Bo Namron farm,
Yala Province, PSU = Betong chickens from Animal Production Innovation and
Management Division,
University (PSU).

Faculty of Natural resources, Prince of Songkla
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Table 1 Chromosome, primer sequence, and size range of InDels marker

AnAnssuUsEnA

183

msdeiilasunisatuayuaingudanududeiiu
walulagPinmnuns drdnnuldansensanisgaudng

IneFEns Iuuazuinnssy

Chr: Forward Reverse
No. . . Size range (bp) TA (C°)
Reference NCBI primer (3’-5") primer (3’-5")
1 1:rs15186483 agctattcagggagegsats ggatgcctgtttctggaaga 287-311 60
2 2: 1515953427 tctatcaggccttgcacctt ttacttgaggstecccaatc 254-282 58
3 4:r 516359295 tataaatggggtegsteteg caccaaaagcagaaatgcaa 281-305 58
4 4: rs16399900 ttgcagcaaaagggaagatt tggaggaatgcagcteacta 280-306 58
5 6:rs14570404 gctgttcacttggtcttge cgaggactgaaggaaatgaca 326-349 58
6 7:rs14622212 ttaaagccagcacacaatgc catccagcagtcagectttt 331-360 58
7 8:rs15908922 ttttcatgggtagttcattagaga atgctgccttccataactgc 307-327 58
8 10: rs15572293 tgcacaaaactaatcttectgtct gstettgtcaatcctgtttge 309-330 58
9 13: 1515695194 getgggtaatccagtctctec cttcaggctcaacaggaacc 293-326 60
10 17:rs15027282 Ccacaacgactcggsttaagaa gtcattectgggaacctcat 287-315 60
Source: Maw et al. (2012).
Table 2 The genetic variability of Betong chicken populations from different farms
Population Number of Samples Pooty Ho + SE He+ SE

A 15 0.857 0.333 + 0.068 0.354 + 0.069

B 15 0.714 0.400 + 0.112 0.318 + 0.085

C 15 0.857 0.362 + 0.088 0.330 + 0.074

PSU 15 0.571 0.210 + 0.085 0.194 + 0.078

Total 60 0.750+0.068 0.326 + 0.044 0.299 + 0.038

Ho = observed heterozygosity, He = expected heterozygosity, Ppo, = proportion of polymorphic loci, A = Betong Pikunthong chickens from Pikun Thong Royal
Development Study Centre, Narathiwat Province, B = Betong chickens from model farm, Yala Province, C = Betong chickens from Bo Namron farm, Yala Province,

PSU = Betong chickens from Animal Production Innovation and Management Division, Faculty of Natural resources, Prince of Songkla University (PSU).

Table 3 AMOVA of Betong chicken breed was collected from different locations

Source df SS Variance component % of variation Fst P-value
Among population 3 13.275 0.111 9 - -
Within population 116 127.433 1.099 91 - -

Total 119 140.708 1.209 100 0.092 0.001

df= degree of freedom, SS= sum of squares, F: fixation index.

Table 4 F-coefficient for 7 polymorphic loci of Betong chicken breed collected from different locations

Locus Fis Fst Fir
1 -0.055 0.009 -0.045
2 -0.070 0.084 0.020
3 0.008 0.120 0.127
q -0.329 0.175 -0.097
5 -0.054 0.024 -0.029
7 -0.071 0.051 -0.017
8 -0.088 0.222 0.154
Mean+SD -0.094+0.041 0.098+0.030 0.016+0.035

Fis = deficiency of heterozygosity relative to the Hardy-Weinberg expectation, Fir = the overall inbreeding coefficient, Fsr = differentiation among populations.
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Table 5 Pairwise Fsr of Betong chicken populations from different locations

Population A C PSU
A 0.000
B 0.057 0.000
C 0.007 0.044 0.000
PSU 0.104 0.129 0.079 0.000

A = Betong Pikunthong chickens from Pikun Thong Royal Development Study Centre, Narathiwat Province, B = Betong chickens from model farm, Yala

Province, C = Betong chickens from Bo Namron farm, Yala Province, PSU = Betong chickens from Animal Production Innovation and Management Division,

Faculty of Natural resources, Prince of Songkla University (PSU).
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ABSTRACT

Keyword

Betong chicken

insertion-deletion (InDel) markers
Genetic structure

This research aims to study the genetic diversity and population structure of the Betong
chicken breed collected from different locations: Betong Pikunthong chickens from Pikun
Thong Royal Development Study Centre, Narathiwat Province (A), Betong chickens from
model farm, Yala Province (B), Betong chickens from Bo Namron farm, Yala Province (C)
and Betong chickens from Animal Production Innovation and Management Division,
Faculty of Natural resources, Prince of Songkla University, Songkhla Province (PSU). A
total of 60 chickens were selected from Betong chicken breed populations. The samples were
analyzed by using 10 insertion-deletion (InDel) markers. This result reveals polymorphism
in 7 indels and it was found that the average of polymorphic loci (Ppoly) Was 0.750+0.068.
According to the average expected heterozygosity (He) was 0.299+0.038. Analysis of
Molecular Variance (AMOVA) indicated that most of the variation was within the population
(91%). The genetic differences from the F-coefficient, we found that a slight reduction in
heterozygosity was observed in all populations (Fir=0.016+£0.035), while in the
subpopulation was no inbreeding (Fis=-0.094+0.041), and moderate genetic differences were
found between populations (Fst=0.098+0.030). The analysis of genetic relationships using a
phylogenetic tree constructed with Neighbor-joining (NJ) revealed that Betong chicken
population from farms A, B, and C were genetically close. The Principal Component
Analysis (PcoA) and Structure analysis depicted that the studied samples can be divided into
two groups (AK=2). In conclusion, InDel markers could be used to indicate the genetic
structure of Betong chicken populations collected from different areas and may be applied to
study the future genetic analyses of other local chicken breeds.
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uwasTnnAuunasdu 9 uaranunsalinaunuingAulusiudd
IR anduyunsHan ieiunandadadliidndu e
dunulunisndnansusiaesiatu fodudensUssunm 80 %
osrldinesioaun (Kananurak, 1987) vhilsinuasnsdamsewiin
feuyulunisndngnsfdsmadailslunismanld maglawug
Tumsidsdailsiuieduundsemsidunumdfyuazdl
FIAABudI9ge 817y Uaidu et nszqndy wienni
wiaes Faduunddlyusiuidenld dusunalusiugs uasdad
nsnoedlufisndusemaaiaiulnvesiine wsgmn vl
wnwasfeuldiludmdsenavemsans wadildedinlunisly
nndades Ae danslénndandesliiiunszuiunisla 9
w3ensld

dundesfvlueimisgnans enadanaldosodnild
\osnnfiansiwvdeansiulavuy Wy a1sdavansnisvinie
yaahgeslUsiu (Trypsin inhibitor) ansfivhlidnidenunsuan
(Lectins) wazansit vilwiAneinisuanuit (B-conglycinin)
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Busu enavilishsnmandnanas Snsnsaneniin wazdwasie
nszulunisyeslusiu a19lulense wagluiuanadld
(Herkelman et al., 1992) La¥81aNI¥NUABITUUNNTEDYYDIGN
ansidehanuldlid onadsmaderinligngnsiinnisvieadels
uderiunsldvartu nisléldasgaiund 10 % uenand
omardsmanoiioans smliiAanauald Tnsdendenldls
wnzauiugasemsdniusazyia uaznislddessednseidly
L%"aaﬂ']sﬂaawui’aagu 9 9191 WU N8 LWABNVeEUA YiTe
ulA usu uaroradwariliamAimnsemsanas Kaduded
nsmiagAuiidsiaign aansamldine Saudmalavus
ansnsmisnaiuluesluniadesdnifioandurunissdeld
nmnuysadunanassliaingnamnssunsnann ey sa
fidnwazdudinaa fusaus (Crude protein, CP) 29.13 %
finsanganun (Glutamate) 3.03 % faAmislavusiianns
iludesdndls Inedaduasusenoululasiauiilalelusiu
(Non-protein nitrogen, NPN) (Padunglerk et al,, 2015) gl
A133°891UY¢ Umami Information Center (n.d.) L‘f]ur%:ﬁl,%mms
wenduUsznevvesguriviliiinauuigns uasidululy
lgLAgungm1Luyn (Monosodium glutamate, MSG) Laga11130
Wuansiduussluemnsle Tnefinandinlansy Ao iiusaud
Temsfimnunaundousniu wasduansiifndndunlidndu
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Tululsdoungauantgisiusanifiugiu 4 5a Ao sanau
sy saUTe) wozsavy warlululmdoungaian awise
nszAu Glutamate receptor vihlvillsawifamziisendt gund
MSG) Wwndelaieuuazdudiuusznaundnues Protein lng
weysavdelululaidoungaiun (MSG) Faduindeluidouvos
ngauaduiaiesusssaluemsitinnsdseanuazuilnauin
fian Tnedsszezinan 5 ik msudansysaluuszmalne
Wulaeds 1.4 % seduazdyarinainegf 6,500 d1uum
Amdu 19.5 %suaaﬂdaﬂ'mmmm%‘laaﬂgqiaﬁgwm (Setthithon,
2021) uagmuteyaigunslaggnarnssun1sninniadinim
Tudszinaiu wudluniviede Snsudnnaysageian log
Ussiadudugudnuazdseansielngiiian TasAnduuszunm
76 % manﬁwé’ammﬁmmasgiaﬁmumaﬂaﬂ (Yang et al., 2023)
Tngazdiuldimdinisndansysalunnluedesuiszmalne
efunisihninuagsafidunanassldlunsndnneysadadu
fdendnnatislunmaasuluemnsdnilumaeadnild lnans
thunasulunadssdniveludnidn Ta sudenisidesans
Feannismeauneunthil wuih nsaSunsysadiunumandy
Tunswmangiina sy warlusiu (nsmevdily) Tngaunse
n1vsuidugnsernisvesgnansla (Wang et al., 2020)
uarNSLEsURIYsadIEunsadmadenITutuvaInsAayily
$ndunaneuiaismeldannsadanseils leud dafinu
wivletiu 1au Niaeraniiy loled@u F1@u uazladu (Dai et
al,, 2010; Dai et al,, 2011; Dai et al., 2012) Fnvanisiaiu
ey salugnansveundaliautuduvemeiulunatasun
USinunseesilulpssiuiintu mudeifiunsduansiuas
Wuanududuvesdlulnaduluidondndie (Rezaei et al,
2013) Ingannisnwineuntind vilfdunuamienddunis
USuugsdununisednliinias desaseuszansainlunisunde
Tagtdunisialuninueysa (Figure 1) lugnsenmisgnsian
TunsfinwiadsiifafiyajamneifieAnymaresninaiuninuy
saluemssieaussannsRsyRvlnlaranTan Ay
91sluansian

gunsaluazIsn19IdY

Tdansanuanauansiug Waudsy x a13alai x a3ee)
e $1uu 12 6 dmdindEusuntsnassdszanm 11 Alandu
wsmsnaaeadu 4 ngu nduag 3 91 91ax 1 f Tagnaununns
%ﬂaaﬂLLUUdMaugiﬂj (Completely randomized design, CRD)

Taegnsaglasuomstuniasun8nNINKIYsan19 iy 4 seau
oA

naudt 1 ngumuny (alaSuninuagsa) (NO)

naudl 2 evnstuilaiusneninaeysa 1 % (T1)
nauil 3 onstuiaiusonmnneysa 2 % (T2)
nauit 4 enstuilaiusoninaeysa 3 % (T3)

e’
Figure 1 Monosodium glutamate residue.

TngAuIngnTomsliiilaguesa 9 audwuinves
(NRC) (1998) wazldlusunsu FeedLive 1.60 Tunasanuao
lagauamslavuswaznsnozily wanelily Table 1 uay
dlsznaugasanmsvesgnskanstily Table 2 lnsansnnngy
agldsuhuazensoghasiuil instuiindiudndamnduami
suatufin3inmemsiinu Besgnslulsadeuszunida
43ana197ua NI SUkaIEI199NsITNYA TugenansAuans
Is5ulrinnuaznszaouluysesuswiteirueugu Tneviins
naseudusreriat 30 Ju wandledugnnsmaaes (dntniade
26 Alansu) finsvrdeyai ldunAuiamUssaniamnns
wigAvle laun ensnsasyiAule (ADG) Ussdnsninnig
Wasuenaiduthmiinga (FCR) UsinmemsiiAuaiesetu
(ADFI) uazduyuatemsrensnaniile (FCG) Taglusumnans
doudunis m Wisugnseennds (snsouuvuidn)
Azdmmansuazinalulad uninerdeudly Jmindesing
waziin1sdnnsdainaasnunaninagiveuniIne1douily
(MACUC 008A/2567)
NISHATILN NGIA

ihieyaaussanmmsasydulaildunfiewSouiioy
AMULANA19ILATIENAIULUSUIIU (Analysis of variance)
835 Duncan’ s new multiple range test Iaglusunsy SAS®
University Edition
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Table 1 Analyzed chemical composition and amino acid of monosodium glutamate residue (%)

Analyzed chemical composition

%

Crude protein
Crude fiber
Pepsin digestibility
NFE
Ash
Moisture
Humic acid
Fulvic acid
pH
Total calories
Analyzed amino acid

69.68
4.03
80.81
0.08
23.71
2.3
4.11
27
4.57
2,808 Kcal/kg

Glutamic acid 5.56
Asparagine 0.74
Threonine 0.15
Serine 0.07
Proline 0.09
Glycine 0.22
Alanine 0.87
Valine 0.25
Methionine 0.07
Isoleucine 0.16
Leucine 0.25
Tyrosine 0.11
Phenylalanine 0.13
Histidine 0.05
Lysine 0.08
Source: Thai Vet Nutri Tech Co., LTD. (n.d.).
Table 2 Composition of experimental diet (%)
Ingredient (%) Cost per kg (Baht)
Control T1 T2 T3
Corn a7 a7 a7 a7 11.90
Soybean meal 8 8 8 8 21.25
Rice bran 15 15 15 15 29.00
Full fat soybean 22 22 22 22 25.60
Fish meal 3.8 2.8 1.8 0.8 51.70
Limestone (CaCOs) 1.4 1.4 1.4 1.4 40.00
Dicalcium phosphate (BONE) 1.8 1.8 1.8 1.8 25.00
Lysine 0.2 0.2 0.2 0.2 56.00
Salt 0.2 0.2 0.2 0.2 5.00
Premix 0.4 0.4 0.4 0.4 75.00
Mycotoxin binder 0.2 0.2 0.2 0.2 170.00
Monosodium glutamate - 1 2 3 20.30
Feed cost (Baht) 21.01 20.70 20.38 20.07

Control = pigs received basal diet without monosodium glutamate residue; T1 = pigs received basal diet with monosodium glutamate residue 1 %; T2 = pigs

received basal diet with monosodium glutamate residue 2 %; T3 = pigs received basal diet with monosodium glutamate residue 3 %.

NAWAZITAINANITIVY
Han1sAnwINstdnInNaysaluImsdeaussanInnig

a a

wiyAulavesgnsidn nulusuiaemsiidumasa (ADF)

wagimiindaiiiudusietu (ADG) Tuusiazndy fanuuansiefy
agslifivedAgyneada (p > 0.05) lngsnsinisiadgiiulace
Fuiuwnludngngnsiiladsuemsiifinsaduninugsalungs
T2 fgamsisyiulade Jugeiigaleisuriunnngy Tasie
ADG Ladeiindu 053 Alandu uazngu NC T1 wag T3 iy
0.50 0.49 waz 0.45 AlanTunuainyu (p > 0.05) LWULR BN
USinmuemsiAudeda Tungu T2 fdwviadu 1.18 Alan3y

gefianidefisudungy NC T1 uag T3 1windy 1.09 1.03 uay
1.07 Alan$u muddu (p > 0.05) uingquitlésuemsifinig
unmnasgsalung T1 Snsmsuanivasile (FCR) silan
wihiu 2.08 eifisufumnnguiuansetusgislaifidoddymis
aff (p > 0.05) Tawngu NC T2 uaz T3 fdhrmauanidewie
(FCR) W0fowindy 2.13 2.23 wag 2.35 muadu wazdudunu
Aresrentsnanile (FCG) gnansfildsuomsdinisasy
nnweysalungy T1 Wiy 43.05 v JRUYUAIRIMNSHBNNT
wamdoshiiaedlefeutunguiu Tendgu NC T2 uag T3 wirfy
44.75 45.46 Uay 47.16 UM AudRU (Table 3) lngninAnain
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FownssedmiindaRLdy (FCG) Tu 1 Alansu nquitaiunin
naysaised 1 % Suwliuffian uimndiumanimingai
distunguilldsuninusysa 2 % funindaAfiaauasduul
nssgudulafninguauiiliansoussndasseznailuns
desdenmstuimmneldhiudeeutundudu Fsaenndasiu
$1uT T804 Rezael et al. (2022) WU 957 LATUHIYTE
1-2 % dwadensudniusuarnnaiagiulsvesusansliuy
wANENNUENITEANAYNINEDR WazaINNITANYIVDY Luise et
al. (2022) MsiaFungaue (Glu) wazngaiilu (Gln) Tudasidiu
(25 + 50-75 + 50) Ingnisiasuluevnsvesgnansnameuy
wuh dmasiomehaumesszuugiduiunarald Snvteviili
gannsefianuasiad vl uwarnisasyiulad 39 uludas
2 Faninsnudameun udluusgnsdalitedinusuna ngan
waluomnsidesnndsveuundgnsaziinisiuemsiianas
sgriuldtaenadawasiognansld (Wu, 2010) Gsaenadasiiy
MATees Lalles et al. (2007) wudh dldfuviinangaiund
wniiulvenadamasedldile dniau anuRaunAlunisgadu
pnsuazndeTinldluiian wiarnuansmaassliaenndosty
91U3Tv09 Kananurak (1987) wavesnisidntiininasysaly
psansuLavyy lidwaroUsedniamnisasyiulauay
USinaewnsiiny uaslidwadedununisndnansyuansiad
desuiunguitldlésu urlunmsdudninuegsalussfui

10 % fuwldwildveaiognsidfiduiu Tnsarnnsfnu
Reounindnu nalnnisviauvesnInuay sai danadenis
Wwigavlalugnans insigluninueysa n3e Monosodium
slutamate fosAUsznou Ao WUsAu dududiunidsvesnsa
ngaiun Tnsnsangaumazdumssiuanizaesnsnosiilu
ngmlsTou 0133ty wazlnsdu fianunsadaesesililudiléves
dndidsegnaanun (Reeds et al, 1997; Wu & Morris Jr, 1998)
Tagnsangaiina1unsaelun 1SR 1 guaISYATUNI
a3 rinevesdldivihauegraduund wasduieadedunis
duanwiuaroondinduluidod evimiihfiduasdevssam
(Kirchgessner, 2001) warannsaidundanuiiddalunisvheu
yaealdian (Burin & Stoll, 2009) W3anszAun1svaIdludld
(Gabriel et al., 2009) uagdaiaslunisauay n1suasegasluu
191 Norepinephrine Wag Glucagon-like peptide-1 %38 GLP-1
(Smriga & Torii, 2000) laetdusesluu (Peptide hormone)
fadrand eyidludldidndrutans Tngagndseanuiiie
Aevauesian1TuilnAe s uareenquareszuue 9 anelu
$1M18 (Holst, 2007; Al-Badri et al., 2018) fvifu 91nA5ANY
Aeuntimudn nslinsysaluinaimns anannsnnsefu
nsuslamemnsvesdaiidesgnitounld uasdselunisiiu
auyadasy gaduansomsludldian wazanunsaanludunen
ﬁﬂugﬂﬁjﬂﬂﬁ (Rezaei et al., 2013; Gabriel & Uneyama, 2013)

Table 3 Replacement of monosodium glutamate residue on growth performance and feed cost

Item Experimental group p-value
Control T2 T3

Initial weight (kg) 11.00 + 0.50 11.16 + 0.60 12.16 + 1.52 11.33 + 1.16 0.68
Final weight (kg) 25.66 + 1.15 25.66 + 3.05 27.66 + 1.52 24.66 + 1.52 0.44
Increasing weight (kg) 14.66 + 1.25 14.50 + 1.50 15.50 + 1.00 1333 + 1.52 0.33
Average daily gain (kg) 0.50 + 0.04 0.49 + 0.05 0.53 +£0.03 0.45 + 0.05 0.30
Average daily feed intake (kg) 1.09 £ 0.08 1.03 £ 0.07 1.18 £ 0.17 1.07 £ 0.07 0.43
Feed conversion ration 213 +0.28 2.08 £ 0.11 223 +0.41 235+0.24 0.67

Feed cost per gain (Baht: kg) 44.75 43,05 45.46 47.16

Control = pigs received basal diet without monosodium glutamate residue; T1 = pigs received basal diet with monosodium glutamate residue 1 %; T2 = pigs

received basal diet with monosodium glutamate residue 2 %; T3 = pigs received basal diet with monosodium glutamate residue 3 %.

d3UNan13I9Y
msldnnueysaluemssioanssnnmn1sias i ulnves
anaian nui nstUsTuannaeysa lusedu 2 % dwmane
UsgAnsnmnisiedgiauladniangud u viliaunsousenda
sgpgnalumadssiomstusmmingldhiy wazanmsfinw
wandiuinsldmnuaysaluemsbidwadesonisaSaivln
vesnIuardensnassunueestunatudminglisnde

faAnssuUsEnA

vevauAN USEW WenmilmIwma 91w dwmsuaiy

¢ a = valg v o I3

sy sasunMnaeysa Sulunanaselanldidussiuszneu
Tugnsevnsvesmidell uazveveurmuvhiugnImmedmmans
wazalulad winedewild ldoeileanuiivazdnineaes
Tuud el Mnnisaduayuaana v liauidedaunse
disagarnluldned
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A study was conducted to investigate the effect of monosodium glutamate residue in the diet
on the growth performance of piglets. Twelve male piglets with an average weight of 11 kilograms
were divided into four experimental groups: Group 1, the control group (unsupplemented with
monosodium glutamate); Group 2, feed supplemented with 1% monosodium glutamate; Group 3,
feed supplemented with 2% monosodium glutamate; and Group 4, feed supplemented with 3%
monosodium glutamate. The results showed no statistically significant differences in daily feed
intake and average daily gain (ADG) between the groups (P > 0.05). The 2% monosodium
glutamate group had a greater ADG than the other groups. Regarding the feed conversion rate
(FCR), the group supplemented with 1% monosodium glutamate had a greater FCR (P < 0.05)
compared to the other groups. The calculation of feed cost per gain (FCG) revealed that the group
supplemented with 1% monosodium glutamate had the lowest cost at 43.45 baht, followed by the
control group at 44.75 baht, and the groups supplemented with 2% and 3% monosodium glutamate
at 45.48 and 47.16 baht, respectively. In conclusion, 2% monosodium glutamate in the diet is
beneficial for growth performance compared to the feed cost per body weight, potentially leading
to a shorter raising period. It can be used in feed without having a negative effect on productive
performance.
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Saguszasdiiednwnisléiagaudninausadvindadsufuwaendlnadiiunisindaduas
98un3d uaniin lugnsevnsiliinadessdusznaunianil nandnuRaiiningasuazd1armanansalunistey
Tagwadaluieeufjiinis Tnsaununisnaassuuuguanysal (Completely randomized design, CRD)
wisiladenisAnwieenidy 5 Jade deil wimuud 1 grsemsdnnaun : WiendlnwandindaeBaduas
gduvsduaniin dadau 50 : 50 V3N 2 gasarnnsdrilnaeadvingsd : Waandr lwanindedaduas

