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The Development of Binder for Feed Pelletizing of Black Chicken

Patcharaporn Inrirai and Thawanrat Sumrit”
Faculty of Food and Agricultural Technology, Pibulsongkram Rajabhat University,
Mueang Phitsanulok District, Phitsanulok Province, 65000, Thailand

Abstract

The objective of this research was studied the binder for feed pellet for black bone chicken and studied the physical
properties of feed pellet that use 3 different binders, namely cassava powder, corn powder and rice powder, which were mixed
with ingredients of 16% protein of feed pellet to 12 formulas. The experiment was designed by factorial experiment in CRD.
The results showed that, the formula of feed pellet which was produced with different feed ratio and binders, that effected to
yield, was significantly different (p<0.01). Using 2:3 ratio of ingredients and rice powder obtained the highest yield as an average
of 78.83%. For color values, it found that, L* and a*of feed pellet were not significantly different (p>0.05) due to binder types
and different ratio. For b* value of 1:1 ratio of ingredients and rice powder had the highest value as an average of 14.59 (p<0.01).
At the same time, using different types of binder effected to the maximum compression force of the feed pellet that were
significantly different (p<0.01). For using ingredients with cassava powder of 2:3 ratio, the average maximum compression force
was 19.24 kg, which the least value compared with other formulas. Followed by using ingredients with cassava power of 2:3
ratio, the average maximum compression force was 20.08 kg. The low value of feed pellet’s hardness will have positive effect
to feed intake of chicken. In addition, the moisture content of feed pellet in each formula was significantly different (p<0.01)
due to the different feed ratio and binders. For using ingredients with corn powder of 2:3 ratio, the feed pellet has the highest
of average moisture content, was 8.11, but the moisture content of other formulas was same value range. Therefore, the feed
pellet which made form ingredients with rice powder of 2:3 ratio, was suitable for using in the Phu Phan black bone chicken or
native chicken farm that the farmer can reduce the food production cost. So, the production cost of this formula was only 16

bath per kilogram.

keywords: Feed of Black Chicken, Pelletizing and Binder
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WINAU 78.83 Lanena Fig.1 daunislaudaiudilyngs
Wuas@euuszanudandn 13 Winanandesiian

WABVINAU Sovaz 21.13 uARIRS Fig2
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2. HaNFANYIAMENTANINIENNYBIDIMSTII AN

dndin

Table 2 Effect of Percentage of Yield and the ratio
of black chicken feed with type of binder

Types of Percentage of Yield (B) Mean
binders 1:1 1:2  1:3  2:3 (A)
(A)

Cassava  30.99" 46.11¢ 21.13" 3871° 34.24°

powder

Corn 40.61°  56.06° 64.70° 44.07% 51.3¢°

powder

Rice 65.37°  56.73° 27.60° 7883  56.98°

powder

Mean (B) 45.65° 52.97% 37.61¢ 53.87°

F-test A= B =" AB = **

CV. (%) 373 %

** = significantly different at p<0.01

ns = non- significantly different at p>0.01

Fig.1 Formula A 12

¥

Fig.2 Formula

-
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HaNsANwIAENUAN1NIBNNALE L* (Table
3) mMsldansd enUszausnsilafy Toun wlady
dzvas utlstmlne wazudsdmidn a1 L wansing
Ausd il dedAgvneads (0<0.05) Inenisldudadm
Widuansdendszanuiian L* vdemmainanniian
WAEWINTU 5081 daudemdusewinewnsinuazans
BeuUszanuanmiTenudn sasndm 12 Suuild
A1 L* innfigaiadeyintu 50.43 dawdnsda 1:1 T
L* vioarinafeoiianiadowiniu 49.43 msufduiius
wiinasdenusrauiudasmdinewsiifuasden
Uszanu wuih msliiinansidenusvanuiusamdnd
prenuden L* ldusnaeiueg 1l dedagnisad @
(p>005) Tnensldudsdrandnduansd envszau
w91 12 Suwltdudn L snnfigaiadewinty 50.97
drunsldutaudvendad uansd euvszanu
§n91du 1:3 Suwiliuen Lesfigaindewinty 48.23

HANSANWIANANTRMINEN UG aX(Table
a) mslansidonusvanusinasiindu e a* Taiuansg
Aug 1l TudAYNINEns (p>0.05) Tnenisldutlsd
e a* vdeduwaliumududunanniian wae
Wiy 3.71 daudhndnssminennsliwazansde
Uszanunnmyidenwuin msldaumanemnslniueans
Wesrssanudnindiu 23 fuwnlifue a* nfigaiade
WinAu 370 daunsiddnsidau 1:1 duwnlduen a*
Yfoufigandowindu 338 meufduiusuieansidon
Usranuiusasdiemsinfuansdeuusya a1n
Midenuin nslduiinansidendsvanuiusad i
pnudan a* llusnaeiueg 1l dudA gyniead @
(p>005) Tnensldud s nduansd envsza

gnTd 23 duwilidue a* nfiganiewiniu 3.79

176 FEINYAITNISIFU

drunsitutladninaduasdsulsranusnsdiu 1

fuwnldue aeevianwdewiniu 3.14

Table 3 Effect of Color of L* and the ratio of black

chicken feed with type of binder

Types of Color of L* (B) Mean

binders 1:1 1:2 1:3 2:3 (A)
(A)

Cassava 4852 49.16 4823 50.13 49.01°

powder

Corn 49.20 51.17 5059 49.80 50.19%

powder

Rice 5059 5097 50.76 5091  50.81°

powder

Mean (B) 49.43 50.43 49.86 50.28

F-test A=* B=ns AB =ns

CV. (%) 2.81 %

* = significantly different at p<0.05
ns = non- significantly different at p>0.05

Table 4 Effect of Color of a* and the ratio of black

chicken feed with type of binder

Types of Color of a* (B) Mean
binders 1:1 1:2 1:3 2:3 (A)

(A)
Cassava 3.50 3.66 3.26 3.60 3.50
powder

Corn 3.14 3.47 3.65 3.72 3.49
powder

Rice 3.49 3.76 3.82 3.79 3.71
powder

Mean (B) 3.38 3.63 3.58 3.70

F-test A=ns B=ns AB =ns

C.V. (%) 7.14 %

ns = non- significantly different at p>0.05
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Table 5 Effect of Color of b* and the ratio of black chicken wamsAnsaaaTAsmemEud b(Table 5)

feed with type of binder WU MslFansdeuUsranuanusnslaiulinuueananeiu
Types of Color of b* (B) Mean ptiiteddgmeaia (p<0.01) Tnemsldudsiraudwluens
binders 1:1 1:2 1:3 2:3 (A)

WoauUsyaulyian b* wagwinnu 14.43 d1usnsaiuseming
A)

Cassava 123 1258 13.64  13.14°> 12.94°¢

g nslnlazasauUsEanu INNTITEWUIN NS IBEIUNEN

awnsinAuasWenUszanusnsadiu 1:3 Hunliiuean b* 1nn
powder 9¢ b o 4 e a o 4 e
fannismiu 13.84 s9sanAedndn 23 waswiniu

Corn 13.6 1350 1363 13.41> 1355

| b ) ) ) 13.71 Msufduiusslinansieuussanuiudnsduenms
powder

: nfvas¥suuszaunuI1 NMsiivinansdaudseaudu
Rice 145 1428 14.26° 1458 14.4%°

SaTdnANAuilA1 b* wnaeiueg WTudAYNNEn f

powder 92 .
Mean (B) 135 1345 13.84° 13.71° (p<0.01) Temsttut st nduansid enUszanusndu
b b b 1:1 fif1 b* snilgaRdewinty 14,59 sesandedasdiu
Ftest A= * B =ns AB = ** 23 whswiiu 1458 dunsldulaludussnd$amaou
C.V. (%) 207 % 1:1 e b* Heefamndewiniu 1239

** = significantly different at p<0.01
ns = non- significantly different at p>0.01

Table 6 Effect of Maximum Compression Force and Percentage of Moisture Content and the ratio of black chicken feed

with type of binder

Types of Maximum Compression Force, kg Percentage of Moisture Content
Mean Mean
binders (A) Force (B) (B)
(A) (A)
1:1 1:2 1:3 2:3 1:1 1:2 1:3 2:3
Cassava 21.77%¢ 2047 21.77%c¢ 19.24° 20.812  6.94bcde  714bcd g 71bcde 7 3gbc 7.04°
powder

Corn powder ~ 23.07%¢ 25.09¢ 20.54%¢ 24,724 23.36°  8.522 7.18bd g 554 8.11° 7.59°

Rice powder ~ 21.21%¢  20.64%c  22.10°  20.08®  21.00° 6.32¢ 7.42° 6.45¢ 6.84bd 6750

Mean (B) 22.02 22.07 21.47 21.35 7.26° 7.25° 6.57° 7.442
F-test A= ** B=ns AB = ** A = ** B =** AB = **
CV. (%) 6.59 % 5.11 %

** = significantly different at p<0.01 ns = non- significantly different at p>0.

O |
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HANSANWIANANTANINEANALTINAZIEA
(Table 6) wu11 nsldaradoudszarurnswiniu
Taun uwlsiuduznas uidnlnanazudstnagd i
ALsINagagauana i ueg il ded Ay nieada
(p<0.01) Tnenslfudaiuduenduduasd ox
Uszanulirussnageaaiesfigniadeviniu 2081
Alansuusing dwsnsiauszrineemslalazans
WenUszauainnisidenuinlduansdeiuegied
Wud1Agn19ada (p>0.01) lasgnsidau 2:3
wualduAusanngaadesiigaiadoiindu 21.35
Alanfuussna msufduiusslinansdeuszauiu
gn31dumMsIANUIT TAusainagegauane1aiy
ag9ildedAyn9ads (p<0.01) Tnenislduleiu
dvgndaduasidonussanudnsdin 2:3 fAuss
nagegaesiigaiadeindy 19.24 Alanfuusena
drunsidudedninaduasdoulszansnsdau
1:2 fA1u5aNAgIqANINT 4ALad 811U 25.09
Alanfuusang deemnsladsaiindsddusinagega
Tuszautios wansinAuLdsvesdneimses In
srfukaziinuvevinnnitemsididaud wied

ATLTINALUTTAUNIN

3. NANISANEIAIUTUVDIBIMNTLAANDALIN

I

HANTSAN¥IAINT UrD I MIsiA A1SaLln
(Table 6) wu31 Msldasidenuszausnsedniud
mm"ﬁyuqmﬁwLLmﬂm'wﬁuasmﬁﬁaﬁwﬁ’zwwaﬁa
(p<0.01) TnensTdutlednlnaduansdouuszad
Arnutugaiisuniaaiedewinduiesay 7.59
drudnsrdiuseninomsiiwazansidenUszay

INNIFIFENUIN A5 TAIUNENBINS AN UASITBY

178 FEINYAITNISIFU

Usgausnsnaiu 2:3 dA1Auuaavineuinign

WA uvnuTegay 7.44 daudnsiaiu 1:3 61
ANNTUGAVNedReNgndewiusesas 6.57 13
Uduiusellnansionuszauiusnsndiuoisia

Auasipuuseanu nunnsvinasisuuseanu

' ¥
| A DU ]

031 uARaiudlAIANTUAATINELANA1IiY

de

g1l dsd A YN19a@df (p<0.01) Taanislauls
Frlneuasid eudszaiusasndau 2:3 fan
ArwiugaTnennfigaiadewiitutesas 8.11 Tay
mm'm%uqmﬁwmammﬂdﬁﬁmﬁmmiﬁﬁimm
waglndiRssfurnuduiimnyaneesemislisnie

msegluyieiesas 10-13 (Chintanawit, W. 2018)

32150iHaN15398

a

uideidTanUszasdid oAnuwiaind ex
Uszaudmsunisoaidneinislae wazfnw
AaEuUAvIINIEaInYeIemMIstadala 1nKa
nsAnwiinvesansilenUszauiunnsedu éun
wdafudends utadnlng wazutedruda e
Urldnaudvaiunanvesormsinaignslusiu

Souay 16 (Tangtaweewipat et al., 2000) ¥Hnv83

'
=

asdeulsrandnuauiinideda farumin 3
v‘fﬂﬁmsﬁugmﬁamié’mLﬁmﬁmwmmuﬁaLﬁ'wﬁu
i esanudafiguant@nisiduarsdn (binding
agent) Fafinasemnuudaveadnemsdnilagnss
TunszuruUNITNEND19158MT (Amornthewaphat
and Chatakanonda, 2006) #10819875011113beN
Saviad dnsldansd envszarunsvidndudu

dnsduormshnisnaiulinananwnnanadiuegedl
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WodAgyneada (p<0.01) Tnenslautiedrudndu
asdeulsraudngidn 2:3 Winandnuniiaiade
wiriudesas 78.83 Lilesndsanduvesasiden
Uszanuunnuazudestniinlinaaudisiuwaziiniy
A Wethauanfudunanonslvinlidush
Duteuldfuazdredonisduguiien1sdasing
auysaindwdsridnd u aenndeaiuiuidoves
Boonwatcharapan et al. (2012) #iutladradun
Waunduasfiuuinunasiiuanuudusdly
nAnsdusiavnmgluuudansedadarilinisdne
ayulwsuuudiadanuudanse asduasdudad
auysal daunnsliudaiudsenduduasidon
Uszaudndiu 13 Winandatosigandemiafy
Yoway 21.13 iesnniluTnavesaaidendszan
tosiign viliauautAvesnisdninusensialil
annsndugdiiianssauinldogisanysaluuy 39
dealiilanandntos Aaaudfnisnenimaud L*
a* b* vasemslamsadianuin A L* danuadng
gegaadwindu 50.81 ledinsidenldansiden
Uszauimeutiinug dwudasidmaneimsiniu
arsifoudszaruinavdaduliunnseiuogiedl
Uyd1AgyN19ad@ (p>0.05) A1 a* WUINVLAVDIETT
Weudszanuuarsnsdunanemsinliuandieiy
a1l dudAYnEna (0>0.05) Tusmuzifeaiuan
b * Usanganududmdesweadaeimsnuiinis
Fonldudsinuifienadeunniigaviitu 14.43 uag
Ujduiusmislddnadunanomsiifuaindex

Uszanuasviatuiinaseaianududivaeswesdia

O |
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aslalasnisldudadrndniuasdoudssau
dasndau 1:1 duwnlifudt b* wniigaedewindu
14.59 5098901A85NI1EIU 2:3 WU 14.58 T4
Usingandlndifssiu nan1sAnwduausene
gagavesemsinmsadanuin msldasidon
Uszanuenailaii dAusainagegaunnsneiuegied
Wed1Aagn19adf (p<0.01) wintdsnlyudadu
dvsndauasifontszanlnglifdsdnsdiuaz
Trusanngeantiesfigaiadoirdiu 20.81 Alansu
wsana Tuvaueiiediunisufduiusidenldudadu
Az aduasdonUszarusvdiunanamslii
Sasndu 2:3 aglrusennggeiiosianiadevindy
19.24 Alansulseing sesasu1Aanishaided1iLdn
§n51du 2:3 fAusanageantad oy 2008
Alansuussnaddlianlndidssiu Tneanuudwes
Wine1vnsiey avdanannesssuvianisnuvesla
Inazingfnssumrnuseunazaiuisadoniule
1NN @OAARDINUNUITYBY Sookmanee et al.
(2006) TR NWIVUIALIAD M THOANTTAANATHAR
AUNINYINLaTENvUzRINITEIZluans Tnevwin
Wineusvuiadniuanuudsveaudnenisiesd
wareUszAnsnmnislrermsvesanslédd 1flesann
doslalveusavdvosomsiisianumidevieniny
uﬁﬂmﬂLﬁuiﬂuaﬂmﬂffé’mwmil,ﬁaglﬁuimsuaaqﬂi
induidesaingnafinginssunisfulduniy
niAudesas 3-5 d2unanisAn¥s1uAILTY
gavngvetomnshndndanuin mndnislduingns

VW auUST AN UAUTNSI@IUT A9N UL ANAIUTY
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aavnewanasiueg 1 iived Ay n19ads (p<0.01)
Tnomsltutsininaduasidendszarusnadiy
2:3 feraudugaiisanniianad siiifuiosay
8.11 druAanuduaniinefidasaudunuinian
Arwduogludraionty lnsanrudugniineves
omnsladsadaasdarlndidsatuanudui
winzanvesemsindadnaiseyludisiesay 10-
13 (Chintanawit, 2018) LLGiﬂ?TuaﬁLLﬁiwmm%uqmﬁw
1940115k A8 adl Ldvins@nwrazstind
WA ugATe Tz Ay uiwuendy
fifas dewafiionrgnsifiuinwvesemsiigniuiy
Fu (Jantharphenkun, 2015) uBNaNil nunzYes
diaemslafinnunai esanmsldviavesans
Jeuvszarudanumnganyiilidaemislalad

uan Yu vieidunanue

o
[ [ '

ATuINNAN1TITefIna1ImInd NS enlyd
gnsomnsladmdndadifinsidenldaaenusza
Tngudatrdrdudriunaudmiundnemisin Tu
§m3du 23 fedndugnsidanumuzanuas
Wisanesunslinandnndsnisendin auauiinig
MENMENUE ATLSINAGERUIUENANKDBN
9115 uagAAL Ui dnasesiynsiuTny
anunsolulszgnaldiuinumsnsdidelidnn
vidlamaeiugau suddlnfiudesingeg fidoans
anduyuMaies unzdeamananamnslamsaio
ArefavanuLed Ingsiavesingavemisiod
Dudununiswdniddguszanaiesas 70 vos

AUVUTIVLA FUVUYDIENTAINE1INIAY 16 Unsie
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Alansu fisnmgnnitemnsladdndaniuioman
fflsaiade 25 vndeilaniu ue 625 uinsie
nsvasy a1TaUsendan1ld1eandun Uiy
Wiy 9 umsiedlansu n3edAadu 225 vinde

ARE0NY

AnAnssuUsEnA

nuiTatuifansediseqaeiululFfed
Atz ITBvovaUNTzAMAMISE 1w waz
dnAnwiamginaluladnisinensiageinig
UM InedesiwigRyaaeas vty Alviaang
n3MIkazyI8LMd e g1uleAlINazAINtung
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Design and Development of Cassava Stem Soaking Machine

Smart Bun-art and Sutham Duansanthia”
Thailand School of Agricultural Engineering, Institute of Engineering, Suranaree

University of Technology, Nakhonratchasima, 30000, Thailand

Abstract

In this research to designed, created, developed, tested and evaluated cassava stem soaking
machine. The research found that cassava stem soaking machine dimensions 1.2 x 3 x 3 meter support
soaking bath size 2,400 liter. Installation with 2,500 watt generator used with electric hoist lift the stem
and the motor gear control rotation of a crane. With trailer hitch for travelling.

