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Tusnmavilsnnadadnd SadunafifimsudesinaiFou
n583N (GHG) (FAO, 2021) oA Arsuaulneenlen (CO,) Hinu
(CHa) waglunfaoonled (N,0) iun91nn15v8an1sUdes GHG
nnsvinvesdlduaznisdanisdenen daduamaves
annelaniou a9ANTOMTUALINYATULNIaNUTEIINH (Food
and Agriculture Organization, FAO) Fslsiauauuiufuisinisvia
Urdnifivinudenisiuasunvasaningdeiniea (Climate-
smart livestock, CSL) Taafluwiufus 5 au laud 1) n1s
Usudgeszansnmnislindany 2) msdanisjvigidesdng
3) M133AN15N15WWeIMNS 4) MIdansveadeuasyadnd uay
5) msdanisiuguamdniazlsafinde damandidnlunis
UftRAmauu CSL e 1) anmsudesfinai3eunsan 2) nanan
Uadnifi Aty 3) ldnwenssssunfod i usednsam

4) nsinivasueu 5) nsnudadnididuasegiadanim
WUUIUNEAT

a o = v a

Fofuauideifetesnisiiasgsinisusudaauuu
UftAnshadaifivinusonisidsundasaningienni
voanuassulausilusemdlne (CSL) Feoluddisuarldin
g9 CSL ilolinsuiassdunsuufmuuuiufod csL uag
Haduiiiiadensuuinuuunufua csL Insinumsnsanansn
deonuwimsnsusumluldluusassedulimngaslunisfulle
funswasuulasanmgionnia msieszsilduuuasunia
oy aNNITUNBATIAULIUIANGTE TI1UIU 400 F18E19
Tuuiadadaiifinadedadauunniigauaseyluands
anngdeinalndiAeaiy lng I udl0819uUuLa12as
(Purposive sampling) Iuﬁuﬁﬁwi’maizq% Janiaunssvdun
wazdamiasivys Wufunuvesnguitegraieliiduluny
TrgUszasAraInsdny uaithdeyaumanuduiuslags
Ordered logit regression wielimsuszsunsuiusuazdas
Aflnaron1sUFudnuuU TR CsL swfstadeifinade
Tonafinunsnsaguiuimuuunufin csL lussiuiigeduld
Lilviiosudssliinuasnsuiumegld uideainananiigady
ann1sUdegaanvasiwisounszan araunsatiosdausly
Tuind suuagatuayunisiminfulauy Wiy arfuaus
a¥umnutuamaemns annsadisdininduldianynans
wazdeny

3 ad a o
aunsaluazisn1sIve
N153ATIE1NUTUAIMNKLIY TR YU AdR I TN
o a a v &
Viusen1sidsuuasanmgilonianunsnsgidedlauy (CSL)
lddoyainuasnsnisulauniivunsideuiunsuuadnivay
dinauasegianisnens Wl wa. 2559 Tuiuiwadednin
finsdeslaiauuunige Weunsuvwianasiddnuulase
uudas 10 fYuly Tawn Wuiwe 1 n 3 wagan 7 533 11
9T 911U 5,089 518 WIAUINTUIANGUAIDE19INGATUDS
7158711 (Yamane, 1973) Asgauani®otussuay 95
laUszanas 400 518 Tnen15Eeannq U981 9kUUAINEZAIN
(Convenience sampling) \ludeeheiianunsaliideyauazive
a < v v < o o~ & a a
annsaiunaiudeyald lnadusuneiaswasninlaiau
& o o & W W ' A %
Jundnvesszmelve 3 dune unlusunungudiegaiely
JulumuTaguszasdresnisfine loun dunewnndn Jwmia
aspys duneUntes JawiauasIvdun gunelnssw Janda
a a A Al I v aw
5793 (Table 1) ia3aaiiefildlunisiiusiusiudeyanisie
l@wn wuuaeuay (Questionnaire) WUUEBUNNNANITNAZFDU
ANUUNT 03T (Reliability) Auinwasnanlaus (Try out) 594
d1u3u 30 31 Faldliuszvnsnqueiege nudnesedalan
#UUsEANSWLEAN1909ATAUUIANSEAUANULY BN WVINAY 0.853
Wuanannniunasifiseusuldlaes1989n (Nunnally, 1978)
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Table 1 Population and samples of dairy farmers in Saraburi, Nakhon Ratchasima, and Ratchaburi Provinces

The number of samples that can be

Number of samples collected

Provinces Population
calculated
Muaklek, Saraburl 2,362 185.65 186
Pak Chong, Nakhon Ratchasima
Photharam, Ratchaburi 1,757 138.11 138
970 76.24 76
Total 5,089 400 400

nduiiteyaudinazimanuduiuslaeis
Ordered logit models Tun1s3ias1zsiiidesarndauusaiud
#oansAnwiegludnuazi3ssdiu TnsiFesdidunuaiiade
nsUfoRnIuNToU CSL 9 5 fu Idun 1) nsufudss
UszAnsarmnsldndsanu 2) n1sdansy g 1d sadn g
3) M33AN13N1sie s 4) nMsdanisveadeuazyadnd uag
5) nMsdansauguamdniazlsafiase wuseanidu 5 szeu
(Fip 10 ApudIIN Uunane Asutsdes uastiay) Waznis
n3zreveImPLAAIRLAR BLTiNITWININUULIUNG (Errors
follow logistic distribution) fa8@d@ Shapiro-Wilk test e
Prob. = 0.0088 1ile Ho : Tosafinsuanuasuuuund aeld
aunfguiiin Jadesiuyana iasughe uasdnu diwasionts
UfTRauuw CsL fidefife amnsaFeuifisutiadeidnade
nMsuuUfoRnsiuadaifiviviusiensidsuwuasanmn
9i91n1A (Climate-smart livestock, CSL) vaunuwasnsluldly
unazszauls IagUssgnsuwiAnves (Fischer et al, 2005)
imeandenadeoluil

AnualifakUsan Ae NsUSudImuLwIUiuR CSL
gaanuasng lnedndfuainazuuuedsmumnufiinunseu
CSL (Usenause 5 e laud 1) mavsuugassangainnislyd
wiu 2) msdansvangudssdat 3) nisdanisnslvionms
4) m3dansvedenaryadnd way 5) MIInseuguAER
azlsnfinsio)

TngimuaAzkuuN1TUURRILLLY CSL vaunynsly
Wufidnw 6 sedU AB CSL = 0, 1, 2, 3, 4 way 5 AuNIRsIn

a acs

a9dLAsn (Likert scale) Hinausinishinsuuummnay Al

sk = 0 danunanslaifinisususnuunuios cLs

CSL = 1 dlanunsuuimuuunuioa CLs Tussdutien

CSL = 2 dloinunsnsusuimunuaUAcR CLS Tussiursudnation
CcSLi=3 Lﬁamuminiﬂ%fm'hmuLLuuUQﬂa LS Tuszaudiunang
CSLi =4 Lﬁamuminiﬂ%fm'hmuLLuuUQﬂa CLS Tuszaumpudnamnn
cSLi=5 Lﬁamuminiﬂ%fm'hmuLLuuUQﬂa CLS Tuszauann

Y o ﬂ%LLuquqﬂ_ﬂﬁLLuuﬁqu (5-0)
desnhwedunsaatu=——"——F ="
Fudu 6

nasimsulammmng Wednsvdunsuuuaisluresuuudioluil
ATUWULIAE 0.0000-0.8333 wanwin lifinsuiudamuuuiufon
csL

AzLLULAAY 0.8334-1.6666 wiarui dnsUfuiamuuuIUfoR st
lusziutioy

AzLLULAAY 1.6667-2.4999 wiarui SnsUfuiamuuuiUfoR st
luszdumoudiaiey

AzlLULAAE 2.5000-3.3332 ulamadn dnsufudamuunufoR st
Tusgiiudunans

AzlLULAAE 3.3333-4.1665 ulamudn dnsUfudamuunufoR st
lusgiiuApudiann

ABUULIOAY 4.1666-4.9999 uanITn Fn1susufamuuuuiuR st
Tuszuann

\osnuunufun csL Busudsiliansadaunals
(Unobservable variable) 4 9muunid usdauusurs (Latent
variable) iU CSL™ waginunauniseuduiusvaslanialuy
nsUvAnmLLL CSL veanvasnsiudadeiAsadosluids
L&UMSe (Sinnarong et al., 2019) Ideaunnsii (1)

Cst'=xi6 + u; (1

Awauds CSL, fawviniu 1,2, 3,4, 5 fuag‘ﬁuﬁwaaﬁmﬂium csL”
Hagludloseluil

CsL, = 1 duaunsnsUFuimuunuiud cst lussiudes (cst'<u,)
CSL, = 2 dnnunsnsusudanuuuIvun csL lussduaoudianley
(u,<cst’<u,)

CSL, = 3 dnnunsnIusudamtuuuiufud csL lussdudiunans
(u,<cst”<u,)

CSL, = 4 dnnvnsnsusudamuuuilud csL luszdunoudrewin
(u,<cst”<u,)

CsL, = 5 duaunsnsUFuinuuunufod st Tussduann (csL>u,)

B. fie Amnsdiaes x; Ae Mudseduly
wuudaesntlglunsAnen Asaunisi (2)

CsL'= B, GEN+PB, EDU1+PB,EDU2+B, EDU3+B, EDUA+ EXP+, HHL+B SIZ+
B,oee+B, CRE+B  INC+B, GRP+B,,GOV+B INF+B, ADP+E )

eazdenduUsagulang Table 2 visil aunisi (2)
aunsarhlulglunisuseunaaseaunisi (3)

P = B, GEN+B,EDU1+B,EDU2+B EDU3+B,EDUG+B EXP+B. HHL+B SIZ+
BQDEB+B10CRE+BH|NC+B126RP+B13GOV+BM\NF+BlSADP =e(cst) @

oy P Ao Anuazduiiasifinmanisainil

wsfiwesiidosszuna laud B, w15 61 waz U4
U 6 A7 FINANITUTLUIUAININLUUTIADIAINETT a11150
ltldmenuihasdunsslenialunisusudmuuuiufia
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CsL vannunasns Mol
Prob(CSL=0)=(1+ exp(P-u,) )"
Prob(CSL:l):(1+e><p(P—ul))71—(1+e><p(P—uo))r1
Prob(CSL:Z):(1+e><p(P—u2))71—(1+e><p(P—u1))71

Table 2 Definition of variables in the analysis

Prob(CSL=3)=(1+exp(Pfua))’17(1+exp(P7u2))’1
Prob(CSL=4)=(1+exp(Pfua))’17(1+exp(P7u3))’1

Prob(CSL:S):17(1+exp(P7u4))’1

Variables Meaning Unit/variable value Measurement
method
csL Adaptation CSL practice 0 = No practice Graded based on the
5 aspects 1 = Minimal practice mean scores of

1) Energy efficiency management
2) Grazing management
3) Feed and feeding management

4) Manure and waste management

2 = Little practice farmers' CSL

3 = Moderate practice adaptations in 5
4 = Practicing quite a lot aspects

5 = practice a lot

5) Animal disease and health

Personal factor Description
GEN Gender, 0 = Female, 1 = Male
EDU1 Primary education, 0 = No, 1 = Elementary school 4-7
EDU2 Junior high school education/or equivalent
0 = No, 1 = Elementary/Vocational Education
EDU3 High school education/or equivalent
0 = No, 1 = High School/High Vocational
EDU4 Bachelor's degree, 0 = No, 1 = Bachelor's degree
EXP Dairy farming experience, Number of years raising dairy cows
ADP Farmer's adaptation, 0 = No adaptation, 1 = Adaptation
Economic factor
INC Income from milk production baht per month
DEB Debt from raising dairy cows baht per month
CRE Access to funding sources in the system, 0 = No access, 1 = Access
HHL Household labor, Number of dairy farmers in the household (person)
Siz Farming area size, Total number of dairy farming areas (Rai)
Social factor
GRP Join group, Cooperative, Raw milk center, Number of participating groups
GOV Receiving assistance or support from the government, Number of times
INF Source of information on dairy production, 0 = No access, 1 = Access

NAKAZITAINANITIVY

31NN15d1599T 8y av0 N ¥ATNINITULAUL WU
wnwasnsaulng In1siuisnsidsundasesanmgiionnia
Tuiluil Meguugfinfeutuluggoudivhliusinamanantu
uarnIsiusIMIsanas uazludrmitudsiaznutlymnisve
waauft vomsdnd i I id uermsneunaziAwng eni
nsinus Tauddlseandsan wu Tsanensluden Svsintu
nlurngy fiindsnansznudeguamitsludnunanEauas
sruvduiugueslauy (Djelailia et al,, 2020) udu tnwnsnsd
nsufuimidndesluisesemsiviaunaulaenislding fu
sysuvAlusRL 1wy Ugnugs® Sevay 10.50

ot deyauniiaszsiszfunisusudamuuu CsL
% 5 @wannnseu (FAO, 2021) léud 1) msdanisusyansnim
NSlINa9U 2) ﬂﬁﬁolj@ﬂ’]iﬁ/]:ﬂl,gﬂdﬁlﬁ]’j 3) N15IANISIRIMIS
4) m3dansvendewavyadnd way 5) MmIdnnisavnndnivay
Tsmfnde Wielimsussiunsusus feazuuui 6 s¥u an

Table 3 WUTMNBATNTANTUSUAIMUWUIUZUR CSL nnsa
seavluliunans ArgseAuAzLLY X = 2.76 (S.D.= 0.93) 1N
FunmuanweNsUTUMLAarwIUUR CSL wulnynsng
din1susuiegluszduraudinn lude 5 drunisdanig
gquamdniuaslsnfinsie Sauay 70.80 lnedinsviunulayisns
avhauagenlsaseu vauaseingunsallunssuIunis
Hanu wagdununisliiadulesiunisiinlsafindewasUsdalu
Taun 1 Tsatnuazivin Wuusedr smunisufdaunasiiu
WIRIAUTINGTY 110n31NsUFTRR LS Y sesawnde To
4) fun1sdnnisvendsuavyadnilaeinisdnnisdeuna wwu
wadnd thiis Witvestn Yeatuveadeaniiuiivedna Judeu
Tuih fiu v3eorna Ssasduamaniadutlsvedauumior
Tilade®In inwasnsseray 59.80 v suusguyadnluazves
deoarnrsuluvihendnnseleBuvsguagnadanunaun uay
Tngeenanituiinenifiolushnisninuisussgnszasudming
InulsuazanuenyululdvhJendinuasdedunsd
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Table 3 Adaptation of climate-mart livestock

CSL framework

Level of CSL

X S.D. adaptation
1. Energy efficiency management 1.1838 1.1297 Little
- Modify of the dairy housing structure 2.2725 1.7352 Little
- Use ventilation fans 0.7200 1.4183 No
- Use a fan to spray water mist 0.4300 1.1172 No
- Use a shower in conjunction with a ventilation fan 1.3125 1.7211 Minimal
2. Grazing management 23708 1.1297 Little
- Reduce the grazing of cattle 2.0250 1.7811 Little
- Managing the frequency and duration of grazing 2.0400 1.8115 Little
- Management of resting points shade for cattle over time 3.0475 1.6254 Moderate
3. Feeding management 2.8450 1.3519 Moderate
- Modification of feed composition by using local feed ingredients 3.2950 1.4979 Moderate
- Adjustment of feeding time/frequency 2.5600 1.7128 Moderate
- Agroforestry by planting plants in combination with trees to 2.2425 1.9579 Little
increase soil carbon sequestration
- Availability of a clean water source or building a water storage 2.4250 1.9491 Little
pond on the farm
4. Manure and waste management 3.3950 1.3862 Quite a lot
- There is a standard procedure for dealing with sewage, such as 3.7925 1.4747 Quite a lot
manure and effluent
- Process waste from the farm to make compost or organic 3.8675 1.4630 Quite a lot
fertilizer for sale
- A wastewater treatment system is used to reuse biogas 2.5250 2.2049 Moderate
5. Animal disease and health 3.9893 1.0122 Quite a lot
- Knowledge and practical guidelines that can control and 4.0050 1.2303 Quite a lot
prevent disease in cattle
- Have a plan for vaccination against foot-and-mouth disease 4.5050 0.9682 A lot
- Use appropriate methods when livestock is sick, such as giving 4.2125 1.1272 A lot
antibiotics and medication for the treatment of mastitis
- Vaccinate against methane-producing microorganisms. 3.1750 2.0579 Moderate
Overview 2.7568 0.9260 Moderate

Remark: A lot = 4.01-5.00, quite a lot = 3.01-4.00, moderate = 2.01-3.00, minimal = 1.01-2.00 and little = 0.00-1.00.
Table 4 The result of the analysis of factors affecting the CSL implementation
Variable Coefficient Standard error Z-statistic Significant

Personal Factors
Gender (GEN) /™ -0.1964 0.1896 -1.04 0.300
Primary education (EDU1) /™ -0.4214 0.7975 -0.53 0.597
Junior high school education (EDU2) /%™ -0.3818 0.6816 -0.56 0.575
Bachelor's degree dairy 0.3054 0.7052 0.43 0.665
(EDUA) /*
Farming experience (EXP) 0.0017 0.0153 0.11 0.913
Farmer's adaptation (ADP) 0.3655 0.0660 5.54 0.000***
Economic factors
Income from milk production (INC) 4.839e-08 1.18e-07 0.41 0.679
Debt from raising dairy cows (DEB) -2.29e-07 1.01e-07 -2.26 0.024**
Access to funding sources in the system (CRE) -0.3706 0.1281 -2.89 0.004***
Household labor (HHL) -0.0511 0.0752 -0.68 0.497
Farming area size (S1Z2) 0.0222 0.0147 151 0.131

Social Factors
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Variable Coefficient Standard error Z-statistic Significant

Join groups such as cooperatives and raw -0.3193 0.1481 -2.16 0.031**

milk centers (GRP)

Receiving assistance or support from the -0.1131 0.0348 -3.25 0.001%**

government (GOV)

Source of information on dairy production 0.2559 0.0921 2.78 0.005***

(INF)
Cutl -3.4251 0.9005 Log likelihood = -485.8890
Cut2 -0.4376 0.8637 LR chif(15) = 112.90
Cut3 0.8853 0.8614 Prob > chi’ = 0.0000
Cutd 3.6619 0.8950 Pseudo R’ = 0.1041

*, *% *** Significant difference at p < 0.10, 0.05, 0.01.
/"™ Dummy variable.

Table 5 Marginal effects of independent variables on the likelihood of compliance with the CSL framework

. ) Prob(CSL=1)
AnkUs (Variable)

Prob(CSL=2)

Prob(CSL=3) Prob(CSL=4) Prob(CSL=5)

0.0240 0.3038 0.3190 0.3203 0.0329
Prosonal factors
Gender (GEN) /™ 0.0046 0.0387 0.0016 -0.0386 -0.0062
Primary education (EDU1) /o 0.0119 0.0861 -0.0079 -0.0789 -0.0113
High school education -0.0025 -0.0208 -0.0010 0.0208 0.0034
(EDU3) /™™
Bachelor's degree dairy -0.0064 -0.0580 -0.0074 0.0610 0.0108
(EDUA) /*
Farming experience (EXP) -0.0000 -0.0003 -0.0000 0.0003 0.0001
Farmer's adaptation (ADP) -0.0086*** -0.0720%** -0.0030 0.0719*** 0.0116***
Economic factors
Income from Milk production -1.15e-09 -9.36e-09 -3.96e-10 9.62e-09 1.55e-09
(INC)
Debt from raising dairy cows (DEB) 5.37e-09** 4.51e-08** 1.86e-09 -4.51e-08** -7.29e-09**
Access to funding sources in the 0.0087** 0.0730*** 0.0030 -0.0729*** -0.0118**
system (CRE)
Household labor (HHL) 0.0012 0.0101 0.0004 -0.0100 -0.0016
Farming area size (SI2) -0.0005 -0.0044 -0.0002 0.0044 0.0007
Social factor
Join groups such as cooperatives 0.0075* 0.0629** 0.0026 -0.0628** -0.0102%*
and raw milk centers (GRP)
Receiving assistance or support 0.0026*** 0.0223%** 0.0009 -0.0222%** -0.0036***
from the government (GOV)
Source of information on dairy -0.0060** -0.0504*** -0.0021 0.0503%*** 0.0081**

production (INF)

*, ** *** Significant difference at p < 0.10, 0.05, 0.01.
/"™ Dummy variable.

91N Table 4 NANTNAFBUAILLMIZAUYDILUUTIADY
(Model test) merada Likelihood ratio (LR) Chi-Square wusl
Fwiiu 112.90 (Prob = 0.000) FawsneAnain fauusesune
Wi (Fuyaea Laswgia wasdsay) Addsnlusuudiass
danarouurufURlunsviuadaifviniusienisiuasuuas
anmgilennia (CSL) fiseiutivdndny 0.01 wazsan1saaeUans

sUaln@ (Goodness of fit) vesuuuTaBazdLUsm I dud

AMAN ANadF Pseudo R-square fAviriu 0.1041 MngaIy

T fuUni (Fuuaea LAsugna wazdeay) Suseansninly
nsesunglenialumsufifanuuu CSL lesewas 10.41

nadaszvidadefdemanonisuiuuiaufud csL luly

! a o 0’:’ L = v v iJ U

nudn AiuUsis 6 Yade Ae Jaderuyara duiu 1 Jade
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loun nsUsusweanensns (ADP) Yademumsugia 91uiu 2
e Usznoudae nilduiiinannisidedeau (DEB) sidnis
wa a3unuluszuy (CRE) Yaduarudeay 91udu 3 Jade
Usgnousas nsdramnga/annsal/guduium (GRP) n1s
IPsumnudiswmievseatvayuduasuannasgrenndnla
Uy (GOV) uvasdoyav1iastunisuanlaus (INF) danasants
UURnu CSL agnailifudnfay 0.05 fawans (Table 4)

UNUAT U Toedl j=0,1,2 3, 4 Ao 9ALULENAIYEY
15U URM LU CSL (Threshold value) usitiasainnisifiv
Joyameuuvaauay wud lifinensns luinsususmiuwn
UHUR CsL vilinseuwinainiusunsudnsagudalaaunse
AMuINAIg ALY Ienvaan1sUfvAnuuLe CSL 18 dadu
avannsauUIngununsUfoRniuu CsL g

CSL, = 1 ule CSL'<-3.4251
CSL, = 2 4ile-3.4251<CSL ' <-4.376
CSL, = 3 1l -4.376 <CSL'<8.8853
CSL, = 4 1l 8.8853<CSL <3.6619
CSL, = 5 iile CSL'»3.6619

wonani Feausoninansenudluiiy (Marginal
effect) vasfulsdassudazimanuiasduiiinuasnsay
NsURURmuWT CSL ladauanslu Table 5

310 Table 5 M3AATIZINTUSUFIILLUIUTRN9
Undnifvinviudensidsunuasanmgiiennia (CSL) vaarhdy
mwam@?ﬁymiﬂum wuindladeis 6 AUUIYDUNYATATNRY
HregfinsufoRnuuun CSL Asefudssdraden (CSL = 2)
war sduUIunans (CSL = 3) fewar 30.38 uay 31.90
AUETU uagdadaununinInquiiegwidunigaiesay
32.03 Ao naufifnsUfURmuuws s lusziudeutisunn
(CSL = 4) annsnedueiladeiidsnasdemsifiuniuniazidud
inumsnsagUfiRmuuun CSL Tuseduiigedu (Juszdumn
(CSL = 5)) vaeiifinstadoniauiiAntuannsidodeun 7
nansevvalwiiy (Marginal effect) Tidwwasanisiislonialu
MU AR CSL 1uixﬁuﬁ§ﬁu il

1. Jaduauunna Usenausmie

nsUsufveanyasng (ADP) iluiladefidamasianis
UftRAmauus CSL egnaiifudndvneadia 0.01 waziilofiansan
31nA1 Marginal effect Wu3111nLNwATN T FULUUVDINIS
U%JUé‘ll’JLﬁlE]%I‘Uflaﬁ“Uﬂ’liL‘Ua‘lEJuLLUaﬂ‘UaﬂﬁﬂWW{]ﬁa’lmmﬁmﬂﬂ‘ﬁu
azdenaliinnuinasduiagufodniunun s Tuseduunn
Wiuduandosar 3.29 1u 4.45 (Rududosar 1.16) &
aoandosfuIuLes Abbas et al. (2019) Aldusdmninumsns
n31ugUnuvlunssuiieannnansenuesnisiUd sundas
giiona agviliinuasnsdanuddlafiesuiuiafatude
fuflefunaasuutasesaningfionnmdiiuaniy

2. Tadpnuasuga Usenaumme

nsiirfaunasiuluszuy (CRE) Wulladuiidaasio
nsUfRmuuLL CSL ageivddyn1eada 0.05 uaviile

#91300199nA1 Marginal effect Wu3MMINNEATNITTIINIUNNT
wfaundaiuny Wwsadud) dWssndy svdmwaliamanig
Huiiazfoiauuun csL lusefuanniiutuanndosay 3.29
Hu 4.7 (findudosay 1.18) aeandosfuauyas Gbetibouo
(2009) nsiideduderduiiadendniivisiiunnuamisa
Tumsusush lesaniduiladendnlunsimuimealulagnielu
vsuieuuAsurhdllT s R LU R CsL 1

3. Yadasnudsny Usenoume

nsisamngu/annsal/gudiuiug (GRP) Hutiaded
derasionsUURm LY CSL agnaliledrAynieadia 0.05 uay
dlofin1sana1ne Marginal effect wudn wninwasnsiisiuiy
st andu/avnsal/gue sy Wiusntu svdmaliao
vhegtduitazufoRniuuun CsL lusgduunn Wiutuandosas
3.29 18u 4.31 (ududosay 1.02) aonAdaafusuTes Barmnes
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ABSTRACT

Keyword

Climate change

Climate-smart livestock practices
Adaptation

This study examines the adaptation of dairy farmers in Thailand in five aspects according to the
latest climate change guidelines: 1) efficient energy management 2) grazing management 3) feed
management 4) manure and waste management 5) animal health and disease management. A
questionnaire was used to collect data from 400 medium-sized dairy cows in Saraburi, Nakhon
Ratchasima, and Ratchaburi Provinces using order logit regression analysis. The study found that
dairy farmers in the sample group were moderately adapted to the overall climate change in
livestock farming practices. The factor that contributed the most to the higher level of practice was
the personal factor, i.e., individual adaptability. If farmers have more forms of adaptation, it will
affect the likelihood of complying with the Climate-smart livestock (CSL) at a large level,
significantly increasing by 1.16 percentage, followed by economic factors such as access to funding
sources in the system, social factors comprised of joining a cooperative group or a milk collection
center, assistance or support from the government and access to information sources. Farmers who
complete all five aspects will be able to mitigate the effects of climate change in the area and be in
line with the climate. Government agencies and related agencies, including provincial and district
livestock extension officers from cooperatives or raw milk receiving centers where farmers are
members, should be provided with knowledge to raise awareness of the risks and impacts of climate
change as well as promote adaptation models based on livestock farming practices that are abreast
of climate change to mitigate and reduce yield losses from climate change impacts that will increase
in the future.
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Table 1 The basic formula for developing rice crispy fortified with sweet potato and protein from insect

Ingredient Amount (g)
Glutinous rice flour 60
Garlic 10
Sugar 10
Salt 5

Ground pepper

Table 2 Variables (factors) used for mixture design of product

Coded variable levels

Natural variable levels

X, (Cricket, ¢) X5 (Sweet potato, g)

Z, Z, Zs X, (Tapioca, ¢
0.00 0.50 0.50 300.00
1.00 0.00 0.00 500.00
0.00 0.00 1.00 300.00
0.67 0.17 0.17 433.00
0.50 0.00 0.50 400.00
0.17 0.17 0.67 334.00
0.33 0.33 0.33 367.00
1.00 0.00 0.00 500.00
0.00 0.00 1.00 300.00
0.50 0.50 0.00 400.00
0.00 1.00 0.00 300.00
0.00 0.50 0.50 300.00
0.17 0.67 0.17 333.00
0.00 1.00 0.00 300.00

300.00 400.00
200.00 300.00
200.00 500.00
234.00 334.00
200.00 400.00
234.00 333.00
266.00 367.00
200.00 300.00
200.00 500.00
300.00 300.00
400.00 300.00
400.00 500.00
334.00 333.00
400.00 300.00

n1sUszLiiudnuazn19Uszamduia (Organoleptic
test) lnofnwmseensuvesiuilaaiiomgnsiiniign Tneld3s
AMPZLULATILTOU 9 526U (9-point hedonic scale) sionansiausitn?
indsuiiuiumanaslusiuanuuas [fuslaeiluongdous

18 - 60 U 91171 100 AU IAAIAZKULAIINYBUAMAN YL #19

a

1 loun @ ndu dnwairdsing savid Ledudauazaiugey

Tagsau fell (Nicolas et al., 2010)

D

9 e YouINTign

8 AU FBULIN

7 AUYD Faulunag

6 NREAN vauldnies

5 VTGN HEK

4 NREAN lalvouidniey
3 P TRTIRN lalouuunans
2 P TRIInN lalgousnn

1 et liveusnniign

#57198Un1500088 Quadratic canonical polynomial
WUy Scheffe Aelusunsudt595Un19adif Design expert
version 6 ntudndongnsfivazaslasaitangm Contour
plot ¥esAIANNTEUNIIUsEAMALTalasIdongnsTiuanzan
e nan o
NISMIRAIN IO IEAS A gRsTIA TGRS UL R UNEnS sy
199979

PSRN MYBINAN s gas TR faaLUTeuTisudy
nanduailuviesnatn lngiinisiuseuiisuiundndmueidnn
Wn3BUdaard1InTeuUaIn1eni19A19819a 1 ATIEUAN
FINBRUNITNAFBILUY Completely Randomized Design (CRD)
#1n13MAa0 391 TiATIziAtANLTUTIUNNsaRAlag
Analysis of variance (ANOVA) uwagzi3suiitvudiadolagld
A1ad® Duncan’s New Multiple Range Test (DMRT) f15% fu
Tod1Agyn19add 0.05 laeldlusunsudniagy SPSS for

Windows (SPSS Inc., Chicago, IL, USA)
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1. mnTginamnaLad
MR iRaMnaeAlinNTInTziUsInalysiu
wiavn gy i endlulewasm Teamng wasUSunmaanui (AOAC,
2002)
2. MFIATIAAUNINNINIBATH
2.1 mylnTesiAameeEesind Sve Hunter lab Ju
COXE/SAV-2 snusyuudwuu CIE system Tasuansandu L* a* way
b* Taeviinsduiiognan 3 61 uagiinslianesiandusiuay 3
AL (Pathare et al., 2013) wail
L* wamernAadng Sendaust 0 () 9udls 100 (m)
a* uansnAnsidudunaardilen
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Figure 1 Contour plot of organoleptic test of rice crispy fortified with sweet potato and protein from insect
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TaonsiinUSnanuassaziumadwalddn vz
Uszawlugundu ledua 3 Snuazdsing uavanuteu
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reaction) v89nsnesiilutaziinia 91nnisAsumAT I
ﬁwmaﬂ'au‘ﬁwqa (Boonyaputthipong, 2001) n1R1dAdIY
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ANUERUlNYTINYBINAR S Mg UINTIULE NT U ALayUSAUY
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THlunsihueianuwuigay wWesanwanlaanaunisviiue
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o

nagaugnsnangailalndiAgeiu (Table 3) sudaaIunsn
iluldlunsiunedadiuiivusauielildaniseeususy
vesndndudidrinieuatudumanaslusiuainuuacgegn
(Table 4) Lo 1sandadiufiinuizausdeniuvoures
nandug1nSeulEsuduALazlusiuainuuas lnenis
Usziliuanwugnslssamdudaldis 9-point hedonic scale Tu
nsfasangmsfivsnzasiiethlundndely nanisAnwimudn
dioldusinaudsiudiusuds 428 ¥y Usunaswmianead
819 200 N5 wazUSUIMRINUNA 372 auaidu avvinla

o

AR STlAANNYOUTINGIARWINTY 7.87

Table 3 Predicted and observed values for response variables of the suitable formula of rice crispy fortified with sweet potato and protein from insect

Response variable Critical values of independent variables Stationary point Predicted Observed value®
X X, Xs value
(Tapioca flour, g) (Cricket, g) (Sweet potato, g)

Overall 428 200 372 Maximum 7.87 7.80 £ 0.76

Note: ® Data is shown as mean values + standard deviation and was obtained from one hundred panelists.

