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QUALITY OF LIFE AMONG HOME BOUND ELDER IN SAKAEO PROVINCE

Apichet Jumneansuk® Phitchasuda Detboon? ? Rattaporn Arsa> Krittidech Mingmai**

Abstract

This study was a cross sectional survey research aimed to determine the situation
of quality of life and factors predicting quality of life among home bound elders in Sakaeo
province. Three hundred and thirty-six home bound elders were selected using a multiple random
sampling technique. Data were collected by interview between 1% September to 30" November,
2017. Descriptive statistic and Multiple Regression Analysis were used for data analysis.

The results found 77.1% of the home bound elders had a moderate level of quality of
life, 12.5% were at a low level, that divided the part of quality of life the most of high level of
quality of life were physical health and environmental respectively. Factors predicting quality of
life among home bound elders (p-value<0.05) were life stability and social support. These two
factors could work together to predicting the quality of life among home bound elders as
correctly as 62.1%.

Therefore, the recommendations from this study, agencies working for elderly people
can be used as a guide for improved quality of life planning that would lead to elderly people

can be good live, good life and can be help others elderly in the future.

Keywords : Quality of life Home bound elders Social support
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Cronbach’s Alpha Coefficient #sldAnenidesiuvssiuudunualynduiu 0.7
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#egs Tnelidnnufesas Awade daudoausnnsgu Avngauazangega tiausdoyaluguuuumsn
LazadAii ey Ao addanduiudifiosdu (Pearson's Comelation Coefficient) il 931A512 %M1
ANuduRussEninaladeiugunin Yadedumsegdan Jadeduinlanasigyiauaradeniu
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Uuvesuesiosay 96.7 sesawnfe Ui isesas 1.8 Tuiuvesgunmmuiingudiegedilsausydndi
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Leanesedienay 29.8 Inufugsuniign Ssnguitestsdnivgbiguyvdiesay 711 uazlidumsmiy
Fouay 87.8 ludinveansidnuvusy wuii nquitegsliladidnswsnsulaluyuwusovas 79.2 uaglidl
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M990 1 AN MTInvesgeenenduindany lufminassuiy (n=336)

q

AuNMNIInvagarenguAndeay Tudwminaszuia 317U (AY) Souaz
- aunmAineglusyaulia 29 8.6
- AunmAineglusgAutunans 259 77.1
- A mAinegluseaud 48 14.3

Mean = 70.49 S.D= 8.643 Min = 43 Max = 94

Jadeifiaudiusivannmiinvesgeengnguindeny Tuswminaszuia
lefinsanmuduiugszming Jadefuguam Jadedmuasvgdenn Jadosuilanay
Ty nuazladeduaseuainuaunmIinvesgeey nguindiau Tudminaszudi lngldads
Pearson's Correlation Coefficient 91NNANITIATIANUIN AMTHUAN NOANTTUFUAN Ay
Finuaznislasuussatvayunday danuduiusivaunmdinvesgegnguindsay Tudmin
aszufegnafituddmnaadn (p-value<0.05) (st 2)
msedl 2 Yadeiifanuduiusiununmdinvesgeorgnguindsan Tufminaszui naaeuse

@tk Pearson’s Correlation (n=336)

o e w o g ~a v e W Pearson’s
Jadgnlianuduiusiuannmaiinvasgeenangunndeny ] p-value
Correlation (r)
- AMNSEUAN 0.299 <0.0001*
- WYANTTUFUAIN 0.387 <0.0001*
- Aanusuasludin 0.745 <0.0001*
- nsbisunssaiuayuandeny 0.532 <0.0001*
- AN ANYIENNESIn BN TEUTIRNENHE 0.031 0.950
- maiunuatlunueg 0.004 0.810
- duiusnmluasaunsa 0.042 0.440

n
o w aada o

*uansydfynadiansedu < 0.05
Jadufianansamaviunesisnnnmdinvasgangnguindeay Tudminassud
Nan153AsIEnUdn Jadeiidianuduiusiuguam@isvesgenynguindsau Tudmin

aszu leun nzguaw winssuauam anusiuasluTinuasnisldsuussatuayunisdsny uay

mﬂmﬁm5’15‘1}‘maaswmmwuﬁ%umau (Multiple Regression Analysis) W11 @auUsvinue 2 AauUs

Teud woAnssuguamuazausiuasdudin annsasuviunenunmdinvesigeeignguindanls
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daulauniian (Beta= 0.697) sodadufo N1lasuLIATUAYEAING AU (Beta = 0.261) AUEIGU
(»1319% 3)

MINN 3 ArduUseavsanduiusnvausEninnusmavnueAuNAMTInvegiengnduiin S
ludamin assu (n=336)

faulsaavitung B Beta T p-value
- Asledy LLSQﬁﬁUﬂHu%ﬁﬂ 0.481 0.261 7.609 <0.0001*
S
- ﬂfgqmj’umiu%%m 0.610 0.697 20.318 <0.0001*

Constant = 2.577

o w a

*LLamﬁaa’mam’maaaﬁisﬁu <0.05, R? = 0.621
fatfu Feannsnadsannisonnesiiieldluniseniusann miinvesaengnauiin
daen Tudeinaseuin fodl
io ¥ = quamPinvesigeorynduindany
a = @A (Constant)
Y = a + bixi+boxo+baxa+...+bpXp

WMUAY Y = 2577 +0.481 (WeRnssuguaim) + 0.610 (Anusiuadlu®in
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vasnguitesseglussduinn andsiiAntusiinaisilinguinediedanufimelaluiinue wwues
wardwavilvidlnunmiineglussiuiiunan aenndesiunsfnuvesadl anuding (@41 @enudng,
2555) wuin naudiegdinanniinlaesieglusziuuunarsiniluiosay 52.3

NnnsAnmAunMEIasefu nguietalinunm@inlufuguaimneiiign Taowuin
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ffnualéshe aenadosiumsAnuiveslusausiu wwsan (Usausw mwsan, 2555) wui Tuud
yowamsiimunanmTiniinadergseiglueuan Adingudihyuru nauiideimauazinsinad
Tnudndny Afe Mstinaamdinia ﬁﬂﬁézquqﬁmmﬁuﬂﬂumiﬁﬁﬁ%m (mean = 4.67)

dalauauuy

daiewauuzlunmsimanisideluly

1. 9nasAnenuin avusiuadu®in Wudedsfiansamavihunssequnimdinves
fasengld dadumhenuiifeniuiulaeeny mstinsdafanssurne lideedunaaiuaiening
ieRuawinuy Sfaasuai i aelliiudgeeny TeazvinliggeenganmsiiendButiosas



10 | 91 13 adunt 3 (fugreu - Suneu we. 2561) aflwg dullesavuasany

ansofinauesdddinndunagldvaunaudeiisndulunslidinvssdriu wendedgeoisiiania
fuaduiinud agiliflaunmdiniiaselu Snfsdsazannsatomiergiengyeaadu lédnde

2. mslfFuussativayuandsay Wutadefamnsameinesenunmdinvesigsegld
Fefumhenuiifiuiudgeenglemsimslfmaaivayuigeogliianduiudeyainms du
n3nensitisadesiunisquanuies uazaseuniIvesigiorgmsinisquadlisislunisguage
amsludaiide wWelwigsenganunsadududiaussiriuldmenues daaznsliAnauguuas
thindsmsiinunm@iafifseluls

daiauauuzlunmsinidesaly

1. msazdinmsdnyidelusuuuuanuidodmanin Ingthiuusifamiuesenunm
FAmuwinsdumdeyaidedn eflazihfoyadunninguuuuinssuvdonisduiumiumisany
#9q MAetesiuggeeny iedalulusunsumsguaszozen Mhlifgengannsadauamdinia
solule

2. msagiimsfnuilunguilvaneiinainvans Wy nguigeengdntiu nguigeoiginides
sulUfaifduRedosiunmsianauamdinvesdgeeny Wy aseuadh yaansmansunmeuas
ansnsaguRevisnuse Welrlsdeyaiinannnanedezdulselomisiomsthandavindufonssu
violusunsuiilevinunaunmiinggeengdeld

AnAnssuUsENA

ANzEIBYRvaUNTEAMA N UM ITUaYIwmInaTTLM as1sugudnesie ludmin
assuailiauegagiiuiluninfvioya veveunszaunduiestmnviuiideaasaauarlv
mnwsilolunsdunival veveunszaummTInesviglaseansal lunssususyududilviaang
auayuiuwaslumiite ussreunsrauiitduierdosivmafeatuiynvinddldna
1 fitlsne

1aNA1581484
YUNUN WINUANA. (2556). n1sidngdeaudgeangvasuszinalng (Aging society in Thailand).

¥ U a °

n3awwe : nguaideiasdeya driindvinis ddnauavisnisidian.

'
a o =1

Wwayasa uInddng. (2551). YJadenisdindenuiitisadesiunginssunisquaguainauiasuas
AaNuguvadgeanglususudgargvaslsmeruadeiaddnnisunnd njannumuas.
USeyufinus Useunineaansuivudin inninenagAsuAsunsILaeal.

Uslung Usganna. (2558). da1un1salfgeanglng w.A.2557 (SITUATION OF THE THAI
ELDERLY 2014). n3avel : xSunsniumsuousiudadedin wmmu).

Yayayiaed loelad yayises 91338 wadns nsads. (2555). auam@inuazanuaiuisalunisi
AadmsusednTuvesaeoigivaunaulaun sunentuvyy Jaminings. 2154813
d1515045vANENS, 42(1), 55-65.



MNIFITeuaziau tlaveainsel lunssususigudud auInereanswasinalulad | 11

TuseUs1u wsan. (2555). wualumsimunaunmiiavesdgeeny wWesessudenudgeeny yuvy
Uud139 Jmdaszees. InendnusUiyruimsgsiumdudin uninendemalulagsy
WIAANTZUAS.

szuvadananisveldeu. (2558). Suiudsznsuensieeny Swminaseuii U 2558, 6 fiuengu 2559.
duduan http ‘//stat dopa.go.th/stat/statnew/upstat_age disp.php

gudimaluladansaumauazdoans dinauudn nsensamsimundseunayauiunwesy .
(2557). Uszynsgeanglne : Taqduuazaunnn. nyunmn : quimeluladansaumnauay
foans dinnuudn nssvmmsiandsruauunweLYe.

ad1 ans1uAnA. (2555). A n@ingUaeiunmiu snnewaansl dminiesdn. 215815lMane 18
una13Aad, 9(1), 38-46.

4051 ASINYYINS. (2555). NM1TALAKEIDIE WUUYTUINSTUYUYU. NJawne : 91 A3 9 911,

anssal dunde. (2534). Audunussendtennudimdnaza1zgunInvasggeany. Ane1inus
YSyymenunarmansum i, 1mangdeysna).

a

4555% tunusnady Iﬁms?fa NIULAINSNEG AUWATIA mmuma?uﬁﬂa DINMNT TN (2553).

adda

iWEJ\‘l’l‘L!’JQEILiaﬂﬂ’)"lllﬂ‘ljLLaL"Jﬂ"U’Jﬂ‘UENNﬂ\‘IE]’]&I‘VILaEN‘VIa wluwasuunaavuioveas

&

Uszwmdlne. NFANN: TseRusiInsgn1sun (1997).

U
o

g windiSunsna aiv’mm Aupitimuana a1 wiulnmady nsednd wdgIsTas 378 weuue
Fana. (2545) Lﬂiawm@mmwmmmam imsewiialanyng eatiunwilng (WHOQOL-BREF-
THAD. ASUEUAINTA NTENIIAIGITUAVS UNTIAY 2559. HUAUIN hitp :
/Awww.dmh.moph.go.th/test/whogol

driinduaiunasivindgfgeeny. (2558). gilensinanmwindeniivanzauuazUasnfodmiuggsons.
gunsiAmu 2559. AU AU N hittp//www.nakhonnayok.m-society.go.th/wp-
content/uploads/2015/07/3n#n MU INRBLEEI01E. pdf

otfmen Fonse vimn ssourUnsal. (2559). Tadesinnenuandinvesgeoigiidanizileduman.
215815NEIUNALSAN RALATNTI9BN, 27(2); 58-70.

oflwyg Silosav.2558). anusiunduTinvegiengrduntnergsunms. NsasaNsI TG UAERS,
auUnLAY, 30-42.

Cobb S. (1976). Social support as a moderator of life stress. Psychosom Med, 38(5), 300-14.

Coopersmit, S. (1993). The Antecedent of Self Esteem. Palo Alto. Califomia: Consulting
Psychologists Press, Inc.

Daniel W W. (2010). Biostatistics : Basic Concept and Methodology for the Health Sciences.
9™ ed. Asia: Wiley& Sons, Inc.

Ferrans CE. (1996). Development of a Conceptual Model of Quality of Life. Nurs Res, 10(3),
293-304.

House JS. (1981). Work stress and social support. Reading, MA: Addison-Wesley.


http://stat.dopa.go.th/stat/statnew/upstat_age_disp.php
http://www.dmh.moph.go.th/test/whoqol
http://www.dmh.moph.go.th/test/whoqol
http://www.nakhonnayok.m-society.go.th/wp-content/uploads/2015/07/จัดสภาพแวดล้อมผู้สูงอายุ.pdf
http://www.nakhonnayok.m-society.go.th/wp-content/uploads/2015/07/จัดสภาพแวดล้อมผู้สูงอายุ.pdf

o

12 | 99 13 adu? 3 (Fuensu - Surau w.e. 2561) PRgIEl ASLadNLaTANY

nsAneAssioundssuvesiudusndsandeayanaiisn Tulwndunalynde
JminuasTvdun

o = 14

afendl ASuadu’ gwssar Mayaugssen’ uia wIaad’ asd washd'

UNANED

nsfnwAagyeundtnuveiudvgndindeyaniuiisy luwndnaslyade Janin
upsTaNn TingUstasdiiieAnwdnwaznisarvioundsnurestiedunasinhanasulauiives
Sfhudevdsluusaztiszeznisaiyiuln Ussneudessesdl 1 sseznmsiasyiulaniedidu sveed
2 sEoEWANTIN AANDINT WAvAT Uagszaeil 3 srpxiAuiied shedoyaninaiaiien LANDSAT-8
§Anwtrenduvesiiudusndaiivgndudifou flurau ne. 2559 Gudeusunen wa. 2559 lag
Tuiinammaneganaa lunsiseadeiine 4 drendu toun dreeduiiidu #iden Juns uazdu
wualng AkunssuiunmsUiuuiidasadaud ddldifudeyassernaaiydulnesiudiuemds
Tuiluiidne o tuil 8 nanau wa. 2559 udniteua 4 Yrerduduiesesimaasioundaud
uN93BTUd U naq

NaNSAN®INUIT 1. Snuwaiznisasfioutisnduvesiudvendsluudazdrsseerns
Wiiulnludasaduiinuesdiuiinisagiious Lﬁaamﬂﬂaaiﬁ\laé%ﬁﬁmﬁwaﬁiami@mﬂﬁuwé’amu
un uazlutisedudunnisalndiivazassieundsnugaiesneaslsiladieglulufivannsanovaues
wdsuinannssnulugienduildd 2. msdaiadnasulaviivesiudUsnds wudn dnuuzves
aedutainauiituauanseTunutasuEIAaY G'T’fuagjﬁuaaﬁﬂizﬂauﬁﬁmaﬁiamiasﬁauwé’mu
yasfivnssas IneAnsaseundnuivitsweuiudusnddludisssermaasaiuln seesd 1 97
919 1 Lfiou iU 0.0399 fg 0.3566 wagtaseny 2 Lou iy 0.0287 f4 0.3004 szl 2 92907
6 \ou Wiy 0.0265 i3 0.5709 wag Sxewil 3 9297y 9 Wou Wiy 0.0273 f1 04573

AdNALY : AasTiouNENIY TudUsnds amateaniiiey LANDSAT-8

LlhAnwiszduumide aasndarsaumamans uniIme1aeysw) e.ded 9.9ay3 20130
2 91975¢ 3. AizndaIITUmAManT unIneIagys) e.udled 2.9ayF 20130

? 509105719756 A3.AzaIsaUNAMAnNT 491 IneIaey T o.1dled 2.vaY5 20130

? foreman 3197158 A.AMe)IaISaUNAmEnT un1Ine1aeysn o.idled 9.vay3 20130

* gfﬁww‘wﬁn e-mail: namkhing_chalam@hotmail.com



MsanTideuaziau tlaveasnsal Tunsvususgudus auIneemansuazinalulad | 13

THE STUDY OF SPECTRAL REFLECTANCE CHARACTERISTICS OF CASSAVA PLANTATION
FROM SATELLITE DATA IN CHOKCHAI DISTRICT, NAKHON RATCHASIMA PROVINCE

Khattiyanee Srichalam v Supan Karnchanasutham ? Kaew Nualchawee > Narong Pleerux’

Abstract

The study of the cassava spectral reflectance from satellite data, a case study of
Chokchai district, Nakhonratchasima province has the purposes to 1) study the spectral
reflectance characteristic on the growth stages of cassava and 2) produce the spectrum library
on the growth stages of cassava from LANDSAT-8 data. The study of spectral band of the cassava,
growing from March 2017 to December 2017, is recorded in several times. The geometry
correction bands; blue, green, red, and Near — Infrared band were studied and collected the
growth stages data in study area on 8th October 2017. The real spectral reflectance is analyzed
on 4 bands data.

The result indicate that 1. the spectral reflectance characteristic of growth stages in
visible spectrum has the low reflectance 2. the cassava spectrum library show the different
spectral signature at the different wavelength, depending on Normalized Difference Vegetable
Indices factors. The spectral reflectance of cassava on the growth stages; the vegetative stage
at 1 month is 0.0399 to 0.3566 and at 2 month is 0.0287 to 0.3404, the tubers stage at 6 month
is 0.0265 to 0.5709 and the maturity stage at 9 month is 0.0273 to 0.4573.

Keywords : The Spectral Reflectance, Cassava, LANDSAT-8 Satellite Image
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1.2 Yayan1naiuni13iioy LANDSAT-8 s¥uy Operational Landimagery (OLI)
TI8ALBEANIN 30x30 1As TuUANTayanIne18va18913Ia7 ATBUARNNNYITEEENISIRTYRULR
Tuinnmidletud 5 wwieu we. 2559 Jufl 7 wquaiau A, 2559 Sudl 28 fueneu A, 2559 uay
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IATIEVBNWULNTALYDUYIAAUVDIN UYL R INIY LASBINNUAAWIUaUULan (GPS) Taan1nun

¥ '
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fufighognesiuau 60 fethaiioliifununadaiidnvaen1snszarewuuund (Conealton and
Green, 1999) fan1wi 1

2.3 Ansgvieazvioundsnu lneiAaindasnanea (Digital Number) unudasdu
Amsazvieundsny Miunsusunifieyuveinugenaeding (Sun Elevation) segnsnisfiuin
7 1 waz 2 mudnu (USGS, 2015) fvansd 1 uazaunisii 2 fail

pA=Mp*Qcal + Ap (1)

dle pA e Ansagiieu
M p e ¢ Reflectance Multi Band 3ndeyassuiedeya 0.00002
Ap e f1 Reflectance Add Band 91ndayassunedeys -0.1
Qcal #e Addneadaavveurazgnnm

pA pA

- cos(0sz) - cos(0sg)

pA

e pA #eo Anisaziioussd (TOA Planetary Reflectance)
Ok o Amuveinuganiseniing 9ndeya Metadata (SUN_ELEVATION)
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Reflectance
Band
Min Max
Blue 0.0399 0.0821
Green 0.0462 0.1058
Red 0.0762 0.1694
Near-Infrared (NIR) 0.2061 0.3566

Reflectance (%)
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Band
Min Max
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Reflectance
Band
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Reflectance (%)
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Wavelangth (um)

AN 5 ASLERSANER RS NWAENTALTDUTMAAUNUTFILNY Vosiud e nad Seaeh 3
(%9918 9 1piaw) Tuil 1 AN WA 2559 INANAEA1ITEL LANDSAT-8

2. awnesulauns

nsfavhaeifurundudosdimatmuniuiiviedainnsudrsdadiolidudoyalunis
Uszanana dlefiansandnume nsasieundnuiiuiaswesiudenddluuiagsrarnmaadyiulad
AYINETIAAY 450 B9 890 uluuns Fudutiirdufivansdnunznisnevaussenisaiyiulnves
fignssoy) Anuduiusvestiirdunasdnuuznisasieundsnuiiuiiswesiudvsndslundaz g
528ZNL3QYLAULN ﬁﬁé’nwmwaamaL%mmﬂ?iulmﬂsmﬁ’uaan"LUmmj'Nmmmmﬁu%q%uagﬂiﬁ’u
psAUsEnoUTHadensazTioundIUYRIiuNTT Al LardnuazdisnauTiuanesiuazgndunvile

elernsvtinniu (Myneni and Asrar, 1994)



PYd

MsanTideuaziau tlageasnsal lunssususgudud avinemansuazinalulad | 21

A5°99 5 ANEZTDUNSINUTBBIUAIUENET 119 3 Srezn1sasqiule 3N EIEA s
LANDSAT-8 ATNaNgunaneyasan

stage Reflectance
szoedl 1 (07g 1 1fow) 0.0399-0.3566
szuil 1 (01y 2 1few) 0.0287-0.3404
szeedl 2 (97 6 Liow) 0.0265-0.5709
svuil 3 (919 9 1few) 0.0273-0.4573

i

' § YV o o o e d‘
maznounaInuiualznasszazi 1-3

Reflectance (%)

045 0.65 085 105 125 145 165 1.85 205 225

‘Wavelangth (um)

AN 6 NINLEAIANEDRANWULNTAYIBUYTIAAUNUTNAIDE1 VoIt Usrad 3 Svey
nsiaseAulnaInnmaneafisn LANDSAT-8 nMnangnaesisial

A3UNaN1337Y

msfnydnurnsasToundnuesiud Wendmndoyanmuiien luiufisuneluade
Jonfauassvdin nui dnvasnnsasieutiinduvesiudUsnds seesd 1 stermsaSyiuladule
Meady SEesdl 2 SresauIsINLaTAYaLeINT SEevTl 3 Svuzifiuiien anamdievateYaeeaY
ANUETIAGY 450 F9 890 wiluums nMsAnwnudn SudUsndsdimsastoundsnusludinaud
muaaLﬁuimaﬁw@ﬂﬂﬁuwﬁamﬂuﬂmﬂ?{uﬁ 450 9 680 wilwns Wosanpaslsiiadiiavinasenis
gandundanuinnuay lurisedudurisalndlufivazasvioundanugs esnanaaslsiladiisloglu
Tufiwanunsanevausmdsnuiinannsenulutisrduiles annsathludielunssiuunfionssald
fosanlassadrennsluveslufivudazeiin Snnsasvouiunnansiulutienauil venainlasiadns
meluvesluisuaidiuiuanunuILu Lo lURSS BN NaRaN1TAL NOUNS I TUVDINTNT T WAy
AU LTINS S sinanen1saETieundty USnafififenssaundutios Ysunanis
asvoundanufiaviiUinates wiusnafiTfunssamuLdLNNUSINansasTauNE s UL TNy
auluseiasedifinadonisazioundsuvestrsnduvesiie Toud dnvazveduiiy Tns lufiefiil



o

22 | U9 13 atufl 3 (fugney - Sua1Au WA, 2561) PRgIEl ASLadNLaTANY

anwaznisesiimsazviowvasrdundmanliifiniluSeiuvan engvesity drftsiiflongunnaziinig
dvioundanuesniuwivdninihiifninmez fieilides Fuhandufganiundanuid

dalauauug

1. lumsaaaneduidenay anamaeanifioumsidonnmaiefifirnuenaaudisinng
aniBungs wazasfnwiiuiiitoumslinssidieduisitnnnseaeutoyaiivinnsiinseviiiany
RG]

2. myafrednvaratsidudsndu Msgiainamdieanifisnaislddeya nmene
puiinanan emsinsiesiieazihluliusslonilunisdne

3. MsBAsieRa e afisudesdndunisifivieyaninauinlugisianfeiuiunis
tufinamdrenaiionfiagianld Welimsieneiuaznsiuunussindeyadimnugnéios

AnAnssuusenna

YOUNTEAM 819158 AT. FNITA NIYIUATITY 9191567 USnwudn3nendnus
$09M1EA519156 03, U UIART LALETILAIENII9198 A3, UTIA WETNY B195ETIUTNwISIL
Snendnud AlFaunwlunisidou wazduainise inunssnedmeiuude Santauassvdun
ﬁﬂi’wﬁmﬁiaﬂizmumma%@y‘a LLazLﬁU%ayjaELuﬁuﬁ wasidmthinunssnnelyad Saniauassiudun
floynszsiteyaiililunisinu masaau a1 ansen Alvinmsatuayumeiunisinwiduesene

LONH181989

\3nyfnR Tsrugvsfisus. (2519). fudiuswds, 12 nsngreu 2559, medialiun Ausinyns
UNTINYIRELNEATANENST.  http://www.phtnet.org/article/viewarticle.asp?alD=61.

dinauinuimelulafeanauasgiiansauma. (2552). winnsiugrumaluladnfiansauwme,
(29ANTUMTY) NIENTIVMNEMEnsuazmAlulad, njamne.

dlinauesygianisineas. (2557). afifinisinunsvesUseindlne U 2557, srgeuaduauysel.
N3N LS IRUARAIIN I UNTENVISANAU LY.

Congalton, R.G.,, and K. Green, (1999). Assessing the Accuracy of Remotely Sensed Data:
Principles and Practices, Lewis Publishers, Boca Raton, Florida, 137 p.

Myneni, R.B., and Asrar, G. (1994). Atmospheric effects and spectral vegetation indices.
Remote Sensing of Enviroment. Vol 47, pp. 390-402.