Performance test results found that the field capacity of machine was 132.28 kg/h (320
stem/hour). The fuel consumption was found to be 0.42 liter/h. The cassava stem damage was 0%. The
cassava stem with no soaking with chemical in bath was 20%.Economic analysis showed that the break-
even point of the machine in the working area 300 baht per day was 27.76 rai/year with a consequence

of payback period within 2.2 year at working area 100 rai/year.

Keywords: Cassava, Cassava Stem Soaking
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Table 1 Study the physical characteristics of the
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Fig.1 The main components of the prototype.
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Fig.2 The result of the design cassava stem

soaking machine
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Fig.3 The result of the building cassava stem

soaking machine
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Table 2 The study on physical characteristics

cassava stems use in the test

List Average
Number of stem per bundle (Stem) 20
Weight per bundle (Kg) 8.58
Length per bundle (cm) 186.73
Largest diameter (cm) 20.50

Table 3 The test results of efficiency and quality

List Results
The fuel capacity (Kg/Hr) 137.28
The fuel consumption (L/Hr) 0.42
The cassava stems damage (%) little
The cassava stems no soaking (%) 20

Fig.4 Performance test results
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Combining Ability for Crispy Flesh in Green Consumption Papaya

Rapatsa Janthasri’
Program in Agriculture, Faculty of Agricultural Technology, Rajabhat Maha Sarakham
University, Maha Sarakham, 44000, Thailand

Abstract

Combining ability is important information for development of papaya (Carica papaya) hybrids. The
objective of this study was to investigate general combining ability (GCA) of five papaya inbred lines and
specific combining ability (SCA) of the hybrids for fresh weight, crispy flesh, disease level, fruit length, fruit
width and yield. The inbred lines were crossed in full diallel matting design with reciprocals, and 20 F,
hybrids were evaluated in a randomized complete block design with five replications: ten trees/replication,
in the winter season 2018 at the Center for Research and Development of Papaya for Unripe Consumption
in Maha Sarakham. The genetical analysis were using Griffing’method 4 with fixed model effect. The results
were no significant in all treatments except crispy% ring spot disease and yields. General combining ability
(GCA) and specific combining ability (SCA) were significant (99%) for percentage of papaya ring spot disease
and were significant (95%) in crispy and vyields. For 4 cultivars (Yellow Krang, Red Krang, Khaeg Nuan
Kalasin,Kaek Dam) expressed high GCA. Three hybrids were : 1) Red Krang x Khaeg Nuan Kalasin for fresh
weight and fruit width 2) Yellow Krang x Khaeg Nuan Kalasin for disease level, fruit length and high yield
and 3) Yellow Krang x Red Krang for crispy papaya hybrids had high SCA. Thus, these three crosses were

the fix cultivars suitable for double cross productions.

Keywords: Papaya carica, development of hybrid, diallel cross, general combining ability and

specific combining
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Table 1 Means and general combining ability (GCA) and specific combining ability (SCA) for flesh weight

in 5 papaya
Yellow Krang Red Krang Khaeg Nuan Khaeg Dam Sithong
Yellow Krang 0.02544 -0.03664 -0.01404 0.00476 0.00696
Red Krang -0.00596 0.00836 -0.02484 -0.00664
Khaeg Nuan Kalasin -0.00956 -0.01624 -0.00704
Khaeg Dam 0.00364 -0.00624
Sithong -0.01356

]
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Table 2 Means and general combining ability (GCA) and specific combining ability (SCA) for crispy flesh in

5 papaya
Yellow Krang Red Krang Khaeg Nuan Khaeg Dam Sithong
Yellow Krang 0.10256 0.23404 -0.06636 -0.19816 -0.07656
Red Krang 0.02556 0.01764 -0.07116 -0.04956
Khaeg Nuan Kalasin 0.00396 0.19144 0.03904
Khaeg Dam -0.02124 0.04324
Sithong -0.11084

Table 3 Means and general combining ability (GCA) and specific combining ability (SCA) for disease level

in 5 papaya
Yellow Krang Red Krang Khaeg Nuan Khaeg Dam Sithong
Yellow Krang -0.0012 -0.0118 0.0532 0.0192 -0.0218
Red Krang 0.0018 -0.0598 0.0162 0.0202
Khaeg Nuan Kalasin 0.0068 0.0212 0.0202
Khaeg Dam 0.0008 0.0062
Sithong -0.0082

Table 4 Means and general combining ability (GCA) and specific combining ability (SCA) for fruit length in

5 papaya
Yellow Krang Red Krang Khaeg Nuan Khaeg Dam Sithong
Yellow Krang -0.342 -0.278 0.762 0.272 -0.748
Red Krang -0.272 -0.858 0.402 -0.118
Khaeg Nuan Kalasin 0.238 0.292 -0.028
Khaeg Dam 0.278 0.282
Sithong 0.098
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Table 5 Means and general combining ability (GCA) and specific combining ability (SCA) for fruit width in

5 papaya
Yellow Krang Red Krang Khaeg Nuan Khaeg Dam Sithong
Yellow Krang -0.224 -0.716 0.004 -0.136 -0.056
Red Krang 0.196 0.984 -0.356 -0.376
Khaeg Nuan Kalasin 0.076 -0.236 -0.856
Khaeg Dam -0.184 0.704
Sithong 0.136

Table 6 Means and general combining ability (GCA) and specific combining ability (SCA) for yield in 5

papaya
Yellow Krang Red Krang Khaeg Nuan Khaeg Dam Sithong
Yellow Krang 351.36 -185.26 265.74 252.04 138.64
Red Krang 154.96 -327.86 145.44 220.04
Khaeg Nuan Kalasin 289.46 -163.56 84.04
Khaeg Dam -146.34 -168.16
Sithong -649.44
Table 7 Combined analysis of variance of five papaya inbred lined in winter season 2016.
Means square
Source of
df Fresh weight crispy flesh disease level fruit length fruit width yield
variation
(Kg) (level 0-5) (level 0-4) (cm) (cm) (Kg/Rai)
GCA 4 0.009712 0.239242 0.001188 3.3448 1.4672 6744412.52
SCA 24 0.111025 1.864345 0.291826 0.2136 102.5144 28052532.64
Reciprocal 24 0.026388 0.229538 0.02065 253 16.76 1745231.5
Error 96 0.01181 0.0592 0.01927 7.87667 3.8753 1154391
GCA/SCA 0.0804 0.1137 0.0040 0.9399 0.0141 0.1938
F-test ns * x> ns ns *
CV. (%) 8.27 7.32 4.75 7.35 5.98 7.34

ns, ***= non-significant and significant at 0.5 and 0.01 probability levels, respectively.
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Relationship between Silicon Accumulation and Yield Production of Rice

Sumran Pimratch!”, Leklai Chantabut®, Pornpisanu Thammapat? and Sunan Butsat >
Program in Agricultural Technology, “Program in Food Technology, *Program in Food Business and
Nutrition, Faculty of Agricultural Technology Faculty of Agricultural Technology, Rajabhat
Maha Sarakham University, Maha Sarakham 44000, Thailand

Abstract

The application of silicon to increase plant health, resistance to diseases and insect pests and ability of plant to
use high nitrogen rates without lodging is a promising means for crop management to increase yield. The objectives of
this study were; 1) to investigate the effects of foliar spray of silicic acid in terms of rate and frequency to quantify silicon
dioxide (SiO,) accumulation in grains and straw and 2) to determine relationship between SiO, accumulation and yield
of Chinat 1 rice. The experiment was undertaken at the Faculty of Agricultural Technology, Rajabhat Maha Sarakham
University during February to August 2018. A 4 x 4 factorial experiment was set up in a completely randomized design
arrangement of the treatments with three replications. Factor A consisted of four levels of silicic acid (0, 50, 100 and 150
mU/20 L water) and factor B included four levels of spraying frequency (one time at 30 days after emergence (DAE), two
times at 30 and 60 DAE, three times at 30, 60 and 75 DAE and four times at 30, 60, 75 and 90 DAE). Data were recorded
for grain yield, straw dry weight, and SiO, accumulation in grains and straw. Applications of silicic acid at the rates of 50,
100 and 150 ml/20 L water had significantly higher SiO, accumulation in grains and straw than un-treated control, whereas
application of silicic acid for four times at 30, 60, 75 and 90 DAE had significantly higher SiO, in grains and straw than
application if silicic acid for one time at 30 DAE, application of silicic acid for two time at 30 and 60 DAE and application
of silicic acid for three time at 30, 60 and 75 DAE. Applications of silicic acid at high rates had higher SiO, in grains and
straw than untreated control and applications at low rates. The higher the frequency of spray, the greater the
accumulation of SiO, in grains and straw. Application of silicic acid for four times at 30, 60, 75 and 90 DAE had the
highest accumulation of SiO, in grains and straw. The interactions between rate and frequency of spray were
significant for the accumulation of SiO, in grains and straw. Positive and significant correlations were observed
between accumulation of SiO, in grains and straw, and grain yield (r = 0.42** and 0.47**, respectively). Therefore,
silicic acid spray to increase growth and yield of rice should be sprayed, especially on silicon deficient soils.

Keywords: silicic acid, silicon, foliar spray and accumulation
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9295%8EaMUIN NsavaNvesdanouluduvesming
SndanuuansneiuneEai (Table 1) Tnefimsanniy
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MsaraNveadanaUluNIAINSRAN LI 4 AT
Tsvey 30, 60, 75 WAy 90 TUVEwON JaTAABUNAYE
Tunnad g a1 winfu 5.00, 5.06, 5.17 wag 5.34 %

pNaIn U (AU 1.87, 1.88, 2.06 Way 2.24 n./AY

a

AUAWY) wazwudn JUfduiusives 1l dedAnd
V9EA R ST NSNS AU USRS SuaY Y29
sveznandidanu (Table 1) Tnefinsavawvesdaneuly
wadnlAegluesening 4.29-5.74 % (1.62-2.78 0./
Fu) Msdanunsndadnlushs 150 ua./un 20 a.
$1unu 4 adaiises 30, 60, 75 uay 90 Sundsten dra
viliganeuazanluredunniiga iy 574 %
(2.78 1./611) 0909AD NMIRANUNIATATN WO 50
1@/ 20 8. s 4 adafisves 30, 60, 75 uay 90 Fu
w§en Msannunsadadnlusmsn 150 ua i 20 a.
$mnu 3 Adafiszes 30, 60, WAy 7T5IUNANDN LazNIS
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AANUNIATATN UMY 100 W@/ 20 8. 31U 4 A5
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Aszey 30, 60, 75 WAy 90 TUNAIEN MUAIPU Failves
Fanpuaranlun1ed winnu 5.72, 5.61 wag 5.59 %
PUESU (2.43, 2.17 way 2.04 n./Au mudnu) Tuvase
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Tinandn
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Table 1 Yield, silicon dioxide (SiO,) accumulation in grains and straw and relationship between
accumulation of silicon dioxide in grains and straw, and grain yield of rice cv. Chai Nat 1

grown in pot experiment during February-Ausgust in the 2018.

Treatments Yield Silicon dioxide (SiO,) accumulation
Grain weight Straw dry Grain Grain Straw Straw
(g/plant) weight (g/plant) (%) (g/plant) (%) (g/plant)

Silicic acid rates (A)
0ml (@1 23.00b 39.08 0.85cY 0.85¢ 4.33c 1.69b
50 ml (a2) 28.84a 39.43 1.04b 1.05b 5.29b 2.09a
100 ml (a3) 26.48a 38.86 1.07b 1.07b 5.35b 2.08a
150 ml (ad) 27.36a 39.08 1.12a 1.12a 5.60a 2.19a

F-test (A) % ns % *x *x *x

Foliar spray timings (B)

30 DAE (b1) 26.18 36.53 0.98bcY 0.98bc 5.00c 1.87b
30, 60 DAE (b2) 25.79 38.06 0.97c 0.97c 5.06bc 1.88b
30, 60, 75 DAE (b3) 25.79 40.14 1.02b 1.02b 5.17b 2.06ab
30, 60, 75, 90 DAE (b4) 27.04 41.73 1.12a 1.12a 5.34a 2.243a
F-test (B) ns ns *x ** *x *

Silicic acid rates (A) x Foliar spray timings B

al x bl 23.07 37.81 0.85ef/  0.85ef  4.29% 1.62
a2 x bl 27.59 36.20 0.98cd  099cd  5.10d 2.03
a3 x bl 28.47 38.27 1.02bc  1.02bc  5.12d 1.96
ad x bl 25.58 33.84 1.07bc 1.07bc 5.48c 1.85
al x b2 24.06 41.36 0.79f 0.80f  4.36e 1.80
a2 x b2 28.56 38.82 099cd  1.00bc  5.13d 1.85
a3 x b2 21.45 36.58 0.99bcd  0.99cd  5.17d 1.89
ad x b2 29.09 35.47 1.08b 109  5.56abc 1.97
alx b3 20.91 38.56 0.91de  092de  4.36e 1.67
a2 x b3 28.82 40.15 10lbc  1.02bc  5.20d 2.04
a3 x b3 28.34 43.22 1.07bc  1.07bc  5.50bc 2.37
ad x b3 28.62 38.65 1.08b 109  5.6labc 2.17
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Table 1 Yield, silicon dioxide (SiO,) accumulation in grains and straw and relationship between
accumulation of silicon dioxide in grains and straw, and grain yield of rice cv. Chai Nat 1

grown in pot experiment during February-August in the 2018. (continue)

Treatments Yield Silicon dioxide (SiO,) accumulation
Grain weight Straw dry Grain Grain Straw Straw
(g/plant) weight (g/plant) (%) (g/plant) (%) (g/plant)
Silicic acid rates (A) x Foliar spray timings B

al x bd 23.95 38.59 0.83ef 0.83ef 4.32e 1.67
a2 x bd 30.42 42.56 1.19a 1.19a 5.72ab 243
a3 x bd 27.67 37.39 1.20a 1.20a 5.59abc 2.09
ad x bd 26.13 48.38 1.24a 1.25a 5.74a 2.78

F-test (A x B) ns ns * * x* ns
CV. (%) 15.40 16.97 5.53 5.53 2.62 16.85
Correlation coefficient (r) - - 0.42** 0.42** 0.47** 0.32*

YMeans in the same column with the same letter(s) are not significantly different at P<0.05 by DMRT

ns, ¥, ** = non significant, significantly different at P<0.05 and P<0.01, respectively (df = 46)

39150iNAN15798
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o529 tmtinvauste dadnuteiimn waydel
uLA gaumnenedy (Pimratch et al., 2018) n1539
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Effect of Leaves Crude Extract from Hedge Flower (Lantana camara Linn.)
as the Insecticidal Activity, Oviposition Deterrent and Progeny Deterrent on

Cowpea Weevil (Callosobruchus maculatus (F.))

*
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Pathum Thani 13180, Thailand

Abstract

The problem in mung bean storage is destroy by insect pests of mung bean. Especially, the
cowpea weevil, Callosobruchus maculatus (F.), is one of the major insect in mung bean storage. The
objective of this study is the effect of leaves crude extract from Lantana camara Linn as the insecticidal
activity by fumigation method at 30.71, 61.40, 122.85, 245.70 and 491.40 mg/L. The oviposition inhibition
and progeny deterrent by coating on cowpea method at 0, 0.5, 1, 2, 4 and 8% (w/v) were applied. The
treatments were arranged in a completely randomized design (CRD) and replicated 5 times on 10 adults.
The experiment was conducted at laboratory. The results found that the insecticidal activity, oviposition
deterrent and progeny deterrent of extract from L. camara on the cowpea weevil were significantly
effective (P<0.05) when compared with the control. At the concentration of 491.40 mg/L, the extract
from L. camara were the highest effective as the insecticidal activity by fumigation method 100% and
the LGy, value with 105.28 and 33.73 mg/L at 24 and 48 h, respectively. At the concentration of 8%, the
extract from L. camara were the highest effective as the oviposition inhibition and progeny deterrent on
cowpea weevil. The percent of oviposition deterrent was 95.95% when compared with the control. The
percent of progeny deterrent was 94.50% and the time of development was 43.80 + 0.74 days. Whereas
the control, the time of development was 25.80 + 1.16 days.

Keywords: Lantana camara, insecticidal activity, oviposition deterrent, progeny deterrent and cowpea weevil
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rate of progeny) MNUgAIVDY Rajashekar et al.
(2010)

Percent Inhibition Rate (PIR) = (C,-T,) x100
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Table 1 Effect of leaves crude extract from Hedge flower (Lantana camara Linn.) as the fumigant on

cowpea weevil (Callosobruchus maculatus (F.)) at 24 and 48 hours

Concentration (%)

Duration of exposure

(mg/L) Number and percent mortality of cowpea weevil (adults)
24 hr Mortality (%) 48 hr Mortality (%)
control 0.0 + 0.00° 0.0 0.0 + 0.00° 0.0
30.71 2.40 + 0.48° 24.0 3.80 + 0.48° 38.0
61.40 3.20 + 0.48° 32.0 6.60 + 0.48 66.0
122.85 6.00 + 0.63” 60.0 8.60 + 0.48™ 86.0
245.70 8.60 + 0.48™ 86.0 9.40 + 0.48™ 94.0
491.40 10.00 + 0.00° 100.0 10.00 + 0.00° 100.0
LCso 105.28 33.73

* Mean values in the same column with the same letter do not differ significantly (P < 0.05 according to DMRT)

Table 2 Effect of leaves crude extract from Hedge flower (Lantana camara Linn.) as the oviposition

deterrent on cowpea weevil (Callosobruchus maculatus (F.))