]
a o ¢

yauniduaniia dadau 50 : 50 nImuud 3 gasemnstiilnaveaduiingad : Wasndlnanindredaduas
yauniduaniia dadau 60 : 40 nimaud 4 gasemstiilnaveadningad : Wasndlnanindredaduas
yduvsduaniin dadau 70 : 30 uazninud 5 gasamstialuanadandingad : Wasndrlwandndedad
wazgAuniduaniia dadau 80 : 20 wud1 AasdUsEnaunuall ldun Tnguiks dAvindu 64.99 53.55 51.49
50.99 uaz 50.15 wWasidud aruarau WUsfiu Tawvindu 13.50 14.20 14.50 15.20 uag 15.70 wWasidud
iy uazAnsEaslfuasinguita (in vitro dry matter digestibility, IVDMD) fius 24 #alusvasawnsia
5 g3 SRy 65.80 69.25 72.93 73.35 uas 76.70 Wasidud aud1du uaz Uil 48 42lus fdwinfu
70.70 73.50 78.38 79.33 uag 81.55 Wasidud awddu unnersiuesrefiveddnyanneadd (P < 0.01)
wazn1sdauldvasduniedng (in vitro organic matter digestibility, VOMD) fiva 24 Falusfidnvindu 94.85
95.98 95.97 96.55 uaz 97.28 Wafldud awddy uandrefusgeiifeddnydmnsada (P < 0.01) vuil
48 4alus fidwinfu 96.70 96.41 95.97 97.20 uaz 97.28 Wasidud auddu uansnsiuagnslifidodfanis
ddn (P > 0.05) waannsuaaesudasliiiuitdlnaseadndngdadsauiunanaseldmenisineasannden
Frlwafikunisusingaufuiaduaznsn uanin Wefidaluansusewnslugmuuutu Suadeiaruaunse
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(2005) wudn nsgesldvesinlnalunszinieguudiies 68.30
Woesidud waznisdesldsiunasnvientafuarmiswiies 85.00-

pwnsvndsnuluensdnd wilunsihldduunasmdsnuly
dnsirpnseniudididesdalunsld ndnie $alnaildnsns
gogaaslunszimzsuuligunntnuassinfsdidediinvens
goannovulalinanandussunarioniaiueims wai
Wosanuwdatnlneomsdnituileurudresimuuduas
Uszneuseiniumdaivuuazudeusailidianumuniuse
n13gesveanugesangdunislunssimizguunarluse
mafue s waziflothunlilugasemsfazdemalinisdes
Y8991M1TANAT LYULABINY 91N518971UTD3 Owens & Zinn
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90.60 Wosidus (Owens & Zinn, 2005) sdanndasiusEy
489 Sommart (1998) fiwudn nsladlnaduunawdasuluy
gasemsludsunagalinasionisdevameteslunsziniz i
LﬂumamﬂiﬂiauamﬂﬁauﬁLﬂﬁauagiﬁﬁwaumﬁm%ﬂﬂwm S
nslddnlnalugnsemns e1avihliinuseavsnmmstesaany
uislunszimnzgins SedmansznudonisnangdunisTusiu
wagn1steulavetw1mslagsiu (McNiven et al., 1995) 52
Fosrialunstesldvedlasuzludinaiiewinudatiined
TUsAuviorudniFoninlusiudifida (Protein cuticle) fiuda
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(Adedokun et al., 2015) Fanruuinislunisusudganman
wiadnlnalaenisiiuseiulusiusaziuuszansamnisld
Ustlomivedaruglumdadnlneligetu luguvestnlnaueard
(Malt corn) Ao waadalnefiniunszuiun1sfauUasninnis
Wasugvdnlnalindutnnaueadsauiunssuiunisin
Safuiningaunis 2 viin Ifunqdun3sdan (Yeast) uagin
ndnwuALSekan® A (Lactic acid bacteria) (Srakaew et al.,
2021) § 9l Taguszasdudnlunisid ulusAuuasusuuse
UsgAnSnmnisldusylevdveaudadnlnnainnssuiunsuan
weaduarnsrUIUNTMIinTINAvIdunId lagnaannnisudn
seadidunsdsuguvestledlusuresihmauas fiusedu
TUsAuanmssenvesduseudanuin 4rilnaueadilssduina
geuasfilusAufiuduan 7-8 Wesidud 1u 10 wWodidud
(Bourapa et al, 2021) nsthdlnaveasunminsufudedas
Tisualusiufigaduninisudnuoadsssuniuazdmayili
‘Uiza‘m%mwmﬁLaﬁzyl,ﬁuimgﬁu (Srakaew et al., 2021) 53ud4
asldganlunszuiunisuinemsdniddmanenisgeslad
9T usae (Lunsin et al,, 2021) ag19lsfinny nszuauntsmsin
fniindeidofadiuAanandslusUvosnoanoseddiindu
AUt uULazeRdIHaianNNuLasYI Iidn T dednialu
nsfuld sudsdedidalunisiiusneringiveimsdningn
nslduueiieuandndsgninanlddalunssuiunsminiioan
USunaumeanasesiiineinainnszuiunsudn deaenndeeiu
578914889 Hynes et al. (1997) wui msliidouuaiiieuanin
TunsudndemaviliiiansalazanUsuiuueanegea lue19is
wifnld Wnenuidusazanadunariliansafiusnwenms
winldunud u vausidsadufarsunsai useaulusaule
Wity mndeyatneduiliudadilnaueadilusauiiis
qﬁu nsdesldvadlnruruazauiAureemsiininay
21N51891U284 Srakaew et al. (2021) WU WwandInaNeadi
TUsAu 12-16 Wosi§ud Ty 3.65-4.20 Wesi§ud 1Jele
12.00-14.10 wWoasidud uaziin 2.56-2.85 wWasifus auaisu
wagdanisgosldveslnvusfiiingsdy uanaindsewudn
nsndndlnaneadlagnisundniiilnaueadsiuivadunsd
faduazuvaiiSouandmililsivluwdadnlnadivduain
7.80 Woasidud 1 14.20 wWesidud wazdwavirlviaanudu
nsamsvesingAuvsinanasigaileifisuiunismingududad
Wissegaien datunisusuugsaanmussdninadludu
aaUszneumaaiuaznisesldvestriinedadunuiniedios
WaUsyansamnisldusslevdvesomsludnid e old
yenaniimsidendalne fadunanassldnenisinens
il Juundsermsneiu fesrialunislduselow Weosan
WaendnlweillusAusiuusyana 1.18 Wesidud lnsaziiuld
Fadendlnafiusunavedlusfusunn wazdadusuames
ologe dnaslanisdesld wasuimnisiuld dafuasiinng
UfulpnunmveaUdendilnanouinulfidesdn (Wanapat
& Pimpa, 1999) ﬂ”nsﬁmznﬂ%ﬂﬁﬁqﬁi’mq‘dizmﬁlﬁaﬁﬂm%niwm
ueaduilndansaunuildentnluandndanuaznsauanin

fonananLAaRvIngasLazAInNEINIsalunsEalnawmaila
luesufudnig wedutngAviauisaiduundmdsnuly
2195897

gunsaluazIsn1IdY
msieseunisnandrlwavead nindasuazivdont1alne
indas

1. mIvneiuteqduvisiaduazaunisuaniin
Funoudi 1 tmiindadnannu3inises (Thongnum et al.,
2018)

shmsveneifogaunistes Tnelddars (Saccharomyces
cerevisie) Yiuan 2020 UszmeBuide SrudvyFeons 24 n3u waw
fummitma 100 N3y ndudurilsiasy 1 A Uailgamafives
Hunan 3 Fu vhmsWesndwunasnszeznannisuy s
ApmeiFnanduid TsnnueduvidBariady 690 x 107 CFU/
Haddns

funeudl 2 ninqauvdduanii (Bureenok et al,, 2007)

ymsvreiadegauniduanin Ingldlungudes
$mu 200 ndu Juldavideaiuildasu 1 ans aandunses
s Wamansie 20 n3u vinsuuigungives 1u
a1 3 Ju newhuld Funansdeudainddes Wudndesda
91NBU ¥nsiiessduiinugdunsuaniia wudi $9utu
auviduanfiniade 2.02 x 10° CFU/Tadans

2. Mswandmlnauead

duudadalnaemisdadidady $1uu 30 Alansuy
(dndrudnlng 1 dau : 11 3 dau Tnevmdn) usludhauviag
Hunan 5 $alus mntuniesnlvvue Yiudadralnadiiiu
nsugtudunvadelunssasunionsniiifigszuiseinia
Tnvsey Aqudiefuionszasusuuy shnnssaiazeadn-
Hu duield 3 Yu azldudadnlnnsen wiednlnnueadisen

3. MswantMInaNeanudndad wagiudendalnanin
MeBaduazaursduanan

dudadnlnaueadumdnludmdn lngyinisuaui

a

dy a fal 6 & @ L2 ’6’ C% 5 o
Welduvsdgad 1 Weddud lnedmilngn (w/w) 9nduviing
AauRleiuIvNiiaretn Jadmdnlailiernimdiluidua
14 Ju nouthuienlwuie andusinisuakazduidledu
2195897
a & v o & @ I3 a a
AsuaRUR NI AR IMNSER I NSIN1SLAULA 8T BN
nszUIuNsAWaaTnlneeantad wuthadluludnsdi 1se 1
WauANYY MNTUNWENTITedunIdaduargdunid
warRrag19ay 1 wWasdus Iasvrvdnan (w/w) aantuinnig
Faldantlnaliuuy Yadwmdnlylieaniad inulildu
ansdnineld
NISINUKUNITNAABIUALTATOMITNIAGEN
Tdununsmaaeuuguaiy ol (Completely randomized
design, CRD) Ingnaununsvaaaseanidu 5 vsnaus Al
Inue 1 gnsermsdilnaun : Waendilwandn
1% = (3 a a ¢ a U 1
mudaduasqaursduania dndiu 50 : 50
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NINUUG 2 grsemstilnaueadvdngad : Lden
Irlnandindedaduayauvsduaniia dndiu 50 : 50

NI 3 grsemstilnaueadvdndad | LWUden
Inlnandnimedaduazuniduaniia dadiu 60 : 40

NI 4 gnsermstniinaueadningad : WUden
Irlnandindedaduasauvsduaniia dndiu 70 : 30

NINUG 5 gasemstilnaueadvdndad | LWden
Inlwandnimedaduazuniduaniia dadiu 80 : 20
NISANYIIAUTENOUN NIATYEIFNTOINIT

nsduAudaeg grsemstnalnauawaygnsenis
fidnlnanindan (Table 1) Inaifiushegisas 500 3 v

wUaiaegsemsurazadinoendy 2 dau daudl 1 dldeu
7 100 eemwardoa 1uan 24 lus 1 emnTmguis
(Dry matter, DM) wardauii 2 wlveuil 60 esmwaidoa WJu
e 48 alus Wievh i suasuaruazunTwwn 1 Saduns
w2t udAszimesrUsznaumaailaun 181 (Ash) lagdu
(Ether extract, EE) TUsfunenu (Crud protein, CP) olomeu
(Crude fiber) wagATINEI91U (Gross energy, GE) #1175 993
AOAC (2000) wazeer Usznauvaad ole laun Neutral
detergent fiber (NDF) wag Acid-detergent fiber (ADF) @335
984 Goering & Van Soest (1970)

Table 1 Ingredients and composition of total ration used in the experiment (% on DM basis)

Items Control diet Malt corn with yeast
Cassava chips 40.00 40.00
Molasses 1.50 1.50
Soybean meal 10.00 10.00
Rice bran 15.00 15.00
Corn meal 30.00 20.00
Malt corn with yeast - 10.00
Premixed 0.50 0.50
Urea 1.50 1.50
Sulphur 0.20 0.20
Salt 0.30 0.30
Di-calcium phosphate 1.00 1.00
Total 100 100
Calculated analysis
Protein (% of DM) 15.00 15.00
Gross energy (GE) (Mcal/kg DM) 3,000 3,000

msAnwINIsEsld samansnISHNANMTS LasHaNEnTIn
nszvaunIsainlun ey gy

yAnwvamansnIsnanLia Au3sn15ua Markkar et
al. (1995) ngnsiivresmadluguLaNATHNIZ HUUINT 593
Foivilaunsgu i eldlunsnisuaisazatsvomaiain
nsEimgndnEas (Rumen inoculums) ¥1N15USSATAZAY
goumarnnszwieninuan neldanigloondiau Turand
U339 ingAveImInaaeIkaruNsetinad vinas 40 Naddns
uiathidslugeuseuusiaiigamgll 39 ssnwaldoa shnisen
SufinUnmsveafaiiietu Tnglu 12 daluusn sxtufingn q
1 9l doantiuiin yn 4 3 Faluseufedalasdt 24 ndutiudin
N 9 6 Folusauiedalusit 78 uazgavinevinstuiindidalued
96 (atfudnlusilagvhnistiudin 1un 0124 6 8 10 12 16 24
48 72 uay 96 Falus iethurAuInaamand nnanuAanu
@1N15984 @rsko & McDonals (1979) Ao Y = a + b (1 - )
o Y Ao wawdauda w 1ia (0 10 9 f1 a fio A1USMATS
wanufa u 1ad 0 (Iadauny y) Wudilduuenis
Avansalunistesaateiiinanesdusznouiiaiuise
avaneiinle daudn b vanedls Usmauiasitomn o 0
Wunsmsuiseu (Asymptote) Usuandsdrufiddneninlunis
govaae @1 ¢ mneds Snsinsadnuialaeiadunaonsyegiian
st Smbedudesiduddedalus wag a1 t vy svezna
Tunsuaiidalug 0 1 2 3 4 96 Faludianegianuanansalunis

goulavosinguia (in vitro dry matter digestibility, IVDMD)
Suw%'ﬁmq (in vitro organic matter digestibility, IVOMD) wag
29AUTENIUNNLATIIDIIMIT AINITAI5VS AOAC (2000); Van
Soest et al. (1991) way Mathew et al. (1997) auasu a1
uRaamsi 24 Hlusndraunisinenisdesldvesdunioing
LagWE99U (Getachew et al., 2002) uagAwInvAwd ole
91NEUN5Y03 Harris et al. (1972) &fai

Metabolizable energy (ME, MJ/Kg DM) = 2.20 +
0.136GV + 0.057CP + 0.0029CF

Organic matter digestibility (OMD, %) = 14.88 +
0.88GV + 0.45CP + 0.651XA

e GV = Net gas production (ml/200me, DM) i 24
19 CP = Crude protein CF = Crude fiber XA = Ash

aunsvadele (CF) = (ADF x 0.75) + 3.56
MUATIZIYVYaN NG

1oyaNNITIATIET WTATIEYAIALLUTUTIY
(Analysis of variance, ANOVA) LagTLAS1¥9 AITULANGA 19
F¥WININLUUA A28 Duncan’s new multiple range test,
DMRT A18LNUNITNAABIRUY CRD Aaglusunsudnsagy
(SAS, 1998)

NaLALITAINANITIVY
AsAnwudadnlnausasunindadsiudunisidiuden



R. Bourapa et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(1): 193 - 201

InlnaviingaduayduvsduanialugnsemsdessAusenou
maall wandnlunszimegiag uazUsgansnimnisdesaansly
nszinnzgiuulagnadaluiesfUuanis Table 2 wans
asrUsznaumuaiivenuintlnaueadndndas uwaviuden
Frlwandndaduazaduniduaniin nuin A109AUIENOULDY
Wasntnlwaftergnisifuidsmdamstndndalnalund
100 Fu Whamdndaduazyduniduansin A1e3Tnguikay
TUsfiuegfl 90 Wosldud uaz ¢ Wesldud mudiy aenndes
fUN931897U984 Srakaew et al. (2021) finuinasiaiuainii
fiaiinlunisuudsefiovsintuasdionsyiunnasydulnes
wuafiisensauaniia wazidunisissuisernsndnluyaeusnli
Aatudtelfamemdnvusvesiivemnsdnifinaiy uayld
fymdnidamand vonaind wuin wWiendlwad Taguis
Uszana 28 Woesidud uaz WUsiusiudszana 1.18 Wesidud
wansbiuinisiiddendilnanmindaduazqduniduania
annsaulusiuligaiuannty wegludiuvosnisiiuba
Fnlnaneunisusanmbiduadadlnaueadulngad
wuin AvessedulUsAueg 10.85 Wedidud Fafiugeduan

196

o

winadlnadesdniidsyaulusiu 8-9 wWesius (Wanapat &
Pimpa, 1999)

thensvaaes Ao gasi 1 $17lneun wagemsgasi
2 Imnauoadvsindad 10 Wosldud nauduidendalnad
ninsaudvdaduagyduniduandaluguuuueinis TMR
Tudndau Fanandly Table 3 Fsil ninmuud 1 gnsernis
T1lnaun : Waendlnandnaledaduazadunsduania
50 : 50 M3MLUA 2 gasemstnilnaneaduiingad  1Wden
Tlnandnaedaduaraduniduanda dndqu 50: 50
VI 3 gnsenstninaneadningad : Wasndnilnandn
aredaduazduniduaniin dndiu 60 : 40 NINLuUA 4 gas
nstlnaveadningan : lWaendnilnavdn dadm 70 : 30
VI 5 gasenstnlnaueadningad : lWaendnlnandn
Aavdanuazaduniduanda dndu 80: 20 lngwuiian
asrUsznoumaall lawn Jnguiis Srwindu 64.99 53.55 51.49
50.99 way 50.15 Wesidud aud1iu wazlsiu dewvndu
13.50 14.20 14.50 15.20 uag 15.70 iwWosidud auddiu

Table 2 Chemical composition of malt corn with yeast and corn husk fermented with yeast and lactic microbial

Items

Malt corn with yeast

Corn husk fermented with yeast and

lactic microbial

Dry matter (DM) (%) 61.56 90
% of DM
Ash 0.81 2.60
Crude Protein 10.85 4.00
Crude fiber 3.50 -
NDF - 56.30
ADF - 38.86
Gross energy (GE) (Mcal/kgDM) 3,870 2,130
NDF = Neutral detergent fiber, ADF = Acid detergent fiber.
Table 3 Chemical composition of modified corn with yeast
Items Diets (%)
T1 T2 T3 T4 T5
Dry matter (DM) (%) 64.99 53.55 51.49 50.99 50.15
% of DM
Crude Protein 13.50 14.20 14.50 15.20 15.70
NDF 54.93 59.33 54.08 59.87 54.93
ADF 43.16 37.36 36.98 36.19 43.16
Gross energy (GE) (Mcal/kg DM) 2,400 2,400 2,500 2,600 2,700

NDF : Neutral detergent fiber, ADF : Acid detergent fiber.

T1 : Corn grain base concentrate diet to corn husk as a ratio 50 : 50, T2 : Fermented corn malt base concentrate diet to fermented corn husk as a ratio 50 : 50,

T3 : Fermented corn malt base concentrate diet to fermented corn husk as a ratio 60 : 40, T4 : Fermented corn malt base concentrate diet to fermented corn

husk as a ratio 70 : 30, T5 : Fermented corn malt base concentrate diet to fermented corn husk as a ratio 80 : 20

Table 4 uanar1N3Eoeldvesinguis (in vitro dry matter
digestibility) Tivy 24 Flevesommsine 5 g3 Awinfiu 65.80 69.25
7293 7335 Ua 76.701Wes 1w maiddu way Ui 48 Flus i
Wi 70.70 73.50 78.38 79.33 uaw 81.55 Wasidius sudidu uansig
st el uddnyd sneadd (P < 001) Famseeelsivesingusie
aileged udod Uiy Melkavesdn g osldvesing
wha iudoustinennsifvsinalusigs SravhliAandanuse
wouluilen 9 w3 damnsni i usslonilunsduessiinad
QAwEE RNy SeavdmerlfiAan st osldvesrimuiaiisdy

wazseleelupsdivieing (in vitro organic matter digestibility) v
26 F 1l Ay 94.85 95.98 95.97 96.55 waw 97.28 e us
PR wane s ueg el Tad iy enead i (P < 0.00) Uuil
a8 F 2l fAwvintu 96.70 96.41 95.97 97.20 uae 97.28 e us
AUEU uaneneiueealiTedWameada (P > 0.05) ognslsfn
gusownst minateadningad Tuwliuilianisgesldves
Suvetngfuainist edldvesTnquitafiagstu Wodlumsuy
owndluunamiay dafeuiugesennstriineun
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Table 4 Effects of corn malt yeast on in vitro dry matter digestibility and in vitro organic matter digestibility

lterns Treatments SEM P-value
T1 T2 T3 T4 T5 T1vs T2 T2vs T3, T4, T5

in vitro dry matter digestibility (IVDMD)

24 h 65.80° 69.25° 72.93° 73.35" 76.70" 0.11 0.0001 0.0001

48 h 70.70° 73.50° 78.38¢ 79.33" 81.55" 0.04 0.0001 0.0001
in vitro organic matter digestibility (IVOMD)

24 h 94.85° 95.98° 95.97% 96.55° 97.28" 0.16 0.0039 0.0097

48 h 96.70 96.41 95.97 97.20 97.28 0.15 0.301 0.091

AEPE Means with different superscripts in row are significant different (P < 0.01).

T1 : Corn grain base concentrate diet to corn husk as a ratio 50 : 50, T2 : Fermented corn malt base concentrate diet to fermented corn husk as a ratio 50 : 50,

T3 : Fermented corn malt base concentrate diet to fermented corn husk as a ratio 60 : 40, T4 : Fermented corn malt base concentrate diet to fermented corn

husk as a ratio 70 : 30, T5 : Fermented corn malt base concentrate diet to fermented corn husk as a ratio 80 : 20.

NWaNIsANELY Figure 1 wanUSINUHARARL AT
WarANaAIENTNISNAALA @ (Table 5) ¥9991M15NAADS
W5 gn3 #8383 in vitro gas production technique Wu31
ansaeBuIeATLARINANER JULUU Uazaamaninisuanufia
Tnen15UssLiuaINaun1s y = a + b1 - Exp'™] (@rskov &
McDonald, 1979) f1 a fis AvUFuIumsHARLAE & LIadl 0
(@nfauny y) Wueildvsuenfemnuanunsalunisdesaasd
\Ainnesdusznaviiannsnazanednld dn b wneds U3um
wRasiuenun u gadunsuEey Ysuendsduiiddnoam
TunsdesamevesomsnannsuaIu W 5 gns waze b g9
wansifidwiiddnenmlunisdesaaslige iesnuium
whaf nanlddanuduius fulaen safunistosaansldvos

90
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4

gas production, mi

20 ﬁ‘
10 f
of
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incubation time, h
=g CR ration:5050 =g CM:R ration:50:50 OM:R: raion: 60:40
CM:Rration: 70:30 g CM:R rattion: 8020
@)

gas production, mi

fagRvomnsdnd (Menke & Steingass, 1988) sitiluansAnund
mnuaenadosiuAn1sesldvesdunieing Auandu Table 5
nanfe ArvamansnIskAaLAa Yas0IMITTAGed 5 qns
VBIDIMITNARBINNNANEAT a Ap ANITEREARIEVRLINGAY
98195157 vie AflansmuasalunsgosaaeiiAnen
p3rUsznoud aruisnazatsuildvoatng fueiuis
(Water soluble) flegszwing -1.27 fia -1.70 fadans wazlid
ATLUANANSTUMINEER (P > 0.05) vl b uagen d SAufnty
Tugmsemsiltiudadnineseasiviingiuiugduridfans iy
nslddendlnandndad wavqduniduandna (P > 0.05)
ogslsfinudrsannsrdauiadauandud c Selsiunnsneiy
5eniegns (P > 0.05)

60

80 10

(©

Figure 1 Effects of modified malt yeast on kinetic gas production, (a) effects of modified malt yeast on total kinetic gas production, (b) fermented corn malt

base concentrate diet to fermented corn husk as a ratio 50 : 50, (c) fermented corn malt base concentrate diet to fermented corn husk as a ratio 50 : 50, 60 :

40, 70 : 30 and 80 : 20.
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venanud eftarsanludiuresUSinanandauia
AABATTEZIIAINITUL WU HANADAARDIAUAIAAIERNTNIT
nAAuRa nafe Usinumandauiadidalusd 96 fuusldiudiu
vty WeldmAumdstnlnauoaduindmiudeqdunista
Suiuvdendnlnanindaduasyduniduanialugnsemis
(P < 0.05) (Figure 1) §391nNan1INAa8I7 na171919F 1019
Uszidulaq1 Arnisgeele vestminausas nindad
faruannsadsulassasadelelinaradunislulewmsai
azmad'}mﬁuqﬁu danavibiiiianszurunismingegeg i
sndwhliAnTunanaauiaiiginingasemanguaiuey
donnaesnu Cerilla & Mendoza (2003) 51891471 NULgaA]
aruduiusludauiuuinautaavaniindaldnaennaives
N19UN warkaTad01998anNANTIUYBIRAUNT sion15E oY
8113 uena1ni navesarslulawnsni azatsdtouas i
anudusiuAuanuanunsalunisazanslalunssimz g
ity sfanstesamevetadutihivddyiinuaumsld
Usglegdvaandsudmsunisasgiiulnesgdunidly
nszmzgailiUssanslunsemequuistusasdsnarili
miziasﬂé’l,ﬁuqﬁu (Nocek & Tarminga, 1991) uanantuds
wuhnswlsamneesiiinalununaassediilliidodardadu

Table 5 Effects of modified malt yeast on kinetic gas production

%@ﬁaﬁ%ﬁm Saccharomyces cerevisiae mmﬁuﬁﬂmawawﬁqﬁ
aunsnedutenaveInIsiut uwesanisgosldiilelddilng
wdsaninlugmsens vasiludrlnediiuisnsdnudasdien
samansmateslduazUszaninmnisdenfiftugeiu aenndas
iU Lee et al. (2002) 518911 Hawdnufaludlnafikiiunis
dauvadasnszuaunsiediaganindrilnaun fadaumeiivili
Ansgoslfuaznandnuiagetuilotilnariuisnisfaudas
fisnstluasnindaesng NaOH iilesanmisifnnszuaunis
Gelatinization SuiAnainaAuouisgumginaraudousin
mMeviugn3enainene uaznsvianefaidulusiumdiaasili
Qdun3sannsndnlugeslddenniu demavilinisdesldlu
nspLme gL und wilinand aufaund uniuludae
(Nocek & Tamminga, 1991) il nstasudassaufuudlu
pwnsenaluavenilsidmarionisdeslfuaznisiuldveaung
yuiiiugeiuiosnnaunsogesans NOF Widutu dwaling
govlduariuldiiadu wazddiugasludiuvesnisminlu
nsznegwiliiAnaneimnzaudofanssuvosqaunid
sulsnsonsnniteianssdmanoninfiumaiaiyiiulnues
aunsglunszinizgian (Wanapat & Pimpa, 1999)

Items T1 T2 T3 5 SEM Prvalue
T1vs. T2 T2 vs. T3, T4, T5
Kinetics of gas production
a (ml) -1.42 -1.29 -1.29 -1.27 -1.70 0.120 0.638 0.556
b (ml) 68.634 74.711 76.130 75.960 78.058 1.250 0.082 0.420
c (% h) 0.061 0.070 0.072 0.080 0.061 0.010 0.642 0.732
d (ml) 78.550 83.120 84.810 83.520 83.480 4.740 0.685 0.929
Gas production volume (ml/0.5 ¢ DM)
2 h. 6.435 8.217 8.930 9.727 8.013 0.910 0.419 0.701
8 h. 25.002 30.066 32.052 33.632 30.401 2.320 0.375 0.663
48 h. 63.495 70.561 72.416 71.985 72.859 1.520 0.091 0.531
72 h. 66.348 72.863 74.404 74.060 75.570 1.280 0.473 0.072
96 h. 67.013 73.314 74.534 74.761 76.173 1.240 0.071 0.451

T1 : Corn grain base concentrate diet to corn husk as a ratio 50 : 50, T2 : Fermented corn malt base concentrate diet to fermented corn husk as a ratio 50 : 50,

T3 : Fermented corn malt base concentrate diet to fermented corn husk as a ratio 60 : 40, T4 : Fermented corn malt base concentrate diet to fermented corn

husk as a ratio 70 : 30, T5 : Fermented corn malt base concentrate diet to fermented corn husk as a ratio 80 : 20.

d3UNan1339Y
nslddnlnateadningadsiuiuiudentrilnaningan
wazaduviduanfaluansemis dnased1Auainsalung
dovlnamnatialuviosfjUiin1s ilvirniseeslavesinguiisuay
Ansoslivasdunieinggeninlunguiildagauinlneun
wagihliAamansnsndauialudiuvesdngnmnisgesls
(A1 b) waznmiaufdlunisvin (6 ¢ ) fenfsdudedeut
nsldTagavdnlnaun dsanmnsaeyuuldiinislédining
sowvasaunsailuunamasnulugaseimsle
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ag 198 3@ v U uatuayuauIdelunsel naoniuenasd

wavdmihitanunivdmmansuasuszus aasinemaniuas
welulaBnsinens uninerdomaluladsvusnadiuun w7
oytAspvianiudl qunsal tedesilonnsinereans naonnns
NAABY

References

Adedokun, S. A, Jaynes, P., Payne, R. L., & Applegate, T. J.
(2015). Standardized ileal amino acid digestibility of
corn, corn distillers’ dried grains with solubles, wheat
middlings, and bakery by-products in broilers and
laying hens. Poultry Science, 94(10), 2480-2487. doi:
10.3382/ps/pev226

Association of Official Analytical Chemists (AOAC). (2000).