USGS. (2015). Using the USGS Landsat 8 Product. 18 ningau 2559. Usgs science for
changing world, http://landsat. usgs.gov/Landsat8 Using Product.php.


http://www.phtnet.org/article/viewarticle.asp?aID=61

PYd

MsanTideuaziau tlaveasnsal Tunsvususgudud auIneeansuazinalulad | 23

nsenwueaiinvateulediwagasainiinsviateluluntsudaueanasesaindnauyn
aresnsgesargliiadutiniawuusaiiasiunismsin

I ganseslngt’ aaafou Igqusnd fuwnsn dagnd’

unAnga

winsvianglududdiTinitioulesivagaadosaaowaglaada Jussdusznaundnaiin
wildlunineadiivilildnandnduasiulawsnaedu lunuiseifaiunmsdnynenfifvesoules
wagiannifinsvhaigliinuiuegnuveulineluiminerdessinloseainsal lunszusu
s1pUius densosaneanagloauiianien dearlinandngareduimanglea Tnediasldly
msanwil 7 ena o Favolus sp., Marasmius sp., Lenzites sp., Daldinia sp., Leucocoprinus sp.,
Polyporus sp., Schizophyllum sp. wudneulesineruvesiinsiana Leucocoprinus sp. SuaaR3nla
geaniigafe 52.77 ginsedadniulusiu lleldnszmunseaduianuas fuendifvesoulesivagia
adeTanideuazTan1atife 45.10 uay 39.61 gllasedadnIulusAumuady wazanA15in
wulsiveruiilduniinisdes Tanwaglaafednaurntmdnuis 5 n¥u fiunisuivanindae
a1sazany 10% NaOH wagvinaviindaeiimagesamslifnduinianuudedeatunismsingae
846 Saccharomyces cerevisiae udwhnsnsivaeuUsnatevueasenies HPLC Tneldoniuea
dudufesar 70 iuarsuinsgu Iinainiuilénsmvenemueadiiunssuiunsntnannnitas
wmsgiude 17.215 whdsgaaudideslddudoyalunisseansfaniauaiiduddlidesnisly
ssaumiimdotioineg Thduhmangleradaduingundnlunsdmenusataddeulidudomasd
fudfgyaeszuundanululssine
Adfny : wepiifvedeuluiwagiad Wins1viane nsgesamelianduimauuudedotunis

N

! gaemans191se vangnsimaluladFnim pasnermansuazielulad umInerdeiviglageainsal
ZHW?&U?&I?@IUE)?JJ’)( 5’0%5’6]1/171/5717 e-mail: wattana@vru.ac.th

2 979738 nangnsialuladdinm parInermansuazmalulad umInerderiuigilageasnsal luwszususigudusg

ﬂ“’dwijﬁl‘lfigi/ﬁ?ﬁ e-mail: doungdeun@vru.ac.th

unInermans nangasaluladdinim aagInermansuazimalulad uniinerdeivinilageainsal luwsyusy

57j;llf‘lfﬁfilf){ 5’01/75’6]1/171/5717 e-mail: somnuk@vru.ac.th

* gfﬁww‘wﬁn e-mail: wattana@vru.ac.th

3



24 | U9 13 adui 3 (fuensu - SudnAN w.A. 2561) T saasezlnsuazany

CELLULASE ACTIVITY ASSAY FROM WOOD DESTROYING FUNGI IN ALCOHOL PRODUCTION
FROM WATER HYACINTH (Eichornia crassipes) BY SIMULTANOUS SACCHARIFICATION
AND FERMENTATION

Wattana Aschariyaphothal* Duangduen Wattanuruk > Pimnara Nilrit *

Abstract

Wood destroying fungi is a cellulose-degrading enzyme fungus. These fungi had the
ability to decompose all stages of growth in plant. It can destroy the woody part of the tree
and leave by releasing the enzyme. Most of the fungus will destroy from sapwood to heartwood,
when it is in proper condition to grow and germinate. The mycelia will growth through the wood,
causing to wood decay. Thus, the purpose of this study was to investigate the activity of
cellulase enzymes from the wood destroying funsgus, which was found in Valaya Alongkorn
Rajabhat University under the Royal Patronage, on degradation of various cellulose materials
will yield the glucose. The 7 fungus were used in this study consist of: Favolus sp., Marasmius
sp., Lenzites sp., Daldinia sp., Leucocoprinus sp., Polyporus sp., and Schizophyllum sp. The
cellulase activity was used to determine the ability of each fungus. Leucocoprinus sp. presents
the highest cellulase activity of 52.77 U/mg Protein and had the high cellulase activity on cotton
and rice straw materials of 45.10 and 39.61 U/mg Protein, respectively. Crude enzyme was
derived from Leucocoprinus sp. was subjected to 5 ¢ dry cellulose hydrolysis treated with 10%
NaOH solution and Saccharomyces cerevisiae was added in the flask for used to produce
alcohol by simultanous saccharification and fermentation. The alcohol content was verified by
HPLC using 70% alcohol as the standard substance. It results that the chronometric display of
the fermented material showed the area underneath the graph of processed alcohol indicating
that the area under the alcohol production curve was more than 17.215 times that of the
standard substance. This is used as information on the degradation of biomass materials, which
is the main raw material for ethanol production. This study will promote ethanol production

into important fuel to the domestic power system.

Keywords : Cellulase activity, Wood destroying fungi, Simultanous saccharification and

fermentation
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unmin

fiwaraundanuanaenindlusundsnueiivesansusznoulalasaivou ludeldo
fiwfisnFonsan q 1luleuna Uszneusnediuddnfowwaglaa iefiiwaglaa uazdniy waglaa
Dulwdwesvoshnadstetuduaissn dusdaeaglaaeenfuudarginvoshaaisfiogld
thnnaanunsathumingredadiiienanduueanesedld dnnuwan (Eichhornia crassipes) 1y
Fofimissavludsaieaesih luidedefnnurnidwyszneululewadiuddyfewaglaa
wsfilwaglaa uazdniu 11uidoves 125 BAT1NT M DYsEN U3A Tumaey uaz TeBu Bana (2555)
AnwesdUszneumaniivesinaurrmuidnivgidusaglaa aunsnsd 1

A15199 1 89AUSENBUVRY EUlEAINAIRURNAUYI

29AUsZNBU Yawazlnetiwiin (g)
\aillwaglag 14.85
waglad 44.71
anilu 3.06
Jun 37.36

197 1 33 BAIT19NT M BEsET USAN Jumae uag Ledu Baga (2555).

= =

ANAUYILSnIINISRsaRulngn dnsasauiiadininligeds 20 nsuumdnuiasie

AT18URA Y lngddnsnissyiuladuivnsgeansiniuiesas 1.50 siadu duassliinauydn

v
v o o '

Wulaluwraaun lagisuAuaIn 500 NSULMUNEARDAITIBUAT PUSTELIANNE 3 LHBUATI BNAUYIN

a =

ansnsapiulnuasaeeiuslinadaningeds 40,580 nfibwiinansonsamns lussezaa 17
Fernaurnihasfuvdsesmaniiddgiaunsmiuldlunssuunmsminlneadunidflddinia
nglag

Winswihaelu (Wood destroying fung) Ludsfidinifieuluiiuagiaa (cellulase) 7ivi
UfAsedovameivaglaataduosdusznouvdnudavislumineadiy iinsvhanelifiauaunsoly
nsgesamslule ynszeznaaigivinlaediosyluanmilmngauasidivhaionsziinouwaaie
vhanefaunulasaiaalounmegluludeluiindoluntudiduloasluneludelulaniu
villdnananduanslulawnsmansdu Tnaloululiwagioa nanefls nquveseulssiivinnusiufuiie
\siisenslunistesaansieaglaadaduesdusnouvdnaiavilslundavadiivieulesivagiaa
Usgnoumeiaulesl 3 ngundnauszuun1sdnduneulesl (enzyme classification, E.C) fig 1) tou
Tangaiua nietoula-T8n-1,4-nganua (£.C.3.2.1.4) vnihiidesluanaveawagiaaludiuiiliifu
suilisu (amorphous) viegosauiusueawaglaalnesingosivadiivuminiusy 99-1,4-Inaladdn
wuudy (random) 2) tenlengaua vise tonle-1,4-ngaua viiewenleden-1,4-nguaunglalelasiua
vidotenlaTin-1,4-1walalulelalasiua ( £.C.3.2.1.91) wuinfnvimihiisuiueulesioulangaiualy
nsgetluanavenaglaalnenistosaneaglaaantmesuiilaifiinaiiad (non-reducing) w09
wagled wandsifildannissesamedlngfethniawalalulea uenainidsuiannsados
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aaneiwaglaaidndiograduszfou (microcrystalline cellulose) ldlaandnisvinausiuiuieu
Tanganua 3) woulwslin-1,4-nglalewua (£.C.3.2.1.21) Wueulssiivimiddesluianavewala
lulea walaledlnuganilsdfiazaneilalviduihmanglaausiliaunsadosameluanadudouruin
nojvensaglaalilnensinalnnistosameluanavonsaglaaidludufidusuidou (crystalline) was
lsiBuszifeu amorphous) Widuthatanglaa (Fanndi 1)

Crystalline Exo-f-1,4-cellobiohydrolase (CBH)
cellulose [N ‘E
C,+CBH i
‘:, P -glucosidase
Cellobiose »  Glucose
—_—

‘ndo- i-1,4-glucanase (C,)
Amorphous prid-g *

or Modified
cellulose

Exo- B-1,4-glucan glucohydrelase

Al 1 nalanmsviisennisdesanswaglaavessuueulediwagias
#n: (Fan and Lee,1983 81slngensini, 2547)

nszvumsuildumsiasuwagladlufuteniueafioBnsiiGoniismsdosaaneliin
Judmauuudeidestuniswin (simultaneous saccharification and fermentation #3e SSF) s
nsvuIuNstiarTenszUINNstesaaeiunsruIuniTnlide fufinafansiufaduagioules
wagiaaaslundeututufedisiiviidesnsannislifminvately mssw Yuugndad uay dvum
UseasAga, 2558) Tumu%’aﬁﬁaLflumsma'«aaaummmmmmiﬂaaamEﬁa@L%aqiaasuﬁmi’m N
dinfinuduegnuveuldneluiminendesivigalaseainsal lunszususguiusdeaslinanan
aniheifuhmanglea wasnnaeunistesaanewaglasandnaueiiendmiduenueadieds s
govanelifonJuthmanuudeiiesiunisun
IngUszaeAvaIn1IdY

1. Wednwneaiifveseulesiiwagaanniiashaneliinueguueuliluuinasieg

lun1snisgesaas Tagussinmsaglaaduina

2. \efnwUinaeaneseadlaglifinaumnluduanm et nsdesaaglvifniiu
ihmauuusiaiostumsuin
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Wanliun1side
1. maiufmerafinuaznudugiuine,
Foniftusegananiiniitusguuliiyuazveulinmelusminerdesvigilaseasnsal
Tunszususguius TnoidenvouldififidnuurnniousuiAnannsgosaasveadin niousisdnwy
dugnineveuiiausazyile
2. ﬂ’liLWWLg‘&NL%}EJLﬁﬂU%E‘jW%( (Uswanu Bugey, 2549)
dnidonnenuiinfiauysaiuheuaseinuazdasmeusanssedidududosas 70 nen
dinoonidu 2 dumdeulfiudefiiunsauliuddnioideiinesn Nuioidafinamsnanses
wis PDA WiuliTigamgiieadunm 7 $u viesunseiudofiniidulouarateados
3. Madesdoiiondnioulsdivagiaa (Mssw Yunendad wardnum Ussasdan, 2552)
prRdeuN Tl yventeifinuuamzdsdlutudl 2. Wwisue1msgas production
medium (A1133909 115397 uazdnum, 2552) wagvhnistsanided 121 esmiwaidea Wuan 15
uit Mndurhmangiuiuiididediaesyegdeiimaaonde S1um 5 Fu wdahludedusmns
ng,%aqm production medium U31195 100 faddns lunatadyuia 250 Taddns Laevinisuy
wanafomnsidsatevuieionugiariniisey 150 seudewnit Wunan 7 fu
4. MInsRaeukeniinvetuleiwagiaa (Miller, 1959)
wmstuniswendulodiaudazaiinanduneud 3 senaineims production
medium wahdula 0.5 faddns ndnseilenriitveteuluiivagiaa Inenauiu Gnsndvines
0.5 findans luvaeanmansuin 18 adums udalduiunszaensosuunn 1 X 6 iwufiuns a0ty
thlutsfigaumgdl 50 esmwaldea Wuna 1 $9lus Taevasamuaslsifedldoules] shnsidn DNS
asly 3 faddns udrhwasanaassnvasalududuian 5 uiil ndswndudnsiidundinngs
Fenedetindu 10 Saddns wdnhlusudnisganduuasd 560 uluins duwaamUiinunglaa
fignuantulaenisthemmagandusasidaldiuieuisutunsmmanesgiunglaa (rsdudu o,
0.25, 0.5, 0.75, 1.0, 1.25, 1.5, 1.75 way 2.0 4adn5u/Aaddns) vinn1saiuiamikendinveseuley
wagradlunisgesdualmsnszaynses (FP unit) vesevlusildanniinudasadin (FP unit %3 Filter
paper unit A U%mmﬂaﬁﬂ%maaﬁwmaﬂgiﬂaﬁmﬁm%mﬁamiazmaLaulsuﬁ 0.5 iadans vinugnsen
fiu 50 flad@ndu YeINTTAIWNTEH pH 4.8 Wag gauvndl 50 ssmuwalduadunan 1 92lus) V]ﬂsﬁv’umau
¥ 3 41
5. mInsvinfanssuinmeveseuledivagiaa (Lowry et al, 1951)
Teulwivetu 1.0 fadans Weawnetindu 0.5 Sadansiiu Folin-Ciocalteu reagent
(1N) $17u 0.13 fiaddns fafield 6 unit iBaleisumiueiun (Na,COs) arundudu Sovay 7 S1uau
1.25 fiadans Ufudiinmsieinduliiu 5 faddng fafield 30 unit igumaiivos Tarnganduuas
ANnuEIRdY 760 unluluns uduiisuuiunuivansazaislusiuninsgrunddnnaduianssy
Sumzaeneuley (specific activity) auaun1s7 1
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Aanssudumeioulan (gianeladniulusiiy) = glavesoulyy (1)

T
a a

faansuvadlusiu

6. nsldieulwliwagiaalunistevaaieTanaglaaviinmiag M3sw Ynaendad uay
dvum Usvasdgy, 2552)
ttoulesing1u9n production medium vosLfinfifiduondifigianainde 4
insfnwinistevaaneianeaglaa laun O-cellulose, Carboxymethyl cellulose(CMC), ns¥An
wilsdediud, €18, fhv1iue, ddhe wag vt egvag 50 Hadniu lneviinedsnisiesiude 4
7. ms@nwieulsimervandiaundaeuealegldinauranduingfusensyuiuns
Simultanous Saccharification and Fermentation (#5511 Qmmsws"fﬂ@i wazaANULIM ﬂisaaﬁqﬁu, 2552)
ihfangwaglaailifoinaurmnuiandaliduiudng wluasasarelnioslonsen
lust (NaOH) Aududiudesas 10 waglinnudouil 80 ssmwaidea iunan 1 $lus Adinausn
ANLIRY 5 N3U e NaOH U3ums 200 fadans) aadetauilanin pH Wunans nsedliuks ué
ilugsbmiinuislilg 5 n3u ldadlavianadowin 250 fa88ns iRueadisndegns F2 (MuiBvs
PITY WATENUIN, 2552) USu1ns 5 Uadans way Acetate buffer 10 1aadans nntuileeidon
gounndl 121 ssrnigaidea Wunan 20 wift deiel Ay udafmeuluiveuildaniiafiiueadi
geasldludnsndiu teulesl:duainsy = 4:1 vinsiiudad Saccharomyces cerevisiae Tuguves
asazane 5 fadans udUananarlyifiade tilutdluedeavefigamgiivieanduna 7 fu udwhns
P9IEUUTINMENLUDARIELADY HPLC

NAN15IBUATDAUTIINA
1. MInsavdeuiInssudmzveteulivagiaa
KamsAnyATansalunIstosamewaglaaanidfinsvanslive 7 ana énans
pAndukasimINemAiY 500 s wanSsudisuiunsmuasguimanglea faduisnisie

Y
a °

Aanssudumzvsaeuleiivagadliviariin Endocellulase uaz Exocellulase laglindiuansAuin

'
=

figafeLiinana Leucocoprinus sp. dsiirueniifveaoulusiivagias Ae 0.763 ginsedadans uay
HavesfanssuInnzveaulesiiwagiad (specific activity) lnenisldioulsdnetu 1.0 faddns vih
UA3e1iu Folin-Ciocalteu reagent (IN) uaginA1ganduasanueninay 760 uiluiung uédaiiey
Yunafvansazanglusfiunnasgrunddmanduianssudimeveaeuledlidnlu 5277 giase
fladn$ulusiy fansnai 2
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a1319il 2 weeiifveeulvliwagaalunisgesduamsnnszaunsesnininsviianelivia 7 ana

AU Ut v wonRdnvadeulel  AanTIUTIWIZVRS
dnaiia asazanetnananglag \wagLad aulas]
(mg/ml) (unit/ml) (unit/mg protein)

Favolus sp. 1.89 0.35 42.53
Marasmius sp. 1.816 0.336 41.53
Lenzites sp. 2.852 0.528 43.78
Daldinia sp. 0.799 0.148 31.97
Leucocoprinus sp. 4.119 0.763 5277
Polyporus sp. 1.109 0.205 38.53
Schizophyllum sp. 1.635 0.303 41.74

2. Mslfieulwdwaguaglunisteaane Januaglaauinsiige
dletheulesineruan production medium Youingna Leucocoprinus sp. fifiAue
ARIAgean wu1vinn1sAneInisdesaateianivaglaane Cellulose powder, Carboxymethyl
cellulose (CMC), ﬂsvmwﬁﬂ?ﬂaﬂmﬁ &4, H1vmung, iy wae Wed1d egvar 50 dadnsu wazdn
An1sganduuasil 540 uiluiuns lnoifinana Leucocoprinus sp. ferfianssudumzvesouled
wagiaaretaniihouas Janrsdndadutanudeimnamanuns Ae 45.10 uas 39.61 yiase
fadnfulusiiu mudidu (5edt 3)
mnnsAnunsTdidiaslunisdesaasliidfnafiaenadosivauideves Puntambekar
(1995) Ainwinswaneulwsliwagiaanniin Volvariella diplasia Ssduriinluanaiduafuifiania
wuiriAanssuveaieulesl 550 U 9101514 cMC lluduainsy waz 69 U iileldnsearunsaadu
Fuamsv levihnisidsdluszuugnil pH 5.4 gungf 280seaiioa warlfisaglasuuunaduty
Sovaw 0.5 Wuunasiveu uananil g33ni deuf uazemey (2556) Anwinsuiiauissuanndn
wulwrigendelelagliimuwndenntmlnaluianme Wi duinlnn fudnlne wazdondnlne
Wisuiieuiuiides Anssuvenagiad loulanganiua wasleuauiua vesTaguediduduinlnad
A1geantiedl pH 3 fe 55, 321, war 27 gia/ndu uas 7 pH 6.8 14 286, uaz 323, 322 yiin/ny
dm§us1uI9809 Tan war Wahab (1997) naaoudsaifinuissy (Pleurotus sajor-caju) Tutan
waglaausznniie wazldrueniifveseulel cellobiohydrolase, CMCase way B-glucosidase
Ju 100, 71.4 wag 21.6 gin/Aadn3ulusiu ndsandwly 15 Ju Aueadidildigegaldainnisusu
anehemean1izad e 15.6, 83.4 uay 56.1 gila/Tadn3ulusiu mudsuisionuly 20 Sureenis
weides



30 | U9 13 adui 3 (fuensu - Sudnaw w.a. 2561) T saasezlnsuazany

A131971 3 weaRiAveseuluiwagaavedinana Leucocoprinus sp. lumsdesianwaglaauiles

$i19)
mqm%’u%’;maq WOARIAYDY  AINTTUTUNILVDS
Saowaalad TIMIAWNNE | elivaaiad roulasl
v nglad ?
(mg/ml) (unit/ml) (unit/mg protein)
Cellulose 1.096 0.203 30.39
Microcrystalline Cellulose (CMC) 0912 0.169 37.98
NITATUNILIEDNUN 0.786 0.146 37.82
da 0.059 0.011 24.55
AU 0.562 0.104 26.26
Hie 2.81 0.52 45.10
9117 1.659 0.307 39.61

3. ﬂ'ﬁﬁﬂ‘l&}’]ﬂ’ﬁﬁ’]Lau"L"ljﬁ%ﬂ’mﬂ’mLﬁmﬂLL@aﬂa‘eﬁaﬁaKIﬂEJ&L‘BJﬁﬂG]U‘IIQWﬁ’]EJﬂiSU’JUﬂﬁ
Simultanous Saccharification and Fermentation

a

ynnsdeuledvevildandinfiiueafifiguninsdes Yanwaglaafednauya

Jrndnwiie 5 n5u ARunisUsuanmeleansazanslemeulansenltynainududusesay 10 Tu
gnsnd teuled:duansn = 4:1 uavlinsiiugad Saccharomyces cerevisiae luguvesasazany 5

fiadans luanarlsfiadeliiAnnsnanueanssedieisnistesaaslianduihnauuudeiostu
nsninsnemswenfigamgivieafiuna 7 fu udnhmsasieaeuUiinaieniusafieiaies HPLC
Tngldlemueaidutuiosay 70 Wuarsuwsgiu lénaindrsiariuanslasunluunsuvesansan
nszvUMIEnuanauiif 2.7 (il 2) Fadunandeaiulasininsunsuveseniueaiduiuiosas
70 Aeundifl 2.778 (Woyalallduans) uariuildnTmvesueanesediinunsyuiumswiinilen 5689834
(m9191 4) Tnenfeufuiiuildnamuesomuoadudusosas 70 Ao 330510 Foyalsilduans) wandlyi
diuhifuildnsnsuanenueamnniasiasgui 17.215 wh Ssaenadesiuranisnisld
wulwdwagiaalunsgevanietanwaglaavingieg
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mAU
1000

PDA Multi 1 220nm,4nm|

750

500+

250+ W

< |i5.383
5606
6.155

T T T
00 2 75 100 125 15.0 175

min
27 2 1A5UINKNSUYRLeNIURaIINASHENAI8TTIENsE suaanelmAn duiaaluuseileiu
AMSNTNRNAUIINNNIUNNTUSUEN NI IESazaNY NaOH Anuludusaeay 10

AT 4 MNSIILERINALASUN INLNSUVDILIANDRAaAINNTMINAI835ISNsdssaas A duima
WUURBLLBINUNSULNENA UL NNIUASUSUENINA8d15azane NaOH Ansludusoeay

10

Peak Ret. Time Area Height
1 2.700 5689834 486212
2 3.193 2237228 51432
3 5.383 133549 7043

a4 5.606 214368 6909

5 6.155 203093 4643
Total 8478071 556238

A3UNaN1339Y

nsfnwueniiaveneuluiiwagaaaniinsvhanglifinueguuveulilluudnasieg ves
uninedeuiglaseansal lunssususgudus Lﬁaﬂaaamsi’a@ﬂismwLezjaqiaatﬂuﬁﬂma was
nsfnwUinaenueslaglitneuriiuduans fetinisdesanelifnduthmanuusioiios
fumsndnldhmsdadondasyhanslsl 7 ana Atuliidessulasnadssunomsilddmsums
nanteulwilivagiaa ielvlfloulesiwagaaniudesnis uaraiusavinnisfnuenifinfiinnuanunsa
Tumsudnieulvtiivagiaagesiuaglaa lnoiinfiuansiunniigndowinana Leucocoprinus sp. Bsiian
woniaveoulusii 0.763 gln/dadans lasildrAanssudumzvesouleiiwagiaa 52.77 gilade
fadn3ulusiu warfinnwanunsolunisdesaanoiniheldffigasesasnforndnddsueniifves
wulwsifl 0.52 waz 0.307 glin/faddns muddu Arfanssudunzveseulnlivagaasiotaninie
wazYanvhaimdalutaqudofionansinens fio 45.10 uay 39.61 gindedadniulusiu sy
wazanmsieulusinenuiildainiiinana Leucocoprinus sp. uvhnstenanaglaadenauyn
wtdnua 5 nfufiiunisuiuaniwdisarsazats NaOH arududuiesay 10 uasfinnsifubad

Saccharomyces cerevisiae lugvasasazanglunananlvidadaliiinnsuinieniueasigisnisdes
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aanelidaduhmanuuseiiostunsminuginmsassdeuUSinasenueasienios HPLC Tngld
wyueauiusesar 70 Wuasinesgu WWkaidimafiuandaslnunsuresasnnnnszuiums
wiiuansundii 2.700 Fadunandieriulasininsunsuvesemueadududosas 70 uaviuildnsm
YesemueaTinIunsTUIUNITnTAn 5689834 Tnaiteuiuiiuildnsmvesemusadudusesay 70
wansludtuildnsrinsnaneniueamnnninansiinsgiui 17.215 wh dsaenndosiunanis
nsliouleiwaquaalunissesane taneaglaaviasine dunannsinunifsaduayutoyaves
mstudinniisunuveuliviemumliindesame Tanwaglaavietunaliduhmanglaadady
Sappundnluniawdmenmueaiiiodunisidunafiduidaifosmslusssumauiuasdidudomas
Fifimnuddnyseszuundsnulussmalng

JolauaLuL

mAdeivinmantnlusefurosufoRnsiililduiamsvesenuea toedaliannsaay
Yrnaaisufumnudududosazaaseniusalisniesdlotnusuiaseniuea Tuauandeias
MauNUNSANYEInsEUINnsTslRlaUSnnsresemusaiiunnfietluiinseisieiasesdietn
USunasemuealuguiuusiig

AnAnssuUsENA
mAdeillasuyuaivayuniddeeulssinm 2558 Mnaatiideuaeiau ivninedesvy
Yaveaansal lunsvususyuiug §idedweveugudmsunuaivauunuided

1aN&1581984

123 351903 @ 0g5en, USmn Jumasd ua TeBu Bana. (2555). msAnwaasutAnnavesnaunin
wrawraulednaudulsvasdinauyan. nganmm: dmasaianses 9720 aduiit
fuay.

Yaysousnt iSedliaw. (2552). nMawanlenueadnwaglad . ddnIdeiammalulagdinin (1a13
NINYNTHUINITUNVETUST).