Table 4 Regression coefficients of predicted polynomial model for response variable
Organoleptic test Equation R

Flavor Y =7.12Z1 + 6.40Z2 + 5.89Z3 + 3.04Z172 + 5.96Z173 + 0.212273 - 0.282172273 0.9597
Texture Y = 6.08Z1 + 6.2722 + 6.97Z3 - 0.08Z1Z2 + 0.4971Z3 - 0.187273 - 1.842172273 0.9560
Color Y =7.9271 + 6.34Z2 + 53073 + 1.80Z172 + 4.01Z1Z3 + 1.0922Z3 + 7.24712273 0.9753
Taste Y = 7.75Z1 + 6.2272 + 6.2923 + 4.27Z172 - 2.32Z173 + 0.192273 + 2.25717273 0.9528
Appearance Y = 6.28Z1 + 6.66Z2 + 8.1473 - 2.297172 + 2.36Z1Z3 + 0.932273 + 4.11Z17273 0.9551
Overall Y = 6.13Z1 + 6.39Z2 + 5.87Z3 + 4.937172 + 8.04Z1Z3 + 1.382273 - 2.302122Z3 0.9399

Note: Z1 (Tapioca flour), Z2 (Cricket), Z3 (Sweet potato).

; /
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snguld manesivesininieuiavuld 2 wuufie wuukIniia
nnsldiaTesile Extruder MIwesiiwuuiiinduiliodinauau
Aoudnegs Tnsthdrunauvewtalysuanuiulivuisanld

v

iie3es Extruder vaugiiogly Extruder utlsazgndnaglutaei
$fauazvenes mswesinuuiigendunisnesiniuly
yauzfiutiadinnududa dvdnnsfiunnscluannnswessauuy
usn Ao Wunsasslethuasyilvufavenesanielufoundsgn
"LafmaxmmﬂgnﬁmﬁuaﬁmﬂuawﬁmLmﬁuﬁqqmmﬁamiu
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Prikboonchan, 2002)

Table 5 Proximate analysis of rice crispy (Developed formula) compared with commercial crispy

Sample Moisture Ash Lipid Protein Fiber Carbohydrate
Shrimp crispy 10.36+0.15° 3.17+0.17° 1.46+0.06° 4.88+0.30° 1.74+0.26° 78.37+0.68°
Fish crispy 11.05+0.04° 3.52+0.08° 2.17+0.08° 6.10+0.38" 2.01+0.20° 75.12+0.41°
Rice crispy (Developed formula) 9.67+0.11° 3.94+0.02° 2.13+0.16° 9.94+0.24° 3.98+0.26* 70.34+0.79¢

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

(P < 0.05).

Table 6 Physical property of rice crispy (Developed formula) compared with commercial crispy

Sample L* a* b* Expansion ratio (%)  Oil absorption (%)™
Shrimp crispy 43.09+0.91° 6.82+0.86° 21.40+1.24 50.30+2.93° 21.74+1.33
Fish crispy 43.46+1.60° 4.67+0.96° 20.75+1.61 45.31+1.50° 19.33+2.34
Rice crispy (Developed formula) 47.16+0.28° 5.73+0.15% 21.13+0.25 49.32+1.57° 21.70+2.54

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

(P < 0.05). ™ = not significant (p>0.05).
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ABSTRACT

Keyword
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Snack

This investigation aims to develop a recipe for rice crispy with sweet potato and protein
from the insects supplements. In this investigation, the ration of three (3) ingredients,
namely tapioca flour (300-500g), cricket powder (200-400g) and sweet potato (300-
500g), and the sensory evaluation of rice crispy products were studied. A mixture design
was applied to examine the ratio of tapioca flour, cricket powder, and sweet potato on
the overall preference for rice crispy products. The results displayed that the appropriate
ratio for the production of rice crispy products were the mixture of tapioca flour, cricket
powder and sweet potato at 428, 200 and 372 g, consequentially. This ratio gave the
highest overall preference with a value of preference score of 7.87. For the final product,
the proximate composition of developed rice crispy with sweet potato and protein from
the insects supplementation were showed the highest protein, fiber and minerals when
compared to commercial crispy (shrimp and fish crispy). The expansion ratio value of
rice crispy with sweet potato and protein from the insects supplemented barely differ
from shrimp crispy, but noticeably higher than fish crispy (p<0.05).
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Tod ms1zdnanewudddasdusuuasusznouiluedn
ﬁqwumqqndﬁnawﬁuﬁ‘ﬁﬁun (Moongnearm, 2012) 1ii891n
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Table 1 Physical and chemical properties of Sung Yod Phatthalung brown rice flour

Quality Values
Physical properties
Water activity (aw) 0.56+0.00
Color values
L* 61.75+0.84
a* 8.16+0.09
b* 13.06+0.35
Chemical properties
Moisture (%) 9.45+0.18
Fat (%) 2.58+0.32
Fiber (%) 3.87+0.07
Ash (%) 1.25+0.09
Protein (%) 8.28+0.06
Carbohydrate (%) 74.57+0.19
Total phenolic content (mg GAE/100 g sample) 102.41+0.04
Antioxidant activity (mg TE/100 g sample) 921.32+0.56

ﬁmn75???7wﬂ?mzwmﬁyﬁum’a@mmwwmméﬂ/mﬁ@wm
nseviinananutled1Indasdteningeiagnszuaunisions
N3
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londn3u waneds Table 2 Idun ansusznevfluednitevun
viddueyyadasy uaziduluenns wuindlefiuusinadyau
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savRlutnl#@tu (Charoenkul, 2010) fatuinadyausos
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fndnannudsinndesdsinenimqaionssuiumsiondnstu
Namﬁma‘wﬁ@ﬁmﬁwwfn-zmm757/90;:/5@71}@624‘%1/%45@3%17@
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LonTngTl
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1ATUINISUANIAT Figure 2 WUa1 NEAS TN s e 110
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Table 2 Total phenolic compound, antioxidant activity and fiber content of extruded snack at different inulin content

Inulin Total phenolic content Antioxidant activity Fiber
(%) (mg GAE/100 g sample) (mg TE/100 g sample) (% w/w)
0 ND ND 3.21x0.24°
5 ND ND 3.64+0.17°
10 ND ND 4.03+0.35"
15 ND ND 4.33+0.56
Remark “¢ Different letters on the same column mean there are statistically significant differences (p<0.05).
ND = Not detected.
Table 3 Physical properties of extruded snack at different inulin contents
Inulin Density Expansion Hardness Color value
(%) (¢/cm?) ratio (N) L* a*"™ p*"
0 0.40+0.01° 1.52+0.05" 15.85+0.10° 61.42+0.37° 8.16+0.29 13.49+0.27
5 0.34+0.01° 1.75+0.13¢ 15.67+0.12° 61.50+0.12° 8.23+0.17 13.52+0.33
10 0.29+0.01° 1.94+0.07° 14.22+0.10° 61.57+0.59° 8.25+0.07 13.44+0.14
15 0.23+0.01° 2.12+0.08° 13.01+0.26° 62.98+0.63° 8.25+0.32 13.56+0.11

Remark “ Different letters on the same column mean there are statistically significant differences (p<0.05).

" Mean no statistically significant difference (p>0.05).
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Table 4 Sensory quality of extruded snack at different inulin contents

Inulin Sensory quality
(%) Color Odor Crispness Flavor Overall liking
0 7.85+0.27™ 7.72+0.64" 7.14+0.35° 7.21+0.74° 6.93+0.91°
5 7.90+0.71™ 7.78+0.27™ 7.18+0.47° 7.16+0.36° 7.02+0.52°
10 7.83+0.32" 7.74+0.53" 7.78+0.41° 7.55+0.68 7.59+0.54°
15 7.92+0.63™ 7.80+048"™ 7.52+0.28" 7.37+0.65 7.24+0.68"

Remark * Different letters on the same column mean there are statistically significant differences (p<0.05).
" Mean no statistically significant difference (p>0.05).

Table 5 Nutritional value of extruded snack from Sung Yod Phatthalung brown rice flour by extrusion

Test item per 100 g per Serving % RDI
Energy (kcal) 366.37 110 -
Energy from fat (kcal) * 23.49 10 -
Total fat (g) * 261 2
Saturated fat (g) 0.94 0 0
Cholesterol (mg) 0.98 0 0
Protein (g) %N x 6.25 * 5.77 2 -
Total carbohydrate (g) 79.95 24 8
Dietary fiber (g) 0.97 0 0
Sugar (g) 6.70 2 -
Sodium (mg) 316.64 95 5
Vitamin A (1Lg) Not Detected (0.00) 0
Beta-carotene( Hg) * Not Detected (0.00) -
Vitamin B1 (mg) Not Detected (0.00) 0
Vitamin B2 (mg) 030 (0.09) 6
Calcium (mg) 7.233 @17 0
Iron (mg) Not Detected (0.00) 0
Ash (9) 1.05 -

Moisture (g) * 10.62 - -

Remark: Central Laboratory (2022)

Figure 1 Extruded snack at different inulin content.
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Serving size : 1 bag (30 g)
Serving per bag : 1

Nutrition Information

Amount per serving

Total energy 110 kcal (Energy from fat 10 kcal)

Total fat 1g.

Saturated fat 0 ¢.

Cholesterol 0 mg.

Protein 2 g.

Total carbohydrate 24 g.
Dietary fiber 0 g.
Sugars 2 g.

Sodium 95 me.

(Percent Thai RDI)*
2%
0%
0%

8%
0%

5%

(Percent Thai RDI)*

Vitamin A 0% Vitamin B1
Vitamin B2 6% Calcium
Iron 0%

0%
0%

*Percent Thai Recommended Daily Intakes for population

over 6 years of age are based on a 2,000 kcal diet

Energy needs vary by individuals. If your activities require
energy of 2,000 kcal per day, your daily diet should provide the

following nutrients

Total fat less than 65 g.
Saturated fat less than 20 g.
Cholesterol less than 300 mg.
Total carbohydrate 300 g.
Dietary fiber 25 g.
Sodium less than 2,000 me.

Energy (kcal) per gram: Fat 9; Protein 4; Carbohydrate 4

Figure 2 Nutrition label of extruded snack made from Sang Yod Phatthalung brown rice flour.

Remark: Central Laboratory (2022)
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Article history ABSTRACT

Received: 25 November 2022 The objective of this research was to evaluate the chemical and physical properties of Sungyod
Revised: 13 March 2023 Phatthalung brown rice and to develop an extruded snack products from the brown rice fortified

Accepted: 22 March 2023 inulin by an extrusion processing. It was found that a,, was 0.56 and color value (L*, a* and b*) of
Online published: 25 April 2023 the brown rice was 61.75, 8.16 and 13.06, respectively. Moreover, proximate analysis in the brown
Keyword rice consisted of moisture, fat, fiber, ash, protein and carbohydrate was 9.45 %, 2.58 %, 3.87 %,
Extruded snack 1.25 %, 8.28 % and 74.57 %, respectively. Total phenolic compound and antioxidant activity with
Inulin-~ DPPH was 102.41 mg GAE/100 g sample and 921.32 mg TE/100 g sample. The effect of inulin
SUHQYQd rice flour contentat 5 %, 10 % and 15 % had affected on increasing of fiber. The density and hardness of
Extrusion extruded snacks decreased with increasing the inulin content but the expansion ratio L* value

increased. The inulin content did not significantly affect the a* and b* values of extruded snacks.
The sensory evaluation was found that consumers’ preferences for color and smell were not
significantly different statistically (p>0.05). While the liking scores for crispiness, taste and overall
liking were significantly different (p<0.05). 10 % of inulin received the highest scores for liking
crispness, taste and overall liking. Nutritional value of extruded snack made from Sangyod
Phatthalung brown rice flour by the extrusion process, it was found that the product has a total of
110 kcal, energy from fat 10 Kcal, total fat 1 g, Protein 2 g, Total Carbs 24 g, Calcium 2.17 mg per
serving.
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Table 1 Characteristics of beef cattle farmers in Muang fistrict, Phetchabun Province

Items Categories Frequency Percentage
Gender Male 176 85.44
Female 30 14.56
Age 20-30 years 12 5.83
31-40 years 11 5.34
41-50 years 37 17.96
51-60 years 68 33.01
More than 60 years 78 37.86
Educational status Primary school 162 78.64
High school 25 12.13
Vocational certificate 5 2.43
High vocational certificate 7 3.40
Bachelor degree or higher 7 3.40
Farm experienced 1-5 years 52 25.24
(years) 6-10 years 29 14.08
11-15 years 25 12.14
16-20 years 13 6.31
More than 20 years 87 42.23
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Table 2 Farm characteristics of beef cattle farmers in Muang district, Phetchabun Province

31

Items Categories Frequency Percentage
Raising system Extensive 19 9.22
Intensive 38 18.45
Semi intensive 149 72.33
Type of feeds Roughage 127 61.65
Concentrate and Roughage 78 37.86
TMR 1 0.49
Type of roughage Straw 43 23.30
Common Grass 29 14.08
Para Grass a4 21.35
Napier grass 29 14.08
Ruzi Grass 5 243
Pangola Grass 16 .77
Mixed Species Grassland 35 16.99
Concentrate Concentrate 79 38.35
Non-Concentrate 127 61.65
Minerals Mineral block 136 66.02
Mineral Powder 1 0.49
Sodium Chloride 2 0.97
Non-Mineral 67 32.52
Water source Natural Water Source 41 19.90
Groundwater 53 25.73
Water Supply 112 54.37
Vaccination Yes 175 84.95
No 31 15.05
Deworming program Yes 194 94.17
No 12 5.83
Table 3 Percentage pedigree level of cows and heifers raised in Muang District, Phetchabun Province
Pedigree level Cows Heifers Total Percentage
100 % American Brahman a2 15 57 522
100 % Native 24 1 25 2.29
75 % American Brahman 32 23 55 5.04
75 % Angus 3 4 7 0.64
75 % Charolais 25 10 35 3.20
75 % Hindubrazil 42 24 66 6.04
75 % Wagyu 9 7 16 1.47
50 % American Brahman x Native 452 356 808 73.99
50 % American Brahman x Charolais 15 8 23 2.11
Total 644 448 1,092 100.00
Table 4 Doses of frozen semen calculated according to the semen preparation plan for artificial insemination
Pedigree level Number of female cattle Pedigree level Doses of

frozen semen

100 9% American Brahman 57 100 9% American Brahman 114
100 % Native 25 100 % Beefmaster 50
75 % American Brahman 55 100 % American Brahman 110
75 % Angus 7 100 % Angus 14
75 % Charolais 35 100 % Charolais 70
75 % Hindubrazil 66 100 9% Hindubrazil 132
75 % Wagyu 16 100 % Wagyu 32
50 % American Brahman x Native 808 100 % American Brahman 1,616
50 % American Brahman x Charolais 23 100 % American Brahman 46
Total 1,092 2,184
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The objectives of this research were to study: 1) basic farmer information, 2) farm
management, 3) number of beef cattle data and genetics using of beef cattle farmers in
Muang District, Phetchabun Province. A total of 206 farmers were collected by
questionnaires and all data were analyzed for descriptive statistics, frequency and
percentage. The results used to plan beef cattle semen management. The results of the
study on basic characteristics of farmers were found that most of the farmers were male,
85.44 %, aged 60 years or over, 37.86 %, 78.64 % had primary school education, and
42.23 % had experience in raising cattle for more than 20 years. The results of the study
on raising conditions and farm management were found that 72.33 % of the farmers
were semi-intensive raising system, 61.65 % of roughage feeding only and 37.86 % of
roughage combined with concentrate feeding. The most of the farmers used rice straw,
23.30 %. Farmers used mineral block, 66.02 %. Most of the cattle were vaccinated,
84.95 % and dewormed, 94.17 %. It was found that most of the farmers raised 50 %
crossbred of American Brahman with indigenous cattle, 73.99 %. The genetic using,
It was found that farmers would be encouraged to use 100 percent pedigree levels frozen
semen in each breeds of cattle, and the semen management plan of beef cattle was
multiplied by the artificial insemination index with the number of female cattle
separated by pedigree level in each breeds for prepare the total amount of frozen semen
that will be required for artificial insemination.
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Table 1 Antibacterial activity of the Cannabis sativa \eaf extracts against the selected pathogens using disc diffusion method

Inhibition zone (mm.) of concentrations 400 (g/mL)

Extract of
Microorganisms . ) Antibiotic/antifungal
Cannabis sativa Ethanol Methanol Acetone Chloroform DMSO
control

Bacteria

S. aureus A0527 A 10.25 + 6.01 20.00 + 7.07 15.00 + 2.82 14.00 + 4.94 23.50 + 0.70 -
B 1125+ 1.76 19.00 + 2.82 17.50 + 6.36 17.00 + 2.82 23.00 + 8.48 -

S. faecalis 001.9 A - - - - 17.00 + 8.48 -
B - - - - 17.50 £ 0.70 -

S. haemolyicus A12321 A - 3.50 + 4.94 - - 21.50 + 2.12 -
B - 7.00 + 0.00 3.50 + 4.94 - 21.50 + 0.70 -

S. pneumoniae 001.12 A 12.25 + 3.18 26.00 +1.41 23.00 + 7.07 21.50 + 0.70 22.25 + 0.35 -
B 13.50 + 2.12 33.25 + 4.59 30.00 + 1.41 17.00 + 2.82 2250 + 0.70 -

E. coil A24622 A - 18.00 + 4.24 11.75 + 1.76 12.25 + 1.76 25.30 + 14.56 -
B - 19.50 + 0.70 10.00 + 0.00 12.00 + 0.00 25.00 + 0.00 -

K. pneumoniae 001.3 A - 22.50 + 3.53 18.25 + 12.37 14.75 + 0.35 20.00 + 0.00 -
B - 2350 + 2.12 16.50 + 4.94 30.00 + 7.07 20.00 + 0.00 -

M. pneumoniae 001.1 A - 15.00 + 2.82 11.00 + 2.82 8.50 + 2.12 20.50 + 0.70 -
B - 16.00 + 1.41 13.50 + 0.70 12.00 + 4.24 20.00 + 1.41 -

P. aeruginosa A11015 A - 21.50 + 4.94 14.00 + 5.65 16.75 + 2.47 1950 £ 353 -
B - 21.00 + 7.07 15.00 + 4.24 20.00 + 0.00 19.00 + 0.00 -

Amphotericin B

Fungi

C. albicans A - 3.5£4.94 - 2.33+4.04 9.66+8.38 -
B - 5+7.07 - 3.25+4.59 9.66+8.38 -

C. neoformans A - 2.33+4.04 - - 14.33+6.42 -
B - 2.00+0.00 - - 20+1.73 -

M. pachydermatis A 8.16+1.75 9+2.82 6.75+0.35 3.25+4.59 7.5+0.86 -
B 4.66+4.07 7.5+0.70 7+0.00 9.5+2.12 7+0.50 -

Trichophyton sp. A - 10.16+0.76 - - 7+0.00 -
B 6.75+0.35 7+0.70 4+5.65 - 7+0.00 -

Zone of inhibition represented sensitivity. -: No inhibition zone (resistance), Control: DMSO, Genfloxcin: 10 pg/mL, Control of Bacteria, Amphotericin B: 10 pg/mL
(Control of fungal), A: FoiThongphuphayon, B: Hanggrarok Roei-Et.

E. coil A24622

B

S. aureus A0527
Figure 2 Ihibititory effects of crude leaf extracts of two varieties of Cannabis sativa: FoiThongphuphayon var. (A) and Roei-Et var. (B) using different solvents
against of £. coil A24622 and S. aureus A0527 by disc diffusion method using 400 ug of each crude extract. a: crude ethanol extract, b: crude acetone extract,
d: crude chloroform extract, e: crude methanol extract, c: negative control (100% v/v DMSO) and f, 10 pg of Genfloxcin
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Table 2 Minimal inhibitory concentration (MIC) of Cannabis sativa extracts: from FoiThongphuphayon cv. (A) and Hanggrarok Roei-Et cv. (B) using ethanol,
methanol, acetone, and chloroform as solvent agains the selective pathogens

Extract of Minimal inhibitory concentration (pg/mL)
Microorganisms ) )
Cannabis sativa Ethanol Methanol Acetone Chloroform
S. aureus A0527 A 50.00 50.00 50.00 50.00
B 100.00 50.00 50.00 50.00
S. faecalis 001.9 A - - - -
B - - - -
S. haemolyicus A12321 A - 50.00 - -
B - 50.00 - -
S. pneumoniae 001.12 A 50.00 50.00 50.00 50.00
B 50.00 50.00 50.00 50.00
E. coil A24622 A - 50.00 50.00 50.00
B - 50.00 50.00 50.00
K. pneumoniae 001.3 A - 50.00 50.00 50.00
B - 50.00 50.00 50.00
M. pneumoniae 001.1 A - 50.00 50.00 50.00
B - 50.00 50.00 50.00
P. aeruginosa A11015 A - 50.00 50.00 50.00
B - 50.00 50.00 50.00
C. albicans A - 50.00 - 200.00
B - 50.00 - 200.00
C. neoformans A - 50.00 - -
B - 50.00 - -
M. pachydermatis A 50.00 50.00 50.00 100.00
B 50.00 50.00 50.00 50.00
Trichophyton sp. A - 50.00 - -
B 100.00 50.00 50.00 -
% Resistance A 25.00 91.67 58.33 66.67
B 33.33 91.67 66.67 66.67

Table 3 Minimal bactericidal concentration (MIC) of Cannabis sativa, FoiThongphuphayon cv. (A) and Hanggrarok Roei-Et cv. (B) extracts using various solvents
against the selected pathogens

Extract of Minimal bactericidal concentration (ug/mL)
Microorganisms . .
Cannabis sativa Ethanol Methanol Acetone Chloroform
S. aureus A0527 A >400 >400 >400 >400
B >400 >400 >400 >400
S. faecalis 001.9 A - - - -
B R - - -
S. haemolyicus A12321 A - >400 - -
B - >400 - -
S. pneumoniae 001.12 A >400 >400 >400 >400
B >400 >400 >400 >400
E. coil A24622 A - >400 >400 >400
B - >400 >400 >400
K. pneumoniae 001.3 A - >400 >400 >400
B - >400 >400 >400
M. pneumoniae 001.1 A - >400 >400 >400
B - >400 >400 >400
P. aeruginosa A11015 A - >400 >400 >400
B - >400 >400 >400
C. albicans A - >400 - >400
B - >400 - >400
C. neoformans A - >400 - -
B - >400 - -
M. pachydermatis A >400 >400 >400 >400
B >400 >400 >400 >400
Trichophyton sp. A - >400 - -
B >400 >400 >400 -
% Resistance A 25 91.67 58.33 66.67
B 33.33 91.67 66.67 66.67




Y. Insumran et al. / (PRAWARUN AGRICULTURAL JOURNAL 2023) 20(1): 35 - 43 40

asatanlutyuiataieasuniueaivssansamn
nsudsuuaiiSeunziiesunniian Tnsfiansadnandyias
Hugeoeneauiea wazansaianyIanareiuguianseseon
Sowaz 91.67 s9989u1A0 @1sanAnyrINa1Terdlau Sevay
66.67 uavaaslsnlesuiosay 66.67 uay 58.33 Feannsadud
wuaii3suaztenls audiu vasfiasataanasionuea
wuiiilsvansamnsdud wueilSeuasdesfinuluasada
luiganaeuinesnesguiea uazansanafyyNaenug
WenIIensesaz 33.33 uay 25.00 annsanyiluadailsyay
arududusigafiannsaduduaiFouasidos fe 50.00
lulasnsunedadans endu S. faecalis 001.9 wazid 057
Candida albicans way Cyrptococcus neoformans fiansadn
anlufywih 2 mewusliannsodudild (Table 2)

TngszdumnududushaniiannsnsuuafiFouasidos
# 1nn91 400 laulasniusediadans aAuanslu Table 3

nsenuluasadaludyy1dnguans Cannabinoids
wazfians Cannabidiol (CBD) flanunsattid esuiwadves
wueiideuasvhanawad duadnlududamtesununszuiunis
dunszvinsadandon Teun Aoue uazesowe vhiliuuaiise
Tiawsanvagaauaziasadulaneluls (Appendino et al,
2008; Isahq et al., 2015) @onndasiun13@ne1 Blaskovich, et
al. (2021) Saansaralufyrannsadududowvaiiels uwaz
91N51897U Frassinetti et al. (2020) wuinasatnainudaiayn
aunsaannisassiulefladiuuafiiselusiuledn (Lactobacillus
wag Bifidobacterium) viliuwuadiisgldaiuisaasgaulale
wenantiuans COB Tufymannsadudsnsasade s. aureus
gauarmndauiiomnanseinibifivszgaunsofuriudily
‘Ium?iaﬁ:mwaa‘lﬁdwuazsam%a (Sharma et al,, 2019) danal
Fouvefisengansaiaivlauasdiguilumssudmiesumu
nsdunsginsaiandan wasduiidevuwadvesuaiiodima
TWuuafieliansaudaeadlasoll faiuwildasuaundle
ovaflqndwnilous1UiTaug Cephalothin fiaunsadud e
wuaiSela Laza1ns189Iu Anjum et al. (2018) lavin1s@ne
d@nsaia Cannabis sativa L. g udouuailiisuazidos Ao
E. coli, S. aureus, P. aeruginosa, A. niger Wag Fusarium spp.
sewaila Disc diffusion way Agar well diffusion method &3
analufgys19ainteniuea (Ethanol) waza1sannezdlau
(Acetone) mmsaé’ugﬁgéum%éqﬂqﬂ 5998911 Ap @15d7N3N
thndu wazansadaaaslsnlesa (Chloroform) vesiay 991n
AnvUszansamuesansartnanlufydedesiinelsa @
f19182a18L091U8 LUNIUBa (Methanol) axdlau wasg
aaelswesy fussansamlunmsdudslduansneiu eenslsfing
mﬂmsﬁﬂwﬂuﬂ%gqf:wudWmiaﬁmluﬁmmmﬂéf'w'hazmsLa‘m
wealdannsadudadeuuniiSounsuuan e £ coil A24622, K.
pneumoniae 001.3, M. pneumoniae 001.1 Wwag P. aeruginosa
A11015 ¢ §eaenndesfun1351891uves Chakraborty et al.
(2018) ﬁmmaaumiaﬁﬂﬁ’mmmmﬁya Methicillin-Resistant S.
aureus (MRSA) Farha et al. (2020) &g Martinenghi et al.

(2020) ﬁmmaaumiaﬁﬂmﬂ%ﬁ’ mﬁaﬁmﬁmﬁaﬁwazmmam
wea fqns Fud ud euuaiSounsuUIN S aureus uae
s. epidermidis wlalanansafiavdud adauuafizounsuay
E. coil, K. Pneumonia, P. Aeruginosa, S. aureus A0527

asafaludguaeiugiosnesgusaiiadadiodh
avanslmuea aunsadududesisans smnissudinis
Wwiyivlnvend 831 Candida albicans a1 MIC# 50
lulnsnfusiefioddns asasaanludyuwi 2 aeiug o1ad
USualansusznau Terpenes, Cannabinoids, Flavonoids wag
Phenols (Singh et al., 2018) fannsadudados A Aflavipes
wag C albicans finelsalunywd lidninasataainfivyin
5 9 (Nalli et al., 2018) 91n5189 UL Swain et al. (2016)
19a1sainain C sativa @aunsadudesn A Fumisatus, A
Flavus, Fusarium, Penicillium way Mucor

mﬂmiﬁﬂmﬁwudwmiaﬁﬂﬁ@mmm?hwmEJLaJmuaa
fiuszansmnlumsiudauidoslén aonndesiu Khan & Javaid
(2020) WAnwiansatnain C sativa fiafnsiefeasazane
musalumsdudaden A flavipes ansanafgINUNIUAL
Usransalunisdudaie A flavipes ldaninfanzanedy o
TnefidUszans nmnnssuddenay 68-82 sesasniiatndae
prunanlsnesy wavigniey dA1Souay 52-82 uay 42-82
PINAINU FONRsUNENTANARIEAYINazaIELIevSa pxdanilad
favaz 47-76 wariianaseunduszansawlumssudauie
A flavipes étoviian fidnfenay 38-73 duviazanslumiuea
onafivsyAvsansisanszddlunisdudsdunislaining
avanedu q mnmsaneluadsinuiussansamuesansiin
Tufgeia 2 aneiuindvinasansaniumuoaiiuszansnm
TunmstudauuafiFounsiongen szduamududumnniy
400 lulasnsusiefiadans sosaundruasannigyyiaindavin
azatvozdlaulazaaslsnesudluaIsannniefavinazany
Lamuaaﬁﬂizﬁw%mﬂumié’u5’&5'}@@

Tnmsaneluadailasatnanlutyuiivssansnmlu
nsfudsauidinelsaludng fudidelanusndulunisihans
anpantudgeluiaweufdiue Tunseddnsnuilsaiiuy
snauluth wazdosrelseiaviledniiannsoliidumadonls
luewian antuigy 2 aeiug fe dyviaeiuddosnosgun
va LLa”ﬂﬂJ‘U’]?ﬂEJW‘uﬁMNﬂS zsaneudnduduuaiiioinelsa
WuusniauLazid asaniamilaunn Y ldinmsthitesgan
Wumadenvilslumaiundueiugadndeluls eenslsfin
AsthansanaulginszsilenyiauazUsunavesasanalulu
fmneunsihuldnaaeudelilauszansam Weswnnis
nnaesiililduondurewilnesdusznovvosarstunisim
AU

A3UNaN1339Y
mwmaauﬂszﬁm%mwiums%é’]”’qmim%iysuanL%a

LLUﬂ‘ﬁL%‘EJLLazLéﬁua'ﬁa]1ﬂsuaaaﬁaﬁmmsaﬁmmﬂiuﬁ’agm 2 @y

Wug Ao fyvianeiugresneIguiIga uaziyyraewugnig



Y. Insumran et al. / (PRAWARUN AGRICULTURAL JOURNAL 2023) 20(1): 35 - 43 41

nszsensesidnaunsadudauafisefinelsauudnauluia
wazloanRmiisuild IneUssansamnsdudvegdumsd
urazvllauaneaiy AuwLYEREaaNsadudinisaT e

Weqdumisd 50 lulpsnsuseiaddng

AnAnssuUsznA

Tun9vh3deluadedld Yunuatvayunisidoann
ugAnLuN1TITenIuYsEInuseld Jeuussanm Ysednd
WAL 2565 UMITNEIFETIYAYUNIAITATY UAZVOVBUR
wsaiugn 1edaedn Alimmoyanesiluigulunisiisy
Tundall Anzdidovevouqmany iundaine qudinemans
AngINgImansazmalulad uninerdesivdguaisaiuy
fdeiieaniuil gunsaiuaziaTeailolumsnunisde audida
qanlarigh

References

Abdullah Sani, N., Sawei, J., Ratnam, W., & Abdul Rahman, Z.
(2018). Physical, antioxidant and antibacterial properties
of rice (Onyza sativa L.) and glutinous rice (Oryza sativa
var. glutinosa) from local cultivators and markets of
Peninsular, Malaysia. Interational Food Research
Journal, 25(6), 2328-2336.

Anjum, M., Arooj, Z. E., Azam, S., Rehman, P., & Khadim, J. (2018).
Evaluation of antimicrobial activity and ethnobotanical
study of Cannabis sativa L.Pure and Applied Biology,
7(2),706-713.