R. Bourapa et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(1): 193 - 201 199

Official methods of analysis (17"ed.). Arlington,

Virginia, United States: Association of Official
Analytical Chemists.
Bourapa, R., Kuha, K, Sintala, K., Srakaew, W. &

Supphakitchanon, T. (2021). Effect of modified grain
corn using different processing as energy source in
total mixed ratio on rumen fluid degradability and
metabolizable energy using in vitro gas production
technique. Khon Kaen Agriculture Journal, 49(5),
1080-1091. doi: 10.48048/tis.2023.7060 (in Thai)
Bureenok, S., Tamaki, M., Kawamoto, Y., & Nakada, T. (2007).
Additive effects of green tea on fermented juice of
epiphytic (FJLB) and the

fermentative quality of Rhodesgrass silage. Asian-

lactic acid bacteria

Australasian Journal of Animal Sciences, 20(6), 920-
924. doi: 10.5713/ajas.2007.920
Cerrilla, M. E. O., & Mendoza, G. M. (2003). Starch digestion

and glucose metabolism in the ruminant: a review.

Interciencia, 28(7), 380- 386. doi:  0378-
1844/03/07/380-07
Getachew, G. , Crovetto, G. M. , Fondevila, M. ,

Krishnamoorthy, U., Singh, B., Spanghero, M.,

Steingass, H., Robinson, P. H., & Kailas, M. M. (2002).

Laboratory variation of 24 h in vitro gas production

and estimated metabolizable energy values of

ruminant feeds.  Animal Feed Science and
Technology, 102(1-4), 169-180. doi: 10.1016/S0377-
8401(02)00212-2

Goering, H. K., & Van Soest, P. J. (1970). Forage fiber analyses
( apparatus, reagents, procedures, and some

Washington, D. C., United States:
U.S.D.A. Agricultural Research Service.

Harris, L. E., Kearl, L. C., & Fonnesbeck, P. V. (1972). Use of

regression equations in predicting availability of

applications) .

energy and protein. Journal of Animal Science, 35(3),
658-680. doi: 10.2527/jas1972.353658x
Hynes, S. H., Kjarsgaard, D. M., Thomas, K. C., & Ingledew, W.
M. (1997). Use of virginiamycin to control the growth
of lactic acid bacteria during alcohol fermentation.
Industrial and
18, 2 8 4
10.1038/5}.jim.2900381
Lee, S. Y., Kim, W. Y., Ko, J. Y., & Ha, J. K. (2002). Effects of

corn processing on in vitro and in situ digestion of

Journal of Microbiology

Biotechnology, -2 9 1 . doi

corn grain in Holstein steers. Asian-Australasian
Journal of Animal Sciences, 15(6), 851-858. doi:
10.5713/3jas.2002.851

Lunsin, R., Sokantat D., & Manop, J. (2021). Improving the

nutritive values of corn dust by urea and molasses
treatment as ruminant feed. Khon Kaen Agriculture
Journal, 48(Suppl.1), 517-521.
Markkar, H. P., Blummel, M., & Becker, K. (1995). Formation
of complexes between polyvinyl pyrrolidones or
and their

implication in gas production and true digestibility

polyethylene glycols and tannins,
in in vitro techniques. The British Journal of Nutrition,
73(6), 897-913. doi: 10.1079/bjn19950095

Mathew, S., Sagathevan, S., Thomas, J., & Mathen, G. (1997).
An HPLC method for estimation of volatile fatty acids
of ruminal fluid. The Indian Journal of Animal
Sciences, 67(9), 805-807.

McNiven, M. A., Weisbjerg, M. R., & Hvelplund, T. (1995).
Influence of roasting or sodium hydroxide treatment
of barley on digestion in lactating cows. Journal of
Dairy  Science,  78(5), 1106- 1115. doi:
10.3168/jds.50022-0302(95)76727-3

Menke, K. H., & Steingass, H. (1988). Estimation of the
energetic feed value obtained from chemical
analysis and in vitro gas production using rumen
fluid. Animal Research and Development, 28(1), 7-
55.

Nocek, J. E., & Tamminga, S. (1991). Site of digestion of starch
in the gastrointestinal tract of dairy cows and its
effect on milk yield and composition. Journal of
Dairy  Science,  74(10), 3598- 3629. doi:
10.3168/jds.50022-0302(91)78552-4

Owens, F. H., & Zinn, R. A. (2005). Corn grain for cattle:
Influence of processing on site and extent of
digestion.  Proceeding of Southwest nutrition
conference (pp. 86-112). Tucson, Arizona, United
States: University of Arizona.

@rskov, E. R., & McDonald, I. (1979). The estimation of
protein degradability in the rumen from incubation
measurements weighted according to rate of
passage. The Journal of Agricultural Science, 92(2),
499-503. doi: 10.1017/50021859600063048

Statistical Analysis System (SAS). (1998). SAS/STAT user’
guide. North Carolina, United States: SAS Institute Inc.

Sommart, K. (1998). The use of cassava in ruminant diets

(Doctoral

based on low quality roughages.

dissertation).  Newcastle, England. University of
Newcastle.

Srakaew, W., Leepradit, P., Chaiwong, S., Boarapa, R., Sintala,
K., & Kuha, K. (2021). Ensiling corn malt on chemical
composition and gas production kinetic by using in
vitro  gas Khon Kaen

production  technique.



R. Bourapa et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(1): 193 - 201 200

Agriculture Journal, 48(suppl 1), 496-501. (in Thai)

Thongnum, A., Khongphetsak, P., Sarkaew, W., Pogjit, S.,

Potirahong, S., & Wachirapakorn, C. (2018). Effects of
fiber feed improvement with urea on chemical
composition and kinetic ruminal gas production of
both rice straw and sugar cane top. Proceeding of
the 7™ national animal science conference of
Thailand 2018 (pp. 126-134). Chiangmai, Thailand:
Maejo University. (in Thai).

Van Soest, P. J.,, Robertson, J. B., & Lewis, B. A. (1991).

Methods for dietary fiber, neutral detergent fiber and
non starch polysaccharides in relation to animal
nutrition. Journal of Dairy Science, 74(10), 3583-3597.
doi: 10.3168/jds.50022-0302(91)78551-2

Wanapat, M., & Pimpa, O. (1999). Effect of ruminal NHs-N

levels on ruminal fermentation, purine derivatives,
digestibility and rice straw intake in swamp buffaloes.
Asian-Australasian Journal of Animal Sciences, 12(6),
904-907. doi: 10.5713/ajas.1999.904



R. Bourapa et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(1): 193 - 201 201

Research article

Using malt corn fermented yeast with corn husk fermented with yeast
and lactic acid using in vitro gas production technique
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The aim of this study was to evaluate the effects of yeast-fermented corn and corn husks fermented
with yeast and lactic acid bacteria on chemical composition, gas production, and rumen digestion
using in vitro techniques. The trial was designed as a completely randomized trial (CRD) with
the following ratios of concentrate to roughage: 50 % corn grain and 50 % fermented corn husks
(50 % CG + 50 % CH), 50 % fermented corn malt and 50 % fermented corn husks (50 % CM + 50
% CH), 60 % fermented corn malt and 40 % fermented corn husks (60 % CM + 40 % CH), 70%
fermented corn malt and 30 % fermented corn husks (70 % CM + 30 % CH), and 80 % fermented
corn malt and 20 % fermented corn husks (80 % CM + 20 % CH). The results showed that the diet
influenced the chemical composition and degradability in the rumen. The chemical composition of
dry matter was 64.99 %, 53.55 %, 51.49 %, 50.99 %, and 50.15 %, and the crude protein content
was 13.50 %, 14.20 %, 14.50 %, 15.20 %, and 15.70 %, respectively. In vitro dry matter
digestibility (IVDMD) after 24 hours of incubation for the five formulas was 65.80 %, 69.25 %,
72.93 %, 73.35 %, and 76.70 %, respectively, and after 48 hours of incubation, it was 70.70 %,
73.50 %, 78.38 %, 79.33 %, and 81.55 %, respectively. These differences were statistically
significant (P < 0.01). The digestibility of organic matter (in vitro organic matter digestibility,
IVOMD) after 24 hours of incubation was 94.85 %, 95.98 %, 95.97 %, 96.55 %, and 97.28 %,
respectively, showing very significant differences (P < 0.01). After 48 hours of incubation, the
values were 96.70 %, 96.41 %, 95.97 %, 97.20 %, and 97.28 %, respectively. The results of the
experiment indicated that corn malt fermented with yeast, along with agricultural by-products from
corn husks fermented with yeast and lactic acid, improved the digestibility of dry matter
and organic matter with longer incubation periods in the rumen.
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og1uien Mntuhlusgsiasivhnisgnifeuds (noculated
leaf) Tuvaliluan wlwaanudy (Moist chamber) A2amaN"3
neaaesvdslgnide Tasdunaniaidneimslsauuuna fnuun
dushugudnanswesunaiiviinisugniderUSeuiieuitu Control
¥1N1531A5189ANURUTUTIUN9ERR (ANOVA) uag
WisuifisuAladusening Treatment means WUU Duncan’s
multiple range test (DMRT) mﬂﬁ?uﬁ’ﬂLﬁam%aswmmqiiﬂiaim
tviviliiAnlsaguuseiigauiisdlelaamdsaiioluldlunns
nnaewely

Figure 1 The young foliage of mango trees for pathogenicity test.
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3. MInaFeuUssansnImYeui s Trichoderma asperellum
lumsdudanisisyvoniosiaungvodsauouunsalugyes
salalneiaiseadaluamssau (Bi-culture antagonistic test)
ynmagevdsyans amvendesn T. asperellum
AGBM (angiiugiesufufinisensnuiiiv amusinalulagnisinuns
uninederigumnansany) Wisuisusudenlaslanes
1 $1uau 3 anestus Tiun 1Wesn T harzianum (abstugnss
Amsineng) 1o91 T. harzianum (aewugnsdn 1) uaz 1de
31 Trichoderma spp. (@18%u§N15A1 2) Tun1sudansiasy
voudorammvedlsaneuunsaluavezalneiBidsaielu
91113374 (Ratanacherdchai et al., 2018) ¥n15NARBILUY
CRD fidwu 4 41 Tnethideslasiamedin 1 4 anewug
wmagpuANaIalunsfus s grendesiavlse
wouunsaluaveuzandaudulelaaniivihliiAnlsasuuseiian
Trsnsidsadonanmglsauouunsaluavesssinuazdoslos
Tawwosun vues PDA Uuitefigaumgdvesiiony 10 Su udald
Cork borer sumdurinugudnats 0.5 wufms faulnsinige
wdnazduiuididenuinumeulala uazdeduiuveaden
Inslamosuusiazaneiug $1um 1 u 1euue s PDA Bun
urugudnans 9 wufiuns uazdnetuiudesanmglsanns
Frunsstruduiuiudeslasiamesun Ineandivnatu 4
WURINT WALTINVBUINLTMNTNIADIIU 2.5 1BUfLINS
inmageudoslnslamesiutazaeiuduonaintu uaxd
Wesamalsauuems PDA luduuisuiiien (Control) Uu
MueTMIA BT eTmuaza e ITeufisuiigumgiivies
dedulovendoraunglsalunnuomauisuifisuaiyi
U3 WiAunanisveaedlaeinvuiadurugudnalves
Taladuazdusiuualesvendonannalsaluinuemaies
Woshuuazauemsidieuiiou §e Haemacytometer u&7
YIUIAIUIUNT % ma&]"u&?ammﬁz:g (Growth Inhibition) a1n
gmﬁﬂﬁ (Ratanacherdchai et al., 2018)
Growth inhibition (%) = (RC-RT)/RC x 100
oy RC = vnadurugudnandlaladviodnuiuaUssves
Wemauvalsaluauemsuisudiey (Control)
RT = awadusugudnaslaladvioduiuaesves
Hemauvalsaluauemmsiasadesi (Bi-culture)
ihdeyaildunyinisiinseiannuulsusiunsaia
(ANOVA) uaglU3guiiieu Treatment mean Wuu DMRT
4. n751//@5@111/5557145‘4‘77%80477?@57 Trichoderma asperellum
lumsmavaulsaueuunsaluauzsineldanimlsusou
doadeslaslamesin S1uau 4 areiug uasidos
awnlsanouusaluauzssloliaviifarmannsalunisvinli
\Anlsalasunseiign s1uau 1 leleian vue1ms PDA T
alefuriuassvondenlaslamesinudaraisiusuazidos
avnueuunsaluaiidudy 1.0 x 10° avesdofiadans Lilo
tlullunsnaassiudunzingey 1 U Auanlugeusy 7 Ju
wdawana Augnlugenaradin vuia 12 42 luanmlsaieu
nna dUnNUNYRTEND aiadus Jamianwaus
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NIINAABILUU Randomized complete block design
(RCBD) fis1uau 4 91 (F182 2 fu) $7u2n 5 Treatment Saviu
aveduviusssvendeslaslamesuudazareius fnw
Wudu 1.0 x 10° avesdedadans aslusourasmsaiaeliin
Mniudenuiealeiuriuasvente navlsaueuLsalua
ndndanudsalesuriassrendenlasianefinuazite
FanvelsnkauwnIaluawdlildganarainlanauduuziig Uu
Weluaniw Moisture chamber Tngldnsaaviuaveasuriuase
voud os1anvalsauounsaluaiiosos19iond uda
W3suifisu (Control) viansuszifiunisiialan 1Wusyesiaan
24, 48, 72, 84, 96, 120, waw 144 Hilus ndnUgnidie Tneify
snnulugeuiinansonislsruouunsaluaudagdu thindiuim
% n1seialsa (Disease incidence) wag % n1sA3UANLSA
(Disease control) mﬂ@mﬁﬂ‘ﬁ (Chiangsin et al., 2016)

% n15LAnAlsA (Disease incidence)

Disease incidence (%) = (LI/LT) x 100
Ll = nuluiiuansennisvestsa
LT = $avilustonun

Tng

% n13AIUANLA (Disease control)

Disease control (%) = (DC - DT) / DC x 100
DC = 1uruluf wansernisisalunssuis
W3suLiigu (control)

DT = s1wulufiuansanisisalunssuisnaanudios

g

Inslamesinsaume
5. MsuATILIveya

AATNANULUTUTIU (Analysis of Variance) vesdaya
UABYANEMEAULNUNITNAGDY WazlUSEULABUAIULANANS
semnALedsreiarnssuislagl4is DMRT

NaKazITAINANIITY
1. Nan7mann"79mme7 UaENITANYIANYAL NIUF 1IN 1YY
o umlsauouunsalusyeazaiag
ﬁ]’mﬂ’]iLLEJﬂL‘ﬁyaiﬁﬁ’lL‘VT(ﬂ:[,iﬂLLQULLWSﬂIua"UGQNSﬂ’N
dhnonlffaindnvareimsvedsaweuunsalualneiusetislu
msam‘i?iLLammmﬂm‘iﬂuqawmaaﬂLLasﬁmmaﬂL%amm@Iiﬂ
TuiesufjuRnIslaeds Tissue transplant wu3n lsmkauwnsaly
aﬁmmqmmmsﬁam Colletotrichum gloeosporioides (Figure
2) mﬁmﬁLLuﬂﬂuﬁmﬁuawﬁaiﬂmm&ﬂmmué’wmzwé’mgm
e lneA5ve Rodriguez & Redman (2008) 9 nnsdanmle
n&esgansael nud WWesfaiguuemadsadeatilaiiie
Wwadlied Kiune SeU dnuaeIuseens Tnowonleanun
§1uu 20 Telowan eaenndeeiusies1uves Rodrguez &
Redman (2008) finu31 Wos C gloeosporioides ﬁ'm%iyuu
amsdpateaddaiiie e q LWiTE wadier ndiune v
dnwugguTegUly ¥3ee173 939 nielAwe 913l Guttule
dnwgad1eneseInrey n1ely In15a3ne Sterile hypha &
dhnna mi mudeu Uasunauademunudendn Setae U3t
90UT89 Acervulus ANwaIEN1TA39 Setae vouLT 0311 1T U
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Fnvmeiiliiaed WasuuUasldnuanimuesenminisade
Appressorium hana ﬁwﬁqﬁﬁfﬂmaL‘ﬁmﬁﬂwngﬂiﬁmawﬁw
naufadienszues niogussliudueu lasidesn ¢
gloeosporioides L‘TJULG“EamLﬂ@liﬂLLauLLwiﬂIuaﬁﬁwﬁ’zymaﬂﬁma
na1eviia lnenunisidhatslunsiimaleaieiug lunisidn
Yaneuzaasiu Wesn C gloeosporioides @315avIRLEL
\Ainonislsalsnnsvezassnsiaiaiivlaveszaing fusszey
Fanen Haseu aunsTRsUIINgWUaIN1TYaslsALauLTTAlua
Toraudeuzaagnudafiuifed Feaenndosiussauves
Nuchnuanrat & Jitsatta (2021) finusn o C gloeosporioides
dudeanvlsauouunsaluavosuzaiisenias wavanansaud
viagldiAeunndiu Tnsuansenisiduunagauilu fs wiena
wazsnniinsidvhanefisusssiazshliennisluuds Sawden
Fononuislifiona nauh wanilulsandanisiiuieafiddayves
SN

Figure 2 Colletotrichum gloeosporioides MO5: a. colony on PDA medium, b.
conidia.

2. NanIeaeuAINaIsaYesn i liinelse (Pathogenicity
test) voudosituluszaialagds Detached leaf

NNITNA@DUANNANTA UYL AALTALD ULNTA
Tuaveadiosn C gloeosporioides Auenldarnlunzaiasiiuana
gmssauia 20 lelwan naseuiulunzieiilduansenas
Tsa Wonsranandanisugnife nud Wesiiia 20 Telean 7
wonlaauisavililunzsinaineinistsalannlaan lnewudn
a1 C. gloeosporioides M05 annsasiliAnlsauuluazaiag
#guussiian Tnsunadidiinauazvroiduisniseonly e
Wisuieuiuiinsidieuiieu (Control) Fslinuanisise lng
ﬁLé'whuguéﬂawuamwamﬁawim"‘u 1.96 Wwufiwns Fada
wanensfumeadftuidnsieuiisuiilinuennisvedlse uwax
Telsandu 4 (Table 1 uay Figure 2)

INNINAdUAMNEINITaUNTYI IR A AlsAuuly
uziseuiiiddeigeu Juduluil 4 - 5 Yuansen iunda
uAnA 7 $u wu esn C. gloeosporioides ynlolean aanse
Filluszauansenislanld Seaenrdosiumenuves Chiangsin
et al (2016) ﬁﬁ’lﬂ’liﬂqm‘f@ﬁ C. gloeosporioides aauulug oy
warluuvasuzshainenliEnesdaduaummuedlsanouunsa
Tua nui Wonansadwhanglugeuldlneuansernisanin
vsnaiilesdvhats waswedilewdeludsududithana
wignifes Fsfinnuguussvesisauuludeuindy 25.7 -
46.0 % seslsinuuuluunlivanieinisvedlse
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Table 1 Pathogenicity test of Colletotrichum gloeosporioides isolates on

mango leaves using plug inoculation method for 10 days

Isolates Disease diameter (cm)
Control 0.00"
C. gloeosporioides M01 1.45%%f
C. gloeosporioides M02 1.45%%"
C. gloeosporioides M03 1.17%
C. gloeosporioides M04 1697
C. gloeosporioides M05 1.96°
C. gloeosporioides M06 1,607
C. gloeosporioides M0O7 1.40°%
C. gloeosporioides M08 1.627>%
C gloeosporiofdes M09 1.47°
. gloeosporioides M10 1.607%
. gloeosporioides M11 1.17%
. gloeosporioides M12 1.36%"
. gloeosporioides M13 1.78%¢
. gloeosporioides M14 0.92°
. gloeosporioides M15 1.28°%
. gloeosporioides M16 1.73%
. gloeosporioides M17 1.73%
. gloeosporioides M18 1.40°%f
. gloeosporioides M19 1,530
. gloeosporioides M20 1.82%
CV. (%) 16.36

% Average of four replications. Means followed by the same letter in a column
were not significantly different by DMRT at P=0.05.

control MD3 Mo4
[

3

b
% |
|

Mo7 Mio M1

M14 M15 M16 M17 Mm18 M19

Figure 3 Pathogenicity test of Colletotrichum gloeosporioides isolates
on mango leaves using plug inoculation method for 10 days.

3. Han1INAToUYTEF NS nIWYe LT 859 Trichoderma
asperellum Zumsz]’w“ymma7§5y°z/au°z‘f“ya575’747/1937/@025%%
unsaluavoszii9lng3sid sudoluemissau (Biculture
antagonistic test)

n1snadeulssd@ns nanvead 031 Trichoderma
asperellum Wisuifleuiudeslaslawmedin sauou 3 anevug
1$ur o3 T, harzianum (anewusnsuisnisinums) Wes T,
harzianum (aﬂsﬁuﬁﬂﬁiﬁﬁ 1) uag a3 Trichoderma spp.
(aeiugnasdn 2) lunisdusnsatyuesdenauslsauey
unsaluavenzaag C gloeosporioides M05 Tensiaeaielu
9115320 WANISNAABY WUT 1§D T. harzianum (a1Bsiug
NFUIVINITNBAT) mmiﬂﬁugamiLa%zgﬁuaué’u‘tm%aiwmwna
Tsavuenaidsadosnldfian Wity 87.92 % defiaana
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uandanuadanuiesilasiamesuaieugdu o seaun

¢ Wos T. asperellum AGBM annsadudsnsissyuoadu
lowesannalsavuomsdsud esauld 8639 % a5
Trichoderma spp. (@18Wugn15A1 1) annsadudimsieiees
dloidosamglsauuomsiasadoduild 86.11 % way 1o
31 T. harzianum (e8Wugn1561 2) ansndudanaaiaes
dldenaumelsauuomaiasadesuld 85.28 % (Table 2)

\oslaslawedan s 4 mesiug ifanuuansineiums
alunstiudmsassaasueaites C. sloeosporioides Mo5 Tne
wu Wow 7. harzianum (EneviugnainNENYAT) aunsnduds
msassavesvead osaummlsauuewnadsadosuild Wity
84.51 % 5090331 I un 1091 T harzianum (aneus nnsén 1)
annsndiudanmsadalosveadenavnlsauuemaa sades
1§ winfu 81.69 % Wesn T, asperellum AGBM a1unsadusanis
afaveivendesanvalsavuomndsndedauld Wiy
78.87 % wazLd 051 Trichoderma spp. (@189 Ug N15A1 2)
ausaduinsadvavesvendenamglinuuemaideade

5lA WU 74.65 % (Table 2)
Table 2 Efficacy of Trichoderma isolates for growth inhibition of
Colletotrichum gloeosporioides M05 causing anthracnose disease of mango

using bi-culture antagonistic test

Treatment Colony Mycelium Spore Sporulation
diameter growth (x 10° inhibition?
(cm)  inhibition” (%) spores/ml) (%)
Control 9.00° - 17.75° -
T. asperellum 1.23° 86.39" 3.75° 78.87
AGBM
T. hazionum DOA ~ 1.09° 87.92° 2.75° 84.51
T. harzianum 1.25° 86.11° 3.25 81.69
Commercial 1
Trichoderma spp. 1.33° 85.28" 4.50° 74.65
Commercial 2
CV. (%) 1.90 0.76 28.53 9.81

Y22 o of growth inhibition followed as

(RC - RT) / RC x 100.

RC = the colony diameter of C. gloeosporioides in petri dish without
Trichoderma isolate (Control).

RT = the colony diameter of C. gloeosporioides in petri dish with
Trichoderma isolate (Bi-culture).

abe Average of four replications. Means followed by the same letter in a
column were not significantly different by DMRT at P=0.05.

MsVedeUAINEILIATeLT a1 leslanes i lun1sg U
& - e . o
W31 C gloeosporioides WomavinlsAkouunsaluamza lngld
Woes1 T. asperellum, T. harzianum Wag Trichoderma spp. Wui
& s & v sag v a a a
Weslnslawmesuniia 4 anewug i ldneaeud Ussdnsamlunis
§Ug IS rolieTamelsaluias UAnnT Feenadadiu
518971U94 De los Santos-Villalobos et al. (2013) 9 wu3 & 051
T. asperellum @3T8 UIINTAS YOI C gloeosporioides
mmmimuammiﬂiuaﬂuawuu WAy Zapata -Sarmiento et al.
(2020) fiwuin o T, asperellum amnsadudimsasaenden
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Stemphylium vesicarium anwalsalulnsivemeniilvafivgnly
Ussinaindln wavaonrdesiuT89IuYes Ratanacherdchai et al
(2019) lumsmeaeulditen T. asperellum lumsdudimswaues
\eawmlsaniivesndaelsl fau38 Biculture test wud1 Wo
T. asperellum ansadudamsasaueadilaios Phytophthora
palmivora V04 i 71.67 %. wenaniianTenUTes Leamkheng
et al. (2018) lun1svasoud 831 Trichoderma spp. Wit anuAwlsn
TruurungSuilinanides) Scerotium rolfsii WU Fen T,
harzianum lelsav T-30 SussAvSmmgan aunsadudsnisiadey
vouTon S. rolfsii i lsalauiunupe Tl winfu 89.97 9% 3
\ 031 Trichoderma spp. finalnlunsdud m?amquﬁyaﬁ 1Ju
awmadsaily We3snsdondeu wselulsdn lnaltidulavn
Wwnaseu 9 Lé’u‘LEJLGTJva'ﬁmLmIiﬂﬁsa mudluesgluduleves
Womammlaafiglalnonisdmidesvioeuleiazanemindly
veaeavnlsaity udalommsanidosamnlsaity (Kaewchai,
2012)
4. n7mmamjszﬁwﬁmwwam‘fyaﬂ Trichoderma asperellum
lumsaavaulsaueuunsaluavesussinmeldanimlsusou
9nn1sMadeuUsEANs amvead 851 Trichoderma
asperellum lumsauaulsawauunsalugwauwnsaluanels
anmlsedeu Wisusutuideslaslamesun s1uau 3 a1e
g I s 7. harzianum (etugnssdnnisinems) (e
31 T. harzianum (@18WU§N15A1 1) way \091 Trichoderma
spp. (@witugn1sin 2) Tnsdenuadesuriuassveatesilasla
Wwefuusazaeiug fenadutu 1.0 x 10° aleisiodadans
asuulugewvesznndudanuiealesuriuassveden
C. gloeosporioides M5 aivnlsALOULNTAlUALEZL TiA
Wudu 1.0 x 10° aveisiedindans wazvmiolnsnisaquiy
uzalegenatadnluanIn Moist chamber Tuannlsusou
TnawSeudlousulunziaeiidaudeaUesuriuassve e
C. gloeosporioides MO5 LileDE1LAED
TnmsUsedunaielsed 1 - 7 Sundsaide wuin lu
uzsheiaanuseaUeiuruaesveadien C gloeosporioides MO5
Wesegadien (Control) fnswansennislsauouunsaluauud o
AauAnseERRfUNsaaTueaUasuuRetesdeTlnsta
wosinsude Tnefinmsislsauuludaus 1 undnie winfu
10.67 % wazdlevudadunm 7 5u wui fmsialsaudluditu
agwaiios ity 20.39 % Tuvadinisamusealesuriuaey
Yeudies T, asperellum AGBM e Snsielsauulu 1 Suvda
Uudle Wit 1.62 % way uavdlevndaliunm 4 Yu nui ims
Aelsaunlu wiiu 4.57 % Telifinsfisd uesmsiialsaauds 7
Fundsiude dslifiauuansnameadftunssanusseades
wuaeETeNde T, harzianum (EneiugnTivINMINGN3) Fon
T. harzianum (maﬁuﬁ:ﬂﬁﬁﬂ 1) ugg Wem Trichoderma spp. (@
WWGNIM 2) e (Table 3)
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Table 3 Disease incidence on mango leaves after spraying with spore suspension of Trichoderma isolates and Colletotrichum gloeosporioides under

greenhouse condition
Treatment Disease incidence on mango leaves" (%)
Days after incubated (days)
1 2 3 4 5 6 7

Control 10.67° 14.09° 16.72° 17.79° 19.82° 20.39° 20.39°
T. asperellum AGBM 1.62° 3.00° 3.78° a57° a57° a57° 4.57°
T. harzianum DOA 0.00° 0.00° 0.96" 0.96" 0.96" 0.96" 0.96"
T. harzianum Commercial 1 0.00° 2.38° 2.38° 3.27° 3.27° 3.27° 3.27°
Trichoderma spp. Commercial 2 0.00° 1.47° 1.47° 1.47° 1.47° 1.47° 1.47°
C.V (%) 165.33 115.25 78.44 66.36 65.99 61.36 61.36

Y 9 of disease incidence followed as
(LI - LT) /LI x100.