Usvanu Bugeu. (2549). mawnzidia. ansmeluladmainens uminerdesediglasoansal Tuwsy
UsuIIgUNS, Unusiil.

ey Lauillvdeyana. (2548). Biofuel Roadmap, APEC Symposium on Foresighting Future
Fuel Technology. o eransdiinavlvg) uemuan. $110 (umnaw) Sudl 28 NeAINEU
2548.

fi3n91 Fadeutus, sasuns JAIUUUN WAz dRY¥d orumanysal. (2548). nsRaLEaNasINaNan
wulwiigagiaaainfunzwiiiduauniafisanlasy. nednudineraans
wndaudin. ngevmEmues : aantumalulagnszsuindndigunmsaianseds.

pAiwy wivalyfing wazegal Jau. (2549). wWiaswiharglil. driindensUnldl wagndanauald, nsudh
1.
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AMUBRIUgYMNINgiulIaldiRaneanvasgusunNinsIzuInvadldidanaandiun
AugUILNENITTTUIATRY LWANUNATUaNIZBUNT IV
2NBUNULAU JIMIANTEUATATDYSEN
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HEALTH BELIEVE OF DENGUE HEMORRHAGIC FEVER BETWEEN THE REPETITIVE COMMUNITY
AND LOW-OCCURRING COMMUNITY OF THE MUNICIPAL THARACHA,
BANG-PA-IN DISTRICT, AYUTTHAYA PROVINCE.

Somchai Durongdej' Thassaporn Chusak® Natnapa Sasang’

Abstract

This cross — sectional survey research aimed to study and compare health believe of
Dengue hemorrhagic fever between the repetitive community and low-occurring community of
the Municipal Tharacha, Bang-pa-in District, Ayutthaya Province. This study was conducted
between October 2016 and September 2017. The study samples consisted of 370 people from
multistage random sampling. The research tools were the questionnaires about health believe
of Dengue hemorrhagic fever. The reliability of the assessment tool was 0.91. The data were
analyzed by frequency, percentage, mean, standard deviation, t-test for independent.

Results of the study showed that health believe of Dengue hemorrhagic fever of the
repetitive community at moderate level 48.1% and health believe of Dengue hemorrhagic fever
of low-occurring community at high level 53.1%. The main finding was that health believe of

Dengue hemorrhagic scores differed significantly the two areas (p <0.01).
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THE DEVELOPMENT OF INNOVATION IN ONLINE MARKET SYSTEMS VIA VEGETABLE
NUMBER 8 FOR AGRICULTURAL PRODUCT BY VALUE ADDED AND HIGH SAFETY
OF SMART FARMERS IN AMPHOE PHANOM SARAKHAM, CHACHOENGSAO

Nattee Pinthongi* Warut Kitjaruean” Thanawat Noy’chisong3

Abstract

The objectives of the research were 1. to examine the potential, the knowledge and
the requirement of innovation in online market systems via vegetable number 8 for agricultural
product by value added and high safety of smart farmers in amphoe Phanom Sarakham,
Chachoengsao 2. to develop of innovation in online market systems via vegetable number 8 for
agricultural product by value added and high safety of smart farmers in amphoe Phanom
Sarakham, Chachoengsao and 3. to publish the innovation in online market systems via
vegetable number 8 for agricultural product by value added and high safety of smart farmers in
amphoe Phanom Sarakham, Chachoengsao. The study was designed in three parts. The survey
research appeared in first part approach collected data by questionnaire which was responded
by a sample group of 11 peoples in smart farmer. The research and development (R&D)
appeared in second part and third part with Extreme Programming Model, then the model was
implemented by an experimental group of 45 peoples.

Research results, the development of innovation following in Extreme Programming
model, then to implementing, testing and evaluating the innovation. The results of evaluate
performance, aspect of smart farmer’s overall in highest level (X =4.92,5D=0.11) and aspect

of general people’s overall in high level ( X =4.41, SD = 0.30)

Keywords : Online Market, Agricultural Product, Phanom Sarakham
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STUDY AND DEVELOP A PATTERN OF MON-POTTERY IN THE CENTRAL REGION
FOR PRODUCT DESIGN

Kridtyot Comemingl* Kanuengnit Patoommakesorn®

Abstract

Study and develop a pattern of Mon-pottery in the central region for product design.
This study aims to identify the lifestyle of the Mon community in the central region with respect
to design and develop a pattern of product to meet the local identity and market needs. The
results of this research are that the way of the Mon community is a family-owned business that
produces potteries for sale as souvenirs and use contemporary designs. Design and
development of pottery patterns used survey research method and questionnaire. The data
were analyzed, part 1, most respondents were female between 20-25 years old, accounting for
50 percent. Part 2, most respondents preferred the lamps product category 30 percent and part
3, the pattern of the products used in the decoration is decorated with flowers, a bunch of vine,
necklace and garland pattern. All of them is a very good level of satisfaction. Overall, the design
of a pattern Mon pottery is very satisfactory at 91.67 percent and they were moderately satisfied,
accounting for 8.33 percent.

Keywords : Mon, Pottery, Koh Kred
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LAND USE CHANGE MONITORING AND URBAN EXPANSION OF PHUKET
Sangdao Wongsai1 Jutaporn Keson® Noppachai Wongsai3

Abstract

The study was aimed to monitor land use change and to assess urban expansion of
Phuket province during 2009-2017 by using geographic information technology. Results pointed
that over a seven-year period agricultural area has decreased by a factor of 3 and was mainly
changed to urban built-up area and bare land. The built-up area has increased by 11% and was
largely transformed from para rubber plantation. Urban expansion was evident in the study with
an increase of 1,347 rai (2.16 square kilometer) per year, on average. Expansion rates were
ranked in order from Mueng Phuket district, Thalang district, and Kathu district, respective.
However, there was no sign of natural green area being threatened by such expansion.
Therefore, monitoring land use change will improve the efficiency of Phuket urban planning,

with a focus on the urban growth development along with the sustainability of smart green city.

Keywords : Urbanization, Urban planning, Land use policy, Smart city, Green city
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RESULT OF FOOD SECURITY MODEL FOR HOUSEHOLDS BY ENVIRONMENTAL EDUCATION
PROCESS IN PONG RIVERSIDE COMMUNITIES, KHONKAEN PROVINCE

Nikom Sringoen1 Suwaree Sripoona2 Ananya Popradita*

Abstract

The objectives of this research were to develop the model of food security of
households through environmental education in Pong riverside communities. This research was
quantitative research. Data collection by survey and evaluation form 45 people from 10
household representatives in Kut Nam Sai joined in the action of organic food sufficient to
supply. Menhinick index (R2) is used to examining the richness index of edible plants. The data
were analyzed using descriptive and t-test. In summary, increasing the adequacy of food by
organic farming of 10 pilot households in a total of 2 crops has resulted in food crops. The
results showed that the diversity of edible plants was a significant increase in the diversity of
food crops from R2 = 1.52, to R2 = 0.31. A total of 45 household representatives were increased
in knowledge and awareness at the highest level P=0.05 (x = 4.85, S.D.) the model is significant
for using.

Keywords : Food security for households, Edible plant diversity, Pong riverside communities
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M990 1 LWUSHULTIBUAIHATENTINSENI N UAUNAIMSININTIUNMSR BUTMUTULIUNS&519A

TUAmM0ING
. ALany dauleauu ANARAI9YDY
AUATSUUN — t p-value
(X) 41%3g1u (S.D.) AZLUL

louswAansuNsisews  3.19 0.82

PFULUY

v i oa oy 1.32 15.22% 0.000

nRamnNanTIUNSteu;  4.51 0.34

PINFULUY
*5 < 0.05

4 . wamsUTTEIUAMAMIULUY 91nM5YNAINSTNALTULIUNSASSANELATNI919S
mumNiresIuuaiIFeunii1smAInTs wuirgluuuiinunmluszduinniian (Fesas 95.55)
sesasunegluseiuuin (Segay 4.45) LﬁaﬂimﬁuaqﬁﬂizﬂawaqgﬂLLUU nudn guwuuiigunn
Tnesalussivanniign (€ = 4.72 wazdrudeauuinasgiu SD. = 0.51) leynesduszneuiiganim
Tusgduanniign Tngesduseneuiifinzuuugsiign 3 ddu léun 1) wuAnvesguuuy 2) Inensils
mwlunisaiennusiuamne s 3) nénasvesgUuuuuazianssunsaenaiuame s
fhenszuaunsdanndendny auddy

djUuazafiuenanisIvY
MnramsATeumsBuduinannsaaiisanuiuamisemsvesniueuldlasnsaing
nsi3ous aeeuasevinuagiinnsufaessliAana Jsaonadesmuminnisdsndeufnuives
inwa Fumsii (Chankaew, 2001) flaguin mMsFeudiimnzanivdanndondnu loud (1) msiseus
wuvduLEz (Inquiry learning) ﬁ;:iﬁﬁuam%uiﬁwﬁum NMIAUM AN UIILARIEN1 S ToYARIN
AaNIsuAIAERIN INN1SVAREITINEIMans auaunsaasindussdrnuivesdifoweld vse
3o Constructivism (2) nsi3euuuuswiufn (Co-operative Learning) Wunnsi3eusilstiisou ¢
flomauaniasunudivaundnveandy Ssauiogluielndifsiu azaunsodoasiuldiniiaud
agludosnaiuann 9 lunsiFeuduuu Co-operative Learning 3smisdnbiiieudungy uazaonndos
Aundnnisaineraiiun1eeMITeeIAN SO MSLAZINATWIIaUTE 1R (Godfray et al. 2014)
fagulimsfiuyudivinaemsiitensuslaafiflenuvannvansvesssianemsifivanesiondny
AoaNskazAMN MYt sHauANlaguInNsarALare1nUaeniely naenau nsvudImse
nsnsEevesensddanudlfesnhinteuyudannsadifemnslding msdaaduauiaim
dilaieafulsedivanuiupmsemsidutadeddufiadsmuduiusvesnmswauUsymaiunis
FanssruuinuasiuanzauuazidusUsssuifiotanaiisanuiunmnemseeed sy (Godfray et
al. 2014) inwasnsdairlannumnevesmuiuamisemslunivesnsiiomnsatiane (Stability)
audnlunsuFeudesiivar dn 417 iteuslnamaeasl (Maxwell 1996) druanusuasmasmsly
sunslivsslond (Utilization) Fedliilonaifisameuassiosdinszuiumanieusvnsiunannais
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Adudunse lifiarsivands daadmdlaruins wazaonadesiuiausssunisuilaasudanisd
ihazenlun1suilna-guing ien1siqunmildvesandnluaadou uasdunsiiomsifioame
(availability) Tnefd1afiu infu 1dléde UgnAuledld uazaonadosfuulsvnsinsugiadidend va
yuun (2558) aguli (1) ad1eanusiunsiueng sunssuiunssaamisnsinunsegiadsdu (2)
UnUeauazinsnsnegInIsssueIi kaganunaINuaIenIagInIn (3) analldaneauavnn (4) ns
Uimsdnmminennsediedsbu (5) afnaalml dmsududuazuinsdideuaznsienuiety
wiswgiad ey
nmslisuuuumsaieauiunmaesvesaiaFeumenssuIunsauadenfng
gavunAnuasnannistianndnluaiiseudediesdauilunisaivemslivasndy isawouas
suedldedrauiinsfvdanaden wWuienssudfiRnsiuvarnnaevesiivemnsluuiamgnin
Suvddvesntaieu iumnuiuazanuasevinlimunuaiiseulasnmsuanivdsubouiuasAneg
nuulasiivensfiianuvainas uazdnnisussiuegradussuumunszuaunsdauandenng
mMafienafismouarnadiiemsivasasedeudmalvinioufisuemaawnsld viesdng
Unasesdiuiosiunasmisnuiifsadas saisinivnsuasdisury asatfuayunsiiguuuy
msaseuuassesiluveenalugueuiug Telisnmstanudfifnsuuuiiduiues
Mgt ieaduanuiuamisemslagnsivnuedlddidusdeld

=b

b =)

JaLduauuL
nsAnwtlsaIuIsaRnmIuNTUAsLLUaw9A NS ISIevasTiinius v sdaLdaadu
SEELIANMANULABUINBNIIUAIUEIUITOINTHAILINTAS19ANLTUAINIBIMNSVBINUN AN

AnAnssuUsENA
YBYOUANAMIITENANANTUTVEY Ui Taudin anvndvideuandenfinyy AldA1UTnw
wugduarreimunuidedlilinanin wazvereunmEnIIAMIAl HUIYNLToduLAZAIUNY

AfuTouluguvusuuliInes 0.4 2. u0ukNY NANBYATIERveYaLay i U fURNTITeau
dnsuseudoused
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nan1siesudenzddunidluemnsiiludasussanmnisudn aunmliuaznisduayyadaszvasliung
= v 1 o _1%* a ¢ a 2
Aoy JuAn’ asivuv JuasaIws

UNANELD

rgUszasdvasnsITeiliiefinvinanisiasudingddunsd Tuemslnludeaussanmnisudaly amnnliuay

4
a

nsuoyyedase  Tagldudlilignuanmanisdiony 29 &Unsi S1uau 120 61 wiadu 3 ndu Sandunaasadail
nguil 1 91M5UNA (NAuAIUAY) nguil 2uaz3 ensunftaludsnsdBun3d 40 uazs0 un./nn. HaNTINARBINUI
duiniafiasuudas §nsinsle shadnleiede wald Usinaevnsitudety Usinaemsinuseniswanly 12 vies
Useangamnisldons dns1n1ssendin Arsenelin Anununddenly wagA1AINaNT UMY WANEIIRE1Ld
HodAgn9ada (P>0.05) Anutualiuaayindu 11.96, 12.66 uay 12.67 Iuﬂajuﬁ 1,2 4ag3 suaInuLAne1eiuagnadl
WedAgvneafif (P<0.05) Auvuatamssiensndaly 1 nn. wagduyuAtamssaninanly 1 Wowvindu 29.13, 29.62
way 29.04 v/nn. kag 1.56, 1.60 kay 1.55 urn/Had Iuﬂejuﬁl, 2 Wa¥3 AUaeY ?z'iaLmﬂmqﬁuasmhjﬁﬁaﬁwﬁmm
aR(P>0.05) UsunaudansalulaimlasuasATBAs vasldunsliunnsnafiu(P>0.05)

AdAey : dngdduvisd aussanmmndn aunnly nsinueyyadasy

! puzinaluladnisinyas unriverserivanalageainsal Simiauyusid
2 AalzUsyany unTINE ISR SAIaRT

*g’ﬁwua‘fi/iﬁjn e- mail: schumkam@hotmail.com
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EFFECT OF ORGANIC ZINC SUPPLEMENTATION IN LAYER DIET ON PERFORMANCE EGG QUALITY
AND ANTIOXIDANT IN YOLK

Srinoy Chumkam"’ Orapint Jintasaporn®

Abstract

The effects of organic zinc supplementation in layer diet on performance, egg quality, and antioxidant
in yolk was conducted using completely randomized design. One hundred and twenty commercial layers of
29 week old were randomly divided into 3 dietary treatment groups then receiving T1 (control), T2 (diet
supplemented 40 ppm zinc) and T3 (diet supplemented 80 ppm zinc). The results have shown that there were
no significant difference (P<0.05) in hen weight, egg production, egg weight, egg mass, average feed intake, feed
consumption per dozen egg produced, feed efficiency per one kilogram egg, survival rate, Haugh unit, egg shell
thickness and egg specific gravity. Yolk color were 11.96, 12.66 uag 12.67 (P<0.05). Feed cost per one kilogram
egg and feed cost per egg were 29.13, 29.62, 29.04 baht/kg and 1.56, 1.60, 1.55 baht/egg respectively. Zinc

deposition in whole egg and TBAs value of yolk were not difference (P>0.05)

Key words : organic zinc, production performance, egg quality , antioxidant

! Faculty of Agricultural Technology, Valayaalongkorn University, Phathumthani Province
2 Faculty of Fishery , Kasetsart University, Bangkok

" Corresponding author e-mail : schumkam@hotmail.com
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unin

wisadulnsugitiunumddguisadesfunssurunisiuniveddulusinie uagianudndudmiunis
Wiyiulawarnmswauvesda sl duluegand nslinandndis Tnefiunuimidesdesiusyuueeslun nsimuives
nIzan NI eTL LarATIEINALDMNT UsnantuIsmdnduissiiovenouluime Rendesiusruugiduiu
Husu rdndunussinazuansennisvniiiiulddaey Tnsaussanmmsadnvesdaiozanas fennsidosmis szuu
FuitusAnunfuazmaneuaussvesszuugidufiuanas amaresmMsnaLIsInty erananmslasuuimaliiismende
Aanssuniunsliusslenililasussmidulueims vdemsldsuussiniliauna  Taslulunisuszneugnsenms
dniflsuaSuwssinluansnauarminlugurewssinetunidna uismeliunidelisegn uwin1slduseleviladanutu
wsroudnags  dewaliussimgniviisonnmayalutinaiigs uasiinnisanésvesusslufuwandouuinalndifest
n13iaeednd nsldussinlusudunidnieussmAianmaunuuisinodundd anduuamamisdunisannansenusio
dauneden  Jamsiaduussinluglvesuisindunisluemsazannsogaduuazihluliusslondldfiningueiiundann
AuantAfngn nMsiaiunssmdingddeduinuulsununueiavesingiu (McDowell, 1992) lugudunidasiiu
Uselewiidedniinntu Matmsgdanzdiunummnuglusamedidudumasiyivln ssuugliduiu uasmsdesiy
oyyadasy Wudmusznevveneuleilifosnit 25 via detelunisdesuazmsnuangaisewns wagsimihiidula
wilaLmes (co-factor) vesteulasimalnsiamzieulnigasoonludiaianalsuperoxide dismutase; SOD) Favimiiiily
nsthdnoyyadassiifetunelueed  dingddsddniulunszuiumsduaneiuagnssuumaunuedtures RNA
LAz DNA Jsasmununszuiunsaensia Asndudmiunisaiaead nsudsialussiuimad nstesussiwadiayns
WwigAvlavesigaa  (Hill wag Spears,2000) uaﬂmﬂﬁé’ms%é’aﬁi’ﬂLfJuﬁm%’UqﬁﬁmﬁuquﬁaL%aa‘ (cell mediated
immunity)
IngUszaeAvaIn1IdY

ileAnynansieudsngddunidluomslilddeaussanmnisudals  auamly  wasmsdueyyadass
voelUua

Wanliun1side

TNUNUNTVIAGRIRULFNRABA(completely randomized designs)  naaadluusilnlugnuauninisianeiug
Tasuusd  $1unu 120 faudsliveassoondu 3 nau q av 5 91 9 ez 8 f lausasnguldfuemnaded  nqudl 1
91sUNR (nuAuAy) naudl 2 evnsunAialudeing@dun3d 40 un/nn. wagnguil 3ovnsUnAladudnzddursd 80
un/nn. neaedlulsadeuldliiiussuntadsmuaugamilnsnisssmevesii(evaporative cooling system)  5¥UU
nslihsnluiRuuuimennipple) Tildsuhuazemsedafufinaenmnmaes  Tnefisvezinannisnaaes 8¢ Yu i
foya H190w 28 Ju AutoyauTinaomnsiinu duald dwiinly  wasdiuaulame  Turae 3 ugadhevssusiazd
awhmaduly 2 veduutazsufionsainnunmeedlidildun deutsiunizreds  (Pestivasaz, 2005) A1
pzuuudvadliundliinindliuas (Roche color fan) fildivAessoufsdduunsious 115 (Azuuw) arwmvudonla Tay
llulastiwasdmivinanumuninlds  dgenglin (Haugh unit)  (Roush, 1981) dAuldumaiiommaiinadaes
pondnduluzurese TBAs anuisuadCherian warAnE(1996) waz Botsoglou wazany (1994) measAusenaumuniives
9IRS Proximate analysis ( AOAC, 2000) wUSinadangdluevsuasluldvianes  (AOAC,2012: Office Method
986.15 Wav999.12) AAszinuulsUsIu

LAENARBUANNLANGNSIENINSARABYBINGUNAABALALTE Duncan’s new multiple’s range test felUsunss
AOUNIADS
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NaN15IBUAZBAUTIEHA
HANTIATIENANAIM LN YULYBIBIMNT
HANTIATIERIAUTENaUMUINTUE YRl SNARRMNNaUNUINTiA InaAeaiY fakandlunsnei 1

A15199 1 29AUTENBUVBINULATULVDIDINS

a1vsasudang@dunsd(un./nn.)

1nvuy 0 40 80
ALA(%) 9.77 8.06 7.78
TUSAU%) 16.91 16.33 16.89
Tgin(%) 3.28 3.83 3.97
Jelae) 5.55 5.14 4.39
L8(%) 13.02 15.83 16.08
Aslulansn() 51.47 50.81 50.89
danzd (un./nn.) 99.59 135.59 179.59

ausInNMNMINEALaEAMAINLY

nansiasudengAbunidreanssnnmnisadnuazamninle wuin dndndiiudsuudas dindnlieds
waly Vinaemnsiifuseu Usinaesiidudensnanly 12 ves Uszavsamnislionns smsinissendin unansns
fuegslififuddyneaii(P>0.05) sasmslilunguiilédudans@dunid 80 un./n. gatgawiniu 90.01 % snningu
AlF3uevnsund uaznguiilaudsns@dunid 40 un/nn. Fuvinfus6.57% uag 87.52% mmadunslianinafiunis
afid (P>0.05) Argengiln anuvulienly uagA1nnudndune Liuandeiuneadd (P>0.05) wiradudluuas
uanAafueg1eiifodfamnaati(P<0.05) Tnefidviniu 12.67, 12.66 uay 11.96 lunguillé¥udsnzd@dunis 80 un/nn.
nauiila¥udeng@duvdd 40 un./nn. waznguitlduemsundinuadiu dunudemssionisuanly 1 Alanulungud
I§3udanz@8un3d 80 un/nn. fandesfigaiiiiu 29.04 vm LiuandaneedaP>0.05) Aunduilldsuomsuninas
gnsasudaingddun 40 un/nn. FaiAu 29.14 Ukay 29.61 UWMANEU denadasiu Qiujuan wazan (2012)
AvaunuuIsigmosns dangduazuasniiaedunisluemnslnlidenoun dansduasumndaumlsledy  wud
uwasvesnsswlifinadodnsnsnanld Usunuemsiinu UszAnsamnisidasuoms anuvuuenld way anu
mnutuveaUdenly (P>0.05) lulifiléfudingd-uea-dalumlslediu Asengin uazanumunudenls luunndnaiu
(P>0.05) (Anuthazmne,2008 ; SkrivankazAng, 2005) LLaxﬂmmwlﬂuuﬂnszmﬁlﬁ%’ummﬂa%uﬁmsﬁlﬂa%uﬁhi
LANANNAY (953550uaTAME, 2555) LAWANAINAU Babakainwagane (2014) 17'iLU%‘&JULﬁaumiLﬁmé’aﬂzﬁaﬁum%ﬂugﬂ
dangAdamin (ZnsOw) wardsnz@Buridlusudensaiulsledy nuihmaedudingddunislinslinandnlifutuoeg
fitfedndiny(P<0.05) waw Sahinwagaaiy (2005) fiUsuUgsausTnaWMIHARYDIUAN ST dBsmMelFanmzaeASonan
AUTOUNUT mammmmamaﬂ'1iLaimaaﬂualmmamwiwiaamiam‘wmiwam mmmmuammalmamau
aelsarnaudsunaidinsdansasislutiinae sy twind ssAnsamnswiouems i
nuasnananvosunszliAty feildesndnsAduesivssnouiiddyveneuluifivimiinduoyyadass (Saasuay
119AR,2557) %ﬂ,uamwm'%amzLﬁma%aaaisLﬁmﬁu%aﬁmaﬁaﬂ'ﬁv‘hmwmLsﬁaéﬁhmiuiwma lglanesaNTuTanIms
Feluanmedifianuadoaseniusaemmihauliesas msiusmsanas msidengdlusmslussivgeinalvidensusa
paviauldedelivssaninmity Usinuewnsfinuiadindy anuanismaseduadiifinuiiaussnnimnisnde
unnsinsegslaifidedndynsada (P>0.05) enaifliesanlunimeaesadsiiiunsdedulsudoudafifinisaunugungd
Femssemevoni inuaugamgl 28+1 ssmuwaidea dni3segauns Lildeglunnuaiealurasfertuomnsilisud
finuAmsemnsasummANFeNvesdn uenantuinadingdluemsfivintugg.59 un/nn. 13559 un./nn. uay
179.59 wn./nn. SaduTuniunnniianudiosnisdngdveslildiusiudentlyiina deiosnaifies 33 un/nnaes
91913(NRC ,1994) (Fauanslunnsnadil) USInaiomnsiiauanmsnnassn s nliunnanafunisanassla duasenisiiy
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aussanmnsuan msrzlnaziuemsmuanudesnisiavus waznisinluldusslondifienisudnly (Leeson way
Summer ,1991)  @uanududliunsnasndisnimaassuanaiaiusgaditdedAgni@in(P<0.05) taglulaazdienis
naassnadidluadunguiiaiuding@dunidasuandnsedsiitivddyiunaguitldiuemsuna(P<0.05) (Fauandlunm
finsiiilosnnn dsngAuenanasdulnvusiidrdnyluomsdnd dwimihiieadestunisiueyyadasemilounalsd
wesaTiduansiiviefinanududlaung (Srasuazucna 2556; saasuariena,2557) maasudinzdluemssailiua
Tsfiueesgninlldlunslidlulunddifindu Wesmnvimthiflunisdueyyadaszanas

M1FM 2 AUTIONNNIHEALALANATNLY

o msasudainsadursa(un./nn.)