Concentration (%) (w/v)

Number and percent oviposition deterrent of cowpea weevil

Number of egg (eggs)

Oviposition deterrent (%)

control 34.60 + 2.05 0.00
0.5 24.40 + 2.72° 29.47

1 15.20 + 1.16° 56.06

2 10.20 + 1.60° 70.52

q 540 + 1.01° 84.39

8 1.40 + 0.80° 95.95

* Mean values in the same column with the same letter do not differ significantly (P < 0.05 according to DMRT)
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25.80 + 1.16 U (Table 3)

Table 3 Effect of leaves crude extract from Hedge flower (Lantana camara Linn.) as the progeny

deterrent on cowpea weevil

Concentration (%)

Duration of exposure

(w/v) Number of progeny, time of development and percent progeny
deterrent
(adults) Progeny deterrent (%) Time of development
(Mean + SD) (Mean + SD) (days)
0 116.40 + .02 0.00 25.80 + 1.16
0.5 80.80 + 4.57° 30.58 29.20 + 1.16°
1 53.40 + 3.07° 50.12 32.60 + 0.48°
2 36.80 + 3.54° 68.38 35.20 + 0.74°
i 19.40 + 2.41° 83.33 38.80 + 0.74°
8 6.40 + 1.35° 94.50 43.80 + 0.74°

* Mean values in the same column with the same letter do not differ significantly (P < 0.05 according to DMRT)

39150iNAN15798

1NNTANEINAYRIAITENANEIUINTY
unnseafinnududusingg M Tunsduansdilag
3801550 @15fudenisinelanazfudantsesn
qﬂmmumaaﬁmﬁu%m wulnasanaeruainly

NANTBIRANULTUTY 1% FuluTinalunisiduansan

230 MTAINNYATNIZITU

Tnedsnssuans a1sdudanisnelunasaisduganig
2ONQNVIAUVBININUTYY ANUUANATSTUBE 1]

o @

tudayfisziuanndeiu (p<0.05) dewSsuiieu
TUYAAIUAN denARBdiuINUITEves Prakash et al.
(2016) wuinansasnainlurnninsesiinauidudu
20, 40, 60, 80 war 100% fgndlunissinuain

(termites) Tagfinaandudy 100%  siaanls 90

Uil 17 atudl 2 n3ngaax - Sunaw 2563

Volume 17 Number 2 July - December 2020



Prawarun Agr. J. Volume 17(2) 2020, 223-233

ey 100% '17'1'L3m 6 Wy 12 sij"’ﬂm Wa¥INNISANYI
984 Rajashekar et al. (2014) 85U18N@1TAINAN
Tunninsesdigslunsiudeuledosdialasues
mel5a (acetylcholinesterase; AChE) Tunszuauns
lalaslad (hydrolyze) dvonaiinavilviansezdiiale
51 (acetylcholine) vasieduden daduansde
Uszamvililuaiursauandaiduladu (choline)
wagnIMeLdn3n (acetic acid) o Juinnsavauves
anserdiialaay  USnndounaveugaalszay
wnfinly Uszamuaznanuileyheunasaiiatsi
1%ﬂaWML§aaauawLﬂué’mwmmgmﬂuﬁqm
91nNsNRaRIASeinuitasatinainly
nansesiinalunisdudinisanslaaenndoaiu
UATBV9 Ogban et al. (2015) Wua1TainaIN
nnnsesiansnsadudinsndlivesdasndiilne,
Sitophilus ~ zaemais ~ Motsc.  laLguniu wail
Obembe and Ojo (2018) BBUNYINAITRWIINNYIL
fnadalwanusramivanuidnmuailuedvie
11914 (ovipositor) vosuuas 812v0Luan L
wingauviselansiivuiassnendudanisndliuas
nenieanlu uenand Chebet et al. (2013)
wuinansafmanlunninsesdaiinalunisdudanis
BONYNUANUVRY Prostephanus  truncates 19 uay
NUITEVR4 Taye et al. (2014) wuitwswesly
mmmmﬁmaiumié’uéy’amiaaﬂ@jmmu (F,) 994
Frsnatlneldledowiiiu 3.33 § uenandain
AT Singh (2011) WUIMKINVUDINAINTDIFD

2 o Y ' = ' o I
Llla@ﬁ’ﬂua(ﬂﬁ']a’)u 2 : 50 UNARBNITHUYINITDDN

Uil 17 atudl 2 n3ngaaw - Surnaw 2563

gnranuLasTezlaluNsasyule aseangms

Tulunmnsesfinuaudffindundiugu Jeenaiinalu

v

el wagdudimsiasydulavesnaideala ns

' [

Teansaianervanlunninseasiinnulasniunat by

Y

o

dnd uazdanndon waziduihiorTaianiasye

el

@

luanadenueliniausslewd ddadunisan

A hENSATgNLLAYAY

a5UNan1sIY

asanaveruanluanInsaslinalunisidu
a1salneisnssy arsdudanisinslunasdudanng

' [%

sentuduiuougnnaiuvesiiednder Falu
nuiTeadwioluagiinisAny i sosdussney
YasansaiaveuanluinInsasuagyinn1snaaeuly
a0uiiase wazansadave1uanlunninsesn
sianlugUuunansasifunzauildtuanwiui

39l

AnRNIsUUSENA

NI HveveUANANIANTELAZYARINT
WU URNTINeT paginermanswazmnalulad
winedesvigalaveainsal Tunssususgudug

g v 9 ¥ '3 - =
Aliaiueuiasignldgunsaluaziaiosilonns

a

v
[

AneFansiunTIeAsal

MIFANNYAITNISIT 231

Volume 17 Number 2 July - December 2020



Prawarun Agr. J. Volume 17(2) 2020, 223-233

References

Abbott, W.S. 1925. A method for computing the effectiveness of an insecticide. J. Econ. Entomol. 18:
265-26T.

Arjanbhai, C.J. 2015. Biology, life table and management of Callosobruchus maculatus (Fabricius) on
different stored pulses. Master thesis in Science (Zoology), Department of Entomology,
Junagadh Agriculture University.

Chebet, F., Deng, A.L., Ogendo, J.O., Kamau, AW. and Bett, P.K. 2013. Bioactivity of selected plant
powders against Prostephanus truncatus (Coleoptera: Bostrichidae) in stored maize grains.
Plant Protect. Sci. 49(1): 34-43.

Devi, M.B. and Devi, N.V. 2014. Biology and morphometric measurement of cowpea weevil,
Callosobruchus maculatus F. (Coleoptera: Bruchidae) in green gram. JEZS. 2(3): 74-76.

Franche, C., Lindstrom, K. and Elmerich, C. 2009. Nitrogen-fixing bacteria associated with leguminous and
non-leguminous plant. Plant Soil 321: 35-59.

Finney, D.J. 1971. Probit Analysis, 3% ed. Cambridge University Press: London. 250 pp.

Hikal, W., Baeshen, R.S. and Said-Al Ah, H.A.H. 2017. Botanical insecticide as simple extractives for pest
control. Cogent Biol. 3: DOI: 10.1080/23312025.2017.1404274.

Kahraman, A., Adali. M., Onder, M. and Koc, N. 2014. Mung bean [Vigna radiata (L.) Wilczek] as human
food. Int. J. Agri. Econ. Dev. 2(2): 9-17.

Kalita, S., Kumar, G., Karthik, L., Venkata, K. and Rao, B. 2012. A Review on Medicinal Properties of
Lantana camara Linn. Research J. Pharm. Tech. 5(6): 711-715.

Masar, A., Neampongsai, S., Bunsak, C., Chaiwan, P. and Thanomsub, S. 2016. Development of mungbean
processed products at the household enterprise level. Thai J. Agric. Sci. 34(1): 95-106.
(in Thai).

Naboulsi, I., Aboulmouhaijir, A., Kouisni, L., Bekkaoui, F. and Yasri. A. 2018. Plants extracts and secondary
metabolites, their extraction methods and use in agriculture for controlling crop stresses and
improving productivity: A Rev. AJIMP. 6(8): 223-240.

Obembe, O.M. and Ojo, D.O. 2018. Toxicity and oviposition inhibitory effect of extract and powder
Momordica charantia leaf against Callosobruchus maculatus Fab. (Coleoptera:

Chrysomelidae) on stored cowpea seed. J. Biosci. Biotechnol. Discov. 3(3): 65-70.

232 MIETNEATHIEIT Ui 17 adun 2 nsngAu - SuanAN 2563

Volume 17 Number 2 July - December 2020



Prawarun Agr. J. Volume 17(2) 2020, 223-233

Ogban, E.I., Ukpong, I.G., Oku, E.E., Usua, E.J., Udo, S.E., Ogbeche, J.O. and Ajang, R.O. 2015. Potentials of
two indigenous plants powder for the control of stored maize weevil, Sitophilus zeamais
(Motschulsky). Am. J. Exp. Agric. 5(1): 12-17.

Prakash, D., Shashank, B., Cheena, T.and Soniya, M. 2016. Toxicological study of Lantana camara Linn
on termites in laboratory conditions. Innov. Infrastruct. Solut. 2(2): 96-104.

Priyanka, N and Joshi, P.K. 2013. A review of Lantana camara studies in India. IJSRP. 3(10): 1-11.

Rajashekar Y., Gunasekaran, N. and Shivanandappa, T. 2010. Insecticidal activity of the root extract of
Decalepis hamiltonii against stored-product insect pests and its application in grain protection.
J. Food Sci. Technolo. 43: 310-314.

Rajashekar, Y., Ravindra, KV. and Bakthavatsalam, N. 2012. Leaves of Lantana camara Linn.
(Verbenaceae) as a potential insecticide for the management of three species of stored grain
insect pests. J. Food Sci. Technol. DOI: 10.1007/5s13197-012-0884-8.

Rajashekar, Y., Raghavendra, A. and Bakthavatsalam, N. 2014. Acetylcholinesterase inhibition by
biofumigant (coumaran) from leaves of Lantana camara in stored grain and household insect
pests. Biomed Res. Int. DOI: 10.1155/2014/187019.

Singh, P. 2011. Leaf powders of basil (Ocimum basilicum), lantana (Lantana camara) and gardenia
(Gardenia jasminoides) affect biology of Callasobruchus chinensis. Int. J. Pharm. Life Sci. 2(6):
808-812.

Taye, W., Asefa, W. and Woldu, M. 2014. Insecticidal activity of Lantana camara on maize weevils
(Sitophilus zeamais Motsch.). URAS. 1(1): 43-45.

Tiwari, R. and Rana, C.S. 2015. Plant secondary metabolites: a review. IJERGS. 3(5): 661-670.

Visarathanonth, P., Nualvatna, K., Chankaewmanee, B., Uraichuen, J., Kengkanpanich, R., Pengkum, K,
Tongpan, J., Suthisut, D., Romyen, L. and Noochanapai, P. 2005. Stored pest insect and control.
Postharvest and Processing Research and Development Division, Department of Agriculture,
Bangkok. 150 pp. (in Thai)

Umeozor, O.C. 2005. Effect of the infection of Callosobruchus maculatus (Fab.) on the weight loss of

stored cowpea (Vigna unguiculata(L.) Walp). J. Appl. Sci. Environ. Mgt. 9(1): 169-172.

Un 17 adunl 2 nsngnas - Suau 2563 2TENYATNTZITU 233

Volume 17 Number 2 July - December 2020




Prawarun Agr. J. Volume 17(2) 2020, 235-246

Received: May 28, 2020; Accepted: December 8, 2020

Uszansnmvaarenanuglsauuasiunisaiuaulsaesyn

Tetranychus urticae (Trombidiformes: Tetranychidae)
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Efficacy of Entomopathogenic Fungi Against Two-spotted Spider Mite,

Tetranychus urticae (Trombidiformes: Tetranychidae)
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Abstract

Two-spotted spider mite, Tetranychus urticae Koch, 1836 is known as an important agricultural pest which
is the cause of yield loss in several crops and could develop resistance to acaricides. Thus, there is need to find
the alternative method to control. Morphological measurements of the mite were established to help in
identification. This study was designed to investigate in controlling of two-spotted spider mite by using
entomopathogenic fungi Metarhizium anisopliae isolate Ma-MJU-BCTLC-218 and Beauveria bassiana isolate Bb-
MJU-BCTLC-086 at the concentration of 1x10" and 1x10° conidia/ml comparing with chemical acaricide (propagite
and amitraz). The results showed that after 24 hours, the mortality rate of the mites treated with all
concentrations of both entomopathogenic fungi was not significantly different from that of control (p<0.05) but
significantly different increased after 48 and 72 hours after application. Application of B. bassiana at
concentration of 1x10° conidia/ml resulting in the highest mortality rate at 56% after 72 hours. For propagite and
amitraz, the mortality was significant difference with all treatments at 48 and 72 hours. This study showed that
entomopathogenic fungi could be applied as potential bioinsecticides in controlling of the two-spotted spider

mite to reduce using of acaricides in the agricultural production system.

Keywords: Two-spotted spider mite, entomopathogenic fungi and morphology
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uni

1??1@@@ Tetranychus  urticae  Koch, 1836
(Acari: Trombidiformes: Tetranychidae) Dunilslu
fngiimasughanddny aunsadwianefivgniialan
#0037 200 wila Idun quanu wih¥a Audfens
fflnenuazanseiiuess Bemardi et al, 2013
Ek-amnuay, 2016; Elsadany, 2018) lngfiigoulazin
Lﬁmi’agmﬁuﬁ%ﬁuaﬂé’iw wazaen wavairuduly
Unaquilsidudinusts wasududdhena wmamunis
JEUMTULTY 019d e Iiduigunneg Snnunng
sevinlufiuilimizugniidennianuindu wy
anseiiedd e uarliinon lifuseduiidniusidun
WingUgnanaaUseme (Lankaew and Siri, 2013) ugi
Hamddniinilumsmuauiidn Ae lsaesaldding
Wanarusumusoasiedifdalslavaneuila 3
Wuwamanmsldasiaiiindalses aunsvansuaz
Aoloandunaemuu (Afify et al., 2012)

msemuAulsaegnn@Tis InemsshwSunn
Fagsrsui (i meildSueudenaninemsng
st agiuldimsnudnen muesdngsssumid
famnuenansalumsmunsilsaesauisntu Suldud
s (51”3‘1/?1 (Neoseiulus  califomicus,  Phytoseiulus
persimi), annunszan (Oligota kashmirica benefica),
wagll (Scolothrips  sexmaculatus),  1unenld
(Orius laevigatu, O. vicinus), e (Feltiella acarisuga),
wiastisUnla (Chrysoperla camea), wag AT
(Stethorus  punctillum) (Attia et al, 2013
Kongchuensin et al., 1989, Mallk et al, 1998,
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Pehlivan et al., 2020; Lankaew and Siri, 2013) AIUAN
ﬁaﬁwaqa Stethorus  Weise, 1885 71 LﬂuLLuaaﬁmg
535UMRLaNZ03ld Tetranychidae  B4iinns
eedmudaadninluanadinds 6 viia uas
ansnsonulailuluUsswelne (Chunram, 2002)
s1elsnnuas viedosranunlsauuas
(entomopathogenic fungi) aalﬂuﬁmgﬁiimﬂaﬁﬁw
thuldmunuusaingiemsdi s fadumadend
inanuUasafeuiinunsnsiazdsdidin viedng
sysmATiedsegluanmundoniu uasdadunisan
ANAUnIUsaansaiinndnlsvedlsansgndnaie
Chandler et al. (2005) l#vnaeuuszavamitos
a1 lsautasunndn 40 leleian (solates) 7 6
dna Beauveria, Hirsutella, Metarhizium,
Paecilomyces, Toypocladium Wae Verticillium Wiold
TumsmuanUsinalsaesaluieslfuinis lnenudn
M. anisopliae, H. sp., V. lecanii Wae B. bassiana @1¢
fugiinnUssmaanszowin uazelsy aansoni
Tilsaeagaildnsnismessning 25.8-43.2 1Wesidus
sremnsonldsnfumsansiedifdals (acaricides)
TuannlsaseumzUgnusemelulseinedingula
at1llUsE VBN M
m93feifeiinguszasdiflednuiuisuiiou
Uizﬁm%mwsuaamsmﬁﬁﬁm"LsLLasL%aﬁmmﬁismmm
angiuginglunisaiuaulssansvedlsansyn dmsy
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A5Afiun15IY

nsAnwdagIuIne)
shogslsildlunsmageuluadeillefunnein
msmzdssnieldvesufiinisvesnsuivinis
\nwms ngammamuAg tnefogslsdrumiainumii
dlasansmethengosieas (Hoyer's solution) Lite
MnsfnwdnvardugiuIneinisuen (extemnal
morphology)  aelandesqganssatigdau (Zeiss
Axio compound microscope) W3aUINABIRIBNIN
a N1A3YIANINEMaLLIANY ANELNYATAIERNS
unMnedulsind lnen1sfinenlaonsdenisdnm
NIV Alberti and Coons (1999) uag Evans
et al. (1961) innsdufinswazdenn1edaugiuine,
Fadudnvarddgildlunisseyriavesls THun
fnwaura1i USAAIUTI9E16dU idiosoma Uu
a1 UNAY (dorsal  setae) @auunn (chelicerae)
dauresse1eAlin (palp)  Tiuvednvalaseaiig
o¥aAuiiug (genital opening) LHudu iilorialy
asrvdouLardusuTorinanionalsauiseni
aﬂgﬂim%m%ﬂiaqa Tetranychus Dufour, 1832‘1'7i
\ioad0 18uA Boudreaux and  Dosse, 1963,
Carbonnelle and Hance, 2004, Flechtmann and
Knihinicki, 2002 waz NAPPO, 2014 1n8fia9e1991984
madliaaﬂﬁgm (reference  specimens) 3@ CMU-
ACARI001-020 w8e 13 §eFuil druniaazgnifiv
Shwldlufifisdueiuuas aaduigineuaglsaiiy

ANLLNYASANERNS UMINe1aeLTealud J9nY

ho)
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Feslnil wazBndrunisgnifusnuliniifissu
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LIRS @113V IBISNVINY AUEHANNTTUNITNEAT

UNINYFULILD J9InTealul

nawziReslsgasyn
dnsiziedlsasgadiefusoududend
Uanlunszais ﬁﬁmqﬂizmm 4-5 Ju uasne
melulsaseuliiiongmudoinisudideldeslsans
yauulusuduiiolilsaesaalifinuiinafivameds

ilunnasdludunausaly

miwﬂaauﬂszﬁw%mmmL%aiqmmsﬂimmm
wazansiadinndalsaasyaluriosujufins

FelsaeneiilFnnmamzdsmindudanuly
ylauiinseguuddquiilunumnaes imaaouity
L%UaiwmLwﬂimammammzaﬁmﬁﬁﬁmiﬁ TNLNUNTT
naaeuluszAUaUfURN1SWUY CRD  (completely
randomized design) Usznauluine 7 nssis sl

551339 1 Wuansiafiidals propagite $m1
15 fladams/1h 20 ans

55357 2 wuansiafiddals amitraz §ws
40 fiadans/1h 20 ans

N35u3s7 3 WuansuIaRY M, anisopliae 1o
T94av Ma-MJU-BCTLC-218 fiszduminusdudy
1x10' Tnflifie/fiaddns

591337 4 WuaswvILaeY M. anisopliae %)
T9Lav Ma-MJU-BCTLC-218 fiszduminusdudy
1x10° Tnflifie/fiaddns

3533391 5 WuasuvIuaes B. bassiana ol
/v Bb-MJU-BCTLC-086 fiszsiuaruidudy 1x10°

laflhe/Aaaans
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551357 6 WuasuvIARY B. bassiana lolw
‘v Bb-MJU-BCTLC-086 fisgfuprnuidudy 1x10°
latiRe/fadans

n351357 7 ymenunu
yhmsdanudenanvglsarenn uazansiadiida
lsmunssisfidmunasuusilsaegn lneudnssis
Fuiunis 5 91 Tuudagaldlsaesgaduan 20 &
muaau usnwilsaesyalilugaiunueamaiivay
A (temperature and humidity chamber) il
gunndl 27 ssriwaidoanasdimnnduduing 70%
VEWINTLASTINAT 24, 48 wae 72 Falu Tudhuauls
finne Tnsdannandegnslsiilifinmsied oulmmie
vngnuaeyfudeliaunsardoulwldlifioinia
nMsmetu wdandnnsnnnsmelneiandu
wWesduivosuulsviovun nslinregideya lng
ihAnedssnantsmeveslsaosgandsnisdniuiag
NIIUITEN 9 WUTBUTBUANNLANFANNISERR ae
35 Duncan’s New Multiple Range Test (DMRT) il
sfumadesiu 95%