Appendino, G., Gibbons, S., Giana, A., Pagani, A., Grassi, G., Stavri,
M., Smith, E., & Rahman, M. M. (2008). Antibacterial
Cannabinoids from Cannabis sativa: a structure—activity
studyJoumnal of Natural Products, 71(8), 1427-1430. doi:
10.1021/np8002673

Arsheewa, W. (2016). Prevalence of carbapenemase enzyme in
clinical isolates of carbapenem-resistant Enterobacteriaceae
from Prapokklao Hospital in 2012 — 2013. The Joumal of
Prapokklao Hospital Clinical Medical Education Center,
33(d), 314-325. (in Thai)

Blaskovich, M. A. T, Kavanagh, A. G,, Elliott, A. G., Zhang, B., Ramu,
S., Amado, M., Lowe, G. J., Hinton, A. O., Pham, D. M. T.,
Zuegg, J., Beare, N., Quach, D., Sharp, M. D., Pogliano, J.,
Rogers, A. P., Lyras, D., Tan, L., West, N. P., Crawford, D.
W., Peterson, M. L., Callahan, M., & Thum, M. (2021).The
antimicrobial potential of cannabidiol. Communications
Biology, 4(1), 7. doi: 10.1038/542003-020-01530-y

Chakraborty, S., Afag, N, Singh, N, & Majumdar, S. (2018).
Antimicrobial activity of Cannabis sativa, Thuja orientalis
and Psidium guagjava leaf extracts against methicillin-
resistant Staphylococcus aureus. Joumnal of Integrative
Medicine, 16(5), 350-357. doi: 10.1016/j,joim.2018.07.005

Farha, M. A, El-Halfawy, O. M., Gale, R. T., MacNair, C. R., Carfrae,
L. A, Zhang, X., Jentsch, N. G., Magolan, J., & Brown,
E.D.(2020). Uncovering the hidden antibiotic potential of
Cannabis. Society  Infectious
diseases, 6(3), 338-346. doi: 10.1021/acsinfecdis.9b00419

Frassinetti, S., Gabriele, M., Moccia, E., Longo, V., & Gioia, D. D.
(2020). Antimicrobial and antibiofilm activity of Cannabis

sativa L. seeds extract against Staphylococcus aureus

American  Chemical

and growth effects on probiotic Lactobacillus spp. LWT-

Food Science and Technology, 124(5), 109149.
doi:10.1016/j.lwt.2020.109149

Gwinn, K. D., Hansen, Z., Kelly, H. , & Ownley, H. B. (2022).
Diseases of Cannabis sativa caused by diverse
Fusarium species. Frontiers in Agronomy, 3, 796062.
doi: 10.3389/fagro.2021.796062

Galletta, M., Reekie, T. A, Nagalingam, G., Bottomley A. L.,
Harry, E. J., Kassiou, M., & Triccas, J. A. (2020). Rapid
antibacterial activity of cannabichromenic acid
against methicillin-resistant Staphylococcus aureus.
Antibiotics, 9(8), 523. doi: 10.3390/antibiotics9080523

Isahg, M. S, Afridi, M. S., Alj, J., Hussain, M. M., Ahmad, S., &

(2015).

screening,

Proximate
GC-MS
biologically active cannabinoids and antimicrobial

Kanwal, F. composition,

phytochemical studies  of
activities of Cannabis indica. Asian Pacific Journal of
Tropical Disease, 5(11), 897-902. doi: 10.1016/52222-
1808(15)60953-7

Khan, I. H., & Javaid, A. (2020). Antifungal activity of leaf
extract of Cannabis sativa against Aspergillus
flavipes. Pakistan Journal of Weed Science Research,
26(4), 447-453. doi: 10.28941/pjwsr.v26i4.883

Karas, J. A., Wong, L. J. M., Paulin, O. K. A., Mazeh, A. C.,
Hussein, M. H., Li, J., & Velkov, T. (2020). The
antimicrobial activity of cannabinoids. Antibiotics, 9
(7), 406. doi: 10.3390/antibiotics9070406

Martinenghi, L. D., Jonsson, R., Lund, T., & Jenssen, H. (2020).

and antimicrobial

Isolation, purification,

characterization  of  cannabidiolic  acid and
cannabidiol from Cannabis sativa L. Biomolecules,
10(6), 900. doi: 10.3390/biom 10060900

National Antimicrobial Resistance Surveillance Center,
Thailand. (2022). Thailand’s integrate antimicrobial
resistance surveillance with one health approach
guideline. Accessed March 11, 2023. Retrieved from
http://narst.dmsc.moph.go.th/. (in Thai)

Nadir, I, Rana, N. F., Ahmad, N. M., Tanweer, T., Batool, A,
Taimoor, Z., Riaz, S., & Ali, S. M. (2020). Cannabinoids and

terpenes as an antibacterial and antibiofouling promotor



Y. Insumran et al. / (PRAWARUN AGRICULTURAL JOURNAL 2023) 20(1): 35 - 43 42

for PES water filtration membranes. Molecules, 25(3)),
691. doi: 10.3390/molecules25030691

Nalli, Y., Arora, P., Hassan, S. R. U., & Ali, A. (2018). Chemical
investigation of Cannabis sativa leading to the
discovery of a prenylspirodinone with anti-microbial
potential. Tetrahedron Letters, 59(25), 2470-2472.

Oliver., S. P. (2004). Microbiological procedures for the

udder
determination of milk quality (4" ed. ). Wisconsin:
National Mastitis Council (NMC).

Schofs, L., Sparo, M. D., & Bruni, S. F. S. (2021). The

behind  Cannabis
Pharmacology Research and Perspectives, 9 (2),
e00761. doi: 10.1002/prp2.761

Sharma, A., Gupta, V. K., & Pathania, R. (2019).Efflux pump
inhibitors for bacterial pathogens: From bench to

diagnosis  of  bovine infection  and

antimicrobial  effect sativa.

bedside. Indian Journal of Medical Research, 149(2),
129-145. doi: 10.4103/ijmr.lJMR_2079_17

Singh, P., Pandit, S., Garnaes, J., Tunjic, S., Mokkapati, V. R., Sultan,
A, Thygesen, A., Mackevica, A.,, Mateiu, R. V., Daugaard, A.
E., Baun, A, & Mijakovic, 1. (2018). Green synthesis of gold
and silver nanoparticles from Cannabis sativa industrial

inhibition.
International Journal of Nanomedicine, 13, 3571-3591.
doi: 10.2147/1UN.S157958

Swain, S., Barik, S. K., Behera, T., Nayak, S. K., Sahoo, S. K.,
Mishra, S. S., & Swain, P. (2016). Green synthesis of

gold nanoparticles using root and leaf extracts of

hemp) and their capacity for biofilm

Vetiveria zizanioides and Cannabis sativa and its
antifungal activities. BioNanoScience, 6,(3)205-213.
doi: 10.1007/512668-016-0208-y



Y. Insumran et al. / (PRAWARUN AGRICULTURAL JOURNAL 2023) 20(1): 35 - 43 43

Research article

The potential of Cannabis sativa extract to inhibit pathogens in animals

Yuwadee Insumran®” Natchanok Jansawang? Panuwat Ruenruangrit®
and Netnapha Ruangchai®

Depatment of Biology, Faculty of Science and Technology, Rajabhat Maha Sarakham University, Mueang,
Maha Sarakham, 44000

2Depatment of Chemistry, Faculty of Science and Technology, Rajabhat Maha Sarakham University, Mueang,
Maha Sarakham, 44000

SDepartment of Engineering Management, Faculty of Engineering, Rajabhat Maha Sarakham University,

Maha Sarakham,44000

‘Department of Physical Education, Faculty of Education, Rajabhat Maha Sarakham University, Mueang,
Maha Sarakham 44000

ARTICLE INFO

Article history ABSTRACT

Received: 20 December 2022 This research was aimed to screen the antimicrobial activities of two varieties of Cannabis sativa
Revised: 12 April 2023 (FoiThongphuphayon cv. and Hanggrarok Roei-Et cv.) leaf extracts against pathogens including
Accepted: 24 April 2023 bacteria causing mastitis in dairy cows and some yeasts and filamentous fungi isolated from
Online published: 8 May 2023 dermatitis and respiratory disease affected animals. Crude extracts from the leaves of cannabis

Keyword were obtained using extractions by various solvents including ethanol, methanol, acetone, and
Cannabis sativa chloroform. Disc diffusion was used as an antimicrobial and antifungal activity screening method,
Crude extract and minimum inhibitory concentration (MIC) and minimum bacteriocidal/fungicidal concentration
Antm_u_croblal (MBC/MFC) were further measured using the micro broth dilution method. The methanol extracts
Mastitis o . from both varieties of cannabis were generally effective in inhibiting most of the tested bacterial
Pathogenic microorganism strains including three gram-positive: Staphylococcus aureus A0527, Staphylococcus haemolyticus

A12321, and Staphylococcus pneumonia 001.12, and four gram-negative bacteria: Pseudomonas
aeruginosa A11015, Mycoplasma pneumoniae 001. 1, Klebsiella pneumoniae 001. 3 and
Escherichia coli A24622 at 50 pg/ml MIC and 400 pg/ml MBC, except for Staphylococcus faecalis
001.9 resisting inhibition. The methanol extracts were also effective against the tested dermatitis-
causing yeasts and fungus including Candida albican, Malassesia pachydermatis, Trichopyton sp.,
as well as the respiratory system-affecting fungus, Cryptococcus neoformans, at 50 pg/ml MIC and
400 pg/ml MBC. Thus, the extracts from Cannabis are promising and should be promoted to be
used clinically for clinical usage as treatment agents against pathogens, and also contain the
potential to be used in the pharmaceutical industry going forward.
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antioxidant capacity) (Arancibia-Avila et al., 2008)
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falifinisfnu dfunuideifiingussadifiofnwinaves
nseuwisedeuanfeuLUUNAeaTeNsEIME @1508NqNID
matinmuazgrisnsiueyyadaszvemFsuginlil elasiny
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thihegremSeuganlil alazinvanuasySouiiuns
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AUEIRY U1TkAT18ANE (color) AdeTeuy CIEL a b fae
1A39YAd (MINOTA CRA0O, Japan) NTUAUIUAINTS
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(delta E) Au2ua1ngns AE* = [(AL*)2 + (Aa*)? + (Ab*)2 1%
(Ratseewo et al., 2016)
QNERULLERERN
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1 nuvesnviinusts dhuwaufuaisazatoimmueany
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Humdsspnuisigeiianusisen 1400 x g ifuran 20 wni
vnaneaesianun 3 91 1iuSnwdeg iataudfianmgd

20 sargalied Wi ovn1siasIeRUSIaE s ued nuaz
sanlauosditanun wazqvsnsiueyuadasyieds DPPH uay
FRAP #ialU (Ratseewo et al., 2016)
NI1SANYINAYDINITOULAIUUYD 1NN D U?mmmmanqw§
NGB Ty AT azinY

1. MIlAsiUsinaEnsiueanimue

Aaeilagldis Folin- Ciocalteus method (Ratseewo
et al,, 2016) a@17u1%951U Folin- Ciocalteus reagent YSUIng
2.25 fadans tuwaudvalsananiedns 1 daddns ldvaen
naaosusazvaen nalidniu udakaiald 6 wiit arntiurien
Wuasazasleifua1susiunissas 20 (wA) Usuns2.25
fiaddns welvnauiu iunasanaasduiidaduiaa 90 uad
ﬁmaawmaaaﬁﬂiumamﬁﬂmﬂﬁtﬂmﬂﬁuuaaﬁmmmm?{u
725 wiluwas seeiesanlasiulafives Ansganduuad
Ifandsznanalfisuiunsmiinasgunsaunadniigaauya
(callic acid equivalent) 17t eW1AIT U UDIAITUSTN DU
fuedniomualuansaiaineass ¥hnsneass 3 81 s1891URE
lundlvvesladnsuauyavesnsaunadinaoniog1e 1 nfu
(mg GAE/g sample)

2. MewsziUSInaslalauestve

1A91¢91laed S colorimetric (Ratseewo et al., 2016)
Vnansafindiegrauuanwazauuie 0.5 Tadans tuwaw
futhndu 2.25 fiadans aniasinasazanelaionlunsnios

¥ 5 (w/v) 0.15 daddns adlunasanaass vinnaswwen g

Faials 6 wdt wwfvasarargegiiennaslsnianeelanse
$ouaz 10 wA) 0.3 Tadans e ol 5undt 9w
arsavanelafounaslse 1 luans Ysuns 1.0 Jadans wenlu
drfuiharsazanedildluiadinisganduuasd 510 uiluiues
Ansgenduuasiilstihandsznanaiisuiunsminsgiuass
flufigeauya (rutin equivalent) WeynAududuveauium
arsrlanlaueestanus vn1svaans 3 91 189 uRaluntae
dadnuauyavesa1s3iudlag1g 100 n$4 (mg RE/100g
sample)
NISANYIHAYOINI SOV IS NEN IS U YYABASE Y
NSeuglnaTaINY

1. DPPHe radical-scavenging activity

n3iaszigrs nsfueuyadasedsasiiusuya
da5¢ DPPH 1938 DPPH radical scavenging assay (Ratseewo
et al, 2016) w3sna1sazas 2,2 diphemyl-1-picrylhydrazyl
radical (DPPH) Aty 0.1 fiadlua vinlnein3uy DPPH Sot
a¥ 0.004 (w/v) Tutemuea Uwunansadamieg1ausunng 0.1
flaaans ldaslunasnnaassegear 3 nasn 9ntudin
asazany DPPH fiwseulildvasniildansatnietanaonas
3 fladans wen neBlufidadune 30 und arntuhlusae
mmmﬂﬁuumﬁmmmm?{u 517 wiluuns lngyinn1svaasg
3 4 FunuvUsEdnBamgvsnisiueyyadastlufiogiadi
UUNAADI
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¥
=

NGATALl
[(Ao-Ae)/Ac] x 100

Lﬁ ® Ao = absorbance of DPPH without extract; Ae = absorbance

with extract)

2. Ferric reducing/antioxidant power (FRAP)

nMsTiAsevigns n1sduoyyadasedieds feric
reducing/antioxidant power (FRAP) (Ratseewo et al., 2016)
MIATIEAENINATENTaEa1Y FRAP USunns 1.8 fadans
Tdlunaeanaass Mntuduindulsines 180 lulasans weh
Tdihfuududumsatauiinms 60 lilasans thlusiigumg
37 earnwaidea 1uan 4 undl diluiadinisganduuasii
AueIAaL 593 uiluiung tngldansazans FRAP 8y blank
udrthansganduuasiildinuszananaifisuiunsminasgu
FeSOq +7H,0 itemgnsnisdueuyadasy Meaunalumiag
vaslulasluainessadainnonsusieg19 (umol FeSO./g
sample)
NITANYINAYBINITOUMAIUUYO I1AF 0UTUITITNOUTHNE YD
NSeuglnaTaINY

egafiiunsfnuusinuaseangninnsdanw
wazqsNsiueyLadasTIndAdonannEIoUiiaLvde
USinaansoongninisianimuazgnd nsinueyyadaseige
figaudnhuniinseiasvenssmeilIsuiisuiuiiegsan
fen151438 GC-MS lned198935n135@N¥1970 Ratseewo et al.
(2016) W@ Raksakantong et al. (2011) Taeldias o9 GO/MS-
QP2010 (Shimadzu, Japan) ldufefinife wiwsiaen ANuAY
134.2 Alavranna gumgil 250 ssrnaTes
adaildluntsise

NANINABDINTILATIZANSERR (Analysis of variance)
PuMUNSYIRAB LU ARYsal (CRD) nenuArlugUAniads @
\Deausnasgu uesilisuifisummuaninseseiadei s 4
1m835 Duncan’s new multiple range test (DMRT) sefuiiadAgy
eddnosay 95 lagldlusunsudiFagy spss

HaWazIATAlNaNITIVY
NITANWINAYOINITOULNILUUNIANDAIFVOILT U)LY I
ALY
nsAnwInavesNIsEULKILUUAARENSUAs LA
dvomBsuguiliaiazinulngligevaniounvuaniigavnd
50 60 uay 70 psFwwAdYa TramsAny IRl fegieyFouan
fBaura a1 (%) gefian (88+2.31) Wlewfiugamaiilly

DUWNNUIIAIHANTENUABAIAINATNYRENIS s Ulag U I
ANNAINIVRITYULTANAAaT (p < 0.05) (Table 1) N15BULIY
mSvuguliigungd 60 eameadea da1auadng
(79+1.56) ganindaee1af ouusis 50 uay 70 peALwaLToa
Aanududideuardvdemuiidiofivgumgitueianmiu
Ad07 (-2 uaraAranududndes (b)) vemmiFouiirigetu
Wutu nsiUAsuuUasand (AE) wanaldainnissiudues
wsfimesan L a’ uay b’ nsAnwiidd ifudiniseuuis
Niouilonmgdl 60 earmiwaidua Ja1 AE Youan dveeimns
\HunudnvurveIndndusiem s s ninaneussiagaves
fuslon madouesdlundnfasionmsfifintuss nitenisuls
gﬂmmﬁﬁwwﬁﬂLﬂumammﬂmm%au (Siriamornpun et al.,,
2015) Mswasundaswesdenmsdudnuasiivsuennasin
nszvIuMsIUsFUMemLSeudinariednuaz e sdvesems
9N IEnsuUssURuanenatudmalidnsur dvesemsaaiag
AmnuaInsanas dvesiiogiaieundieuniaiiusundas
mfﬂLﬁﬂmﬂmm%@uﬁqﬂa'nu,axawLﬁmﬂﬁﬁ%mmﬂﬁ@ﬁﬂfﬂma
Alaildioulus osanmmieusndunisiauveseulesl
wodNusasandLna (polyphenol oxidase, PPO) 113 8w A
AoReaNding AeeulmifisswiATetoondinturesansusenoy
fluoatueendiauldiuasusznavdthma Aanssunisvay
vooulminodfiuoasendinassyiauldafiguvgd 40-50
psmnaiioa wazaudunse-ang 6.8 Wegmugigdunis
vhauveaeulesifinaisuanasuasidoanwiiguai 65 aaen
wardea Wusuly (Lv et al, 2017) dawalsifionmgil 50 sm
waea Fudugagingedinuainamgawszioules
wulwinediusasendiaaiauldfiniigungidu vug
gamgiif 70 ssmwaldea envaznszduliAnUfATemsiAnd
vhana (browning reaction) wfiafi kLA sateatuieules (non
enzymatic browning reaction) lnefiausauduiussufisen
duansusznoviilitiina wardssuluiinsvhaedindiia
ogludegeity fnuideduii@nviniseuuisens nsdy
nsaan Nl wagmaven Tuuenga wansAnvPlrifuienis
WasuuUawesan AE veansaIn 99 wazg1a luuznga e
touninfleifisuiunsmenuazeuuiseauiou dlunisain
fla wazsfalunzngaidrlndidssluanunnndt (Ratseewo et al,,
2016) usnaniissaenadoafuninudsunUasindsauuisdng
ausoulungazne uzllawnea (Siiamornpun et al., 2015) Wags
411 (Wanyo et al., 2014) 1Judu

Table 1 Color parameters of dried Lava Durian Sisaket by different temperatures of hot-air drying

Color parameters

Samples P " o A
Fresh durian 88.03+2.31° -1.90+0.04° 20.61+0.74° -
Dried durian 50 °C 71.03+1.64° -3.01+0.08° 22.04+0.65° 17.09+0.23°
Dried durian 60 °C 79.01+1.56° -4.04+0.06° 23.01+0.52° 9.55+0.21°
Dried durian 70 °C 75.04+1.89° -5.02+0.05° 24.03+0.84° 13.79+0.17°

Values are expressed as means + standard deviation (n = 3). Means with different letters in the same column were significantly different at the level p < 0.05.
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Figure 1 R]’]ﬂNﬁﬂﬁﬂﬂU’]‘WU’J’Wl’JE)EJ’N‘VILiEJuﬂﬂMUiJJ’]mﬂﬁ
fAusdnw INUAFIAA A0 60 mg GAE/g sample 38483117
mamqawmm%svﬂuammm 60 asmaLTed (50 mg GAE/g
sample) (p < 0.05) mﬂNamﬂemLLam‘LMmmeimquaaﬂ
mwmsuawLiwﬂwnlvxlaﬂmLmamumiammmsmauamau
LUUDIA mmsﬂﬂmﬂsmquaanm%m‘LuLuawLﬁauammx y
gnwan (Arancibia-Avila et al., 2008) wmﬂumamiauﬁuazqﬂ
fiUsiailuedniioun 374.4 = 32.4 mg GAE/100 ¢ Wiednw
suumLLaviJsmzusuanﬂamquaaﬂiumammsawwuanamﬂa
NIAANNEN NIANITI-AUITN UaznIAFuIdin mim‘wmuua
n3sugnioluuvawesasusznouiiuedn nsldaudeulunis
wls3Uinuas snaliiiodudsilasuanuieniossindavan
mwmuuauuﬂumasﬂq Tosunulige Tisviligenn winsld
amau‘i,umiauLLmuumwamaﬂmawmmmﬂu YA FIUD
‘Uﬁmma'ﬁmuauuaaas“‘lu‘wmaﬂma Usinasilueaniamualy
maawmwmmlﬂwmmmaauLmeaamauLmemu
gonmdasiurisuneunindidnwniseunisisausousona
YosUsuausdnlunyazne ugllona (Siiamompun et al,
2015) T1aneiuging (Ratseewo et al., 2020) waglunsing
(Raksakantong et al, 2011) Lﬁumu ﬂ’]iLL’d'ﬁiUGl’Jﬁlﬂﬁ’lﬁJiau
derasionmudnyMEvoiY WU & Wedufavefivmaniundadd
wamaﬂimmmsaaﬂqvmmam.nwwmﬂwimmmaamimaaﬂaﬂ
a3 WRRINa199199AnaNANT B LA N TYIUTa e ule
NedHusaeanTind (polyphenol oxidase, PPO) 113 oAt AvaaenTind
Aowulwifissufizeeentinduresmsuszneufiuoaiueendiou
I duansusznevdiinng szvanensevnllaseadiwes
ansUszneumani fansdsundanduansyialmifildleans
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9T uazanaNTRIBiT WuReafudnvagmenenin
(Ratseewo et al., 2016; Ratseewo et al., 2020) uaﬂmﬂﬁyms
wsgUemmEeuLUUBUAmarensaname s s Ustne Ul
ol n Wu d9189Un15aINUTENIAG (Zhang & Hamauzu, 2004)
uznInlngauLRIEaLsaU (Raksakantong et al., 2011) uays
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uednlufinvesiusuuisiedovauiou lnenuiniigumgil 60
GALEIERG] ﬁmimagmmfhﬁqmuqﬁ 70 80 wag 90 89N
wadea egilsfimuuenainnisanasudrdadivarenisdnui
wuimFeumnsnUTamsiueanlunszuiunisuss
91115909 nNarNalyl Wachtel-Galor et al. (2008) 51891U
Usinasgnsituednioualudnlud@endintundandy e waz
Tulasian ‘LuvﬁuaqLﬁmﬁ’ula‘fﬂumii‘iq?jylﬁ’Lﬁu'indwawaJ']ia
Shwmazfiudszaniamussinase nang wEwazauensle
hﬂﬂmw mwmauiummﬂwﬂmmumamaaﬂwmwmq 9 199
oy Wufia @ Taseadne Qmmmﬂmmmi FudnnandAlunig
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Figure 1 Total phenolic content (TPC, mg GAE/g sample), Total flavonoid content (TFC, mg RE/100¢ sample) of dried Lava Durian Sisaket by different

temperatures of hot-air drying values are expressed as means + standard deviation (n = 3).

significantly different at the level p < 0.05.

2. Usnauansaluesviavsaeaiieg 1 i3suauLis

U%mmawsﬂaﬂauaaﬁy’wmsumé’aaEJ"N‘VJL%EJuaULLﬁqﬁ'JEJ
aufeuLuUAIATian1IE 50 60 uay 70 esAgalied wansly
Figure 1 wuhiegneFouaniviinamaluosdianungegn
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Isyavgumall 60 asrwaldea duUTunu 70 RE/100g sample
(p < 0.05) ﬁnﬂmmﬁ]auwmﬂ"dﬁmmmiWaﬂauawwmaﬂaa
ndwunIsaURTlunnanIIY vyl Tneuudldudululy
FemafututBnaiueaniimmn nnsinnialEiu
Luav!l,iauqmﬂvxlmazLﬂwixazqﬂLUuLmawaﬂmiUizﬂaUWm
Tupeddsdonndesfunan1sfinuives Arancibia-Avila et al.
(2008) 7 AnwrUsuananlanesstanualunSouszozani
U370 97.9 = 9.3 mg CE/100 g sample uaznuinilenSeudu
gauiiea1snaunaliuesd liun weldddu lusdau eznddu
wazunesen arswalussdilumssssuAniddyiiandide
aﬂiuﬂémaﬁﬂiuﬂauﬁluaaLﬂuﬁ%ﬁﬂﬁ’uiwLﬂuwﬁﬂuaﬁﬁﬁmm
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g uammqwﬁmsmuaumaaai yuaalIueeA A UNIS
WmuamwmﬂumaiumuﬁuaﬂqwﬁmqmmmLLa MELPER
lauA funseniau fulsa @ mugmm FrunziSe deduzises
(Prasad et al., 2009) Tuauiseasadnuin Wevhnsldaudou
aUmewamaﬂmmﬂmhuaaémwm‘LuLuamwummﬂwszjq
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USunauneana liue e fild S unansenuaInnssUIUNITVINeANY
Soulavayfinvosinuaznald lown n1sAnwIn1seULRIRI8aY
ZousenavasUsunulaliussdnaunlunzasne uzidowme
(Siriamornpun et al., 2015) 417 (Ratseewo et al,, 2020) Tu
NZIN$1917 (Raksakantong et al., 2011) kag$1917 (Wanyo et
al, 2014) lunseuuiislungnsna (Ratseewo et al., 2016) A7
ausoudi 60 sarnwaldaa wui Usuiaesarsnaliuess
Heunanassadesay 20 Havesn1ToULTIYSoun .l
Usunuwesansanliueen deiuuildululuiiamadeaiuiu
anstiuednitanaaiioduniseuniatuiu Waluesadeglugy
Ypueamesvielnalalyn muummmiaaﬂ"l,aimlaéﬂmmnmu
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Means with different letters in the same parameters were

elnslaRniiavenaseninisnszanevesialiuesdse ninama

2 3

voslosfunagiiiu wazUiiseoriueyyadasy Uimgmszﬁﬁj
91vdwalilAAN13geYAe AT I 08dAUTENaUN1NgaNIA
agslsAnulunensefuduasusenounalausesunssia
A50ATIINURUT LI NFI0Eean i g unTe UL e
FBn15ou wu nslisedsunsaeuwiedy 1udy (Ratseewo
et al,, 2022)
NI5ANYINAYEINITO UL I9FBgYEN5H 1 UE YRS VDY
NSeuglnaTaINY

1. DPPHe radical-scavenging activity
Mseseigmsnisinueyyadas i3S DPPH radical

scavenging activity vasasannanyseuguinlagldgevay
FouLUUAINAIBEMNYI 50 60 WAz 70 B3ANYALTLA WARIAY
Table 2 mamwLsaunmﬂ‘vxlammmmmmm‘iuma&mUﬂauma
Baszgugeiidorar 40.03+1.0 s93auNA8 v;waugmlﬂwamma
fisrwgangd 60 osawafoa (Fovar 33.75:0.79) 9nwa
nsfnwInuingns n1siueyyadasedae3s DPPH radical
scavenging activity suaamamwlLiaunLﬁu’nlﬂﬂaamumil,l,ﬂﬁﬂ
mamwmaumwammm 3 sy fUsmmanandeifiouiy
#oe1edn Imaammumiammqmaamau 70 aeALTALT B a
mmi&maaqmmimuaumaaaiu DPPH vaav3ausanlylsn
g mﬁaumemsamwmNamammmmsﬂum%sumauua
aaivmaamiauﬂmlvxlmavmwavmLLquaﬂUmqmmﬂuﬂu
ﬂimmmiaaﬂqwﬁmwamw (WuaaﬂLLauWaﬂauaammwm)
AfUsinaanamdRIuNsa UL sause Ty nansenul
paAnnMsiansnguiluearalnglduanuieundinm
sauuuaﬁmsaamﬂmmsNaﬁmuaumaaaﬁu Aansiasuuas
laseasslund ag nihangluseninaniseuwdisd teieuled Ing
WuaaaaﬂsuLmammumumiammmawLssuiuimumia’mmaiw
eastouftnasavianevieanmuanselunsiheumsaele!
Tndtusseentinaasiuf lusswrinaGusumseuuieamaisng
haﬂmsasummﬁwmuﬁumLauiszm bl muuiuamwmsammw

giugaumniviesazii U AU 5EaUT SvunudaIsaviane
wulmilndfusasendinalsonmaznsliiianmsvhatsasiiueauns
vl vhlviqvismssiuensadaszanat (Ratseewo et al, 2020)
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Table 2 FRAP and DPPH of dried Lava Durian Sisaket by different temperatures of hot-air drying

Samples DPPH (% Inhibition) FRAP (umol FeSOq/g sample)
Fresh durian 40.03+1.0° 231.40+1.5%

Dried durian at 50 °C 24.04+0.79° 190.94+0.34°

Dried durian at 60 °C 33.75+0.79" 216.7120.29°

Dried durian at 70 °C 22.29+0.91° 175.61+0.20°

Values are expressed as means + standard deviation (n = 3). Means with different letters in the same column were significantly different at the level p < 0.05.

2. Ferric reducing/antioxidant power (FRAP)

nsdudteyyadasedands Ferric reducing/antioxidant
power (FRAP) wosyiFouniunlnanuaziinunisviusialngld
FouanFounuumaiigumail 50 60 uas 70 esrAlTya uans
fia Table 2 wuddaeg1ieuaniinuausalunisenu
ouyadasye183s FRAP qafiaa 231.40:1.5 pmol FeSOx/g
sample 189831178 NseUNHIg NN 60 semvalT
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FeSOw/g sample miawﬁwﬁ'ﬂuﬂLmiw%mmﬁ 60 D3F1
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(Siriamornpun et al., 2015) Lags1U17 (Wanyo, et al,, 2014)
auFeuldviliAnnsudsundadlassaiswesanseangnsnig
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@17 n-propyl 9-tetradecenoate @15 9-octadecenoic acid,
1,2,3-propanetriyl ester, (E,EE) @15 dodecyl cis-9,10-
epoxyoctadecanoate Wugu fUsinanfindundsriuniseuuie
dlewieufusiegnean
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nsAnwad el famuansiidaugenndesiunisAnuansmen
suwmglusegisiivaindu 1wy yFsuiugnueunesvesingan
Faminduny3finuats ethyl acetate §s1¥na unondnvas
mﬁauﬂ?{umalﬁaﬂ ﬂﬁuLMﬁauadu Lagnasu @1s diethyl
dlsulﬂde @13 3,5-dimethyl-1,2,4- trithiolane Iwﬂauauﬂmw
duvounaynszineuLd us u (Di Cesare et al, 2004)
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ﬁuﬁqwéﬁnumsé’ﬂLa‘uLLavﬁwuﬂivmumsmwaﬂLszjaa‘ﬁ'hj
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Iumaaawwmuﬂau WU ANAUI (Dinesh Kumar et al., 2018)
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deoxyspergualm Tulvug g5U (Okechukwu et al., 2021) wa
miﬂﬂmﬂ‘mmmwmiauLmamwamaaﬂﬂﬂi“ﬂammmimm
sunevositvlnedliiiunsiuasuulad winannssuaunis
w33y ansveuszmggnnulaluansayulnsuasiovateyin
NAIINANITOULKS LY U @15 eugenol Tulunszaru (Diaz-
Maroto et al., 2002) naiasuntaesduazansveusyviees
Tulunzngauazlululnssnindaniseuusis (Ratseewo et al,,
2016; Barbieri et al., 2004) 1Jufu Fsnsdsuuvameniy
upneinsveInuaNURf 1Al Andvetansneussiny 9193y
mmsuuiwmvwmﬁauLmamaammuas aﬂmammmmmwﬂa@
mswam“LMEJLLaUﬂmmwsuaamamwmumiammq wonanil

Tunuideiwuinasvenssmeviaflueansianuianizly
fgan imwuiumaaaﬂﬂwmumﬁaumeaaamﬂaaaﬂuma
AsANEIUS IR uad NI AT WU 1A AINE N5V Utk
LRy miﬂizﬂauwﬂﬂmmmwimwwsaluwusuuasmu
varedade wWu IFn15uUsguiasnisidmeseng g du
anwmwawumawamm%waamaiml,ﬂiiﬂuu Tuuensa
d1uusznovuneg e Usunanit ud undaniseuuiiaeg e
ilesnnnluszwininszuiunseuwisenaiaufseteendindu
lslaslagaveslnaladian Safnaisusynaululdy dennsumn
Yoenlgad feg199sgreUanUaneassenauii Ling u
(Bartley & Jacobs, 2000)

Table 3 Volatile compounds (% area) of dried Lava Durian Sisaket by different temperatures of hot-air drying

Compounds Sample (%)
Fresh durian Dried durian (60°C)
Sulfur Diethyl disulfide 3.53+0.09¢ ND
Methyl ethyl disulfide 0.78+0.001" ND
3,5-Dimethyl-1,2,4-trithiolane 2.56+0.06" ND
2-Myristynoyl pantetheine ND 0.87+0.01'
Ester Ethanethiol 11.60+0.02° ND
Ethyl acetate 30.32+0.19° ND
Estragole 6.55+0.05° ND
Propylcarbamate 0.86+0.02° ND
1-Butanol, 3-mrthyl-, acetate ND 1.39+0.01%
n-Propyl 9-tetradecenoate ND 3.48+0.01°
Octadecenoic acid, 1,2,3-propanetriyl ester, (E,E,E)
Dodecyl cis-9,10-epoxyoctadecanoate ND 3.74+0.02°
Aldehyde Heptanal, 2-methy!l- ND 0.92+0.01"
Hexadecanoic acid, 1-(hydroxymethyl)-1,2- ND 1.75+0.01"
ethanediyl ester
Ketone 16-Hentialcontanone 5.760.07° ND
Alcohol 2,3-Butanediol ND 10.82+0.07°
Organic Phenolic
Compounds Phenol, 4-(2-propenyl) 0.53+0.01' ND
Octadecanal, 2-bromo ND 4.94+0.08°
Deoxyspergualin ND 2.75+0.02°

Values are expressed as means + standard deviation (n =
ND is not detected.