SnwasiiAne 0 40 80 Pool-SE P-value
Yuininlafasuudasn/e) 0.09 0.16 0.11 0.029 0.320
AUTTANINNITHER
MIIN5LU(%) 86.57 86.52 91.01 1.856 0.187
dfnlan./veq) 53.62 53.97 53.53 0.609 0.869
wala(n./e) 46.45 46.67 48.74 1.197 0.359
USuasemsdinun /fa/$u) 101.24 103.47 106.02 2.338 0.380
Usuasemsiinuseld 12 vewnn.) 1.40 1.44 1.40 0.021 0.377
Usinasewnsiinuseld 1 wea(n.) 116.94 119.73 116.45 1.713 0.375
UszAnsnnnslee1ms 2.18 222 2.18 0.038 0.717
9RI1N1350ATIN(%) 97.50 100.00 96.67 2.013 0.496
ALY
Agenyiin 83.27 83.45 82.80 0.828 0.853
#laung 11.96° 12.66° 12.67° 0.083 0.001
puruLURen () 0.344 0.342 0.347 0.005 0.819
AUAWTUNE 1.090 1.089 1.091 0.001 0.615
AuNUNITHERLY
AuYUARMIS(UIN/NN.) 29.13 29.62 29.04 0.518 0.705
équummmﬁ (U w/Na9) 1.56 1.60 1.55 0.023 0.349
ab,c o o

e 7> SnwsisnsiumuwwIneuiinuuaneivegitedfyneaiin(P<0.05)
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£% a

nsiusyyadasyluliunaasnisazauvesdansdluly

danzdlnuaudfveansduansimueuyadase Wnedunedilulawinmesveseuledyuosoanled falluma
fvihisueyyadastlasnisdsueyyaniUaseenladueylonsu(o; ludulalasaueieenlen(H,0,) uazoandiau(,)
awnﬁuLaulﬁﬂﬂﬂmwLaaLLasﬂleﬁT,au (GSH) azwasulalasiauedoanladluiluth (Nicholls and Budd, 2000 ) 3
aneyyadasylusramedestunisiinesndinduvesiuiu wanisiesudangddunddluomslilvlusedu 40 waz 80

un./nn. ldiinasieuSunadingdlulenimes (P>0.05)  wasmsiasudinzdvalugvetiuniduazgudunid Tuenmsunnsem

v
]

flalfadonududurosdingdluliung 191 uaglihinoaP>005) (esissnuazamy (2555) Maiidasanmaaia
daned ofuvisluomsutashliuinadngdluemaiuiy winisgafuvesdngdidladndodlddmuuulald
W91y (facilitated diffusion) wagluvazfidnzdazeonandldidniiiodingnszuadenidedldimmiuvulindsany
(active transport) (oun, 2546) Feuindnslasusuadngdaneimsunn sldasdefivsinasimifistudiodiuns
andy dufudefimafiudingdluewng enmvsdoaduufinaimfiesrilinisgefuuasnsliuslonivesdnsAfiaiu
wssmeduniddelinsudsdundsdimisening denzd voawas wan unanlla duussindunsdidy dnzdBunid
Tngiamgdanzdumnlslofiu(zinc amino acid complex)azgadunisesmagadunsneiilulaginizinluiunsneziily 1
wistunsgaduwasligaymeluiunsaludaluingaulusiuiy (Zhang, 2017)

M99 2 U ngdluliuaznisinueyyadaszvedluuag

DsiEsudanzddursdun./nn.)

Snwasfianw 0 40 80 Pool-SE P-value

TBAs(un.malonaldehyde/nn.) 0.075 0.068 0.068 0.012 0.878

USunaudenedlulavianas@n./nn.) 10.696 10.499 10.585 0.694 0.980
#5Unan1339Y

nssasudansddunsdluseau 40 uag 80 un./nn. Tuemslilufieny 29 dUamiutu 84 Ju lidreusuuss
aussanmnmskdauazaunmly  udvinlieududliuaainduP<0.05) dseglutieiiuilaafianela nsazauves
dinedlunedly  nsdueyyadaszvedduniasiuruaomslunmslinandaluliunneiaiu (P>0.05)

AnRNIsUUsZNA

o

AduveveuRnuvNInende vy lageainsal lunssususyddud Tunslvuaduayunuided

LANE1981989

foun yamieTand (2553) Fuafiniddnvuins. fasinadl 2. nduasiinisfiasd, ngamme

§2291 Tounwn uazana Asau. (2556) wmusdduuazanUstleviveaualsiuess lunsiiivaududliung. amsans
UAINBABUIIBNETIVUATUNS. ATUNAYUTZIU2556 : 112-121.

daa31 Teune wazusna ALAY. (2557) Iniiukazussinseunumnisiduaisueufoonuauinas n1sneuaueIUaeTzUY
piifuiulsadmiudnd. 1T IMeNdeusSNaTITUAIUNS. 6:123-131.

9513504 YU 0100R Jumshsefina Nurwun vaawady YumShu Tafugned oAsh Ity wgvie awunas 9saaus
ANBLURT WAy dunay douded. (2555) navesdinsdlnaduseaussousn1sndn annnly uarAnudtuves
danzdluunnszmQuuly. uiuneasao atuiivay 2:428-431.
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PREPARATION OF RICE FLOUR BASED FRENCH FRY USING TWIN-SCREW EXTRUSION
Hathairat Pinkaew"

Abstract

The objective of this study was to develop rice flour based French fry product. The dry-milled non-
glutinous rice flour from three Thai rice cultivars such as Chai Natl (CN1), Khao Ta Heang (KTH) and Khao Dawk
Mali 105 (KDML105) was premixed with dry-milled glutinous rice flour (Rice Division6, RD6) at two different ratios
40:60 and 20:80 (w/w). The rice flour based French fry formulations were processed using a co-rotating twin-screw
extruder up to 70°C. The 30 cm long, extruded rice flour based French fry samples were cooled at room
temperature (RT, 28°C) for 15 min and then cut into 7 cm. The extruded rice flour based French fry samples were
prefried in rice bran oil at 170°C for 20 s, stored at -18°C for 1 week and then refried at 170°C for 20 s. Fundamental
analyses of all flours found that swelling power and solubility were likely to increase while temperature increasing
from 55 to 85°C and chemical compositions (moisture, crude fat, crude protein and amylose contents) were
significant different (p<0.05). The microbial quality of extruded rice flour based French fry samples were in the
safety level and the statistical analyses showed the interaction between rice varieties and flour ratios on qualities
of extruded rice flour based French fry samples either before or after frying (p<0.05). Furthermore, the hardness of
samples was related to the swelling power and amylose content. The lowest hardness and oil absorption was
provided by KTH: RD6 in the ratio of 40:60.

Keywords : Rice flour, French fry, Extrusion
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Introduction

A typical procedure for producing “home-style” French fries in a foodservice includes cutting whole
potatoes (peeled or unpeeled) into approximately 0.95 cm square and 10 cm long strips, or other sizes (e.g., large
“steak fry” strips), and oil blanching the strips at approximately 177°C for 4 min. The potato strips are held at about
20 to 27°C on sheet pans or in plastic food storage tubs for up to 8 h prior to finish frying for 3 to 3.5 min at
approximately 182 to 188°C. During holding, there is potential for contamination from humans and contact surfaces.
Contamination of blanched potato strips by foodborne pathogens could cause hazardous situations (Doan and
Davidson, 1999).

French fries are among the major commercial fried foods and accounted for 44% of processed potatoes
in the US. The globally expanding quick-serve restaurants (QSRs) are common places for consumption of French
fries. In the most popular QSRs, a large serving of French fries could contain 519 + 30 calories, where 45.5 + 1.7%
calories come from fat. It has been evidenced by many epidemiological studies that the consumption of oil-rich
foods causes obesity and development of many cardiovascular diseases. Therefore, due to increased health
awareness, the quality of food is judged by the consumers not only on the basis of color, odor, and taste, but also
on the fat content (Bingol et al., 2012). Previous work showed that even potatoes and rice have very similar
proximate compositions, potato-based French fries are considered to have higher oil absorption and fat content
than those of rice-base fried products (Kadan, et al., 1997; Kadan, Bryant and Boykin, 2001).

Rice (Oryza sativa L.) is considered as a main staple food, not only for the population of Asia, but also
the populations of other countries over the world. It is a major energy source being consumed daily. There are a
number of rice varieties grown in Thailand. Rice types, based on amylose content varying from 0-35%, can be
classified into 4 groups; waxy, low amylose, moderate amylose and high amylose rice. Each varies in its chemical
compositions, properties and qualities (Moongngarm, 2013). Many studies have shown that the constituents in the
flour affect the characteristics of starch-based products. Moisture, protein, amylose and amylopectin contents were
found to correlate with the expansion, oil absorption and crunchiness of fried crackers (Mohamed and Hamid,
1994). Moreover, the flour constituents also affected to extrusion characteristics of starch-based products and
expansion characteristics of extruded products. Mohamed and Hamid (1994) also reported that the physical
characteristics such as expansion, oil absorption and crispiness of fried rice dough from flour mixture containing
rice: glutinous rice in the ratio of 75:25 was affected by the amylose/amylopectin content. The volume expansion
and oil absorption of the finished products were found to be directly proportional to the amylopectin content
and inversely proportional to the amylose content of the flour. Therefore, this study was designed to evaluate the
effects of rice cultivars with different amylose contents (high, moderate and low) and different ratios of rice flour
mixtures between non-glutinous and glutinous rice, would have on the moisture, oil absorption, and texture of an

extruded rice flour based French fry product.

Materials and Methods

Materials

Three non-glutinous Thai rice cultivars (Oryza sativa L.): Chai Natl (CN1, high amylose), Khao Ta Heang
(KTH, moderate amylose) and Khao Dawk Malil05 (KDML105, low amylose) and one glutinous rice cultivar
(Rice Division6, RD6) were obtained from the Rice Research Center (Bangkok, Thailand). Polished rice samples were
dry-milled then passed through a 100-mesh sieve, packed in plastic bags, and stored at -18°C before further use.
Analytical-grade chemicals were used in this research unless otherwise noted.

Swelling power and water soluble Index

Swelling power (SP) was determined using 0.1 g of rice flour by the modified method of Tsai, Li and Lii
(1997). Rice flour was weighed into glass tubes with coated screw caps to which 10 mL of distilled water was
added. The tubes were placed in a shaking water bath at 55, 65, 75 and 85°C for 10 min and transferred into a
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boiling water bath. After boiling for 1 h, the tubes were cooled in cold water for 5 min and centrifuged at
8,000 xg for 20 min. The supernatant was carefully removed and then dried in hot air oven at 100°C. The water
soluble index (WSI) was calculated from dried supernatant and SP was determined as sediment weight (g/g).

Chemical composition

The moisture content was measured by air-oven methods according to Approved 149 Method 44-15A
(AACC, 2000). Crude fat was measured according to Approved Method 30-20 (AACC, 2000) using a Soxtec apparatus
and hexane as the solvent. Crude protein was measured by a Kjeldahl method according to Approved Method 46-
11A (AACC, 2000) using the conversion factor of 5.95 to convert nitrogen content to crude protein. Crude fiber was
measured according to Approved Method 32-10 (AACC, 2000) using Fibertec apparatus. The apparent amylose
content (AAC) was measured using the colorimetric method of Juliano (1971). All chemical compositions were
measured in duplicate.

Extrusion of rice flour based French fry

The extruded rice flour based French fry was produced following the method of Kadan, Bryant and
Boykin (2001) with slightly modified. The non-glutinous rice flour was mixed with glutinous rice flour at two different
ratios (60:40 and 80:20). Rice flour mixed (92.3%) was then combined with defatted rice bran (2.7%) salt (2.7%) and
sugar (2.3%). Each formulation was extruded using a co-rotating and intermeshing twin screw extruder (Model APV
Baker MPF 19.25, England). The die was fixed at 6 mm diameter circular holes and extrusion temperature at 70°C.
The 30 cm long, extruded rice flour based French fry samples were cooled at room temperature (RT, 28°C) for 15
min and then cut into 7 cm. The extruded rice flour based French fry samples were prefried in rice bran oil at
170°C for 20 s, cooled at RT, packed in plastic bag and stored at —18°C before further analyses.

Experimental design

A 3x2 full factorial in complete randomized design (CRD) was employed to investigate the influence of
three rice cultivars (CN1, KTH, and KDML105) and rice flour mixed ratios (40:60 and 20:80) on the physical properties
(texture) and chemical properties (moisture content and oil absorption) of extruded samples. Each treatment
combination had three replicates.

Physical analysis

The texture of extruded rice flour based French fry before and after refried in rice bran oil at 170°C for
70 s were measured using texture analyzer TA XT2i (Stable Micro Systems, Surrey, England), with a Warner-Bratzler
shear cell (1-mm thick blade) (Ilo, Liu, and Berghofer, 1999; Onwulata, et al., 2001). The samples were analyzed at
a cross head speed of 0.2 mm/s. Single sample was placed across the Warner-Bratzler shear cell and cut into two
pieces by the shear blade. The reported values were the average of 10 determinations.

Moisture content and oil absorption

The moisture content of extruded rice flour based French fry before and after refried were determined
in triplicate by air-oven methods according to Approved 149 Method 44-15A (AACC, 2000). The oil absorption (oil
content) of refried samples was investigated according to Approved Method 30-20 (AACC, 2000)

Microbiological Analysis

Microbiological testing of extruded rice flour based French fry was performed on 25-¢ samples from
each treatment using the total plate count method on plate count agar. The colony-forming units were counted
after incubation under aerobic conditions at 35°C for 48 h (Mukprasirt et al., 2001).

Statistical analysis

The SPSS for Windows program (SPSS 19.0) was employed to analyze the results. Data were subjected
to analysis of variance (ANOVA). The differences among means were identified by Duncan’s multiple-range test
(DMRT) at significant differences of p<0.05.
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Results and Discussion

Swelling power and water soluble Index

The swelling power (SP) and water soluble index (WSI) curves of 4 rice flour samples over the range 55—
85°C are shown in Figure 1la and 1b. It was found that SP and WSI of all rice flour samples were increased while
increasing temperatures (p<0.05). The glutinous or waxy rice flour (RD6) showed the highest SP and WSI when
compared to three non-glutinous rice flour samples. Vandeputte et al. (2003) revealed that at temperatures
between 55 and 85°C; waxy rice starch from waxy rice flour had higher SP than normal or non-glutinous rice
starches. The researchers also reported that the SP of the latter was independent of amylose content. These
results imply that amylose does not have a substantial impact on SP of the rice starch granules during 55 and
85°C.
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Figure 1 Swelling power (SP) (a) and water solubility index (WSI) (b) as a function of temperature for non-glutinous
rice cultivars (CN1 = Chai Natl, KTH = Khao Ta Heang (KTH), KDML105 = Khao Dawk Mali105), and

glutinous rice cultivar (RD6 = Rice Division6)

Chemical composition

Chemical compositions are shown in Table 1. The moisture contents of all rice flour samples were in
the ranged of 11.13-11.84%. The crude fat contents of all three non-glutinous rice flour samples (2.14-2.57%) were
not significant different (p>0.05) but higher than that of waxy rice flour (1.33%). These results are in agreement
with previous work in which the rice cultivars and types also affected crude fat content. The milled rice of low
amylose rice Khao Dawk Mali105 (KDML105) had the lowest amount (1.46%), whereas the crude fat content of RD6
(waxy rice) and Khao Ta Heang (KTH, moderate amylose) varied from 1.79% to 1.85% (Moongngarm, 2013). The
crude protein contents differed from 5.16 to 5.96%, showing the highest value in high amylose rice (Chai Natl,
CN1), whereas the crude fiber of all rice flour samples were not significant different (p>0.05). The apparent amylose
content was low in the RD6 rice flour (0.81%), while KDML105 and KTH contained low and moderate concentrations
(18.77 and 25.31% respectively). The highest level of amylose was found in CN1 rice flour (28.63%).
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Rice cultivar

Moisture content

Chemical composition (%dry basis, db)

(%) Crude Crude protein  Crude fiber™  Amylose content
fat
CN1 11.58a+0.18 2.57a+0.25 5.96a+0.12 0.50+0.14 28.63a+1.04
KTH 11.13b+0.11 2.30a+0.38 5.21c+0.12 0.69+0.22 25.31b+1.09
KDML105 11.25b+0.21 2.143+0.54 5.59b+0.14 0.80+0.06 18.77¢c+0.68
RD6 11.84a+0.17 1.33b+0.04 5.16¢c+0.12 0.56+0.19 0.81d+ 1.04

Note - “Means value + SD with different small letters in the same column are significantly different (p<0.05), ns =
not significantly different (p>0.05)
- CN1 = Chai Nat1, KTH = Khao Ta Heang (KTH),
KDML105 = Khao Dawk Malil05, RD6 = Rice Division6

Extruded rice flour based French fry properties

The properties of extruded rice flour based French fry are shown in Table 2. The texture property and
moisture content of extruded rice flour based French fry were significantly (p<0.05) influenced by the extrusion
process, and there was a significant (p<0.05) interaction between rice cultivars and rice flour mixed ratios. After all
the rice flour were mixed and then extruded, the extruded rice flour based French fry from KDML105 had the
highest hardness, this was related to the lowest SP at high temperature (85°C) as shown in Figure 1a.

The moisture content of extruded rice flour based French fry also affected by the rice cultivars and rice
four mixed ratios (p<0.05). It was found that the extruded rice flour based French fry from CN1 at 20:80 rice flour
mixed ratio and extruded rice flour based French fry from KDML105 in which 40:60 rice flour mixed ratio showed
the highest moisture contents due to the high moisture content of both rice flour as shown in Table 1.

The microbiological testing results showed that the total plate count of all extruded rice flour based
French fry samples were in the ranged 4.6x10° to 7.1x10° CFU/g which is not excess the standard limit for French
fry (1x10° CFU/g) (Thai Community Product standard, 110-2546).
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Table 2 Properties of extruded rice flour based French fry”

Rice cultivar Ratio of Properties
rice flour
(non-glutinous: glutinous) Hardness Moisture Total plate count (CFU/g)
(N) content
(%)

CN1 40:60 663.87b+ 104.27 10.67b+ 0.18 6.5x10

20:80 626.54c+ 68.07 11.25a+ 0.32 6.3x10
KTH 40:60 530.92d+ 87.22 10.10c+ 0.17 4.6x10°

20:80 548.35d+ 74.44 10.64bct 0.13 6.5x10
KDML105 40:60 740.55a+ 83.43 11.61a+ 0.55 7.1x10°

20:80 732.97a+ 86.52 10.28bc+ 0.08 6.3x10

Note - °Means value + SD with different small letters in the same column are significantly different (p<0.05)
- CN1 = Chai Nat1, KTH = Khao Ta Heang (KTH),
KDML105 = Khao Dawk Malil05, RD6 = Rice Division6
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Refried extruded rice flour based French fry properties
The refried extruded rice flour based French fry samples from various rice cultivars had differed apparent

and color as shown in Figure 2.

Rice cultivar Ratio of rice flour

(non-glutinous: glutinous)

CN1

KTH

KDML105

Figure 2 Refried extruded rice flour based French fry samples from three Thai non-glutinous rice cultivars
(CN1 = Chai Natl, KTH = Khao Ta Heang (KTH), KDML105 = Khao Dawk Mali105), and glutinous rice
cultivar (RD6 = Rice Division6)

It was found that the rice cultivars affected on the color whereas the RD6 content on the rice flour

mixed ratio affected to the expansion of all refried extruded rice flour based French fry samples (Table 3).
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Table 3 Properties of refried extruded rice flour based French fry®

Hathairat Pinkaew

Rice cultivar Ratio of rice flour Properties
(non-glutinous: glutinous)
Hardness Moisture QOil absorption (%)
(N) content
(%)

CN1 40:60 191.34b+ 57.87 13.93e+ 0.07 0.05a+ 0.01
20:80 163.69c+ 43.48 14.43b+ 0.11 0.04b+ 0.00
KTH 40:60 146.27d+ 25.78 13.54 f + 0.02 0.0d4b+ 0.01
20:80 178.61bc+ 29.73 14.11d+ 0.01 0.06a+ 0.01
KDML105 40:60 269.05a+ 54.44 15.28a+ 0.01 0.03c+ 0.00
20:80 192.30b+ 25.99 14.35c+ 0.01 0.03c+ 0.00

Note - °Means value + SD with different small letters in the same column are significantly different (p<0.05)
- CN1 = Chai Nat1, KTH = Khao Ta Heang (KTH),
KDML105 = Khao Dawk Malil05, RD6 = Rice Division6

The sample which contained 40% CN1 (high amylose rice) and 60% RD6 (waxy rice) had the yellowish
color and less rough surface. However, increased the RD6 content in the formula was trend to increase the
expansion rate and roughness of samples surface. These results were related to the high SP of RD6 due to its high
amylopectin content. The sample which contained KDML105 (low amylose rice) also provide the yellowish color
whereas the KTH (moderate amylose rice) showed the brownish color. Many researches revealed that rice cultivars
and amylose content affected to the expansion rate of rice snacks either extrude or non-extrude process (Rani and
Bhattacharya, 1989; Keeratipibul, Luangsakul, and Lertsatchayarn, 2008; Nipornram, Srapinkornburee and
Tassanaudom, 2012). Furthermore, Keeratipibul, Luangsakul, and Lertsatchayarn, (2008) also reported that in order
to obtain good qualities of rice cracker, the rice should have lower amylose content, softer cool paste texture,
greater breakdown value and less setback of amylogram. These results are in agreement with Nipornram,
Srapinkornburee and Tassanaudom (2012) who found that different rice cultivars and quantities of black glutinous
rice had effects on hardness and expansion of rice cracker. The rice cracker which contained 20% of black glutinous
Omekoi (apparent amylose content, AAC 9.00%) rice cultivar performed the best quality when compared to black
glutinous Doisaket (AAC 9.70%) rice cultivar. Researchers explained that black glutinous Doisaket rice cultivar had
higher amylose content than those of Omkoi and thus provided harder texture.

The moisture contents of refried extruded rice flour based French fry samples from various rice cultivars
are in the ranged of 13.54-15.28%. All samples showed low oil absorption, which mean low amount of oil that
absorbed into the products (0.03-0.06%). Moreover, all samples which contained CN1 and KTH rice flour provided
higher oil absorption that those of KDML105 due to their higher expansion and more rough surfaces.
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Conclusions

The swelling power and water soluble index of all rice flour depended on rice cultivars. The glutinous
rice (Rice Division6, RD6) showed higher swelling power and water soluble index than those of non-glutinous rice
flour and affected the expansion, hardness and oil absorption of extruded rice flour based French fry produced
from mixed non-glutinous and glutinous rice flour. The rice flour based French fry could produce from mixed rice
flour between moderated amylose rice flour and glutinous rice flour in the ratio of 40:60 using extrusion process.
However, these extruded rice flour based French fry still had undesirable appearance and some sticky
characteristics during mastication when compared to the potato based French fry. Other rice cultivars and ratios
between non-glutinous rice and sglutinous rice flour should be explored to further improve the properties of

extruded rice flour based products.
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AGRICULTURAL LAND LOSSES IN SURROUNDED AREA OF CHIANG MAI MIDDLE RING ROAD
Worawit Suppawimutl*

Abstract

This study aims to examine the changes of agricultural land surrounding Chiang Mai
middle ring road or Chiang Mai 700 years Sompoch road and observe the farming activities in
the areas. The study was conducted using geographical method by interpreting images acquired
from Quickbird satellite in 2009 and Thaichote satellite in 2013. The interpreted data were
analyzed using geographic information system. Then, it was integrated with site survey and data
collection from 36 samples in study area using in-depth interview and questionnaire.

The results revealed that during 2009-2014, the 32,691 rai of study area, the
agricultural land decreased from 2,446 rai to 2,087 rai, accounted to 7.48% and 6.38%
respectively. The agricultural land was decreased 359 rai (decrease rate of 2.94% per year) while
built-up area of 13,418 rai increased to 15,533 rai, increasing 2,115 rai (increase rate of 3.15%
per year). The decreased land has been mostly transformed into built-up areas, especially
around intersections and main roads. From the survey of farming, most of them practice the
intensive farming. The crop mostly grown is sticky rice followed by vegetables, banana, flowers,
ornamental plants, lemon, longan, etc. The data from 36 sample farmers shows that the average
size of land tenure is 5.81 rai. The source of water is utilized from ground water, irrigation canal,
Ping river, and Mae Cow river. Their average production cost is 24,361 Baht per year. Their
average income is 91,361 Baht per year. Regarding the experience and perception on land trading
and trend of the area, 14 farmers were offered to sell their land, 6 farmers have sold their land,
and 13 farmers reported that their cousins or neighbors had quit their farming. Moreover, it was
found that up to 77.8% of farmers did not have children to succeed their farming. As mentioned
above, the government should have policy to prevent the potential agricultural land, conserve
the unique farming area and the local wisdom of the farming. It should have policy that

strengthens agricultural sector and create awareness in the value of agricultural land.

Keywords : Land Use, Agricultural Land Losses, Geographic Information System

!Instructor, Department of Geography, Faculty of Humanities and Social Sciences,
Chiang Mai Rajabhat University

*Corresponding author, e-mail: suppawimut@smail.com
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EFFECTS OF SUBSTITUTION WITH PREGELATINIZED BANANA FLOUR
ON QUALITY OF NOODLES

Puangchompoo Hongchail* Nantawat Losoda®

Abstract

This research aimed to study the effect of the substitution of wheat flour
with pregelatinized banana flour in noodle by o (control), 10 , 20 ,30 and 40
percent(w/w).The cooking result showed that the formulation with10%substitution
had no significant difference water absorption compared to control. As the ratio of
pregelatinized banana flour increased water absorption and cooking loss decreased
while the appearance became darker, L*and b* value decreased but a* increased.
The texture analysis and sensory result showed that the formulation with 20%
substitution had no significant difference force distance compared to control. The
overall sensory score was 7.80+0.88 (Like Moderately) which indicated that 20%

pregelatinized banana flour could substitute wheat flour in noodles.