EJ‘fiﬂ‘?JIEmuaﬁﬁ”liﬂﬁWU’Jm%’]qumi’]ﬂ’]'ﬁmEJ‘ZJENLL@J@Q
(Mortality ratio) Tdeulvindrdnsnsnievesngy
AIUAN >20% mam’mﬁmwmmqq%ﬁaqﬁwmimam
Tl uazdndnsmsaevengualuauegluyi 5-20
% efenhdnmnmeiamenUiuiag Abbott’s
formula (Abbott, 1925) UANSRTINIIAIBVBINGH
un <5% Nazldonsmsmeaala
Abbott’s formula Auaalldaail:

A-B

DRIINITAE = %100

A
Uil 17 avufl 2 n3ngray - Suanau 2563

e A fig 8RTINTIOATINVEINGUAIUAY

B Ao §n5IN1370ATINVDINGUNARLA

NaWAITAINANISIY

anwazduguIng1vedlsaasyn

a

NNTANYIRNYULFUFIUINGIN18UBNVDI
Aaagnalsnielindesqanssauidadou wuil 69
pgalsiidnwaurardinanen ATy 19ouniediTen
ouwidos fyaidindnszatseguiiani 2 udhwes
d191d7U idiosoma (Fig. 1A) V1@ coxae Wanun
\FeuRniudis vuddadunds (dorsal setae) &1
(Fig. 1B) d@uun (chelicerae) Usnausiesenasdi
w8uld (movable digit) danwaugidudy stylets (St)
16 (Fig. 10) dmuguved stylets wagaivizmela
peritteme  (Pe)  nuagduludIuiua19vDs
stylophore (Sp) (Fig. 1D) wazaIuveIse1eAlIn
(palp) Fifmnunazduiiofisutulsily du
Uangves palptibia Usznaunie palptibial claw 1
Fu pretarsus  ¥09v14i1 1 Usznaudae claw  7id
Fnwaizuan war empodium  ifldnvazuanUany
Hudvdegszwinenans (Fi. 16) snuldviesdiuvany
(distoventral opisthosoma) ‘UEJﬂ'ﬁLWﬁLﬁEJWUgL‘TJ@
93dUIug (genital opening) aginilodiurouin

v

a92zduaiy (anal  aperture) 1&ntioy lnadvu

[V '

Auvukazaut1egiUnedeigduiiugedias 1 g
Ingusuiudivesgilnedetzduiugmeadeld
wanatlsaInanedeseviln deslnedulzdudng

fyu 24 (Fie. 1P lagainlassainednumenia
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Fuguineadanaiaiusaszysiafiogilsy
thanldlunisnwiadaiidie lsaesqn (two-spotted
spider mite, Tetranychus urticae Koch, 1836) Tu
19 Tetranychidae (8usu Trombidiformes)
nan1sTnvuabsinaenanan 10 089
(n=10) LLamLﬂuﬁmmﬁaﬂqmﬁamﬂﬁqm (Aade+
drudsavuninggin) Wuadsi anue1adid
(idiosoma length) 0.27-0.38 (0.32+0.03) fiadLuns
AIUNI19A1A7 (idiosoma  width)  0.4-0.51
(0.45+0.03) Hadung mmm’sm@'ﬁ 1 (leg |
length) 0.34-0.4 (0.37+0.02) HadlunT AN
ﬁﬁﬁméjﬂmﬁjﬁ 4 (ophistosoma length) 0.34-0.41
(0.38+0.02) Haduns AN817 palp (palp length)
0.13-0.16 (0.14+0.01) fAAWAT AIIUNIN palp
(palp width) 0.04-0.06 (0.04+0.01) Hagauns AL
N34 femur | (femur | width) 0.03 (0.03+0.001)
fadiuns AUNI19 stylophore (stylophore width)
0.07-0.09  (0.08£0.01)  HaduAT AUYI
stylophore  (stylophore  length)  0.1-0.12
(0.11+0.005) faduwuns Ima%a;&aﬁiﬁﬁmmmﬁﬂﬂ
Usznaunsszysinvedlsaesgalaluouian
wammmaauﬂﬁzaw%mwmmL%aﬁ'la'lmq‘limwaa
wazasalindnlsaesyaluesufjuinins
mamau%aiﬂmmcsﬂ,iﬂLmawiaé“mwmimmm
ls@e3qn (Table 1) ndsnsniu 24 2l wuidng
mimwaﬂliaaqamiumm%%ﬁvﬁué’wL%aiwﬁ'aaaa

¥iia NnAudutuddduiinisildsuudaniniuy
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vuzfiaseiifndals amitraz vilisegslsisns
38R 75.00+12.55 Wosliud Fsunnsnaain
n35uisBuegaditfuddaymneadf (p<0.05)

wdanisnu 48 42Tue wuindesn m
anisopoliage Wsaasnananduty (1x10” way 1x10°
latlineneiiaddns) way B. bassiana AUTNTY
1x107 lnflifenaliadans vinlronsin1sanevodls
aosgauiindulu 29004843, 29.0046.96 uay
23.00+6.04 LU UF nruddu drutdesn B
bassiana At 1x10° Indiiiesefiadansvili
dnannsaisveslsaesyaifinduifisadnies
(18.00+6.82 Wosidus) vmefiarsiniiiidnlsia
propagite Way amitraz vilonsN1sev0dlTEDS
AnLfingatuLfu 89.00+367 way 87.00+7.18
WasiGud auaau (Table 2)

wdannsviu 72 $2lus wuindesn B. bassiana
pnududu 1x10° Tafiiesiefadans vilwsnsinis
nevedlsansgaiiintuiiu 56.006.20 Wesius
%ﬂ@dﬂﬁﬂmﬂ%ﬁaﬁ M. anisopoliae ﬁﬁaaamm
Wudu (1x10 way 1x10° Iadiienedadans) Fail
8n51n15018909L5L717U 33.00£8.60 LAy
41.00+8.27 Wesidud aud1du way B. bassiana
Aty 1x10" Tnfliiedefiaddns Aflsnsinis
mevedlsvindy 40.00+10.37 Wedidus vauziisns)
nsngveslsaesgaienuiisaisiafididnls
propagite  Wa¥ amitraz  1AU 94.00+2.91 WAy

83.33+6.82 1Uas@ud mugdsu (Table 3)
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Fig. 1. Tetranychus urticae. (A) live specimen. (B-F) slide-mounted female specimen:
(B) whole specimen, dorsal view; (C) gnathosoma and stylet (St), anteroventral
view; (D) peritreme (Pe) and stylophore (Sp), dorsal view; (E) gnathosoma, first
and second pairs of legs, anterodorsal view; (F) opisthosoma, ventral view

]
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Table 1 Percent mortality of two-spotted spider mite (Tetranychus urticae Koch) on mulberry leaf

treated with acaricides and entomopathogenic fungi at 24 hours

Treatment Application rate Mean + S.E of T. urticae *
propagite 15 ml/20 L water 14.00 + 2.91°
amitraz 40 mU/20 L water 75.00 + 12.55 °
M. anisopliae isolate Ma-MJU-BCTLC-218 1x10" conidia/ml 0.00 = 0.00 °
M. anisopliae isolate Ma-MJU-BCTLC-218 1x10” conidia/ml 0.00 + 0.00 °
B. bassiana isolate Bb-MJU-BCTLC-086 1x10" conidia/ml 0.00 + 0.00
B. bassiana isolate Bb-MJU-BCTLC-086 1x10” conidia/ml 9.00 + 4.58
Control - 0.00 + 0.00 °

¥ Means followed by the common letter in a column are not significantly different at the 5% level by

Duncan’s New Multiple Range Test.

Table 2 Percent mortality of two-spotted spider mite (Tetranychus urticae Koch) on mulberry leaf

treated with acaricides and entomopathogenic fungi at 48 hours

Treatment Application rate Mean + S.E of T. urticae *
propagite 15 ml/20 L water 89.00 + 3.67 °
amitraz 40 ml/20 L water 87.00 + 7.18 °
M. anisopliae isolate Ma-MJU-BCTLC-218 1x10" conidia/ml 29.00 + 8.43 °
M. anisopliae isolate Ma-MJU-BCTLC-218 1x10” conidia/ml 29.00 = 6.96 °
B. bassiana isolate Bb-MJU-BCTLC-086 1x10" conidia/ml 23.00 + 6.04
B. bassiana isolate Bb-MJU-BCTLC-086 1x10° conidia/ml 18.00 + 6.82
Control - 0.00 + 0.00 ©

¥ Means followed by the common letter in a column are not significantly different at the 5%

level by Duncan’s New Multiple Range Test
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Table 3 Percent mortality of Two-spotted spider mite (Tetranychus urticae Koch) on mulberry leaf

treated with acaricides and entomopathogenic fungi at 72 hours

Treatment Application rate Mean + S.E of T. urticae
propagite 15 ml/20 L water 94.00 + 2.91°
amitraz 40 ml/20 L water 8333+ 6.82°
M. anisopliae isolate Ma-MJU-BCTLC-218 1x10" conidia/ml 33.00 + 8.60
M. anisopliae isolate Ma-MJU-BCTLC-218 1x10° conidia/ml 41.00 + 8.27 °
B. bassiana isolate Bb-MJU-BCTLC-086 1x10" conidia/ml 40.00 + 10.37
B. bassiana isolate Bb-MJU-BCTLC-086 1x10” conidia/ml 56.00 + 6.20 °
Control 0.00 + 0.00 °

¥ Means followed by the common letter in a column are not significantly different at the 5% level by

Duncan’s New Multiple Range Test

NHANITANYINUTN Lﬁ??aiwa%miimmaq B.
bassiana  nnududy 1x10° Iadiierefiadans
ﬁﬂﬁé’mwmimamaaiiaaawqqﬁqmmﬂﬁﬁ
56.00+6.20 Wosidud ndvnniudunan 72 Falug

o & . .
3@\‘16\‘1&7?’1@L%@i?ﬁ?LMQIiﬂLLNaQ M. anisopliae

Ia

= v v 9 a a aa ' =
Aty 1x10 lafifedeliadans egrdlsinny
A1340IUARLATFIEYD LR IIAMALTALLAINIADY

yindailiansinisnievedlsassganiniinisly

o

arsadnndals propagite WAy amitraz 98198

v
o '

HodAgyn19adf (p<0.05) MNaINYLIAN Fados
awvlsauiauarasiedidalsiinalnnseengnd
fumndneiu aundnees Insecticide  Resistance
Action Committee (IRAC) @vdnuusanstiosiurfidn
lsmunalnniseengns arsafiddals propagite

Jneglunguarslosiuiialsdngiiviidufivee

o
o |

syuumela lnen1sdudinseuiunisdedidnnseu
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wazdavul19n1sdslusaoulunszuaunis
phosphorylation @13 amitraz dneglunduans
ﬂanﬁ’uﬁﬁm%ﬁmgﬁ%ﬁLﬁuﬁwﬁiaisuwimmLLas
ndnile Feazdsmasgreriniaviolsdngiia (Ta-
Phaisach and Choawattanawong, 2018) Tzl
L%yaiﬁmmaismmaﬂuaqa Beauveria W@z
Metarhizium azelsalustadlaenisasaouleids
$uuson1sianzi cuticle Tvieudaulas Ly
chymoelastase Lae protease wenanil e
a1 lIALUaY Beauveria faunsnasieasvany
giafiJufivronuas laun beauvericn,
beauverolides, bassianolide, isarolides, oxalic
acid 18z @15 pigment 19U bassianin, tenellin,
oosporein ﬂﬁiLMéﬂﬁﬁﬂﬁLﬁﬂﬂizU’mmi mycosis
LLazdamaWmemﬂuﬁqm (Chandler et al., 2005)

" v
aa o

ag13lsfinuifiesninlsaegaiinaasiinndunay
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anunsafinySinassannsldun Feaunsawaun
ANnusuMuReasiaiindalslaednesinga nsld
Lﬁ?‘?@iwmmsﬂ‘mLmawmmumimﬁﬁﬁmli L
Beauveria sp. ag Metarhizium sp. 98%2a9
AU LAlindals wazdinsanuszrInTues
lsapsalangnaliused@ngnin 31nuan1svaae &
dunalddndt Sammaneveslsaesgaagifissniy
mmwxnmﬁmuﬁu Fadenndostu Chandler et
al. (2005) AilFsenuindnsnmsneveslsasignas
wndiga 6 Tundaninnisniudeidesianlaa
WUa3 M. anisopliae, Hersutella spp., Verticillium
lecanii  Wwaz B. bassiana  LazddAAABINU
Draganova and Simova (2010) fiseauindas
mimmaﬂiammﬁLﬁmmmfgasw B. bassiana s

5 loloian zgeanluiui 3-5 ndsnisnu

Bnsudenanvalsauuaniugniiutie
Tgnsn1smevelsaosgaunn1aii 3nNsANw
w99 Chandler et al. (2005) wuhnssudes B
bassiana  asvulunzilainelagnsanieans
wnuseslafifisvesdion udrresudeslsansqnas
lUazdidnsinisaievedlsassaauinniinasny

o

Tagassasuuiivedls Ssladifanansofnegiui
vosfivnazdanuduiuifuausuuseaton
awvnlsauiawig (Altre et al., 1999) egnslsiniu
Tunismaassiildisnisnudesiasuulsassys
Tnemss (direct technique) wielsiulaindesle
dudianulsansyalaense (Goettel and Inglis, 1997;
Butt and Goettel, 2000) dunsnuasuuluiiy
dielilafliAevondesinigfinfuiinvesiy (indirect

technique) mstin1sAnwsslulusuinn
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Genetic Diversity of Hemerodromia (Diptera: Empididae) in Loei Province

San Namtaku "
Program of Science and Mathematics, Faculty of Science and Health Technology,

Kalasin University, Kalasin Province, 46230, Thailand

Abstract

Genus Hemerodromia is an index indicating the abundance of environments. This study aimed to
study the genetic diversity of the Hemerodromia (Diptera: Empididae) in Loei province and assess the
effectiveness of the DNA barcode genetic markers for identifying the species of Hemerodromia. Ninety
adults of specimens were sampled from seven areas in Loei province by sweep net swung plane, up and
down near bush areas around the waterfall or stream bank which have a clean environment and without
human disturbance. Specimens were used for steps of DNA extraction, polymerase chain reaction,
purification sent for sequencing and analyzing the genetic variation. The results showed that
Hemerodromia in Loei province has seven species. DNA barcoding identification analysis based on the best
close match method revealed good performance, with 100% of specimens correctly identified. A
phylogenetic tree based on the mitochondrial barcode sequences revealed that all of Hemerodromia
species were monophyletic form clades. This basic research data will be useful for applying in further

study in other organisms.

Keywords: Genetic diversity, DNA Barcode, Empididae, Hemerodromia and Loei Province
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UNin
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Uszmalnedanunainatenisdinnue s
wazdnigs uwandunguuesdaldiniddmounas
anuvanvansuniigaluetandnsdad uuasana
Hemerodromia \Huanafiis uauaudnunniignly
19A 98 Hemerodromiinae ¥9414A Empididae
hlandis1eeunisny 150 @034 (Plant, 2015) See
frseuuarsrorsnusnuluunasilnadudnlng
wazfussdussneuddalussuuineingn Tnaane
08198 sluuvasiuifidenugauauy saivasann
HAInegT uiasana Hemerodromia SyeesipauLay
seogdnudiinavorfoogluuvdshfifiuinuesendio
a4 (Plant, 2011) U9aUTdvea Hemerodromia Wu

dasaunarduiuisrecuamal ¥l fageu
984 Hemerodromia U19al T d A UM 18 9UYBILUAY
Sushildunmeveslsn Onchocerdiasis Tunyweduay
UAdnd (Knutson and Steyskal, 1981) muwmmaﬂa
Hemerodromia 3siimnudndgyluvainuatedu T
miﬁd’swguﬁaumammﬂuixwﬁL’mLmdq{fﬂua
nsdudngausssurnfvesuuaanmedilsn wwu
wasus g uaﬂmﬂﬁuumaqa Hemerodromia
ETﬂLﬂu(ﬁ%ﬁU'aeﬁymmammaumzﬁmmamwmﬂé’am
fosnuaneadTdianus iz fuanmidneine
(Plant, 2015)
Tusywnalnefisrisanunisdneianuvainyila
WATAUNTUITIUYDILUAIANA Hemerodromia WU
Wavua 25 al%d nar0adTdin1snszanenis
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Yz fiu1sedTddnisnsrnemandmaniiniieans
wulFUszima MneauAnAsYeIanNAINg
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o udansAnuilagldiedosmneiugnssuAidue
U15ldn (DNA Barcode) Faflumadiafiduszavisnm
Tunsuszgndldiiiossyaldd saufansnsvasy
AUNAINTATEE UL (cryptic diversity) @ ¢l
aunsansivasulanlemadafudugiuine
(Pramual et al., 2011; Pramual and Adler, 2014)
madafiueuslani dnwiludailddoyadifu
fndlelnawesdu cytochrome ¢ oxidase subunit |
con Tululnaownie AueIUsTUNaL 500-600 bp
msfnwiliTagUsvasdiioliadomaneugnssud
Wuewsldn Anvianumainraienaiugnssuuas
nsld1duia3 esmuelutana (molecular marker)
dmsunissezyalddvesiuasana Hemerodromia
Tudsunalne deyadildagilinsiuyszansam
yoanIosmmeWusnIsuAiueuifldadmiunis
seyadddvosuuasana Hemerodromia 4 4833
nsdnuiluduidvesuin venandwanisdnu
AIINnaINatenIanus nssuluiuasana
Hemerodromia luusgmealngagyinlinsiuiisuuy
LHUYBIANAVANNVANENINUGN TR SR BT TInlu
Uszinalng Tnglanizegnedadfidindnuluumas
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A5Afun15IY

nsiiuAegmaznssEya U

\iudeE13 Hemerodromia fawdaielaenisldy
AfuasinaninmvdesnhiiareaUnaainns
sunuvesLywe waegeii LA uldaznedly 80%
lovuea uasiiuinwigamnd -20 °C s UTdlagld
FNYUENNFUFTIUINGIAUAIDT YA NWATVBILA
avaddduazinaei v ddgydmivssyadddues
Hemerodromia Tuuszwilve (Plant, 2015)
nsafaAEue MainuaueTasUfAzen
anlguazn1smanduiioailelng

afadidweandufuislngldyaadndusagy
GF-1 Tissue DNA Extraction Kit (Vivantis) Lfia
USunaansiugnssusieufisengnly (Polymerase
chain reaction; PCR) Taglalnsiuas LCO1490 (5'-
GGTCAACAAAT CAT AAAGATATTGG-3") tkag HCO
2198 (5'-TAAACTTCAGG GTGACCAAAAAATCA-3")
(Hebert et al, 2003) AEutefitiusuaulag PCR
La AWINIRITIVAOUA 28 1% agarose gel
electrophoresis yhuananan PCR liiusansiduie
lagld Hivield Gel/PCR DNA Extraction Kit (RBC
Bioscience, Taiwan) 34As1¢im1a1nuilnalalng
1aeldusn1s DNA sequencing service U84U3 9
Macrogen Usztnelnmala
N15AATIEATIYARIUUUTHUNIWRLEN T

rdeyadiduidindindurvidaus dliilu
t@unsslagly CLUSTAL X (Thompson et al., 1997)