A3UNaN1339Y
nsinwinavesnseuuiamnedouaufeuluunafiing
doRuAMN1eE Uunaarsfiuednuaswanlauessdviavue
v s uouyadasEAIu3s DPPH uaz FRAP saufisansvey
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60 waz 70 sarwalea wuidesuwisheaufeumamaing
(L) vowmi3eu anas Aranududides (a%) wazdinies (b%)
Wt unndegseuniadeieudisuiuiegisan nseuws
nivugliifigaumadl 60 ssmueadoa insdsuulasand
(AP Heuiign (9.55) mssuwiarsanioudanaliuIunaans
fluodnuar slaluasdianun samdsquinisiusyyadaseit
3% DPPH uay FRAP anauilalfisuiufiegaan fegviou
prnleuuvieiildszdugamail 60 ssrnwaiea inisasegues
asfanangean ethdiegaounied 60 ssrwalfea
dunfnwiansveussmenuinans diethyl disulfide ua ethyl
acetate dU3magegaludiognuTouanuslainundainuiy

3). Means with different letters in the same column were significantly different at the level p < 0.05.

N150UWW Y Tuve? @15 2-myristynoyl pantetheine @13
octadecanal, 2-bromo Laya1s deoxyspergualin wutanizlu
Fregveuurarindy nsfnuduandififiuegedaiaun
gaunn i ldlunisevuiaiisansounvunind dnnase
AnarnnsaluniIsituayyadaszvaaiisugiuiln a1n
nsAnwnseuwissnegeuaufeuvemdsuginliaiasinwi
gamqd 60 sanvalfea danatiuauyondi qanenid
asUszneviluedn warAanssuduoyyadass nsidsuulas
ssAUsznaumNLdTurRsanssEmeileunansemuannIs
auumeaniou nuitgamginisidansoulunisulsgunSeu
nlieSazinuilidvsnaneansveusesne arsusenauiluedn
wazWalauasdianua SaaRanssudueyyadaszaaeis
DPPH uaz FRAP Tayantnaniaziiuusslovidmsunis
PONLUUNTFUILMINTBUNLNISUUTUL e S nwIanseengmEms
FinmuavUsslovinoguanvesissugiuinaiasinusely
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ABSTRACT

Keyword
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Volatile compounds
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Lava Durian Sisaket

This present study aimed at investigate the effect of hot-air drying (by tray dryer) on the color,
bioactive compounds and antioxidant activities of Lava Durian Sisaket. The Lava Durian Sisaket
were purchased at local durian garden and collected the ripeness level. The samples were treated
by a tray dryer with a hot air system at three drying conditions: 50, 60, and 70 °C. Dried durian
powder samples were analyzed for color values, total phenolic and flavonoid contents (TPC and
TFC), antioxidant activities and volatile compounds. The results showed that drying treatments of
Lava Durian Sisaket at 60 °C revealed a change in color value (AE) by at least compared to dried
samples. The TPC and TFC of dried powder samples were lower when compared with the fresh
durian, while the antioxidant activities of DPPH and FRAP assays of dried durian samples were
similar to the TPC and TFC. The samples dried at 60°C showed the most stable antioxidant
activities (DPPH and FRAP). Thus, dried durian samples at 60 °C were collected for further
analysis of the volatile compounds by GC-MS method. Caryophyllene and phytol compounds were
decreased the contents of volatile compounds, while the content of bicyclogermacrene was
increased after drying treated when compared to fresh samples. This research indicated that thermal
processing by tray dryer affected the color value, bioactive compounds, and antioxidant activities,
including the volatile compounds of dried durian. The results of this study can also be used as
information for processing durian powder to be used as an ingredient in other products or healthy
durian products in the future.
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Figure 1 Daily climate (A) and soil moisture content at various soil depths; 0-20 cm (B), 20-50 cm (C), 50-80 cm (D), (data are mean+SE) during conduct the

experiment at Khon Kaen Field Crops Research Center, Khon Kaen Province on 7 April to 26 March, 2022, restrict-watered period is among 96-109 day after planting.
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Figure 2 SCMR and net photosynthesis rate; A of KK11-516 (A), KK14-030 (B), KK14-136 (C), LK92-11 (D), and KK3 (E) (data are mean+SE) during conduct the
experiment, restrict-watered period is among 96-109 day after planting, - = day after restrict-water, + = day after rehydration. Comparison among varieties are

capital letters, nearby the graphs but not show the mean values of their parameters and between various watered are lower case letters, nearby the graphs in

each parameter, () for SCMR, and [ ] for A. Mean followed by the same letter in each day are not significantly different by DMRT for varieties comparison, by T-
test for various watered. *=Significant at p < 0.05, **=Significant at p < 0.01.
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Figure 3 Transpiration rate; E, stomatal conductance; gs, and water use efficiency; WUE of KK11-516 (A), KK14-030 (B), KK14-136 (C), LK92-11 (D), and KK3 (E) (data
are mean=+SE) during conduct the experiment, restrict-watered period is among 96-109 day after planting, - = day after restrict-water, + = day after rehydration.
Comparison among varieties are capital letters, nearby the graphs but not show the mean values of their parameters and between various watered are lower
case letters, nearby the graphs in each parameter, [ ] for E, { } for ¢s, and () for WUE. Mean of well-watered and restrict-water followed by the same letter in
each day are not significantly different by DMRT for varieties comparison, by T-test for various watered. *=Significant at p < 0.05, **=Significant at p < 0.01.
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ABSTRACT
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Physiological change in plants is one of the responding processes in plants under
drought stress, including the SCMR or photosynthetic parameters. Therefore, the aim of
this study was to evaluate the changes in photosynthetic parameters in sugarcane under
drought stress and after rehydration. The experimental design was split plot design in
RCB with 3 replications, main plots were (1) well-watered based on plant requirement,
and (2) restrict-watered for 14 days at 96-109 days after plantation (tillering period), and
sub plots were sugarcane varieties: (1) KK11-516, (2) KK14-030, (3) KK14-136, (4)
LK92-11, and (5) KK3. This experiment was carried out in 2022 at Khon Kaen Field
Crops Research Center, Mueang district, Khon Kaen Province. The results showed that
the SCMR of sugarcanes decreased under drought condition that compared to sugarcane
varieties, it was obtained that the highest SCMR was KK14-136 as 40.14 SPAD-unit at
139 days after plantation (30 days after rehydration), as well as the capacities of
photosynthetic parameters of sugarcane decreased under drought condition; regardless,
the stomatal conductance (gs) and the transpiration rate (E) of KK14-030 were similar
to well-watered after re-watering for 1 day as 0.07 and 2.16 mmol m-2s-1, respectively.
The results of this study can be used as a guideline for the study of photosynthetic
parameters of sugarcane or to select new sugarcane varieties in Thailand going forward.
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Table 1 Social and economic characteristics of community enterprise members of Ban Non Rang Community Rice Seed Production Center

Personal Information

Number (Person)
Percentage (%)

(N=30)
1. Sex
Male 13 43.33
Female 17 56.67
2. Age
Less than 50 years 3 10.00
50 - 60 years 19 63.33
More than 60 years 8 26.67
Min. 44.00 years Max. 67.00 years Mean 57.00 years
S.D. 5.85
3. Education level
Primary school 16 53.33
Junior high school 3 10.00
Senior High school 11 36.67
4. Number of family members
1-3 person 5 16.67
4-6 person 21 70.00
7-9 person 3 10.00
More than 10 people 1 3.33
Min. 3 people Max. 15 people Mean 5.00 people S.D. 2.24
5. Occupation
Farmer 30 100.00
6. Agricultural holding area
Less than 5 rai 5 16.67
5-10rai 13 43.33
11 - 20 rai 8 26.67
More than 21 rai 4 13.33

Min. 2 rai Max. 43 rai Mean 12.05 rai S.D. 9.17
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Personal Information

Number (Person)
Percentage (%)

(N=30)

7. Revenue
Less than 50,000 Bath 3 10.00
50,001 - 100,000 Bath 12 40.00
100,001 - 150,000 Bath 10 33.33
More than 150,001 Bath 5 16.67
Min. 39,000.00 Bath Max. 245,000.00 Bath
Mean 126,666.67 Bath S.D. 56,761.04

8. Indebtedness
No debt q 13.33
Less than 50,000 Bath 10 33.33
50,001 - 100,000 Bath 8 26.67
100,001 - 150,000 Bath 3 10.00
More than 150,001 Bath 5 16.67
Min. 4,000.00 Bath Max. 400,000.00 Bath
Mean 102,115.38 Bath S.D. 95,154.75
S.D. 95142.27

9. Sources of funds or borrowing sources
Family 4 13.33
Bank for Agriculture and Agricultural Cooperatives 9 30.00
Agricultural Cooperative 3 10.00
Village fund 14 46.67

Table 2 Processing costs and product income data of community enterprise Ban Non Rang community rice seed product center

Sales Value

Product Cost (THB/kg.) Profit (THB/kg.) Profit (%)
(THB/kg.)
1. Hang germinated rice (THB/kg.) 50.00 80.00 30.00 60.00
2. Hang rice germ drinking powder mixed
150.00 600.00 450.00 300.00
with black sesame (THB/kg.)
3. Rice germ powder (THB/kg.) 100.00 400.00 300.00 300.00
4. Rice ice cream (THB/bucket) 700.00 2,000.00 1,300.00 185.71
5. Rice germ juice (THB/ bottle) 3.00 10.00 7.00 233.33
Table 3 Net Income of community enterprise Ban Non Rang community rice seed product center in 2021
Product Net Profit (THB) Percentage
1. Rice Seed 2,000 kg.
14,000 8.47
(7 THB per kg.)
2. Hang rice germinated 2,000 k.
60,000 36.30
(30 THB per kg.)
3. Hang rice germ drinking powder mixed
with black sesame 100 kg. 45,000 27.22
(450 THB per kg.)
4. Rice germ powder 100 kg.
30,000 18.15
(300 THB per kg.)
5. Rice ice cream 12 bucket
15,600 9.44
(1,300 THB per bucket)
6. Rice germ juice 100 bottle
700 0.42
(7 THB per bottle)
Tota 165,300 100
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Table 4 Ranking of projects whose members have an urgent need

Project Score Ranking
1. Solar energy well drilling project 124 1
2. Complete rice mill project 37 [
3. Project to build a rice processing factory according to 71 2
GMP standards
4. Mixed farming project 51 3
5. Marketing knowledge development project 9 9
6. 100 % Organic farming project 29 6
7. Projects to provide funding sources for support 30 5
8. Safe vegetable planting project 0 -
9. fish farming project 0 -
10. Beef farming project 23 7
11. Transport vehicle procurement project 20 8
12. Packaging design and development project 9 9
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ABSTRACT

Keyword
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Appreciation Influence Control (AIC)

The objectives of this study were to study 1) The social and economic context of community
enterprise members at Ban Non Rang Community Rice Seed Production Center; 2) The conditions
of rice production, product processing and product marketing of Ban Non Rang community rice
seed production center community enterprise. 3) The guidelines for extension and development
of Ban Non Rang Rice Seed Production Center. A Qualitative Research method was used to collect
data from 30 community enterprise members of Ban Non Rang Community Rice Seed Production
Center by interviews, a focus group, and a workshop forum with a participatory planning process.
The results of the study showed that community enterprise members at Ban Non Rang Rice Seed
Center, it was that a total of 30 members, 17 females and 13 males, with an average age of 57 years,
5 average household members, and 12 Rai average agricultural holdings. The average household
income was 126,667 baht, and the average household debt was 88,500 baht. The source of funds is
the village fund. The operation of the production of germinated rice Hang rice germ drinking
powder mixed with black sesame, rice germ powder, rice ice cream, rice germ juice, which was
certified by the organic standards in the United States and OTOP products. The Group's sources of
funding are funds, loans and member funding. In terms of marketing, there are both offline and
online distribution channels. The guidelines for extension and development of Ban Non Rang
community enterprise, it was found that there were 3 aspects: 1) a project to dig a solar-powered
artesian well to alleviate water scarcity in the agricultural sector; 2) a project to build a rice
processing plant according to GMP standards to raise product standards; and 3) a complete rice
mill project to increase production potential.
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677 13 uazdinandnyiuiuuszunn 400 du Tuiluandndudn
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wianiuginndAgvesgudwdaiuidnvouniu nsziivinue
£ L

nswdnudniuitndusgnad waziinanisnsianuninéa
wusluriesufuAtlegluinausisnasgiu (Puphoung et al,, 2020)
inSeulonldlunsiseussninfusiusaudaya

winaleftldlunsnwiduuuuaeuaiu (Questionnaire)
FaUsznaudiemaiuwuuda (Closed-ended question) Lay
fanunuuida (Open-ended question) Tnsuuudauanuis by
NUNIIMAEUAMNIT B TILAzAMN A UUSE TN ST Wy
AR89 30 AL we bl Useynsngudanune (Target
population) warldnduusyanssarvasaseuun (Cronbach
co-efficiency alpha, Q) fis¥sfu 0.708 nueddinuiudede
awnsathlUldiunqueieg1993els (Kanjanawasee, 2001) uae
wuuasunud SeldHun1snseaeununInLAd eadiouaz
AMENTIUN1T9T8555UN5I8luny e umingrdeveuniu
wauiilususes HE653185 (Krajangchom et al., 2016)
MsATIZIvYa

PAdelsthdeyaiiiususulduinneilasldaiads
N330U7 (Descriptive statistic) A1uaty A3esay Alade
Angsan Arga wazdudosuuanmsgiu (Wachirawongsakom
& Jamnongkarn, 2022) uagldad@idaeuuiu (Inferential
statistic) fis MIAATIENNITAAEENYAM (Multiple regression
analysis) L7 831A51¥ AL AU US SEnT 19 uUsB a5
(Independent variable) $117u 10 #2udsAiunwdudyyn
Snwaiz fall x1 1A, x2 918, x3 Uszaunisainnsgndng, xa
anmindenlunsndnt1IiugdeuIm 1, x5 I1UIUUTNIUAIA
nsineastuasuiow, x6 Aurunsnanudaiugiadeum 1,
X7 Lmdqmam%’wﬁyamamﬁm, X8 NINNBUTUVBILHARNLUAATLS
4717, x9 mmiﬁmﬁumiwﬁmuﬁmﬁuﬁ: Lay x10 ViAuARYDg
\nunsnsffiden1sHAMNEATUgT1ITeum 1 Aufudsaiy
(Dependent variable) 7iunugieiawls Y $1uau 1 duds fe
Uaduiifinasenisufiasnisuanudeiugdnndoum 1 fisedu
Woddey 0.05 wlomaruduiusszninsiuusdase fudus
#14 (Wanmaung et al., 2021)

HALAZINTAINANITIY

MnMeszideyaveanynins dudunguiiogae
F1u3U 94 AU JITevenvinsinauenanisfnyioenidu 2
aou ldun poudl 1 diauedeyainsugiouardenuvesngy

#0813 wazaeud 2 Unausdadeiifinadonisufiasnisnin
widaiugindoum 1 vesngushedns ffiseasdondall
ToyaiAsygnauasainy

HANISANWILARIAT Table 1 Wudn inwnsnsilumayy
63 516 Anillufesas 67.02 o1gieniian 32 U egundian 71
U inwesnsdiunnndnsfnwiegluszduuszaudny denndes
fuaideves DEPA (2020) iszyin LLﬂvgﬂi’wfmwmﬂﬁwmu
vilsazaunisnuigsninedin laslamzgandsnisszuinveslsa
103019 usluniasiuvesussine inwasnsimednududgeeny
LAZAUNSANYIAINTINITANINATIAY wonand wuda
inwnsnsaruanniduaundnsuiasiionisinuasuazannsal
nsinens Aandusovas 41.49 sesawn laun iuaundngu
annsainIsinuns au1dnngunenIng audnna uuivnu
WNYAINT kavasBnnaulannayuyy b naduaun@nngu
dumnuaznannatsyesnyasnslnetuidus eefinule
#ald msgnsiduaindnngaliifssasinndanisléunis
aduayuluguuuusng q daust suuszana dadeniawdn Tena
lunisfnwigauuazineusuinuedis 9 Wudu udinisdu
aundnngudndesonisuandsuteyatnansuossening
inwnsnsnelungy uasideyadildluensefunsndndniae
(Phungpracha et al., 2016)

masuteyatiiisadostunisinems wan1sfnyda
inwnsnsfivszaunisallunsdnmdaiugdioeds 13 U duw
TngfiTrununssnuniamsneasldiiu 2 sieseasisou wazll
fufinanudmiugdndoum 1089 6 83 10 13 Suauusaau
wagiuiinisnaninsugtiosunmnidunisugnirndamsugia
uadavidedusosunfveanisndnudaiug nsznisuan
winiugiunszuiunisiiazdon deserdoanueilaldann
inwmsns egndlsiidrmeuunuiildigininnisuediiudensm
>100% duegfuameituguazaudoants (Demand) vasnain
a4 et (Wetchakama & Khaengkhan, 2018)
Taseiiinudimiusiunsufiasnsuamudaniugiatium 1

NaMTIATzisheIsnsnnneenveas itevndadeiiina
fon1sUfasnsndnwdaiugtndeum 1 wuindl 3 daudsan
Heum 10 Fauds Admnuduiusiusuusmuegeiideddy
msadafisedu 0.05 dun nsineusuvesdnanwdniusdi
awslunsnanudniusing wagiiruadvesnunsnsiisonis
HAnWARTLETIITEwm 1 (Table 2)
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Table 1 Socio-economic characteristics of the informants (n = 94)
Content Number Percentage
Sex
Male 63 67.02
Female 31 32.98
Education level
Uneducated 21 22.34
Primary school 58 61.70
Junior high school 9 9.57
Senior high school/ Vocational certificate 3 3.19
High vocational certificate 1 1.07
Bachelor's degree 2 213
Agricultural group membership
BAAC group 39 41.49
Agricultural cooperatives 26 27.66
Farmer group 14 14.89
Farmer's housewife group 5 5.32
Community enterprise group 3.19
Non-member of groups 7 7.45
Rice cultivation experience 12 12.77
Less than or equal to 5 years 19 20.21
6-10 years 23 24.47
11-15 years 40 42.55
More than 15 years
Mean = 13 years, S.D. = 11.910 years, Min = 4 years, Max = 22 years
The number of agricultural labors in the household
Less than or equal to 2 persons 60 63.83
3-4 person 21 22.34
More than 4 persons 13 13.83
Mean = 3 person, S.D. = 1.173 persons, Min = 1 person, Max = 5 person
Area used to produce Chai Nat 1 rice seeds
Less than or equal to 5 rai 28 29.79
6-10 farm 53 56.38
More than 10 farm 13 13.83
Mean = 11 rai, S.D. = 4.186 farm, Min = 2 rai, Max = 20 farm
Table 2 Regression coefficient of independent variables related Chai Nat 1 rice seed production
Variables Unstandardized coefficients t Sig.

Constant 4.332 1.463 0.128
1. Sex 0.637 1.219 0.123
2. Age 0.042 0.876 0.354
3. experience in rice seed production 0.148 1.640 0.075
4. Area size used to produce Chai Nat 1 rice seeds 0.043 1.056 0.262
5. The number of agricultural household workers 0.032 0.441 0.628
6. The cost of planting Chai Nat 1 rice in the past year 0.459 1.876 0.086
7. The availability of distribution market 0.346 0.187 0.916
8. Training on amongst rice seed producers 0.372 5.826 0.032*
9. Knowledge of rice seed producers 0.732 1.826 0.041*
10. Attitudes towards Chai Nat 1 rice seed production 0.361 6.472 0.027*

R =0.452 R? = 0.204 SEE = 4.231 F=6.431 Sig. of = 0.000

* significantly different at P<0.05.

310 Table 2 @115088U1BANUFUNUSNTULA5N3
WAmLERRLST TN 1 veanunIng Swdaveuudu 1Hsd

1. msineusuvesndnudniugd d8vSwasenis
Ufasniswdnudniugtndoum 1 Yeyawuvasuniuludau
vasrauUaeLdauedn AaEmaNanay 9 Usenis v
asgntiiilunfudisads msegfiduuussiluaiiieutos
LaEA1519N1TBUTUYDINU I8 LT Lildenad8eiuIIa1 YD
tnwasns viliinwasnsdiusunislilasiuniseusumans

fRetestunsnanudaiusinuas Sadudessniinunsns
sganusaufURmEndnnIHANNETUSTA aukiunnsuTes
wasgulaggududaiugdriveunnuld widiazdusegila
(Incentive) luiFasnanauunuiigudmdaiusinveuuiuiute
wanuginuudeiindalaguiinuasnsiamzifounaniudn
Wuggandnsmeainiosas 25 Anw (n1Asy 16 vmsenlansy
ypirfisInnata 10-11 vinsenlaniy) (Khon Kaen Rice Seed
Center, 2020) wan15Any il asand oIl Tov0s
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Mueangham et al. (2018) 1389 “NISWAUIFULUUNITIANTT
a 3 |3 £ s v ”» .
waluladnududaiusdiyuyy” uay Agricultural Research
Development Agency Public Organization (2017) 915% Y31
mnnwasnslifilonadiunisiineusuiiesniswdnudniug

o

wsaillonmaudlilinuauleeg1993eds snsnisudnudniug
Frmenununananguiiu 4 avanawdoasfisnssdnudaiugin
agalsiif widntuginfimhenuiiAsadesdaaiuliinumsns
Ugnuazdnniseusuasdumdniugdnidnane uununig
wsughalusgduiiumelauasidoulosiunietsfiadrslenia
msdadimineundde iilussduiiosdunaessdumi ilegslalyi
inwasnslimsifoieusueeasieies

2. anulunisudnudaiugdaiidvinadenisujias
Msndndaiudddeum 1 Fustl (x9) uneduidesaind
LL‘UiﬁILLﬁ’J (x8) neinafe Lﬁ'aLﬂwmﬂslﬂlﬁﬁ’umiauwmﬂ
Wi wazmisauiiA sados ﬂmiwmmmlmmmw
QNADIAILNANIYINIg nsnAnudaius 1 Teeguuity
gmmmgmmu (Traditional knowledge) asfondniudniugdia
wead ulildiedluasaieu uaznisassiinasagn (Trials and
errors) F3afuanngivinlinandnudaiugdndoum 1 vos
winliosufianudeivuanisuanudaiudialienis
Asudulazaiiae aenndesiun1sdinwives Panpong et al.
(2021) waw Janthong & Sakkatat (2020) ﬁi”U’hﬂ’]ﬂﬂﬁﬂ’J’]ﬁJ%
Fesnsuandniuging iaum"l,uvlmmﬁmmmmmwmm
ualnunsnsasiisnsnaniudaiugin msgianssuil Fesns
msTsukuiauisuFulUTuAuganssUIuNs e lWlikanandid
ALATI ATIPNATEIUTEWIBUTSUTe

3. imupRveunuasnIsenIsNananiugidaum 1
fi5vsnadenisufiasnisnanudniugdndoum 1 fuusi
(x10) ihumaduidlesvasiands x8 uazduus x9 sy nanfe
Wewnwnsnslildunisensy waznsudnwdeiudgndundou
Feaudfafunarnisansinasign Hauadiinunsnsiinenis
Hanwdniugtdum 1 feldilunn (Negative) wazlieen
Msamsudnudaiugdndoum 1 solu uenani Janjhua et
al. (2018) na12711 WruaRdAud 1Ay wsrziludaninue
mMuAnLAENINTEINeUNEATNT MnInuRTNsITiEuARLly
austedsyAravIensnszimile q Ay (Willingness) uag
ANENINTa (Ability) fagieus ilewanasunlaazuily
Yoymaounisaliiierdestunisuimadanisssuuriufiay
anas inszliiiudmaveIn1snsyyin aza1u50as1aHaNER
(Productivity) wagn1sussatdanune (Fulfillment) TWauld
(FAQ, 2022)

A3UNaN1539Y
HansanwE e Jadenilnanensufasnisndnud aiug
INTeUM 1 VoUN¥ASNS JnTavauwny WUl 3 Jaduniiua
agwdad el s nsilneusuves] ndnwdaiug 41
ewslunndnudeiugtin weevirupfvenursnsfidenisndn
2 v fY o & < v & o & A
wiaiugddeum 1 mngeilasdiuliin 3 dadeiduSewemu

114196 (Human asset) Vivsin 1NAiaNsaULNTOULLAIRASEUUNTS
fselinuuudsiu (Framework of Sustainable Livelihoods) sy
WA ALA nwus T 1daum 1 Wik unssusesunsgiu Wy
nsvUILMSTTUToU waranareUnsEUILNSHARE DN sld s
nwesnagkamdaiuglidilaluvdnnisdn mszvnausan
dlaigndeanseliineldunseusy AiduFowenitazrums
SuseanasyIu MNNAUsTIUTATeaRERTAsIAEValY @iy
vhlsivszaunanuisomis uarldSunaneuunumslusesuilaife
wela yonanfasifavausadlsidugaseanssniu q faeweil
nwnsnaie 94 au FelsidesmssAmmdaiuddoum 1 Sndely usii
wiatugdndazdaduiidomavemann uardinemiudogalu
sedfuinfianelafing

doudlatyminey deauenusigiteiidensinwadall
flogseriu 3 Usems liwn

1. WmidifiuazmizsnuiliAendos Wy nsunsin nsu
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The objective of this study was to determine factors affecting the disapproval of Chai Nat 1 rice
seed production. Ninety-four farmers, who officially expressed their intention not to produce Chai
Nat 1 rice seeds, were selected as informants. A questionnaire was used to gather data, which was
available to compute multiple regression analysis, statistically investigating the relationship
between the farmers' factors and the rejection of Chai Nat 1 rice seed production. Results revealed
that 67 % of the respondents were male and the average year of production experience in rice seed
was approximately 13 years. The results also indicated that three significant factors included
training of seed producers, knowledge of rice seed production, and the attitudes of farmers
influenced the disapproval of Chai Nat rice 1 seed production.These mentioned factors came from
the fact that farmers had no proper knowledge about rice seed production because their daily tasks
were tightly, with the addition of training schedules set by relevant officers was inconsistent with
the farmers’ available time. Hence, the farmers had a negative attitude towards the production of
Chai Nat 1 rice seed. Therefore, the officers and relevant agencies should appropriately educate
farmers on rice seed production and paying attention to farmers’opinions. The results of this study
can be used as information to improve rice production efficiency in the long run.
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n=393
Needs Mean S.D. Level of needs

Knowledge

1. Prevention and elimination of durian diseases and pests 2.95 0.22 high
2. Production cost reductions 2.75 0.63 high
3. Post-harvest operations 275 0.41 high
4. Durian tree maintenance 2.65 0.48 high
5. Up-to-date information about durian 2.55 0.51 high
6. Durian Export Market 2.50 0.51 high
7. The use of chemical fertilizers and mixing of chemical fertilizers for personal use 2.40 0.68 high
8. Requirements of partner countries 2.40 0.59 high
9. Product quality assurance before export 2.30 0.57 low
10. Durian production according to GAP quality standards 2.30 0.73 low
11. Application for registration of GAP durian 2.30 0.73 low
12. Being an entrepreneur of a durian agribusiness 2.25 0.71 low
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Table 1 Needs for extension agricultural of durian growers (cont.)

n=393
Needs Mean S.D. Level of needs

13. Fertilizer production for use from local materials 2.20 0.61 low
14. Markets and distribution channels 2.15 0.48 low
15. The use of biologics instead of chemicals 2.15 0.48 low
16. Irrigation techniques 2.10 0.85 low
17. Choosing a good durian seedling 2.10 0.71 low
18. Agriculturist' grouping 2.10 0.71 low
19. Organized a training course on durian cutting techniques 2.00 0.79 low
20. The appropriate harvesting period is correct according to the species 1.90 0.55 low
21. Techniques for preparing durian plots 1.90 0.78 low
22. Credit funding source 1.85 0.48 low
23. Production of organic durian 1.85 0.67 low
Methods for transferring technology

1. News information via social media such as Website, Facebook, Line and YouTube etc. 2.75 0.44 high
2. government publications 2.55 0.51 high
3. Manual publications 2.55 0.51 high
4. Successful field trips in durian gardens 2.50 0.68 high
5. Training 2.35 0.74 high
6. TV media 2.35 0.48 high
7. Visit an agriculturist's house and a durian garden 2.10 0.71 low
8. An exhibition 1.95 0.75 low
9. Durian contest 1.80 0.61 low
10. Newspapers 1.80 0.61 low
Services and supports

1. Transfer of new technologies related to durian cultivation 2.90 0.30 high
2. Coordinating with relevant agencies in the prevention and eradication of durian insect pests 2.90 0.30 high
3. Up-to-date information about durian 2.80 0.41 high
4. Sourcing cheap chemical fertilizers and chemicals 2.80 0.41 high
5. Providing equipment or technology to help accurately determine durian maturity 2.80 0.41 high
6. Continuous marketing news service 2.80 0.41 high
7. Training on durian yield enhancement techniques 2.75 0.44 high
8. Provision of water sources to serve needy agriculturists during the dry season. 2.75 0.44 high
9. Promote new innovations in durian processing 2.70 0.57 high
10. Coordination with various academic sources 2.70 0.57 high
11. Production of durian for export 2.60 0.59 high
12. Durian product quality is certified before export. 2.60 0.59 high
13. Training on durian agribusiness entrepreneurship 2.55 0.60 high
14. Research for good breed durian 2.45 0.79 high
15. Training on durian production according to GAP standard quality principles 2.35 0.74 high
16. Coordinating with financial institutions to provide credit services 2.30 0.86 low
17. Finding a source of low interest loans 2.25 0.91 low
18. Application for registration of GAP durian 2.25 0.85 low
19. Contacting the source of good durian seedlings 2.20 0.76 low
20. Training on durian irrigation system 2.20 0.61 low
21. Durian gardening in the form of agro-tourism 2.15 0.81 low
22. Establishment of an agriculturist's group 2.05 0.88 low
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Table 2 Needs for services and supports of durian growers with different period of experience

n=393
Period of experience
Services and supports < 3 year 6 year 7-10 year > 11 year F value
(n=9) (n=69) (n=118) (n=197)
S.D. S.D. S.D. S.D.

1. Contacting the source of good durian 2.87 0.39 2.87 0.37 2.90 0.30 2.86 0.34 0.198
seedlings
2. Research for good breed durian 2.25 0.50 2.22 0.57 2.27 0.55 2.22 0.56 0.204
3. Establishment of an agriculturist's group 2.87 0.37 2.90 0.33 292 1.89 2.34 0.136 0.198
4. Transfer of new technologies related to 2.42%° 0.65 261° 0.63 2.74° 0.54 2.22° 0.68 18.213™
durian cultivation
5. Production of durian for export 2.76° 0.47 2.91° 0.28 2.86° 0.36 2.76° 0.45 3.528"
6. Durian product quality is certified before 2.85 0.40 2.88 0.41 2.88 0.36 277 0.46 1.287
export
7. Finding a source of low interest loans 2.65 0.64 2.68 0.61 2.62 0.64 2.69 0.57 0.239
8. Coordinating with financial institutions to 2.89 0.37 2.90 0.33 292 0.27 2.89 0.34 0.136
provide credit services
9. Provision of water sources to serve needy 2.87 0.42 2.81 0.53 2.84 0.42 2.74 0.53 1.703
agriculturists during the dry season
10. Continuous marketing news service 2.74° 0.48 2,70 0.57 2.55° 0.62 261 0.57 3,018
11. Sourcing cheap chemical fertilizers and 2,69 0.57 2.45° 0.62 2.76° 0.53 2.16° 0.68 20.990"
chemicals
12. Coordination with various academic 2.76 0.51 2.69 0.59 2.71 0.58 2.67 0.59 0.708
sources
13. Coordinating with relevant agencies in the 1.72% 0.64 2.34° 0.62 2.10° 0.63 1.92° 0.71 23.286"
prevention and eradication of durian insect
pests
14. Training on durian irrigation system 2.83 0.43 2.86 0.43 2.79 0.48 1271 0.50 2.054
15. Training on durian yield enhancerment 2.46° 0.64 2.26° 0.64 2.22° 0.64 2.06° 0.50 9.083"

techniques
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Table 2 Needs for services and supports of durian growers with different period of experience (cont.)
n=393
Period of experience
. < 3 year 3-6 year 7-10 year > 11 year
Services and supports F value
(n=9) (n=69) (n=118) (n=197)
S.D. S.D. S.D. S.D.
16. Training on durian production according to 2.82° 0.43 2.87° 0.37 2.63° 0.57 2.71° 0.52 5152
GAP standard quality principles
17. Application for registration of GAP durian 2.51° 0.64 2.26° 0.63 2.32% 0.63 2.28° 0.57 5.272"
18. Providing equipment or technology to 2.24° 0.69 2.19° 0.68 0198° 0.60 2.50° 0.67 14.436™
help accurately determine durian maturity
19. Promote new innovations in durian 2.33 0.55 2.33 0.58 2.20 0.62 2.29 0.54 1.238
processing
20. Up-to-date information about durian 2.44% 0.52 2.56° 0.56 2.36° 0.53 2.56° 0.54 4.328"
21 Durian gardening in the form of agro- 222 0.56 2.26 0.61 2.08 0.66 2.22 0.56 1.593
tourism
22. Training on durian agribusiness 2.42 0.74 2.51 0.70 2.52 0.69 261 0.60 1.621

entrepreneurship

Y Means followed by the same letter in the same row were not significantly different, “significant at p < 0.05., " significant at p < 0.01., " significant at p < 0.001.
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ABSTRACT

Keyword

Need

Agricultural extension
Durian growers
Chanthaburi Province
areas

This research aims to explore the agricultural extension requirements of durian growers
in Chanthaburi Province and compare the demand for agricultural extension among
durian growers with varying levels of experience in durian cultivation. The study sample
consisted of 393 durian growers registered with the district agricultural office in
Chanthaburi Province. Data was collected through questionnaires and analyzed using
various statistical measures such as SPSS, frequency distribution, percentage, mean,
minimum, maximum, standard deviation, as well as t-tests and F-tests to identify group
differences. Additionally, Scheffe's test was employed for further calculations. The
findings indicate that durian growers express a high demand for increased knowledge
in disease and pest prevention and control, as well as cost reduction in production.
Agricultural extension officers' communication techniques and methods are particularly
sought after through social media platforms and government documents. Durian
growers also desire extensive support and service, including the transfer of new
technologies like accurate durian maturity detection tools and collaboration with
relevant agencies to combat durian pests. Moreover, the comparative analysis of
agricultural extension needs among durian growers in Chanthaburi Province,
considering their diverse cultivation experiences, reveals statistically significant
differences in certain areas of demand.