Keywords : Banana flour, Noodles, Pregelatinized flour
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unmin

ﬂéjw‘jﬁﬂ (Musa sapientum L. cv. ‘Namwa’, ABB group) %’mﬁuﬂﬁmﬁmﬁaﬂﬁwulﬁ
valulunnginevessundlng ndrethieauludeanseisi 4 egrsasuiau ndeusnainay
Sulsemuaaseanuds narsavanansandndundsld ulindrevarulngusznaumenisiulawmsn
fogluguvesansy ndrdviuiinaeslulaags uaztuunasRs (resistant starch) 91n535u17 Ao
Buutadulaildrinunisliaudou Ssduiuautimudenisgesgedsdosas 5330 tnathmidnusis
(11030, 255 DulenFrefansUsenoumniiuodnsssusiAdedigrslumsdnueyuadasy Snviinaen
malasuinisgs Yagtunsindreulssuifundandedudundnsusimiaulademniiusznns
Tandrwauann susnuslaaudandrsunuing lnedlvadulsemefiiiglusunsudadsdann
maamﬂumimLsmmLwammuummammimmﬂiuwm wdesanulandredidedriamaednunis
anduthuagnsaratet ddumnannsoudsunaautivisssnsvesudndelfsfiunsld
ﬂisimmmqmuqmammiumqqimmﬂmu Sedufitedafunmansidmiildtuutings shns
anuUsutandemedsninenin laenislinnuseunnndlsauyiianuiofioaidlud uwavihli
wiaduutindendinaiifnuaudinemeninedia Aedinduames fmsazaneiuaznesiladle
IFsuaudeuladeuarany,2536) iiendnduutandreniiaaiilud (pregelatinized banana
starch) n1sanwdsaananifinarinliudinaredauantfmuisdnivinumaunuidandlundodod
YULOURATNARS T

veniamduusviifiuduneunsranuilanduardiunanaugaudule fanuiulesas
35 wé3aluusiuuneUssna 1.5-2.0 fadumsuasyiidunudonis veniivssaniosslnamelu
1-2 Ju Yagtumsmsedinvesdsalnedsuly Ssdmasonginssuvesiiuslnariuanuilaneims
azninte midielaglimdsdmudmilasuinsuaremsiaulnedeuuslnafuuinie 91ms
Usziamidu Auidlesanauazanuazanansawdenldine s1anlsiung ansnsadandaudaniueims
vannuanewin ssiugniiaduomnseiavilsiieulneseuuiioadu uiveniiinewielufesmans
fufigaurmdasunnse dafufifelaihudndenialudamawuuiendlusdesusivemian
wlefunsiaiuasemnsunseialunszuiunsnan silsifuslaaldsuemsitusslomisoauninii
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1. mswseundenalensiaaflug

mswanutandrendiwaflud (Faudasidvosuguatazang, 2559) Tuudseildnde

¥4 fiszevanuuidosas 80-90 Tnsfiansanannnavesndisasiidnwarmasylyidnaunasdvundy
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w30 wnit thaneuwisiigamnd 60 esmaladunan 5 Halus ndsnduvsliandeauaysou
umnzunsvun 100 we Ionduudandlensiaanilud
2. msluilandrendaariludnaunuutisadunsarnluninsusivsniian

Yutindrendieanpludfiwionainisnsmeasds 1 umaumulsinautaaiolingn
uvzilan Tnefnunsiuutendendeadlud 5 seiude Sovas 0, 10, 20, 30uaz40 vosimin
wllsanBnuges vhauauimuanaudrdety wndeeiesdnaulaglitngee nauinduls
Fowdlou sinlaUszana 20 unil ndsanntdaduusdununussana 0.1-0.2 wufiwns wiasndudy
vgnil

A15197 1 drunanuwazUSunavasdsndensiaandludnldnaununteadlundnsaeiduusnilan

SpsarUsunandanalensiaand budnlanawnuwdsand

ARG

0 10 20 30 40
wsandounuszasansning (nsu) 120 108 9% 84 72
wilandensiaandlusd (nsu) 0 12 24 36 48
Hay(N3) 1.8 1.8 1.8 1.8 1.8
laln (Wes) 1 1 1 1 1
WA (NTN) 1.8 1.8 1.8 1.8 1.8
11 (n5u) a2 42 a2 42 42

3. MTIATIZVAUAINAIUNIEATN
thusniasindenld vhnisysydiuandinanienn fi
3.1 szazL’;aﬂuﬂ’ﬁmﬁmﬁmmzm (cooking time)
ddhethaduusni 25 ndu fuludiiten Ghndw) 300 fadans Buduradausiii
Wuugvilasiy sunseidlananaduiludiudvimeld Wunameduivanzay (G3nsves
AACC,2000)
3.2 i’mmﬁmawwﬁqﬂiﬂEf[.%’m%"aﬁmﬁ (Miniscan XP plus, Hunter Lab, USA) lnginan
L*, a* uag b*
3.3 $puazosmagaih (Water absorption%)
thugniifidugnuiiuliasiath @o1) esethndulssann 100 fadans e
asifiannudn ﬁwus%ﬁlﬂ%&ﬁﬂwﬁﬂLﬁaﬁwmmmﬁaaazmmmi@mﬁﬂ (AFN15999 AACC,2000)

TouarranInaUl = Ymtnugnavawu(niy) - Wvtnugnilieudu(nsu) x100
Yninurnineudy (nSy)
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3.4 Sovazveanisgyduveudesznininmsu (Cookmg loss%)
immmmmwmLLawmaNU“mmlam%uw (wmmmmmm) ntuilveu
iumauamawammu 105 serwaidea sushogrsuiuasihiminasd minthuhudnam3esas
Y0IN3geysderaandiszninamseu (3Fn13ves AACC,2000)

Sovazveamsgadevendszningy = Uminvoswdeiwiond(niu) x100
uminugvilneuau(niu)

35 Yndnvaededuiavonduvsnianndanisad
fnrusaiagean (forcelunzenszasmnigegnldistance) Inglfiniosindnuasiile
duelaTexture Profile Analyzer (CT3 10K, Brookfield, USA) Tna 141 21n Spaghetti tensile grips (TA-
NTF) shwduuguniinu Grips 2-3 seunasidenlusunsy Measure force in tension fvualiszasGrips
W19iu 40 HadtumsA1A13L57Pre-test, Test speeds Way Post-test speed 3 fiadtunsAaIuli
szpzvndlumsia 80 Sadums Tusdunisie 5 ndu ntuihnisiafegiauasduiinua
4. MIIATIRINIAUUTEENEURE

thiegaugniinmaaeuiulneuslnarhlusiuam 30 au nagounudnuaziuinge
fail dnwardng @ ndusa aray anuindlen wasanuveulasy Taglfasuuuanureunais
9-point hedonic scalelnepzuuuiisesu 9 memm%wmﬁqm Avuuuiiszius LLammmiﬁmaEm
LagAzULULATEAU 1 uansauiAnldveunindian 11auNuA1IMAABILUURandomized complete
Block Design(RCBD) Awasnzvianauulsusiulaglilusunsuneuiiunasdniagy SPSS Version 17.0
WisuifleumnuuansnsvesAadedieg 33989 Ducan’s new multiple range fisziuanudosiu 95
Wesidud

5. M3Uszidunanwuaia

nsUsiliunavesnd edudavonduvenil Sovazveanmagaiuasfosazesnis
gaudevoudeszninenisiu $n15719uNuNIMAaeIwUY Completely Randomized Design (CRD) ¥
N13NARDITIUIY 2 91 F1ay 3 Fregne ddeyadilduntiasnzsidianuuUsusiu Tasldlsunsy
nouiumesdFagu SPSS Version 17.013suiflsuauunnsinsvesatadesie 5ves Ducan’s new
multiple range fiszduauidiesiu 95 Weosidus
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WNan15IeLazanusIENa

A3l 2 szeznaTildlunsesiuiunzgay SevaznsgaiuazSevaznsgadeveaudiluszning
NsneRuvaIUEniinnaunumsLlandensiaamlug

ansEIU LANLHYU

I il mifﬂmﬁﬂ(%) nsgeysdeveandae)
0:100 7 99.60 + 0.28 10.89 + 0.34°
10: 90 5 98.99 + 0.02° 8.88 +0.17°
20 : 80 4 76.43 + 0.52° 8.06 + 1.24°
30: 70 35 76.00 + 1.20° 7.77 £ 091°
40 : 60 3 75.44 + 1.20° 7.72 + 0.54°

"o & 1 a S 1l =
NUGLNA - 1) AVLEALTUUANRREANNNITNAABY 2 91 + FIULVYALUUNINIZIU

wow o

2) ﬂ’]LQaEMﬂ’]ﬂUﬂ’JEJWJE]ﬂUiVWLLﬁlﬂGﬂ\‘iﬂudLuﬁﬁiJﬂ waneINsipuLanaiuegsitedRynseiansE AU
ANLTRLY 95 LU@iL‘U‘UGl

MM nasIszezIafimzalumsdiuduusvilan wuih vesnilgasiiliinismauny
sheutandrendiamdlud(@asnuam) Tinatlumsiuugnilignuiu 7 undl dmuvueniignsidng
naunuutindroninadludarldnalunsduuznilignifesningnsmuny dddialunsduuwi
Tansgving 3 fa 5 il Walidnsdunmaunusoutandendiaaniludazlfinailunsiuugudl
Ifantionas ssihidlosnusndfinaunudoutindenduaiiludasiuiinalusiunginuanasiaili
thanusoFurudinanaduvenildiidu vilfusnianiitu (vadav et al, 2011)

e 2 Arfesarmageiuazarfesarnisgapdoveudilussitenisedimesusvil
vngastinnuuAnmeiuNSaiA(P<0.05) wuimsmaunuutiandseutindienieaniludisosas 10
vlsiansosazvoamagailaifanuuandenadisugasilifinamaunudeudndeniiaailud
(gseunAx) grsmuauiieiesazvesnisgadeveandarindu 10.89 + 0.36° snnndngnsdus eiln
Sovazvoansgaydvveaudsagseuing 7.72 1 8.88 ilduueniifidmsiviiumsgapdovowudslsl
Audeway 10 (Yadav et al, 2011) dofiusnsidrunsmaunuvsuilandrentoatdludozyilausnd
firnferavvoamageiiuazasosazvesnsgadoveaudsanas
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M0 3 AL TIANEIAALAAITEEENINTAINGEAVDIUENEINNALUAIEUTINTIenTIIaRL UG

SasEuTInaLIY GRITENERERGT AILEENNINTTAIUINEIER
(nsw) (Hadiuns)
0: 100 17.66 + 1.51° 19.00 + 4.57°
10: 90 15.00 + 0.00° 18.74 + 0.40°
20 : 80 14.00 + O.OObc 18.24 + 1.58°
30:70 12.00 + 0.00° 14.23 + 0.51b
40 : 60 12.66 + 0.58° 10.31 + 0.16°

1) AfuanaduAaisannmeaes 2 91 + ﬁ'uulﬁmmumm%m
2) ﬂ’]LQaEJV!ﬂ’]ﬂUWJEJWJE]ﬂ‘HiWLLﬁlﬂGﬂ\‘iﬂ‘udL‘uﬁﬁlJﬂ LLﬁ@ﬂ'ﬂllﬂ'J’]iJLLC‘\ﬂWNﬂuE]EJ’NﬁJuEJﬁ’]ﬂiUV]’Nﬁ
ATl 95 Wadldud

U :

ad Y

ANTEAU

Sothiduueniifugnaininaudinsudoduda Tneldiedosindnuusilodudadiansun
NNALSIRIEean (force) uanswaldu(ndy) Fsazuonfamnumilsr amnuudusweaduugnilunisia
gn LLauiummnaaafﬂiumma(dlstance) wansmailu@adiung) mmuaﬂmmmmmm‘[,uﬂﬁmsm
vouduuEvil WU vznilyngmsiAussRegeanuendniasiuanafun19aiia (P<0.05) n15197l 2
wandlituindovsamsnaunuuiandosiiadludiiudu wildnuumusioes
mnuannsalunsiaveaduuzvilanas Insgnsusvildlidnsmaunuseutendiondiaandlud(gas
muAw) fiAussfsgeanannnityngs esonlassaaugnivesgnsmunudsBadnuayfusiuuny
67}@Lﬁmawaﬂ%uwmiﬂﬁﬁuiul,l,ﬂmé‘a'amaimEJmq&iaé’ﬂwmxLﬁaé’uﬁa(Toyokawa et al, 1989 ; Park et al,
2003) druszeynsgegalunsiweaduusmilgninunuuasgasfitmmaunussutindondiaa 1
ludfisnsndudosas 10 way 20 fiAnszozvnagegalsiunnsnaiumneada

A15199 4 ANFURIULNINTN1TNAWNUMBLTaNAENT LA bud

Sasduivauny L* a* b*
0:100 71.38 + 0.82° 2.00 + 0.44° 17.66 + 1.24°
10: 90 66.59 + 0.86" 2.51 + 0.22° 17.72 + 0.58°
20 : 80 63.04 + 0.94° 1.38 + 0.14° 15.99 = 1.01°
30: 70 57.56 + 0.88° 2.04 + 0.39° 15.66 + 0.82°
40 : 60 54.35 + 0.40° 2.22 + 0.26% 12.56 + 0.48°

NUBINA) ©

1) miuanaduAadennismeass 2 91 + ddsauunnggu
2) AadgAmiumemsnysiwansteiuluaaus wansndanuwananeaiueg el
ety 95 wWasidud

Y

v

Y

HodAgyynaiinsziu
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31915797 4 et nduusniduanu1inad wudn msindnsiaiunismaunuaiswts
AALNSLIANR T Y IRAERANFNa UN19aD s (P<0.05) tnedvasndanarenstaandbudvinlvugnild
dnanas dnaviliAianuanaL)wasadwiaoab®)iaanas wadaAduna@®) Winau

MINN 5 MsnedeuUsvamduiavesusnilaninaunumendandienianilug

FRNEIUNTNALNURT NN LIAR bud

AMANYMY
0:100 10: 90 20:80 30:70 40 : 60

ayﬂ’t’}ﬂwﬂi’mgns 780+ 100 780+088 7.60+0093 7.37 £ 0.96 7.30 £ 0.98

g 787+ 1.00° 7.83+0.79° 7.23+090° 7.07+078" 6.80+096°

= . . 737 + " .
nausa 7.77 + 1.07°  7.80 + 0.92 oo™ 737+ 071" 697+ 096
ALY 773+ 1.11° 757+ 1.36° 7.60 +0.96° 7.20+ 0.84" 6.97 + 0.85°
AT 750 + 1.33° 720+ 1.38° 743 +100° 6.63+080° 6.60 + 0.86°

Anureulpes  7.90 + 1.02° 803+ 085" 7.80+0.88° 7.33+088° 7.07+0.74°

Y

e : 1) Aedenmiumeddnysiuandsiuluiuiuey uanshilanuuandsiuegsided Ay meeadianszdu
Aadedy 95 Wodigud
2) ns o Liupnansiusgnedidedfymeaa

devvgnilgnunuszifiunssramdudaluandnuazaneg wuin fradeulinzuuy
AnuveUTBIUEniifudn vz UTINg lifinuLenAiuN19aaR (P>0.05) dauAsuunAITeUR LA
nausa auyy anuwidoanazauveulaesiy danuuandeiunisada (P<0.05) lnsaziuy
AnuveusuFlugnsiiinsmaumussutandeninardludiosar 10 laiflanuunnssiugnsmuny
AzuuuANTRUFUANIMTsILarAnveulneslugnsdnsnaunufeudindrondiaanilud
Sovaz 20 Lifinrmuansnsfugasniuny dmsuazuuumnuveusunausauazauyylugasidns
naunusmeutndeninaidludiesas 30 liflnuuandafugasaiuau msiiudnsidimvesuds
néewstaandlud iliusvilfazuuumnuveudud nausa Ananl mnumiouazaureulnesm
anas Losninavhlidnuasidurossvinndheuasdaaias Wefinrsumszneufunanismaaey
deduia dufuladonvenifvaunuutiandieoutdindoniiaariludfesas 20 (Hosanls
Audnwazvesurvilliunniaiugasmuauuazimaaeulinissensunanias fanzuuuamiuvey
lng59iiu 7.80+0.88 (S2AUANYOUUILNAN)
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neAdeinui msldudandendeaniludnaunuuilendlunde fusivsnilaniiss iy
Sewaz 10 mﬂwmiaaavﬂuaamimmlmLLmﬂmaﬂuammum wAd NS nsdIunsaLNuUs et
ﬂmawswmmlwmmu wﬂmmmmiaaa ﬂuaamiﬂmmua Sevay ﬂuaamsamaamaumamm
iwmmamawmmmaq AMINNATIN(LY) warAdwdes(b®)anas Laaduns(a )L‘wmu ety
venilusndnuaziledulauaznadeusuussamduianuin Wousinamsvaunuuindenieani-
Tudifinty danaliAussiwinanas I(ﬂEJQmiﬁlﬁmiwﬂLLWuéf’.JEJLLﬁﬁﬂﬁ?ﬂW%Lﬁ]aﬂalu%ﬁgaﬂax 20 f@n
T2gENIN1IAIAEan liuansINgRsAIUAL uaﬂmﬂﬁﬁnﬁﬂsLLuu@mé’ﬂwmwmwuﬁimmwm
fuansaiuay lnednzuuunuyeulnesInwiiu 7.80+ 0.88(szRuaMLYaUUIUNaI)
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nsRALINSHaALUATSEwaglasanuayulng
Yooy daude™? Infun nanina’

UnAnge
mAfeiiTngUssasdiflewauinisndnuuaiiowaglasantiayulng 4 v léud
N38¥18 (Boesenbergia pandurata (Roxb.)) 1z Ju (/\/Ior/'ngo oleifera Lam.) ngla3 (Cymbopogon
citrates (DC.) Stapf) LLau‘Uﬂ (Zingiber oﬁ‘cmo e Vern.) IﬂEJL‘UE)LLUﬂVlLiEJ Acetobacter xylinum lauil
nsfnwdnsdmseninaiugninuay mamuiwammm auluiugaianiniamenn tailuas
FanmvasuuaiiFoaglaaiinanld fail gnsil 1 dhuzndn 100% gasit 2 dwgnin 75%: i
asulng 25% gus?i 3 duewdn 50%: thasulng 50% gasf 4 thugwin 25%: thauulng 75% v
madsadolundomarafinduia 10 Yuflgamnivies wamsidenuiiarumuinasnauAsives
waglaaanaudlowiiuUuaniayulng uazgastiuzninn 75%: diayulng 25% miuggulia
MUNgegad 1.29 + 0.01 LYUAlUnT S03a301AD thnglad dinszens uagtnda audidy uaziilo
AnsziesdusznaulngUssinadualsznoude anudu i Wiy lutuwandels nuiuuaiise
waglaannthayulnsuiargeslifinnuunndnegisdideddy (p>0.05) Wevhmslesgiduoyya
aspnuidandududofvimaayulnsluuefioiwaglaauntuegeiifod Aymnsadiad
p<0.05 aﬂwalsﬁmmqmﬁmmsauﬁ’m%’uﬁmmLﬂuwﬁmﬁmaﬁﬁaqmﬁmzwﬁyn 75%: tasulng 25%
wazuuaieieaglaanntinglaifeziuunissoniugeiian wenanidmuigmunimniaiiunisnn
wayaunsdvedndneioglunuriunsgunandusiyuvuTutensn uny.341/254

Adfey : wuafiSewwaglaa Wanulng Acetobacter xylinum
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“nangasimaluladanim pasInenmaniuazimalulad unyimerserivdfalageainsal
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DEVELOPMENT OF BACTERIAL CELLULOSE PRODUCTION FROM HERBAL JUICES
Poonyanuch Nilsang"? Jittima Kholungkul?

Abstract

The objective of this research was to develop the bacterial cellulose production from
four herbal juices including Galingale (Boesenbergia pandurata (Roxb.)), Moringa (Moringa
oleifera Lam.), Lemon grass (Cymbopogon citrates (DC.) Stapf) and Ginger (Zingiber offcinale
Vern.). The bacterial celluloses were produced by using Acetobacter xylinum TISTR975 and
investigated the optimal amount of coconut juice and juice. Four recipes including 1) coconut
juice 100%, 2) coconut juice 75%: herbal juice 25%, 3) coconut juice 50%: herbal juice 50% and
4) coconut juice 25%: herbal juice 75% were evaluated the physical, chemical, microbiological
properties.  Bacterial cellulose was produced in plastic box containing culture medium for 10
days at room temperature. The results showed that thickness and firmness were decreased
when amount of herbal juice increased significantly. The highest thickness was gained from ratio
of 75% of coconut juice: 25% of herbal juice. Bacterial cellulose from Moringa juice has highest
thickness (1.29 + 0.01 cm.) follow by Lemon grass, Galingale and Ginger, respectively. Proximate
analysis including moisture, ash, fat, protein and fiber were investigated and revealed that their
were not significantly different (p> 0.05) in all recipies. For antioxidant analysis, the result
revealed that increasing amount of herbal juice was significantly increased % DPPH (p< 0.05).
However, the ratio of coconut juice: herbal juice at 75:25 was selected as a recipe for produced
bacterial cellulose. The sensory evaluation of the finish products were also done by 35 panelist
and result showed that bacterial cellulose from Lemon grass juice has highest score of overall
acceptability. Moreover, the physical and microbiological properties of the bacterial cellulose
from herbal juice in this study were accepted base on the Thai community product standard
(341/2547).

Keywords : Bacterial cellulose, Herbal juice, Acetobacter xylinum
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unidn

Uszindalnedalddidanuvainnatenis@anmaiuigayulnsuin dnstwnldshwlse
wadusamazinsanduiuiidenengiiyywvasgaatis anuvarnmaievesasulnslngyinls
Angn$nwilse simsafaluinduieninuilsaumiagtu Insadaviidusdoundgaviemlulaglis
aandaiau vilviarudeuduussuaulnsegluauaunasumsnnilivuaionioliundofielu
Usednzan udludagtunseuamssnuilsalaonismiuayulng msshwme st @nasidnanidnsna
sonulnesnty uisudnuallunisldorayulnsdaduuuroutiduim viedessuussnmuluuiuna
fanndeagldnads flhevdedfiaulaniuinosviedeusiduiu mevssondldampulnsliaususeniuld
iy wulugluuurdndasinadofuemsiaduguaim (Nisang, 2018) udunurdniiraula
wiszuennayulnsssdnuaudRlunsinwnay veiedadiassnanlunistdesiunisinlsasiig o
16 Bnuszmawilsdolusunisirmgunm esniagtumssulszudinanas vidlveliuesuie
diletaelumsdudng lfeulufeudiosszautiymiuriesynvioduns S lainty

wuafisewaglaa (JundnfusiildnisminodeianssuuuaiiFeluana Acetobacter
xylinum a$rstlaglithugndnuasinanseiduumasenns 16duloasBonveasaglaaiioglugy
y9419a758n97 cellulose microfiber dnwazvasiuildidubemies fdvvientu Tdevluiniu
a3sAudeiuLznd™ (Nata de coco) Fanuddeifiewmunsadniuaissailinnaneiiiolilinandn
wndu St sdimsfinymundimiveudusnanmethuendn Wy wWisnwalsl léun théuangen
wazknudUUrse (Wauned Tududin, 2543 ) nntma (Meyawn Fudrsnguazgivsni avdaissa,
2558; Keshk et al, 2006) HAANaM19nsinEas (Fans1 Imsldumiuazane, 2555) twals (Kurosumi
et al, 2009) LAadens tn3e9lns Wneansuagamy, 2558) Wnd12 (Nilsang, 2017) veeLdsa1n
2na1NITUNITNYAT (Castro et al,, 2011) 128 (ﬁ'mﬁa LRSEYNIHY, 2547) Laza1nsenela (Taruc-
Dumadaug et al., 2012; Wenno et al., 2015) WHudu

nuAeiTsmnnanuddyuediiveiveuaiiiowaglaa Aguaudifisesldiediu
ihayulnsveslnedifasswanlunsiideudosnuilsa Idud nseae (Boesenbergia pandurata
(Roxb.)) wg gy (Moringa oleifera Lam.) @ v1ns (Cymbopogon citrates (DC.) Stapf) T4 (Zingiber
offcinale Vern) ¥anudsguiiieliiuusznledie awnsadudsenuldiiueimsing udevesinu
sewhatio ansnsaduumdiAanmeiaudesenidundnsasigaldely

WQUszAIAURINITITY

iiofnwinisndauvaiiFewaglaanniiayulns 4 via Idudnszens (Boesenbersia
pandurata (Roxb.)) 133 (Moringa oleifera Lam.) nzlas (Cymbopogon citrates (DC.) Stapf) wax
¥4 (Zingiber offcinale Vern.)