Tiasrgvinnalnalnd (h) laeni1stgluswnsy
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Arlequin version 3.5.1.2 (Excoffier and Lischer,
2010) merAmanaaneveasluLazsEinsane
snuilndlelnaanizuesdiu cytochrome ¢ oxidase
subunit 1 (CO) A 2875 Kimura-2 parameter 904
TUsunsu MEGA X (Tamura et al, 2016) T4 luina
Kimura’s 2-parameter (K2P) AWI84%1A7 neighbor-

joining (NJ) tree
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Table 1 uanis1eazduaNuNluNISAUAIBE1 Hemerodromia Tudaiaiay

aud Nufifudaegne sia | azAgm /aeddyge | swduaw | Junaniviinisifu
g9 (luns) #9819
H. anomala_Plant, 2015 | dhanaiueu swnenussiu | LEIL 17°02'49'N 579 16/09/2016,
101°45'42"E 23/03/2017
H. conspecta Plant, 2015 YIRNEIURY SneuueIiu | LEIL 17°02'49'N 579 23/03/2017
101°45'42"E
H. furcata Grootaert, WINNABIADY S1UNBYITD LEI2 17°21'31'N 733 22/03/2017
Yang & Saigusa, 2000 101°24'23"E
H. fusca Yang & Yang, dhananurey sunenuesiiu | LEI 17°02'49"N 579 29/11/2013
1986 101°45'42"E
13"|mﬂmumﬁﬁ‘ DILNDUUDY LEI3 17°03'58"'N 627 26/11/2013
P 101°44'53"E
Shedrseugnanntni | LEG 17°22'03'N 667 17/09/2016,
nnmstuludhanaesaou 101°2307'E 22/03/2017
ihandesrou sunagide LEI2 1721'31'N 733 22/03/2017
101°24'23"E
H. namtokhinpoon ﬂfwmﬂmuﬁam gUNanULAY | LEIL 17°02'49"'N 579 23/03/2017,
Plant, 2015 101°45'42"E 27/05/2017
H. yunnanensis hanUan BRMCHIED LEI5 1723'51'N 279 20/09/2015,
Yang & Yang, 1988 101°22'02"E 18/09/2016
euneden grenuuiaTIR | LEI6 17'30'55'N 915 19/09/2015
NAUNTIY TUABUIIN 100'56'19"E
A89EIUENINITIVIUN | LEIG 17°22'03'N 667 22/03/2017
nametuldihnnaeseey 101°2307'E
thanidemy guneqise LEI7 17°29'53"N 1,122 12/01/2018
101°20'07"E
vhanaauon sunenuesiiu | LEIL 17°02'49"N 579 23/03/2017
101°45'42"E
H. anisoserrata Plant, ‘13’1%?16@%‘14 é’ﬂLﬂaQﬁa LEI2 17°21'31'N 733 22/03/2017
2015 101°24'23"E
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NaN15Ie

1. nM332yaU¥dvas Hemerodromia AuanwnY
MeduguIne,
1.1 Hemerodromia anisoserrata Plant, 2015
Fududeineadues H. anisoserrata agdung
NANBULVBI terminalia lneazdl cerci 817 EON
3U319904 epandrium asiiududnwaziioudu
&8 vy hypandrium fdnwazadeiense
surstylus AanwuzisvwAvdIulagIiouaznay
waziiieeviseiduruing nszgnsiegd iy

#i09NdIUUa18UD9 epandrium WAAIAS Fig. 2

(n)

andrium

()

Fig. 2 (n) frafiarSewneves H. anisoserrata Plant, 2015

(¥) @1uUsENoUr19Y ¥89 Terminalia
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1.2 Hemerodromia anomala Plant, 2015
Fusudoinagues H anomala xdunn
INANWULYY terminalia eyl cerci 13uay

1 . A o a A o v
[APMN epandrlum TUAALAT UL DYANWUSANIYVYU

o

[ a v . aa
LN @LlUd hypandrium U&7 aNWLLAULAZYID

v £ '
=< S caa v =~

surstylus 817 Fauaylasdy aUTdiildnvagiidiu

[

Lo A aa N o No v < v '
LAUYN A ‘Vl‘lJﬂ%ﬁJaﬂiﬂmzamwuummmﬂuﬂauag

ATIFILNUN R 4 Lanend Fig. 3

(n)

ndrium

()

Fig. 3 (n) srwfiniewneduesH. anomala Plant, 2015

(¥) @iulsznounIee ¥ed Terminalia
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1.3 Hemerodromia conspecta Plant,
2015
Aadutemedves H. conspecta axdanm
PMNENWULIBY terminalia Inyagll cerci anwazdn
Wiy Yundn dunayn’ng epandrium A9LAZNBY

NENUUUILATUTNAMBETREY UARIRT Fig. 4

) 300,

&

Terminalia Cercus

IEpandrium
@)

Hypandrium
Fig 4 (n) s Jeneruea H. conspecta Plant, 2015

(@) @rulsznour1ee ve9 Terminalia
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1.4 Hemerodromia namtokhinpoon
Plant, 2015
Aasutemeaes H. namtokhinpoon 4%
FUNNAINSNWUEVON terminalia lasazdl cerci &
wagvuaLanuedudeu epandrium Tanuazena

WaTWAUNIN hypandrium J§NYArLRINAR1EI9T

v
N eaA v a2

surstylus 817 @auazlawy advdifianwaz i

< I

wiudn Ae NUnazddnvazdmiduneanuduieuet

ATIALAUL RE LLaAAS Fig. 5

W

.M.

2005

-

Hypandrium

(n)

C(Zerci

_—

Epandrium hallus

()
Fig 5 (n) siufudemeives H. namtokhinpoon Plant,

2015 (@) @nusznaurnge) U0 Terminalia
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1.5 Hemerodromia furcata Grootaert,
Yang & Saigusa, 2000
FuduTemeaves H. furcata sdnnann
dnwazved terminalia 1naazdl cerci @auazsnn
drulangazueniuaoanan (bifurcate) epandrium

=

gnuazgUsaieuduasg sxlidduasiidiosdnvas
ARBYULANY AU hypandrium SnuEAAIYYIO
\Jasurstylus Usgnaundgd@iunauuulagauana

v I~ < b3 [ .
WANUULDIYNDUILLTUFUQUNT LanIe Fig. 6

200un

(n)
p a Upper lobe
of surstylus
d j n Lower lobe

Cerci Epandriu of surstylus

LA 4

| Phallus Hypandriu

()
Fig. 6 (n) fiAndewneives H. furcata Grootaert, Yang
& Saigusa, 2000 (%) duUsENEUAINY VBd

Terminalia
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1.6 Hemerodromia fusca Yang & Yang,

1986

o 3 [ v o

AnauTeinay voq H. fusca 3gdunnan
dnwazed terminalia lneazd cerci Anazena 4
UT¥NOUA8LA DUNS DUULAENS epandrium TUane
waunse3Us 1 uiuuaas hypandrium dnweus
AREViBTe surstylus dunalidinglnedisusiauuuda

1 (T-shape) d@uUaNBLULLAZNIN WARASAA Fig. 7

J

-

i

400,

(n)

)
‘ ,,‘ Surstylus

Cerci l E

pandrium

Hypandrium

()
Fig. 7 (n) frsfiufeuneidues H. fusca Yang & Yang,

1986 (V) d1uUsznaUsinee) 983 Terminalia
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1.7 Hemerodromia yunnanensis Yang &
Yang, 1988
Faduteanaves H. yunnanensis adwne
NSNWAZVD terminalia taeazdl cerci @muazem 9
USENOUAIBLA DS DTWANY epandrium fuateuvas
] @) al . [ v v
n393U3 100 UUUUIES hypandrium dnwagadevies
W50 surstylus dainale d1elaedlgUsawuudauen

(L-shape) duuaneuuuLaznIN UandRIFig 8

500xn

. Surstylus.

~

Apex of lower

et Epandrium

- narrow process

() ]
Hypandriu Phullus

Fig 8. (n) srafufewnaiues H. yunnanensis Yang &

Yang, 1988 (v) dUsznausingg ¥83 Terminalia
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PNNTANBI NN T UTIINGT Uazteya
AT LATIERAE UWUS 1197 T AUINITVOS
Hemerodromia ‘1/'? 97 alqdd laun H anisoserrata,
H. anomala, H. conspecta, H. namtokhinpoon,
H. fusca, H. furcata wag H. yunnanensis 1a87 5
Neighbor-Joining (NJ) WU31 @ne/duiusymad Tamuing
(Fig 9, Table 2) uoneoniduclade g0y 7 clade lng
§iA1 Yeuazuadn bootstrap atuayuuINnIl Jo
az 98 lag alFddislnnilndBaneitugnssuduann
1w H. fusca way H. yunnanensis 151l 01210
yaosadddd fenvarmedaginelndidesiy
10 wareradung ualddiostu (sister group
species)

a6 v d

snnsAnwdansassyalidareisuie

U1stanbeag 19 used@nsain aedunisAnely

a &

aurAnazaINsaldusyleviangiutoyaniduie

Y

o
Y o I

urildnlutiaquuld saddnsusegndldfidue
vfldnlunisszyadlddvesieouunasiidnuas
msdginefindeedsiilusazinwenas®in
d5alae Thaijarern et al. (2017) Fspainlusunan
azannsnthaiedunldlunsinuszesfseu

989 Hemerodromia towiusdeniu
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63

56

a

63
Hemerodromia fusca

66
93

Hemerodromia yunnanensis

99

Hemerodromia furcata
59

57

Fig. 9 @neduiusmeiTauinslagds Neighbor-Joining 13U 63 uanlwalnl a1nfaeg1aianun 90 @veng
w83 Hemerodromia 7 aU%d ludawiniae lneilaaia bootstrap $7uau 1,000 91 wanudumiSosay

waranaulseaunuatindlalnaiaviatu 0.05
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Hemerodromia anomala

99

Hemerodromia conspecta

o
% L

53 Hemerodromia namtokhinpoon

Hemerodromia anisoserrata

Cheliferra frigelii

0.05

Fig. 9 angduiusmaiiauinslagdd Neighbor-Joining d@5U 63 wenlndlnd anmeesnsvun 90 Moens
w83 Hemerodromia 7 @U3d ludwminias InefiaA1@d@ bootstrap 112U 1,000 91 uanadumiesay

waranaulsHefwlstinalelnddawindu 0.05 (#9)
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Table 2 AnUssidudnugnéesvasnssyyaliidves Hemerodromia 7 alddludwminae 1ngds best close

match TulUsunsy TaxonDNA (Meier et al., 2006)

a0 1w 1w wWaesidudaau wWosidudau
CPRERE wanlnalnd ONABITAINITIZY  HANAIAYDINITIZY
aUd aUd
H. anomala 8 3 100 0
H. conspecta 11 3 100 0
H. furcata 11 8 100 0
H. fusca 18 17 100 0
H. namtokhinpoon 23 18 100 0
H. yunnanensis 13 9 100 0
H. anisoserrata 5 5 100 0
Total 90 63
a3UNan1sIvY Jorausuuy

1. wusuasana Hemerodromia Tudaniniaed

o

fidnwasnsdauguineiuandeiuiionn 7 4034
2. UsrAnsnmuaaniosmneiugnssudidy
LUISLAR 91NN15ILATIERIABLUTINTN TaxonDNA
nuIRueuIslAnvesatsanuiindlolndves
uwasana Hemerodromia 4 7 8034 fiauaunsn
Tun1sszy al3dlesosas 100
3. @189d UWUST NI9T T RUINITUD
Hemerodromia lus snintagayd anwuyilu
monophyletic clade Tngaguenoonidu clade

go87 7 clade uazal¥dnianulnadamaiugnssy

fun Aazuansdnuazveangualididosiu
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lunsslavanunsninlydszendldlunisssyalad

A ada A A Ao ' Y] v O oo
FallFinadindus Adsldnsnusvesiaseula dnvieds

Judeyaiugiuiilugnsdnuidenlesdusuian

U <3

YY)

WNENUAN LN NFUgIUINEINTANUNFURNUS U

wssegondelussuuiliAvesusazaladle
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Substitution of Rice Flour with Pregelatinized Hom Nin Rice Flour in Batter of

Kanom Chomuang

Paphakorn Srisorn™ Patchanee Boontaganon Anongnat Sopanangkul and

Yatipakorn Terapatponchai
Faculty of Science and Technology, Rajamangala University of Technology Tawan-ok, Siracha, Chonburi,

20110, Thailand

Abstract

Kanom Chomuang made from flour mixed included rice flour, Thao Yai Mom flour and tapioca flour, as well as
decorate purple color from butterfly pea flower. The texture of dough when leave it for a moment was a problem of this
dessert. This research aims to study the substitution of rice flour with pregelatinized Hom Nin rice flour for improving the
texture also increasing the nutritional value of the Kanom Chomuang as well. The Hom Nin rice flour has purple pigment
are anthocyanin which had antioxidant activity and pre-gelatinization process exert to quality of batter, it also retains softness
texture after cooling down. The development of Kanom Chomuang based on production and quality of batter from 5
formulas consisted of control, rice flour (RF), replacing the rice flour with 5, 10 and 15% of pregelatinized Hom Nin rice flour
(5, 10 and 15%PHF) were investigated. Addition of pregelatinized Hom Nin rice flour affect dark purple color of batter was
confirmed by the lightness was decreased while redness and yellow were increased. Kanom Chomuang was substituted by
pregelatinized Hom Nin rice flour at 5, 10 and 15% had more softness texture, it observes by decreasing of hardness.
Sensory evaluation of Kanom Chomuang was determined by 9-point hedonic scales. From the result, substitution of rice
flour with pregelatinized Hom Nin rice flour was decreased the liking score of color. However, it increased to the liking score
of texture and overall like. Moreover, antioxidant activity of uncooked and cooked Kanom Chomuang batter (10 %
substitution of pregelatinized Hom Nin rice flour) was determined. The result indicated that the inhibition of DPPH was

decreased by cooking from 1.84 to 1.32 mg ATE/g) also the inhibition of ABTS was decreased from 2.63 and 1.40 mg ATE/g.

Keywords: Substitution Pregelatinized Hom Nin rice flour and Kanom Chomuang
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A5Afun15IY

1. nmswseundevieudansaandlud
° < v a avy v ° % a '
Buudatveudanleurvinnsldseasaaly

LT UUWAY duunazidannlewas aaun buiin

(Ultra-centrifugal mill, Retsch ZM 200) thutlafile

FRUNUAZUNTININTFIUANNALBEATUIN 100 1%

Table 1 Formulation of Kanom Chom consist of control, 100% rice flour (RF), replacing the rice flour with

5, 10, and 15% of pregelatinized Hom Nin rice flour (PHF)

Ingredients Control RF PHF:5 PHF:10 PHF:15
Rice flour (g) 30 32 33 31 30
Thao Yai Mom flour (g) 1 - - - -
Tapioca flour (g) 1 - - - -
Pregelatinized Hom Nin rice flour (g) - - 2 4 5
Water (g) 50 50 57 57 57
Coconut milk (g) 8 8 8 8 8
Butterfly pea flowers water (g) 10 10 - - -

ntuhudeilglusunssurumsnieadly
L uUA1I5v09 Narklaor et. al. (2011) laanauuts
woudarethfisnsdu 50:100 nfurefiadans wan
vhuradaeiadoniuiuuugnnasy Tneldgumgiiv

v
a o a

Aamingnnde 130 asewaided NnuisI5euned
annaadu 12 seusewndl annduthuniuwdedilaun
UAlaziden JPUNTUAZLNIININTFIUAIUALLELR

2u1a 100 Wy Idundsdnveuiansiaanslug
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2. MSIASYNVUUYDUDS
MnsnseuLteIuNnIuisune Obtom (2012)
v‘fwmisﬁl’w,ﬂa LLasai’Jumammqm (Table 1) ﬁgammm
5035 lawn vunYeN9gnsnIuau (Control) gns
wlat1td1 (RP) gasnaunuudstnveuianiiaan
aludiesay 5 (PHF:5) ansnaunuudstiveuila
wWIlandludiesar 10 (PHF:10) uavansvaunuuls
Frameudiandioandludiosas 15 (PHF:15) 9ty
Wuthfiaztesaslvuanduudaduian 10 uni

aundadudaunaridolou wuihdunmvde tawn
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Umendaydu wazneit aulidaiy waunavadly
nspnzilURelgamndl 90 ssrmmaBea nuauutls
Jounnnszvy thanwadeilelriloutaiou thuts
wdufudeusun 8 nfu wiutaduudunay veld
wualiiiln TYuruuruutesae Sudulneseudunen
ey sedsidlsindeu fen sesdediselumesin th
gunerndadune 5wt snasnen windady
wrunay vieldvuulida T9uniuvvuns 193 viv
Tnesaudunennmany
3. MyRTiAEvalruNYa3iag
Wsegauilsumoineuasdils svhns
Srszianaluszuu CE (L* a* bY) seweeddinsnsid
Spectrophotometer (& Wa Konica Minolta 5 U CM-
3500d)
4. MmAwnsiieduiaveutlwwunyesing
Faograulsvuneien oulazud i e 8 ndu
vanduldifudeunay nsieseien Texture
Profile Analysis (TPA) Tneldiedae L eduia Texture
Analyzer (TAXT. Plus) wazainuila Cylinder probe
(P/35) neadlUluruudedaedovay 50 vosd u lny
AuuAd 55N euTA (Pre-Test Speed) 1.5 mm/s
§n55 e TA (Test Speed) 1.0 mm/s 85 maein
(Post-Test Speed) 10.0 mm/s Yu®
5. MVAFBUAMNMNNNUSTAMMTUNHVUUNY D3
maavqmmwmaﬂﬁzmwé’uﬁmawumaamﬁy’q
5 80562875 115 ATWUUAIINYBULUY 9- point
hedonic scaling (1 w8 d slaweusnfi ga &3 9
vanedwauiniige) Ineld i maaeuiiniumsiinelu