"Corresponding author

E—mail address: patchara_ba@rmutto.ac.th (P. Bamrung)
Online print: 31 May 2023 Copyright © 2023. This is an open access article, production, and hosting by Faculty of Agricultural Technology, Rajabhat
Maha Sarakham University. https://doi.org/10.14456/paj.2023.10



2738196 IWTEIFA (PRAWARUN AGRICULTURAL JOURNAL 2023) 20(1): 89 - 97

4 ' v

s A &
7, &

4 &

4,
L L4
£z »
N »
AcricuLTo®

UNANNIY

PRAWARUN

AGRICULTURAL JOURNAL

https://1i01.tci-thaijo.org/index.php/pajrmu/index

Anantnuazlanavasnisifeslanuiliasuuinuigsludminuiu

WAl Asgussal’” AIws AsAnisna’ Julan Alsaunsud® aana wines® uag quatad Wavgduyn’
"pousiasygmIans unIne1aeunls enunedunsey Sininidealn 50290

Fneagunind unmerasuily enneaunsie Samiadesina 50290

SnguaniAnyialy uminerdeusld-uns wauwssAesi sunasosnine Smiauns 54140
mauinaluladnsussuauasnsneinsnisd sminerdoudls Sunedunsre Smiadeslml 50290

*Un3vedasy 1/1 auudumlssa vee 1 annaidendesln dawindesiny 50100

o/

dayaunaaiu

Article history

Fu: 28 Thuew 2566

udly: 10 wgun1AN 2566
ABUSUNISATINN: 28 WoBA1AN 2566
Fnueeula: 7 fguieu 2566

UnAngs

AdAny

Tnitudios

ANENIN

loma

AU LAY AN UUNY

>
v Ao o

m3dpiliTagUszasdivenszianmniadies Auuuazianauun aransufnenmuaslemavassidiedla
nudlasuuiuiigslud wiain lnemsuaunandsidedainaunndwmaunn nnsdunusudeyaugugiilee
Y s X oway . B
THuvugeuanuaninunsnsgfidsslanudies 76 118 uasmsussyungudiidauieadas $1au 11 98 wudi ngu
- . X e o &y g v d oy e o
wnwasnsiigdla 935 ¢ Bedauuuudeslulitggau vdwntuasdeulaundedunydn Feieudiunsdanis
awnsuarguamla namAenesidunuuasnanauLITaIMsEBgnlaiulios sezmMsnan 1Y wudi nensns
fdunusiu uazswldwilofiuuiaun vindu 5,881.19 uae 2,718.98 UWAY/seUNSKAR MUAAU daumadeda

o
A A

Hudlas swezmmsndn 2.5 9 vy 17,3707 uas 8,159.85 UTw/iy/seunswan smusiu axtoudmiesasnsdls
Fenméumsiu venanidsdifnenmiumskassuianninumsnsiissaumsal piileyayiediiu uaslausiviug
$raunn samamsiiviwensigenns IESumsaivayuanmitsnumady wasmmdamsvemaanameluuay
muuenilintu st aevenelomaamedunskanuasmsnaaiuiinuasns usedinuasnsssameluladuay

sl

¢ada

NTIIMNFH FIMNHUUAVUE S uazRaandgiuanuitmeannsliussleniiinu Usinaemwnssssunianas
WaswmnamugdaniAud suudas sauv sansenuand annasn1sd el send susemdlveiuesansde way

a o ¢
UIYLAUA

unin

Favfaury Wund dludmiavui ui ganunszsns
nqufin1dadsantuiSouasRauni uilqe (esdnismw)
.7.2548 (Highland Research and Development Institute
(Public Organization), 2019) UszvnsdaulugUsznauadn
nsinens dalaidetuiduduiinuasidanudfyianis
Inglud 2562 fyarwandngadia 435.54 d1uu1mn (Nan
Provincial Agriculture and Cooperatives Office, Office of
The Permanent Secretary for Ministry of Agriculture and
Cooperatives, 2020) ﬁmwmm@ﬁymimﬁya 7,685 AS2L50U
wariivszanslaie 48,026 §n dsnnilususu ¢ vesniamile
nouuu Tnsnirfesas 69 vestszensladefuleusiiuiies
(Information and Communication Technology Center,
Department of Livestock Development, 2019) v 0930
nsidsdlatudenduiddinvesniadeuwnuasuuiiuiigdly

"Corresponding author
E-mail address: k_nalinee23@hotmail.com (N. Kongsuban)

Fwininu venaniiniadedaiudesuuiuigdudmiauug
fianuliluTouannisiingnensemsnIusssud dunaiy
91sdnd wiu d1alne Judends Wudu wazliewianmnde
nensinensluriesdiu iy viadn Wudu silidununiswdn
anas duindumadenlunisasrsendnuugiunsneinsves
yuwy Twvaulevisuaznisatvayuresiieuneds g
dfnnudadai T iaiuldatvayuendnnadsdedoun
ASATOUNEAINIHIULATINTANG 9 U Tasan1suseensy-au
ndsy Wawerdwnadssdaiie (meldlasinissunnis
In - nszlaifioinunang smamsznea) Wudu
Funismanaelafiudes uidazgniuunidunain
seduans wifiyarngedadonay 59 vesUiunisuilaaiela
Waszina wie 740,000 /T (Kiratiknkul, 2020) Fuidu
gunsvslaailelavesszina uonanissilemalunsuens
paraiesanquainvesdefigaudmanediu ldun n1adu
uwaslUsAuarndaa finsaeziilu nanlviu uazusswidndy

Online print: 7 June 2023 Copyright © 2023. This is an open access article, production, and hosting by Faculty of Agricultural Technology, Rajabhat

Maha Sarakham University. https://doi.org/10.14456/paj.2023.11



N. Kongsuban et al. / (PRAWARUN AGRICULTURAL JOURNAL 2023) 20(1): 89 - 97 90

loun swendn smddden sndansd uavgauludaedandu B
C uay E uag mmw‘Luﬂﬁmlﬂﬂsvﬂaummﬂmmawmjum
maamﬂaaaﬂmmuﬁiimm'iuﬂ,mmmwmmmwmmu 9
mammmﬂizmmumazLaamLLaxﬂquammu LU Qﬂ‘ll‘u l&nsen
suau 1av Wusgrann Wesenldsivluiefiavanunsa
Tunsduigs wargndesanelnadulufluiodh (Sethakul,
2009) wanani v TayudveuaufaUssnend oudud
\Sosuieranisdoen wazdiarundoulunisifugasiusau
nsraneladleludssmadionthu Tneemzdsymasudiiaony
Fosnsuslaalaviewfiatuedeieiiied wiululenavosns
dodaudeddudminiu

winnsd sdaiudodudmiauiuesiiauldis ey
Usgneufulemamensnanmuened aiiad u uiinunsnsdesndey
Fud A UAITHE A91NAST eI S5 ITHR LU LT B aNe
(Prapatigul et al, 2021) wagn139An1savAIansdnd 5nota
‘1jinWﬁWUHﬁmaﬂﬂﬁﬁﬂQﬂﬂﬂﬂﬂ%ﬂﬂwaﬁﬂﬂuﬂaﬂﬂ (Kuha,
2010) uazulidisunasinsiseieiunsidsdafiudiom
fuigdudorainsntuds wishinutoyaiiuidnueinsife
madudnenwenad selai udesuui uiigsludmiaiy
Bafnonmnmsdntuansafinsanidnnmsianesitunuuas
HARDULNUN WA i’mﬂzﬁmﬁmiwﬁﬁ]‘mvﬁﬂ yneau lona uay
guassn (SWOT Analysis) fifinansznusenisuan (Sangsai &
Poungchompu, 2012) wufigfiun1sisedneninkazlonia
MsudnlaiovasUsunelne (Angkuraseranee et al., 2017)
waznsdssiiudigmuazlenanisudaladenmunmludmie
wn3s (Saengwong et al,, 2020) 1835015 SWOT Analysis
Wiy uenaninsidesuinenmnsnanaudinensyie
Su 1wy lndueman FANANTUINAUNULALHANDULNUVDS
nsuanlnawuan (Chankong & Chuaychu noo, 2021)
1udu muumu’m&Jummmaﬂsummwmmemamwmﬂam
AUNULAZHANDULTI naenaufnan nuarloniaveinsidesle
Hudosuiuiigdludoiniiu mamsifeilldanduussloniun
inwmsnsuazdfiaulaldifudeyaiiugutssnounsiaduladedde
Nudlosuuiiuigs venvniimhsnuiiiedesannsaideya
Wldlunsduaiunasinuniad sedaiuidesuudi uiigelid
UszAvBamanniy uaranunsavenenaluiuiiniuiunadneads
fuiitesasdumsvenefwamanalaiiuiiedusuian

gunsaluaziIsn1side
Yszrnslun1save

Uszrnlumife Ae inwmsnsfifedatudosuuituiigdy
Fo¥oniu AlogmeldRanssunmsdaaiuvesdinauadnidmin
v d1uu 4 ngw (@ ga) T 1) gt suaueung
FUN0UATU 29 519 2) My UTUMUBALAY FUAVUBILAY BIUND
Wia33 10 919 3) Mgﬁmﬁuﬁgu Fuminnng Suneusiaii 23 116 ua
g flimansdng fuames Suneduiiae 31 71 TestEu 93 1o Fafu
swvsdaannUsssnsiamn wissnsoiiuriussdeyald 76 e

ToyauarnITTIVTINTYA
1. Foyavgugd Bdldvinafunurdeyalnsldiaiosiie dil

1.1 maivsivsindeyadisuuudeuniy Ussnauaiy
maruvatelda waziaiuvatede wuadu 4 dau ldun 1)
Toyaluvesinuaing 2) aniwniaid salad il
3) Hadmananuaziunumadedaiudios uas 4) nandnuas
yesuanmsidsdaiugion lnesidunslussrhafioudiuia
2564 - 1FBUNNTIAN 2565

1.2 maiusausindeyaniedsnisussyungy (Focused
group) Lﬁasamawﬁa;ﬂammﬁmLﬁu‘uaamﬂmuﬁLﬁ'wﬁm laun
dinaudadnidminuiu fuinunsns Unienis wasiiueu
3y 1w 11 51y
2. Joyaniegd JudoyaiBeadd 0uide wna1smaivinig
sing 9 ldfinsweunstiduiiGeusosndn
MsATIZIveya

deifusiusy uagasaseumuanysalvedoyaudy
Adeiaideyaundamnanguarinmzidoya il

1. N15TIATIEA 1TINTsaiu1 (Descriptive analysis)
Usgnaude miosar Alade Agean uasAngn uEIUIIEe
Tiiufedoyaviluveansasns nasnudeyaiisafuaninms
Apdleaudosuuiufigdludmia

2 maATEiiNUInal (Quantitative analysis) lawn ng
T1A3129 1R85 196 U UuazNana ULy (Costs and retuns
structure)
vesndssgnlaiudios LLauIﬂWL!LJJEN Fodinmeiaiduiuan
LLauimJuNuam (Sirjindla, 2015) et

2.1 funuianun WudildietanuaiiAnainnisld
Hadenandnlunindedafiuiies suuiefiinumsnssreonnly
Wuduaevieliifuiuaninm udau 1) dunuesiveomn Tdun
Adeulsndou $1 worgunaal Andeulavauiiug Andelonia
nsldfiRu uazAdelomaiuamu uay 2) Funuiundsvimun
Idun Aemnsveny Aoty Aussnu Avastael Aty
FomAuavansisalng Aemnsiady Adesusy uarAdelona
Suawuszezdu Tasdi

Funuitun = furuasiiionun + funuiuuys

fayn (1)
Funuasiivianua = funuasiniduduan +
Funuasifilsidutuan 2)
FuyuiunUsvionnn = funuiuuysiiduiuan
+ funuiundsilidutuan (3)

22 wamouuny uandldlugues 1) ieldvianun vinefs
melfsmuafinunansldunnmedsdeiudes 2) meldinie
Funuiiuan mneds soldiamunaudefuuiauaemsd
Huiduan uay 3) seldndesunuitomn mneds sieldemn
aufeuuT AR LA LS i duEuan
wazliifuiuan Tnofi



N. Kongsuban et al. / (PRAWARUN AGRICULTURAL JOURNAL 2023) 20(1): 89 - 97 91

AR = SNNUNRRER X TIANHAKER (4)
seldndedunuiuan = srglanmun - duyu

e dutuen (5)
selimilesuyuiianun = selavianun - dunu
N (6)

3. MsIATILiTInaIn I (Qualitative analysis) {Iuns
ihdeyaugugdsuanunsalmades Mseann wazdem Nl
I3 U a L3 v aa
NIUTIUTINAINNITUTEYUNGY IIATIZNE835N1S SWOT
Analysis udasUusziiudugands geseu lenia uazguassa
welvnsuisdnenimuazloniavesnisifedlaiuiiisuunuigs

HALAEINTAINANITIY
Joyarhly anmmsides wasnssanistaiudeseaunymsns
dealaitudosyuiuiigalusonsaum

Foyavinlu wuin dnlvfumane evas 84.21 fiog
531714 20 - 85 U usiladouda 47.96 T usforgadeglutie’e
nansau wideugulmifiliauaulaendnnsdodadiudos
dsuglitoyasziunisfine Sevay 28.95 dusansdnudu
Usgau fandnlundaieuads 7.23 au/afusou uandni
doddaidends 287 aumfudou fussaumsainadedeais
13.69 ¥ Indifgaivuszaunisalvennunsnsludminuigesaou
LLaza"’leu (Verarux et al,, 2016; Duangsingtham et al., 2021)
downnadedaiiudenduiifiavesniadoununs uandu
o1dnitdunensonnussnygs TasswalafiGuduissadusn
1y 2.83 fr/Af1Fou wazfauszneuenInmanisinuasnsdy
Saudae ldun nasugniie (9u 99 417 wazdalne 1ludu)
$ovar 96.05 MaieaUadidu (u lifiudes nszdo uasuny
Judu) Sewaz 27.63 Wwdeatuinunsnsludminuigesaeu
(Verarux et al, 2016) uonand ssUsznaue1dnuonnia
Msnuns ok SUe uazAng feuay 27.63 wiiu (Table 1)

duvwarlaiiiedu 935 & 1ady 12.30 Fy/afaueu
awuhnmadsdaiudesdinmsveeruamadeningaidudu
fidpasvann 3 d/aiadeu duduydesdeiusiiudos Govas
91.66 veslatinun) iesmnuanzantuanmgiinmesitud
a9 uazannsnaesmAutld sosaan Téun Tagnuasusisu
($ovay 6.20) daumsidsalaiugdu ldun lagnuandvsnanes
wilaied uazuesia ifteadniien Govas 2.19) Tededauiiug
wnfiga (Fevay 44.81) (Table 2) Fadursladuiiiasioudn
inwmsnsfigiumsndnlavesauies iielviAamudsduressyuy
n3nan aenndesiuinunsnsludmiaulgosaey Addsfenany
SailuvosszuunskanuReaiu (Verarux et al, 2016)

Fruaninnisd sslad widos wu 3 dnwae i
1) msdgavuinen wudioudntios Gevay 6.58) Tutihudnu
wazthunuesues Faduguouidarududonnnty ddosie
duemnuanyseivesth Sudsdauuuirenanenied 2) n151de
Tnuvuiseememsmusssumituadutinaeniil wuldlu
guguiiidurusngs Tdun Tiufad dudednaudadiagiu

padounumsineldvdnannsdedadowasiammion
fauaid madsdaidedudnifiiegs usslemdussninedn
AuItTin yusuddinnudAgydunisguatazidiusulunis
dansUnguvu (Sevay 32.89) wag 3) nndealauyytasen
91 ImNsTINYIdN el luy gy (Weunsngimu -
ngednew) ndsnduazdeulandumnidedlumtu Wese
Fodrinvesiiuiiuasaruauysaivosewnsilugqudsonu
sysumAliifiveme Swieulanduunidedumithu (feusuneu
- oufiguiew) Wudnwasiinuinilan (Fevas 56.58) Fsvaeil
Trogluth inwmsnsazdiilugualaede 1 asy/aUansi anansa
wulsluludminiiu uasdminduifuiunedeadsdiu 1wy
Juninledlvy wigesaou dmu wazivalan (Jusu (Kuha,
2010; Prapatigul et al,, 2021; Duangsingtham et al.,, 2021;
Verarux et al.,, 2016; Yooyen et al,, 2019; Rewthongchai et
al,, 2005) inzidsdlaiouuuldenin fodutausssuniades
Fnivpsrusiuuiiufigs uazdadunisluguuvunndesdlad
wnzanfuiiuiigduiminmysysaifeiuiu (Duangtong et
al, 2010) usnani gammsanuldludmiadeond Wean

2
a

onsdmiuidsdalsiiivone inwnanslifituiideda s
N3R5 B9 wazdunulunisid sagn (Srchaiwong &
Kroeksakul, 2019) Tngszaineilinuasnsdeulanduuidsdly
i tuiiy 18 dn1sdanisenmsdnt lneniaiasuemsdu
dntleeliurlaguvdolaifiute (Govar 11.89) vaisdinisdanis
9NN 1 BLATUBMTRINSTIUNIR LAL TARE BN
msnuasntiun Tngdaes sunlamg1iemsdnd wu wen
wiles 53 Addde nafwu usdu Gevas 43.42) Wuidieaty
miL?ﬁymiﬂﬁmﬁawuﬁuﬁ@ﬂuﬁw’mLL@JE}adaau (Verarux et al,,
2016) uananigisliomaad IWun inde Tneunumsnsaziily
Tilavosnuosivlugieilaeglut Fsusnanazfunisiasu
smewnsliiunlaudy Sadumstinlilagdndwes Woadliidnlng
1A wavanansadulale (Verarux et al, 2016; Kuha, 2010) wazdal
wismfeu lurasiideulandusidsdungtiu (Sosas 61.89)
dun1sdanisaiuduenansdnd tnunsnsdnvininduazeaie
neslaogatioslay 1 s (Gevay 51.32) tierfumnuauysal
waznisleigiivlaunla warandgyninisuaszunsuresla
(Table 3) uansneainnisidsdlatudesuuiiuiigaludmin
usigesaeu Ausfazinsguaguainlaeidluvedia udlalévi
Tusunsuiadu uazidanendvanislusazniouen (Verarux et
al,, 2016)
msinsziduasnaneuLnunInAedlaiulosuuiuigily
Tanin
Mnnsinvnsnsliauddylunindsdauiiugiiio
Hugnunisudn Teaznausiusiuesludsnusssumd Wewsla
nanfnuazaaongnla mndumadioandsdfidodulaan
naunlawifugiiongunuiefisnsnisnauine Saneliiiin
gariuungsla winndumay inwnsnsazdodaueny
Uszana 2 - 3 3 (Il 2) Wnefidneiiiedwineliuny
swsmiedmielunaeinla - nseloneludmin uasiile



N. Kongsuban et al. / (PRAWARUN AGRICULTURAL JOURNAL 2023) 20(1): 89 - 97 92

A15usTaaluYieady Useunal 2 dv/as5 o/ waninlugnui
wnensnsfianudndudedddu eraudssmiegniaeny 1 Yshe

flun1siiATgiduuLazHansuLnuNsIABsla wdaauu

¥
o

ufigeludawinuiy Sawdadu 2 nsd ldun

1. MITATIEiF Uy uLasNane UUNUNITF g nla
oy szovnaimandn 1 U inwasnsiidununisidedariu
5,881.19 v w/#a/seunsudn uiady Fuyuaei 2,306.82
vn/iy/seunisndn Andufesas 39.22 Uszneuse Andew
sanleusiitug wazlewerug andonsailsadeu $ wavgunsal
andelonanisléiinu uazAndelonaiuamu Tneiduduyui
liBuduaniedu uasduyuduuys 3,574.37 vin/fa/seuns
wan Anidudosar 60.78 Tnseusas Aoy athiu
LsﬁyaLwﬁaLLazﬁhmmi%ﬂim Wusrenssumuiuusiidyad
gean Anduiesay 18.64 17.85 uay 12.87 muddiu Fadu
Funuiifuduan 1,663.13 viv/iy/seunisuan wazdunuiill
Wuduan 4,218.06 vin/dy/seunisudn laeinuasnsiisele
nnsdmregnlaiudiosnes] Fedtmdn 102.41 nn /i
5101 83 vw/nn. Anuyari 8,500.00 v/ suianeldEu 4
u&a3aiineléviedu 8,600.17 vw/iy/soumnan Tnedineldivie
ﬁunuﬁwm 2,718.98 UW/AY/SBUNSHAR (BATIWARBULYILAIN
MU Sewag 46.23) uazsnelamilesuulduan 6,937.04 11/
F/8UNTSNER (SRS HARBULNLANNITAMU Touay 117.95)

2. msimsIziRuyuasHana LN AL A uos
s8812a1119HER 2.5 T inuasnsddununisd salartsdu
17,370.37 vw/iy/s8un1suan uwiadu duyuaei 3,156.69
vw/i/sounisaan (Fesar 18.17) Usznausie Adeusian
Tausistug waglanowus Andousailsadou §1 uavgunsal
Adelenanislifiau wazadeloniaiuamu Taoludunui
lsiuituaniiodu uasduyuduuys 14,213.68 v/fa/590n13
wAn (Fovar 81.83) 18 siunuiunysiidyadigean liun
Aresney (fesay 41.53) faududlddeiiand ulugasd
nwasnsdeulaaindindunnd ssluny ¥iu inwasnsdes
damseremsneuliunle 589893 LAUA AT LagA
iudomdaazaasisyulan (fesas 1577 uay 10.89
awdsy) dadudunuiiduGuan 586516 vin/f/seunns
wAn wazdunuiliiduGuan 11,505.21 vin/f/seunnswan
n1sUszanantsanouunulai ufies duimaindmidnle
fusleslidin Fewiin 303.57 ./ 5181 83 van/nn. Anudu
AR 25,196.31 U TamsteTwlddy q shlddseldiadu
25,530.22 vn/fv/seun1sudn inwasnsdseldiviloduu
Favun 8,159.85 UW/ia/50Un13HEA W3 3,263.94 UM/l
(BT mareuILIINMTaMU Stz 46.98) wawlingldmileduyuiu
an 19,665.06 UW/AY/SBUNIHERN U39 7,866.02 U/AVA (607
HERRULYILIINN9a U Souay 113.21) (Table 4)

Table 1 The personal Information of farmer who raised native beef cattle in Nan Province

Items Frequency Percentage

Gender Male 64 84.21
Female 9 11.84
n/a 3 3.95

Age (years) Mean 47.96
Range (20 - 85)

Education Primary school 22 28.95
Junior high school 8 10.53
Senior high school 10 13.16
Diploma 5 6.58
Bachelor degree 1 1.32
n/a 30 39.47

Number of household members (persons/ Mean 7.23

household) Range (2 - 20)

Number of household members who raise Mean 2.87

cattle (persons/household) Range (1-11)

Cattle farming experience (years) Mean 13.69
Range (2 - 65)

Number of cattle started farming (cattle/ Mean 2.83

household) Range (1-14)

Other occupationsl/ Cultivation 73 96.05
Livestock 21 27.63
Non-agricultural occupations 21 27.63

Note:  more than one answer
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Table 2 Numbers of beef cattle in Nan Province classified by cattle type and breed

unit: cattle
Calves” Heifer” Cattle” Total
Species/Types Bull Cow
male female male female male female male female Total
1. Native beef cattle 857
104 389 132 117 59 a6 5 5 300 557
(91.66)
2. Brahman crossbred 58
15 21 9 5 3 3 2 - 29 29
cattle (6.20)
3. Other" 3 9 1 1 - 4 2 - 6 14 20
(2.14)
Total 122 419 142 123 62 53 9 5 335 600 935
(13.05) (44.81) (15.19) (13.16) (6.63) (5.67) (0.96) (0.53) (35.83) (64.17) (100.00)
Note: V Calves aged not more than 1 year.
? Heifer aged between 1 - 2 years.
¥ Cattle aged more than 2 years.
Y Other species includes Beef Master, Charolais and Angus.
Table 3 Farm management of farmer who raised native beef cattle in Nan Province
Iltems Frequency Percentage
1. Farming system Intensive 5 6.58
Free - range in the forest 25 32.89
Free - range in the forest only rainy season a3 56.58
n/a 3 3.95
2. Feeding Management
2.1 Concentrate feeding Yes 9 11.84
No 67 88.16
2.2 Pasture Management Yes 33 43.42
No 43 56.58
Yes a7 61.84
2.3 Mineral block Supplementation No 29 38.16
3. Vaccination Yes 39 51.32
No 37 48.68

Table 4 Cost benefit of native beef cattle farming in Nan Province

unit: baht/cattle/production cycle"

Calves Native Beef Cattle Native Beef Cattle
Items/Types
Cash Non-cash Total % Cash Non-cash Total %

Fixed cost - 2,306.82 2,306.82 39.22 - 3,156.69 3,156.69 18.17
1. Depreciation of building and equipment - 241.31 241.31 4.10 - 603.27 603.27 3.47
2. Depreciation of cow and bull - 1,740.22 1,740.22 29.59 - 1,740.22 1740.22 10.02
3. Opportunity cost for land use - 296.06 296.06 5.03 - 740.14 740.14 4.26
4. Opportunity cost for capital - 29.23 29.23 0.50 - 73.06 73.06 0.42
Variable cost 1,663.13 1,911.24 3,574.37 60.78 5,865.16 8,348.52 14,213.68 81.83
1. Roughages” 238.95 811.05 1,050.00 17.85 1,641.59 5,571.80 721339 4153
2. Concentrate feed - - - - 410.8 - 410.80 2.36
3. Wages - 1,096.03 1096.03 18.64 - 2,740.06 2,740.06 15.77
4. Fuel, electricity and water 756.86 - 756.86 12.87 1,892.14 - 1,892.14 10.89
5. Other cost” 667.32 4.16 671.48 11.42 1,920.63 36.66 195729  11.27
Total cost 1,663.13 4,218.06 5,881.19 100.00 5,865.16 11,505.21 17,370.37  100.00
Total income 8,541.75 58.42 8,600.17 146.23 25,335.49 194.73 25,530.22  146.98
1. Income from selling of cattle 8,500.00 - 8,500.00 144.52 25,196.31 - 25,196.31 145.05
2. Other income”’ 41.75 58.42 100.17 1.70 139.18 194.73 33391 1.92
Income over cash cost 6,937.04 117.95 19,665.06 113.21

Income over total cost 2,718.98 46.23 8,159.85 46.98

Note: ¥ The production cycle for calves native beef cattle is 1 year and native beef cattle 2.5 years.
% Roughages cost calculated from roughages feed were provided by farmers, not includes grazing on public grass.
¥ Other cost includes vaccination and medication, supplement, building repairs and equipment and opportunity cost for capital.
“ Other income includes income from selling of manure and use for manure.
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HAN1TILATIE VAU ULAZKARBULNLYDINITLA BIgN
Taftudlos 01y 1 9 warlaiudles o1y 2.5 U vuituiigslufnda
thufimnuduAndgsia waslewIeudfisunanauunugyssed
finunsnsléddu adiuhnmadedaiudowutorldazernaiuu
ninsdssgnla wiflinanouunuandaedaendt iesnnd
dwiindafiinnndn innsnsdaiitmnedagsme laftudies
91g 2.5 T 1Jundn Uszuna 2 d/adusow/d uimnilnag
Fududodlfiiufonautsdmiiegnlaeny 1 3dae delu
\nwnsnsIadiselafidudfuuszana 39,330.14 - 46,267.16
vw/aiadeu/d Indifssiuussinunsseldainnindedda
Muidiosvuiiuiigeludniawigesaou dmu uavidodlul
Jsza 25,000.00 - 58,600.00 uw/As3euw/d (Verarux et
al,, 2016; Yooyen et al., 2019; Duangsingtham et al., 2021)
Hadtuegiuruadtauagdnnulaiisiineluuiasd wasde
fasanlassasnsiunu szuidunudndnginainnisuims
HadunsuBenuszezinaninies Inedunudundsiddadou
gsga oA Arovnsveny uazeAusany Jedndluajdudumud
Liduluanduinanmslinsnensluasausou loun Yaqmde
msmainwnsinlsudniulfidsdealugsidounduandedy
wyjtu SemnYanudomeniainunsanliulsiiiomensinte
wisntanielunazusngusy svisnsldussnuluaiauiou
wieitlugualaluth aonadestunisdesdatudiowuuldesly
FITANIYIUYS JUNYST wazun1a1sa1d (Mekdaeng et al,,
2011; Chimliang & Luangvaree, 2016; Wetchakama et al,,
2017) fifunisdanisenvisveny uagnisliineaussauly
afuseu Fauiinsenisdunusananesddndugs udfidu
sunuiiliidutuan inwmsnsdedanuduailudessia
msinsizidnen uazlenavesnsiaedlaitudesuuiuigs
ludonimiu

MnmsUszrnguilesiundeyanuAniuiafiu
anun1sainIsdies manain anmigmvesnisdedaiiudies
vuitutgdludmiatnu mnmaduiifedes wdthafinsed
anmwndeun1glunieuen Ae3sn1s SWOT Analysis Wuin

1. gaudle (Strengths) leiun inwmsnsilugiidiuszaunisel
madedeiuiios aonndosiufigaudmannuasnsgidodaly
Jsendlng (Angkuraseranee et al., 2017) Lﬁladﬁﬂﬂﬂ’]ﬂg&m
Tnfudlonduitdinvesaiuiouwnuns waniduerdniidunan
foInUTIHYgE uenIniinumsnsludaiaiiudsdgddyan
ViosAuiidunendeainusswygy daduidtisdeusgsautul
Snvadaillafnuesssiulumsaaendnnnndsdaiuiosds
\Huondnilazdunenludsausudaludmivgusuuuiiuige
Usgnauduilslausiiug fusuuinn faduunddladudii
aansnsesiunsaiieo Inideduls

2. 9A99U (Weaknesses) Laun i1NBATNTUINEIUYIN
wialulad/ménnsmadnnsiitenisianisousiiug msdnms
91715 Wazn13TANITAUAIEnT dnd T inuizan 1A el
UsgAvSnw/anduyunisnanlfanmsaussduls Snvisdadu
\NWASNIII8E0Y IIANSTINGLTIENITNUNLEER uazdanIs

yansaaasaniy Wedwireleliungusznounisusnviesiy
Fagnnasien Jauandrsaninuasnsludmiauns uasnelendisl
nssanguivluguresannsaiiteuaniuasudszaunisainng
WAM (Sonsir et al,, 2020) wazii alsfiAnA T uuT svesngy
LNBATNS (Saengwong et al, 2020) 9 a1l 4if 8991NLAWAIAT
vrsdauluandaung wasneion USULUABUIINN9IE B
IﬂﬁuLﬁaqmﬁuImﬁaﬂmmw Fafidnwaznandisimg diu
TngTesmngulugvannsaiiiiovhnismarnsauiu uenani
wneasnsludamdauiuddoundydvdunuaivudlag
Wsuieuganhluiuiiny esnndessuddaiidinanamy
vuiluil gandminedmandn - nsete Tudadmiauiu
(5888913 50 — 100 NY. WeILAYUY)

3. lonaa (Opportunities) wualu 1) Tenasunisuan
Iud msfinswensfivemslufiuiifidisandunueiommislu
nsiaele Haomssssuefiannta uaremsanuanaseld
MINITAYRT LY g Funazdendrilne udu Snvis
ymheruniasgluiuilinisaivayu/mndndudevsmansiiu
1ASINIIAY 9 @OAARBINUNAIIUTDY Angkuraseranee et al.
(2017) uag 2) lon1an1un1na1n lakn wulliuwedsAl wax
aufasnisuslaaiielavesmainianielunag nouengaiy
Fedsuafineinunsnsidsdlalutsanalne wuforfunasny
Y84 Angkuraseranee et al. (2017) wag Nimsai et al. (2015)
uenanidamimiugaiinarainla - nsedofls 5 uvs amnsa
sesiumsflalagUszanas 1,600 #/dUnii Sauiinlutlagii
madedafudoduimimhusdidmnensudaiiiosmine
lunaatiala-nsede waznisuilaaluguyy udluowiAnmin
Tafluidestsnanilenadseanludmiedsumaiu Jawia
drufivhiadi daduannisdrmsuaudiid odensdsoonlu sy
UseineRula