LI = the number of infected leaves.
LT = the total number of leaves.

2P Average of four replications. Means followed by the same letter in a column were not significantly different by DMRT at P=0.05.

W31 T. asperellum AGBM laifiruuanansiunisaia
Tunismavaulsauouunsaluanieldaninlsasou e
Wisuifeutuideslaslamesin s 3 aewus Wud Wos
T. harzianum (F18WUSNIUIVINTSNYAT) o1 T. harzianum
(@eugNITAN 1) wae \Wo51 Trichoderma spp. (@efiugN13AN
2) Taeitos 7. asperellum AGBM ansnsomunslsauouunsn

Tuauulunzaing 1 - 7 Jundeudle wiriu 84.87 84.87 77.36
74.33 76.96 77.60 Uaz 77.60 % Aua16U

Tusasindovnderdunan 7 5u Wes1 T. harzianum
(aewusnaAmMEnYms) Wos 7. harzianum (@1eWUSN1SAN
1) waz1d 031 Trichoderma spp. (@18WUEN15A1 2) @319
AvaulsAkeulnsAluauulunzinala Wiy 95.28 83.94 uay
92.79 % suaeU (Table 4)

Table 4 Efficacy of Trichoderma isolates for controlling of anthracnose disease under greenhouse condition

Treatment

Disease control” (%)

Days after incubated (days)

1 2 3 4 5 6 7
T. asperellum AGBM 84.87% 78.68 77.36 74.33 76.96 77.60 77.60
T. harzianum DOA 100.00 100.00 94.25 94.60 95.15 95.28 95.28
T. harzianum Commercial 1 100.00 83.10 85.76 81.60 83.48 83.94 83.94
Trichoderma spp. Commercial 2 100.00 89.56 91.20 91.73 92.58 92.79 92.79
CV (%) 9.09 24.42 22.48 22.76 20.09 19.44 19.44

Y 9% of disease control followed as
(DC - DT) / DC x 100.

DC = the number of infected leaves without spraying Trichoderma isolate (Control).

DT = the number of infected leaves after spraying with Trichoderma isolates.

“Average of four replications. Means in a column were not significantly different by DMRT at P=0.05.

21nn1sNAasuUsEdns nwvead 891 Trichoderma
asperellum lunsmunulsaouunselua wWisufisutudon
T. harzianum wae Trichoderma spp. Wui Weslaslaweianta 4
meusitlinagouduszav nmlunsmuaumalinlsaueuunsa
Tuanmeldanmlsaseuls 3saenndosiusenuves Somrmg &
Teanglum (2016) finuin nsléideslaslamesinvingn Taens
anuidndedorimlamesintoulgn mawinutevsinaaudon
Ipslanedinnoutgn ussmsruideslnslamesinieulgnins &
UszAnsamlunseugulsesadunivesinyduilamaaesld
Tnemunsiialsasnadiuena 5.00 % WleonSsuidisuiuudasilaily
Woslslawesan (wasmunaw) numsiialsasaisvngsiae
Wit 16.25 % wenaniimslfideslnslaimesinmnisinatoniu
geuaznanAnvesints Weasu 35 Sumdsugn wuin g es
Ipslanasanteliduintaimmugeiign wirfu 319 wuitms Tae
dntsitlddenlmslanosinlinandnsewing 2.47-2.67 Alandu/
ms19ums luraefiuvasibilddenlaslanosin Winandn 237
Alansu/msans wennndmsliden T harzianum Seilseanu
Jannsamugalsandiimavesdiloluuannueansls Tnenis

16031 T. harzianum fivsedvsnmaiuaulseyeduimaluwia
naumsAuedlda lusnansainnsidansesdendalnstu Tuvue
A o & o v & . a '
Mvdsnsiungs msldiden T. harzianum Sanuguuseveslsaeg
a o = v | aa aa P A o
fszav 2 Fedeeninisamuqundanusuusivedsnog Asedu 3
(Na Nan et al, 2017)

PNUANIINAADIT WU n151YL 031 T, asperellum
AN1NS0AANISAALIALBULNTALLEN lUVBINEa e Nensaaaull
Wunmsvaseudesiudmiunsldidies 7. asperellum ieauau
TsAnauuwmsAluauz v lussasuanlus auluannlsaS aunnaad 39
anudnduedd wazdsadinsAnwidiiuduiendiunmsmeaaauns
muAulsAluTzET U aRDN LazsTezi U 87 AADAIUINIS
negauluanLlameaaiof nw I iLELN e U RIS Yise
ANLD VBINT LY L B M AN AUA UT 395 HLLIRINITUNS TTUIRTB
TsauweuunsatuaiasihlUltlunsamunulsalifivsednsnnsaly

d3UNaN1339y
W31 T, asperellum AGBM Tvikalunmseug sn1sias giiu
mnudilewarnsasnsaUasveaties C gloeosporioides a1we)
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Tsaueuunsaluavesuzasimenldluiesfvinnsldos 1ed
Uszavisnm Toedl % dudamsmsiasyoadulowasmsadsaves
o071 C gloeosporioides MO5 71 86.39 wag 78.87 % mudndiu
HanIegeuUsEdns mulunisaunulsaueuunsalugaluanin
TsaSounaans wuin Wes T, asperellum AGBM lUszdvamlu
m3nuAslsaLeuunsAluals 77.60 % lasauisaniunulsalyl
winAnsanmsldidos T harzianum (@estus nsudsnisinens
wazaneiugnIsAn)

AnRnssuUszme

YovoUAMAIVIT¥InAlulad n1TinYna s
AuzmALLLATNISINYAT UMINYNTETNVTYUMAITAY kay
dinamunwnssneaiatus Aaduayunasfusl uazaouiily
MsAliunuide
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ABSTRACT

Keyword
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The efficacy test of the fungus Trichoderma asperellum in controlling anthracnose
disease of water apple, caused by the fungus Colletotrichum gloeosporioides, was
conducted by isolating the disease-causing fungus from mango leaves using the tissue
transplanting method. A total of 20 isolates were tested for pathogenicity using the
detached leaves method. It was found that isolate MO5 induced the most severe disease
symptoms. In assessing the effectiveness of T. asperellum in inhibiting the growth of
C. gloeosporioides hyphae, the bi-culture method revealed that *T. asperellum* could
inhibit hyphal growth and spore production by C. gloeosporioides* by 86.39 % and
78.87 %, respectively. Additionally, T. asperellum effectively controlled anthracnose
on mango leaves in a laboratory greenhouse, achieving a 77.60 % reduction. However,
no statistically significant difference was observed compared to T. harzianum (the
Department of Agriculture strain) (p < 0.05).
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waesiugeddni 60 lagvinn1sinAunmuazesdusznauna
= o P 2 & & &
wil Msinaunn loun dveuufin wand Anuduluwdn uag
3 % (3 a v ' 2 a
AMINENTBINER NTinasAUsznoumandl laiun Ysunadusiu
Tuda warUiinaluiuluda

gunsaluazIsn1side

sudunsideluiiufiduanuesde sunevuasiee
Faningnssll YIuAunTIAY 09 WYY 2566 ATI9ADY
AnduTRveIRUnNBUNAARY WU ﬁuﬁmm%uaajﬁ 2.86 % uay
AMSLAUAULUY composite sample it oTiAszauTAnIwadl
YpsfunuInounIsnaassfuiunsada (pH 5.41) USunwu
Sun3eingegluseius (6.05 nfuw/Alansa) Usinalulnsiay
suuaglnunadouegluszdusinann (0.26 n3u/Alandu uag 24
fladnsw/Alansu mudidv) Viinamleavlesaiiduustlowdieg
Tusgaudunans (10.75 Tadnsu/Alansu waziuldidufupu
(A5l 0.29 naTud/ung

ldwUamaaeuuin 3x3 Wns seezUan 50x20 LWUALLNT
Fansudasgnlneldfagdunidedafeatoulgn uazquasnu
muALUznveInsIIINsinens lnglddeiaiigns 12-24-12
S 25 Alandw/ls 1 ads iledamdeseny 15-20 Yumdsgn T
duuunsgaresiudamn q 10-14 Ju hialsauasunasaaon
syozaUgn WuAnwdatusdandesiugifodu 60 Tuus
azudasitongiiuifen 90 Fundsgn (swvgilnduiaa) i
whawugiumdesdusziiununmiazesdusznauniaad
vauudnluiealfifinis sununisvaasswuuguauysal
(Completely randomized design, CRD) lagn1uualudl 9
n3sIBnanes S1uau 3 91 (Wag) Auigluil

a

nssudsvaaedi 1 LildTandunid (ynaiuaw)

il q

n3sTEneae 2 ladeialinusinunsns (gns 16-8-8
831 20 Alansu/ls)

nssisneaesd 3 lawadsne 2 su/ls
nssAtnnanadl 4 layatadne 2 fu/ls
nssuiBnaaadl 5 ldyalishs 2 fu/ls
nysuisneaesd 6 ladudnnim 2 fu/ls

n5513 MA@ 7 TdanuTinmdnsn 1 du/ls sauduning
4139051 1 du/ls

n35UTsNAae 8 laaudinmdns 1 dw/ls Saufduya
Tiona 1w/l

n33uTsNAaei 9 laadinmgns 1 dw/ls sauduya
lngwsn 1 du/ls
lngnsiaaevantiniuaiiuazUsunsine msvesian
a a6 1 a [
dunsdusasuiinnalandly Table 1
MITUUTINNANITINADY
2 o d o cd - v | 4 2
nuiguinaiuguviesiugidedul 60 Maudasssasinuien
81y 90 Jundsugn (Figure 1) thnandadilduinzimiziudayi
nsnsrainnunuazesrUsznauLaivewdn lagviinig
Juiinwanisnaaaaall

Figure 1 Soybean seeds cv. Chiang Mai 60 at 90 days after planting.

1. A MA1uEveUNdn (seed colour) Tndludndae
\A3a¢Ind (Chroma Meter CR-400, Konica Minolta, Japan) lag
thudnduvdesldinenesdorglidenlngliisefuvesndniaue
fuveusuuwwesde Tadesfletndudatuivudadaumnios
wniiga Tufinen L a uaz b daen L Ao Auaninmainsvesd
WA A1 a WERSELTEN warAT b waRstAARIYRLLAR Tnavh
A5 Yastavan 3 % Im&JLwiazﬂ%gﬂfiaui'mﬁwmmqﬂmé’%mﬁﬂiﬁ
nszeaLaLe

2. dwiiniudin 100 wéa (grams/100 seeds) Tnogaiiy
wansiuau 100 waaanduimin

3. WA (good seed) Tngrinisdaimdniudndt e
Fawdndouazwdaiidulsaeen anduimsdaimdnues
wandnakandlu Figure 2 WagyinnIsAUIN % Wand (ISTA,
2010)

WEed (%) = thaihudetmue - dwdnwdad x 100

mTnudanmue

Figure 2 Good seed (A) damaged seed (B) of soybean seed cv. Chiang Mai 60.

4. aud uluudn (% moisture content) Y1LuE A7
WA BINAFRUANUTUMEIT Hot air oven method UuaaLdn
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fauilgaumgll 100 ssrnwaidea Wunan 72 F9lus Fadnidn
o ° & = % o aa
M9V AUIMANT DY % laguninan anu3sved ISTA
(2010)
utilugdn 96) = dviinedaneusu-dviinudevdseu x 100
Yninneuau

5. A2LIBNUBLAR (% seed germination) NAEBUAIE
ATNIZUUNTEABINIE (between paper test) A1MUALATIA
00 0.5-1.0 wuiwnsiuduadaiisen vnstusiuuguisen
Tufuil 7 veensvaaes Fawvadudnuaizang q Ao dusenund
FusenRaund wiauda fusas % Anuenansvaumdaisen
Un@ mu3dues ISTA (2010)

6. Usunadlusiunazlusiulumén (protein content and
fat content, g/100g) AM135U84 AOAC (2019)

TR N19af A 2875 analysis of variance wag
Wisuisunuwane1909ARE BufanIsu33 a3 LSD

(Least significant difference test)

HauazINIalNan1ITY
RO A FYBUER (seed colour)

nsdanisulasgndamdesiugifoda 60 Tuusas
n53u35 W Wlddanuan (gaauaw) ladewndnuisinunsns
Tenetna Tdyats Tdyala Tdawdinn Tdaudinmsauiuning
411 ldamdinmswiuyata wasldaudinnsiuduyaln ud
aznIsuIsdnauniudvesudniugliunneiunsadd ns
I anduvidussiansing  Liflaserdvesudadaindesiiuans
anwazAMANEMEA1 L uansdls A1Aueadng (lightness) veq
wiawusdundesdAneds 50.57-53.72 A1 a wanafadiden
(greenness) A 1La8 8 2.38-3.16 WAZA1 b LAAHIF LN 04
(vellowness) voaLudnila1Lady 20.24-23.74 (Table 2) Avos
wimiugifunidluamnmudniignimuslunesgiunsiude
wanduvdes lnsaunmdaduvdesiadesddniudadua
AR (Department of Internal Trade, 2011) %Q‘lunﬂﬂiiﬁ%
nsdansulasgnieTanduvsussiving q Tunsfnunilsl
firnuuansamsadiivesdiiudndvies Ssdnwaurdvesiudn
Wugfiusngaeuenlasnmsiududivasaiausiue waghi
wudiwdadauvdondudifer Fednuurdiduiveandniusi
wdssiudndudnuusdosnuninegramisitlifouiiludu
Wi aus s oundlsssuataviuld widngndsluss
1599UKERD1MNIERT (Somboonkaew et al., 2022)
hninwdn 100 wén

twmitinidn 100 winvesdundosiuiidodml 60 Tuud
arnssuAsHanuuan1siun1eaid (P<0.01) wdndundos
dnin 100 wéannnssuisiadsogsening 19.05-31.33 n¥y
Tnoudndavdesiildannudasgnillatanduvidyata fdudn
win 100 winndsgeigauiiu 31.33 niy sesaunfedni
wdssitldanuvasgnillddeiad Tadwdinmsuduyats 1d
guganmsauiugaln Tdawdinan Tdaugininsiuiuiega
lalld¥anBuvidd (gamuau) warldyaln duhwdniuda 100 wén

212

LaadIEJLVIIWﬁJ‘U 28.56 27.11 23.38 23.32 22.09 19.12 uay 19.05
n$u swddu slarsinidminuda 100 windedos
Agaviadu 15.11 n§u (Table 3) 1WuLABIAUNITIIB91UDS
Nurmalasari et al. (2023) wuinya¥rilnataouinswauiin uas
ihinuidadesuludaundes fadlannisraaeunmauins
wiluazUTunusinemsvesiandunidililunismaaes (Table
1) Wil TandunidusazvieliuTinusimemsiunnseiy
TuyaNilldiduanusuussiuiidadnudiinusiglulasiaugsnin
yadnivindy 9 Fesglulasieuussdusznovveslsiudiiv
Tddmsunsuvaead wazfortestuieulslddaldlunis
dnsgviuas faduslulasiauiadutladonieiidusaimun
Usinauazauaeandeld uenaniyatadeilianmauugn
faulus wmass1ugeszruieuuaza e nald i was
UanUaaesnomnsiiunfiwlaf (Sudarsono et al., 2013)
WanA (sood seed)

% wanvesduvdeniusidedui 60 lundagnssiss
AMLUANANSTUN19ARE (P<0.05) dund el %iudndiade
67.51-81.58 % lngiudnd wndosii L annuuasugnitld an
Sunidusziamaudining % wandwdsuniian (81.58 %)
wazlduananaiunsadaiunisladend (80.38 %) sosasunfie
whadundesiildannuuasgniild drudanmsamiuringi 1
yady Lilldianduvsd (yamuay) Tdamdnmsiuduyata uay
Tdyaln § % waafindovindy 78.78 76.24 74.31 73.42 uaz
70.29 % snudau dunisladiuganimsiuiuyalnd % wanad
waedesigaviniu 67.51 uarliuandremsadAdunisldving
F1ufieseg1afien (68.14 %) (Table 3) 9nn1smaasaniadidy
nsndnudniugduvdedduggudeduiieia (seninadeu
unFANTLIBY) Tanunisszuinvesunasiiddgylunisudn
Toun Tsunanu waz wueweiln Wuuuasdagfivaiauingn
dsnaidovesionandnduvasndusgann (Sritongtae et al,
2021) wéadefinuUszneudiodaiidulsa winseu uay
wéafignuuanihanslasusasiidfalunisuanluggués Fatu
nMswandausduvdeud olwldudnquaimddaiu
Fndusomunuisnisdesiu uazidauuasdng osnuw
Aaunmnanaslidulunudnenmuesaneiiug
AwaluIdA (% moisture content)

arwiuluwdnvosdundeaiugifodn 60 luusias
ns5uIsianuuane 19t un19ad (P<0.05) wdndimd osdl
Araduads 8.53-9.15 % lnswdadamdesiildanuuasgnii
Tavhsdmudadieudundegeiigavindy 9.15 % duwdnd
wdosiilianuUasgnnssudseng q leun laildfanuan (yn
Auaw) Tadewndniudtinensns Tdyad Tayaln Tdawdinm
Tdduganmsauiuned ldawdinmsinduyats wagldam
Faamdafugaln wuhenudulusdadundesdialiunnsis
funsadAtaedeminiy 8.53-8.96 % (Table 3) wdawug sl
Arndugeasiintamelaviownmaigermslusnags iliiin
anufeunararmiudiindy anufeuilazausnniuagyiiliae
ftugBademniatu msduilenudddedniug fovn 1 %
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m’nmmiw,uamwuﬁaﬂaq mﬂmimmﬂwwaaLuamwuﬁumv
wnuBnwhi Savsngenu mmamwuﬁmmaawmmmw
9 % annsaiiusnwlduiy 6 ey uazmnwAnriugimdes
fananfifiannudy 8 % azannsadulduy 12 Wou
s uAuFInuRsUssLamiavdesudauildimuninnsgiu
Fusaaudureudadundadliliiiu 13 % lnsdinin
(National Bureau of Agricultural Commodity and Food
Standards, 2013) 9nnsAnyiluasiuandiidiuinnisdanis
wlasugniefandunidusziansailinanmudadindes
nunmdulununasgrudeimuaidosnuilusde
A7ANBNYBNUER (% seed germination)

% AsenvaaAnd undeaiugideddnl 60 luusias
n3sUTBTmNNLANASTUMeARA (P<0.01) wdadimdesiinam
soNvBINANRABDYTTNINN 61.09-85.14 % Tnsludadanded
I§annssuasiladoind lddwdanmsmiuyats uagldanu
Taniiesegnadier wuidamenvesudandegiiigauasli
UANAIAUNEf AT A1VAY 85.14 84.16 Way 83.42 %
AuEIRU sesaundedndamdesdildainudasgniildyats
audinmianduned awdanmsuduyaln laldTan
Sun3d (yneaunw) warnssdsaldSuyaliuiesne 2 fu/ls
danaliidnsmnuenvoundnduvdosiusidodlui 60 1de
1INy 80.55 80.35 79.38 73.22 uag 72.16 % Aud16U d2u
nslavhstnifissegadoriliudnduvdesd % nssentes
gty 61.09 % (Table 3) Wululddmednduiandunid
ffanueudussauszneundn fisnsdumivouselulasiou
g flansdnduuasdanuduesdusenaviiddailvisindenis
gopaany nslavhadniiliiiunszuaunsiinadiulufiulaenss
¥nazinnszuIuNIT immobilization & ewalidud Uil
lulpsiauanas wazeadarsiivnndvdnaliensinisienves
Wwananas (Kumar et al, 2008) 9111155183148
Arconrungsikul (2013) Wuin widawugugiewmaildainuuas
wanfiin1slaedunigisnsinissen wazmnuudsusevoaiudn
AnTdanuguzidemadildanulamdailadownd udain
nsdnwluwdadaundemiugifedvs 60 ndunuiinisliian
unsdanutinmsuivyad uasldadinmiiiesedaded
Usgdnsnmddamaliadndidnsnissenlisisannisladenad
Usinallusiu (protein content, g/100g)

windmdesiugifodin 60 luusaznssudsiviunm
TUsAuuanssfumeada (P<0.01) wdnduvaesiuiunalusiu
Wiy 30.71-04.91 nfusterhuiiniudadaundes 100 n¥u Tnsngu
vosiudniuvaesannnssis ladoindiondsinunns Tduats 1d
yaln Tdamdinmn ldaudnmsuduriedn Tdaudinm
sauduyats waglddudrinmsmiugald fusinaldsiuede
wniigauayliuandnafunsadfdauvinty 43.93-44.91 n3ude
dndnudndamdes 100 n3u sesannde winduvdosain
wlasugnilildiandunid (yamuau) dusunalusiuads
Wiy 35.11 n¥udedminiudadumdes 100 nu daunisld
Wstnifissegnafsnndndundesiiviinalusiuade oo iian
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Wity 30.71 nudterminiudadamdes 100 nfu (Table 3)
AuAsgIuAuAunEnIUTsLand Andosudauie Idfvun
nasiuisdunaa el do duil 1 sumudaduiugudnang
laishind 4.8 fafwms Usnalusiusnnndmewindu 36 % du
7l 2 yumdadusiugudnans laisndn 450 fadwns Ui
TUsiusnga 36 % wagdudl 3 vurnwdnaasvuin Usua
TUsdun" N2 1 36 % (National Bureau of Agricultural
Commodity and Food Standards, 2013) %ﬂmﬂmﬁmimﬂaaﬁ
wudn1sdansulasugndavdeaiugifedduy 60 Meian
suvsslunsarnsaiSdnlvgldwdmiugdavdeadulumunasi
wstunmamm Fuil 1 USinalusiusnnnimiewiniu 36 %)
sy windawdesanulasgnilaild Yanugn (emunm) uas
windwdesanulasgnillavhatmileseufen (Table 3)
Usuaulwshi (fat content, ¢/100g)

windmdosiusifedln 60 TuusagnssuAsiviua
lusfuuansinafumaada (P<0.01) windamdsaiuiunalusiy
\de 15.66-24.40 n¥ustethmiinudndandos 100 niu Taendgu
veawdniuvaesannssuisladndanin yats wazteiading
inwnsns Tuunailviuedsinniiganasliuandatumeada
fiAvindy 23.07-24.00 nudetuiniudadaundes 100 niu
auady sesaunfewdndundesanuuasgnitlanisin 1d
yaln ldamdinmsuiven tdaudnmsuduyats uay
Tdeudinmsauduyald dusanalefuedsliwandieiuma
afid Tnedlaiify 17.39-20.64 nuserdwiinuiadamdos 100
n3u dumdnimdesanudamgniililéandunsd (menunan)
wuifivsinalusuedetesfigadeiiy 15.66 niusethmin
wdadamdes 100 n3a (Table 3) WoiFsuifisuiunssoay
padUsEnoUMALAT AudN v UsEITus ves Auvdesius
\Foalua 60 fanad susunaleduluudalasindt 20 %
(Hongrat, 2003) Faanuanisnaassasadl wuinisianisula
Ugndvdeatugidodluel 60 fetanduvidnssuisasiuiua
lusiuludadavdesniidnuaususediug liun winda
wdesnuUasgnitlildtandunid (yaeuaw) lavhsdrauies
st Tayaln TdauTanmsaudurnedn (Table 3) 1919
\umasnnynasmevnsiidumaedlasulimnganszning
nshaidn wiemnuiulusdeiidnfulussniensazanlusi
dawalviiadndmdessiuiunallusfusile

d3Unan1339Y

nsdnnisulasgnavdssiusifedln 60 deian
Bunsduszianeng 4 Tnadennnmudniuguazesrusznouniy
wilvaadawusdundondodlua 60 Taeduuildud ey
AR ugwazerUsznaumaniiifisuvinnslddeiad
wandliifuinmaissuuinensegadsduluanmituiiugniiunn
Anugauauysallulwaniansiueesnidoanile lagn1s3nnis
wlasUgnieandunidannsalinananiudeiugdivdesid
auamdulumudorimunvesnnsgrududinunsussiani
wideuudauidla
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fnAnssuUsENA
voreUANdINUANENTIUNTANAS N INeIMans 38
warwinnssy (anad.) Niinsadvayunidedinedans
W wavuinnssuuseinUauyseunn 2565
Table 1 Chemical properties and fertilizer of organic materials use in these studies
Types of organic materials pH Organic matter N (%) C:N ratio P (%) K (%)
(%)
Straw 6.41 24.84 0.61 23.21:1 0.03 0.38
Cow manure 8.18 28.86 3.20 11.83:1 0.32 0.84
Chicken manure 8.65 27.75 1.39 4.94:1 2.10 1.37
Biochar 9.21 28.77 0.93 17.63:1 0.15 1.71

Table 2 Effect of organic materials on seed colour of soybean seeds cv. Chiang Mai 60 at 90 days after planting

Types of organic materials Seed Colour
L a b
Control (Without organic materials) 53.02 2.62 20.72
Chemical fertilizers (16-8-8) 52.73 2.79 21.11
Straw 50.57 2.68 20.24
Cow manure 53.72 254 21.61
Chicken manure 52.03 273 20.59
Biochar 51.41 2.66 20.93
Biochar + Straw 51.43 253 20.62
Biochar + Cow manure 52.95 2.38 23.74
Biochar + Chicken manure 52.72 3.16 21.21
F - test ns ns ns
CV (%) 3355 35.02 40.11

ns = non-significantly different.