A8aniun1sivy

MsWRELTnLEe

ihwgndmudnaunsaesdanlugasidn 1% () Usu pH iy 4.5 diluddiien i
ﬁwmaégimaiuﬂ%mm 5 % (w/v) wagtonluiflondan 0.5% (w/v) wuslduiauinuavvinas 150
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fiaddns Yanvandegndrdudnilianden 110 ssmwadea 15 il Weswnsdusias lawide
Junznd1 Aceatbacter xylinum TISTRITS wnaz 10% (v/v) unfisamgivieaduia 3-5 u dune

v
U Y

wudufuegduuuresewnafies dulaaunsoiilulilunisfnwludunousioly

nawnouthayulng

thaglad Mngladnsiu 200 nfindliavenn duuioudy yuliuen i 1Hudeds
w100 n¥u &rtilfazern yuwouvan tnsee liduudwesnsseeimdes 100 n3u galdenuns
oon sudududng thiuldasden daesn Wdmvedluuzguan 200 nfudsliazeniuduviou
tiluetesthilfanden ayulnsudazeiniundy duluiuien 1 dnsUawmiionsld 23 widt nsos
winneenmedvun Wnlidudmiuldidudumanlunmsiuuaiiowaglaanely

nwanuuafiSowaglaaaninasulng

nnanuuafiFowaglaaainiiayulnaii 4 wlia wzuismavnaesoenidy 4 yanisvaaes
Feimsususmmamrenimeninoug futhayulnsusassiadwiolud

Treatrnent 1 dsgn§m 100% (Control)

Treatment 2 tagwim 75% : thauulns 25%

Treatment 3 tagnim 50% : thauulng 50%

Treatment 4 thaznim 25% : thauulng 75%

BrsvhuvaiiFowaglaaanthauulng

duthugninuwezthayulnslidenduwaat 15 wit duhmanssuazueulaiilon
Fawln aulazats MAlnSusaiuiade Aceatbacter xylinum TISTRITS Tiadeuliludnsidqy
10% (v/v) wiadlunsurwanainiiaansndouazdaseinvnuis Uniigaumgiivieadurian 10 fu vh
gnsaz 3 91 1easy 10 Yudnuiuwagloaduiudivdsusunawedi filudidonuu 30 unit iileld
naunsn wililuthiudun 2-3 Aunssvduudeudmntu Wnauuismely uwdddudiely
wssluaemrnieneiluduneudusiely

mawlssUuuaiiGeaglaanntinasulng

wismmhayulnsudazvde Uiuldianummminfu 25 esmuinddaeiimanine 1
wwaiseaglaausazada suduruagnshussildluneiiansnde wesduthayulnsfinionlias
v Tnelisasduvesaglaadedayulnswiiy 3 : 1 YadlFadnuesinluudlugifuiio
psnTzilutunousiely

AT

1. MInsdeudnuuznenienmvasuaiiGewaglioaanihayulns

nsnedeUdnuagmenen e sdanadnwaziusng uaznsinanumuives
wriwu Tnenmifuszndmauhaglng sdashnas udildinesideasaues nanumnveusiu
u Tnevhnsdn 3 90 udmanade
nMsnsadeuaaunilsmesiulasnsvedeuniauAsivesiuiy  nuiinisves

Kamal etal (2005). lasthuuafiseiwaglasanihagulnasis 4 vdia wmaaounsmuAslasdussdi
$17u 15 au uarlviezuuunnfsnuaiidowaglasdussduasiuumunissnzuuy (s 1)
9198491135N13v89 Shimizu etal. (1981)



a o 13 L4 % 13 a s a
NI TITouazinu tlaveadnsal lunseususguius auineeansuazimalulad | 127

M19199 1 A1519N1sIRZLULSEAUNSNUAEIYRILUATI Bl ag lad

AZLUY ANYUTUDIAA
0-1 wanAaelaau
2-3 2ULNIN
4-5 BRI

6 Yuwmileaumunan
7-8 uda
9-10 wdasnn

fan: fauUasann Shimizu etal. (1981)

2. manmadsvesUsEnaulnsUssInainnavesLuaTi3eiwaglaaantnasulng
penUsznaulneUsyunulania (Proximate analysis) maaumﬁﬁ'amagiaamﬂﬁw
ayulng Usznaude UTinaeradu Uinaduls ey lefu wasUSimand Snmesinaiimsves
AOAC (2002)
3. manmadevasiueyyadasrluuafideaglaannihayulng
msinquisinueyyadaseiesnsiansiiievdauUaimuisnisves Nilsang (2015)
ua Nilsang (2016) fvil thuuafiFeisaglaaa 4 wlieansinae 30 n3u dulfazBoauduentibuu
azgnsnnduiiluldinies Stomacher Litefldntu gaaufiiuarsazats Usuns 300 lulasans
waufuansayaroyyaififiiey 27 faddns weilidiu dnasatamuaussliluiidaduie 30
wiitsliAsufAzen diluinsmmsgandunasiiamenady 515 wluwns Tagldiedosmmdnlnslale
fiwes uazdwngVSHusYYABaTEYOIIBE1s fid

DPPH% Radical Scavenging = (A¢-A1)/A; x 100
e A = ANsganduuasiiinlivesansazanty DPPH
A = Ansgandulasfiinlivesansdegaweauiu DPPH

4. ManTRABUAMENYAENIgaTIne oA swaglaannihayulns
thifegstunuaiiiowaglaaayulnsishunisfuuasuussUusiazgnanogisas 10
n$u Rsthnduiiusaainide 90 faddns thludtuseindes Stomacher wagilunaaeum Ui
wuaili3eitanun, Baduaysn | Staphylococcus aureus uax Ecoli Missylusnnsgiunan sy
wam st uriuendny uny 341/2507 puASniaves FDA-BAM (2001)
5. MSATINABUNNUTEAMNFUNH
nageunanIsUszaduiavesuuafiiowaglagayulnsusazylanaainuusgulagly
nquuszanslaitenndt 35 au 1ny 7 point hedonic scale M3k 5U$ & ndu sa Lo durd
ANNYRUlAETI wahunsgiamelUsknsuadAnaaau
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6. MylATRveyanaia
AAT1ENANULUSTUTIUNNEDR (Analysis of variance: ANOVA) §1%5UNISNAZOUNIY
Ussamduda 13suiisuaiadelangds Duncan’s multiple range test iszAuAMLT0IU 95%

NANTABUALBAUTIINA

NANIATIIABUANYMEY N BN TR MUATI S Leaglaaantas LG

wafiBeeaglaanninayulnsuiassdafiviinisuaduna 7-10 $u tunassaeuana
w7 Han1snaedlunsnedl 2 wandidiuiaumuvesuuaiiFeleaglaauusiuiuuuames
aulwsiia Tnofiarumnveuaiidowaglas duenim 100% > thugwin 75%ahayulng 25%
>tuEn312 509: thasulng 500 >thugndn 25%: diayulng 75% wuaii3ewaglaainimegy
Tianumuvesusiuiusnniign sesasndetingled daunuaiiFelwaglaanimirdeuasihnsseneli
AvLveIs U Tigaluyngas

M1399 2 anuvuweuaisaglaaaniayulnseiingig o

ANUNULRREYDIU (WURlUAT)

Hayulng w1 100%  thaend1a 75% + thaendna 50% + 1aeni1n 25% +
thauulng 25%  hawulng 50%  ayulng 75%
FIGH 1.42 + 0.02° 1.05 + 0.01° 0.90 + 0.03° 0.69 + 0.02
U9 1.41 £ 0.03° 1.01 £ 0.02° 0.77 + 0.04° 0.40 + 0.04°
QERLAT) 1.40 + 0.03° 1.04 + 0.03° 0.76 + 0.02° 0.48 + 0.04°
EERHY 1.44 + 0.01° 1.27 £ 0.03° 0.97 +0.01° 0.78 + 0.03°

' N ' = =
ARAYUASTIULULILUUNINTZIUN n=3

Fdnws (a, b,.) Mwdleuiuluiuids unehs launnsnaegne

Ry

TrldAgyneeddn p>0.05

anumilsnjuvesiundisoiwaglaadunuandanddylunsudnuuaiiFowagladlld
A MavadeuAumiljuvesiulasnismaaeunsuie Tagliidemgmaaeunismuien
waglvinziuuauyivileiveuuafiseisaglaausiarsiinm1un1319ves Shimizu etal. (1981) Nan1s
yadoULARsiINIT1eT 3 nuhuTinanhayulnsiiduaduitesgasiinaronanjumisweuuaiise
waglaa UTinathayulnsinnasyhliulianuseuinnauieidnuasvaindelaau Azuuunsny
\AemesnuaiiGeiwaglaa lwaglad dingni12100% > thuswdn 75%: tauulng2s% >tuznin
50%: tasulng 50% >tuenin 25%: tayulns7s% wuaiiSowaglaaiilianiuzgulviazuuy
mswuLﬁymgqaé’mﬁﬁaﬁﬂﬁ’mmmﬁﬁ ijaLﬁ&J‘uﬁ’uLLUﬂﬁSEJL%aQIaamﬂﬁwaagulwwﬁm%u 9 fiUsunm
thagwdn 25%: thayulns7s% wuefiowaglaafildanniiBuesinssvelviesuuunimmuie,
tonflan MiszdunzuuugouLIN
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M13197 3 KANSAGBUMINUALIvRLUATISBIwaglaantayulnsliagiia o

ﬂ%LLNUﬂ’]i%uLﬁEJ’J
Woayulng thugnd1a 100%  1agnd 75% + 1aewi 500 + uiueni 25% +
thauulns 25%  thayulng 50%  hasulng 75%
nglas 7.22 +0.12° 6.48 + 0.14° 5.75 + 0.13% 4.97+ 0.12°
U9 712 £ 0.13° 6.33 + 0.22° 5.00 + 0.34° 3.45 + 0.20°
QEERN 7.20 + 0.15° 6.55 + 0.13% 534 +0.12° 3.77 +0.24°
Uz 7.19 +0.21° 6.70 + 0.20° 6.01+ 0.25° 5.02 + 0.13°

AladeLasdIlERUUIIATEIUN n=15
fonws (a, b,.) Mwdleunuluwuas vuneds lluanasegsdidedAgeedian p>0.05

MnEamsnaasuneamuansiiiuitgnstueng1a 759%: thayulng 25% Tfusuiu
fifiaumungs u,azﬁmmmuL?ﬁvmasﬂuizﬁuéaui@umuﬂaw Fenansideiiaonadesiunuitenes
in3edlng Winens uazaniz (2558) Aldvhmsfnuandnvnzvssuuaiiie fuassilldanniswau
uiadfanstuiuendn Fedhduivanzanie tuftng 1dw dethusnim 2 d Tudeumn
LAYANLBUYNATIAR

KansTIIaeuesdUsznaulnsUsEnadnnaveUaTiSoagladantnasulng

wuafieieaglaainasldindsnildinauautinenisnin astnduludifeau 30
wit ilelandunsn usliluiud 2-3 AukseifudBeumimn iy aunseindudssmeluudai
sy Taensiududindsngnidiuazuslutiagulwsiidianududu 25 %Brix anndui
wanAdiitldussrluraaiiiiunisovsnde iviludifurounisfutseniu wan1siine e
padUsznoulasUsranadiauazamsfueyyadasrresiuaiiowaglasantiayulnsusiozain
uansiansned 4 nanisvaasuandlfifiuiidasdusznaudnavesuuaiioivaglaaaintiayulns
winzgashiianuuandsegradidoddgmeada (0>0.05) uagwudmnnitfesas 90 vesuuaiiisy
waglaafiiidussduszney denrdasiuaiiforesiing Indfunsuazane (2555) lunisfinwinig
HanuuATiSewaglaannuandasmanunsiuurdsnisuey

ANENTAUOYYaBATEYBILARY treatment AAd1uLANFNITUBE 19T Tud Ay n19aia
(p<0.05) Inefiansiuoyyadaszulsiunuuimaniayulnslussas treatment nanifedransdiny
oyyadasylugnstinen 75%: tianulng2s9% >turwina50%: thayulng 500 >thuznim 25%:
thayulws75% > dngni11100% WeiTsuileumsiueyyadassluieduuaiidoiwaglaaan
ansgnainugnin 25%: dayulng75% wuihasiueyyadasslunueiiiowaglaanninglad>
waideeaglasnnthuzgus> uwaiiSowagloanninssmesuuaidoiwaglasnniris sy
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A159% 4 AuaudAnaivazANMIFueYLadasTRILUAT S ewaglaaaIntayulng

1 a3rUsynaulneUsyanuTina (%) \iole (%)  %DPPH
YANISNAADY
aygulng °
ALY W TUsiu gty

nzlad Treatment 1 97.45+0.11° 0.05+0.00° 0.60+0.00°  0.50+0.01° 0.30+0.11°  0.34+0.08°
Treatment 2 97.7740.17"  0.05+0.01° 0.6140.01°  0.51£0.03° 0.29+0.19° 3.70+ 0.03°
Treatment 3 97.43+0.12° 0.05+0.01° 0.6140.02°  0.51+0.04° 0.29+0.09°  5.10+0.27°
Treatment 4 97.61+0.15° 0.05+0.0° 0.62+0.03°  0.50+0.11° 0.28+0.15* 6.98+ 0.25°

U Treatment 1 97.2540.11° 0.05+0.00° 0.64+0.02°  0.57+0.01° 0.31+0.11°  0.34+0.08°
Treatment 2 98.01+0.07° 0.05+0.01° 0.60+0.11°  0.54+0.18* 0.28+0.19° 2.72+ 0.18"
Treatment 3 97.83+0.12° 0.05+0.02° 0.60+0.04°  0.53+£0.02° 0.2740.09° 3.40+0.07"
Treatment 4 97.63+0.10° 0.05+0.03° 0.61+0.05°  0.54+0.21° 0.28+0.05" 5.02+ 0.05¢

n5¥¥8  Treatment 1 97.25+0.11° 0.05+0.00° 0.64+0.02°  0.57+0.01° 0.31+0.11*  0.34+0.08
Treatment 2 97.15+0.17° 0.05+0.11° 0.60+0.11°  0.5540.28° 0.21£0.09° 2764+ 0.18"
Treatment 3 97.26+0.26° 0.05+0.21° 0.61+0.24°  0.55+0.14° 0.24+0.09° 3.51+0.12"
Treatment 4 97.24+0.23° 0.05+0.10° 0.60+0.25°  0.56+0.21% 0.26+0.10*° 5.12+ 0.65°

U Treatment 1 97.25+0.11°  0.05+0.00° 0.64+0.02°  0.57+0.01° 0.31+0.11°*  0.34+0.08°
Treatment 2 98.15+0.17°  0.05+0.21° 0.63+0.01°  0.56+0.18" 0.31+0.39° 2.83+ 0.18"
Treatment 3 97.53+0.02°  0.05+0.11° 0.6240.24°  0.55+0.24* 0.3040.12° 4.54+0.14>
Treatment 4 97.61+0.23°  0.05+0.06 0.6240.15°  0.55+0.31° 0.30+0.35°  6.02+ 0.05°

ALRdeLavdIlLUUINATIIU n=3
fdnws (a, b,.) Mimlouiuluwwineusavyiatayulng vuneds luandsegwiveddyveaddn p>0.05
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MENTAL HEALTH SITUATION AMONG PEOPLE LIVING AROUND THE INDUSTRIAL AREA
IN NONG KAR DISTRICT, SARABURI PROVINCE

Rattanaporn Arsa'” Phitchasuda Detboon’ Nichakan Dokkulab?

Abstract

The purpose of a mix method study was to investigate the mental health situation among people
living around the industrial area in Nong Kar district, Saraburi province and related factors. The sample
consisted of 265 people living near the industrial area in Nong Kar district, Saraburi province. Data collection
were accomplished with questionnaires and interviews from September to October 2017. The statistic used
descriptive statistic, Chi-square test and Pearson’s product-moment correlation coefficient.

The results revealed that the mental health among people living around the industrial were as
equal as general level. (60.8%). The eleven factors were significantly with mental health, namely, residential
character, duration of time to live in the area, right to treatment, knowledge about the effects of industries,
families relationship, neighbors relationship, pollution prevention, water pollution, soil pollution, social
supporting and participation for community activities (p<0.05). The findings lead to recommendations that
health organization should have well-planned activities to prevention from pollution and should have
activities that focus on the participation of communities, government organization and industries to solve
the problem, that will bring about mental health.

Keywords : Mental Health, Industries factory, Pollution
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EFFICIENCY IMPROVEMENT OF SPRAY PAINT PRODUCTION PROCESS

Mongkol Laowaraphan!" Chatchawarn Mongkhon 2

Sudhee Prajongsak® Linda Narkpoy*

Abstract

The purposes of this research were: 1. to study primary problem of spray paint
production, 2. to increase efficiency of spray paint production process, 3. to compare the
productivity before and after spray paint production line 4 improvement, and 4. to analyze the
engineering economics result. The research instruments for collecting data were productivity
daily record, productivity increased rules, work study, process analysis, 7 wastes, QC 7 tools,
and ECRS in spray paint production process improvement. The statistics used in the research
were mean, percentage, and t-test.The research revealed that 1. The primary problem study
was found that the case study company had production line problem on line 4 which could
not reach the target goal at 80%. The root cause was the delay of spray paint packing process.
2. The efficiency of spray paint production process improvement was found that the packing
after the process improvement increased at 55.05%. The packing steps decreased from 36 to
32 steps which equaled to 11.1 %. The distance reduced from 70.03 to 51.19 meters which
equaled to 26.9%. The production time decreased from 132.17 to 9.78 minutes which equaled
to 92.60%. 3. The comparison of productivity before and after spray paint production line 4
improvement was found that the labor productivity increased to 198.39 dozens per hour after
the improvement. The machine productivity increased to 198.39 dozens per hour. The space
utilization productivity increased to 129.15 dozens per square meter. 4. The engineering
economics analysis was found that the dehumidifier investment which cost 35,000.00 baht
could reduce the packing wage at 10,236.00 baht per month at the payback period of 3 months
and 11 days.

Keywords : efficiency improvement, spray paint product

23 Department of Industrial Management, Faculty of Industrial Technology, Rajabhat Rajanagarindra

University,
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QUALITY OF LIFE AMONG HOME BOUND ELDER IN SAKAEO PROVINCE

Apichet Jumneansuk® Phitchasuda Detboon? ? Rattaporn Arsa> Krittidech Mingmai**

Abstract

This study was a cross sectional survey research aimed to determine the situation
of quality of life and factors predicting quality of life among home bound elders in Sakaeo
province. Three hundred and thirty-six home bound elders were selected using a multiple random
sampling technique. Data were collected by interview between 1% September to 30" November,
2017. Descriptive statistic and Multiple Regression Analysis were used for data analysis.

The results found 77.1% of the home bound elders had a moderate level of quality of
life, 12.5% were at a low level, that divided the part of quality of life the most of high level of
quality of life were physical health and environmental respectively. Factors predicting quality of
life among home bound elders (p-value<0.05) were life stability and social support. These two
factors could work together to predicting the quality of life among home bound elders as
correctly as 62.1%.

Therefore, the recommendations from this study, agencies working for elderly people
can be used as a guide for improved quality of life planning that would lead to elderly people

can be good live, good life and can be help others elderly in the future.

Keywords : Quality of life Home bound elders Social support
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#egs Tnelidnnufesas Awade daudoausnnsgu Avngauazangega tiausdoyaluguuuumsn
LazadAii ey Ao addanduiudifiosdu (Pearson's Comelation Coefficient) il 931A512 %M1
ANuduRussEninaladeiugunin Yadedumsegdan Jadeduinlanasigyiauaradeniu



6| U 13 atui 3 (fugneu - SunnA w.a. 2561) aflvwg Iullesguiazany

ATOUATD LLasmﬁLﬂiﬂzﬁmimaaﬂwmqiu (Multiple Regression Analysis) lUU Stepwise 83LATIZ1N
Jadumavimnesienunmiiinvesgeenduisdmiludminassui

NaN15IBUAZaRUTIEHA

Nan133vY

dnunzialuvaanguegng

INWANIANYINUI ﬂ&juﬁaaﬂmﬂumﬁmﬁqmﬂﬁqm Andusosas 53.0 Imeﬁmmaﬁmﬁﬁu
68.23 Ineiieny 60 i3 69 Tanilaniovay 631 Tnefisedunsdnwegludulssoudnuiosay 542
sesaanie WiliGsunivdesosar 41.6 Fdutlgtiunguinedafunieddiiliusznovandnsosay 5.1
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M990 1 AN MTInvesgeenenduindany lufminassuiy (n=336)

q

AuNMNIInvagarenguAndeay Tudwminaszuia 317U (AY) Souaz
- aunmAineglusyaulia 29 8.6
- AunmAineglusgAutunans 259 77.1
- A mAinegluseaud 48 14.3

Mean = 70.49 S.D= 8.643 Min = 43 Max = 94

Jadeifiaudiusivannmiinvesgeengnguindeny Tuswminaszuia
lefinsanmuduiugszming Jadefuguam Jadedmuasvgdenn Jadosuilanay
Ty nuazladeduaseuainuaunmIinvesgeey nguindiau Tudminaszudi lngldads
Pearson's Correlation Coefficient 91NNANITIATIANUIN AMTHUAN NOANTTUFUAN Ay
Finuaznislasuussatvayunday danuduiusivaunmdinvesgegnguindsay Tudmin
aszufegnafituddmnaadn (p-value<0.05) (st 2)
msedl 2 Yadeiifanuduiusiununmdinvesgeorgnguindsan Tufminaszui naaeuse

@tk Pearson’s Correlation (n=336)

o e w o g ~a v e W Pearson’s
Jadgnlianuduiusiuannmaiinvasgeenangunndeny ] p-value
Correlation (r)
- AMNSEUAN 0.299 <0.0001*
- WYANTTUFUAIN 0.387 <0.0001*
- Aanusuasludin 0.745 <0.0001*
- nsbisunssaiuayuandeny 0.532 <0.0001*
- AN ANYIENNESIn BN TEUTIRNENHE 0.031 0.950
- maiunuatlunueg 0.004 0.810
- duiusnmluasaunsa 0.042 0.440

n
o w aada o

*uansydfynadiansedu < 0.05
Jadufianansamaviunesisnnnmdinvasgangnguindeay Tudminassud
Nan153AsIEnUdn Jadeiidianuduiusiuguam@isvesgenynguindsau Tudmin

aszu leun nzguaw winssuauam anusiuasluTinuasnisldsuussatuayunisdsny uay

mﬂmﬁm5’15‘1}‘maaswmmwuﬁ%umau (Multiple Regression Analysis) W11 @auUsvinue 2 AauUs
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daulauniian (Beta= 0.697) sodadufo N1lasuLIATUAYEAING AU (Beta = 0.261) AUEIGU
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MINN 3 ArduUseavsanduiusnvausEninnusmavnueAuNAMTInvegiengnduiin S
ludamin assu (n=336)

faulsaavitung B Beta T p-value
- Asledy LLSQﬁﬁUﬂHu%ﬁﬂ 0.481 0.261 7.609 <0.0001*
S
- ﬂfgqmj’umiu%%m 0.610 0.697 20.318 <0.0001*

Constant = 2.577

o w a

*LLamﬁaa’mam’maaaﬁisﬁu <0.05, R? = 0.621
fatfu Feannsnadsannisonnesiiieldluniseniusann miinvesaengnauiin
daen Tudeinaseuin fodl
io ¥ = quamPinvesigeorynduindany
a = @A (Constant)
Y = a + bixi+boxo+baxa+...+bpXp

WMUAY Y = 2577 +0.481 (WeRnssuguaim) + 0.610 (Anusiuadlu®in
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NnransAnwmuIesiuasudinausaniavhuedenunmdinvesgeeigngudn

q

e

denn Tudawinaszuia (B=0.610, p-value<0.0001) a5unelain Anuduasludindudsiasiintiuiy

'
a

yanannie lneamsludgeeny Wedaweigamnsamssdinlaeddafisnluionsiseiin wu dieg

B

=

offiunzandasndy fveldiifsmelunmsduiuiinusgdriu AdouasiliAnaugumda 8n
ﬁguﬁ‘ammsa@LLamuLm"Lﬁﬁ%ﬁqsumwﬁwﬁqLm annsavifaTnsusfulddemuies annsiiew
{3 wagunmnnmsvaweauludisidy msgiineldfifismenieannsoaiuneldfeies as
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THE STUDY OF SPECTRAL REFLECTANCE CHARACTERISTICS OF CASSAVA PLANTATION
FROM SATELLITE DATA IN CHOKCHAI DISTRICT, NAKHON RATCHASIMA PROVINCE

Khattiyanee Srichalam v Supan Karnchanasutham ? Kaew Nualchawee > Narong Pleerux’

Abstract

The study of the cassava spectral reflectance from satellite data, a case study of
Chokchai district, Nakhonratchasima province has the purposes to 1) study the spectral
reflectance characteristic on the growth stages of cassava and 2) produce the spectrum library
on the growth stages of cassava from LANDSAT-8 data. The study of spectral band of the cassava,
growing from March 2017 to December 2017, is recorded in several times. The geometry
correction bands; blue, green, red, and Near — Infrared band were studied and collected the
growth stages data in study area on 8th October 2017. The real spectral reflectance is analyzed
on 4 bands data.

The result indicate that 1. the spectral reflectance characteristic of growth stages in
visible spectrum has the low reflectance 2. the cassava spectrum library show the different
spectral signature at the different wavelength, depending on Normalized Difference Vegetable
Indices factors. The spectral reflectance of cassava on the growth stages; the vegetative stage
at 1 month is 0.0399 to 0.3566 and at 2 month is 0.0287 to 0.3404, the tubers stage at 6 month
is 0.0265 to 0.5709 and the maturity stage at 9 month is 0.0273 to 0.4573.

Keywords : The Spectral Reflectance, Cassava, LANDSAT-8 Satellite Image
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1.2 Yayan1naiuni13iioy LANDSAT-8 s¥uy Operational Landimagery (OLI)
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pA=Mp*Qcal + Ap (1)
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Qcal #e Addneadaavveurazgnnm

pA pA

- cos(0sz) - cos(0sg)

pA

e pA #eo Anisaziioussd (TOA Planetary Reflectance)
Ok o Amuveinuganiseniing 9ndeya Metadata (SUN_ELEVATION)
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Reflectance
Band
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CELLULASE ACTIVITY ASSAY FROM WOOD DESTROYING FUNGI IN ALCOHOL PRODUCTION
FROM WATER HYACINTH (Eichornia crassipes) BY SIMULTANOUS SACCHARIFICATION
AND FERMENTATION

Wattana Aschariyaphothal* Duangduen Wattanuruk > Pimnara Nilrit *

Abstract

Wood destroying fungi is a cellulose-degrading enzyme fungus. These fungi had the
ability to decompose all stages of growth in plant. It can destroy the woody part of the tree
and leave by releasing the enzyme. Most of the fungus will destroy from sapwood to heartwood,
when it is in proper condition to grow and germinate. The mycelia will growth through the wood,
causing to wood decay. Thus, the purpose of this study was to investigate the activity of
cellulase enzymes from the wood destroying funsgus, which was found in Valaya Alongkorn
Rajabhat University under the Royal Patronage, on degradation of various cellulose materials
will yield the glucose. The 7 fungus were used in this study consist of: Favolus sp., Marasmius
sp., Lenzites sp., Daldinia sp., Leucocoprinus sp., Polyporus sp., and Schizophyllum sp. The
cellulase activity was used to determine the ability of each fungus. Leucocoprinus sp. presents
the highest cellulase activity of 52.77 U/mg Protein and had the high cellulase activity on cotton
and rice straw materials of 45.10 and 39.61 U/mg Protein, respectively. Crude enzyme was
derived from Leucocoprinus sp. was subjected to 5 ¢ dry cellulose hydrolysis treated with 10%
NaOH solution and Saccharomyces cerevisiae was added in the flask for used to produce
alcohol by simultanous saccharification and fermentation. The alcohol content was verified by
HPLC using 70% alcohol as the standard substance. It results that the chronometric display of
the fermented material showed the area underneath the graph of processed alcohol indicating
that the area under the alcohol production curve was more than 17.215 times that of the
standard substance. This is used as information on the degradation of biomass materials, which
is the main raw material for ethanol production. This study will promote ethanol production

into important fuel to the domestic power system.