4. 9Uasse (Threats) windu 1) guassadunsudn
1#un nadsdlaiudlesuuiiuiigediulng Ssanisildiudam
sywinguumazmhenuiiietedunislivsslonifinuny
Houlvenznssunsulsniefifuuisnd (anv) (Rufiganindgs
i Fuil 1 uaw 2) adwadstunsidsdavennuasnsiiinng
Uaoslad ulvvugion ludemiadond (Srichaiwong &
Kroeksakul, 2019) Uszﬂauﬁ’uamaﬂaﬂ%’auﬁﬂmmqumq
yuruuuiufigdldsunansemunnanunsaifonds Sanwnsns
Aossudalununi1sdnnislsn wazn1sTanIsigeImsdInsy
odla §saonndasiunanuues Angkuraseranee et al. (2017)
kag Saengwong et al. (2020) wag 2) aqﬂasmﬁ”mmimmm
lawn waandennasnisanaiseninsendlveiuseansides
warfiafuaud dansznudenisgpamnssulaiieuariiola
YoeUsewAlve wufeiunauves Sonsir et al. (2020)

NNITIATIEan mwIndeun1elunguendIng1?
wud1 madedadofudiosuiiuiigiludmiam fdnsam
frunsnand winannisiinensnsiusyaunisal ity
#osdu savadiyslaudiugsuiunnn Snvisdailonaiiae
pnszufnenmnskanliusy s mmnnBstuannisiidg
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NINENIFITUNIR wazmslasunisatuanuanmiiedIuni Ay
Tuituil venaninisfiausesnisuslnafifisduionielusay
aeuanUszine azidunisvenslenianisinunisaainliun
nwnsnsgidedadouuiiufigadmiauiudne

A3UNaN1339Y

inwmsnsiidsdlaidofuiiosuuiuiigsludmiaiu
fvunerslaviedu 935 ¢ danlvajdedausiiudieodugiuns
wanlavesauies wazdsdanuuldosmanmsiuasdulutag
aaru (Wounsngiew - noedniey) dadinwasnadvedasy
Wilugualalutiede 1 edyduani Tasastiindelulilaiuiio
\eBuuss1 uasilofanguis (Fousunnau - Sgunew) inwmsng
awdorlanduinidedumthu fasfesinmsemnsdnd laens
wsnewnstuliunlaguvdeladiute suamsdawiouudas
v fivemsdnd il ela3uemnsmeuaNsITIvIALas an
wdenisnisinuasanliun uasiaiudioudsinfou sauvavi
fnduuazanenedla edretionTay 1 ads ieifiunnuauysal
wazmsasaiulaunle warandymnisuaszunsuvedla
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2,718.98 UIN/A/50UN1THER (§NTWNANBULNUIINNITAIYY
Fouay 46.23) wariiveldwleduyuiiuan 6,937.04 v/fa/
FRUNITHER (BNTWANDUUVUAINNITAMU Toway 117.95) du
nadedlafiudes invnsnsfiseldndefunuiaun 8,159.85
UW/AY/50UNHAR (BRTMANBULVILRINNITANU Sauay 46.98)
wazdiveldwilodunuiiuan 19,665.06 UN/A7/50UNIHER
(ShsmameuLLIINNISAMU Sovay 113.21) audfiuin maldss
Tnftudlosuuiiuiigdluminiuisaesnsdiienuduaidogsia
esmnmsidedlanuutdosmemnsiuedutdaduiddin
vosas T ouInynsuu ufl qedu tiun1sW anagiu
n3neNssITIMAYRIYNTY TailduvuGuaniiunn annsaaiig
Alsiiduduanliunainiou wazaunsodaduerdnid
Angnnlel

Fsnsdsdlanudlesuuiiuiigdudminiiu uenainay
fidneawsunsiuuds Saldnenmiiuninanainnisi
\neasnsdvszaunisal uazgiday1viesd uiidunensin
UsINYTY Usznaududlddlauaiiugdnuiuinn uaziilonianiu
nawamngIUnInensiivewnsluiuiifidisandununisdes
Ta sautedsldsunsatuayuanmienuniadsluszduiug
fagidunsenssdunadeddaiudiesuuiiuiigdliiszansam
wndsdu uenanidsilenanisnismainainnisveredaves
naansnelunazniouan udegalsii madedafiudesuy
ufigslufmiaun Sullgagounnmsiinensnsvinmelulad
WieiuUszAnEaiw/andununisHan LagyianisTIunguLite
NIFIMUHURER UazdAN1INIINITAAINTINAY wazdiuyuen
udsge SnedsfonndaytuanuimeluFesnislivsslond
Anumudoulvwes any. MaUdsuuasaniwniienniadidana
THUsnaemnsmusssusianas sauamansenuandonnas

nMsfatseniussmalnefueeanads uasinduaud dedema
somsmmlaLiouawiolalne

fodu ieidunaifudnenuasToniavesniaides
Imﬁauuﬁyuﬁqﬂuﬁ’wi’mmu msfinsnunguinuasnsiile
Fansinalulad AADAIUINUHUNITHEN LATUKUNITAAIN
sy TngliiAnnsdenlesiuiafusenounisdlafidiate
meluwazueniiestiuitevenslonanansnaeiiamaiatiosiu
uaznandseanluowian Sniadimsadianisiidiusausening
Az uiiAnfesdshlinuasnslugueuouiiud
geanunsaldussloviiifuiionswanegafuiinsfudaindon
uazquat guvunadmangyes Ay, uaztiloiduntsiamd
miAfeluadadaly maifunsTinsziadunu uazszoyam
Aunu ilelideyavssnounisindulansounguundstu

fnAnssuUsENA

YaUUANEITNUNTITEUM A (29.) AlEnIs
aﬁuaqunﬂumaﬁﬁﬁm%ﬁ WAL UBVBUANMINIEUIMITIANS
nazdsounadng (ODU) usuauaulng 4.0 Alvianueyiasies
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This research aims to analyze farming conditions, costs and benefits, and the potential and
opportunity of native beef cattle farming in the highlands of Nan Province. The research
methodology was mixed methods consisted of quantitative and qualitative research. Primary data
was collected through a questionnaire from 76 farmers who raised native beef cattle and a focused
group from 11 stakeholders. The result found that farmers had 935 free - range cattle during the
rainy season. After that, farmers brought them back to the village, feeding management and
vaccination were required. The cost and benefit analysis showed that, for native calves, production
cycle 1 year, farmers had total cost and incomes above total costs as 5,881.19 and 2,718.98
baht/calf/production cycle, respectively. In terms of native beef cattle farming, production cycle
2.5 years, the total cost and income over total cost as 17,370.37 and 8,159.85 baht/cattle/production
cycle, respectively. This shows that there is financial potential for native beef cattle farming in the
Highlands. Moreover, there are production potential from experience and local wisdom in native
beef cattle farming, including a large number of breeding cows. Furthermore, the availability of
food plant resources, getting the support from government agencies and the demand for the market
is rising, should increase the production and marketing opportunities for farmers who raised native
beef cattle in Nan Province. However, farmers are lack of technology and group integration, as
well as high transportations costs. Farmers face challenges from land use, a decreased in natural
forage due to climate change, and the impact of free trade agreements between Thailand, Australia
and New Zealand.
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Agunsait 3 wlin aunsniAdugesildluimundoulily
gonfufluesadedimssnsawslussuu oT nausediunins
Teuwingavegluseduan (X = 4.38, SD. = 0.61) (Table 1)
9nMsiaNsanHasesuan Table 1 fisteasBondsll

1) namsuUsziiuASueasinauty (Moisture sensor
module) Tunmsiuiinuwnzanlusgauunn (X = 4.27, S.D.
= 0.58) uanss Table 2

2) wan1sUszifiuAndugesingumagd (Temperature
sensor module) Tunwsandanumnganlusgauuin (X =
4.47,S.D. = 0.61) L@n9A3 Table 3

Table 1 The data statistics from sensor

102

3) wan1suseidugunsalyaianunteniin1svineu
amIasEuy wudh Sarsmnzaslusgdunn (X = 4.40,
5.0.= 0.63) Weasanseds nuin yamiuvuonidaviay
dloaudushindesay 60 fanmmnsaluszduinniign (X
= 4.80, SD. = 0.65) uazazngavnudionudugeninforay
70 fpnuwmsngaulusgauann (X =4.20, S.D. = 0.84) uaguse
vviuvaenazvhauilogumgiiganin 28 °C faumnzaslu
sedvunfian (X = 4.60, S.D. = 0.55) wazazngavinaulile
gamgfanda 24 °C fanmmmnzanluseduun (X = 4.00,
S.D. = 0.71) uanasly Table 4

Results
No. Sensor Evaluation I
X S.D.
1 Moisture sensor Setup moisture sensor system (range 50-80 %) 4.27 0.58
2 Temperature sensor Setup temperature sensor system (range 20-32 °C) 4.47 0.61
3 Mist pump module Value range moisture sensor <50 % system on or moisture sensor >80 % 4.40 0.63
system off and value range temperature sensor >32 °C system on or
temperature sensor <20 °C system off
Total 4.38 0.61
Table 2 Criteria for suitability of measurement values of moisture sensor module
Results Scales
No. Moisture sensor =
X <D, 1% % 3% q* 5%
1 Setup moisture sensor system 50-60 % 3.80 0.45 /
2 Setup Moisture Sensor System 60-70 % 4.80 0.45 /
3 Setup Moisture Sensor System 70-80 % 4.20 0.84 /
Total 4.27 0.58
* 1 = very unimportant, 2 = somewhat unimportant, 3 = neutral, 4 = somewhat important,
5 = very important.
Table 3 Criteria for suitability of measurement values of Temperature sensor module
Results Scales
No. Temperature sensor —
X SD. - 2 O 5
1 Setup Temperature sensor System 20 °C-24°C 4.40 0.55 /
2 Setup Temperature sensor System 24 °C-28°C 4.80 0.45 /
3 Setup Temperature sensor System 28 °C-32°C 4.20 0.84 /
Total a.47 0.61
* 1= very unimportant, 2 = somewhat unimportant, 3 = neutral, 4 = somewhat important,
5 = very important.
Table 4 Criteria for suitability of measurement values of mist pump module
Results Scales
No. Mist pump module —
X <D. 1% 2% 3% q* 5%
1 Moisture sensor <60 % system on 4.80 0.45 /
2 Moisture sensor >70 % system off 4.20 0.84 /
3 Temperature sensor >28 °C system on 4.60 0.55 /
4 Temperature sensor <24 °C system off 4.00 0.71 /
Total 4.40 0.63

* 1 = very unimportant, 2 = somewhat unimportant, 3 = neutral, 4 = somewhat important,

5 = very important.
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of the research entitled, " 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”. As for the methodology,
there were two mushroom houses, each containing 1,000 blocks each. The normal house and
controlled house were compared by using sensors to analyze the suitable and constant humidity
control values and by writing a program to set up conditions for the loT sensor system to turn on
and off the misting system while keeping a constant temperature and humidity. The findings
revealed that the synthesis of humidity and temperature-controlled sensor values used in
commanding the misting system to turn on had appropriate values for mushroom growth. The
conditions of the system are as follows: 1) The misting system will be activated when the humidity
is lower than 60 % and will be turned off when it is higher than 70 %, and 2) The misting system
will be activated when the temperature is higher than 28 oC and will be turned off when it is lower
than 24 oC, depending on which conditions were likely to occur, Maintaining constant temperature
and humidity in the house as well. As the resulted, the synthesized sensor value was appropriate
and able to maintain constant humidity and temperature management in the mushroom house.
Hence, the productivity of the mushroom has increased, resulting in higher weight and income.
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Riceberry

Ninsurin

Figure 1 Six rice varieties including Som Malee, Hom Pimai, Hom Baitoey, Riceberry, Ninsurin and Tubtim Chum Phae

Table 1 Phytosterols in 6 rice varieties

Tubtim Chum Phae

Varieties Campesterol Stigmasterol B-sitosterol  A5-Avenasterol A7-Stigmasterol A7-Avenasterol Total Phytosterol
(mg/100g) (mg/100g) (mg/100g) (mg/100g) (mg/100) (mg/1009) (mg/100g)
Som Malee 165.60+1.18" 10.330.53° 28.88+0.15° 5.55+0.49° 8.38+0.32° 4.59+0.39° 223.32+2.04°
Hom Pimai 156.51+0.69" 17.12£0.81°  30.37+0.45° 2.94+0.21° 12.92+0.35° 2.97+0.39° 222.83+1.08°
Hom Baitoey 154.74+0.45" 16.50+0.57° 30.96+0.27° 2.81+0.26" 12.13+0.20° 4.01+0.22% 221.15+0.67°
Riceberry 147.34+0.51° 17.77+0.22° 33.55+0.67° 2.99+0.15" 10.65+0.29° 2.56+0.21° 214.86+1.46°
Ninsurin 144.68+2.14° 19.15+0.63 33.84+1.19° 2.92+0.36° 11.52+050° 2.59+0.49° 214.70+5.11°
Tubtim Chum Phae 148.18+0.39° 17.41+0.49™ 33.20+0.41° 2.95+0.31° 10.77+0.44° 3.39+0.33% 215.90+1.13°
Mean 152.84:+0.89 16.38+0.54 31.80+0.53 3.36+0.30 11.06+0.35 3.35+0.34 218.79+1.77
% 69.85 7.49 14.53 1.54 5.06 153 100.00
Fotest - . . - - - .
CV. (%) 0.71 3.48 197 9.42 3.28 10.47 1.14

YMean values + standard deviation of determinations for triplicate samples. Values with different superscripts in each column were significantly different at 0.05

probability level. ** = significant at P< 0.01.

Table 2 Vitamin E in 6 rice varieties

Varieties Q-Tocopherol B-Tocopherol Y-Tocopherol S-Tocopherol Q-Tocotrienol Y-Tocotrienol Total vitamin E
(mg/100g) (mg/100g) (mg/100g) (mg/100g) (mg/100g) (mg/100g) (mg/100g)
Som Malee 10.99+0."% 0.11+0.02° 5.00+0.14° 0.14+0.01° 53.76+2.24° 113.4120.66° 183.80+1.19°
Hom Pimai 10.48+0.32° 0.18+0.02° 579+0.16° 0.11£0.02° 54.92+0.95° 107.28+0.48° 178.76+1.11°
Hom Baitoey 12.88+0.18° 0.11+0.02° 5.66+0.08" 0.19+0.02° 49.72+0.74° 109.48+0.88° 178.04+0.08"
Riceberry 9.66+0.12° 0.25+0.02°° 5.10+0.17° 0.28+0.03" 46.99+0.53° 103.29+0.89° 165.59+1.39°
Ninsurin 8.60+0.15" 0.24+0.02° 5.37+0.18° 0.30+0.02° 44.18+0.40° 118.58+1.12° 177.29+1.03°
Tubtim Chum Phae 9.18+0.20° 0.29+0.02° 574+0.11° 0.31£0.03° 54.35+0.48° 108.110.43% 177.98+0.44°
Mean 10.30+1.45 0.20£0.07 551+0.28 0.22+0.08 50.65+4.29 110.03+5.57 176.915.75
% 5.82 0.12 3.11 0.13 28.63 62.19 100.00
Fotest . . . . . . .
CV. (%) 245 9.69 263 9.72 2.17 0.71 0.66

YMean values + standard deviation of determinations for triplicate samples. Values with different superscripts in each column were significantly different at 0.05

probability level. ** = significant at P< 0.01.

Table 3 Anthocyanin total phenolics and free radical scavenging activity determined by DPPH method

Varieties Anthocyanin Total phenolics DPPH
(mg/100g) (mgGAE/100¢) (% Inhibition)
Som Malee 1.10+0.16" 327.83+4.44° 43.29+0.23°
Hom Pimai 1.36+0.11° 336.98+7.03° 38.67+0.71°
Hom Baitoey 0.98+0.16° 368.1146.07° 43.48+0.45"
Riceberry 27.58+0.52° 308.84+5.72° 44.73+0.46°
Ninsurin 28.67+0.25° 265.98+10.78° 42.24+0.89°
Tubtim Chum Phae 21.71+0.36° 274.99+8.78" 42.19+0.38°
Fotest . . .
CV. (%) 218 2.38 132

“Mean values + standard deviation of determinations for triplicate samples. Values with different superscripts in each column were significantly different at 0.05

probability level. ** = significant at P< 0.01.
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Article history ABSTRACT

Received: 10 May 2023 The objectives of this study were to quantify phytosterols and bio-active compounds and to
Revised: 4 June 2023 determine antioxidant activity in some rice varieties. The experiment was laid out in a completely
Accepted: 6 June 2023 randomized design with three replications. Six rice varieties including Som Malee, Hom Pimai,
Online published: 12 June 2023 Hom Baitoey, Riceberry, Ninsurin and Tubtim Chum Phae were analyzed for phytosterols, vitamin
Keyword E, anthocyanins, total phenolics and antioxidant activity determined by DPPH method. Significant
Indigenous rice differences among rice varieties were observed for phytosterols, vitamin E, anthocyanins, total
Functional ice products phenolics and antioxidant activity. Campesterol, B-sitosterol and Stigmasterol were found
Husked rice predominantly in rice grains accounting for 69.85, 14.53 and 7.49 % of total phytosterols,
Bio-active compounds respectively. Som Malee, Hom Pimai and Hom Baitoey had the highest total phytosterols,
Antioxidant respectively, and they were significantly higher than Riceberry, Ninsurin and Tubtim Chum Phae.

y-tocotrienol contributed to the largest proportion to total vitamin E in rice grain (62.19 %)
followed by a-tocotrienol (28.63 %), whereas a-tocopherol, y-tocopherol, 8-tocopherol and B-
tocopherol contributed to the smallest proportion of total vitamin E. Som Malee had the highest
total vitamin E, which was significantly higher than other rice varieties. Ninsurin, Riceberry and
Tubtim Chum Phae had the highest anthocyanin, respectively. Riceberry had the highest
antioxidant activity followed by Som Malee, Hom Baitoey, Ninsurin, Tubtim Chum Phae and Hom
Pimai, respectively. Differences bio-active compounds contributed to antioxidant activity
indifferent rice varieties, and consuming only one rice variety may not provide sufficient bioactive
compounds. Therefore, the rice consumption as functional or medicinal food, it is highly
recommended to mix brown rice of more than one variety. The mixed brown rice between white
and colored rice including Riceberry, Som Malee and Haum Baitoey as multigrain rice is
recommended as an excellent option for healthy.
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(Table 2)

Table 1 Comparison of the problems of raising buffalo among farmers with different levels of education

Factor related to problem and obstacle of raising buffalo Primary school  High school, Voc. Under- SE. P-value
(n=73) - High Voc. Cert. graduate
(n=57) (n = 20)

1. Lack of knowledge about buffalo farming 2.67 2.68 2.75 0.070 0.937
2. Lack of knowledge about buffalo food 2.64 2.67 2.90 0.068 0.476
3. Lack of knowledge about buffalo selection and breeding 2.66 2.63 2.85 0.070 0.605
4. Lack of knowledge on disease prevention in buffaloes 2.59 2.65 2.95 0.073 0.280
5. Lack of labor to raise cattle 2.63 2.65 3.00 0.075 0.257
6. No space for raising buffaloes 2.89 2.68 2.95 0.073 0.340
7. Lack of good buffalo breeds 3.08 2.82 2.95 0.072 0.258
8. Lack of animal feed in the dry season 3.32 3.05 3.30 0.076 0.255
9. No one who inherits the career of raising buffaloes to their family 3.36° 2.86° 2.90° 0.080 0.009
10. Marketing problems, being pressured by Middleman 3.40° 3.05% 2.90° 0.074 0.027
°c Significant difference at P < 0.05.
Table 2 The level of need for components in the selection of male and female buffalo breeder

Characteristics of male and female buffalo breeder [ssue

AV. S.D. Level

1. Selected breeder from the records of the pedigree 4.09 0.76 high
2. Selected breeder from buffalo contests 3.95 0.86 high
3. Selected breeder according the ideal of a beautiful buffalo; face, head, horns strong and 3.98 0.87 high
good conformation
4. Neck or chevron has 2 to 3 distinct white chevrons under the neck 3.82 0.90 high
5. White appearance spots around the base of the eyes (eye points) on both sides 380 096 high

) . 373 0.95 high
6. Appearance of white spots on the cheeks (blotched cheeks) on both sides
7. The black hair above the hooves is clearly visible on all 4 legs 3.68 0.91 high
8. Light standing and walking posture, face raised, or head up, chest erect 371 1.00 high
9. The appearance of the large horns spread out beautifully and the ends of the horns 3.60 0.93 high
rounded together
10. Beautiful eyes and bright eyes 3.63 0.92 high
11. The hair color corresponds to the beauty buffalo's ideal 3.59 0.91 high
12. Oily thick skin 3.54 0.86 high
13. Erect ears, banded ear rhizomes 3.46 0.86 high
14. Big long tail, full base of tail 3.55 0.92 high
15. An auspicious kwan position 3.51 0.96 high
16. No unlucky kwan position 3.48 0.95 high
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ABSTRACT

This research aimed to study the conditions of buffalo farming, the economy and
society of Oudorne-Thanni buffalo farmers and the need of external characteristics
using local wisdom in an effort of the conservation and development of Thai buffalos
in Udon Thani. The questionnaires were collected from 150 farmers located in
Oudorne-Thanni and 20 of Oudorne-Thanni provincial livestock officers and Thai
buffalo philosophers. The study showed that the most farmers have had sufficient land
to raise buffaloes. The labour used in raising buffaloes is 1 - 2 persons per farm. The
most farmers have had 6 - 10 years of experience raising buffaloes. Farmers have
mostly less than 5 buffaloes per farm. As for the buffalo farming pattern, most of the
animals had specific stalls and houses for keeping buffaloes. Farmers supply fresh
grass and rice straw as roughage for their buffaloes. Most farmers did not have
supplementary concentrated diet and minerals. Breeding buffaloes were carried out by
natural insemination and in some cases artificial insemination. The most of farmers
earn less than 50,000 baht per year, mainly from the sale of breeders and manure.
Farmers have had a high level of need in the conservation and development of Thai
buffaloes and showed preference for having a form of institution to learn Thai buffalo
conservation to promote tourism. Farmers mostly decided to select their own buffalo
breeds. There were high needs on the external appearance of buffaloes when
considering the selection of male and female breeder buffaloes. Most farmers selected
breeder buffaloes from pedigree, buffalo contests and the external appearance
according to the Thai buffalo ideology. Factors of education level and experience of
different farmers had statistically differed problems in raising buffaloes and
requirements for selecting breeder buffalo (P < 0.05).
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Figure 2 Controlled temperature greenhouse used to study the nutrient solution spraying rate.
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Figure 3 Temperature in the controlled temperature greenhouse simulation by using Solidworks® program.

Figure 4 Nutrient solution spraying characteristic in aeroponics system.
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Figure 5 Leaf number (leaves) (a), plant height (cm) (b), plant canopy (cm) (c) and root length (cm) (d) of green oak lettuce at 28 days after transplants under

aeroponics system with plant spacing at 20X20 cm under different nutrient solution spraying rate. Mean+S.E. following with the same letter was not significant

at P<0.05 when compared by Duncan’s New Multiple Range Test.
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Figure 6 Shoot fresh weight (g), shoot dry weight (g), root fresh weight (g) and root dry weight (g) of green oak lettuce at 28 days after transplants under

aeroponics system with plant spacing at 20X20 cm under different nutrient solution spraying rate. Mean+S.E. following with the same letter was not significant

at P<0.05 when compared by Duncan’s New Multiple Range Test.
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Figure 7 Growth of green oak lettuce at 21 days after transplants under aeroponics system with plant spacing at 20X20 cm under different nutrient solution

spraying rate.

Figure 8 Growth measurement of green oak lettuce at 28 days after transplants under aeroponics system with plant spacing at 20X20 cm under different

nutrient solution spraying rate.
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Received: 29 March 2023 The objective of this study was to evaluate the effect of different nutrient solution spraying rates
Revised: 4 June 2023 (open/close duration) in an aeroponics system. The spraying rates tested were as follows: 1) 1 min/3
Accepted: 5 June 2023 min, 2) 1 min/5 min, and 3) 1 min/7 min, continuously applied in a greenhouse measuring 1.38 x
Online published: 14 June 2023 2.00 x 2.32 m (width x length x height). The average temperature and relative humidity inside the
Keyword greenhouse were 28.20°C and 65.50 %, respectively. The experiment followed a completely
Lettuce randomized design (CRD) with four replications per treatment. Results showed that the green oak
Aeroponics lettuce exhibited the most significant growth parameters when the nutrient solution spraying rate
G_TOWth was set at 1 min/3 min, with an average leaf number of 33.38 + 1.01, plant height of 10.50 + 0.85
Yield cm, shoot fresh weight of 69.96 + 3.58 g, shoot dry weight of 3.45 + 0.11 g, root fresh weight of

19.09 £ 0.39 g, and root dry weight of 0.98 + 0.02 g. Additionally, the green oak lettuce displayed
the highest plant canopy height (20.25 + 0.25 cm) and root length (73.50 + 1.66 cm) when the
nutrient solution spraying rate was set at 1 min/5 min.
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Table 1 Results of the detection of Salmonella

Market Samples Number of samples detected % Isolates
1 6 3 50 6
2 6 2 33.33 5
3 6 6 100 8
4 6 4 66.67 6
5 6 3 50 3
Total 30 18 60 28

Table 2 Diameter of clear zone (mm) of isolated Salmonella strains against 4 antibiotics test

Clear zone (mm)

Market rotate Sulphamethoxazole-
code Ceftriaxone Chloramphenicol Gentamicin ) )
Trimethoprim
Al 25 30 19 24
A2 28 32 19 28
A3 28 30 18 26
' Ad 24 24 18 26
A5 30 30 19 28
A6 26 30 18 25
A7 26 30 20 25
A8 28 30 24 19
2 A9 27 29 25 20
AL0 27 28 23 19
All 23 24 18 22
A12 23 29 19 23
A13 28 27 18 27
Ald 30 31 20 27
A15 27 34 18 28
’ A16 30 25 19 28
A17 27 31 19 26
Al8 26 30 17 26
A19 26 28 21 22
A20 25 30 20 27
A21 26 26 17 25
A22 25 27 18 26
! A23 24 29 19 25
A24 23 30 19 23
A25 24 28 19 23
A26 18 35 18 22
5 a7 23 35 16 8
A28 15 35 17 17
Susceptible >23 >18 >15 >16
Intermediate 20-22 16-18 13-14 11-15

Resistant <19 <12 <12 <10
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Table 3 Antimicrobial resistance of Salmonella isolates from Pork in Mueang District, Loei Province

Antimicrobial Resistance (Isolates)

Market Isolates
Ceftriaxone Chloramphenicol Gentamicin Sulphamethoxazole-Trimethoprim
1 6 0 0 0 0
2 5 0 0 0 0
3 8 0 0 0 0
4 6 0 0 0 0
5 3 2 0 0 1
Total 28 2(7.14 %) 0 0 1(3.57 %)
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ABSTRACT

Salmonella contamination in pork causes gastrointestinal disease, and there is evidence
that Salmonella is resistant to antimicrobials, leading to health issues. The aim of this
research was to study the antimicrobial resistance of Salmonella isolated from pork in
Muang Loei District, Loei Province. A total of 30 pork samples were collected and
then were subjected to bacterial isolation and cultivation in the laboratory using
standard methods. Susceptibility testing for Ceftriaxone, Chloramphenicol,
Gentamicin, and Sulphamethoxazole-Trimethoprim was conducted using the disk
diffusion method. The results revealed that was present in 18 out of the 30 pork
samples (60 %). Among the 28 Salmonella isolates, two showed resistance to
Ceftriaxone, while one isolate was resistant to Sulphamethoxazole-Trimethoprim.
Factors contributing to Salmonella distribution in pig carcasses include contamination
in transport cages, transportation of pork to the slaughterhouse, and cross-
contamination during the slaughter or storage process. The overuse and misuse of
antimicrobials result in antimicrobial resistance. Preventing and controlling the factors
that cause Salmonella contamination and residues in pork will benefit consumer health
and ensure safety.
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Figure 2 Instruments for heavy metal analysis (a) Microwave acid digestion and (b) Atomic absorption spectrometer.
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qqﬁqm Tuvauedt wuwnsmialuwdadntesiian Wewieudulu
11 fud uaghu (Table 1)

Sz wunisavanluAudamuuansisiueg 193
‘fIEJa°wf-%’zyixm'waﬁyuﬁ'slwuwuaﬂizmuLtazuaﬂwmﬁuaﬂﬁxmu
TagdAvinAu 30.85 wag 42.794 fiaansu/Alansu auaiu
ag9lsAnu Tududa WUm%a”amaw%mmmvﬁumﬁ'am
WinAu 47.858 way 45.786 faansu/Alansu IuLsumsuanuwwu
uavUBNLUATAUITYIY mueneu Tuvais wunsazauvesmsia
tonfigaluth Ssfidnviniy 0.889 uay 0.923 fdadndu/ans lu
wagaUIEIULazUsnUAYaUIEIUY M Nadu (Table 1)

Usuaudingd nunsazanlufuiinnuunnsteiuegied
ﬁ’&Ja"wﬁ’zyﬁxm'wﬁyuﬁ'slwuwuaﬂﬁzmmtawaﬂm‘uaﬂixmu
Taadiavinnau 4.758 wag 7.602 dadnsu/Alansy auaidu
uanaNil wu MsazanvesdIngddosiigalut dedawsiniy
0.017 uag 0.016 fadnsu/dns lulunrauseMuLazuonLYn
vauszmu muddu Tunsasafudin wuTadaingdgeiige
Tugudn Faldwiiu 21.958 way 23.203 fadniu/Alansy Tu
wagaUIEIULazUsnuaYausEIU mua1du (Table 1)

Usunamanifl oy wuludhdanuunnseiuey 198
ﬁ’aﬁﬂﬁ’zyiwdwﬁuﬁiwfumaﬂizmuuasuaﬂLﬁumaﬂixmu 1ng
Ay 0.0001 waz 0.0011 fadniu/dns audisu dadu
nsazautfosfian egelsfnny Tuwdadn wunsazauves
waniflougeiigaiiofioudulufu th uagdutn Tneddwiiiu
0.119 uag 0.114 faansu/Alansu Tuwasalsenunazuonium
Yauszn1u auaeu (Table 1)

LﬁaLU%‘EJ‘ULﬁEJUr“fvmmL%@Jsﬁuﬁuaﬂawwﬂ’ﬂluﬁuﬁﬂaﬂ
F199u 9 wui ﬂ%mz:uiamwﬁﬂimﬁuﬁﬂQﬂﬁﬁwﬂu%’w%u%'%’mé
Aoute 1wy udnlusivaunsnruaiuag Sainaymsasasy
NUAULT UTUIDINBILAILaYEansEluf Y M1AU 16-20
dadnsu/Alansu uag 55-66 daansu/Alansy Aruaiau
(Kingsawat & Roachanakanan, 2011) N158E@UYDINDILALAY
ﬁaﬂzﬁiumﬁﬂ‘ﬁvﬂuﬁswqﬂmwLLazTunWﬂmsi’uaaﬂLﬁﬂaLwﬁa
dAuvnv 1.05-2.47 dadnsu/Alansy way 11.65-12.89
Jaansu/Alansy a1ua1au (Inboonchuay et al., 2015)
waNanil Cheun-im et al. (2008) Anwnsazaslaveminlufu
Uaﬂm’mumaiummmmmm wu3n Usunadangminlu
Frethefuanitufinaes 6 fiaedsvesuandon iy 0.02
fiadnsu/AMlansy lasidley (Chromium, Cr) winAv 1.17 Sadnsy/
Alansu mzdawiadu 0.23 fadnsu/Alansu esuainiu 2.49
dadansu/Alansu dnifa (Nickel, Ni) Ay 2.47 fiadnsu/