Table 3 Effect of organic materials on quality and chemical composition of soybean seeds cv. Chiang Mai 60 at 90 days after planting

Quality and chemical composition of soybean seeds cv. Chiang Mai 60

Organic materials Seed weight* Good seed* Moisture Seed Protein Fat content®
(g/100 (%) content? germination® content (g/100g)
seeds) (%) (%) (g/100g)

Control (without organic materials) 19.12° 74.31° 853" 73.22° 35.11° 15.66°

Chemical fertilizers (16-8-8) 28.56" 80.38" 8.94° 85.14° 43.97° 23.07°

Straw 15.11° 68.14° 9.15° 61.09 30.71° 17.39°

Cow manure 31.33° 76.24° 8.56° 80.55" 4393° 23.33°

Chicken manure 19.05° 70.29° 8.67° 72.16C 44.01° 18.38"

Biochar 23.32° 81.58° 8.96° 83.42a 44.91° 24.40°

Biochar + Straw 22.09° 78.78" 8.75° 80.35b 44.5¢° 19.69°

Biochar + Cow manure 27.11° 73.42° 8.78° 84.16° 44.61° 20.32°

Biochar + Chicken manure 23.38° 67.51° 8.96° 79.38° 44337 20.64°
F_ tost P N N . x .

CV (%) 5201 3033 46.18 28.92 47.11 50.06

" Mean within the same column followed by different letters are significantly at p <0.01 using LSD.
ns = non-significantly different.

*= significantly different at P<0.05.

**= significantly different at P<0.01.
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ABSTRACT
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Farm management with organic materials is one of the sustainable agriculture practices
following sustainable development guidelines (SDGs) to reduce impacts on health and
the environment and increase efficiency in agricultural production in Thailand. This
study investigated the effect of different organic materials in planting plots of soybean
seeds cv. Chiang Mai 60 on seed quality and chemical composition. A completely
randomized design with three replications was used. The experiment was divided into
nine treatments consisting of: 1) control (without added organic materials), 2) chemical
fertilizers (16-8-8), 3) straw, 4) cow manure, 5) chicken manure, 6) biochar, 7) biochar
mixed with straw, 8) biochar mixed with cow manure, and 9) biochar mixed with
chicken manure. The results showed that the different types of organic materials affected
soybean seed quality, including seed weight, seed quantity, seed moisture, seed
germination, and the protein and fatty acid content of soybean seeds. However, seed
color was not significantly different among the applications of different organic
materials. The cow manure application resulted in the highest seed weight, whereas the
application of biochar and chemical fertilizers produced the highest quantity of good
seeds. The use of straw in the soybean planting plot led to the highest seed moisture.
The utilization of biochar mixed with cow manure and biochar alone resulted in the
highest seed germination, which was not significantly different from the use of chemical
fertilizers. The straw treatment resulted in the lowest protein content in the soybean
seeds. Additionally, the highest fat content in soybean seeds was observed under the
application of biochar and cow manure, with no significant difference from chemical
fertilizers. This indicated that organic materials could enhance the seed quality and
chemical composition of soybean seeds cv. Chiang Mai 60 to meet agricultural product
standards for soybeans.
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thanliduingavensdnd Fdlufudzndadunanasylsain
sz Ugniudends Faludendaduiiviasugiandaiy
vaaUszindlney luusagdfvsununisudndusiuiunn delu
mMamngUgniiudzvidiungjazliusslovionzdiuiiogld
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MsuATILIoyanNans

Foyaildfamunainnimeaass astwiiesigimany
wususau laeley analysis of variance (ANOVA) AMULHUNTS
NAADY dxd TnFaaniu uazUTeuiisumnuuanssves iy
YDINAAZNIMUUAFI83F least significant difference (lsd)
sefupudesiu 95 % (SAS, 1998)
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grlwanin Wiy 91.32 93.00 8.45 2.71 7.00 61.52 uay 35.63 %
ey wavludiudsndadadia winiu 90.15 92.00 21.39 5.60
8.00 43.15 uaz 30.20 % mudsu ddlutuduzvddadiaildly
nsveasdlsyaulusAulnaiAesiun1ssieeuves Phakachoed et
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Kaewkunya et al. (2020) Anwndneninveslududiendsaneiug
#na q WeltiduRvewnsdadutnanning nuin Tufudznds
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amnstu wazdSinamsiuldetemnuesiauy Nuno et al. (2022)
Anwinsldlududizndwadannuiaduuna dusfiulugas
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Table 1 Ingredients of concentrate feed
Ingredients % of DM
Rice bran 20.0
Soybean meal 24.0
Palm kernel meal 15.0
Cassava ship 35.5
Premix 1.0
Molasses 3.0
Salt 0.5
Urea 1.0
Total 100.0
Table 2 Chemical composition of concentrate feed, corn silage and cassava leaves pellet
Chemical composition (%) Concentrate Corn silage Cassava leaves pellet
Dry matter (DM,) 91.66 91.32 90.15
Organic matter (OM) 89.77 93.00 92.00
Crude protein (CP) 18.21 8.45 21.39
Ether extract (EE) 3.55 271 5.60
Ash 10.23 7.00 8.00
Neutral detergent fiber (NDF) 43.01 61.52 43.15
Acid detergent fiber (ADF) 22.65 35.63 30.20
Table 3 Effects of cassava leaves pellet replacing concentrate on nutrient digestibility
Item Levels of cassava leaves pellet SEM P-value
replacing concentrate (%)
0 10 20 30
Nutrient digestibility, %
Dry matter 69.52 68.33 68.54 69.15 0.47 0.34
Organic matter 72.06 71.42 71.22 70.06 0.69 0.32
Crude protein 70.87 70.04 70.09 69.31 0.79 0.57
Neutral detergent fiber 52.86 52.65 52.29 51.71 0.69 0.67
Acid detergent fiber 42.59 42.27 42.37 42.35 0.46 0.98
Table 4 Effects of cassava leaves pellet replacing concentrate on dry matter intake, milk yield and milk composition
Item Levels of cassava leaves pellet SEM P-value
replacing concentrate (%)
0 10 20 30
Feed intake (kg/d) 13.46 13.45 13.92 13.28 0.38 0.69
Milk yield (kg/d) 16.01° 15.75° 15.43% 14.36" 0.33 0.04
3.5 % FCM (kg/d) 17.52 16.78 16.55 14.78 0.62 0.12
Milk composition (%)
Fat 4.08 391 391 3.65 0.18 0.49
Protein 3.05 3.07 3.18 3.29 0.07 0.17
Lactose 4.67 4.73 4.76 4.75 0.06 0.79
Total solid 12.48 12.29 12.80 12.25 0.27 0.51
b Mean values in the same row with different superscripts differ significantly (P < 0.05).
Table 5 Effects of cassava leaves pellet replacing concentrate on ruminal pH, ruminal ammonia N, blood urea N and blood glucose
Item Levels of cassava leaves pellet replacing concentrate (%) SEM P-value
0 10 20 30
Ruminal pH
hour, 0 7.56 7.41 7.38 7.49 0.14 0.80
hour, 3 7.02 6.90 6.57 6.89 0.25 0.64
hour, 6 6.90 6.92 6.89 6.65 0.15 0.56
NHa-N, mg/dl
hour, 0 13.09 12.97 12.15 11.56 1.06 0.72
hour, 3 20.51 19.01 18.78 17.94 1.80 0.78
hour, 6 17.65 17.17 15.95 15.06 0.80 0.20
BUN, mg/dl
hour, 0 13.75 15.25 14.50 13.00 1.42 0.72
hour, 3 16.25 16.50 17.50 15.50 1.32 0.76
hour, 6 13.25 14.25 14.15 12.25 1.72 0.82
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Table 5 Effects of cassava leaves pellet replacing concentrate on ruminal pH, ruminal ammonia N, blood urea N and blood glucose (Cont.)
ltem Levels of cassava leaves pellet SEM P-value
replacing concentrate (%)
0 10 20 30
Glucose, mg/dl
hour, 0 57.75 58.75 55.50 56.75 1.12 0.29
hour, 3 58.50 59.75 56.25 54.75 2.16 0.43
hour, 6 61.25° 60.50° 58.50 57.25 0.82 0.04

2% Mean values in the same row with different superscripts differ significantly (P < 0.05).
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ABSTRACT

The objective of this study was to investigate the effects of cassava leaves pellet
replacing concentrate on rumen fermentation milk yield and milk composition of dairy
cows. Four lactating Holstein Friesian crossbred dairy cows with average body weight
426.00 + 19.03 kg, days-in-milk (DIM) 75 + 36 day and milk production 17.32 + 3.59
kg. The 4x4 Latin square design was conducted in 21 days with a 14-day animal
adjustment period and a 7-day data collection period. Treatments were dietary
replacement of cassava leaves pellet for concentrate at levels of 0 10 20 and 30 %
respectively. The results found that the effects of cassava leaves pellet replacing
concentrate has no effect on dry matter intake, nutrient digestibility, ruminal pH,
ammonia nitrogen in rumen, blood urea nitrogen and milk compositions (P > 0.05). The
effects of cassava leaves pellet replacing concentrate at 10 and 20 % have no effect on
milk yield and blood glucose (P > 0.05), but milk yield and blood glucose were
decreased by replacing 30 % of concentrate with cassava leaves pellet (P < 0.05).
Therefore, cassava leaves pellet can successfully replace concentrate up to 20 % without
affecting the production of dairy cows.
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VLé’ﬂsaﬂLﬁaﬁmawqﬂmﬁué’ﬂwﬂﬁ'mamuﬁu (Govari & Pexara,
2018) Famnguilaaldsuarsienandluvinadigadundig
NIENTRATTUAVAMUA B1dmadeguA Nkarldu ARG
lsauziSald msnzansusznaululasviagyiugisendunsalu
nsznzevsvesLywduazUAsuduas Nlulnseniiu fadu
asvigadudeuaznszduliiAnuzdusisnouyed (Sen et al,
1969) frevni Univn1siddfnwuiiemastudeainamis
sssurAtielinaunuasduanzilungululasy wagwuinnis
Tayulnslunguieioana 1wy suwe nsziiion vienumgidu
wwvnanisiiannsanaunuamsiudedauasgils (Hustad et
al., 1973)

nung (Clove) 7 an193nemrans ¥ Syzyeium
aromaticum 3neglud Myrtaceae n15lduseleriannung
fodndunililugitiyarvesaulneiifiindusefnivautagty
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ﬂ’luW’sJLﬁuﬁ“ljﬁﬁfm%gUﬂzﬁﬂ’liLﬁﬁiyLaUIWUE)\‘iLLUﬂﬁL%EJLLaBL‘%’e)ﬂ
16 Fegminunafelfiuarsesnguivanisunnd (De Azeredo
et al,, 2011) Imaaﬂﬁﬂizﬂawéﬂmaamquﬁﬁasiwqm‘lmlﬁiu
yagnazogludiuvesnenguisdihifuneussve fiendiansy
Juea (Eugenol) A151alWau (Caryophyllene) Warlausen
(Flavonoid) +A@ 5 L9¥ u (Quercetin) LATLNDT N UBH A
(Terpenoids) Aduansdufinmssniau lidounans ane1ns
WHuUan LLaxé’wua%aSaiz (El-Maati et al., 2016; Moon et al.,
2011) AnauautAnInand viliniunggniuiseynely
Usglevdlumansnarouuus 1w Tusunsndauadnd niuwg
gnianldiduansiduusisluomsdniiierindszansamnns
wigdulauagusuussauamenvesdnidn Fasduldain
57847784 Ertas et al. (2005) finun mna’%mmuwaﬁsvﬁu 2
ﬂiﬂuammmi ﬁlvaamaivimsLﬁ]immuiml,ammmwmﬂﬁuaﬂﬂ
nsEVNTY maamuammmiamLasmﬁmmqmimmﬂmLLaum
miqiyt,aau'ﬁmaNmsﬂqqqﬂlmamquuammgmaaam (P <
0.05) t3ululufiemiaifisafusies1uifeass Suliman et al.
(2021) AldAnmnsldnsnunguilaiinsmsnisaiyiulaua
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suunnmnmennuastinsgmawainudt nsldneniungiasuly
amsansadwalinsnsasyivinveslinsnedty uasd
Usuad % mﬂLﬁwﬁuadwﬁﬁaﬁﬁmmnaaﬁ (P < 0.05)
Tudugnamnssundaidednfuazndndel wuin
nuwggnianldiduansiuymilevsasnisidouidslundnfasi
wUs3unaneaiia (Gulcin et al., 2004) Aaziiuldainseanuves
Kumar & Tanwar (2011) finuin mslduanungiiudiuyszneu
Tundnfasidninlifisedu 3 nfusoflansy annsnfiuie
duitadia nisvousulan uazasUszanauvuaidstudeulu
wanfueiadldidotdusnuliigunnd 4 °C wuds 15 fu
donndostuLAITeues Lone (2022) fina1yin mslduaniumg
Gudrunauvesdelaioulssuidundnsumivesinesissiv 2
fla 4 n$usielansy ansnsoannaulifiesyasd (nduiiu) uazda
a1gnsiusnvmdndusilauuds 14 Tu Tnglidwansznude
Aufisnelavesiusinm sgnslsiniy udinnisldnniungas
dwaludavinslusunmananmauedniuasgaamnssunis

Hanedniuazulsgundnduen winuidelulssmalvendnw

= 19

fasziumsasufimunvaulaglddmansenudetadosudy wu
3 ndu sa Mdsuluvessdndust Saffogaeudrediia dadu
miﬁﬂmﬂ%ﬂﬂfﬁdﬁ%qﬂﬁxaqmﬁaﬁﬂmmamadﬁxﬁumﬂﬂ’qu
mqu&iammJ5suLLUad@mmwwﬁmﬁmﬂlﬁmaﬂld wagn1son
argn1shusnwvastdnsenlnaeldnisussquuugeaine
gunsaluazIsn1ide
A1 I0E 9

nsAnwmafadinsoudiegasldnsenta Tasduie
azlunlnufuanvuialwldussunas 2 x 1.5 x 2 lufiiuns
wdantuiinunazeadeeiecdunay deldnsonlnfinant
ansiugiu Ao toanln 54 9% sfuuds 18 % uuds 24 %
winlvesh 0.5 % nszifien 0.75 % nde 1.35 % tiansie 1
% WAARNTUU 0.2 % \A3eumeRax 0.2 % wazdnisifuiade
N15NARBY AB NINTUNGNIINITA (BioSpice”™ s aN15AN
2061100015) 7iszéu 0 (lsiiadu) 3.5 uay 5 dadnsusedlansy
vasldnsenln muunun1sVaaeuUduanysal (Completely
randomized design; CRD) ndsanniuinisussqiileldnsenas
Tulddaunszvudnindelvfivuinlseunudony 40 nsu nou
ussqadlugauazisenimeeniteliildnsenagluaniwanayinia
FhelriesusTagyIMALUURSLTY DQ VC 360 Series (Tagvin

At~

30 19 97978N15NARDY) AIUNANLAENTEUIUNITNNSHERLE

Figure 1 Ingredients and chicken sausage processing.
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nIsukazUTInToya

1. dnstaimihdudusaruiindhminiudueuvesld
nsenlanndegrsneuiluvinisussyguginasasiluiu
Snunfigumgdl 4 °C wdsanitu edeandalusdl 24 uas 48
voansifivine vnisduldnsenliesnun 3 disengunis
NAADY ﬁwmﬁaﬁmﬁ”ﬂﬁﬂﬂ%ﬁLﬁaﬁwmiﬂizLﬁummsﬁagl,ﬁmfﬂ
SENTNNISAUSIY o Flusd 24 uag 48 musnnsves
Warner (2017) LLaw‘hmi‘UszLﬁummﬁngl,ﬁmfﬁwdmminn
an MuIBNI5YeY Aaslyng et al. (2003)

2. Wil 57 uay 14 veamaifiuinw vhnsduldnsen
livenuteg1sas 3 Trvendumvanes itoTaendvesiofe
\A389 Hunter Lab Color InatufinAnaiuaing (Lightness, L¥)
AAWAY (Redness, a%) wazA1dL1A 049 (Yellowness, b¥) A1y
8n15U99 American Meat Science Association (2012)

3. Tuduil 5 7 uaz 14 vesmsifiudnw shmsguldnsen
lieenuiegeay 3 szgwiaﬂfcjumwmam FrazUsvanm 10 n3u
Tdaslu Dilution fluid 90 addns Tiwseuly weausogauay
ansazarenaduleR agldsegnafinnududu 107 ndsan
Suvhnisthansavaresiegaitanududu 107 wiluusinms 1
fdaddns ldaslunasnaisazaie Dilution fluid 9 Taddans
Wi arldasazanefiarundudy 102 udwihnswanliidai
wazidensioluauldnrudennsdisedu 10¢ antuideded]
ANUTDINNNTEAUNIRE AL 1 Haddns aduumziod
NuN1sEUELTUED Yin15meMs Standard plate count Tu
J3ums 20 adang Lﬂﬂﬂ%ﬂ‘l&LWWL%@LUW‘] (Pour plate) udada
filfusvnas 15 wif deuindnduniigungfi 37+1 °C \du
nan 48 Falus lawyin 3 $adenqunisvaaes il eduan
nsvUILMsUIEe Yhmseatulalaifiintuuuemsidende
Jufinuazseaunalunihediuiulaladnensudietns (Colony
forming unit/g) M117 5 N15V84 Bacteriological Analytical
Manual (2001)

NI5ATILYTRYANNTDH

A1 ANMULYTUTINYDIT By ar 28T Analysis of
variance AMULNUNITNAADILUY CRD WAZATINADUAIUUANAIY
103A1104 slunrazUadenisnaassdae33 Duncan's new
multiple range test (Steel & Torrie, 1980) Tasald Tusunsu
Statistical Analysis System (SAS, 1998)

HAKAEIATAINANTITINY
ﬂ'?fmgzyzﬁmfﬁmdwn75451/5%@7 (Drip loss)
Lﬁ'avi’wmiﬁﬂmﬁqmmiqqLﬁﬂﬂfﬁsuaﬂié'ﬂiaﬂldﬁLﬁu
Swuuugaanasiuiunsieiunsnungissfuendisty 3
gy Ao 0 (llieSuraniung) 3.5 uwar 5 ndusiedlansy wudl w
Falusil 24 veamaifivinwdy mawedunanungiisedy 3.5
niudenlansy hja'maﬁiammsnglﬁsﬁwizu’mﬂmﬁu%'ﬂmLﬁa
Wisuiisudunguaiuaud lifnisiasunsniung waiile
Wisuifeuiunguiiinisiadunsniungiissdu 5 n3udedlaniu
Wud1 MstasuRanungisEsu 5 nduseAlany azdanalvidn
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nsgudenisevinteniaifiuinu w daluedl 24 Seshiian way
Mninguauauiunguiinisiaiunaniungiissiu 3.5 niusde
AlansuegreiidvdrAyneads (P < 0.05) a’auﬁhmsqzyl,ﬁaﬁw
sewinemsiAvine a $aluedl 48 wud1 nstaSursnung
sedfu 35 uay 5 nfuseilandy aunsnand1nsgaydoun
seminmafivdnenasidegadfoddynsadn (P < 0.05) e
Wisuiisuiungumuauiilsifinisiadumaniung Ssnnuannsa
Tunsandinsgaydetnvesaeniungiuanaiumezmeniung
flansan3lelndu (Caryophyllene) waziaasiadiu (Quercetin) 1
\uanslungumaliuesdifussduszneu arsfananfigndly
n1sduaseuyadasy Yieundeswad liiinaudeme
daalinisduiaturestusfudulondrudodanmados
wnni ileaddsnadinildiniuasgapdoiheanuoniead
Tuusurufitesnia (El-Maati et al,, 2016; Khaleque et al,,
2016) Amsgadothsenieniniuine u daluedl 24 was
et 48 Fuansly Table 1

AnIsgaden 15310 I3U59gn (Cooking loss)

Funsgapderinszirinanisuzsan nud ludaluedt 24
vaansLiudny nauilvhnsiasunenungiiszdu 5 nfusie
Alansu fensgaudethsewiensuzaniimnintunguaiue
og19idsdrAynI9aif (P < 0.05) LLGf‘liJ‘LLG]ﬂGiNfTUﬂ’siﬁJﬁﬁﬂﬁ
Weun1uNgTisedu 3.5 niudedlanty TnsAinisgaydethsying
nsUgean o Falasdl 24 ndansiAudnunlunguildnisiasu
nuwgilAiadsayil 26.02 % fs 28.98 % waziileriansiiy
Snwemuutude 48 $3lus wudh nauiifinisaiunaniung
sy 5 nfusenlanfury %mmma@mﬂﬁgzgl,ﬁafﬁwdw
nsUssanldAiian Inefeiniu 26.39 % deninguililévh
mMaEsunungegalifeddnyn1ead (P < 0.05) wandliliu
panuNgaNIInanAnsga et iensupsanluldnsendi
fnrsussquuuaginialdegefivszdnsam Wl ona
\leanan lunumgilansiueyyadaseiiduasusznouiiue
da loun vanThuesd aslelwau uazinosivefiuegludruiiiu
dhifumenseine Tasansdandnanunsnszaonainufasen
oondiaturedlusiudulonduidelfiintutias Sedenalidu
Tonduniodnsduinldininguilifinisadumsniung (Chen
et al,, 2016; Jin et al., 2016; Fauzya et al., 2019) ﬁﬂmigmlﬁa
thsgarineansugean o Faluedl 20 wae daluedl 48 Fauansly
Table 2
AIMsIUAgUUUAE (Color)

Tunsfnwiadail shnnsadiauadng anuuas uas
anumdesvedldnsenla a Sudl 57 uay 14 mendanisiiv
$NYY NANIINAGBY WU SEAUTBINITETUNINUNG LaldNa
nsgnusonsd sunasdvesldnsenlnfinun1sussquuy
aryanelutudl 14 vesmsiiuinw ud a Juil 5 veensiiv
$nwn ndUNUIT NslESuRInUNgisEay 5 nusieAlansy
annsaviliid ofnwianiwaanuunsldiniinguaiunu ds
40AAZ 09 UTIB91UT8 Kong et al. (2010) Ainudn n1sldans
afmaInNInILNgaNInsaszasnisasuLdasdlaniely 7 fu
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¥9an15LfiuFnwadernnnuaing (L) vealdnsenlafildan
miAteedaiidanedvogludissening 6279 f9 65.64 A
ues (a*) A tad veylugissening 4.85 i1 832 daudAy
wdes (b*) fAedeeglutiesening 10.35 fis 11.09 A1n3
Wasuuvasdvesldnsonlifiiedunsnumglussduiuansiieiy
fauansly Table 3

Tunmsdsudiuansud suvesifouuaiiFeviomnas
dudunslutuil 57 way 14 Mendanisifvinu Tagainig
vuidlouvesuuaiiGeimunluldnsonlnfiasumsniung sz
uansrstufauandly Table 4 Faaziiuldin Tufuil 5 8¢ 7 vos
nafuine dnsnsanunstudeuresuuaiiis anuag
waﬂluﬂammwmwlmimLaﬁummuwa dlunguidnisiaTum
gy wuh SuinaumstudeuvesuaiiFetamuaiiy
2.50 log cfu/g wag 2.26 log cfu/g ﬂuﬂquwuﬂWiLaiuwaﬂwqu
fiszdu 3.5 uay 5 ndudenlandu auddu) edeiud 14
mevdamaifuing wui nguiieunsnunglusedu 3.5 n3u
soflansu smanunmsudeuresuaiiGerimunlsiunnsafy
nquAmuAL uaznuindansund sunuaiidefemuaiigends
nquiifinisiafunaniunglusedu 5 nfusedlansu egnedl
Hoddynean (P < 0.05) UstliiiudnaaSumsniungiisedu
5 nfusteAlanty ansovzasnisdeudsuaranmstuidiouros
wuafiSeldfian

el apiivhlsuudenuaiiGevudeuimmaluld
nsenlranaslunguiidnisiaiunaniung e1aidosnanly
auulnsnungiugaulufeasyTueaiidgnilunissudnis
waydulavesdeuuniide (Burt, 2004) Tng Hydroxyl group 71
JulessasravesgIueassdrduiunineadvesuuaiisouay
Fudansadraeule dwaliuuaiidoldanansawsadulals
(Ragni et al, 2010) snauwuaiSedudeutmaiinsranuly
ldnsonlifsiviunmanas Ssannsnwmadsd wuih nsasy
NaNUNgTIsEAU 5 niusenlaniu SImfUNTUIIUUUARINA
ansadudinsiesyivinvendsuunilideuarvrasnisiden
Feldaian

#5Unan1339Y

wsnungriuayulnsfifassnanuinuneg awnsoan
Usinauanseyyadasy uazdudouuafidenelsa esaindans
giusauazialuesdifiuesduszney fudu Haqtiumnumgia
Wit eulunsthanldimuniioduasiuyavieszanany
dewdovesewns Tasamigluomsfiianudugs wu ndudl
Budlodniuasndndust annisAnwiadsid nudn nisldng
nunguaiuadlusdndasildnsonlifiussuuuayamelusseu
5 niudoRlansundninsiiu aunsoannisgaydetnszinams
Ausnwifigungdl 4 °C 18 wazdssannsuuiouveado
wueitFertsunlunndosildiduegned wandfifuin manung
fnuandlunslfiduasifuusdsomsfioimuiquninnis
usnvdedn uasnandustlfoumnauld
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Table 1 The drip loss values of vacuum chicken sausage treated with various additives of clove powder during storage at 4 °C