Fmau 30 A Inelignaaeulvirsiuuauveunise
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yusoslunudnvzens I & nausa anuy
PNUBAVEL WarAIAYOUTI
6. ms"“;Lﬂi’lzﬁqwéﬁma%aﬁaiwmLL{]wumiaam
thieg utlsvundesnou wasudsiwoagms
wUa 109%PHF umihmsarinansiueusyadase lagi
wilefi unazidon 10 n$ waufUasazaonas 250
8843 (95% Ethanol 70: 30 Distilled water) Ay
han 44 wit nthuhlunsesuenmndenszaunses
wes 41 wdnhluduiesdiemundaseu 300 n3u 1
na1 15 wit thansadai lalaluredvuaziiulid
gamil -40 asrnwalded neuldidenadendivetne
a1sannanudy 20 WnanAeg1aT Ty Inelius
vhndulsiennlessy 950 lulasans aduveenlulas
WiRTR uasivansainannudls 50 lalasams :ntiu
walifid iy mnduhmsliensigriinueyyadasy
#2875 DPPH assay Wy ABTS assay lagaalkuagin
NN33Y09 Sutharut & Sudarat (2012) Fsi
3meﬁﬂ’ﬁé’ué’jﬂmia%aﬁmz DPPH (DPPH
assay) vosansaniaf inanudswuurenae Tnaisuen
La§ suansarany 2,2-Diphenyl-1-picryl hydrazyl
(DPPH) Astautu 0.2 lalasluasiedns Tuansazane
wnuea Ywnensavane DPPH Usuns 950 lilasans
asluraenlulasiunsiiog Wilenuea @sazanensa
weaned Onilanududusiigg (0, 20, 40, 60, 80 waw
100 lalasnSusefiaddans) veemlet wansanaudaie
913 U305 50 lulasansuanlidndu valuiidedu
nian 15w LLazﬁﬂﬂi’mﬂ'ﬂmsqmﬂﬁuumﬁmmmu
A 517 wilulng AMuudesarnstudaisauns

aeluil

MIFANNYAITNISIT 265

Volume 17 Number 2 July — December 2020



Prawarun Agr. J. Volume 17(2) 2020, 261-271

A4
%Scavenging = —a x 100

1
Tnefi Al @0 AINITAANEG ULAIVDIA Y 19
@158¥a18 DPPH WauLenuea
A2 Alg ATNITAANAULAIVDIAIBEY 1

@15a¥a1e DPPH waud1sazalensauaanasin #3e
asananlaieans

¥nsws suli susedunseud suesansade
089 Funsnnisdud sanseyyadaszuninsa
woaresdnTinrundudusingg ?fimﬁaﬁmﬁ@mﬂﬁul,l,aﬂﬂ
WReutunsvhnasyusamssudaildasuandumioe
fafinSuauyavansaueanesUndeniuvewites

?meﬁmié’ugamiauyjaﬁma ABTS (ABTS
assay) vosensatai lanuteuugenae Tneduan
LR35 BNENIaYaNy ABTS Anuduty 7 dedluanodns
nauA Ulwunald sadsdamn (K25208) ALt udu
245 fiadluarodns ludadau 23 \uliasiadunm
16 - 18 F2lus Aeuthunldnisiseansaeindy
UnAanlesau L‘ﬂai’wﬁmi@jmﬂﬁmmﬁmmmm?{u
729 wiluins Widanegilugng 09-10 Mindurhnig
Tasgvilaedunansnaaeu ABTS USu1ms 950
lulasans adlunasalulasiwunsfiadg Wutindu
maazmammmam%ﬁﬂﬁmmvﬁwﬁ’umm (0, 20, 40,
60, 80 waz 100 lulasnSusalianans) visesioeneans
anautadens USums 50 lulasanswasliiiniu Uy
Tufidadunan 5w LLasﬁﬂU‘Ymﬂmi@mﬂﬁul,l,mﬁ
AmemRAY 729 wiluwas funadesazmsiuds

aunsralul

266 FEINYAINISIFU

A4
%Scavenging = T x 100

1
Inefl Al Ao AIN1sgAnAuLAsIRIRI9E19a13
NAAOU ABTS WaNLDVIUDA
A2 A9 AINITYANAULAIYDIAIDE1IANT

NAEDU ABTS WaNaTazaIunIaLoanoiln %io a1s
anaudaudoa

ynsiSsuiieuseiunisdud wesansada
o819 funsnisdudsansouyadaszuoine
weanesdnfiaududusiag ﬁzdfal,ﬁaﬁwm@‘mﬂﬁul,m
TUeufunsmanasgiunantsdudaildaeuandy
e Jadnfuauyaveinsanweanasinieniuves
F0E4
7. MTAATIZINGEDR

NTIATIERAMAINNIEAIN waziadl T9n15379
WHUNITVRABIRUUANBE ANyl (Completely
Randomized Design: CRD) @1un15UsgtdUm 11
Uszamduia T9nsnaunun1snaasawuuguudeon
GERVAE! af (Randomized Complete Block Design:
RCBD)

¥1N13571A5189 ANLYTUTIN 9R9TBYA
(Analysis of Variance, ANOVA) 7 sesuifad iy
0.05 wazlU3suifisupnuuAnasvesAadelne s
DMRT (Duncan’s New Multiple Rank Test)
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NaN15Ie

MsAnEaLILY suLpslnensaLuL g
Frdeeutsvenudandwanilusiiseiudevas
5,10 wag 15 sosiminuils Wisufeutugasauau
wargmsudadndn memsilSeuieunannveads
YUNNWNBAN LaZYNIUTEENEUNE
1. aunmmesudvesulevuadoiae

drunauudlfiunnaeiu dwalduisvosuu
ForsilFianuunnssiunudvesingAundndisl
Wil aunnansue Insflvuudeirsdmnass
A7UAL Control axiAuniuiunainiinendysu
dud means RF d8v1amuudednangn LLasqmﬁ
naunussuilvendandiandludiidinauns

mudvesutstinmeniiansiaan@lud (Fig. 1)

Control (uncooked) Control (cooked)

o

RF (uncooked) RF (cooked)

PHF (uncooked)

PHF (cooked)

Fig.1 Kanom Chomuang with different mixed flour

Uil 17 avufl 2 nsngiaw - SurA 2563

TaoAudeuInnisi dawalidiutdsvuy
Feorhavasuduala uwavsinmunau drsenuils
rouflsiifidnvaegu uazdu esanudsiinauiy
iAavilhdaudainnanest waeidnvuetu
dledudadulethaaeinisderudeuainleth
ilidtaudsiinowanudswduaala (Srirod and
Piyajomkhawn, 2000) 911A153tAS129ANE TALA
ANANLETIN4 (Lightness: 0-100) ArAsdudiden -
was (Redness: -a+a) wagA1autdud iy -
MABa (Yellowness: -b,+b) 189Ut sy uuY 0324913
WUURDU wazndsila 5 fegne (Table 2) nuimds
nsailudsungesanis 5 gn3ien Lightness
anad WA ludInan e Redness wag@n Yellowness
agnaiifadndy (p>0.05) waranaunadlidndnd
wanansudsnaliuuntoias control Fefidd uaz
W19819 RF 4 9l 412 A1 Redness (-a) wazan
Yellowness (-b) Anauagluy9diden Lavuniy
druvungaua9 PHE:S PHF:10 way PHF:15 € edld
ﬁgﬁmaum {A1 Redness (+a) wagAn Yellowness
(+b) iuuineglutieduns wazimdes Taeiloliis
seAUNITNALIY PHF danaliian Redness gadu

AUAIAU
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Table 2 Lightness, redness, and yellowness of

uncooked and cooked Kanom Chomuang

Samples Lightness Redness Yellowness
Uncooked

Control 61.06+0.73° -5.2240.19°  -15.40+0.68"
RF 59.59+0.53% -4.50+0.05%  -19.60+0.12°
PHF:5 56.55+0.81° 2.41+0.05  1.60+0.22°
PHF:10 51.12+1.35° 3.40+0.30°  0.77+0.58°
PHF:15 46.69+0.43° 3.80+£0.22°  0.90+0.18°
Cooked

Control 58.19+1.01" -5.65+0.11F  -16.41+0.32°
RF 56.64+0.95" -4.99+0.05°  -20.03+0.33¢
PHF:5 54.59+0.10° 2.34+0.04  0.84+0.11*
PHF:10 47.83+2.24° 3.40+0.48°  0.79+0.53"
PHF:15 44.46+0.56° 4.00+£0.37*  1.11+0.30"

Note: ¢ Means difference in the same column of
uncooked (p<0.05)
AE Means difference in the same column of

cooked (p<0.05)

2. quamunssiiioduiavasutlavundasins
nsnsziAoduiadograutiauundening
Tamun 5 gns MawuuAeuazndsiie fensvngeu
Texture profile analysis loifi1 Auuds (Hardness)
ATANLUTEI8AR A (Adhesiveness) A1AILLAY
(Springiness) A1N13LN1%#7 (Cohesiveness) ATAINM
LWt (Gumminess) LaTAINISLAEN (Chewiness )
(Sirilert, 2007) M3ilsdsmaliarnnuuds arnsinig
1 ArauwdeduazainisiAeiveut wausia 5
ansgarullufiemadientu idesonmatailiuts

Aoeanfluedunazndsanudaduias luanaves
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wilsrAusinaneluna lngesdusenaumaniives
waduiadeniddmanednuaznsdouneves
1A59718 LaYAI1ULT ILT9v09Laa (Rattanapanon,
2014) udatridndudruuseneundnveavunteig
W 5 faegas Tnefetne Control iuudawauuds
drdfuutlsinendey RF Wuudsinuddruvay
PHF:5 PHF:10 PHF:15 Aasa0g 19wt svuugaua9d
naunuuteindsenl i nvientansiad ludseuay
5,10 uag 15 AUaInU WuI1 A9l e Control RF
wae PHF:10 Tuutlegnvdstaudfidanauds amsine

LY '

A7 ANAWLE) wazAMaAealian 19t (p>0.05) Tag

P

ulugeiniiamnud sleeigavianeu uasrds

'
=

s Fovilvienmmunien uazanaReesiigaguiu
fie PHF:15 usishee il lduansdnaauvileifafin
wnnfian enananléiulausdonas PHR15 vdailee
fidloutleiniian usonafnily vauedn vidouen vaed
uila uflsnamenine Control RF waw PHF:10 fiilafiuds
Faddusdumstin viaremnmindhedeun
3. AR UUsTEduiEvasLNYasiag
nsAnwsEAUMINALIULY s vudanTaan
fludlaviszidunaninnnslssamduia laenis
vaFeUALYEUYR U3l nRTiTiAeTuLYeN 5 Fagng
Tunnidnuazsineg 1¥un & (color) ndu sa (Ravor) A
11l (Softness) ANuEAnE U (Elastic) karANUYBUTIY
(Overall liking) (Table 4) wuinwuNYe Control Way
RF I¢izuuumnameus udsnniign sesaunie PHF:10
LAz PHF15 d2ud1und usanneiaog19fl Az uuy

armaulsisinaiy (p>0.05) fisvsiuazuu 7.0 - 6.5
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Table 4 Liking score of Kanom Chom with 5 formulas

Samples Color Flavor™ Softness Elastic Overall liking
Control 7.07+£1.05% 6.67+1.21 5.97+1.38° 5.80+1.27° 6.20+1.06°
RF 7.34+0.84° 7.03+1.00 6.40+1.04° 6.30+1.09° 6.87+1.04°
PHF:5 6.10+1.35° 6.53+0.97 6.70+1.06 6.53+1.17° 6.73+0.98°
PHF:10 6.63+1.16" 6.90+1.21 6.77+0.68" 6.60+0.90° 6.90+0.96°
PHF:15 6.67+0.98" 6.60+1.35 6.93+0.98" 6.77+1.01° 6.80+1.06°

Note: ““ Means difference in the same column (p<0.05)

" Means not difference in the same column (p<0.05)

wazidevhnismaunuudadimendaniioand ANwaNIsaFuanseyyadasygandiudandsis
Tugluwdsvuuyesiaa PHF:5 PHF:10 wag PHF:15 iesananslunguueulnleeniuiidumsiueyya
nui1e 3 #a0g1efazuuunIugoug e aaly sasziiwulluudednmentda gnihaneseauiou
ANANYME ALY ez udanguvaawlasuly geonledifldlunmstiautsv (Patras et at, 2010)

fenureulagsmlinieiu (p>0.05)
4. Ysinauasueulnlegiiu wazannuaansadiiy Table 5 Anthocyanidin content and antioxidant
anseLYavasE properties of uncooked and cooked

D931 319UNYBLI9 PHF:5 PHF:10 way PHF:15
Kanom Chomuang PHF:10.

eiAziuUANNYOUEINantuyN AN wauylsaiy

LAy L Samples Anthocyanidin DPPH ABTS
WAL D98 UIUUNYeLI9 PHF:5 way PHF:15 1a
(mg/ml) (mg (mg
ATC/g) ATC/g)

Uncooked 11.03+3.452 1.84+0.032 2.63+0.26°

YusU wazduivAeud1avildeInninain PHF:10 s

ladanyinnisnageuniusutaaiseaulnlyefiy

WAZAINANNNIAMUANTOULABASY DPPH Wag ABTS Cooked 8.04x0.35°  1.32+0.04° 1.40+0.02
TUA9819uU9UNYTD1I PHF:10 ILUUADU Wag Note: *° Means difference in the same column
NAILE INAITNA 5 WUF0819uUsUNT DI (p<0.05)

nowiladivsunaasweulnleeniugaindiudmasis
11.03 way 8.04 HaanSUABIABANT MINAIAU
A8AAG N UANNAINTARUATTEYYAdATY DPPH

~

LAY ABTS vodwU svuuy au9noud 9 9 ad
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39150iNaN15798

vusgosieiut s wagldvuulussruszneu
wdn Fassulumsisudldinmsldutmvaeeiiniely
Iauileundifdansla surmursudssmu sudedng
Wl odurtadi souyd e s LT lulneduiaduennia
INNSANIN AN AN I UL L 1l AEN1SNALNUY
weimdaeudweniansiatdlug wuinslouda
Jrvieuilansaand sl ud yunaunaunuwd si1n
annsntlunsuiudsadoduddliudsoundan
gouyu liuvsuds Tnefiazuuunmeussmeuls
yuntesaivhnsaunussowlseudandioad lud
fi%opaz 5 10 way 15 lisntuetediteddymeads

v P

(p<0.05) fiszaum B UANUY Lazladenutl sy

% 91991 SEAUNTNALNUYS 88AY 10 N1YINAISA NWN

NAYBINNFT W aANANINIaF ULy B asy Tag
WU ToUAmAANNANTIAUETRYY AR ATEYRN
wsamas egglsAiniy nMsnaunuwt 1316 e
waendansieadludannsoudladawiil eduda
wisd oA asivunten e waztisanuIinmmMs
THutwiindug egratuudaiuduzngs vieudsin
geion st adunisfiug Ay leninisews
ogaansueulvileeniuiifinnuasnsafuoyyadasy
8nse Fadunaifiuyanliivsuatesine oswn
ansfiflanuansnsasueyyadas Snasdlmmannsa
Aafu M edudinsiasyiulnueqaurisd nMsinwm
nsldutlmeuiianinadluslurumonudiof an
USunadunid orafunuamslunistnengnisiv
AR U8 WNSIAEM TALYIUA TN AUINGTIUYIA
iietsannsliasingiievuiiotesiumadonds

Tuemsdnmanils

26(3): 32 - 45.
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Replacement of Wheat Flour with Red Jasmine Brown Rice Flour

in Bread Product

Pianpan Supakot , Siwaporn Saelao and Orlawan Bisila
Food Innovation and Processing, Faculty of Science, Buriram Rajabhat University,

Muang District, Buriram Province 31000, Thailand

Abstract

This research aimed to study the substitution of wheat flour with red jasmine brown rice flour
on bread. The red jasmine brown rice flour was supplemented at 0, 5, 10, 15 and 20% of flour weight.
The physical, chemical properties and shelf-life were analyzed. The experimental results showed that
the moisture, antioxidant activity, total phenolic content and total anthocyanin content were increased
with increasing in the content of red jasmine brown rice flour. Physical properties in terms of redness
(@%), hardness, summiness and chewiness were increased as increasing of the red jasmine brown rice
flour content (p<0.05). However, the volume, specific volume, brightness (L *), yellowness (b *) and
springiness were decreased. Sensory evaluation of the bread by the 9-point hedonic scale, the overall
liking score replacement at 0, 5, 10 and 15% of flour weight were 7.89, 7.94, 7.97 and 7.86, respectively
(p<0.05). Therefore, replacing the red jasmine rice flour at 5% of the flour weight provided the best
formula for the bread production, reflected by the similarity of physical characteristics compared to the
controlled bread and, furthermore, with higher total phenolic content, total anthocyanin content and
antioxidant activity than the controlled (p<0.05). The evaluation shelf-life of the bread was less than 4
days, this was because of fact that the bread contained total bacterial count, yeasts and mold count

higher than 1 x 10 CFU/g sample and 10° CFU/ g sample, respectively.

Keywords: Brown Jasmin Rice Flour, Bread and Bioactive compound
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uni

yusadunilsluomnsiunsvansuniian
waziduenmnsiuglunansyszna susdadunildy
HAASaeUNe3Tvhinnutlead (bidapo et al,
2020) Huslaadensuusymudueimsing losan
wihiidnvasidoandoatu aunsadulssmugiu
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33003 Amarowicz et al. (2004) Fsfoegns 1 n¥u
ANARIYAIYINIALAI8LONIUBAAUTNTY 80% LAY
WweeAS g TiAIEITeU 150 FaUANT Uy
2 $9lue Yru1nseeRienszn1ensoausd 1
Ygegsitadale 77 lulasdns Tdlunaenvaaes
YwUmansarane DPPH mududu 6x10” Tuand lu
FYNaraIuleNIUDaANUINTY 80% USue 3
fiaddns adlunasannass ivlufitinfigaumaiives
U 20 Wi LLazﬁwhﬁmwmiQﬂﬂﬁuLLaQﬁmman
AA 517 wluas fewedes Spectrophotometer
fvf0 Analytik Jena AG §u SPECORD® 200 PLUS
wazthenialddmmavsmsdnueyyadass au

AunIs (2)

% inhibition = (Aol = Asample) X 100 2
Acontrol
W18 Aconirol A8 AINNTRANAUUEAIYEA blank

Acarmple F1B ANIRANAULEIYRIBE

a '3 a 5
A53ATITRUSUILaUIN s Huaviun
A5 1erUSunamauln e U aLaf 838
pH-differential finLUasaInI509 Abdel-Aal and
Hucl (1999) 99678819 1 NS @NAA8LUNIUDA
ANULNTY 70% waznsalalasaaasn 1.5 lua/ans
I o o %
Wuan 24 2139 wagtinuinsodmienseAI¥nsed

a o

Was 1 waztrasananlaanuudy 1 Jadnsu/

a

fadans Uumarsadainwmseuliun 2 8adans

Uil 17 atudl 2 n3ngrax - Sunaw 2563

Volume 17 Number 2 July — December 2020



Prawarun Agr. J. Volume 17(2) 2020, 273-287
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Table 1 Total phenolic content, total anthocyanin content and antioxidant activity of bread product

with replacement of wheat flour by Jasmine rice flour at different levels

Red jasmine Moisture Total phenolic Total anthocyanin DDPH radical
brown rice flour content content content scavenging
(%) (%dry basis)  (mg GAE/100 g sample) (mg/100 g sample) activity

0 28.79°+0.83 42.04°+4.38 ND 20.96 +0.61

5 31.08°+0.53 51.91°+1.16 10.52°+0.65 28.35"+0.41

10 33.17°+0.77 55.67°+1.02 14.33°+3.24 33.99°+0.85

15 30.64°+0.91 56.87"+1.92 18.78°£0.44 37.00°0.78

20 36.06°+0.55 61.98°+2.80 19.39°+0.78 42.14°+1.41

Data are presented as mean value + standard deviation from triplicate experiments.