Alandu denzdwindu 12.86 dadnsu/Alandy waz man
(Iron, Fe) WAy 394.60 dadnsu/Alansu dwmsuusunaulane
wiinlufeg19fuvesudatanil uiinass 11 A28 8v0s
uandlen windu 0.05 Jadnsu/Alansu lasiflouwinnv 0.17
fiadnsu/Alansy axdawindu 1.38 fadndu/Alansy owwns
Windu 2.31 fadansu/Alansy datfawindu 1.97 Jadnsu/
Alansu dengdiviriu 3.04 dadnsu/Alandy uay wdnwiniu
537.19 fadnsu/Alansu miﬁﬂmﬁaiﬂiw Usnadangminiiny
aaiuﬂimmmmmmnﬂqmmmm mmﬂmmmwmuﬂsﬁ
Uivmumwmasa‘uaamimmuawwmﬂmiﬂumauiamkuﬂ
EmnummLmu‘uuﬁuaqmaﬂwmmqqmw Tuwaizd NsAnwIves
Kukusamude & Kongsri (2019) Wu31 Anududuvesianiiie
Tudnmilelunanziuesnideunile dAegluiig 0.003-0.092
fiadnsu/Alansy (Anade 0.024 fadnsu/Alansy) nsdnw
Y949 Satachon et al (2019) ﬂmanmmLammaammwamiam
Muﬂluwuwﬂaﬂmnaumwimmumﬁmaq (Non-certified
organic rice farming) TudsniAuATUIEN WANISANYT HUAIY
duduveslansminluiuuazudadniSomusdudd asta >
wusnlla > dengd > noales > dnlia uay dengd > wusnila
> mowuas > dniiia og1alsinnn nsvwiounesnzia was
dined enfussiugeaniioygslumdadnn venant Sy
F13uvdilinunstusedluiiuiidenaneliiinmudesie
avnmaasiuslag Tnefieustdennudssteguamiisouss
dwsuduslne

MsAneni Sanut Usinamesuas wiannila wazdensa
fanunanansiuegsitdedAgniseda (o < 0.05) wﬂ,u@u A
$17 wazdad1n sauwslulnitufi vaussniuLasuaniun
gausznu lurasfivsuiunzia wuruuane1afueg1adl
dudrAgyn1eadd (p < 0.05) wneluiufigausemu weituil
wonwavalszmutiy wuusinamssalufutaslugudng Lid
AULANANAUNISEDRR S usuUTuIMLAALTEL WU ASavEN
Tuiunasudadnluweiiuiivatsenu liflanuunnsisiuma
add luvasd Ysuauanflouluduuazdudnuenwai ui
¥ausEniu 13,J'ﬂmmLmnm'wﬂ”uwwaﬁﬁ AINNANITANEN
FanuinUSinawusnnila aeia wazdened a au‘lumwunawam
Tuguei memmwuauaﬁlumuawa@ mluwmwumaﬂimm
wagusnnvausynu (Table 1)

anmsUszdiunislaSulanemind e Sului uil Sanva
y3sud §euanssaoan EDl uaziisuduaAuuzin oty
(Recommended daily dietary allowances, RDI) Wu31 910A1%
Uszifiunslesulaneninsetuldifuafinuside Ty sniiy
Usuaumeiaiifien EDI (0.39 fiaan3u/Au/iu) ammm RDI (0.21
fadnsu/au/tu) (Table 2) agnslsinu wamsﬂﬂmumlulm
fuduisnnuduiiwreaUsuiuns i D1VAIHAN D AUNIN
Lﬁaﬂmﬂ miiammr&’wmuéﬁasmLmﬁmﬁﬁnﬁﬂlﬂmamaﬂuwﬂ
Wumt,avmmawuamn fadu Wiedudunaiinsieiidaan
Faaunnbetu muwﬂiuamﬂmmsmLuumumLLuvmmaan
21NNN5ANBIVY Kukusamude & Kongsri (2019) wu11 A1 EDI
Tunsuslaadrwmilsnlunesyiueenideanile Wiy 2.0x10-
5 way 2.4x10-5 fadnsw/Alanfumiing veananauazuds
AR

UoNaNE 91AN1SANYITBY Srinuttrakul et al. (2018)
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Anwiuiunalangmin (@svy uanidly neuas uusnila uag
daned) Tutndedven Jmiaivas wan1sfinwr nuen EDI ves
d139y Wiy 0.019-0.045 dadnsu/iu fn EDI vesuAaLilysl
Wihfu 0.003-0.013 fadn3u/3u A1 EDI vesmasuad wiriu 0.15-
0.37 Tadn3u/u A1 EDI veausanila winfu2.94-3.75 Tadnsu/
U uay A1 EDI ¥esdengd iy 5.12-5.88 dadniu/iu

Table 1 Heavy metal concentration (mean + SD) in paddy fields

140

Tunns@nwinanan Ten1561989A1 RDI 910 United States
Department of Agriculture/United States Department of
Health and Human Services, Dietary Guidelines for
Americans 3 A.A. 2010 ds8uguindndadnenlufiuilfdnwid
ANURBASERRgUA N

Types of heavy metal

Study areas

Cu Mn Pb Zn cd

Irrigated areas

Soil (me/kg) 2.367+2.02" 208.808+120.46™ 30.85+10.92° 4.758+2.76™" 0.094+0.12*
Water (mg/L) 0.039+0.007 % 0.019+0.031% 0.889+0.387 0.017+0.011 % 0.0001+0.0002%
Rice plant (mg/kg) 4.258+3.86°° 372.7+51.73 47.858+20.59" 21.958+9.95° 0.024+0.01°
Rice grain (mg/kg) 0.00250.0007° 0.0001+0.00006° 1.645+0.08" 0.735+0.16° 0.119+0.007*
Rain-fed areas

Soil (meg/kg) 2.396+3.2" 185.084:228.0° 42.794+18.71" 7.602+9.91°" 0.024+0.03"
Water (mg/L) 0.039+0.008 % 0.134+0.275™ 0.923+0.272 " 0.016+0.008 0.0011+0.0043>
Rice plant (mg/kg) 1.963+2.82° 380.51+161.48° 45.786+16.15" 23.203+7.75" 0.021+0.03*
Rice grain (mg/ke) 0.0028+0.003" 0.0001+0.00003° 1.662+0.07° 0.541+0.162° 0.114+0.005"

® Significant difference (p < 0.05) between irrigated and rain-fed areas. ** Significant difference (p < 0.05) among heavy metal concentration in soil, rice plant

and rice grain. ¥ The concentration of heavy metals in water was not statistically compared to the significant differences in soil, rice plants, and rice grains due

to the use of different measurement units.

Table 2 Comparison of the EDI of heavy metals (mean + SD) from rice grain studied with the RDI

EDI (mg/day/person)

RDI (mg/day/person)

Types of heavy metal References
Male Female
Cu 0.00061+0.00003 0.90 0.90 Srinuttrakul et al. (2018)
Mn 0.00002+0.000001 2.30 1.80 Srinuttrakul et al. (2018)
Pb 0.39+0.11 0.21 0.21 Atique Ullah et al. (2017)
Zn 0.15+0.08 11.00 8.00 Srinuttrakul et al. (2018)
Cd 0.027+0.005 0.06 0.06 Atique Ullah et al. (2017)
& wa X od

msvudeulavgminluiuiugnin aunsananvay  Aganssulsenid

wraanda ldwn yadnd (Sungur et al., 2016) WA 91
gauszymuivuideulangaininanindetudou uaslsenu
9na1mnTIN (Rittirong & Saenboonruang, 2018) D9 ﬂ&lmﬁ
grgutaazansidn ity (Rehman et al, 2019) wazauudl
finn39319 59U (Satachon et al, 2019) uenainil A
deosdegunmanmsuilnaluiinusyifuiidnsuudeulany
wifn o1aluleiisaudnisuslaadriiosegaioaindu us
9199811910NANTIUNTITTINUT2I1TU Smden1suslaadn
walsd wazidodnisu o fe fatu anuseursulunisuilan
913 WagnsiunsIvguAms et ainawe Jududsdudy

d3UNan1339Y

MsAneEnuALwAnAse e TedRead Aveslany
winflazanluiu 1 dudm uazadedm szwdwﬁuﬁﬂgﬂ%ﬁﬂuwm
vaUsenmuuazuenavaUssuludminy3sud annsussdiv
nslasulavemindeu wuln faqliduaiivugiretu snciu
Usanuneda fifien EDI (039 fadniu/mu/iu) g9n1A1 RDI (0.21
fadnswew s mavutoulaveminluiiuiivgnd naunsaifn
Mvaeuvastuile femni maadeumuzialaveminly
ﬁuﬁﬂ@nﬁn ua AnmnuAnudssiogun YLy W ag eI LaNe
FudhAsddy

nsfnwillasunisatvayuann umingrdeniiag
Foyey e $U.54/2558 wagdeyeynaun $U.31/2559
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Heavy metal contamination in rice paddy is a serious problem in many Asian countries. This study
aimed to measure the concentrations of heavy metals ( copper, manganese, zinc, lead, and
cadmium) in rice-growing areas and assess the estimated daily intake (EDI) in Buri Ram Province.
Soil samples (62 samples), water samples (57 samples), rice plant samples (62 samples), and rice
grain samples (11 samples) were collected throughout Buri Ram Province. The heavy metal
concentrations were determined using an Atomic Absorption Spectrophotometer (AAS), and the
Estimated Daily Intake (EDI) of heavy metals from commonly consumed rice samples in Buri Ram
Province was calculated. The results showed significant differences in copper concentration
between the irrigated areas and rain-fed areas, with values of 4.258 and 1.963 mg/kg, respectively.
The highest concentration of manganese was found in the soil, and the lowest was found in the rice
grains. The concentration of lead showed significant differences in soil between irrigated areas and
rain-fed areas, with values of 30.85 and 42.794 mg/ kg, respectively. However, in rice plants, the
highest accumulation of lead was found to be 47.858 and 45.786 mg/kg in irrigated areas and rain-
fed areas, respectively. The highest concentration of zinc was found in rice plants, with values of
21.958 and 23.203 mg/Kkg in irrigated areas and rain-fed areas, respectively. The concentration of
cadmium was found to differ significantly between irrigated areas and rain-fed areas in water, with
values of 0.0001 and 0.0011 mg/I, respectively. However, in rice grains, the highest accumulation
of cadmium was found when compared to soil, water, and rice plants, with values of 0.119 and
0.114 mg/kg in the irrigated areas and rain-fed areas, respectively. Furthermore, based on the EDI
assessment, it was found that the values did not exceed the recommended daily dietary allowances
(RDI) except for lead, where the EDI value (0.39 mg/day/person) was higher than the RDI value
(0.21 mg/day/person). The contamination of heavy metals in rice cultivation areas can arise from
multiple sources. Therefore, testing for heavy metal concentrations in rice cultivation areas and
regular monitoring of human health risks are necessary.
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unun ﬁﬁ]'{lﬁlﬁaﬂ'ﬂa']ﬂiy,“l/]WWIﬂLﬂﬂﬂ’liLﬁ@NﬂmﬂWWTaﬂ

a o I3

nsziREULAs (Roselle; Hibiscus sabdariffa L) \uity  wéndmeiillednd Aenisiinufisersendindu vinlviianis

ayulnsiduldlaglaniznenvednseid suunsanunsaiun - gudemaasugia esnmuinujiseneendinduriaves

leduwazlusuluilodn’ vliiiniswdsundasvessaud @

Uszneummshivainvas wu wn3eanurisgusuuiusasiou
nau waziiledudanlufisUszasd nmsuidgymasnannaiunsaii

InedlnuandRdiunisdniay Julaany dusyyadasy wagdu
\ilosen (Salleh et al,, 2002) asfusyyadaszlunsuiouung
dalngduansnquueulsleeiiu (Anthocyanin) (Tsai et al.,
2002) stsiilunannszifsunns 100 ndudmidnusedusun
woulsloenilu 361.99 Jadnsu (Wu et al,, 2018) @158uAIVDS

Tagnsldansdueuyadaszainnisdunsie 1y BHT
(Butylated hydroxytoluene) wag BHA (Butylate hydroxy
anisole) iledudamsnefivesoyyadasylundnfusidedn
wiasdaangidnanldluuiinainniuluazdmaide

324l sunasdentunldid udnaue misaiusssuid
(Clydesdale et al., 1979) wenniinsziieunnsdaduuvawes
ANENAYANN 9 UINUE WU AeNTuT wan-walsiiu Tslunaniu
Tyeniiu luedu waznsaunan WWudu (Riaz & Chopra, 2018)
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segua e uilaa(Branen, 1975) Fadauneenuldans
FusyyadaszainsssurRuinduluiagy iadfuatenis
veaesieuvthihasatnansssununliifieannisiinoond
mﬂz‘]"ul,l,amhamqmmwmamﬁmﬁmsﬁmﬂLﬁuaﬁ’mi 1ng3INN13
vAABYaY Zahid et al. (2018) wuinnsldansafinaindusna
nosuavnungdusednsatnannnirlulasnlunisdu
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DULADASTE Tnsannsodudinafnesndinduredlusiusasn
Armasiaredd dwalitnegnsiuinydelaunsntugUld
WAZAINTIB91U Formanek et al. (2001) wunnisiasuansann
9nlsausd ansnsoannsineenddureslutuludelauadn
Fuzuiudsiunmsliasdiuoyyadassdaasied BHA vl
BHT wena1nil Malelak et al. (2017) ngsmuimsiaiuansarin
21NN52A8 HUUAY 3 % wazasARAINULUIY 3 % duadse
FavR ANNUN USunadunsduaznisiineandiaduvaslaiu
voudosuaty
nnaesiifunismaassdeiiiesainnsfinunares
nsldnsnsuisuunsonmuamuanilodudavowansuidola
Uﬂawﬂ"ﬁinU (Beef patties) 58U 0%, 1% uag 2 %
wWisulguiunisiinansdaasigs BHT (Pastsart et al,, 2019)
HaNsMARDMUIHIN Tz sULAWI AT pH An1sgadet
INN15U59n A8 L¥, a*, b* uway Chroma anas udlaifinasie
Auuds (Hardness) w3ousedildlunsidea (Chewiness)
wAv i ud admefil elaundnd ugudausud unde
flenuBantgu (Springiness) anas agslsfnudeyaiiertuna
yoamslinansziisuunsonmnmuomanfasiiounszming
nsLfiusne (Shelf life stability) dsflegagediin Faty nns
npansiaingusvasdifteAnumavoimslinnszi Souunsie
AMAIN ANANsaluNTAueYYaddTE Lagn1siineeand
wiuveslutulundndasidelaundatusudadususdamunin
vouflosgninmafiving dsannsaldifuuumdunisan
msldmssueyyadassdaunsied ielildnantusidelauadn
Gfugﬂﬁﬁ@mﬂww Baenglumsiiusnw wazfimuvasnsduse

v

HUSLNA

U

aunIaluazIsn1side

nsnanesildununismaassuuug uauysal
(Completely randomized design) Iﬂﬁi%’ﬁ@lﬂ"qudﬂuﬁuuaﬂ
(Longissimus dorsi) #dou191naaaaamaAuIaiesdming
31945579 mum‘[,ﬁaxLaawﬁmLﬂ%wmlﬁfaﬁﬁsummgmt,l,ﬂﬁq 4.5
fiadins n&sniwihnsuaieuasondu 4 ndu 4 az 3 4
i 1) ﬂaJJWVLlILﬁﬁJNGﬂiuLﬁ]?JULL@ﬂ (ﬂammum) 2) ﬂa'mﬁl,ﬁu
NﬂﬂiuLﬁ]EJ‘ULL@N 1% 3) ﬂaﬂJWLﬂiNmﬂﬁuLﬁlﬁl‘ULL[ﬂd 2 % way 4)
naullaiuans BHT (Food grade) 0.2 n3usieAlaniu vinisea
quddud udiidelauausasnguindadusulnidnuandu
uRunaNLUY Adnewueiined Tnsusavusiudivhminyssanas 50
n%u 9niuriese Oxygen permeable foil Lﬁulf’ﬁiqquﬁ i
psAaldua nelauasasali

ASWSELHINTEIR BULAL lagianzdiunaunen
nsissUue ndnslazen Adiuis Yaiminaadewilvey
Tugouauiou figamaivszana 55 - 60 ssmwaidoa Wuwa
3 Fu uwdhluFnhmdandeu ualdanidon seurunzunse
yun 1 fadwns vssglugegnane wasfulifgamai -20
peAaldyd aunInazldau

mMylnTzviddveuilelaundatugy  vhnsliesien

o

Tud 0, 5 uay 10 Tu nawmiellelishy Oxygen permeable foil
ol 4 ssrnwadva aglduamasali Tngvinsing L%,

il

D

a* uaw b* Mewr3eeind Hunterlab Miniscan colour meter U
MiniScan EZ (D65 light source, 10° standard observer, 45°/0°
geometry, 1-inch light surface, white standard) @w3us1 Hue
way Chroma Awnilean [Tan™ (b%a®] waz (@* 2 + b*)Y2
muﬁwéfv(Hunter & Harold, 1987) uazA1ANaINTalUN1TaN
dwouile (Water holding capacity) Uivmumﬂmmﬁamaam
31N15U398n (Cooking Loss) ) Togvinstaiminideunsudu
pdsntuilusilussnuaugamnd  TnelWgamnilanans
leuszanas 70 ssrneaidea "8‘1\1LLa%ﬁuﬁﬂﬁ’lMﬁ}ﬂLﬁdﬂvﬂﬁugﬂ
findevdieniesn tethildundua %cooking Loss 91
s (wdnBududmdngereydmdn@ady X 100
(Uytterhaegen et al., 1994)
nMTATIEIANENINalUNIANeYYadaTe

(Antioxidant capacity) Tuiifelaundatugy vimsinsesily
Suiit 0, 5 uay 10 Ju ndnvieiileliFe Oxygen permeable foil
flgaumgdl 4 esmwaiea melduamasnlyl 1ae38 DPPH assay
P50 Wang et al. (2019) lagondanannisivians 2, 2-
(DPPH)
(DOPPH®) lusviazansievuea auldansazaneding flanunse

dipheny!l-1-picrylhydrazyl Judasveyyadasy
aandunadliffianuenady 517 wiluwes We DPPH vh
Uiiseniumsidvdsueyyadass
Wasuudmdes (Sharma & Bhat, 2009) dslunsiiasizsinds
i ilaedasedrailoun 2.5 n3u JuldasBenluansavaroem
uea 7.5 fadamsantuthluweuuaionveUssana 10 wi
ﬁqmmﬁﬁaq wardhumiesfinnudaseu 1,800 seusound uiu

a a
AVDIANIATAYHUNIL

10 w9 wddula 0.5 Jadans wivasluasazane DPPH 0.1

mM Tweniuea 3.5 Tadans welidtusasiulilunie 9
a v @ a 1 o a 1

gaunaiivies 1Wuian 20 Wil AeuluUsediuAnauanunsaly

Ferwalaangns

(1 - As/ Ad) x 100 18 As fila A1N15RANGTULES

nseNUaYYAdETE DPPH  Scavenging
activity (%) =
VBIIBEN Uay Ac Ao AINTIYANTULAIYBIHIAIUAN (Control)

nnTviinseendnduvedatiluioun vhnns
Anseiludud 0, 5 uar 10 Yu vdnieiiloliTlanmaii 4 oam
walea 1aeds Thiobarbituric reactive substances (TBARS)
AI5N15V09 Tarladgis et al. (1960) Tnedashedraieun
Uszanas 10 n$u inthndu 80 fadans uay 1 % 89 2, 6- Di-
tert-butyl-4-methylphenol (BHT) 1 faaams Uulmduie
meﬂummmm Homogenizer antiuthdnethsldadlumaon
ndu wdiBuansavane AN HCL 3 fadans uay Antifoam 3-4
ven thaeandudniaiesndu (Distillation) \ivansavanedils
91NM13NdU YRS 100 Taddns ﬁmﬁy’u@ﬂmﬁazmaﬁlvﬁ” 5
faddns aslunasnneass lAva1sazane 2 - Thiobarbituric acid
(TBA) Tunsmexd@fn 1 fiaddns worlindiu uanhludulusis
muAgAmMYiiTigamgd 95 samwaiea [unan 35 wil sels
Wuas udnhlufammsgandunasiirmenadu 532 il
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Wwes  AumUIuI Malonaldehyde (MDA) AAnTuan
nszurunseendinduradlasiu Tnedwuinaingns MDA (ug e
iledn 19) = Cx 0.144 iile C fio U3 MDA ildanns
UNIFUY

N13ATIENTeNANINERR ToUAIINNITMARBINUINIIATIEN
ANULUTUTIU (Analysis of variance) ATUUNUNITVIARBILUUFY
auysal waznAaoUAILUANAIIwesARaslngds Duncan’s
new multiple rang test (DMRT)
Tngldlusunsudniaguneada SPSS nan1snaaedayanmunm
Liiyaumt.ams[,usﬂﬁnaﬁaLLavmmmﬂamLﬂ?{aummmumaa
Aads uardeyamiuaunsalunmsiueyyadaszuaznisiin
aaﬂ%muﬁuaqlwuuamﬂuiﬂﬂ1Laammmauwmwummmu
A1 p < 0.05 AzfiNTAUNTIUANANEENTTIA Ay eadin

HaLaITAINANTIIY
panmdluiolaunsaiugy
an1sAnwIN1slinenseld sunasr oMWY a Y
wAnfasidolauadniugy Tutufl 0, 5 way 10 ndmafuinw
lolugungdl 4 ssriwaifea uandlu Table 1 wuhnsasumg
nszieuuns TaderiauaTng L* Aduns o erdimdes b
fnd Hue fnd Chroma wazein Cooking loss vaaiiiolaunsmi
5U (p < 0.05) Tnewuinguiliasunanszidouung 2 % de L*
tosninauitliildiadunagnaguiliain BHT daud o* wuiinis
WASHRINTHIBULANT 1 uay 2 % vhlsAndunsonielaundh
JugtanasdefisuiunduiilsilfiaSuuasnduiladu BHT dwsy
A1 b* wagAn Chroma wuimsiaiunansiisuuns vhlsend
widowuazaauduidventelaunsatuganasiiaifisuy
nauitlallfiasunanguiiada BHT Tnefsesumsiasuanniurh
Tardmdosuazauduivesdluidelauaanasunduly
sgminanstfiuidu @ Cooking loss naufliasunenszideu
1 %,

WAS?l 2 %, 0 % WazNgUALEIU BHT 31 Cooking loss

dindumudau Tuui 10 vdsnsiuineillelugamaiiiy

= L o ca g o oo o °
dvoatiednitoldudadenddglunisimunnmnin
veuilodninaznanduat iesanludadousniiinaneonis
snduladionteiilovesuilam veuiledinuunnseiuiuey
funanelade wu vilednd ey aeiug vilaveandaie Ju
fu nandfedveieiuandeiuesnld Yuegiu 2 Jadenan
Yadeusnde Armnudunsn-ae (pH) veuile Fevanedadi pH
gnvneunaanndniniauds dwdniadeife Usunauazaniuz
mandvessiaing (Pigment) fogluiilednd MiTendnlule
Tnadu (Myoglobin) (Mancini & Hunt, 2005) &adndu3niau
yaslulelnaduunnfagyhlidefdidunnn wu Weladiddunin

& | a v ao o ao = & o cza

eans dudndadendrAgiinuedveadedninasdi pH
wazn1siUdsuLUasa pH veailenainise lnsdveilendnas
Agdimnudunudlnensaiua pH Nannasueailonasn 6min

o & o ea o g v & aa v
pH aavinevauilednidangs vilvilegddidu (Bendall &
Swatland, 1988) n1sindvendeauisalszdulalaanisld
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anem wioldinIesdioTnd lnuodendnnisnnnsenuvesuas
(Reflectance measurements) (AMSA, 2012) JagUudleuld
33n153PANINTTULIEY SYUU CLE. (L*a*b¥) Faduszuuns
UssEnedLUY 3 47 lneuansandu L* o* uag b* ey L* 10u
A1ANEINN (Lightness) A10glutaa 0 89 100 nsdidn L* dien
19y 100 yneds @ne uad Ay 0 wuneds fla (Darkness)
Ad a* Jurdunsuasdilen (Redness/Greeness) Nsman a* &
Anduuinmuneds dung widn o* fanduau vaneds 8307
warAnd b* \JuAdindsuazdin@u (Yellowness/Blueness)
nslan b* Sanduvan muneds dwdes uadn b* danduau
waneds Bdu lunsneaesinisiasunansi ouuag vl
L* a* uaz b* ludsunansnas Feaenndesiunuiseves
Jung & Nami (2013) fiAnwnav8InsELs sULATLAZL1TUE
wiesfiduadedvoaievyuauaziieduia wuirarsade
nsuisuLAiler A L* o* uay b*luufiamumamﬁ"wm 9NN3
naaesinsanawesdseluiooradunauandt pH ves
ofanasanmsiatunnsyiou (Pastsart et al., 2019) lngan
pH fianasdinariilidveniiodaas (Bendall & Swatland, 1988)
dmsuen Chroma \Jusvsuenieaudusivesd (Saturation
index) ImEJL‘fjaﬁﬁﬁﬁﬂﬂﬁﬂW@Iﬁ]ﬁi@ﬂﬁLﬁ@ﬂ%@ AsdA1 Chroma
‘waa LLammmaummaummaaaaamn wﬂmuauaamimalma
Wnsednu s U mﬂmi‘vmaaauwummsmammmumEJU
une hlkaudusivesdanas mtoraiownainnisanases
A a* uay b* luiiielaun eo1adwaidosenuiianelaves
Huslan athalsinunisiasunanseis suunainavinlianns
qzyLﬁ&ﬁf’lLﬁ'aqmﬂmsﬂqqqﬂamaa Vil euniianudnih
(uiciness) envdwansesaduiavaiioun
MSAIUOYYADATLUAE smsiineendnuvedluiluielnuash
°?fugu

NAUDINSIEIUNINSELS BUUASH ALENInSalunSA Y

a

oyyadaszvosmantasiielaundatugy lutuil 0, 5 uay 10 s
mmﬁu%’nmﬁﬂuqmmﬁ@u sawandly Figure 1 WU NSLATHRS
nsvdsuundlusydusing q Flienuaansolunsdueyyadasy
veailafistusgeifodiameedn (o < 0.05) eiieuiungui
il ieSuuaznauiiada BHT Tnsluiudl 10 udsmadusnviielu
gamnidulunguiltaSumsnssiiou 0%, 1%, 2 % warnguidsy
BHT fenawanansolunisiueyyadaszveswandusidelaun
Winu 43.54 %, 77.15 %, 82.25 % Waz 53.64 % ANEWIU EWM5U
ﬂ'maﬂ?zjLﬂi}"usuaﬂmﬁ’wmwﬁmﬁmeﬁlﬂf@lﬂmé’mﬁugﬂ Tuud 0, 5
way 10 vdsmafusnuiiolugamnidu wandu Figure 2 wuiilu
Fuil 0 uag 5 wé’mmﬁu%’mmn‘faiuqmmﬁLs‘ju nsiAneendindu
vodlusfuveaiiauannnaaliuandietu (p > 0.05) agdlsfinly
Fuil 10 wuirmsiinoendinduvedlusiulud ounngadiaduns
navBUWAIAY BHT Setfasniinguamuns (p < 0.05) Tenguil
VA3 RINTZIE Y 0 %, 1%, 2 % LaznguLEy BHT fdneendindu
vpsludiu windu 1.82, 1.44, 1.20 uaz 1.28 (Mu8A0 pg MDA/ g

meat) USHU
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o o

msineenBinduvetluiuluideuanvniddiyiivin

T dousendnsnsinnidodnigydonmnm esanidodnis
lushuduasdusznouldgeluogifuriinuoswansae dmaril
winsardodnigqdenssanfuazguainislaguinig
(Morrissey et al,, 1998) n1siinoandinduvadlasiy tinan
oyyadasyiiilunszduwhlilafuludofaniseondindu
ogslsAmuieulesiiueysadaszvosdaidianiig 4 aunso
Ueafunsiineendindulasnsiilusueyyadass 9nsieany
999 Song et al. (2010) waz Yao et al. (2010) wuna@stwan
uealusswi dwwalifiansaueulediuoyyadassves
AwfidAineng q tuundy Tunsmeaesiinisiedumanssidouuns
vlsauaninsalunsiueyyadassluioundiiuiu e1aifa
nansindiluealasiamzansmnueulsleivlupennszis
uuAs (Tsai et al,, 2002) idswaliidouninruannsaluns
Fueyyedasuifisnnntu uwiegislsfimalurasuaniivhnsi
fnwuilelaun naineendinduresluiuluusasngulaifini
wanA1si e NHTEdAYNSERA widlavudnuiifelauasiou
10 10 Yu wudnguitfinsiaiunenssidsuunauazans BHT &
nsiineandiaduvedluiiuanas Feenatinainmnuansalu
N3PNUBYYAATEAIMNAIFTIUNRUALATHUATIER FIvzae

Table 1. Quality of beef patties formulated with roselle (Hibiscus sabdariffa L.)
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nsiinesndiaduvedluduluid olauadl atfusnu i du
AU

a3Unan1sIvY

MaasRInsTAsULAsiisEau LAy 2 % Tudelaun
Sadugd vhliend L¥ o, b* uag Chroma (M3duaesd)
anas Jeenaiinaauredvosndnine Tnsenvdsmasondnuils
wolalunindendovesusing usodrslsfniuninadung
nszSuunsdinavilfensgadetnidesnnsussananas 7
odwmafrosadutavonidoualashliidovatarudithn
Fu uenanimaiadunansiieuuasdailinnuaunsoluns
fueyyadasrludelavafinduluszwininiubu waslu
fuft 10 vosmafudu nisieduranssSuuaAIarNIASLANS
BHT Suavhliinisifineendndunedlasiuludeunanas snai
nauitliiady ddunaaSunanssdsuunduielaunsniugy
919te8noglunisifivinulisniuutu Tnefiuanuause
Tumsiueyyadassuazisvzasnisiineondinduvedlusiuly
\ilolaundntugy

powder during cold storage

lterns Roselle level (%) o SHT S _—
0 1 2 .2 g/Kg)
L* Day0 42.49° 39.21° 37.37° 45.38° 0.96 <0.01
L* Day5 44.97° 40.11° 39.84° 46.45° 0.89 <0.01
L* Day10 44.85° 43.71° 41.63° 44.36° 0.46 0.03
a* Day0 13.94° 6.41° 5.56° 12.89° 1.14 <0.01
a* Day5 10.14° 5.22° 4.68° 9.60° 0.75 <0.01
a* Day10 10.27° 3.98" 4.88° 11.09° 0.97 <0.01
b* Day0 16.49° 8.90° 4.88° 16.51° 1.52 <0.01
b* Day5 15.90° 8.93° 4.44° 15.90° 1.48 <0.01
b* Day10 14.00° 6.97° 4.19° 13.22° 1.26 <0.01
Chroma Day0 21.60° 10.97° 7.41° 20.95° 1.87 <0.01
Chroma Day5 15.90° 8.93° 4.44° 15.90° 1.48 <0.01
Chroma Day10 14.00° 6.97° 4.19° 13.22° 1.26 <0.01
Hue Day0 0.87° 0.95° 0.72° 0.91%° 0.03 <0.01
Hue Day5 1.00° 1.04° 0.76° 1.03° 0.04 <0.01
Hue Day10 0.94° 1.05° 0.71° 0.87° 0.04 <0.01
Cooking loss (%) Day0 32.03° 27.42° 23.66° 31.09° 1.03 <0.01
Cooking loss (%) Day5 31.35° 27.36° 21.52° 29.90° 1.16 <0.01
cOokmg loss (%) Day10 30.54° 26.53° 23.36" 34.33° 1.28 <0.01

“dWithin a row, mean values with different superscripts differ significantly at p < 0.05.

YSEM = Standard error of mean
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Figure 1 Mean values of antioxidant capacity (%) of beef patties by DPPH assay in respect of formulation treatment (T1: 0 % roselle powder, T2: 1 % roselle
powder, T3: 2 % roselle powder and Td: BHT 0.2 ¢/Kg meat). Error bars represent standard deviations. ““Mean values within same time of storage with a different

superscript are significantly different at p < 0.05.