Keywords : Cellulase activity, Wood destroying fungi, Simultanous saccharification and

fermentation
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unmin

fiwaraundanuanaenindlusundsnueiivesansusznoulalasaivou ludeldo
fiwfisnFonsan q 1luleuna Uszneusnediuddnfowwaglaa iefiiwaglaa uazdniy waglaa
Dulwdwesvoshnadstetuduaissn dusdaeaglaaeenfuudarginvoshaaisfiogld
thnnaanunsathumingredadiiienanduueanesedld dnnuwan (Eichhornia crassipes) 1y
Fofimissavludsaieaesih luidedefnnurnidwyszneululewadiuddyfewaglaa
wsfilwaglaa uazdniu 11uidoves 125 BAT1NT M DYsEN U3A Tumaey uaz TeBu Bana (2555)
AnwesdUszneumaniivesinaurrmuidnivgidusaglaa aunsnsd 1

A15199 1 89AUSENBUVRY EUlEAINAIRURNAUYI

29AUsZNBU Yawazlnetiwiin (g)
\aillwaglag 14.85
waglad 44.71
anilu 3.06
Jun 37.36

197 1 33 BAIT19NT M BEsET USAN Jumae uag Ledu Baga (2555).

= =

ANAUYILSnIINISRsaRulngn dnsasauiiadininligeds 20 nsuumdnuiasie

AT18URA Y lngddnsnissyiuladuivnsgeansiniuiesas 1.50 siadu duassliinauydn

v
v o o '

Wulaluwraaun lagisuAuaIn 500 NSULMUNEARDAITIBUAT PUSTELIANNE 3 LHBUATI BNAUYIN

a =

ansnsapiulnuasaeeiuslinadaningeds 40,580 nfibwiinansonsamns lussezaa 17
Fernaurnihasfuvdsesmaniiddgiaunsmiuldlunssuunmsminlneadunidflddinia
nglag

Winswihaelu (Wood destroying fung) Ludsfidinifieuluiiuagiaa (cellulase) 7ivi
UfAsedovameivaglaataduosdusznouvdnudavislumineadiy iinsvhanelifiauaunsoly
nsgesamslule ynszeznaaigivinlaediosyluanmilmngauasidivhaionsziinouwaaie
vhanefaunulasaiaalounmegluludeluiindoluntudiduloasluneludelulaniu
villdnananduanslulawnsmansdu Tnaloululiwagioa nanefls nquveseulssiivinnusiufuiie
\siisenslunistesaansieaglaadaduesdusnouvdnaiavilslundavadiivieulesivagiaa
Usgnoumeiaulesl 3 ngundnauszuun1sdnduneulesl (enzyme classification, E.C) fig 1) tou
Tangaiua nietoula-T8n-1,4-nganua (£.C.3.2.1.4) vnihiidesluanaveawagiaaludiuiiliifu
suilisu (amorphous) viegosauiusueawaglaalnesingosivadiivuminiusy 99-1,4-Inaladdn
wuudy (random) 2) tenlengaua vise tonle-1,4-ngaua viiewenleden-1,4-nguaunglalelasiua
vidotenlaTin-1,4-1walalulelalasiua ( £.C.3.2.1.91) wuinfnvimihiisuiueulesioulangaiualy
nsgetluanavenaglaalnenistosaneaglaaantmesuiilaifiinaiiad (non-reducing) w09
wagled wandsifildannissesamedlngfethniawalalulea uenainidsuiannsados



26 | U9 13 adui 3 (fuensu - SunA w.A. 2561) T saasezlnsuazany

aaneiwaglaaidndiograduszfou (microcrystalline cellulose) ldlaandnisvinausiuiuieu
Tanganua 3) woulwslin-1,4-nglalewua (£.C.3.2.1.21) Wueulssiivimiddesluianavewala
lulea walaledlnuganilsdfiazaneilalviduihmanglaausiliaunsadosameluanadudouruin
nojvensaglaalilnensinalnnistosameluanavonsaglaaidludufidusuidou (crystalline) was
lsiBuszifeu amorphous) Widuthatanglaa (Fanndi 1)

Crystalline Exo-f-1,4-cellobiohydrolase (CBH)
cellulose [N ‘E
C,+CBH i
‘:, P -glucosidase
Cellobiose »  Glucose
—_—

‘ndo- i-1,4-glucanase (C,)
Amorphous prid-g *

or Modified
cellulose

Exo- B-1,4-glucan glucohydrelase

Al 1 nalanmsviisennisdesanswaglaavessuueulediwagias
#n: (Fan and Lee,1983 81slngensini, 2547)

nszvumsuildumsiasuwagladlufuteniueafioBnsiiGoniismsdosaaneliin
Judmauuudeidestuniswin (simultaneous saccharification and fermentation #3e SSF) s
nsvuIuNstiarTenszUINNstesaaeiunsruIuniTnlide fufinafansiufaduagioules
wagiaaaslundeututufedisiiviidesnsannislifminvately mssw Yuugndad uay dvum
UseasAga, 2558) Tumu%’aﬁﬁaLflumsma'«aaaummmmmmiﬂaaamEﬁa@L%aqiaasuﬁmi’m N
dinfinuduegnuveuldneluiminendesivigalaseainsal lunszususguiusdeaslinanan
aniheifuhmanglea wasnnaeunistesaanewaglasandnaueiiendmiduenueadieds s
govanelifonJuthmanuudeiiesiunisun
IngUszaeAvaIn1IdY

1. Wednwneaiifveseulesiiwagaanniiashaneliinueguueuliluuinasieg

lun1snisgesaas Tagussinmsaglaaduina

2. \efnwUinaeaneseadlaglifinaumnluduanm et nsdesaaglvifniiu
ihmauuusiaiostumsuin
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Wanliun1side
1. maiufmerafinuaznudugiuine,
Foniftusegananiiniitusguuliiyuazveulinmelusminerdesvigilaseasnsal
Tunszususguius TnoidenvouldififidnuurnniousuiAnannsgosaasveadin niousisdnwy
dugnineveuiiausazyile
2. ﬂ’liLWWLg‘&NL%}EJLﬁﬂU%E‘jW%( (Uswanu Bugey, 2549)
dnidonnenuiinfiauysaiuheuaseinuazdasmeusanssedidududosas 70 nen
dinoonidu 2 dumdeulfiudefiiunsauliuddnioideiinesn Nuioidafinamsnanses
wis PDA WiuliTigamgiieadunm 7 $u viesunseiudofiniidulouarateados
3. Madesdoiiondnioulsdivagiaa (Mssw Yunendad wardnum Ussasdan, 2552)
prRdeuN Tl yventeifinuuamzdsdlutudl 2. Wwisue1msgas production
medium (A1133909 115397 uazdnum, 2552) wagvhnistsanided 121 esmiwaidea Wuan 15
uit Mndurhmangiuiuiididediaesyegdeiimaaonde S1um 5 Fu wdahludedusmns
ng,%aqm production medium U31195 100 faddns lunatadyuia 250 Taddns Laevinisuy
wanafomnsidsatevuieionugiariniisey 150 seudewnit Wunan 7 fu
4. MInsRaeukeniinvetuleiwagiaa (Miller, 1959)
wmstuniswendulodiaudazaiinanduneud 3 senaineims production
medium wahdula 0.5 faddns ndnseilenriitveteuluiivagiaa Inenauiu Gnsndvines
0.5 findans luvaeanmansuin 18 adums udalduiunszaensosuunn 1 X 6 iwufiuns a0ty
thlutsfigaumgdl 50 esmwaldea Wuna 1 $9lus Taevasamuaslsifedldoules] shnsidn DNS
asly 3 faddns udrhwasanaassnvasalududuian 5 uiil ndswndudnsiidundinngs
Fenedetindu 10 Saddns wdnhlusudnisganduuasd 560 uluins duwaamUiinunglaa
fignuantulaenisthemmagandusasidaldiuieuisutunsmmanesgiunglaa (rsdudu o,
0.25, 0.5, 0.75, 1.0, 1.25, 1.5, 1.75 way 2.0 4adn5u/Aaddns) vinn1saiuiamikendinveseuley
wagradlunisgesdualmsnszaynses (FP unit) vesevlusildanniinudasadin (FP unit %3 Filter
paper unit A U%mmﬂaﬁﬂ%maaﬁwmaﬂgiﬂaﬁmﬁm%mﬁamiazmaLaulsuﬁ 0.5 iadans vinugnsen
fiu 50 flad@ndu YeINTTAIWNTEH pH 4.8 Wag gauvndl 50 ssmuwalduadunan 1 92lus) V]ﬂsﬁv’umau
¥ 3 41
5. mInsvinfanssuinmeveseuledivagiaa (Lowry et al, 1951)
Teulwivetu 1.0 fadans Weawnetindu 0.5 Sadansiiu Folin-Ciocalteu reagent
(1N) $17u 0.13 fiaddns fafield 6 unit iBaleisumiueiun (Na,COs) arundudu Sovay 7 S1uau
1.25 fiadans Ufudiinmsieinduliiu 5 faddng fafield 30 unit igumaiivos Tarnganduuas
ANnuEIRdY 760 unluluns uduiisuuiunuivansazaislusiuninsgrunddnnaduianssy
Sumzaeneuley (specific activity) auaun1s7 1
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Aanssudumeioulan (gianeladniulusiiy) = glavesoulyy (1)

T
a a

faansuvadlusiu

6. nsldieulwliwagiaalunistevaaieTanaglaaviinmiag M3sw Ynaendad uay
dvum Usvasdgy, 2552)
ttoulesing1u9n production medium vosLfinfifiduondifigianainde 4
insfnwinistevaaneianeaglaa laun O-cellulose, Carboxymethyl cellulose(CMC), ns¥An
wilsdediud, €18, fhv1iue, ddhe wag vt egvag 50 Hadniu lneviinedsnisiesiude 4
7. ms@nwieulsimervandiaundaeuealegldinauranduingfusensyuiuns
Simultanous Saccharification and Fermentation (#5511 Qmmsws"fﬂ@i wazaANULIM ﬂisaaﬁqﬁu, 2552)
ihfangwaglaailifoinaurmnuiandaliduiudng wluasasarelnioslonsen
lust (NaOH) Aududiudesas 10 waglinnudouil 80 ssmwaidea iunan 1 $lus Adinausn
ANLIRY 5 N3U e NaOH U3ums 200 fadans) aadetauilanin pH Wunans nsedliuks ué
ilugsbmiinuislilg 5 n3u ldadlavianadowin 250 fa88ns iRueadisndegns F2 (MuiBvs
PITY WATENUIN, 2552) USu1ns 5 Uadans way Acetate buffer 10 1aadans nntuileeidon
gounndl 121 ssrnigaidea Wunan 20 wift deiel Ay udafmeuluiveuildaniiafiiueadi
geasldludnsndiu teulesl:duainsy = 4:1 vinsiiudad Saccharomyces cerevisiae Tuguves
asazane 5 fadans udUananarlyifiade tilutdluedeavefigamgiivieanduna 7 fu udwhns
P9IEUUTINMENLUDARIELADY HPLC

NAN15IBUATDAUTIINA
1. MInsavdeuiInssudmzveteulivagiaa
KamsAnyATansalunIstosamewaglaaanidfinsvanslive 7 ana énans
pAndukasimINemAiY 500 s wanSsudisuiunsmuasguimanglea faduisnisie

Y
a °

Aanssudumzvsaeuleiivagadliviariin Endocellulase uaz Exocellulase laglindiuansAuin

'
=

figafeLiinana Leucocoprinus sp. dsiirueniifveaoulusiivagias Ae 0.763 ginsedadans uay
HavesfanssuInnzveaulesiiwagiad (specific activity) lnenisldioulsdnetu 1.0 faddns vih
UA3e1iu Folin-Ciocalteu reagent (IN) uaginA1ganduasanueninay 760 uiluiung uédaiiey
Yunafvansazanglusfiunnasgrunddmanduianssudimeveaeuledlidnlu 5277 giase
fladn$ulusiy fansnai 2
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a1319il 2 weeiifveeulvliwagaalunisgesduamsnnszaunsesnininsviianelivia 7 ana

AU Ut v wonRdnvadeulel  AanTIUTIWIZVRS
dnaiia asazanetnananglag \wagLad aulas]
(mg/ml) (unit/ml) (unit/mg protein)

Favolus sp. 1.89 0.35 42.53
Marasmius sp. 1.816 0.336 41.53
Lenzites sp. 2.852 0.528 43.78
Daldinia sp. 0.799 0.148 31.97
Leucocoprinus sp. 4.119 0.763 5277
Polyporus sp. 1.109 0.205 38.53
Schizophyllum sp. 1.635 0.303 41.74

2. Mslfieulwdwaguaglunisteaane Januaglaauinsiige
dletheulesineruan production medium Youingna Leucocoprinus sp. fifiAue
ARIAgean wu1vinn1sAneInisdesaateianivaglaane Cellulose powder, Carboxymethyl
cellulose (CMC), ﬂsvmwﬁﬂ?ﬂaﬂmﬁ &4, H1vmung, iy wae Wed1d egvar 50 dadnsu wazdn
An1sganduuasil 540 uiluiuns lnoifinana Leucocoprinus sp. ferfianssudumzvesouled
wagiaaretaniihouas Janrsdndadutanudeimnamanuns Ae 45.10 uas 39.61 yiase
fadnfulusiiu mudidu (5edt 3)
mnnsAnunsTdidiaslunisdesaasliidfnafiaenadosivauideves Puntambekar
(1995) Ainwinswaneulwsliwagiaanniin Volvariella diplasia Ssduriinluanaiduafuifiania
wuiriAanssuveaieulesl 550 U 9101514 cMC lluduainsy waz 69 U iileldnsearunsaadu
Fuamsv levihnisidsdluszuugnil pH 5.4 gungf 280seaiioa warlfisaglasuuunaduty
Sovaw 0.5 Wuunasiveu uananil g33ni deuf uazemey (2556) Anwinsuiiauissuanndn
wulwrigendelelagliimuwndenntmlnaluianme Wi duinlnn fudnlne wazdondnlne
Wisuiieuiuiides Anssuvenagiad loulanganiua wasleuauiua vesTaguediduduinlnad
A1geantiedl pH 3 fe 55, 321, war 27 gia/ndu uas 7 pH 6.8 14 286, uaz 323, 322 yiin/ny
dm§us1uI9809 Tan war Wahab (1997) naaoudsaifinuissy (Pleurotus sajor-caju) Tutan
waglaausznniie wazldrueniifveseulel cellobiohydrolase, CMCase way B-glucosidase
Ju 100, 71.4 wag 21.6 gin/Aadn3ulusiu ndsandwly 15 Ju Aueadidildigegaldainnisusu
anehemean1izad e 15.6, 83.4 uay 56.1 gila/Tadn3ulusiu mudsuisionuly 20 Sureenis
weides
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A131971 3 weaRiAveseuluiwagaavedinana Leucocoprinus sp. lumsdesianwaglaauiles

$i19)
mqm%’u%’;maq WOARIAYDY  AINTTUTUNILVDS
Saowaalad TIMIAWNNE | elivaaiad roulasl
v nglad ?
(mg/ml) (unit/ml) (unit/mg protein)
Cellulose 1.096 0.203 30.39
Microcrystalline Cellulose (CMC) 0912 0.169 37.98
NITATUNILIEDNUN 0.786 0.146 37.82
da 0.059 0.011 24.55
AU 0.562 0.104 26.26
Hie 2.81 0.52 45.10
9117 1.659 0.307 39.61

3. ﬂ'ﬁﬁﬂ‘l&}’]ﬂ’ﬁﬁ’]Lau"L"ljﬁ%ﬂ’mﬂ’mLﬁmﬂLL@aﬂa‘eﬁaﬁaKIﬂEJ&L‘BJﬁﬂG]U‘IIQWﬁ’]EJﬂiSU’JUﬂﬁ
Simultanous Saccharification and Fermentation

a

ynnsdeuledvevildandinfiiueafifiguninsdes Yanwaglaafednauya

Jrndnwiie 5 n5u ARunisUsuanmeleansazanslemeulansenltynainududusesay 10 Tu
gnsnd teuled:duansn = 4:1 uavlinsiiugad Saccharomyces cerevisiae luguvesasazany 5

fiadans luanarlsfiadeliiAnnsnanueanssedieisnistesaaslianduihnauuudeiostu
nsninsnemswenfigamgivieafiuna 7 fu udnhmsasieaeuUiinaieniusafieiaies HPLC
Tngldlemueaidutuiosay 70 Wuarsuwsgiu lénaindrsiariuanslasunluunsuvesansan
nszvUMIEnuanauiif 2.7 (il 2) Fadunandeaiulasininsunsuveseniueaiduiuiosas
70 Aeundifl 2.778 (Woyalallduans) uariuildnTmvesueanesediinunsyuiumswiinilen 5689834
(m9191 4) Tnenfeufuiiuildnamuesomuoadudusosas 70 Ao 330510 Foyalsilduans) wandlyi
diuhifuildnsnsuanenueamnniasiasgui 17.215 wh Ssaenadesiuranisnisld
wulwdwagiaalunsgevanietanwaglaavingieg
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mAU
1000

PDA Multi 1 220nm,4nm|

750

500+

250+ W

< |i5.383
5606
6.155

T T T
00 2 75 100 125 15.0 175

min
27 2 1A5UINKNSUYRLeNIURaIINASHENAI8TTIENsE suaanelmAn duiaaluuseileiu
AMSNTNRNAUIINNNIUNNTUSUEN NI IESazaNY NaOH Anuludusaeay 10

AT 4 MNSIILERINALASUN INLNSUVDILIANDRAaAINNTMINAI835ISNsdssaas A duima
WUURBLLBINUNSULNENA UL NNIUASUSUENINA8d15azane NaOH Ansludusoeay

10

Peak Ret. Time Area Height
1 2.700 5689834 486212
2 3.193 2237228 51432
3 5.383 133549 7043

a4 5.606 214368 6909

5 6.155 203093 4643
Total 8478071 556238

A3UNaN1339Y

nsfnwueniiaveneuluiiwagaaaniinsvhanglifinueguuveulilluudnasieg ves
uninedeuiglaseansal lunssususgudus Lﬁaﬂaaamsi’a@ﬂismwLezjaqiaatﬂuﬁﬂma was
nsfnwUinaenueslaglitneuriiuduans fetinisdesanelifnduthmanuusioiios
fumsndnldhmsdadondasyhanslsl 7 ana Atuliidessulasnadssunomsilddmsums
nanteulwilivagiaa ielvlfloulesiwagaaniudesnis uaraiusavinnisfnuenifinfiinnuanunsa
Tumsudnieulvtiivagiaagesiuaglaa lnoiinfiuansiunniigndowinana Leucocoprinus sp. Bsiian
woniaveoulusii 0.763 gln/dadans lasildrAanssudumzvesouleiiwagiaa 52.77 gilade
fadn3ulusiu warfinnwanunsolunisdesaanoiniheldffigasesasnforndnddsueniifves
wulwsifl 0.52 waz 0.307 glin/faddns muddu Arfanssudunzveseulnlivagaasiotaninie
wazYanvhaimdalutaqudofionansinens fio 45.10 uay 39.61 gindedadniulusiu sy
wazanmsieulusinenuiildainiiinana Leucocoprinus sp. uvhnstenanaglaadenauyn
wtdnua 5 nfufiiunisuiuaniwdisarsazats NaOH arududuiesay 10 uasfinnsifubad

Saccharomyces cerevisiae lugvasasazanglunananlvidadaliiinnsuinieniueasigisnisdes



32 | U9 13 adui 3 (fuensu - Sudnaw w.a. 2561) T saasezlnsuazany

aanelidaduhmanuuseiiostunsminuginmsassdeuUSinasenueasienios HPLC Tngld
wyueauiusesar 70 Wuasinesgu WWkaidimafiuandaslnunsuresasnnnnszuiums
wiiuansundii 2.700 Fadunandieriulasininsunsuvesemueadududosas 70 uaviuildnsm
YesemueaTinIunsTUIUNITnTAn 5689834 Tnaiteuiuiiuildnsmvesemusadudusesay 70
wansludtuildnsrinsnaneniueamnnninansiinsgiui 17.215 wh dsaenndosiunanis
nsliouleiwaquaalunissesane taneaglaaviasine dunannsinunifsaduayutoyaves
mstudinniisunuveuliviemumliindesame Tanwaglaavietunaliduhmanglaadady
Sappundnluniawdmenmueaiiiodunisidunafiduidaifosmslusssumauiuasdidudomas
Fifimnuddnyseszuundsnulussmalng

JolauaLuL

mAdeivinmantnlusefurosufoRnsiililduiamsvesenuea toedaliannsaay
Yrnaaisufumnudududosazaaseniusalisniesdlotnusuiaseniuea Tuauandeias
MauNUNSANYEInsEUINnsTslRlaUSnnsresemusaiiunnfietluiinseisieiasesdietn
USunasemuealuguiuusiig

AnAnssuUsENA
mAdeillasuyuaivayuniddeeulssinm 2558 Mnaatiideuaeiau ivninedesvy
Yaveaansal lunsvususyuiug §idedweveugudmsunuaivauunuided

1aN&1581984

123 351903 @ 0g5en, USmn Jumasd ua TeBu Bana. (2555). msAnwaasutAnnavesnaunin
wrawraulednaudulsvasdinauyan. nganmm: dmasaianses 9720 aduiit
fuay.

Yaysousnt iSedliaw. (2552). nMawanlenueadnwaglad . ddnIdeiammalulagdinin (1a13
NINYNTHUINITUNVETUST).

Usvanu Bugeu. (2549). mawnzidia. ansmeluladmainens uminerdesediglasoansal Tuwsy
UsuIIgUNS, Unusiil.

ey Lauillvdeyana. (2548). Biofuel Roadmap, APEC Symposium on Foresighting Future
Fuel Technology. o eransdiinavlvg) uemuan. $110 (umnaw) Sudl 28 NeAINEU
2548.

fi3n91 Fadeutus, sasuns JAIUUUN WAz dRY¥d orumanysal. (2548). nsRaLEaNasINaNan
wulwiigagiaaainfunzwiiiduauniafisanlasy. nednudineraans
wndaudin. ngevmEmues : aantumalulagnszsuindndigunmsaianseds.

pAiwy wivalyfing wazegal Jau. (2549). wWiaswiharglil. driindensUnldl wagndanauald, nsudh
1.
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HEALTH BELIEVE OF DENGUE HEMORRHAGIC FEVER BETWEEN THE REPETITIVE COMMUNITY
AND LOW-OCCURRING COMMUNITY OF THE MUNICIPAL THARACHA,
BANG-PA-IN DISTRICT, AYUTTHAYA PROVINCE.

Somchai Durongdej' Thassaporn Chusak® Natnapa Sasang’

Abstract

This cross — sectional survey research aimed to study and compare health believe of
Dengue hemorrhagic fever between the repetitive community and low-occurring community of
the Municipal Tharacha, Bang-pa-in District, Ayutthaya Province. This study was conducted
between October 2016 and September 2017. The study samples consisted of 370 people from
multistage random sampling. The research tools were the questionnaires about health believe
of Dengue hemorrhagic fever. The reliability of the assessment tool was 0.91. The data were
analyzed by frequency, percentage, mean, standard deviation, t-test for independent.

Results of the study showed that health believe of Dengue hemorrhagic fever of the
repetitive community at moderate level 48.1% and health believe of Dengue hemorrhagic fever
of low-occurring community at high level 53.1%. The main finding was that health believe of

Dengue hemorrhagic scores differed significantly the two areas (p <0.01).

Keywords : health believe, dengue hemorrhagic fever, epidemic area
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THE DEVELOPMENT OF INNOVATION IN ONLINE MARKET SYSTEMS VIA VEGETABLE
NUMBER 8 FOR AGRICULTURAL PRODUCT BY VALUE ADDED AND HIGH SAFETY
OF SMART FARMERS IN AMPHOE PHANOM SARAKHAM, CHACHOENGSAO

Nattee Pinthongi* Warut Kitjaruean” Thanawat Noy’chisong3

Abstract

The objectives of the research were 1. to examine the potential, the knowledge and
the requirement of innovation in online market systems via vegetable number 8 for agricultural
product by value added and high safety of smart farmers in amphoe Phanom Sarakham,
Chachoengsao 2. to develop of innovation in online market systems via vegetable number 8 for
agricultural product by value added and high safety of smart farmers in amphoe Phanom
Sarakham, Chachoengsao and 3. to publish the innovation in online market systems via
vegetable number 8 for agricultural product by value added and high safety of smart farmers in
amphoe Phanom Sarakham, Chachoengsao. The study was designed in three parts. The survey
research appeared in first part approach collected data by questionnaire which was responded
by a sample group of 11 peoples in smart farmer. The research and development (R&D)
appeared in second part and third part with Extreme Programming Model, then the model was
implemented by an experimental group of 45 peoples.

Research results, the development of innovation following in Extreme Programming
model, then to implementing, testing and evaluating the innovation. The results of evaluate
performance, aspect of smart farmer’s overall in highest level (X =4.92,5D=0.11) and aspect

of general people’s overall in high level ( X =4.41, SD = 0.30)

Keywords : Online Market, Agricultural Product, Phanom Sarakham
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STUDY AND DEVELOP A PATTERN OF MON-POTTERY IN THE CENTRAL REGION
FOR PRODUCT DESIGN

Kridtyot Comemingl* Kanuengnit Patoommakesorn®

Abstract

Study and develop a pattern of Mon-pottery in the central region for product design.
This study aims to identify the lifestyle of the Mon community in the central region with respect
to design and develop a pattern of product to meet the local identity and market needs. The
results of this research are that the way of the Mon community is a family-owned business that
produces potteries for sale as souvenirs and use contemporary designs. Design and
development of pottery patterns used survey research method and questionnaire. The data
were analyzed, part 1, most respondents were female between 20-25 years old, accounting for
50 percent. Part 2, most respondents preferred the lamps product category 30 percent and part
3, the pattern of the products used in the decoration is decorated with flowers, a bunch of vine,
necklace and garland pattern. All of them is a very good level of satisfaction. Overall, the design
of a pattern Mon pottery is very satisfactory at 91.67 percent and they were moderately satisfied,
accounting for 8.33 percent.