*® Mean value listed in columns with different letters indicate statistically significant differences (p< 0.05).

Table 2 Specific volume and density of bread product with replacement of wheat flour by red jasmine

rice flour at different levels

Red jasmine brown rice flour (%) Specific volume (cm’) Density (g/cm3)
0 5.29°+0.02 0.18°+0.02
5 5.01°+£0.04 0.20°+0.01
10 4.57°+0.92 0.22°+0.02
15 4.20°+0.13 0.24°£0.01
20 3.32°+0.18 0.30"+0.02

Data are presented as mean value + standard deviation from triplicate experiments.

*>““Mean value listed in columns with different letters indicate statistically significant differences (p< 0.05)
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Table 3 Color value of bread product with replacement of wheat flour by red jasmine rice flour at

different levels

Red jasmine Color
brown rice flour
L* a* b* Chroma™  Hue angle AE*

(%)

0 72.00°+1.73  3.45+0.64  21.04°+1.95 21.08+1.78  80.71°+1.22 -

5 70.44°:038  4.84+1.77  19.19°+1.14  20.39+0.55  76.05°+436  4.07+1.14
10 67.82°+130  6.567+048  18.58°:0.39  19.69+0.45  70.55+1.28  6.10°+1.52
15 64.57°+0.36  7.65°+0.48  18.02°:043 1957054  67.00°+1.01  9.24°+1.21
20 60.63°:0.28 8524032  17.99°+0.13  19.93x020  64.66°+0.71 12.93°+1.21

Data are presented as mean value + standard deviation from triplicate experiments

a,b,c,d
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Yefinsnaunuuilsanamenandsmouuz aunad
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AUE1RU (p< 0.05) (Table 4)
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hedonic scale fmuglls 9 = vousniign uay 1=
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Mean value listed in columns with different letters indicate statistically significant differences (p< 0.05)
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Tufud ndu saw @ ANYL WAAIINYDU
Tnesaudiauanseiuveg1adidedAynisads (p<
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av 5 10 uay 15 1§SuniseeuduannniwanSaei
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HndomonuraunisERuioay 20 laSuaziuy
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uanSagvundafinaunuuiiadseuistinnges
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Table 4 Texture properties of bread product with replacement of wheat flour by red jasmine rice flour

at different levels

Red jasmine brown rice Texture Properties
flour (%) Hardness (g§)  Springiness (mm) Gumminess (g)  Chewiness (mJ)
0 234.00°+14.26 7.16" +0.08 170.53"£17.65 12.05"+1.38
5 274.67 +17.08 7.07°°+0.06 207.73 +3.95 14.29°+0.22
10 316.00°£22.52 6.87" +0.19 241.27°+8.47 16.22°+0.59
15 409.33"£20.04 6.86° +0.19 279.80"+3.28 18.02°+0.46
20 442.17°£20.04 6.57 +0.17 288.03°+17.19 19.47°1.28

Data are presented as mean value + standard deviation from triplicate experiments.
> Mean value listed in columns with different letters indicate statistically significant differences (p< 0.05).

ns = not significantly different

Table 5 sensory evaluation of bread product with replacement of wheat flour by red jasmine rice flour

at different levels

Red jasmine Color Odor Flavor Texture Overall
brown rice acceptance
flour (%)

0 6.57°+1.52 7.29°40.99 6.69°+1.47 7.20°+0.833 7.89°+1.28
5 7.63'+£1.29 7.57"+1.22 7.54°+1.52 7.77°+1.35 7.94°+1.16
10 7.50°+1.01 7.71°+0.96 7.81°+1.14 7.77°+1.35 7.97°+1.04
15 7.30°+£1.33 7.20°+1.30 7.54°+0.78 7.74°+0.98 7.86"+£0.73
20 6.29°+2.26 6.54°£2.06 6.51°+1.88 6.31°£2.12 597213

Data are presented as mean value + standard deviation from triplicate experiments

> Mean value listed in columns with different letters indicate statistically significant differences (p< 0.05)
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NnmsAnwegmsiusnuvesyunied
saungiiviedlugamarafinduion wuitergnisiiu
Snwwesvundeiiongnisifiuinwiainiy 4 Ju 91
mﬁmeﬁﬂ%mmqﬁw%éﬁgﬂmmaaﬂuumﬁqqm
15U wazgasivaunuuiiandsmeutsinindes
veuNzAunsios 5 wudriud 0 linuideqdunis
fudl 4 wuvBnaqBuvidomnsiniu 82 x 10°

CFU/g uae 6.28x10° CFU/g mudnsu (Table 6)

FaAunasgundadueiguvurusdeiimmunliin
$runuqdunidvananazdosiesnit 1x10" CFU/g
(un.747/2555) uaziilotinsgiuiinaudaduags
Tufud 0 ldnuduwudaduass Tuil 4 Uuna
QBunIgiavan uagdaisnsiniu 6.28x10°CFU/g
way 8.28x10° mudfu FaAusnsgiundnsios
nanSusigusuruntaiivualiiusnadads
Fotiosnin 1x10° CFU/g (un%. 747/2555)

Table 6 Total plate count and yeast mold of bread product with replacement of wheat flour by red

jasmine rice flour at different levels

Red jasmine brown rice flour Day Total plate count Yeast & Mold
(%) (CFU/g) (CFU/g)

0 ND ND
0

5 ND ND

0 8.20 x 10" + 0.36 2.00 x 10" = 0.40
a

5 6.28 x 10° + 0.27 8.28 x 10° + 0.33

ND: Not detect

39150iNAN15798

NN1INaunuLleaanisndesdnindss
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auuiiuualtudududiousunauddindomen
wrAuaaiindy 1iesainnisvaunuutisanadaouds
Indemeutdwasiidnduvedusiungmuly

! = a a < 4
drunananas feuTuantsandanandunalvivuu
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Vil ludunauvewunilsssmeesnanlasadig
vasvuutalatasad (Chutamas and  Woralak,
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gundaiinnuduiiviunuluge dmsuseulnle
gniluttavun ansuszneuTiueaniiavin LazaYsNIS
AuauladaszrawditIndeeNziLaiuTIM
220.23 £ 3.45 mg GAE/100 ¢ sample uag

51.24+1.27 mg/100 g sample aua1dy lefins
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A Study on Shelf-life Storage of Riceberry Muffin Product
by Using Hydrocolloid

Sananthorn Pichai’ and Yanisa Poratso

Faculty of Agricultural Technology, Rajabhat Maha Sarakham University,
Maha Sarakham, 44000, Thailand

Abstract

The objective of this research is to study the shelf life of the variable CMC (Carboxy Methyl
Cellulose) and carrageenan in rice berry muffin. Using the formula that is accepted by consumers, the
formula added with 2 grams of CMC and 1 grams of carrageenan is compared to the formula, without the
addition of hydrocolloids. After keeping in room temperature the products for 6 days, it was found that
the muffin rice berry formulas without the addition of hydrocolloid compared with the formulas added
with 2 grams of CMC and 1 grams of carrageenan were different in appearance, total yeast and mold. The

hardness and Water Activity (a,,) were significantly different (p <0.05).

Keywords: Hydrocolloids, Muffin and Rice berry.

*Corresponding author: E-mail: sananthorn.p@gmail.com
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1. Anwn1seausun1sussamaunavastnilulss

Wa3 lnedin1suusiudsunnnIsnauwuy wag CMC

Table 1 The standard formula for the riceberry

muffin product with different carrageenan

and CMC
Ingredient Formula (Percent)
1 2 3 [ 5 6 7 8 9
CMC 0 2 0 2 1 0 1 1 2
Carrageenan 0 0 2 2 0 1 1 2 1

Adapted from: Mayomthong (2003)
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Table 2 Hardness of 6 days riceberry muffin product

Hardness (N)

Day
Formula 1 Formula 9
0 12.03 + 0.77° 17.26 + 0.79°
1 12.66 + 0.40° 20.76 + 1.98%
2 13.49 + 1.0920 22.98 + 0.2920
3 18.17 + 2.29%° 24.94 + 0.43%
4 18.95 + 5.50° 26.79 + 9.532
5 19.62 + 5.152 28.01 + 2.03°

Note: Means with different letters are statistically
different (p<0.05) according to Duncan’s New

Multiple Range test

910 Table 2 ¥IMN15ANWIAULT 9084
nanSuaiTiulsdues w6 u fe Sufi 0, 1,
2,3,4,5 ﬁuaagm‘ﬁ' 1 ?fatﬂuqmmmuﬁhjﬁﬂﬁ@u
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fu Fahuaasudeiuntuasidloiuliuues
Tonwazudenansens Tdnaiusyana 2-3 Ju
2.3 Water Activity (a,)

n1357AUT N8 Water Activity (a,,) Taeld

1381 Water Activity Meter sinnsnaaas 2 &1 lu

Ui 0, 1, 2,3, 4, 5 ldnan1saass &1 Table 3
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Table 3 Water Activity (a,) of 6 days riceberry

muffin product

Hardness (N)

Day

Formula 1 Formula 9
0 0.76 + 0.01° 0.85 + 0.01™
1 0.79 + 0.01%® 0.84 + 0.00™
2 0.80 + 0.03° 0.83 £ 0.07™
3 0.80 + 0.012 0.81 +0.01™
4 0.82 £ 0.01° 0.79 £ 0.02"
5 0.82 + 0.002 0.79 + 0.01™

Note: Means with different letters are statistically
different (p<0.05) according to Duncan’s New

Multiple Range test

910 Table 3 ¥N13ANY1 Water Activity (aw)
YoawAnSaeiAulsiues S1uau 6 Tu Ao Suil o,
1,2,3,4,5 sumqmﬁ 1 ﬁ?fuﬂuqmquuﬁhjﬁmi
\Wuaislalnsneaasen LLazqmﬁ 9 fifn1sifiuans
lalasneaassn lagladnisudsiudsunums1duuu
1 nfunas CMC 2 n$u aslundnSasifiulsdiues
uUTeuLiguTanuuaneng wuin gasi 1 de
Water Activity (aw) Lﬁ'wﬁuﬁ'aaﬂ dlonutud 1, 2,
34,5 yediilesnfiulsdiuedalaidnisiiuans
lalasmoaanss Lifidanelunisannisiadeusives
¥ranelue1nns 5l TAn Water Activity (a,,)
qasful,%"am LLazqmﬁ" 9 STfQLfluqmﬁﬁmiLﬁmmi

lolnsnoaanyn dA1 Water Activity (a,,) anaaiios)

A o A

Werwiud 1, 2, 3, 4, 5 vadlillasandnilulsdiues

niinsdnaslelasneansssiogns CMC Ninaauds

aa

ann1siAd U9 lue1MISLaEANSITUUY T
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aauauiiraelunanzinelueadsaenndosty
A19DIANNLTY (Table 2) wazdsdonnd oeiu
1ATeves Mohammadi et al. (2014) fifinsiann
wundelaenngimulagldanslalasnoanssduauunu
waz CMC WU a, ADYALY TUFITTEzIATlUNNS
Ausnw auduasiadoudng FENTNNGAULAY
an1sednzdwanennuudvomdndue Weldu
aslelnsreanesddiinuandilunisinoauayyi
winduiiduuneg anstumnaulilindvlesse
poNINOIMNIUALTIanvAgHTUTInadanayinly
Aanmsunuiivenildiosas
3. PaRuazT NN
N13A5I9AOUAMUNINKE A U9 YUNOUAY
WINTFIUNEAA WY YUIULAN UNY.459/2549 Apll
fafuarsnstonualaifiy 102 CFU/ @ aldvinnag
ns19deUTaRuar s mualunEnSausiivlsdue
3nsaaed 2 91 Tuiud 0,1,2, 3, 4,5 L8awa
¢4 Table 4

Table 4 Total yeast and mold in 6 days riceberry

muffin product

Uil 17 atufl 2 nangrau - $uanau 2563

Total yeast and mold (CFU/g)

Day Formula
1 2
0 1.05 x 10%+0.03 5 x 10! £0.01
1 9.20 x 10%+0.01 7.38 x 10%+0.01
2 28 x 10%+0.02 5.30 x 10%+0.03
3 4.94 x10°+0.01 1.36 x 10°+0.01
4 2.82 x 10°+0.01 1.20 x 10%+0.01
5 3.18 x 105+0.02 1.44 x 106+0.01

970 Table 4 yhnsfnw Sadiazsvmmnves
AR S RulsFue3 $1uau 6 Tu Ao Judi 0, 1,
2,3,4,5 maqqmﬁ 1 s?faLfJuqmmU@mﬁlaiﬁﬂmam
aslelnsnenanen LLasgmﬁ 9 fifinsiinanslelas
Aeaaaen Lauladn1sulsiuUSuuatsITuuY 1
ndunar CMC 2 n3u aslundndusiiwiulsdiues
WIguguiuianuuanang wuin Suiulasiiay
SRaLATuR 0 Befuil 5 TUSunaBaduaysiiiuay
#a 2 g3 tnegestt 1 (gaseuauitlifinigfvans
lelasaeanosn) I91uiudaduazsnganiiunme
mmgmmmﬁ UK. 459/2549 Anun LLaxqmﬁ 9
SrunuBaduazsiiideglunasinnsgiunud uw.
459/2549 Ao udl 0 denAd 89f UITUT THUD
Boonwittaya et al. (2016) wu11 FTonlauan
Bfuiufiorgmaifivinw 4 u Rueiud 0 Setui
5 USunmioqdundienun Saduazsiuualis

a

Wy Taeduil 5 Jenlnuandnldniuansauauuas

gaswesulutfesay 20 Jeduvsdvavan Wiy 1.2

x 10° way 1.4 x 10° (CFU/Q) muaau dudasiazsn
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wihfiu 101 way 112 (CFU/Q) mudnsiu Begenininasi
WNATHUHBRN SN 1. 459/2509 Arvusilsk
fregn 1 n3u SqAurdviamadiadiifu 1x10° lalad
fgasuazslaiy 100 Taladl wag Indira et al.
(2013) Asziiudnenmlunisiudogdunidues
ama’waml,aefal,%yai’mﬁmm"m6’] lown Aspersillus
niger, Aspergillus flavus, Alternaria alternaria,
Candida albicans, Epidermophyton Wui1 @sana
mﬂm‘vﬁ"]EwwLanﬂ%ﬁmﬁ'aﬁ’miﬁmnmiaﬁmmﬂ
L951URa LuVaLeanegoa wasAaslsnesy i

UszdnSnmuniandensdugauiesn

39150iNaN15798

1. mMsUszsifiuaunwneUsEa MmN
AM5UsELTUA AN YT A NFUN AU
wandaiiiiulsdiued lnsnismaaeunmdnuas
M9K1ud A savd Auuda Anuveulaesa
WUl {neaeudulinisueusuninduan dniu
Isdiue3 gns 9 wndign Taedimsuusiuiuames

ALY 1 nSULaY CMC 2 n5U

2. M3AN¥IIENISAUINEN
Snunrusnglusswimaiuine dausiudi
0 fe¥ufl 5 wui mémﬁm%ﬁWWu%%wa%mqm
auau 7ludnafuaislalnsnoanosd fiile
HARS I TITIUNAZLANIY Wazgns 9 Fifinnsudsiu
USuaumeemsauuy 1 nfunas CMC 2 ndu 1ile

HanSaunIudaiula endndneiudunigasmuny
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anuuddusewinsmsiiusne daudsud o f
it 5 wuh wanfaetiRulsdueiveni 2 gas 3
Aeudaiutudene sﬁqmmmwﬁwaﬁqm 9 sl
nsauansialasreaasen lngladnisuusauusuie
A1513 U 1 ATULAY CMC 2 sy dA1ANuTs
UINNIGATAIUAN

A1 Water Activity (a,,) Tuseninanisiiusne
FaudTuit 0 BeTuit 5 wuin nanSaueTFlulsHues
yosgnsmuny Mlsiinsifuaslslasneaassd fid
Water Activity (a,,) Lﬁ'wfuﬁaﬂﬁ] WazEns 9 fifns
Wuanslalnsroaanen lagladnisudsiulSuiunn
$13UUU 1 ASULaz CMC 2 A5 WUI1 Water Activity
@a,) amaqﬁiaaﬂ

v .d

Fruaduassanualuszninanisifuing
Faustfudt 0 Fatudl 5 wudignsd 1 (gnamuauillaid
nmsiiuanslalasneansys) dduudaduazsigand
mmsﬁmmgwmmﬁ UNY. 459/2549 MvuA uag
gns? 9 flongnisiiuinw 1 3u Ao Tuil 0 Tduau
fadiuazs1 50 CFU/g Henegluinasiunmsgiumiud

UNY. 459/2549 ANNUA

AnAnIsNUIZNA

v
3 °o & !

ndellasaidusagalimenisatuayuiu
2ANUUINANTUITBUALIAIUY W INYTET10A]
umansay Yeuuseanm 2560 filalilenialunis

° Ao & X ' g
eudeluassililuegganluleniall
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The Development of Agriculture Products Support and Management System

Jarukitt Saiysing”
Bachelor of Education (Computer Education) Northeastern University

Mueang Khon Kaen District, Khon Kaen Province 40000

Abstract

The objectives of this research were (1) to develop the supporting systems and agriculture
products management; and (2) to evaluate the efficiency of the supporting systems and agriculture
products management. The research developed the system based on SDLC Theory. The sample consisted
of 5 computer experts and participants who involved with the products of agriculture. The research
instrument was the supporting systems and agriculture products management and the assessment system.
Statistics this research was average and standard deviation (S.D.).

Research findings were as follows:

1. The supporting systems and agriculture products management was able to work. System users
and the others who related to the system were able to access to the information and the created system
functions connected to every form of using therefore the working system was easy and effectively
responsible in use.

2. The system assessment from the experts affected to overall assessment was in maximum:

(X) =469, S.D. = 0.29.