25 1

5 b
1.5 7 l Tl
aT2
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——

Figure 2 Mean values of lipid oxidation (g MDA per g meat) of beef patties by formulation treatment (T1: 0 % roselle powder, T2: 1 % roselle powder, T3: 2
% roselle powder and Td: BHT 0.2 ¢/Kg meat). Error bars represent standard deviations. *"Mean values within same time of storage with a different superscript

are significantly different at p < 0.05.
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ABSTRACT
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This experiment was aimed to study the effects of roselle powder on the quality,
antioxidant capacity and lipid oxidation of beef patties during cold storage. The beef
Longissimus dorsi was ground and divided into 4 groups with 3 replicates in each group:
1) ground beef formulated with 0 % roselle powder (control) 2) ground beef formulated
with 1 % roselle powder 3) ground beef formulated with 2 % roselle powder and 4)
ground beef formulated with Butylated hydroxytoluene (BHT) 0.2 g/kg. Then beef
patties were made, wrapped and displayed at 4°C for 0, 5 and 10 days. The results
revealed that beef patties formulated with roselle powder groups had a significantly
lower in L*, a*, b*, Chroma and cooking loss, whereas antioxidant capacity was
significantly higher than control and the BHT group (p < 0.05). In addition, it was
observed that at days 0 and 5 of cold storage, lipid oxidation of beef patties was not
significantly different among treatments (p > 0.05). However, at day 10 of cold storage,
lipid oxidation of beef patties formulated with roselle powder and BHT groups were
lower (p < 0.05) than control. From the results, it can be concluded that roselle powder
supplementation may have a negative effect on the color of beef patties but helps to
improve the water holding capacity and extend the shelf life of beef patties by increasing
the antioxidant capacity and slowing down lipid oxidation of beef patties.
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+4.4% YOY
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Figure 1 Overview of International Trade in Thai Textile and Garment Industry July 2022.
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Fiber carding

Figure 2 Sketch of semi-automatic synthetic carding machine.
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Fiber carding

Figure 3 Prototype semi-automatic polyester fiber carding machine.
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Table 1 Comparison details between the original semi-automatic carding machines with traditional production (man labor)

Traditional production

Properties Prototype semi-automatic polyester fiber carding machine
(man labor)
1. Performance 8 — 12 kg/hr 42.4 - 51.40 kg/hr
2. Power consumption - 71 - 95 Watt/kg
3. Type of technology used Man labor Semi-automatic
4. Turnkey manufacturing
opportunity level Do not have Have
/ machine integration
5. Safety system Do not have Have
6. Key technical highlights Folk wisdom Machine technology

7. Operating cost
8. IRR / Payback period -

9. Commercial price

300 baht/person/day x 5 persons

500,000 — 700,000 baht

150 baht/day
2 years
250,000 - 350,000 baht
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ARTICLE INFO

Article history ABSTRACT

Received: 22 May 2023 The purpose of this research was to design and build a prototype of a small semi-automatic
Revised: 25 June 2023 synthetic fiber carding machine. The main issue in the production process for the textile industry
Accepted: 25 June 2023 in the production of pillows and blankets by the community enterprise group, Pumpkin Pillow
Online published: 28 June 2023 Group, A.S.M., herbal pillow for health, has been reduced. The group is situated at No. 21, Village
Keywo rd No. 1, Bahn Lade, Tambon Sree Souk, Ampoeu Kanntharavichay, Maha Sarakham Province.
N?Ck pillow During the process of carding synthetic fibers, a semi-automatic carding machine, sized 142 x 229
Pillow X 130 centimeters, was used. The machine was easily movable. Various factors of the machine
Polye_ster . were tested, including the spin speed of the spinning set, which was set at 4 levels: 250, 300, 350,
Card!ng machine and 400 rpm. The test results were included the following: 1) Workability: the working capacity
Carding roller was found to be 42.4+0.8 - 51.4+0.5 kg/h. 2) Work efficiency: the machine exhibited an efficiency

0f 92.5+0.69 - 97.1+1.34 percent, depending on the set winding roller speed. 3) Fiber density: the
density of carding fibers was measured in grams per cubic centimeter. From the test, it is observed
that increasing the roller speed results in higher work performance and increased fiber density.
However, it also leads to higher energy consumption, ranging from 71.4+0.5 to 94.8+0.4 watts per
kilogram. Moreover, compared to human labour, the prototype semi-automatic synthetic carding
machine demonstrates the ability to work 5 times more efficiently, effectively reducing the need
for 3 workers. This reduction in labor costs amounts to 180,000 Thailand Baht, while the increase
in sales revenue reached 270,000 baht per month, compared to the original 120,000 Thailand Baht.
This presents a revenue increase of 2.25 times. The machine's break-even point is estimated to be
2 years.
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Artic_le history ABSTRACT

Received: 25 March 2023 The purpose of this study was to develop a growth forecasting model for Stocker
Accepted: 28 June 2023 Cattle Producers. In the long yearling (12-24 months) breed, only Brahman X
Online published: 29 June 2023 Charolaisand Brahman X Thai native were selected, all of which are 50 % breed
TKh?i"t’)Vezfr é’ame (F1) from 17 Sub-Districts in Muang District, Phetchabun, Thailand. There
Growth rate and body weight were three different forecasting model methods: 1) Extreme Learning Machine
Evolutionary-ELM (ELM); 2) Weighted- Extreme Learning Machine (Weighted ELM) and 3)

Differential evolution

Linear recressi Evolutionary- Extreme Learning Machine (ELM). The surveyed data were
gression

taken through the Feature Selection process to select factors affecting the
relationship between feed intake, along with the growth rate according to body
weight during the month. The recording data was then used to create a
forecasting model to create an estimate of the weight of beef cattle that is close to
the best growth. The results indicated that Evolutionary-ELM was able to gain
weight during the 19th months on an average of up to 500 kilograms after the
cattle were fed continuously until the 24th months. The prognostic results of
Brahman X Charolais beef cattle could be predicted as an average weight of
604.088 kilograms an error at R2=0.9327, with growth rate Y=30.562x-129.40,
RMSE=0.130, MSE=0.107. Brahman X Thai native beef cattle could be
predicted for 509.982 kilograms an error at R2=0.9706, with growth rate
Y=28.098x-164.37, RMSE=0.117, MSE=0.083. The Evolutionary-ELM
algorithm learns and adjusts the weights to optimize the best results for each
month's growth period, which reduces the problem of margin, keeping the
distance not too high or too low. It can be used as a model for raising large beef
cattle weighing 550-650 kilograms, allowing farmers who are interested in beef
cattle farming to compare the model with their decision-making.

Introduction with the development of the production potential of

Thailand's current livestock production each farm, (Krasachat, 2008) and farm location in a
system faces a competition for natural resources Variety of agricultural areas, that can select various
(Steinfeld et al., 2006), growth competition to keep ~ raw materials for food to reduce costs considerably.
up with the demand for beef consumption along  In addition, farmers must also know which system
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to raise, therefore, they could select the appropriate
cattle breeds and methods for raising beef cattle in
the tropics. Such environment is a key factor that
affects the tradition of livestock, agriculture, and
agricultural products. It determines what kind of
farm should be. Beef cattle farms in each Sub-
district of Mueang Phetchabun District are different
according to the area conditions. It largely depends
on the capital that the farmers can invest in food,
whether roughage, concentrate, natural plant foods
(Ogino et al., 2016). Furthermore, beef cattle
feeding needs to be calculated according to age - the
most suitable age range, including controlling the
temperature, humidity, internal cooling airflow of
the farm or house. These factors directly and
indirectly affect beef cattle (Khunchaikarn et al.,
2022).

100 percent European breed with large size
tends to be raised in hot and humid climates.
Originally, they were accustomed to cold weather
which directly affects the slow growth. Therefore,
there the breed must be crossed with Thai beef cattle
that are resistant to hot weather and insects in order
to bring their strengths of each breed to improve into
breeds of beef cattle that can withstand the
environment of Thailand (Na-Chiangmai, 2002).
The Angus Beefmaster Wagyu breed is commonly
used as a breeder and bred with Thai native, which
becomes a mixed breed between Brahman X
Angus, Brahman X Charolais, Brahman X Thai
native, and Charolais X Thai native (Bunmee et al.,
2018). There are also Thai Brahman X Simmental-
Brahman (Kabinburi Beef Cattle), mixed breeds
raised in the eastern part of Thailand, and supported
from the Department of Livestock Development
and the Association of Beef Cattle Farmers in
recommending weight gain during the yearling (12
to 18 or 20 months), and long yearling (12,18 to 24
months) (Boonprong et al., 2008), which the body

weight should be 500 kilograms or more
according to the criteria for not being forced the
price down when selling and to meet the export
demand for the modern market, including
expanding the market to the premium market
(Osothongs et al., 2016).

Extreme Learning Machine (ELM) is based
on Least-Square Mathematics on architecture
structure of Single Hidden Layer Feedforward
Networks (SLFNs). It can be used to solve
estimation problems, regression problems, or to

create classification models. Therefore, the aim of
this study is to generate a high-scoring regression
estimate model from a simple and fast workflow.
The experiment consisted of 3 algorithms: ELM
(Huang, et al., 2006), W-ELM (Zong et al., 2013),
and E-ELM (Zhu et al., 2005) with data on stocker
cattle producers of Brahman X Charolais and
Brahman X Thai native during the long yearling
period of 12-24 months including predicting the
body weight of beef cattle to be 500-600 kilograms
or more which is the appropriate body weight for
sale. Also, it was to provide and together with the
production of crossbred beef cattle between foreign
breeds and native breeds that are becoming popular,
is the use of machine learning, estimation,
forecasting, and growth in starting to raise beef cattle
aged 12-24 years to be ready for local and
international market demands, including farmers
who are interested in beef farming have used the
comparisons from the model to make the decision
(Osothongs et al., 2016).

Materials and methods
Data collection of beef cattle in Phetchabun
Province

Beef cattle data collection was conducted
using a survey on beef cattle production and
utilization in beef cattle farm management. In 17
Sub-Districts with 221 villages in Muang District,
Phetchabun Province (Figure 1) features of beef
cattle breeding consist of 55 attributes, surveyed
by Animal Science students (purposive sampling)
(Boyce & Neale, 2006), Department of Animal
Science, Faculty of Agricultural Technology and
Industrial Technology, Phetchabun Rajabhat
University, from March 2020 to April 2022.
Raw data obtained from a survey of the number
of raising foreign breeds of beef cattle such as
Angus Beef Master Brahman Charolais for being
breeders revealed that some farms still have a
small amount of Wagyu beef cattle, Thai native
beef cattle, and hybrids raised for use in small
farms. It indicates the size of the farm, production
volume, and export demand. It can be noted that
the most popular breeds of beef cattle are
Brahman X Charolais and Brahman X Thai
native crossbreds. The data are divided by district
in Table 1.
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Figure 1 Map of Mueang Phetchabun District, Phetchabun Province

District
Nangua
Chonprai
Huaisakae
Palao
Rawing

Huaiyai

112 Wangchomphu
@13 Tapol
@14 Sadiang
@15 Naimuang
@16 Nayom

17 Bantok

Table 1 Population of beef cattle (12- 24 months old) in 17 Sub-Districts, Mueang Phetchabun District Phetchabun

Province
Ang Beef Brahm Brahm Brahm Brahm Charol Charol Hin Thai Wag All
us  Mast an an an an X ais ais du  nati yu
District er X X Thai X Braz ve
Angus Charol native Angus il
ais

Bankhok 0 0 3 0 85 46 0 0 10 22 0 166
Bantok 14 14 0 0 7 0 17 0 0 1 0 53
Chonprai 0 0 2 0 44 8 0 0 5 26 0 85
Dongmoon 4 0 0 5 71 0 0 0 5 12 0 97
lek
Huaisakae 2 11 6 0 158 186 25 0 49 14 0 451
Huaiyai 0 0 0 0 80 0 23 0 1 0 0 104
Naimuang 0 0 1 0 35 0 0 0 3 0 0 39
Namron 0 0 0 0 111 0 2 0 0 38 0 151
Nangua 0 0 0 0 108 0 0 0 3 53 0 164
Napa 0 0 0 0 26 0 0 0 4 15 0 45
Nayom 0 1 0 0 70 0 32 0 0 21 28 152
Palao 0 0 0 0 296 20 44 0 4 26 0 390
Rawing 1 0 10 0 105 132 0 0 42 18 0 308
Sadiang 0 0 0 0 5 7 0 0 0 3 0 15
Tabo 1 0 0 0 211 126 2 14 13 30 0 397
Tapol 5 0 0 0 207 14 10 0 23 38 0 297
Wangchom 0 0 73 0 47 12 2 0 14 15 0 163
phu
All Beef 27 26 95 5 1,666 551 157 14 176 332 28 3,0

77

Extreme Learning Machine (ELM)

Extreme Leaning Machine is one of
Machine  Learning on least-square
computational foundation architectures with
single-hidden layer feedforward networks
(SLFNs) (Huang et al., 2006), starting with

input to the Input layer, and learning sample
that is made as a parameter represented by x,,
according to each data. Input is calculated
with learning rate obtained and adjusted to
weights W; ;. Bias value g; is automatically

defined and sent to hidden layer H =
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[h(x,); h(xy);, ..., h(x,)] without
parameterizing the hidden layer output (with
L nodes) can be parameterized with the
activation function g(x). It results in the
optimal weight g; , without iteration once it
reaches the output layer. The result is in the
form of vector according to the number of
target vector T, making the answer more
accurate, and transfer function changes from
linear and nonlinear, Equations (1).

HB =Tor |HB =T| =0 6
Weighted Extreme Machine
(Weighted ELM)

Weighted adjustment in weighted
learning between the majority class and the
minority class is designed to be used in
handling imbalanced data distribution. It was
improved from Extreme Learning Machine to
be more efficient in classifying imbalanced
data passing the training data to x; value. If
the calculation result of x; has the minority
class, weights for x; would be added to give
more weight. However, if the group belongs
to the majority class, w;; weighting would
decrease. Resolving this problem would
bring about a balance between the two data
groups (Zong et al., 2013), including
optimization of weights in multiplication
between diagonal weight matrix.

Learning

-1
HT (1 + WHHT) WT when N < L
B=H'T= ¢ @)

-1
(g + HTWH) WH'T whenN > L

Evolutionary-Extreme Learning Machine (E-ELM)

The operation of ELM algorithm
randomly selects input weights and Bias is
spent most of the time calculating and
adjusting the parameters and recording the
value when learning is completed in each
cycle. Such operation may include output
weights in response with Bias that may not be
appropriate or necessary for learning,
including adding more hidden nodes for
tuning. This results in slower performance of
the ELM algorithm (Huang et al., 2006). This
flaw requires improvement in the addition of

hybrids, Differential Evolution Algorithm
(DE) (Storn & Price, 1997), and Moore—
Penrose Generalized Inverse (Thapa et al.,
2018).

First: a population is defined. Each
individual in the population consists of a set
of input weights and hidden biases: 8 =
(W11, Wi2s- o, Whg, oo, by, by, ..o, ] all wy;
and b; values are randomly initialized within
the range of [-1, 1].

Second: Each individual is set to
weights and its Bias is calculated analytically
using MP generalized inverse. As is done in
ELM B = H'T (Ghosh & Verma, 2003)
instead of iterative tuning and sending to the
output weights. Then, fitness of each
individual is evaluated which Cost Function
(E) calculates Evaluation metrics root mean
squared error (RMSE).

©)

E= \/27—1”25(—1ﬁié:n(‘i/;xj’fbj)-fj||§ )

Third: After calculating Fitness, 3 steps
are used in DE: mutation, crossover (CR),
and selection. During selection, individual
parameter (NP) are compared with the
original vectors. Once the vectors gain better
fitness values, they are passed to the next
generation (G) (Zhu et al., 2005) so that the
neural network training include the fitness
values (validation RMSE) into the selection
process with the norm of output weights || 3]
(Bartlet, 1996). When the fitness values are
slightly different for each individual, the
weighted result is chosen as the new
population 6; ;1.
Activation function in Extreme Learning
Machine

For activation function, the
mathematical theory is applied to the hidden
layer output vector L dimensionality is
passed to the parameters (a;, b;) in the
hidden layer node function h(x); =
G(a;, b;, x) (Huang et al., 2006), Values are
generated randomly based on a continuous
probabilistic distribution of data in order to
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follow a planned learning style. Optimization
provides classification with the trade-off
constant (C ) (Zong et al., 2013) and F, CR
and NP Function (Zhu et al., 2005).
Calculating the hidden layer in S values
before passing to the output layer increases

the distance between small data to be similar
in width to large data for learning. The
equation for activation function to linear
function, nonlinear function, and continuous
data (Huang & Babri, 1998) is as follows:

Table 2 Activation function in ELM, Weighted-ELM, and Evolutionary-ELM

Algorithms AC“V?“O” ¢ F CR NP Equation Ref
Function
ELM Sine G(a,b,x) = sin(q + 2p) 4)
1
i i G(a,b,x) =
Sigmoid ( ) T+ (=@ x+ D)) (5)
I _(lifa-x—b =0
Hard limit G(a,b,x) = {0 otherwise (6)
Triangular Basis G(a,b,x) = tribas(N,FP) @)
22- X=X
W-ELM Radial Basis 28 G(a,b,x) = exp (u> (8)
202
2.
Linear 38 G(a,b,x) = f(x) =a+ bx 9
E-ELM - - 0.3- 05- 50- E
0.8 1 130 2
Jzyﬂnzﬁlmm X+ b)) - g5 (10)

m XN

C= trade-off constant C, F= fitness function, CR=crossover rate, NP= Individual Parameter.

In this experiment in Figure 2 we
focused on Stocker Cattle Producers for sale
during the long yearling 12-24 months by
selecting the population from the total
number of beef cattle from 1-60 months. We
selected 1,666 Brahman X Charolais beef
cattle from the total data, leaving only 1,170
during the long yearling period, with data
sharing of Train 930 (80 %), Test 234 (20 %),
and 503 from 551 Brahman X Thai native

crossbred cattle, with data sharing of Train
401 (80 %) and Test 102 (20 %). Both are 50
% breed (F1), with up to 90 %, 75 % breed
(F2) for 7.2 %, and 87.5 % breed (F3) for 2.8
% which is the most numerous in almost
every Sub-district from 17 Sub-Districts
(Table 1) due to the support between the
Department  of  Livestock, = Mueang
Phetchabun District.
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Data Integration and normalization

Selection of beef cattle data between Yearling 12-24 months
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Figure 2 Flow chart of the research methodology.

Results and Discussion
Feature selection beef cattle data for training
data

A total of 55 features in the dataset has
been brought through the feature selection.
Some features are not relevant to the data and to
select correlated features through multivariate
filter methods (Labani et al., 2018), with greedy
stepwise selection, selecting predictor variables
in forward and backward searches. All three
methods were predictive variables with
correlation that is suitable for prediction and
regression, started by taking the training dataset
through the python sklearn function and
matplotlib, the most important features would
be selected in forward, kept in S. Then, it is
examined in order to find the backward

relationship T, to find the highest score not
more than 1 to be used as a feature option,
calculate with the number of features and the
entropy value used for analysis was (1 —
1/e) > 0.67.

The results of the three algorithms showed
that the greedy stepwise selection method was
able to select 17 correlated and appropriate
features, 24 features for forward selection and
25 features for backward selection, respectively.
Furthermore, the feature selection was used to
analyze the efficiency as well to test for
accuracy. The accuracy of the prediction model
was 0.914, 0.830, and 0.811, respectively.
Therefore, the greedy stepwise feature selection
method was most suitable and the selected
features are summarized in Table 3.
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Table 3 Multivariate filter selection feature importance methods

Data type

Feature name

Farm_rising, Grass_area, Farm_system, feeding_time, Green_roughages,

Continuous (10 Features)

BodyWeight
Discrete (3 Features)
Nominal (4 Features)

Dry_roughages, Ensile_roughages Concentrate, Growthrate_Month,

District, Experience, TMR
Vaccination_Deworming, Disinfection_system, Mineral, Water

Result of Extreme Learning Machine and
Weighted-Extreme Learning Machine
According to weight prediction of beef
cattle using ELM, both breeds are grown-up,
having an initial weight of 200 kilograms.
Data are consolidated from 18 to 21 months.
Learning with 4 activation functions.
Prediction equation Y =bx+a ,
which the dependent variable is Y, the
growth weight x is the independent variable
that the period of raising long yearling is
from 12-24 months, b is the slope, which is
a value indicating a change in growth rate
for 1 month/weight of beef cattle. It would
change according to month/weight. This is
called regression coefficient, a is a constant,
also known as the y intercept, when x
equals 0. All results shown in this paper has
been displayed as scatter in linear
regression. Figure 3 ELM Sigmoidal
Function (A) Brahman X Charolais beef
cattle had R?=0.7222, Y=30.49x — 235.450.
When fed until the 24" months, an estimated
weight would be 496.31 kilograms, which a
weight cannot be no more than 500
kilograms. ELM Sigmoidal Function (B)
Brahman X Thai native beef cattle
R2=0.7652, Y = 21.861x-98.381 are fed up
to 24 months, a weight would be 426.283
kilograms but were scattered quite a lot.
Therefore, ELM algorithm has been
optimized. In case of unbalanced data with
trade-off constant (C) from 22 to 28
calculated with RBF and linear Kernel,
Weighted-ELM can produce more good
weight and the distribution rate has
decreased to some extent. The best result for

this algorithm is linear Kernel C=28 (C) for
Brahman X Charolais R? = 0.7524,
Y=27.916x — 164.78 a weight would be
505.204 kilograms, and linear Kernel C=28
(D) Brahman X Thai native R? = 0.7914,
Y=25.255x — 142.97 a weight would be
463.16 kilograms.

Result of Evolutionary Extreme Learning
Machine

Optimizing beef weight with E-ELM is
a more complex process than ELM. It is
calculated according to Differential
Evolution (DE). Individual parameter (NP)
vectors {0, ;i = 1,2, ..., NP|} were adjusted
according to the population in each
generation (G) to find appropriate input
weights and optimal hidden biases (Zhu et
al., 2005). Thereafter, output weights are
calculated with MP generalized inverse,
including iteration and mutation for each
model until the answer was appropriate.
Target vector is assigned based on the
mutation V; ¢ 4.

Parameters of differential evolution
(DE) used in E-ELM are set according to the
Brahman X Charolais 234 and Brahman X
Thai native by 102 points. Parameter of
fitness function (F) is used to control
differential variation; CR Parameter for
adjusting crossover; and G Parameter for
adjusting the number of generations, starting
at 1 and 0.8, respectively. With every
simulation, individual parameter (NP) is
gradually increased and the best effective
result is selected as the final result. All
results shown in this paper are plotted as
linear regression.
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(A) ELM: Sigmoidal Function. (B) ELM: Sigmoidal Function.
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Figure 3 Results of the prediction on ELM Sigmoidal Brahman X Charolais (A) ELM Sigmoidal Brahman X Thai native (B) compared
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Figure 4 Results of E-ELM CR=0.8, NP=90, G=14 Brahman X Charolais (A) Brahman X Thai native (B) compared
CR=1, NP=110, G=27 Brahman X Charolais (C) Brahman X Thai native (D) and CR=0.9, NP=130, G=35 Brahman X

Charolais (E) Brahman X Thai native (F).

Comparison results between ELM, Weighted-
ELM, and Evolutionary-ELM

It can be noted that the growth
forecasting models of Brahman X Charolais
and Brahman X Thai native beef cattle are
compared with 3 models, starting from 4
calculation packages of ELM activation
function. Poor results showed in linear growth
rates with the lowest R2 and Y values.
Weighted-ELM 2 activation  function
algorithm with control parameter to optimizing
trade-off constant (C) started from 22 until 28
Linear Kernel Brahman X Charolais R2
between 0.7801 — 0.8510, and Y was at the
level of 24.87x — 255.011 until reaching
29.514x — 106.05 - a slight increase. But
Brahman X Thai native, the mathematical
model gained a better value due to the small
size of the test data, Evolutionary-ELM and
could adjust many kinds of parameters making
the experimental results came out very well.

Yet, there is a limitation, if the parameters are
adjusted too much, it would cause over fitting
for both Weighted-ELM and Evolutionary-
ELM algorithms. All experimental results are
shown in Table 4. Basic metrics for measuring
the performance of the 3 algorithm models, R2,
RMSE, and MSE are shown in Table 5.
Time Summary of results for ELM, Weighted-
ELM, and Evolutionary-ELM

The time benchmark in seconds
demonstrated the ability in learning data from
the training package. All algorithms did not
have much difference in learning time, about
1-2 seconds. It would take more time for the
test dataset to adjust weight in Weighted-ELM
for both breeds, as well as the weight
adjustment from evolution. From adjusting
fitness crossover to get the best generation, it
took quite a lot of time but gave the best results.
Therefore, the time efficiency depends on the
adjustment of control parameters.
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Table 4 The results of linear regression depend on the correlation of the predictors
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Models  Activation Control Parameters Brahman X Charolais Brahman X Thai native
Function C E CR NP R2 Y R2 Y
ELM Sigmoid - - - - 0.7222 30.49x — 235.450 0.7652 21.861x —
98.381
. - - - - 0.5849 0.6718 13.241x -
Hard limit 24.262x - 238.916 139.221
Sine - - - - 0.6810 21.982x - 220.733 0.7543 21.861x —81.81
Triangular Basis - - - - 0.7047  22.392x — 248.87 0.7276  23.03x - 79.692
2 R - _
Linear Kernel 2 0.7801 24.87x — 255.011 0.7655 ggéggx
. 4 R - -
W-ELM Linear Kernel 2 0.8171 24.723x - 219.77 0.8052 ggégix
8 - - - —
Linear Kernel 2 0.8510 29.514x —106.05 0.8256  25.958x
114.05
22 - - - 0.7519 0.7093 26.12x —
RBF Kernel 30.65x — 210.318 167122
24 - - - 0.7807 0.7276  34.824x -
RBF Kernel 29.215x - 291.823 251371
8 - - - -
RBF Kernel 2 0.8291 23.213x - 268.732 0.7486 gfggx
- 03 05 50 0.8301 0.8823 22.614x —
- 28.21x — 251.674 165.54
- 04 08 70 0.8604 0.91 25.128x —
- 28.544x — 223.24 132 441
E-ELM - 05 08 90 0.8974 31.962x-199.530 0.9423  26.455x —
181.02
- 08 1 110 0.9250 0.9579 26.974x —
- 30.727x — 156.42 160.37
- 0.8 09 130 0.9327 0.9706 28.098x —
- 30.562x — 129.40 164.37

Table 5 Parameters and statistical results obtained from the regression analysis

Models  Activation Control Parameters Brahman X Brahman X Thai native
Function Charolais
C F CR NP R? RMSE MSE R? RMSE MSE
ELM Sigmoid - - - - 0.7222 0.834 0.741 0.7652 0.619  0.560
8
\é\ll_-'vI Linear Kernel 2 - - - 0.8510 0512 0.449 0.8256 0.373 0.122
E-ELM - - 0.8 09 130 0.9327 0.130 0.107 0.9706 0.117 0.083
Table 6 Training and testing time of ELM, Weighted-ELM, and Evolutionary-ELM
Models  Activation Control Parameters Brahman X Charolais Brahman X Thai native
Function C F CR NP Training Testing Training Testing
Time Time Time Time
ELM Sigmoid - - - - 14.3589 s 15.0526 s 10.1198 s 12.0934 s
Hard limit - - - - 13.2406 s 14.6078 s 9.3537 s 13.9845 s
Sine - - - - 13.0731 s 13.0996 s 10.4324 s 13.0554 s
Triangular Basis - - - - 13.4812s 16.8796 s 7.9864 s 12.3788 s
Linear Kernel 22 - - - 16.9811 s 230.2409 s 10.7426 s 135.8208 s
4
\é\I’_'M Linear Kernel - ) ) 15.2644 s 291.0184 s 12.3478 s 142.8494 s
Linear Kernel 28 - - - 14.0092 s 218.3181 s 11.9657 s 102.3601 s
RBF Kernel 22 - - - 18.0901 s 232.0067 s 12.0984 s 233.0361 s
RBF Kernel 24 - - - 12.3981 s 323.2617 s 12.5712s 202.8940 s
RBF Kernel 28 - - - 14.9609 s 350.6311 s 12.7573 s 224.8405 s
- - 03 05 50 14.0424 s 719.2998 s 16.0970 s 535.3501 s
- - 04 08 70 13.9451 s 752.4310 s 13.0912 s 501.2128 s
E-ELM - - 05 08 90 15.0381 s 810.9812 s 12.7811 s 556.7491 s
- - 08 1 110 14.8419 s 819.2317 s 13.1372s 550.1275 s
- - 0.8 0.9 130 15.6323 s 822.0912 s 12.9539 s 601.9523 s
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The purpose of this study was to develop an
efficient growth-based beef weight equation for
mixed beef cattle raised in tropical regions and
growth forecasting model of stocker cattle
producers in long yearling (12-24 months), using
three modeling algorithms which are ELM,
Weighted-ELM, and Evolutionary-ELM. The
data collected in the survey area consisted of 55
features that affected farming. This was taken
through the feature selection process to find
relationship of true hidden subset from
multivariate filter methods. Factors affecting the
growth of 17 features were found and it was
divided into learning data 80 % and testing data
20 %. After that, ELM, Weighted-ELM, and
Evolutionary-ELM  neural  networks  were
imported. Dot answers were plotted to linear
regression.

The growth model forecasting results ELM
calculated Activation Function found that Sigmoid
Function predicted Brahman X Charolais
crossbred beef cattle, from the forecast of the start
of rearing from the 12th months to the 24th
months, 496.31 kilograms can be predicted. The
growth forecasting equation coefficient of
determination R2= 0.7222, Y=30.49x — 235.450
Brahman X Thai native beef cattle R2 0.7652. Y =
21.861x-98.381, fed up to 24 months produces a
weight of 426.283 kilograms, which was still
unable to establish a good predictive model and
statistically acceptable. The Weighted-ELM
algorithm optimized ELM in case of data
imbalance between 2 breeds. Weighted-ELM
Linear Kernel calculation C=28, Brahman X
Charolais was predicted about 602.286 kilograms.
R2=0.8510, Y = 29.514x — 106.05, Brahman X
Thai native R2=0.8256, Y= 25.958x — 114.05 was
predicted 508.942 kilograms. Low coefficient of
determination would be very problematic to
predict the response variable with greater accuracy,
and there was also a high weight distribution.
Therefore, Evolutionary-ELM was used based on
the theory of Differential evolution and MP
generalized inverse were computed for fitness, and
the improved vectors in each were mutated
vectors, compared with the original vector to have

better fitness values. It resulted in scatter and new
population with better fitness values. This also
resulted in the good growth rate of weight. 35
generations were adapted, Brahman X Charolais Y
= 30.562x - 129.40 during the 20th months would
be 481.84 kilograms of body weight. When fed
continuously until the 24th months, it could be
predicted an average weight of 604.088 kilograms,
which had the best value R2=0.9327,
RMSE=0.130, MSE=0.107. Brahman X Thai
native Y=28.098x - 164.37 could be predicted for
509.982 kilograms R2=0.9706, RMSE=0.117,
MSE= 0.083. In consequence, Evolutionary-ELM
learned from factors that affect weight to 35
generations, the growth data was close to the vector
line in a perfect positive correlation.

Forecasting with Evolutionary-ELM used the
data from 50 % breed of beef cattle (F1), which is
initially collected in Muang District, Phetchabun
Province that attempted to breed 50 % (F1) breed
development data to evolve to F2 and F3 in the
future. In addition, there has been an Artificial
Neural Network (ANN) forecasting study with
linear regression (Pilajun, et al., 2019) which
presented growth predictions from the relationship
between the breed and the growth of beef cattle at
birth weight up to 24 months. The experiment was
conducted in Ubon Ratchathani  University.
Prognostic results of Lowline Angus x Thai native
50 % (F1) R2 = 09681 Y = 0.0108X + 13.22
compared to Lowline Angus blood 25 % and Thai
native blood 100 % R2=0.584, Y = 0.246X + 21.9.
The growth of Lowline Angus x Thai native cattle
was higher than that of Lowline Angus and Thai
nativel00 %. Moreover, Lowline Angus x Thai
native had the highest chart slope. This is the result
of combining the advantages of each species to have
a good adaptation to the tropical environment, with
greater productivity. In addition, forecasting by
Artificial Neural Network was developed as a
model for estimating carcass weight of Hanwoo
cattle during the slaughterhouse delivery period.
The developed model is a useful algorithm for
automation machine, which measures only a few
carcass variables in the sample image at a glance
(Lee et al., 2020). Further study can be used to
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estimate carcass weight of Brahman X Charolais
and Brahman X Thai native beef cattle, and
additional control of feeding factors (Senarath et al.,
2009).

Conclusion

Prediction of Brahman X Charolais and
Brahman X Thai native beef cattle in Mueang
Phetchabun District by algorithm  of
Evolutionary-ELM is a model that can be
adapted for beef cattle farming in small and
medium-sized farms to keep up with the
demand for the modern market and the
premium market. Corresponds to the study on
the production capability of Thai beef cattle
farms, a single estimation technique was used
through a maximum likelihood estimation
method. Effects of socio-economic factors
and farm-specific production management,
farm size, and differences in concentrates and
roughages used have a profound effect on
technically inefficient cattle production.
ELM, Weighted-ELM, and Evolutionary-
ELM. In the agriculture, it is also found
forecasting revealed that the Artificial Neural
Network (ANN) model has also been found to
be applied in various environment-related
tasks to explore the appropriate approach to
erosion depth, with plotted linear points as
well.

Consistent with the support between the
Department  of  Livestock, = Mueang
Phetchabun District and Beef Cattle Raisers
Club, Phetchabun Province in trying to create
a group of 250-350 kilograms medium-sized
beef cattle, and they were upgraded to large-
sized 550-650 kilograms beef cattle, which is
a good weight for slaughter. In addition, the
Department of Livestock Development,
Muang Phetchabun District came to support
and coordinate farm management
cooperation, and all aspects of beef cattle
farming together with food development
researchers, including providing advice on
beef cattle breeds that helps make money to
Phetchabun Beef Cattle Farmers Club. It is

also a business plan to have a process of
planning, production, ordering high quality,
concentrate feed, and minerals in order to
produce beef cattle to meet the needs of
consumers who are in a specific market and
reduce raising time between 2 - 2 and a half
years.
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