Clove powder supplementation (g/kg)

0 3.5 5 SEM P-value
Drip loss (%)
Hrs. 24 3.52° 3.49° 3.20° 0.043 0.037
Hrs. 48 3.86" 3.40 3.23° 0.147 0.056
* Different letters in the same row indicate significant differences (P < 0.05).
Table 2 The cooking loss values of vacuum chicken sausage treated with various additives of clove powder during storage at 4 °C
Clove powder supplementation (g/kg)
0 3.5 5 SEM P-value
Cooking loss (%)
Hrs. 24 30.98° 28.98° 26.02° 0.043 0.048
Hrs. 48 30.03° 26.68° 26.39° 0.147 0.018
* Different letters in the same row indicate significant differences (P < 0.05).
Table 3 The color values of vacuum chicken sausage treated with various additives of clove powder during storage at 4 °C
Clove powder supplementation (g/kg)
0 3.5 5 SEM P-value
Lightness (L*)
Day 5 63.40 62.79 62.45 1.52 0.90
Day 7 65.93 65.64 62.99 0.97 0.14
Day 14 64.81 64.23 63.77 1.78 0.91
Redness (a¥)
Day 5 6.77° 752%® 8.32° 0.32 0.04
Day 7 7.54 7.18 6.82 0.24 0.18
Day 14 5.32 5.21 435 0.39 0.69
Yellowness (b*)
Day 5 10.80 10.61 10.58 0.73 0.97
Day 7 10.89 10.72 10.35 0.43 0.67
Day 14 11.09 11.04 10.49 0.42 0.56
* Different letters in the same row indicate significant differences (P < 0.05).
Table 4 Total bacterial count (log cfu/g) of vacuum chicken sausage treated with various additives of clove powder during storage at 4 °C
Clove powder supplementation (g/kg)
0 3.5 5 SEM P-value
Total bacterial count (log cfu/g)
Day 5 3.53° 2.50° 2.26° 0.23 0.02
Day 7 5.94° 4.83° 3.54° 0.21 0.006
Day 14 6.26" 5.53° 4.42° 0.28 0.008

2b< Different letters in the same row indicate significant differences (P < 0.05).
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ABSTRACT

Keyword
Clove powder
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Chicken sausage

Clove powder is a spice that is often used in the food industry. Cloves are rich in
eugenol, which inhibits the growth of bacteria and fungi and reduces the occurrence of
free radicals. Therefore, it is used to flavor and extend the shelf life of food. The
objective of this study was to investigate the effect of clove powder supplementation
combined with vacuum packaging on the storage quality of chicken sausages. The
treatments included 3 levels of clove powder: 0, 3.5 and 5 g/kg of chicken sausage under
vacuum conditions. The chicken sausages were stored in the refrigerator at 4 °C for 5,
7 and 14 days. Drip loss was determined during storage after 24 and 48 hours. Cooking
loss, color and total bacterial count were determined during storage after 5, 7 and 14
days. The results showed that; drip loss and cooking loss were reduced by clove powder
supplementation (P < 0.05). The total bacterial count was significantly (P < 0.05) lowest
in the group with 5 g/kg after 7 and 14 days of storage. Clove powder was found to
extend the shelf life of vacuum sausage products.
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Table 1 Experimental feed ingredients

Treatments (kg/100 kg)

Items
T1 T2 T3 T4
Fish meal (60 % CP) 3.0 3.0 3.0 3.0
Full fat soybean 5.0 5.0 5.0 5.0
Soybean meal 20.0 20.0 19.0 19.0
Brocken rice 8.0 8.0 8.0 8.0
Rice brand 10.0 10.0 9.0 9.0
Water hyacinth fibro-biotics' 0.0 5.0 10.0 15.0
Corn meal 40.0 39.0 39.0 37.0
Rice brand with hull 11.7 7.6 4.5 14
Premixed 0.3 0.3 0.3 0.3
Salt 0.5 0.5 0.5 0.5
Dicalcium phosphate (P21) 1.0 1.0 1.0 1.0
Plant oil 0.5 0.6 0.7 0.8
Total 100 100 100 100
Price (baht/kg) 154 15.1 14.8 14.5

'Price = 6 baht/kg of dry matter.
T1 = control diet (0 % of water hyacinth fibro-biotics) T2, T3 and T4 = diet contained 5, 10 and 15 % of water hyacinth fibro-biotics, respectively.

Table 2 The chemical composition of experimental diets

Items Treatments Fibro-biotic
T1 T2 T3 T4

Moisture, % 9.40 9.75 9.01 8.92 -
Chemical composition (% of DM)

CpP 18.4 18.3 18.1 18.1 12.4

CF 6.20 7.20 8.10 10.1 253

EE 6.80 6.70 6.60 6.60 0.92

Ash 5.70 5.80 5.80 5.90 11.8

NFE 535 523 52.4 50.4 40.6

DM = dry matter, CP = crude protein, CF = crude fat, EE = ether extract, NFE = nitrogen free extract, T1 = control diet (0 % of water hyacinth fibro-biotics) T2,
T3 and T4 = diet contained 5, 10 and 15 % of water hyacinth fibro-biotics, respectively.

Table 3 Effects of dietary fibro-biotic from water hyacinth on productive performance of pigs

Treatments
Items SEM P-value
T1 T2 T3 T4

Start BW (kg) 14.50 16.13 15.95 14.90 - -

Final BW (kg) 67.1 719 66.9 64.2 - -
BWG (k) 52.6% 55.6° 51.9% 49.3° 1.56 0.01
ADFI (g/day) 2,340°° 2,441° 2,358%° 2,262° 0.04 0.02
ADG (g/day) 876™ 926° 865™ 821" 21.8 0.01
FCR 267° 2.63° 2.72° 2.75° 0.02 0.01
FCG a1.1 39.7 40.2 40.1 4.06 0.48

P Mean within the same row with difference letters are significantly different at P < 0.05, SEM = standard error of mean, BWG = body weight gain, ADFI =
average daily feed intake, ADG = average daily gain, FCR = feed conversion ratio, FCG = feed cost per gain, T1 = control diet (0 % of water hyacinth fibro-
biotics) T2, T3 and T4 = diet contained 5, 10 and 15 % of water hyacinth fibro-biotics, respectively.

Table 4 Effects of dietary fibro-biotic from water hyacinth on apparent nutrient digestibility of pigs

Treatments

Items SEM P-value
T1 T2 T3 T4
Apparent nutrient digestibility, %
Dry matter 80.9 81.2 79.4 78.2 3.19 0.11
Organic matter 85.4 85.9 84.8 83.2 2.88 0.23
Crude protein 82.2° 80.8° 78.8° 75.4° 1.08 0.03
Crude fiber 29.4° 29.9° 32.4° 32.0° 0.68 0.05
Ether extract 89.5 89.0 89.1 88.4 4.01 0.45
Ash 30.2 29.9 326 34.8 3.06 0.74

25 \ean within the same row with difference letters are significantly different at P<0.05, SEM = standard error of mean, T1 = control diet (0 % of water
hyacinth fibro-biotics) T2, T3 and T4 = diet contained 5, 10 and 15 % of water hyacinth fibro-biotics, respectively.
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Table 5 Effects of dietary fibro-biotic from water hyacinth on lower gut microbial population of pigs
Microbial population Treatments
SEM P-value
(log10 cfu/ml) T1 T2 T3 T4
Lower gut microbial population (log CFU/g)
Lactic acid bacteria 2.11° 260" 3.61° 3.75° 0.01 0.01
E. coli 0.30 0.30 0.60 0.60 0.51 0.23
Total plate count 7.46 7.35 7.63 797 1.86 0.33
Feces microbial population (log CFU/g)
Lactic acid bacteria 3.01° 4.04° 4.56° 4.33° 0.18 0.05
E. coli 0.30 0.30 0.00 0.30 1.04 0.52
Total plate count 10.8 9.20 9.12 10.20 2.09 0.44

2P Mean within the same row with difference letters are significantly different at P < 0.05, SEM = standard error of mean, T1 = control diet (0 % of water hyacinth
fibro-biotics) T2, T3 and T4 = diet contained 5, 10 and 15 % of water hyacinth fibro-biotics, respectively.
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ABSTRACT
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post-weaning pigs

Fibro-biotics, derived from water hyacinth, are modified with cellulose producing
microbes, resulting in higher protein and lower fiber content and can be used in pig feed.
The objective of this study was to investigate the effects of using fibro-biotics from
water hyacinth in diets on growth performance, nutrient digestibility and microbial
population in posterior gut in post-weaning pigs. Twenty four males of Large-White x
Landrace crossbred pigs (average body weight 10.243.41 kg) were arranged in
completely randomized design. The experiment consisted of four treatments, each with
three replications; treatment 1 was a controlled diet (0 % of water hyacinth fibro-biotics)
treatment 2, 3, and 4 were contained 5, 10, and 15 % of water hyacinth fibro-biotics,
respectively. Within 60 days of experimental duration the results showed, feed intake
and digestibility of dry matter and protein were decreased at 15 % (P < 0.01) while at 5
and 10 % were not significant different when compared with a control (P > 0.05). Body
weight gain and ADG increased at the level of 5 % (P = 0.07) but decreased at the level
of 15 % (P < 0.01). As a result, FCR was the lowest at the 5 % level (P < 0.05) but
increased at the level of 15 % (P < 0.01). Feed costs per gain were not significant
different (P > 0.05). However, there was an average reduction of 0.9-1.4 baht/kg of
weight gain when using fibro-biotic from water hyacinth 5-15 %. Fibro-biotics from
water hyacinth resulted in a higher number of lactic acid bacteria in the intestinal tract
(P < 0.01), while there was no difference in the number of E. coli and total
microorganisms (P > 0.05). It has been shown that fibro-biotics from water hyacinth can
be used in post-weaning pig diets. A 5 % inclusion level is likely the most appropriate
and has a positive effect on growth performance
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Table 1 Chemical and egg yolk compositions in cryoprotectants for frozen semen extenders

Compositions EG 10EP 15EP
Portion 1 (fructose-tris-glycerol extender)
Tris (hydroxymethyl) aminomethane, g 3.028 3.028 3.028
Citric acid monohydrate, g 1.700 1.700 1.700
Fructose, ¢ 1.250 1.250 1.250
Sterile water, ml (up to) 92 92 92
Glycerol, ml 8 8 8
Portion 2 (egg yolk)
Fresh egg yolk, ml 20 - -
Diluted egg yolk powder, ml - 10 15
Dilution ratio
Fructose-tris-glycerol extender, ml 80 90 85
Egg yolk, ml 20 10 15
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Table 2 Effect of egg yolk powder on the motility and progressive movement of post thawed cryopreserved bull semen

Bull semen extender'

Parameters EG 10EP 15EP SEM? P-value
Motility (%) 32.15 26.86 26.60 1.36 0.16
Progressive” (%) 9.47" 4.48° 4.36" 0.62 <0.01

YBull semen extender based egg yolk-tris-glycerol with fresh egg yolk 20 % (EG); egg yolk powder 10 % (10EP) and egg yolk powder 15 % (15EP), ¥standard error

*x A B

of mean, superscripts indicate bull semen extender differences (P<0.01).

Table 3 Effect of egg yolk powder on velocity and kinetic movement of post thawed cryopreserved bull semen

Bull semen extender"

Parameters’ EG 10EP 15EP SEM? P-value
Velocity
VAP (pm/s) 79.78" 56.94° 63.04° 2.82 <0.01
VSL™ (pm/s) 56.25" 37.92° 42.89° 1.92 <0.01
VCL™ (um/s) 165.13" 113.31° 123.26° 6.37 <0.01
Kinetic movement
LIN (%) 37.41 38.73 37.51 1.19 0.89
STR (%) T71.17 69.07 68.56 1.03 0.56
YBull semen extender based egg yolk-tris-glycerol with fresh egg yolk 20 % (EG); egg yolk powder 10 % (10EP) and egg yolk powder 15 % (15EP), #standard
error of mean, *VAP: average path velocity; VSL: straight liner velocity; VCL: curvilinear velocity; LIN: linearly motile spermatozoa; STR: straightness, ** nB
superscripts indicate bull semen extender differences (P<0.01).
Table 4 Effect of egg yolk powder on sperm abnormality of post thawed cryopreserved bull semen
Bull semen extender'
Parameters EG 10EP 15EP SEM? P-value
Normal™ (%) 63.34" 50.70° 47.99° 2.17 <0.01
Bent tail” (%) 18.12° 36.53" 35.03" 2.06 <0.01
Coiled tail” (%) 2.65° 5.88" 6.44" 0.45 <0.01
DMR? (%) 2.08 241 2.78 0.13 0.08
Distal droplet” (%) 8.32° 11.64" 9.74° 0.44 <0.01
Proximal droplet (%) 12.16 10.48 8.77 0.71 0.14

YBull semen extender based egg yolk-tris-glycerol with fresh egg yolk 20 % (EG); egg yolk powder 10 % (10EP) and egg yolk powder 15 % (15EP), #standard error

*% A B

of mean, *distal midpiece reflex, superscripts indicate bull semen extender differences (P<0.01).
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ABSTRACT
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This study was carried out to evaluate the quality and motility characteristics of post-
thawed cryopreserved bull semen in an extender containing egg-yolKk tris glycerol with
either fresh egg yolk or egg yolk powder (EP). Bull semen from four bulls was collected
four times, once a week, and divided into three portions for three extenders. Group 1:
semen was cryopreserved in egg-yolk tris glycerol (ETG) with 20 % fresh egg yolk
(FEY); Group 2: semen was cryopreserved in ETG extender containing 10 % egg yolk
powder (10EP); Group 3: semen was cryopreserved in ETG extender containing 15 %
egg yolk powder (15EP). The diluted semen was filled and sealed into 0.25 ml French
straws. Thereafter, the frozen semen straws were placed in liquid nitrogen. Thawed
semen samples, after being kept for 24 hours, were analyzed for motility,
progressiveness, sperm Kinetics, and abnormal sperm using CASA. The results showed
that the percentage of progressive motility from ETG was higher than that from 10EP
and 15EP (9.47 %, 4.48 %, and 4.36 %, respectively; P<0.01). Average path velocity
(VAP), straight line velocity (VSL), and curvilinear velocity (VCL) from ETG were
higher than those from 10EP and 15EP (P<0.01). There was no significant difference in
motility and abnormal sperm of bull semen cryopreserved in ETG, 10EP, and 15EP
(P>0.05). These results indicate that 10 % and 15 % egg yolk powder in egg-yolk tris
extender do not improve semen quality, specifically the percentage of progressive
motility and velocity, of frozen-thawed bull semen.
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Funaluduanvia

2 gagn (26.85 SPAD unit) muu{]aawmmuaﬂumstwuﬂmmwmseanmaewawwsnmm ABAIL

WasuuWiman 25 mT wazsseslIan 6 v

NI
mwmaﬂLl,a.ummLLS?‘J’QmwmLmﬁmﬁuﬁ‘ﬁmméﬁmmﬂ
miumiuwaﬂmwmmwLmamwuﬁ fosanniedeiiaansiifu

AE ﬁn

‘wumumﬂmﬁuamuﬂmmvanwaiﬁlmuwawamm AINNONUAY
ﬂ’JWiJLLSUQLLiWENLuaﬂwuﬁqmﬂsﬁuﬁﬁﬁjmﬁ‘aLNﬁﬂWuﬁjﬁm'ﬁLLﬁVI’N
35381 (physiological maturity) wd1anszeziluudanan
senuazrALd s wo LA AU IranasIunsE R LAnLd o
A J290un15in seed priming W35 linadlunns
Uiuupsnummdaiuslagianizegadslumdaiusiednuaie
¥ia nMswieunissendewmain seed priming {un1sAIUAN
nsgatveasdniusliifissmedanseuiunissenudliogly
seduiagilisngeuusngeenunliiiu (McDonald, 1999)
LLﬁﬁaﬁﬂLmﬁm‘ﬁuﬁ:ﬁ"ﬂﬂdﬂiﬂammm%wﬁaazmﬂ(ﬁiamnﬁu%ﬂm
wazdanisaely lneiinguszasdiiddy fe ileliiudaiugs
Wesldudanuengs wnsnsuialuniseonvenudn wia
IHERECPRFY
udsusuaziasyivlalaf (Wetchakama & Khaengkhan, 2018)

anunsasantanieldaninuwindoun ning
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msldaunwimdnlunianisinens Wenisuiulse
AUAMUDINAATLG WUT1 AULWIMANALNTALSINTTRILIVE
iy USuugenissen wagmsiasyiiulnvessiunalalaensgaunis
asalusaunazianssuvestoulasl (Ulgen et al., 2017) Wa
USuiasunsruiunsmeassimetaransilianaiieidosiv
Fuarigsiuas Welinanuudusaaziinnisimurlumei
(Aleman et al,, 2014) \inn13nTEAUAANTITUYRIAITTI AN
dmsuas A ulnvesf us oukaR NI IN1598NTBUUER
(Carbonell et al., 2000) é’uﬁwgﬂm"]ﬁmsé?umaqvl,aaauvlﬁzﬂﬂa
aseuinnisuenlossurss Ca®* wagynlinuduras Ca*
Sesuifindu Ca?* 17'iLﬁwﬁuawdné’zgzgm‘lﬁmaéﬁwgi Tnansluln
falugaedu (Vashisth et al, 2013) insiasunlassefuves
Ca?* meluwad wazanuvuuiuvesnsualossudu g nely
Woriuwadiinnisiasuntasmnudusedlufn uaziinisgads
i utu (Reina et al,, 2001) Wnufduiusdunszualosou
Wasumsihlvihlessuvesumiusu amnudutazanufuoodly
Anviaesduvond eduiead dsmaronalanisgauiveudn
(Reina & Pascual, 2001)
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N13N5¥6 UN1598NTBUUA AT nuI1ulaenisld
Aunuwuan (magnetic field) 5189131 @unuwwaninase
mssivlanaznszuIunsiRuIvesily N1senvedLdnuas
A9t gLiulnvesaunan Aladjadjiyan (2002) Anwinaues
aunnwimdnasiiaudy 0, 15 mT denisseniudnd1nlna
WuEUINRImANNIEAUNTRSYAUlRveiusou dinalid
wisendlunissen wdedinissen dmiinan waganuemvesiy
gouii udu Uszam 20 Wedifud dvfuiudainiadae
aunuuwlimdndunat 10 wii venandauruuiiivinen
Wasuuasdnvauzvendevueaduazieadduiug viliAn
wnUBdTuveLLad FIufn1suanteanvesdu n1sduaTIEn
TUshu waznanssuvasauley ( Atak et al., 2003) n1514
ausuimdniowdeulassadunnssiadiluenaveniid
yualng (vwm 50 lwana) meluwaduewudaliivuinns
saudluanaidnas (vurn 5 Taana) wazdiananafios n1si
ssmmeluluanavonilesmiianas aghlfaunsaiaugizen
fuansing q molueedudnligeiu Snadenaiauunueddaly
NTLUIUNNTION ﬁaﬁ%uagiﬁ’uaﬁﬂssﬂaww%amﬁsuaqmﬁmLwi
azvila (Khaengkhan, 2023) 393 1dudaedin1sAnwianuidy
yosauLivan warszazafimnzanlunisldauuidvan

<

o’ 2 a & & aa a v 2 o
LNLUER LﬂJﬁﬂWiﬂW’JWULUuLNﬁ@WﬂJ?Wﬂ’l%ﬁ IﬂﬂﬂﬂmLLﬁ?LuﬁﬂWU§

a

winvuiivl g Waanlunissenade 7-14 Ju duduwda
mFoidennunimaziiesidudnissendt wagldnailunis
sonunu dieuAdaymding maﬁnwﬂuﬂ%ﬂﬁfmﬁi’mqﬂizmﬁ
WeAnwanuituauulvinuarssesnafiuzanlunisld
AuLimandenmuAIMNNTIENYBLAANIIY 1o LTy
nssenvedludn anszeznalunisten NANNINNITIONTDS
wiansnunududu 1 wu fednissen nseSyiulavessiu
nan sy

gUnsaluazIsn19ITY
AITINUAUNITNIOREDS
AN INAURIAUNLULINEND11TABNNTIBNVDUUEANSA
11U Wugwadnesily 9UNUN1TNAABILUY 3X4 Factorial
experimental in randomized complete block design 1a®
Yimsanw 2 Jade wlseenidiu 12 ns5uds nssuives 4 o 9
a 50 wén feil
Yadod 1 (A pruduauuulvdness @adwaan (mT)
N5t omT
n553E 2 25 mT
n55u3E7 3 50 mT
Pasef 2 @) svovnailunsududalufiiuauivn

amns
AT9AsA 1 0 alue
ns9AsA 2 3l
n55uisAi 3 6 Falue
nysuisdi 4 9 alue
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IBMmaaad

Wn1sneaesluiesuguanis wazlsusounizd
anvnivnnaluladnisnani s augimaluladnisinens
UGN AT

1. Matw3emhiiduauuulndnanns Wuhudnans
wiauleslsel (Figure 1a) wiaruiduawinuingn fewnios
Pasport 2-axis magnetic field (Figure 1b) Ts'la A2 uLdy
aunulndne1s? 25 mT wag 50 mT anduthusdivgnanas
slugwanadin iudindu 1,000 wa. Waues i elih
Inadeunuauuuiving s (Figure 1c) uazudiudniugnin
WNUSIAULIIMENNI5TIaN 3 6 way 9 Yu. Auddu

(@]

Figure 1 Magnetic water with air pump (a) ferrite magnetic; (b) 2-axis magnetic

field sensor (PS-2162) and (c) magnetic field water chamber.

ddnius winmnusenud sliuis i gung Avies
Uszanal 30 °C aunseitasadienniu 7.6 wWedidud uazthly
VAFOUAIINIBN AIULT IUTININTFIUVOIUAAAINNY NS
VAFABUAIINNBN ISTA (2018) Mot uRn sla3Bimzuuy top of



P. Wasunan et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(1): 245 -254

paper (TP) wdsanduhlunslugimiziba aamgll 25 °C 1lu
van 14 Tu dwsulsuseulgniiglditnismswdaluainmie
nd1 MWinweaduianugn iduduiindeyad wsiudasen
unsERsRunaasyAulag 28 Ju Tneduiinteyadail

5 3 5 6

1) WeaslgunAIeenunggIu (Wasigus)
= $1wuwdaisenund x 100
Funudeiiong

2) naadyluniseen (mean germination time, MGT) #14

MGT (11) = (G1 x D1 + G2 x D2 + ...+ Gn x Dn)
FUIUAUNAUNANIIUA
nnuRunaUARNenTuN 1,2, .., n

& o

d0G1,2.,n fie
(n=14)
D1,2 ..,n#0 swwiuil 1,2, ., n(n = 14) dwn
Fuwziuda
3) AtiAan3gen (Germination index; Gl)
sainsen (@) = MeTareR LU INA TR erlusae T

Smnutuiidundundsenluusiayiu
2. dudesiuswinmnulusumsiiduiinuanaininnis
son Wuan 14 Tu dreasananiznan Ineldiinuea (peat
moss) utanuan ndsndutiufindeyaninaiaiuiavesdu
nén efai
1) Anuudeusivesdunan Tnensinisiaigiule
Y03AUNA1 (seedling growth rate, SGR) Lmﬁﬂﬁuﬁ:ﬁﬁé’mwma
WigAulnvassiundnas wansirdiannuudausas lnawmnziudn
NINYIU ANUNYAITNAFDUNNTIBANIATFIY (ISTA, 2018) e
914ATU 14 Ju ndssen reasniamnendt aunseisiundiony
AU 28 TU UAUNa1UNARALDILRNIZAIUTDI8DABDULAZIIN
gou Yluaudl guvgil 80 °C unan 24 v, udadstmtinusis
frewasostanaden 4 suvvs wheduiadndu deadldu
e SGR il
SGR = tvinusesdund1uni

IuAUNAUNA

2) Usurwmaslsilaa (chlorophyll content, SPAD
unit) luaninlsadouduiiiv $1uau 5 dusiodn Taluaseyad 1
yowusazdu S 2 Tudesu Tadauau 1 adutely seazsiedu
WA 9 7 Tu sunseaiadundnengasu 28 Yu Tadeiadeain
Aaalsflad Chlorophyll Meter 5 u SPAD-502 Plus (Konika
Minolta, Inc. Japan)

3) ity (marsdiediuns) udsndundiengasy
28 u dufudundminymu $1uu 5 Fustedn wdathluadem
7 1 vosusazdu T1uau 2 Tudedu unfauiiludsiad ee
wiestaiuiily U Portable Leaf Area Meter: AM-350 e
ADC Bioscience Ussineidangy

4) MuYNIAU (seedling length) TAA1NABSINYBS
asudegengaulaiy nasndrenat 7 Tu lagTaszegvinaiumn
7 7 Yu aunsgisiundnengasu 28 Ju
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5) ATUE1IIIN (root length) Yaandundifinngly
panzndeny 28 Tu lavduiund1siuau 5 fusos

6) Ymdnanuastimd nu i und (fresh and dry
weight of seedling) Saandundnimzluniamnzndneny 28 Yu
Tnguund i 5 dusiedh Faiminan (15 wdahlueud
9N 80°C SreziIan 24 vl thesnsndaiwiinuia (n3)

7) amudunsasnawesinian eunasudsetii
rauuusindn Tneldia3os pH meter

NALAZIATINANITITY
AN TNNTTONIAATUEWIN I

1. WesidusnMssanveaudaugninwiu (germination
percentage) luanmiosUfjuRnsuazaninlsssou

Linuanuwansimnsaifvesrujduiussenineainy
Wuauuudndnons warszsrnatlunisududaluiiniu
auuwimanansluanmitesd§iins waanmlsaiaunuin
nslduarlildauuudimdnansisseznatlunisutindaluh
Wunan 3 6 uay 9 wu. Travililesidudnissenvesudaiug
winyuas lduanenmeadd lnefinausensening 71-84
Wosldud (P<0.05) daunisléanuiduauuusingnasi 50
mT wazudiudaluinduna 0 v, fwefidudnssendiiign
15.50 wWesidus (Table 1)

2. nandglunssonueasidaiusninyu (mean
germination time) TuanesUfjuRn1suazannlsssou