Keywords: System, Management and Agriculture Products

*
Corresponding author: E-mail: jarukitt.sai@neu.ac.th
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Consumers Satisfaction and Perception of Thai Native Chicken

(Srivijaya Naked-Neck) Meat

Jareewan Chankong '", Napapach Chuaychu-noo?, and Saranyaphat Rakseen?

! Faculty of Agriculture, Rajamangala University of Technolosy Sriviiaya, Nakhonsrithammarat, 80110,
Thailand
“Faculty of Technology Community Development, Thaksin University, Phatthalung, 93210, Thailand

Abstract

The objective of this research was to study consumer satisfaction and perception of Thai native
chicken (Srivijaya Naked-Neck) meat by tasting boiled chicken. And using 400 consumer questionnaires by
convenience sampling. The study found that consumer satisfaction with chicken (Srivijaya Naked-Neck)
meat. The overall level is at the highest level (4.345) and when considered in each aspect, it was found
that the firmness while eating chicken meat received the highest satisfaction (4.557), followed by the odor
of chicken (Srivijaya Naked-Neck) meat (4.447) and the flavor satisfaction of the chicken (Srivijaya Naked-
Neck) meat (4.390). The perception of Thai native chicken (Srivijaya Naked-Neck) found that most of the
consumers (78.25%) don’t know this breed of chickens. Only 21.75% of consumers know this breed.
However, if creating perception of Thai native chicken breeds, it will be a good choice for consumers. It is
also a way to improve the quality of production as well as promoting Thai native chicken market in the

future.

Keywords: Thai native chicken, Srivijaya Naked-Neck chicken, flavor and perception
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Table 1 Number and percentage of consumer’s information

Information Number (person) Percentage

1. Gender

- Male 121 30.20

- Female 279 69.80
2. Age

- Less than 20 years 56 14.00

- 21-30 years 74 18.50

- 31-40 years 93 23.25

- 41-50 years 82 20.50

-51-60 years 46 11.50

- More than 60 years 49 12.25
3. Status

- Single 178 44.50

- Marriage 222 55.50

Total 400 100.00
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Table 1 Number and percentage of consumer’s information (continue)

Information Number (person) Percentage

4. Level of Education

- Elementary school or lower 69 17.25
- High school 115 28.75
- Bachelor degree 165 41.25
- Over bachelor degree 51 12.75
5. Religion
- Buddhists 392 98.00
- Christianity 6 1.50
- Islamism 2 0.50

6. Occupation

- Government officers 75 18.75
- Business owners 166 41.50
- Agriculturist 20 5.00
- Company employees 28 7.00
- Students 69 17.25
- Other. ex. maids 42 10.50

7. Income per month

- Less than 15,000 baht 112 28.00
- 15,001-30,000 baht 153 38.20
- 30,001-50,000 baht 103 25.80
- More than 50,000 baht 32 8.00
Total 400 100.00
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Table 2 Satisfaction for sensory properties of boiled Srivijaya Naked-Neck chicken meat (S-NN)

Sensory attribute Scored Meaning Ranking
(S-NN) (X) (s.D)
Appearance 4.357 592 Excellent 4
Color a.277 475 Excellent 5
Odor a.447 .684 Excellent 2
Firmness 4.557 .654 Excellent 1
Flavor 4.390 594 Excellent 3
Safety 4.042 .649 Very Good 6
Total 4.345 379 Excellent

NN 2 wudnnuianelaves{uilaase
elrredeurdidy nunmaweglusedumniign (x
~4.305) uagilefinnsans ey wui1 anuddnmien
anziulssmudeln i suanufiselageiian &
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aauATITY) MY Table 2 wudn dndlugguslands
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Lo

31U 87 518 (Soway 21.75)

Table 3 Evolution of perception in Srivijaya Naked-Neck chicken (S-NN)

Breed Perception Numbers (person) Percentage
Perception (S-NN) 87 21.75
Not Perception (S-NN) 313 78.25
Total 400 100.00
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Development Guidelines Of Ban Dong Yang Paddy Field Community

Enterprise For Rice Extension Seed, Changhan District, Roi Et Province

Mattika Sawongnam’ and Krailert Taweekul

Agricultural Extension and Development Faculty of Agriculture, Khon Kaen University, Khon Kaen,

Thailand 40002

Abstract

The purposes of this research aim to study of development guideline for rice seed production of seed extension
community enterprise. This research was a qualitative research and data provider group officers involved in agricultural
promotion and development infonnant were 50 persons. The research instrument was an interview from Workshop by
participatory planning technique, Appreciation Influence and Control (AIC) to investigate development guideline for improve
the rice seed production of the community enterprise in the next 5 years

The results showed that production of rice seed that community management community found that
there was a committee structure of 15 people, clearly dividing duties with operational planning for community
enterprise and the entire member was pass inspection for seed extension and the production factors are procured
for members. For marketing management has The Community Rice Seed Center and The Big conversion network
for financial and accounting management, it was found that the financial from raise funds and from the Community
Loan Program for member that have low income from the Bank for Agriculture (BAAC). In accounting, it was found
that the income-expenses of the community enterprise were recorded. The guidelines for rice seed expansion
development showed that there were 3 aspects as follows: 1) Production by establishing a cut-to-order fertilizer
project to reduce production costs 2) Post Harvest Quality Management of rice seed quality management by
creating a concrete rice drying terrace project and 3) Marketing project by buying a truck to transport the seeds to

farmers and the activities of the community.

Keywords: Community Enterprise, Rice Extension Seed and Development
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Social-Ecological Characteristics Influence the Pesticide Application Behaviors

of Jujube Farmers in Kalasin Province
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!Land Development Station Officer 8 (Loei), Sri Song Rak Sub-district, Muang District, Loei 42100, Thailand
“Department of Agricultural Extension and System Approaches, Faculty of Agriculture, Khon Kaen

University, Muang District, Khon Kaen 40002, Thailand

Abstract

This research’s objectives were aimed to investigate jujube farmers’ social-ecological factors of age,
educational level, availability of household labor, farming experience, and land used size for production that
influence the pesticide application behavior. The informants were 130 jujube farmers, who had been registered
jujube agriculturists with Pon Municipal District, Kammuang District, Kalasin Province They were selected by a
simple random sampling method of Taro Yamane. To gather data, the informants were interviewed with a
questionnaire taken place from July to October 2018. Then, the data were statistically analyzed with the help
of Statistical Package for the Social Sciences: SPSS) to compute frequencies, distributions, and percentage,
maximum and minimum values including the behavior score. According to the finding, the difference of the
informants’ social-ecological characteristics had significantly affected the way of pesticide application in various
aspects. For example, the informants, who have graduated higher than the Elementary Grade 6, have a better
score in checking the condition and readiness of their chemical sprayed instruments before using in comparison
with others who were educational accomplishment lower than that. Therefore, the research’s benefits are
the empirical information available to design on how to train farmers applying agricultural chemicals
appropriately based on knowledge. Consequently, not only jujube farmers’ healthy physiques will be secured

but also the sustainability of jujube production and Thai environments.

Keywords: jujube, pesticide application behaviors, social-ecological characteristics and Kalasin Province
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(41.50%) flengganin 50 T vaufiwde 76 AU (58.50%)
fiongindt 50 T sefumsAnun nwssnsaaulvg 96 au
(73.80%) FumsAnwinniszandnudi 6 Tifleaud
34 A (26.20%) ﬁaumiﬁﬂmqaﬂ’jwﬂﬁsauﬁﬂmﬁ 6 9N

¥ @ £%

Toyadszyaedn nvnsnsvatdnmsldussuniely

Table 1 Jujube farmers’ social-ecological characteristics

p¥a5euynAu Taefl 76 Au (58.50%) flussnuasasoulsl
WA 2 Au 51 au (39.20%) audnaseunsafiunties
Tuaun M 3-4 au wazdiies 3 Ay (2.30%)
windu Aiussnuluasadousnnnit 5 au auandly
Table 1

Content No. (n=130) %
1. Sex

- Male 51 39.20

- Female 79 60.80
2. Age (year old)

-< 50 76 58.50

->50 54 41.50
3. Marital status

- Single 1 0.80

- Married 126 96.90

- Divorced 3 2.30
4. Educational accomplishment

- Lower primary school 96 73.80

- Higher than primary school 34 26.20
5. Household number (person)

-<4 28 21.60

-4-5 64 49.20

> 6 38 29.20
6. Household labor (person)

-<2 76 58.50

-3-4 51 39.20

->5 3 2.30

]
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Table 2 Jujube farmers’ pesticide behaviors using sorted by age

Content Age (years old)
< 50 > 50 t
(n=76) (n=54)
Mean SD Mean SD
Behaviors before using pesticides
1) To inspect the damage level done by insects 1.78 0.45 1.57 0.74 1.783
and pests before deciding to use pesticides.
2) To determine the type of pesticide to 1.92 0.27 1.74 0.59 2.098*
appropriately suit the species of insects and
pests.
3) To use shelf-life pesticides only 1.82 0.56 1.85 0.49 0.381
4) To carefully read the pesticide label before 1.95 0.23 1.93 0.33 0.442
using every time.
5) To mix the pesticides according to the 1.71 0.56 1.76 0.51 0.506
instructions shown on the label.
6) To check the readiness of pesticide spraying 1.86 0.48 1.83 0.47 0.259

equipment before using every time.
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Table 2 Jujube farmers’ pesticide behaviors using sorted by age (continue)

Content Age (years old)
< 50 > 50 t
(n=76) (n=54)
Mean SD Mean SD
Behaviors while using pesticides
1) To accouter protective equipment such as 2.00 0.00 1.94 0.23 1.766
mask and glove while using pesticides
2) To accouter the protective shoes while using 2.00 0.00 1.96 0.27 1.000
pesticides
3) Do not drink water while using pesticides 1.88 0.43 1.96 0.27 1.317
4) To always maintain the upwind position while 1.86 0.35 1.83 0.42 0.321

using pesticides

5) To immediately cease using pesticides in case 1.83 0.55 1.70 0.72 1.077
of allergic reactions emerged

6) To take away children and pets from the area 1.95 0.32 1.94 0.30 0.052

where pesticides are being using

Behaviors after using pesticides

1) To thoroughly clean every piece of equipment 1.53 0.76 1.78 0.57 2.157*
2) To dump residual pesticides into the soil pit 0.30 0.67 0.46 0.79 1.207
3) To thoroughly clean the body after using 2.00 0.00 1.96 0.27 1.000
pesticides.

4) To leave the substances of pesticides at the 0.86 0.98 0.96 0.95 0.627
field

5) To get rid of the substance with embedding 0.36 0.71 0.52 0.84 1.164
into the soil

6) To separately retain pesticides and its 1.93 0.30 1.93 0.32 0.139

associated equipment

Note: *statistically significant difference at the .05 level; ** Statistically significant difference at the .01 level;

*** Statistically significant difference at the .001 level.
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79787 PawaEndlY Table 3

Table 3 Jujube farmers’ pesticide behaviors using sorted by educational accomplishment

Content Educational accomplishment
Lower primary school  Higher than primary school t
(n=34)
Mean SD Mean SD
Behaviors before using pesticides
1) To inspect the damage level done by 1.65 0.63 1.82 0.46 1.747
insects and pests before deciding to use
pesticides
2) To determine the type of pesticide to 1.83 0.45 1.88 0.41 0.557
appropriately suit the species of insects
and pests
3) To use shelf-life pesticides only 1.81 0.55 1.88 0.48 0.659
4) To carefully read the pesticide label 1.94 0.28 1.94 0.24 0.068
before using every time
5) To mix the pesticides according to the 1.70 0.58 1.82 0.39 1.140
instructions shown on the label
6) To check the readiness of pesticide 1.79 0.54 2.00 0.00 3.771**

spraying equipment before using every

time
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Table 3 Jujube farmers’ pesticide behaviors using sorted by educational accomplishment (continue)

Content Educational accomplishment
Lower primary school  Higher than primary school t
(n=96) (n=34)
Mean SD Mean SD

Behaviors while using pesticides

1) To accouter protective equipment such as 1.99 0.10 1.94 0.24 1.145
mask and glove while using pesticides

2) To accouter the protective shoes while 1.98 0.20 2.00 0.00 0.594
using pesticides

3)Do not drink water while using pesticides 1.92 0.38 1.91 0.38 0.065
4) To always maintain the upwind 1.84 0.39 1.85 0.36 0.120

position while using pesticides

5) To immediately cease using pesticides 1.78 0.57 1.79 0.59 0.113
in case of allergic reactions emerged

6) To take away children and pets from the 1.95 0.30 1.94 0.34 0.108

area where pesticides are being using

Behaviors after using pesticides

1) To thoroughly clean every piece of 1.64 0.70 1.62 0.70 0.128
equipment

2) To dump residual pesticides into the soil pit 0.36 0.73 0.38 0.74 0.122
3) To thoroughly clean the bodly after using 1.98 0.20 2.00 0.00 0.594
pesticides.

4) To leave the substances of pesticides at 0.90 0.97 091 0.97 0.083
the field

5) To get rid of the substance with 0.49 0.81 0.24 0.61 1.917

embedding into the soil
6) To separately retain pesticides and its 1.92 0.38 1.97 0.17 0.808

associated equipment

Note: *statistically significant difference at the .05 level; ** Statistically significant difference at the .01 level;

*** Statistically significant difference at the .001 level.
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Table 4 Jujube farmers’ pesticide behaviors using sorted by household labor

Content Household labor (person)
1-2 3-6 t
(n=76) (n=54)
Mean SD Mean SD

Behaviors before using pesticides
1) To inspect the damage level done by insects 1.75 0.55 1.61 0.66 1.274
and pests before deciding to use pesticides.
2) To determine the type of pesticide to 1.82 0.51 1.89 0.32 1.007
appropriately suit the species of insects and
pests.
3) To use shelf-life pesticides only 1.82 0.53 1.85 0.53 0.381
4) To carefully read the pesticide label before 1.92 0.32 1.96 0.19 0.867
using every time.
5) To mix the pesticides according to the 1.75 0.52 1.70 0.57 0.867
instructions shown on the label.
6) To check the readiness of pesticide spraying 1.84 0.52 1.85 0.41 0.115

equipment before using every time.
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Table 4 Jujube farmers’ pesticide behaviors using sorted by household labor (continue)

Content Household labor (person)
1-2 3-6 t
(n=76) (n=54)
Mean SD Mean SD

Behaviors while using pesticides

1) To accouter protective equipment such as 1.97 0.16 1.98 1.14 0.290
mask and glove while using pesticides

2) To accouter the protective shoes while using 1.97 0.23 2.00 0.00 0.842
pesticides

3) Do not drink water while using pesticides 1.89 0.42 1.94 0.30 0.745
4) To always maintain the upwind position while 1.82 0.42 1.89 0.32 1.126

using pesticides

5) To immediately cease using pesticides in case 1.78 0.62 1.78 0.63 1.014
of allergic reactions emerged

6) To take away children and pets from the area 1.92 0.39 1.98 0.14 1.243

where pesticides are being using

Behaviors after using pesticides

1) To thoroughly clean every piece of equipment 1.58 0.74 1.70 0.63 0.842
2) To dump residual pesticides into the soil pit 0.36 0.73 0.39 0.74 0.259
3) To thoroughly clean the body after using 1.97 0.23 2.00 0.00 0.842
pesticides

4) To leave the substances of pesticides at the 1.05 0.98 0.69 091 2.202*
field

5) To get rid of the substance with embedding 0.42 0.77 0.43 0.77 0.036
into the soil

6) To separately retain pesticides and its 1.93 0.30 1.93 0.38 0.133

associated equipment

Note: *statistically significant difference at the .05 level; ** Statistically significant difference at the .01 level,

*** Statistically significant difference at the .001 level.
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uaneinafy dwSATURUAT (2) mafivanss livsdu
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inwasnsiUgammalaiiu 315 dazuuuadogandi
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yeadiAT 001 daununsnafidiuiivgnyms 5 lsTuly 3l5uazannnin 519 azuuuiedes AsUFIRT L
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Table 5 Jujube farmers’ pesticide behaviors using sorted by size of planting area
Content Planting area (rai) F
3-6 >5
(n=T76) (n=54) (n=32)
Mean SD Mean SD Mean SD
Behaviors before using pesticides
1) To inspect the damage level done by insects 1.72 0.65 1.63 0.61 1.78 0.49  0.745
and pests before deciding to use pesticides
2) To determine the type of pesticide to 1.87 0.41 1.80 0.48 1.91 039  0.737
appropriately suit the species of insects and pests.
3) To use shelf-life pesticides only 1.97 0.16 1.73 0.69 1.84 045 2592
4) To carefully read the pesticide label before 1.95 0.22 1.93 0.25 1.94 0.35  0.043
using every time
5) To mix the pesticides according to the 19.22 0.27 1.58b 0.62 1.78% 055 5.374%

instructions shown on the label
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Table 5 Jujube farmers’ pesticide behaviors using sorted by size of planting area (continue)

Content Planting area (rai) F
1-2 3-6 >5
(n=76) (n=54) (n=32)
Mean SD Mean SD Mean SD
6) To check the readiness of pesticide spraying 1.92 0.35 1.76 0.57 1.91 0.39 1.707
equipment before using every time
Behaviors while using pesticides
1) To accouter protective equipment such as 1.97 0.16 1.97 0.18 2.00 0.00 0.529
mask and glove while using pesticides
2) To accouter the protective shoes while using 1.95 0.32 2.00 0.00 2.00 0.00 1.170
pesticides
3) Do not drink water while using pesticides 2.00 0.00 1.92 0.39 1.81 054  2.249
4) To always maintain the upwind position while 1.95 0.22 1.78 0.42 1.84 0.45  2.336
using pesticides
5) To immediately cease using pesticides in case 1.79 0.62 1.73 0.69 1.84 052  0.369
of allergic reactions emerged
6) To take away children and pets from the area 1.87 0.47 1.97 0.26 2.00 0.00 1.715
where pesticides are being using
Behaviors after using pesticides
1)Tothoroughly clean every piece of equipment ~ 1.67 0.66 1.71 0.67 1.44 0.76 1.711
2) To dump residual pesticides into the soil pit 0.28 0.61 0.51 0.84 0.22 0.61  2.079
3) To thoroughly clean the body after using 2.00 0.00 2.00 0.00 1.94 0.35 1.544
pesticides.
4)To leave the substances of pesticides at the field 0.97 0.96 0.92 0.97 0.78 098  0.363
5) To get rid of the substance with embedding  0.28°  0.65 0.34° 0.71 0.75° 092 4.119*
into the soil
6) To separately retain pesticides and its  2.00° 0.00 1.85b 0.49 2.00° 0.00  3.494*

associated equipment

Note: *statistically significant difference at the .05 level; ** Statistically significant difference at the .01 level;

*** Statistically significant difference at the .001 level.
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