WUAMUUANANIN AT AVRIA U TR USTENTIALLTY
aunuund no1suazszeziaanluntsududalutau
auuwdianansluanmiosufuinisuazanmisaiou Tnglu
anmiesuiiing nslil¥auuusindnanisuasudindaludh
FTHELA0 3, 6 uag 9 Y. N1sldautuwlindnaisaudy 25
mT wazutiwdaluthszesnan 3 uar 9 wu. nisldauuusingn
0175 50 mT uazktiudaluthszesinan 6 uay 9 v, fuavinls
nanadslumssenveaudmiugninmnutios Tneflrogsening
8.37-9.09 §u (P<0.05) daunisldanuiduauiuusindnonisi
0, 25 uay 50 mT wdwialutigluna 0 wu. fanadslunis
sonynn TnediAnegsening 10.48-11.03 fuluwagiianmlsaFou
wud1 Msldmnuduaunaingna1asi 50 mT wagudadaly
indune 9 wu. fnevihlinaedelunisonvesudaiuggn
IS8R AU 10.39 Tu (P<0.05) drunisldaiiudy
AUNLLIYENDTT 0, 25 way 50 mT wriwanlutiduan o0
. finanadslunissenuin ldunndimieada Tnedeeg
55w 12.51-12.56 Fu (Table 1)

3. Awn1599nv0UA AR UE WIN1ITU (germination
index) TuanmwiasUfjuRnsuazaninlsasou

Lnuanuwansimnsaifvesrujdunussenineniy
Wuauuuiwndnons wazsrszialunsudwdalunuiy
auuwimanansluan el fURNs usluaninlsaseunui
nsldaunuuaiingnnnns 25 mT wag 50 mT wdwdsludnidy
0an 3, 6 waz 9 vu. Tuavihlidvdinissenveaudniugninmiu
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Ldunnaneduneadd lnedddviniseenagsening 3.28-3.89
drunisldauiuningnass 50 mT laglufinisugiudn Sad
nssentfesiian 0.63 (Table 1)
MTSYAUlavaIAUNaINTNNIIY

1. anuevesdundmsnmuluaniniesdjuinig
wazanmlsaseu

luan el UANISNUAILLANAINIIaT Ave9an
Ufduiusserieuduawinwingnans wezsseznailunng
widaluiruauaudingnonsluduayid 1 Taenudn msld
Tfaumusimvdnansuaznsldauiuwindna1nsi 25 uag 50
mT 1Huan 3 . wagaumiiumdnn1si 50 mT iunan 9
w1, Snavilisunaminmuiianuenivesdunaigs liunnsing
Aun1eada laudeaney sendng 3.754.19 9. diun13ld
AuLMANA1257 25 mT Wunan 6 v, Sanugndundios
flan 2.66 w1 (P<0.01) iflefiarsanludunii 2 Ssdunsiil 4
Linuanuwane1ameads druanuenivesunansnnuly
anMLU3 oUNUAMURANAIV AT AvBIAIUS FUN T TEnia
auduauuulivdnamsuarsveznanlunisutudaludeiu
auniwdnonIuEava 1 wae 2 Tneauduaunuidvn
0157 25 uay 50 mT WJuiian 3, 6 uay 9 wa. fwaviiliaa
812709AUNAMINIIUEY Tuanaeiun1sada lnedniuen
Fundnegszning 4.95-5.19 wu. dwsuludunnid 2 wuiiana
WuauInu mana2si 0 mT i utian 3 wu. Aty
aunLuainana1257 25 mT Wuan 6 uag 9 v, Wz
auLUanana1257 50 mT iJuan 3, 6 wag 9 wu. fnnwen
AUNAIBE 8NN 7.63-8.83 Tu. dwaviiliainueivessunan
wWinvmuge laiuansinefunsadid (P<0.05) usludUnvid 3 uae
4 linumuunnenaveaia (Table 2)

2. Ysmamaelsiladlulunsnuuluanimviesujufinas
wazanmlsasou

Tuan el UANISNUAIILLANA19NIIaT Aa9aT
Ufduiusseninanuduauuudingnas wagsyeziaiiunig
wtialutheuaunuuivinaisluduevid 2 Taewuin msld
AuduAuILLImMENA15R 50 mT Wuian 6 . duavinli
Ysunueaelsiladluluninminugegna (P<0.05) (Table 3) usils
NUAULANA 1NIIERAV0IA U] FUN U T2NT 19 ATy
auLawa noasuarsrezaalunisudiudaludfeu
auunanansluaninlsaSeu

3. fuilunsmmluan e tRmsuazanmlsadon

Tuan il UANITNUAIULANA 1IN NET AU A"
Ufduiusseminanuduauuudingnas wagsseziaiunis
W g alu ik uauinud indnanas Taennsldaruda
aunalvdna1asii 50 mT Wunan 6 v, duavilfiuilunn
UGIAAINTY 642.85 ua.” (P<0.01) uailiinuAuuAneI
meabAvesAUfduiusseminsanudnauNwimanaITuaz
szozialunisudwdaludsivauuaivdnonsluann
15950u (Table 4)
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4. dwilnanvesiund minvmuluanmwiosfoRmsuay
anmlsssou

Tuan it el URNISNUAILLANF 1IN AV IR
Ujduiusseminmnuduauundivndnanis wazssezailuns
Wy d aluds uauinudmdnans Tnenisldaanuda
AUNWMEN1257 50 mT ifwnan 3, 6 uay 9 v, fuavild
thutinanuesfundmninuiugs wivifu 141 1.70 uag 1.47 n3u
AIUEIAU (P<0.05) WA LU WUAIILUANG 19N19ED AU IAT
Ujduiusserinenuduauunindnansuasssesnailuns
wiwdaluhriuauaudmdnansluanmlsadeu (Table 4)

5. A21UE1291NV0IA UNA NS nuaruluaniw
WesUfURnsuaranmlssiou

ldnuanuwansnmneaifvesrujdunussenitaainy
Wuaunudwmdnansuarsreralunisudindaluiniu
aunundnansiinasenuesnesfundnsnamnusisly
anmiisauiinisuazaninlsusou (Table 4)

6. Wintnuksvosdundans nuanuluanin
WesUfURnsuaranmlssiou

Twan el UANITNUAIILLANA1IN1ED AU A
URduius sz NEUNLLmANa 1Y warssezatunis
wr g aluds uauinud g nanns Taenisldaanuda
aunuudndnaasi 50 mT WJwnan 3, 6 waz 9 va. dwavidlk
indnuisvesiundminmaiuga witu 0.1456 0.1836 uax
0.1490 ASUMNAIRU (P<0.05) WA llNUAINNUANAINSEDAUDS
Afduiussznitanuduanuwivanansuazszeziiaily
nsuddaluthriuauuugdvdnansluanmmlsadeu (Table 4)

7. oms1n15as guesaunand nnatuluanin
WesfuRnisuazaninlsaseu

Tuan sl UANITNUAIILLANA1IN1ED AU A
URduius sz LA UNLLIImANa 1T wazssazantuns
w1 daluvr Tuauinua vdnaas Tnenasldaanud
ALl wanesi 50 mT Wunan 3 way 6 . Suavilisns
N15LATYVDIAUNGININMIUES WU 0.0236 uag 0.0290 NSy
AINE1IA U (P<0.05) LA LU WUAINUULANA 19INIEE AVDIAT
Ufduiusseminemuduaunuudindnanisuazszesalunis
wiwdsluhruauuuwiménansluanmilsadou (Table 4)
pyuniunsas e

Tneansasraiadanudunsaweniild anand
aunLlranasuar sz lunsLraLILLLaNI 1T A
n3suIBnAaRsiunneneiy wudre U Fduiusianuuansamng
a4 Tnsruduaunuudvdnenasii 25 mT wdwdaduna 6
. fuavinlirnnudunsasisvesiigeqn iy 8.93
50989070 AULALIILIWENA1ST 25 mT wiwdadunan
3 930, warAUduAUILLIWENa125T 50 mT wdwdaduian
9 . WU 8.45 uaz 8.39 mua1su (P<0.01) (Table 5)

PINNANITIATILRIIANURUSUTIUA NN UNITNARD
wuhmudiEILlmEnasTiwaneeiy Srasdenatadsly
nns1en waznanisneassluadel wuitmuduaunLwlvan
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01937 25 mT Wuan 3 fa 9 v, fnavhlfddanaudusig
gﬂ"‘ﬁu ftinissen Ltaxmmguﬁwﬁu ANUTNALNLLLANA1S
7l 50 mT Buan 3§ 9 v, vhlshiemdudgsty fua
senanadslunisien dviinisaen anugs Usuunaslsilad
ity dhandnan dhadnuis LAZENIINITLATYUVOIFUNAINGA
mwmﬁlmgasﬁu @onndaaiuNan133de Florez et al. (2019)
s1891uA L NauLLivEnasAusndstudinarilinng
son waznamaglumsenigitusaiy
nslaunuuiivdnansduidnsmeiandAfinavinls
Wieuituvedlesou eyyadasy uazUseqlnihdidnaseu e
Tiderumadanusogaduiuagyinliloosundoudldfsdu
NILAUNTLUIUNITNNATTINGNUAIUAIT 9 19U NITUURTAE
nsasiulnvesialdd wardudaunfusmefiafiuty
(Senglathsamy et al., 2017) awudmdnanisenaasuulas
dnvazvouderuwaduarnmsduiuguoasad wagviliAans
11970190819 TUNTIINANYVOUTAE LAazN1TYINUTDLTAR
FN9 9 SIUDINTTUANIDDNYBITU N1TFUATISHLUSAY Lasg
Aanssuvaaoulesl ( Atak et al,, 2003) n15AnwINANIZNUVA
AUNLULTANTITABNTTI0NVRILUAR N1SLa3gLiuln Laz
ANAMNHANAATDINT NI WUTIAUINLLINAN D15 TNase
Ysununaelsiladie Aaslsiladl walsiiuess Weanesa uas
Afud (Ahamed et al., 2013) sapandasiunanisnaasdly
afedl wudeanduaunuuindneasdl 50 mT van 6 wu. dua
lUSnaunaslsiladgegail 26.85 91NN1531B9 LW Karkush
et al. (2019) wag Chaemchamrat & Phurahong (2022)
aunnundnansiinasilvididanudunsasiig (pH) Wadu
Tnefnsi uduresdesuvassnuissin lfun uundidoy
Tnunaidou lofioy paedu Teaennadestunanisnnass lay
WU AU AL mANaN57 25 mT Skaviliaannudy
n3ARAS (pH) Wadw s 8.29 Fenisldaunuusiivndnans
annsodsulassadasnanissiudluanavesinddvuin

Tngy (vuna 50 Twana) Mmeluadvesudalidvuianissausa
Tuanadnas (vuia 5 Tuiana) wazdinuiaies nsiosan
meluluanavesidosmitanas asvhlannsaia §iseni
asine  melueadindaldgedy fuaroniafnmuueddaly
AF8UIUNN5I8N (Khaengkhan, 2023)

d3UNaN1339Y

AT NAULLILUANDN2S 25 mT 1Julaan 3 v, an
nanedslunsienvoaudn slfudnenldidTusasiiuniy
geuasAundm3nmu dduanuduauiuudingn 50 mT Wy
a1 6 vy, uUsinaeaslsilad Hudily thudnan dmdnuste
wardnInIsasivlavesdunanluaniniesdjuanig lu
anmlseSou anuduauiuusiudnas 25 mT {Wunan 6 au.
finaviilUesidudnistenuazdviinissengsdn saudevilidu
nawsvLilnNETIgEn daunuduauuuividna s 50
mT Wuan 9 9w, annanadslunisenvesuds viliudeen
155y auduaunuusdivgn 25 mT Wunan 6 vy, Saiinash
Iﬁﬂ'wmmvﬂum@@mﬁuaqﬁwgqqm yananil Luﬁmﬁuiw%ﬂmmﬁ
finwiinssenadduiesujifing wzdivesiduinisionuaz vl
nmssengdluanimlsaFoutuiu anuan1sidvasulidnnnudy
awuuiwanansuazssevatfviunzanlunisldauiuudvan
AenaAMNIsIeNYBILAANS AL A 25 mT Aiszaziian 6
9. MaiimsAnviiufuRoafunsldauawlminansiiiau
Wugeduiioanszesinailunisuddarius

AnAnssuUIENA

YoUoUAM AMENALLLAENISINYAT U Ineden1udus
flauayuiiuilunsvauide uazveveuamusundmi lve
v fivasguanazifivdoyanuifeluaded auiliouide
dnSaseuSosanysal

Table 1 Effect of magnetic field on sweet pepper seed germination percentage, mean germination time and germination index in laboratory and greenhouse

experiment
Laboratory Greenhouse
Mean
Fact Germination Mean germination time Germination Germination germinati Germinati
actor
(%) (Days) index (%) on time on index
(Days)
Factor A (Magnetic field intensity) * ns ns * ns ns
Factor B (Time of seed priming with
% % *x *x *x% *x%
magnetic water)
Factor Ax B ns * ns * * *
Factor Ax B
0mT x 0 hr 52.50 11.03 aV 2.55 3850 b 12.56 a 1.55d
0mT x 3 hr 82.00 8.37c 5.45 84.00 a 11.22 bed 3.23 bc
0mT x 6 hr 73.50 8.66 C 4.80 7150 a 11.37 bed 3.22 bc
0mT x9 hr 78.50 8.78 bc 4.93 71.00 a 11.46 bc 3.17c
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Table 1 Effect of magnetic field on sweet pepper seed germination percentage, mean germination time and germination index in laboratory and greenhouse

experiment (Cont.)

Laboratory Greenhouse
Mean
Factor Germination Mean germination time Germination Germination germinati Germinati
(%) (Days) index (%) on time on index
(Days)
25 mT x 0 hr 46.00 10.48 a 241 3750 b 1252 a 151d
25 mT x 3 hr 74.00 8.43 ¢ 5.07 78.00 a 11.20 bcd 3.57 abc
25 mT x 6 hr 64.00 9.50 b 4.13 84.00 a 11.06 cd 3.89 a
25 mT x 9 hr 62.50 9.09 bc 4.10 83.00 a 1092 d 3.89 a
50 mT x 0 hr 58.00 10.71 a 291 15.50 ¢ 1251 a 0.63 e
50 mT x 3 hr 62.50 9.42 b 4.29 82.50 a 11.15 bcd 3.79 abc
50 mT x 6 hr 63.00 9.03 bc 3.88 74.00 a 11.55 b 3.28 abc
50 mT x 9 hr 76.00 8.77 bc 4.99 72.00 a 10.39 e 3.62 abc
Mean 66.04 9.36 4.13 65.96 11.49 3.00
CV. (%) 15.41 5.45 19.55 14.03 2.88 14.62
Y= superscript in each column are significantly different by least significant difference (LSD).
ns, *, ** mean not significant, significant difference at P<0.05 values and P<0.01.
Table 2 Effect of magnetic field on sweet pepper seedling length in laboratory and greenhouse experiment
Laboratory Greenhouse
seedling length (cm) seedling length (cm)
Factor Week 1 Week 2 Week3 Week 4 Week 1 Week 2 Week3 Week 4
Factor A (Magnetic field intensity) ** o o ns o ns ns ns
Factor B (Time of seed priming with magnetic water) ** ** ** ** ** ** ** **
Factor Ax B ** ns ns ns o * ns ns
Factor Ax B
0mT x 0 hr 3.75 abed” 6.25 737 8.21 4.25f 6.11 ef 7.10 8.12
0mT x 3 hr 3.83 abc 6.77 8.14 9.19 4.70 cd 7.73 abcd 9.28 10.50
0mT x 6 hr 4.19 a 6.36 7.61 8.45 4.55 de 6.73 def 8.14 9.17
0mTx9 hr 3.93 abc 6.86 8.35 9.18 4.89 bc 6.82 cdef 7.95 9.17
25 mT x 0 hr 3.49 cd 5.82 7.41 8.31 4.31 ef 5.95 ef 6.70 7.63
25 mT x 3 hr 4.13 a 6.56 8.55 9.54 519 a 7.15 bcde 8.41 9.10
25 mT x 6 hr 2.66 e 5.95 7.89 9.02 5.18 a 8.83 a 10.40 11.27
25 mT x 9 hr 332d 6.11 7.45 8.61 4.95 abc 7.70 abcd 8.83 9.80
50 mT x 0 hr 3.61 bcd 597 7.26 8.44 3.74¢ 582f 6.89 7.72
50 mT x 3 hr 3.91 abc 6.93 8.85 9.16 5.02 ab 7.96 abc 9.35 10.05
50 mT x 6 hr 3.50 cd 6.89 9.54 9.82 5.08 ab 7.63 abcd 9.36 10.30
50 mT x 9 hr 397 ab 7.05 8.96 9.52 5.04 ab 8.32 ab 9.56 10.57
Mean 3.69 6.46 8.12 8.96 4.74 7.23 8.50 9.45
CV. (%) 8.64 7.88 9.27 712 3.77 11.54 14.04 12.37

Vo Superscript in each column are significantly different by least significant difference (LSD).
ns, ¥, ** mean not significant, significant difference at P<0.05 values and P<0.01.
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Table 3 Effect of magnetic field on sweet pepper chlorophyll contents in laboratory and greenhouse experiment

Laboratory Greenhouse
chlorophyll contents (SPAD unit) chlorophyll contents (SPAD unit)
Factor Week1 Week2 Week3 Week1 Week2 Week3
Factor A (Magnetic field intensity) ** ** ** ns ns *
Factor B (Time of seed priming with magnetic water) ** ** * ** ns ns
Factor Ax B ns * ns ns ns ns
Factor Ax B

0mTx 0 hr 23.50 17.87 d¥ 12.59 2491 17.59 14.21
0mT x 3 hr 25.26 19.27 cd 14.17 29.03 22.84 17.25
0mT x 6 hr 24.54 18.11d 13.73 27.45 20.91 15.23
0mTx9 hr 25.47 19.05 cd 13.44 26.26 19.00 14.15
25 mT x 0 hr 25.83 19.64 cd 14.40 23.69 17.48 13.77
25 mT x 3 hr 26.52 21.55 bc 15.35 25.29 17.96 13.57
25 mT x 6 hr 28.63 2267 b 16.63 29.09 21.30 14.75
25 mT x 9 hr 25.54 19.29 cd 14.72 26.98 18.62 13.13
50 mT x 0 hr 25.66 20.23 bcd 1591 24.45 21.50 14.93
50 mT x 3 hr 28.11 21.88 bc 15.80 26.53 19.40 13.75
50 mT x 6 hr 28.60 26.85 a 18.91 28.06 19.89 14.21
50 mT x 9 hr 28.11 23.14 b 16.64 29.24 20.10 14.17
Mean 26.32 20.80 15.19 26.75 19.72 14.43
CV. (%) 5.49 9.80 10.36 10.14 12.78 9.53

Y= superscript in each column are significantly different by least significant difference (LSD).
ns, ¥, ** mean not significant, significant difference at P<0.05 values and P<0.01.

Table 4 Effect of magnetic field on leaf area, plant fresh weight, root length, plant dry weight and seedling growth rate (SGR) in laboratory and greenhouse

experiment
Laboratory Greenhouse
Root Leaf Fresh Root Dry
Leaf area Fresh Dry weight SGR ) . SGR
Factor (mm?) weight (@ length @ © area2 weight length weight ©
(cm) (mm?) (9) (cm) (9)
Factor A o ** ns ** ** ns ns ns ns *
Factor B ns ns ns * ns ** ** * o o
Factor Ax B ** * ns * * ns ns ns ns ns
Factor Ax B
0mT x 0 hr 442.23 bed” 1.09 cde 13.51 0.1008 cd 0.0201 bc 441.47 1.07 12.99 0.0993  0.0262
0mT x 3 hr 476.67 bc 1.28 bed 15.89 0.1162 bcd 0.0149 cd 742.70 2.01 15.15 0.2124  0.0256
0mT x 6 hr 37533 cd 0.95 de 15.02 0.0869 d 0.0118 d 586.18 1.59 16.48 0.1573  0.0232
0mT x 9 hr 451.17 bcd 1.19 bcde 15.68 0.1139 bcd 0.0145 cd 600.20 1.60 14.23 0.1530  0.0222
25 mT x 0 hr 444,88 bcd 1.14 cde 13.05 0.1074 cd 0.0202 bc 420.70 1.00 11.81 0.0939  0.0274
25 mT x 3 hr 51370 b 1.35 bc 15.18 0.1381 bc 0.0188 bcd 603.75 1.57 12.97 0.1533  0.0198
25 mT x 6 hr 494.40 b 1.32 bc 14.45 0.1215 bcd 0.0196 bc 851.60 2.80 13.75 0.2431  0.0294
25 mT x 9 hr 346.35 d 093 e 14.58 0.0889 d 0.0142 cd 675.95 1.79 14.26 0.1759  0.0212
50 mT x 0 hr 419.15 bcd 1.14 bcde 14.97 0.1073 cd 0.0191 bcd 474.62 1.27 12.07 0.1205  0.0214
50 mT x 3 hr 516.45 b 1.41 abc 16.53 0.1465 ab 0.0236 ab 676.53 1.76 13.75 0.1745  0.0213
50 mT x 6 hr 642.85 a 1.70 a 16.21 0.1836 a 0.0290 a 716.53 1.80 14.35 0.1814  0.0244
50 mT x 9 hr 52280 b 1.47 ab 15.29 0.1490 ab 0.0198 bc 720.87 2.01 12.82 0.2046  0.0281
Mean 470.50 1.25 15.03 0.12 0.02 625.93 1.69 13.72 0.16 0.03
CV. (%) 7.09 8.48 10.76 11.53 16.66 23.04 13.63 14.67 10.70 13.96

Y= Superscript in each column are significantly different by least significant difference (LSD).
ns, ¥, ** mean not significant, significant difference at P<0.05 values and P<0.01.
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Table 5 The effect of magnetic fields on water pH

252

Factor pH
Factor A **
Factor B **

Factor Ax B **

Factor Ax B

0mTx0 hr 7.23 dV
0mT x 3 hr 7.23d
0mT x 6 hr 7.23d
0mT x9 hr 7.23d
25 mT x 0 hr 778 ¢
25 mT x 3 hr 8.45b
25 mT x 6 hr 893 a
25 mT x 9 hr 799 c
50 mT x 0 hr 6.97 d
50 mT x 3 hr 776
50 mT x 6 hr 8.04 c
50 mT x 9 hr 8.39 b

Mean 777
CV. (%) 1.77

Y- superscript in each column are significantly different by least significant difference (LSD).

** mean significant difference at P<0.01.
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Introduction

Kombucha is defined as a fermented tea

Panczyk, 2020). During the fermentation of
Kombucha, these microorganisms convert
the sugar and generate metabolites such as

beverage, made by adding a symbiotic
culture of bacteria and yeast ( SCOBY) ,
resulting in a refreshing, bittersweet, sour
taste and slightly carbonated drink.
Kombucha is now considered a functional
beverage because it contains both essential
nutrients and bioactive compounds that
promote human health benefits, including
antioxidant, antimicrobial activity, immune
system activation, hepatoprotective effects
and antidiabetic (Chakravorty etal.,2016;
Kapp & Sumner, 2019; Mahmoudi et al.,
2016; Muhialdin et al., 2019; Coelho et al.,
2 02 0; Emiljanowicz & Malinowska-

"Corresponding author
E-mail address: nisa_romsomsa@hotmail.com (N. Romsomsa)

organic acids ( acetic, gluconic, glucuronic
and citric), water-soluble vitamins (B, B,
Bs, B12, and C), ethanol, carbon dioxide, and
cellulose. (Bauer-Petrovska & Petrushevska-
Tozi, 2001; Jayabalan et al., 2007; Malbasa
et al., 2011; Marsh et al., 2014; Neffe-
Skocinska et al., 2017; Gaggia et al., 2018;
Leonarski etal., 2021). Currently, Kombucha
is one of the most popular world-fermented
beverages with low alcohol (Kapp & Sumner,
2019), with a market value of USD 2.64
billion in 2021 and is expected to expand at a
compound annual growth rate (CAGR) of
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15.60 % from 2022 to 2030. Typically,
Kombucha can be prepared with black or
green tea. Recently, there has been a growing
interest in Kombucha from alternative raw
materials in the replacement of the traditional
ingredients for its fermentation, such as
herbal teas, fruit juices, milk, coffee and
a wide range of agro- industrial materials,
mainly by- products of fruit industries
( Emiljanowicz & Malinowska- Panczyk,
2020; Kim & Adhikari, 2020). The use of
alternative raw materials can promote
the development of new beverages with novel
functional  properties due to their
phytonutrient enrichment composition which
provide Kombucha with diverse biological
activities and  differentiated  sensory
characteristics to attract consumer attention.

Blended tea is a final product that is
produced by blending different teas or teas
with other ingredients, such as added herbs,
spices, flowers, dried fruits, and essential
oils. In general, the blending tea formulation
can use true teas ( black, green, Oolong,
yellow, or white) as tea base. Then, add
a supporting ingredient for a complementary
effect or flavor such as spices or herbs.
The final ingredient is an accent which adds
a pop of flavor (fruits and flowers) and can
include a multitude of formulas to create
a specific blend. In particular, appearance,
liquor hue, flavoring and scenting are the
most popular ways to create tea blends with
well- balanced attractive flavors. Different
types of tea are blended to produce a special
taste, which helps in the achievement of
different enhanced health benefits, including
antioxidant, immunostimulatory, calming,
and digestive stimulant. Oolong tea is
referred to as semi-fermented tea results in an
extremely wide variety of flavors, which is
known for its distinct light and elegant floral
aroma and very fruity flavor (Zeng et al.,
2020). Because of the natural fruitiness of
Oolong teas, they are often blended with
other fruit flavors or a floral aroma that
provides satisfying blend teas. Therefore,
blended tea may be considered an interesting

substrate for Kombucha fermentation.

This study focused on the development
of blended Kombucha from various herbal
teas and flower teas by using Oolong tea as
tea base. The populations of acetic acid
bacteria and yeast during blended Kombucha
fermentation  were  determined. A
comparative study on the antioxidant activity,
anti- a- glucosidase inhibitory profiles, and
sensory evaluation of various blended
Kombucha was performed.

Materials and methods
Preparation of blended herbal and flower
teas

Three dried herbal teas including
Jiaogulan, Jasmine rice leaves and Sacha
Inchi and dried three flower teas including
chamomile, roses and butterfly pea was
purchased from local organic farms. Blend
teas are created by combing Oolong tea
leaves as tea base, dried herbs and dried
flowers in a bowl using a 2:1: 1 ratio. Then,
mixing and put them into the tea bags.
Keeping in ziplock bags and store at 4°C.
Blended Kombucha fermentation

Nine formulas of blended herbal and
flower teas were set up as shown in Table 1.
Preparation of each group infusion of blended
Kombucha as described by using 4.8 g of
blended dried herbs or flower teas allow it to
steep for 15 minutes. Then, approximately
180 g of brown sugar was dissolved in 2 L of
boiling water, added the commercial starter
SCOBY ( Kombuchadiyshop, Bangkok,
Thailand) with 20 % (v/v) of its liquid from a
previous starter, and kept at room
temperature in a glass container covered with
clean cheesecloth and fastened with rubber
bands for 10 days. After fermentation,
SCOBY was removed from Kombucha
liquids, and the remaining Kombucha
samples were stored at 4° C. Kombucha
samples were examined in terms of pH and
total acidity, antioxidant and total phenolic
compound, and o- Glucosidase inhibitory
activity.
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Table 1 Formulations of blended Kombucha sample
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Blended Tea base Herbal teas (g) flower teas (g)
teas Oolong tea  jjaogulan Jasmine Sacha  Chamomile Roses Butterfly pea
formula @ rice leaves  Inchi
1 2.4 1.2 - 1.2 -
2 2.4 1.2 1.2 -
3 2.4 1.2 - - 1.2
4 2.4 - 1.2 1.2 -
5 2.4 - 1.2 1.2 -
6 2.4 - 1.2 - 1.2
7 2.4 1.2 1.2 -
8 2.4 1.2 - 1.2 -
9 2.4 1.2 - - 1.2

**% Control: Oolong tea.

Enumeration of acetic acid bacteria and
yeasts during the blended Kombucha
fermentation

The populations of acetic acid bacteria
(AAB) during 10 days of fermentation were
determined by plating on GYC agar and
incubated at 30-C for 24-48 h. The viable cell
numbers of yeasts were measured by plating
on YEPD agar and incubated at 30-C for 24-
48 h. The populations of both AAB and
yeasts were expressed as log of colony-
forming units per ml (log CFU/ml). The
acidity of the Kombucha sample was
determined and acetic acid content was
analyzed by titration.
Determination of antioxidant activity of
blended Kombucha

The antioxidant activity of samples was
measured by using the DPPH (2.2-diphenyl-
1-picrylhydrazyl) was modified from Lu et
al. (2011). Kombucha samples (50 ul) were
mixed with 1. 950 ml of 40 mg/| of 2,2-
diphenyl- 1-picrylhydrazyl (DPPH) solution
and incubated for 30 min in the dark. The
absorbance of the sample was measured at
517 nm using a spectrophotometer ( Genesys
10- S UV- Vis spectrophotometer, Thermo
Fisher Scientific, USA). The results of the
antioxidant capacity were calculated as trolox
equivalent per gram of sample. % of radical
scavenging activity was calculated according
to the following equation:

% of scavenging activity = (A control — A sample) X 100

A control
wherein A conrol IS an absorbance at 400 nm in the control samples
Asmpie 1S an absorbance at 400 nm in the Kombucha
samples

Determination of total phenolic compound of
blended Kombucha

The total phenolic content was
measured using the Folin- Ciocalteu assay
modified from Matth&us (2002). Kombucha
samples (50 pul) were added to 2 ml of 2 %
(w/v) sodium carbonate, mixed with 10 %
(v/v) Folin-Ciocalteu reagent (100 pl), and
further incubated for 30 min. The absorbance
was measured at 750 nm using a
spectrophotometer ( Genesys 10-S UV-Vis
spectrophotometer, Thermo Fisher Scientific,
USA). The result was expressed as pg gallic
acid equivalent per ml of Kombucha sample
(ng GAE/ml).
Determination of a- glucosidase inhibition
activity

The Inhibitory activity of a-glucosidase
of blended Kombucha was determined
according to the methods reported
by Sugiwati et al. (2009). To analyze the
inhibition activity of a-glucosidase, 50ul of
blended Kombucha samples fermented for 10
days of different concentrations
(6.25, 12.5, 25 and 50 ppm) were added to 25
wl of a- glucosidase solution (0.5 U/ml),
which was dissolved in 0.1 M phosphate
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buffer (pH of 7), were mixed and incubated
at 37°C for 15 min. After 5ul of p-
nitrophenyl- a- D- glucopyranoside ( pNPG)
(5 mM) was added to the mixture and
incubated for 10 min at 37°C, 100 ul of
Na,COs ( 200 mM) was added to stop
the reaction. Acarbose was used in this
experiment as the positive control.
The reaction was monitored by a change of
absorbance at 400 nm using
a spectrophotometer (Genesys 10-S UV-Vis
spectrophotometer, Thermo Fisher Scientific,
USA). % of inhibition could be calculated
with an equation.

% of inhibition = ((Ao-A1))/Aox 100

wherein Ao is an absorbance at 400 nm
in control (DMSO) without sample and Az is
sample absorbance with enzyme addition
minus sample absorbance without enzyme
addition.

The ICso for each sample was estimated
using the fitted straight Iline ( linear
regression) plotted with the data derived (%
of inhibition values) against ul of the sample.
Acarbose was used as a positive control, and
all treatment was conducted in triplicate
(n=3). The concentration of the samples
required to inhibit 50 % of a- glucosidase
activity under the assay conditions was
defined as the 1Cso value. A linear regression
was made between % inhibition (YY) and
sample concentration (X) to obtain a linear
equation. ICso values of samples were
calculated based on the equation obtained.
Sensory evaluation

Sensory evaluation of nine blend
Kombucha samples was carried out by using
10 ml of the drink for an untrained sensory
panel of 50 testers. Each blend Kombucha
sample was subsequently coded with letters

and evaluated in triplicate for, color, clarity,
odor, taste and overall acceptability were
evaluated with the 9- point Hedonic scale
method under natural light in a room by
1 = dislike extremely, 2 = dislike very much,
3 = dislike moderately, 4 = dislikes slightly,
5 = neither like nor dislike, 6 = like slightly,
7 = like moderately, 8 = like very much, and
9 = likes extremely.
Statistical analysis

All experiments were carried out in
triplicate and the mean of replications with
standard  deviations  were  reported.
The experimental data were subjected to
analysis of variance (Duncan’s test) at the
significance level of 0. 05 which were
performed with SPSS software.

Results and Discussion
The appearance of blended Kombucha from
herbal teas and flower

The appearance of blended Kombucha
from herbal teas and flowers at the beginning
of the fermentation and after 10 days of
fermentation is shown in Figure 1.
The appearance of blended teas broth formula
2, 4,5, 7,8 and 10 at the beginning of the
fermentation was light yellow, while after
fermentation, the color changed
to transparent yellow. The color of blended
Kombucha samples formula 3, 6 and 9 before
fermentation was greenish blue then changed
to purplish pink. In this study, the pH of
blended Kombucha samples decreased
during fermentation, thus the transformation
in the color of blended Kombucha during
fermentation was probably due
to anthocyanins (Filipe-Ribeiro et al., 2019).
The anthocyanin turns red- pink in acids
(pH 1-6), reddish-purple in neutral solutions
(pH 7) and green in alkaline or basic solutions
(pH 8-14) (Fossen et al., 1998)


https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/sequest
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Formula 1:
Oolong tea
Jiaogulan and
Chamomile
flower
Formula 2:
Oolong tea
Jiaogulan
and Roses

Formula 3:
Oolong tea
Jiaogulan and
Butterfly pea

Formula 4:
Oolong tea
Jasmine rice
leaves and
Chamomile
flower
Formula 5:
Oolong tea
Jasmine rice
leaves and
Roses
Formula 6:
Oolong tea
Jasmine rice
leaves and
Butterfly pea
Formula 7:
Oolong tea
Sacha inchi and
Chamomile
flower
Formula 8:
Oolong tea
Sacha inchi and
Roses

Formula 9:
Oolong tea
Sacha inchi and
Butterfly pea

(c)

e R |

L )

Figure 1 Appearance of blended Kombucha from herbal teas and flower; blended tea (a); blended tea at the beginning of

fermentation (b); after 10 days of fermentation (c).

After 10 days of blended Kombucha
fermentation, a thin layer of SCOBY grew
across the top of the liquid from the fifth day,
increasing its thickness with fermentation
time as shown in Figure 2. During
fermentation, acetic acid bacteria ( AAB)
utilize fructose and glucose to produce

bacterial cellulose, is an extracellular
polysaccharide  consisting of glucose
molecules linked by B-1, 4-glycosidic bonds,
and its production depends on the availability
of carbon and nitrogen sources, ethanol,
organic acids, and culture conditions
(Leal et al., 2018).


https://www.sciencedirect.com/science/article/pii/S0308814621023529#f0005
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Formula 1: Oolong tea
Jiaogulan and
Chamomile flower

Formula 2: Oolong tea
Jiaogulan
and Roses

Formula 3: Oolong tea
Jiaogulan
and Butterfly pea

Formula 4: Oolong tea
Jasmine rice leaves and
Chamonmile flower

Formula 5: Oolong tea
Jasmine rice leaves and
Roses

Formula 6: Oolong tea
Jasmine rice leaves and
Butterfly pea

Formula 7: Oolong tea
Sacha inchi and
Chamonmile flower

Formula 8: Oolong tea

Sacha inchi and Roses

Formula 9: Oolong tea
Sacha inchi and Butterfly
pea

Formula 10: Oolong tea
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Figure 2 Appearance of blended Kombucha from herbal teas and flower teas a (from left to right) at the beginning of the
fermentation process (a) 5 days of fermentation (b) and after 10 days of fermentation (c).

Enumeration of acetic acid bacteria and yeast
during blended Kombucha fermentation

The growth characteristics of AAB and
yeast of nine blended Kombucha samples
during fermentation are shown in Figure 3.
The microbial population of AAB and yeast
in the blended Kombucha increased by nearly
2 log CFU/ ml during fermentation for
10 days. Among the ten blended Kombucha
samples, the population of AAB showed
significant difference (p < 0.05) which the
maximum concentration of AAB of formula
3 of 8.45+0.02 log CFU/ml was observed.
The results indicated that butterfly pea flower
and Jiaogulan can promote the number of

acetic acid bacteria cells. According to Majid
et al. (2023) showed that the development of
butterfly pea flower Kombucha was studied
on the 4 days of fermentation marked the
peak of AAB growth at 6.29 log CFU/ml and
yeast growth at 7.66 log CFU/ml. In addition,
Jiaogulan presented the prebiotic properties
which promote the growth of beneficial
bacteria, particularly the short- chain fatty
acid (SCFA) producers (Huang et al., 2022).
On the contrary, formula 7 had the lowest of
AAB population of 4.77+0.10 log CFU/ml.
Yeast population was detectable from the
beginning of fermentation and increased until
10 days of fermentation, reaching
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the maximum of 6.19+0.02 log CFU/ml was
found in formula 5, while formula 2 showed
the lowest yeast count of 5.69+0.03 log
CFU/ml. The results indicated that Jasmine
rice leaves provide a source of nitrogen and
minerals for Kombucha microorganisms and
have also valuable nutritional properties such
as B- Glucan ( Sudtasarn et al. , 2008) .
In addition, roses are the alternative raw
materials used in Kombucha production since
it provides various nutrients for activating
SCOBY. Zhang et al. (2020) who reported
that rose and jujube kernel were proposed as
an attractive alternative to Kombucha which
showed the content of 6-feruloylspinosin and
spinosin, as typical functional substances that
exert sedative and hypnotic effects.

As depicted in Figure 4 the
determination of acetic acid content of nine
blended Kombucha samples  during

fermentation. It was found acetic acid
increased dramatically at ten days of
fermentation. Formula 3, 4 and 5 had the
highest % of acetic acid content (1 %), and
no significant (p < 0.05) differences were
observed. The pH value declined quickly at
10 days of fermentation, meaning that the
acetic acid bacteria produce the acetic acid
during the fermentation of Kombucha by
conversion of sucrose to ethanol and glucose
and fructose (Spedding, 2015). Kombucha
has less than 1 % acetic acid, with a typical

pH between 2.5 and 3.5 ( Figure 5).
Comparisons between the pH of blended
Kombucha samples are shown in Figure 5.
The pH of blended Kombucha samples
decreased significantly (p < 0.05) during
fermentation, mainly due to the increase in
organic acid contents. However, at the
beginning of fermentation, no significant
(p > 0.05) differences were observed in the
pH of Dblended Kombucha samples
in comparison with Kombucha tea, whereas
formula 3 exhibited the lowest pH (2.53)
at the end of fermentation.
Determination of antioxidant activity of
blended Kombucha

DPPH Assay

Comparisons between the antioxidant
activity of blended Kombucha samples are
shown in Figure 6. At the beginning of
fermentation, the results revealed that
formula 6 had the highest radical scavenging
activity, which was 93.022+0.004 %
compared to the other blended Kombucha
formulas. However, at the end of the
fermentation, the highest antioxidant activity
was found in formula 8 with scavenging
activity of 87.090x0.006 % . Lobo et al.
( 2017) determined that the metabolic
conversion of tea components by microbial
enzymes during fermentation may contribute
to the increase in the antioxidant activity
of Kombucha.
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Figure 3 Growth patterns of acetic acid bacteria (a) and yeast (b) during blended Kombucha fermentation. Different
letters show statistical significance (p < 0.05) between different Kombucha formulas at the same fermentation time.
Different colors of letters represent different Kombucha fermentation with various blended Kombucha formulas.
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Figure 4 Comparisons between the acetic acid content (%) of various blended Kombucha during 10 days of fermentation.
Different letters show statistical significance (p < 0.05) between different Kombucha formula at the same fermentation
time. Different colors of letters represent different Kombucha fermentation with various blended Kombucha formula,
whereas “ns” indicates not significant (p > 0.05).
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Figure 5 Comparisons between the pH of various blended Kombucha during 10 days of fermentation. Different letters
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colors of letters represent different Kombucha fermentation with various blended Kombucha formula, whereas “ns”
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Figure 6 Antioxidant activities of various blended Kombucha during 10 days of fermentation. Different letters show
statistical significance (p < 0.05) between different Kombucha formulas at the same fermentation time. Different colors
of letters represent different Kombucha fermentation with various blended Kombucha formulas.

Total phenolic content

Following the total phenolic content
assay, the results showed that the total
phenolic content of all blended Kombucha
formula increased during fermentation.
Furthermore, the significantly highest total
phenolic content is determined as
0.398+0.002 mg/ml for formula 3 at 10 days
of fermentation ( Figure 7). According to
Bhattacharya et al. (2013), an increase in
phenolic content during fermentation may be

related to the enzymes of yeasts and bacteria
such as glucosidase, esterase, dehydroxylase,
and decarboxylase ~ which convert
polyphenolic complex into less complex
phenolic components during fermentation.
(Selma et al., 2009; Zubaidah et al., 2018).
As well as Emiljanowicz & Malinowska-Pa
(2020) reported that the phenolic components
are more stable at acidic pH may cause
differences in the total amount of phenolic
substances during fermentation.
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Figure 7 Total phenolic content of various blended Kombucha during fermentation. Different letters show statistical
significance (p < 0.05) between different Kombucha formulas at the same fermentation time. Different colors of letters
represent different Kombucha fermentation with various blended Kombucha formulas.

o glucosidase inhibitory activity of blended
Kombucha

a-amylase and a-glucosidase are essential
in the breakdown of carbohydrates, which are
present in the small intestinal brush border.
Thus, inhibiting these enzymes’activity, thereby
enhancing ability to prevent the breakdown of
starch and reduce the glucose absorption rate in
the blood (Koh et al., 2010; Liu et al., 2011).
The results obtained for o- glucosidase
inhibitory activity of blended Kombucha are
shown in Figure 8. In all ten Kombucha samples
had statistically significant difference in
inhibitory effects on alpha-glucosidase activity
(p<0.05) was observed. Blended Kombucha
formula 5 strongly inhibited o- glucosidase
activity with 1Cso value of 43.62+1.28 ppm,
followed by, blended Kombucha formula 1
showed o~ glucosidase inhibitory activity with
ICso value of 50.54+2.66 ppm, while the lowest
activity of blended Kombucha formula 8 and 9
were observed. This finding indicates that the
blended Kombucha from herbal teas and flower
teas has the potential to be effective in
controlling blood glucose levels functional
drink. In agreement with the literature, Hardoko
et al. (2020) who reported that Kombucha from
R. mucronata herbal tea is more effective in

inhibiting a- glucosidase activity than the
acarbose and the commercial Kombucha tea.
Similar observations were also noted by
Dechakhamphu et al. (2023) demonstrated that
C.  rotundus Kombucha showed alpha-
glucosidase activity inhibition potential with
ICso values of 142. 7+5.2 pl/ ml. Inhibitory
activity of the o - glucosidase at blended
Kombucha may be due to the phytochemical
compounds in plants have ability to inhibit the
a-glucosidase, such as alkaloids, triterpenoids,
flavonoids, and phenolic (Yin et al., 2014). In
addition, the increased presence of the total
phenolics content which can inhibit a-amylase
produced during the fermentation process. In
agreement with the literature, Mai et al.
( 2007) demonstrated a positive correlation
between a- glucosidase inhibition and
antioxidant activity. Like the previous study
which revealed that phenolic compounds were
the main contributors to o- glucosidase
inhibitory activity of Neptunia oleracea (Lee et
al., 2014) and B. macrophylla seed extract
(Adam et al., 2016). Moreover, the glycoside
content in herbal teas or flowers consists of
sugars that may be structurally similar to
carbohydrates which is a substrate of the
a-glucosidase (Sugiwati et al., 2009).


https://www.sciencedirect.com/science/article/pii/S0254629910001158#bib26
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Figure 8 a- glucosidase inhibitory activity of blended Kombucha expressed in ICso. Different letters show statistical
significance (p < 0.05) between different Kombucha formula at the same fermentation time.

Sensory evaluation

The results of the sensory evaluation of
nine blended Kombucha formula samples are
shown in Table 2. There was a significant
difference in scores amongst the general
acceptability of the blended Kombucha
samples, whereas the clarity of blended
Kombucha samples did not different
significantly. It can be seen that the highest score
for color was assigned to formula 3 (7.80£1.25),
whereas the lowest score was assigned to
formula 2 (6.64+1.59). That may probably be

due to the attractive color of butterfly pea flower
as a raw material for tea constituents which can
enhance the product’s visual attractiveness to
consumers. The highest score for odor of
formula 3 was 6.30+2.03, which was higher
than that of the other formulas. The score of taste
of formula 3 and formula 4 was not statistically
significant (p > 0.05), which was better than the
other formula. Moreover, the most desirable
overall acceptability was that of formula 4,
while formula 2 had the least desirable overall
acceptability.

Table 2 Sensory evaluation score of blended Kombucha samples

Blended Kombucha Color Clarity ™ Odor Taste Overall acceptability

formula
1 6.88+1.38" 6.98+1.32 4.78+1.87° 6.76+1.25% 6.54+1.27%¢
2 6.64+1.59¢ 6.74+1.81 4.90+2.00°  5.22+1.93° 5.60+1.82¢
3 7.80+1.25° 7.42+1.32 5.28+2.18"  7.14+1.55 7.22+1.42%®
4 7.46+1.49% 7.3241.62 6.30+2.03%¢  7.50+2.05 7.56+1.892
5 7.06+1.53% 7.20+1.54 556+1.98%¢ 6.3+1.85¢ 6.56+1.74%¢
6 7.42+1.49% 6.80+1.73 5.50+2.01%°¢  572+1.90%¢ 6.08+1.60
7 7.16+1.43%¢ 7.10+1.31 6.18+1.92% 7.30+1.542 7.32+£1.75%
8 7.14+1.31%¢ 7.0641.36 5.78+1.93%® 57441 94k 6.34+1.35¢
9 7.06+1.71% 6.84+1.69 5.76+2.00%  6.12+2.21° 6.50+1.89¢

Control 7.16+1.67%¢ 7.16+1.65 5.66+1.73%¢ 5.44+2.06% 6.06+1.88%

Data from panelists are means + standard deviations (n = 50); different letters show statistical significance (p < 0.05)
between different Kombucha formulas, “ns” indicates not significant (p < 0.05).

On the overall acceptability score,
formula 4 showed the highest score for
overall acceptability (7.56+1.89) among all
blended Kombucha formulas. For the
blended the Kombucha, taste, odor, and

overall acceptability of formula 4 were
slightly better than formula 3, but the two
samples were significantly higher than the
control (p > 0.05) (Figure 9). It was evaluated
that formulas 3 and 4 were most preferred by
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participants which may probably be due to
Jasmine rice leaves and Chamomile flower
Kombucha being yellow a moderately amber
and yellow color, while formula 3 had the
attractive color of butterfly pea flower in
acidic condition, pink-purple. The taste of
blended Kombucha was evaluated as
depending on the kind of herbal tea leaf and
flower used for the Kombucha fermentation
process. The blended Kombucha formulas
3 and 4 had acidic and pleasant taste and odor
characteristics for the used extracts. Thus, the
appearance of a sour taste due to the SCOBY
metabolizes the sugars and ultimately
produces acids during the fermentation
process (Marsh et al., 2014; Kim & Adbhikari,
2020). Acetic acid is the most prominent with
a slightly sharp and hard sour aroma and
taste. Moreover, gluconic acid is also found
in Kombucha tea with a refreshing, soft, and
light taste (Laureys et al., 2020). In addition,
the flavors across fermentation can change
from “fruity”, “sweet and sour”, “tea” and
“sparkling” flavors to “ vinegar” “ sour”

266

“sparkling” and “apple cider-like” flavors
(Marsh et al., 2014; Watawana et al., 2015;
Amarasinghe et al., 2018). Besides, a beer
taste is typical for Kombucha tea brews, since
microbiota fermentation leads to the
occurrence of a characteristic taste and
aroma, similar to cider. Constituents such as
tannins, catechins, amino acids contribute to
the flavor of the tea. Catechins are
predominantly known to contribute to 70-75
% of bitterness and astringency. On the other
hand, the bitter taste is reduced by the
Kombucha microbial activity during the
fermentation process, since it produces amino
acids reducing the bitterness of the tea
alkaloids present ( Gramza- Michatowska et
al., 2016). Whereas caffeine and tannins are
responsible for astringent or pungent taste.
The brothy taste and sweet taste was due to
amino acids ( Nakagawa, 1975; Lee &
Chambers, 2009; Zou et al. , 2018) .
Therefore, blended Kombucha formula 4 is
more suitable for the preparation of
Kombucha beverage with delightful flavor.

™\ Clarity

Odor

Figure 9 Radar chart of sensory evaluation test of blended Kombucha; formula 3 (Oolong tea, Jiaogulan and butterfly
pea), formula 4 (Oolong tea, Jasmine rice leaves and chamomile flower), control (Oolong tea).

Conclusion

In this work, we report the growth
profile of acetic acid bacteria and yeast
between the blended Kombucha beverages
using different herbal tea and flowers during
fermentation. The results showed that herbal
teas and flowers are the good alternative raw
materials used in Kombucha production that
provide carbon and nitrogen sources for the

Kombucha cultures and alter its fermentation
products to produce more beneficial and
healthy bioactive beverages. The highest of
acetic acid bacteria cell numbers was
8.45%0.02 log CFU/ml for formula 3 (Oolong
tea, Jiaogulan and chamomile flower), while
formula 5 (Oolong tea, Jasmine rice leaves
and roses) had the highest yeast cell at
6.19+0.02 log CFU/ml. Additionally, the
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total phenolic compounds and antioxidant
activity increased during fermentation, the
highest total phenolic compounds content
and DPPH radical scavenging capacity
values were evaluated in formula 3 and 6,
respectively. To summarize the inhibitory
effects on «a- glucosidase of blended
Kombucha, among of them, formula 5 was
greatest inhibitory activity. In the sensory
evaluation of overall liking, blended
Kombucha formula 4 (Oolong tea, Jasmine
rice leaves and chamomile flower) received
the highest score with 7.56£1.89. Thus, the
development of blended Kombucha from
various of herbal teas and flower teas provide
the profile of blended Kombucha of herbal
teas and flower teas for promoting the growth
of Kombucha starter culture and inhibition of
o~ glucosidase activity that provide a
guideline for application to growth of
functional beverage business, which could be
beneficial for further research and industrial
applications.
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Received: 12 December 2023 The purpose of this research was to develop blended Kombucha from various herbal teas and flower
Revised: 3 April 2024 teas, to study the microbial population of acetic acid bacteria and yeast, to compare antioxidant
Accepted: 24 April 2024 activity, a-glucosidase inhibition activity, and to assess the sensory quality of the beverage. An
Online published: 29 June 2024 experimental design with nine formulas of Kombucha herbal teas and flower teas was set up. The

Keyword results showed that the population of acetic acid bacteria and yeast differed significantly in each
Kombucha blended Kombucha formula (p < 0.05). The highest acetic acid bacteria population was observed
Blended teas in formula 3 (Oolong tea, Jiaogulan, and Chamomile flower) at 8.45 + 0.02 log CFU/mI. A
Antioxidant activity maximum of yeast cells was found in formula 5 (Oolong tea, Jasmine rice leaves, and Roses) at
Sensory evaluation . 6.19 + 0.02 log CFU/mI. Blended Kombucha formulas 3, 4 (Oolong tea, Jasmine rice leaves, and
o-Glucosidase inhibitory activity Chamomile flower), and 5 showed the highest acetic acid content at 1 % and a pH of 2.53. The

antioxidant activity of blended Kombucha was determined using the DPPH method, with the
highest antioxidant activity observed by inhibiting 87.09 + 0.006 % of trolox equivalent with
formula 8 (Oolong tea, Sacha inchi, and Roses). The high phenolic content was found in formula
3 blended Kombucha at 0.398 + 0.002 mg gallic acid equivalents per milliliter. Evaluation of the
a-glucosidase inhibition activity of blended Kombucha was performed, revealing that formula 5
obtained the best inhibition of a-glucosidase activity with an IC50 value of 43.62 + 1.28 ppm.
Sensory evaluation of blended Kombucha samples showed that formulas 4 and 7 had the highest
overall liking scores, with scores of 7.56 + 1.89 and 7.32 + 1.75, respectively. Therefore, this study
highlights the best blended Kombucha formulation using herbal teas and flower teas as alternative
raw materials (Oolong tea, Jasmine rice leaves, and Chamomile flower), which received the highest
score in sensory acceptance and contains functional properties.
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