Keywords : Mon, Pottery, Koh Kred

! Faculty of Humanities and Social Sciences Valaya AlongKorn Rajabhat University
e-mail : kk.090422@¢mail.com

2 Faculty of Science Chandrakasem Rajabhat University e-mail : Syck59@hotmail.com
* Corresponding author, e-mail : kk.090422@¢mail.com


http://www.7wondersthailand.com/wizContent.asp?wizConID=106&txtmMenu_ID=7
mailto:kk.090422@gmail.com
mailto:Syck59@hotmail.com
mailto:kk.090422@gmail.com

56 | U9 13 adu 3 (fugnsu - Suaau w.e. 2561) naee] Aduaratlelln Unuunys

unii

dioafaneuvseiimans uyudldazaussdniuiuazyszavnisainnnisduiy
FAnUseirfuhuussAviifudsveuededdfidudnunzvosnuinons su Wy ta3esdnanussinn
$1199) Fupdesdnaumaninaenifuwivnvenisnannuaiosiuium deufiaziiniswamnnisiii
wdostufun Jagtunfvesesdarmdene wanivielfnudiinusssuuas frhuandsauiian
dotuazuslanemishiv undudiaununsnssy Ta1vusfuwidmiunisusenaue s uyedl
mmﬁma%ﬁnaiiﬁiumiwﬁmm%&%uammﬁmﬁﬁwmgﬂLLU‘U Bnsuanifleneuaussienufons
vosyws LazmevauasnIdeneTausssy vuvssadeusundusiasfioaiu (yad Aansasa,
2546 : 38)

Usgind 253 (2536 : 13) nandy uywdldtyglunisiniesziaineasse ileuandlyidiu
fapnudn mnudenslduunvesdiay TaudcTausssuiinuiesende wwéé’uﬁuﬁﬁﬁﬂmmwﬁ%
thiendandensiieg inuesedeegunaiiassdiunanumsfaunssuiifiveiauagisnisame
wosiu 1wy euimanssuedesiufuen Sufuliindunuinonssuiiiaudt fauaonad asiu
Uselomildaos fanumnzaniuiitinvessnthu fdnvasgunseiiuanmeiuluamusuuuuvesnis
4910 1wy d2e 1o v waendionedn Tekmuaiinamandeldindugiiyavennusiuandmiiu
fanuundinussas muRnadeassd uazuansliiuianaeiveanisuanseantseganagile

wpsdufumuenluasiuimeanarafuudsninusssumag ity fesdufifiay
Juendnwaliany Alddnsdaududeuuntudesd Qﬁf]zyﬁymamLﬂuﬁﬁﬁazﬁauﬁaaﬁmmimm
ussnyguiiAnanUszaunsaiflddunentumnangunislugdngunds Gamandmedesiufuniia
PnIMNegrEer Ty ioneninainUssmaniunendelulssmealng waglide1aIRnINI g
wdasiiufumnunde lugaduusnedosiuiumniunumludiavss i furesaul neegrsunsvans
wsednnsndniiioduieniuaauini wnuelasianizituiilunnianarsdasluaugiiin
Wanszenaseunguituil 11 Santn 1dud uasanssd Awiys egsen Unusnil wunys aynsdsins
NyUMNLVILAT aszyd Foum awyd uagenmes uswounislugaufiRgnamnsufiaiunsonde
wanafnle vinledosdufumnldsunansznuegnann anufenlunslfiedosdufunantosas
Q’mamLﬂ%‘lmﬁué‘mmLﬂﬁaulﬁﬂiznauaﬂ%w?iuq wumsHAmAS eI ﬁﬂﬁm%"mﬁuﬁumuaiylﬁ
Woumelunndanunazvingdunaaniagilaa dmnan

nawanesesiuAusnthuresmueglunnanadldsudunenesdanuianussnygul
nMsnnuAsaInasuuranfuTiaiesiudumniieuduendnualianieiosiu udndnSusiuay
ananefaldnvargUuuuiinnmNaNna 1IAVANNITERNUUY WU AnAusTualgjudadnaned]
nadnyhlidnvasvemdadueilifenuiauladmsudnuiu Twwasfoaiussuaiuleueling
atfuayuyrusingg Tiinsiaundnsasigey Swaenndestunmidoienmunainasifidn e
fanudawaily uanudalalffuaud Snfaiewiouanundoslumatigrainvosseay
\ISWgNaeeU (Asian Economic Community) %38 AEC dnae

WA1a Yayen (2553 : 1) Aa1I mwmLwiﬂmmmEJmﬁmﬁ’m%m%aq%uﬁummmﬁugﬁ

v a

Yyeyrviosduniinaunaanidnsusses danuduendnvalianis JanyazwInIsAnLaIE@INaIY

Wi
wsestuiunegdulngaslditnisunzadn yatlna Tadu waznisduwly dnunsndndue



PYd

MsanTideuaziau dlageansel lunssusunyuiugd auIngimansuazinalulad | 57

indosdufumazfunuulilindeu (Farthenware) dnvnzveaofuaziiniumguings fdnunsddy
BOUIUNIUA

doRauznmeifudundsvesinusssy Aavsuas Tausssudanduseaiumalundoudu
msWauresdaudafinisusudsulunmuidouluuazuuneneg vesdiey AnuAnaudeuasnns
abeassAnanuialBeuluniviaseananat (3m duaey, 2545 : 15) luidvedlandagtuiifing
Wasuwasly Aavzuaginmsssusmalioiefeainsuiuiiasuulamia angrefnungyetiagiu
sUnssnanasigidaglnedinsendutiaaneginidur ussuaalaainanuvainvaieves
US4 3UNTs maenaudadiuiianivnauna workazelfisdldgninunaiisesduszney nsqudinla
sunssluednliitaniurianagiagtu Wunszuaildsunsneuiuiduedsiviedunandisinngmu
seinfiedn gﬂmaﬁﬂugﬂﬁiiu (Tangible) wazilanumunefiuuusssy (ntangible) NDANGNT
awasdlidunuiifimsesnuuunanfasisulmiifnnuaenedestuindisludsautiagiu

nseenuuuiiisndunisuidgmiieliussamuimuneuiognussasdiiceld (Design
is a goaldirected problem-solving) wasunud FeqnUsvasdludsllig Srinseonuuuifioadns
JulvllFunndsanvesiu viensuiuuy Uiudsunnudsreadalfiimnunauls nseenuuutiu
Jutunewlesiuiiimuddyedraniiazrildnszuiunslunsnandudvienanfusilszay
waduSalumaauazasnmiiming muosnuuuidusiiuyssastulaenmadenitetesdlszney
vesavzandnFosiAngunsduifiannsaaussainudonisnugauszasdvesiaing wazannsa
wanldT e Taquarnssuiinsnandidogluone iy

NANN1998NLUY BUIBEE MUY TENDUAY Yosfalzandnnainlgiuinliie
ANLNREIIMINTaNnUlATIaTIaniauAad 1wy fasnin (Balance) dndau (Proportion) A
naunau (Harmony) ¥3adavg(Rhythm) wazaaisiuresatudaly (Dominance) (§vR Lnes, 2538
67) uAndnnnssngg AnananazliBenguasiinedalumsufdRmaznsiauaznisainsassrany
HumsuAtgmidsenaagdesdimadpulandoufuusmudnvurnuieliAneuduenaimn

nndoyadind iy anarsiaiesdudunnuendudsiiuaulafiasagiuning
wmzLﬂuﬁﬂﬁuamaaﬂﬁaqﬁﬂmmw 00 vUUsIILLEEN TausTINUTEINGl FNYEU0IaINaIY
nssuislunisudn Anulszdavesainatefiiiusndnuaivesyurunen elauinonssy
wdesilufumnuenyldsunissus wagtitelfiAnnsRaLIULUUYe IR B UURAN Fus T AR L
wilnvauivgpaduaenAd ot uIDTInvesyLTUNDLY mL‘?;Juﬁugmlumsaamwuuazﬂ’mmmﬁmﬁm%ﬁ
ASININALFBINITVRNEUTIA sialy

nnUszaIRvaIN1TITY
1. 1ieAnwInInVeNIULONANA NN LB UaIna AT TURAUNN
2. WilensenLuukasiRILIaInaBNaA S uTLATIUUAULINLBYAANaN L TdOAAA DAY

v v

PANEAINDINULALATINUAIUADINITUBINANS



58 | U9l 13 adu 3 (fugnau - Surau w.e. 2561) naee] Aduaratlelln Unuunys

Wanliun1side

MnmsAnwMIkanaissuiumnazAnminguivhauimanssnadosdufumninmeinia
Fminuuny3 iothdeyaunldlunseonuuunansias deidelduvsdlunsinwmesnidy 2 g
Twagq waid

@il 1 msduawalluuianzdn (In-depth interview) lumsdunwalfiermgaus
Fmonssadostuiuniidusraunsainageudiuguanziiu itellédeyaiieatuniseenuuy
uazHmUIAINaTY

dwit 2 mslduvvaeuauauemelafiAsafunsesnuuuuarananewedostiufuimn

NaN15398LazaAUIENE
1. Apszinsosniuulas WaaInaNeLATastuAULKNINDY

HAaMTIATEitayauarulananLuuasunny @i 1 deyanily

M19199 1 wuTesavvesdeyaily

Foyavnly U (AY) Soway
FAFADURUUABUA 20 100
1. e
U8 7 35
VAN 13 65
2. 91
20-25 ¥ 10 50
26-30 U 2 10
31-35 7 4 20
36 9 Tuly 4 20
3. 91N
Hniseu/dnAnw 10 50
1519713 1 5
NUNULDNTUY 3 15
GRRRG PP 6 30
Buq - -

nswUannuviinedud 1

91NA5199 4.1 Anevuuvdauaudiulngidunandgs S1uau 13 au Andudesay 65
sosasundunwawie Sruau 7 au Andudesay 35 91g38ning 20 - 25 U $1uau 10 au Andufesay
50 @1y3¥MI19 31-35 Vuaray 36 Wuly Srunuvinfueeas 4 au Andudosas 20 UALBIYIENIN
26-30 U d1uau 2 au Andudesay 10 ordwiniSeu/dn@nw §1uau 10 Aau Aaduosay 50 a1Tw



PYd

MsanTideuaziau dlageansel lunssusunyuiugd auingimansuazinalulad | 59

g3nadui S1uau 6 au Andudewaz 30 wilnawensu $1uu 3 au Aadudesay 15 uazdrsunis
Jwau 1 Andufesay 5

M19199 2 IUIUTPLAYVRIROULUUADUNIUATUNER 01

UsELaNNARS o9 UIU(A) Sovay
1. ¥038197 5 25
2. uwanumenld 2 10
3. nsvatenulsl 5 25
4. Taulw 6 30
5. nouldirdeaiay 2 10

MsuUanuvaIui 2

1NAN5199 4.2 fraunuuasunudulvgiuveundndusnussinnladll 1w 6 Ay An
IS a o < ) o a @ Y a o ¢ v 4
Jueuay 30 winfugiuszianvesdisig 9y 5 au Aadudesas 25 wandurivssiannszansnuld
° a & v a o ¢ oA ° a & v
91wy 5 au Anldufevay 25 ndndusiussinnueuldiniomen d1uiu 2 au Anlusesay 10 uag
nandasiussiannszasiuld Suau 2 au Andusesaz 10 Maneleegluszduuin Andufevas
91.67 wazdimnuitanelalusziviiunans Anluderar 8.33 lngdasgian Ussinulunuudeuniy

nMsiTgsiALadesaegns (Sample Mean) Adesauuiasg i (5.0) wleldesunsaiade
vosdoyaildanuuuasunuUsziiud 1-3

MTATIEdeYalazUANAINLUUADUATY dawdl 3 seuemuiianelaluainanedildly
ATANLAY

A15197 3 Anade wavAletuuInIgIuTessERuANnalineaInateilglun1sanus

Useiiuy X S.D. SLAUANTINDLR
1. Snvarvesanaefinnus
1.1 anenenly 3.95 0.83 110
1.2 anglulyl 3.45 1.15 Urunans
1.3 a1LA3aLan 4.25 1.07 170
1.4 anwasoume 3.80 1.11 170

1.5 aMgnW9ingay 3.75 1.21 1N




60 | U9l 13 adun 3 (fuenau - Suaau w.e. 2561) naee] Aduaratlelln Unuunys

A1519% 3 (D)

Usziiu X S.D. sEAUANURNDlY

2. dnwEYDIFUNT

2.1 gﬂmiuwué&a@u 4.05 1.00 170

2.2 JUNSUUUTIEdy 4.00 1.08 )
3. wiadafizihuldlunisanuss

3.1 watlan1sUseivalnay 4.15 0.99 170

3.2 MANANITWNZAINaY 4.55 0.89 4N

3.3 WAlANNSIANERgRAANY 4.40 0.88 iy

3.4 wAdansdunle 4.10 1.21 170

nsuvaruvIneUsEfud 1-3

91NAN5197 4.3 wanein grouuuuaeuamiianufiansladeniseonuuuuazimunainaie
wdasilufumnueg nesmeglussduionelann Wolesziidumets wuidnouwuvasuniud
anuiawelaluszduinnifeuynde sniiu dnvarvesamansuululifineuuuuasuaudiadi
walaluszAuiunan

nansiATzitoyauazulananuuUdeUmNTEAUAITawelaUstifudl 1-3

wuvasunmsziuanufianelauniigauazanelalutiosdian luileaniseenuuuuay
fimainaeiesostufusuen MnsuIuireusuUaeUaTY 20 AU HANTTATIEiLazLUARATN
wuuApunmTa 3 1y aguluninsaulddd drevuuvasunmuiinnufisnelaremsoonuuuainaie
wdeatiufumuey Ingsiueglusedu Uinans - 1n

2. naALIIRAIATs AL

Tngthnannuuvasusnldlunisesnuuy Jwaanmsasuniuwuii greunuuaeuay

dnlnnTuvounandnsiuszianlaly uasduveudnuvaraeansinieiaiuazarenonlifinniian daw
gﬂ‘maé’aﬂﬂsﬁgﬂmumuﬁdtﬁu ﬁy’aﬁ@%’dé’aaﬂLLUULLazﬁwmgﬂLL‘UU il



MsanTideuaziau Flaseainsal lunssususyuiugd auivemansuazinalulad | 61

sUnuulawlWuuuil 1 sunuulaulwuuuil 2

“i‘l l:u
Sl

A
i p VA
AWl 1 s gUsuulal ;giJLL“U“Uﬂ‘?‘i 1 AW 2 s gUuuulasl EﬂLLUU‘ﬁI 2
sunuulanlviuuudl 3 sUnuulaalvluuuii 4
[ i
r/“" \\\
\
%¢*¢tf+#¢#
PN
ol

A 3 maimngysuulavll Uuuui 3 A 4 nMsimngusuulaull gUuuui 4



62 | U9l 13 adun 3 (fuenau - Suaau w.e. 2561) ngae) Andlanavatisdn Unuunes

AN 5 HanA el AN UNNSeRNWUY

A3UNaN1337

NAIINMIDBNLUVLA AN IRATELA DI LA me R MANa L iiDBaNLUUNER: T Tng
MsfasannuuUasUn LT sainsauladudiun tevad

dwil 1 agunateyarily

drufl 2 AnuFINSUTUNS e AN

dwit 3 meaneitlilumsnnusis

il 1 agunateyarily

asunanisiiudayasndrounuuaauniy §1uau 20 au wudn Wuwands Sevay 65 1lu
wene Sovay 35 Inediongsewii 20-25 T Sosay 50 01g5ewie 31-35 Juaveny 36 Touly Sevay
20 uaYeYsEIIN 26-30 U Fovaz 10 FeorTnlasdnlnapduiniFeuindnw fevay 50 e1Tngsna
dwd Sevar 30 wilnnuenyu Sevar 15 Lard1519n1s Sewa 5

dufl 2 mnudesnssnugUnsave sHEnasl

agunasinnisiiudeyadiuaiiudesnissunsmdndud $1uau 20 au lnegneu
wuuaeUAIuTeUNARAusiUsznlasl Sopay 30 nanfaristiamuesting Sovay 25 Hanstael
Uszlannszans fevas 25 uaswandnsiUszinvneuldiniesven Sovas 10

dfl 3 sefunnufianslavesaananeiililunisnnuss

HAN13d1519NERBULUUARUINTITEAUA N aNelafoN1ToB N UUKA HAILIAINATY
wdosiumunueny tnesmegluszdufisnelaun Welnseilumede wui



PYd

MsanTideuaziau dlageansel lunssusunyuiugd auIngimansuazinalulad | 63

dnwagvesananglulifissaiuanuitanelalussauuiunans
Snwagvesananenanlddssauniuianalaluseauuin
SnwagvesaInanelAsalandseaunNianelaluseauuin
SnwagvesaInaneasesnaiissAuANuiawelaluszauln
SnwrIsInaeNINNailssAuAURelalusEAUNNN
NATINVDITEAUAMNNINB AU UUdD U
HAN1TIATIERAINTINVRY gnauluvasuniudanuiianeladanisesnuuuainaiy
wiosiumunuey lnermeglussiuanufisnelann Andufesay 9167 uasinnufisnelalusesy
Urunans Andudesar 8.33 lngliaTgannuseiiuvasiuuaauany

Joluauug

Jotausuurlunsinansideluly

1. miaamwuammaLﬂ%‘laqﬁuaum’mam mmiaﬂﬂﬂﬁﬁ%ﬂuﬁuﬁé“uq 1§ vaildes
AN YL VRIAINAIY VUAVDINENTI BUNAINITIHN wazidaunaaiily

2. MsimAINsLarsUNTweaAosuRuIIeR ansafmuliTiaTmmaIvane
ftlaguagfuanudeinisvestoonuuuuazngugndn iusu

JorauawuelunsAnwILALLALY

v P

v ea

1. msiausUkUUTemEniuginIsAsdnungugnAneuieldlunisesnuuuxan ey

gnsias
2. ysfinsianguuuuresussyiueiiiedunsiinanuaulaliugnan
3. siinsldnalulagdmsuidudomidlunisdminedud
AnAnssuUsEnIA

seuNTidedes mafnwuarimuainasieisiufumuegnianaafiooonuuy
wAnSuT fierensuidemagiuaiosduiunninmenis fmiauunyi Adenueyanesitons
Tumssifiumside veunszaumdngmsaliladisniindfioyaneiedosdiolumsvaaey dmiuyu
atuayun1sIde Iasuruaivayunudds (qu 99) 1nantuidowasimu uning1desvdgilay
paensal Tumszususguiug Yeuuseanm 2560

LaNE1581984

g0 fatame. (2534). sadUsznauvasAaUy (Rurindadl 6). nysmEmuas: nedauimiils.

Foyoyrnua Unniusne. (2553). nszuIuNsHAnASastiuAuILAzUIUNYBITITUTIA B TasTas
gruanizinia 811naU1nn3a IMTauunys. sreunsinudassusyynss
Uszmauenans indadin Inendonisunasesviesiu umninerdeveunny,

w1l Wiadn. (2555). nsfnersUuuueTastiufiumnizinga gidygswiauunyiiianis
danuuugannuasalulne : nsalfnwsaasnurenan InendnusuSyafaunssumans

UUUMTIN @1UBUTANTTUNITODALUY UM INYNGUATUASUNT LR



64 | U9l 13 adun 3 (fuenau - Surau w.e. 2561) naee] Aduaratlelln Unuunys

we¥nil nIFe. (2540). IFN1TAITeNNGANTTUAIEASLATFIANAIEAT. NTUNNENIUAT: 1100
VAFOUNWNTANWITIINET WInedeesuasunIlsmusyaiuing.

fiena yagn. (2553). idastiuAumnuunys. nsumusmuas: 1assnameunIHanLUIMInms
wNEIAY WnINeNdualuiesTINIEeY.

Indns BeA33anl. (2541). WeRuwsndnd. njawnumuas: lewdeualns.
Fyad §g13704.(2546). WAUIYNIUNRDNTIUIATRHBLATRTdNUGIU. NTuNNUNIUAT: ATAAN
a1An3N.

T304 A0y, (2545). 2BAWUUNTINA. NFUNNLMUAS: Blounledd.
. (2531). BAALUUNTINA. NTAVNUMNIUAT: TITABITA.
Fa01 nAdLA. (2553). n1IRALIAIAaBLINaNT1TaaNKUUNBNEWaRaYL T 1w Tes Tneinus
USgeyrumdudio @a1wniviesnwuuiwadal nelvieenuwuuiwadald unnineiay
fauns.

a

AU W3Tesane. (2552). N15A38FAIN1TRRNLUUKERTNMIIvasnudsiuInTaawae LY. A

o

Aaunssumans unninedewmalulagsivusnasyys.

ANNIA Buel. (2547). NENNISWEUNIN (WUWATIN 1). nsannamiuas : lewdeualns.
Aad Wyzad. (2536). AA1Y89IATNITIAINT. NsUanIAaUNTTHSINaTeveeAatuguiend.

NIHMNUMIUAT. UMINGIRUTITUANGRS.
< o £ i & a & a wva
quana anadan. (2548). inasdufuinn Wugiun1seanuuuLasUfUuRL. NTumnIrIuAT:
UEwoAin Wsuv 911,
quR Lonea. (2538). nannsviAuRay. (RUwATN 2). n3annumunas : h1snysnsium.
gnsal louasey. (2541). wagyludiadlne. nJunnuviuas : unInendusssueans.
8713 qViBNUS. (2524). NIPBNWUY. NTIVNNMILAT : IneTaumde.



NITITeuaziauw tlaveadnsal lunsyususigudud avingmansuazimalulad | 65

nshamun1sasuulainsTdusslevidninuuaznisvenedadiosdmingiin
¢ o1 2 o < 3
WAIA1 WAFIE" NN 1S Undl 29

UNANED

lumsfnwadsll dinguszasdiofnmunisideuivaimsliUseloninauuagnisuseiiy
msveredndeduiundminguinlusenineg wa. 2552-2559 Ineussyndldssuvansauneagimans

U
v h

wuilutissvezin 7 U fufimainuesanasiaifudesas 33 Weifleunnitufidalud wea. 2552 Tog
drulngAsuluduiluiigeuuardngnadne uasiuilds luvueifuiiyusunasdsgnasafingu
Anidusosar 11 TnsdulngiuAsunuaunimnaiugimng sasnsveedudesimingindutu
Tneiade 1,347 1960t (2.16 miwﬁimumcﬁa‘ﬂ)Imaé’wmaLﬁaaQLﬁmﬁé’mwmﬂmaﬁaLﬁaqmﬂﬁqm
sosaaADsNona uarsunengy] mudu uildfinansenusoiuiididulnessauyd mafinnu
mswdsuulasnisldiinuansahivldlunmsinyszdnsnmnsnadaflonfiesesfunsasadivle
voadlosmuglufumsiaunsiosdaniosgiinduinsdedunadeluomanld

Adfey : M3veneidios mynedadies wlevienslidinu Wewaadey Weululinsredaindoy

fo A

91975 v ndlnmansuazain Ay Imermansuazinalulad unIngraysssumans gueTIan

e-mail: sangdao@mathstat.sci.tu.ac.th

2 yih3% AzinpluladuasFandon umivenduasaiiaiuns Inegnungiin e-mail: jutaporn.k@phuket.psu.ac.th
3 faeinve easimeluladuasdundon umnIne1damvaInsuNs Menvagiin

e-mail: noppachai.w@phuket.psu.ac.th

‘Hiwusnan e-mail: jutaporn.k@phuket.psu.ac.th



66 | U1 13 adu 3 (fuensu - Suanau w.A. 2561) WA NARELAYAMZLAYAME

LAND USE CHANGE MONITORING AND URBAN EXPANSION OF PHUKET
Sangdao Wongsai1 Jutaporn Keson® Noppachai Wongsai3

Abstract

The study was aimed to monitor land use change and to assess urban expansion of
Phuket province during 2009-2017 by using geographic information technology. Results pointed
that over a seven-year period agricultural area has decreased by a factor of 3 and was mainly
changed to urban built-up area and bare land. The built-up area has increased by 11% and was
largely transformed from para rubber plantation. Urban expansion was evident in the study with
an increase of 1,347 rai (2.16 square kilometer) per year, on average. Expansion rates were
ranked in order from Mueng Phuket district, Thalang district, and Kathu district, respective.
However, there was no sign of natural green area being threatened by such expansion.
Therefore, monitoring land use change will improve the efficiency of Phuket urban planning,

with a focus on the urban growth development along with the sustainability of smart green city.

Keywords : Urbanization, Urban planning, Land use policy, Smart city, Green city

! [ecturer, Department of Mathematics and Statistics, Faculty of Science and Technology, Thammasat
University, Rangsit Center, e-mail: sangdao@mathstat.sci.tu.ac.th

2 Researcher, Faculty of Technology and Environment, Prince of Songkla University, Phuket Campus,

e-mail: jutaporn.k@phuket.psu.ac.th

3 Research Assistant, Faculty of Technology and Environment, Prince of Songkla University, Phuket Campus,
e-mail: noppachai.w@phuket.psu.ac.th

“Corresponding author, e-mail: jutaporn.k@phuket.psu.ac.th



NITITeuaziauw tlaveadnsal lunsyususigudud avinemansuazimalulad | 67

unin

nMadsundasnislivsslonidfuaziduanmawisuwasniufit liluduiuiiie
\NuATNTIN Wagsaaniuinunsnesuargnuudsundasluduiuiipmuuarisgnadaiiofegonde
U51n9n15a89nan2 Andulunarefiudivalan wu ludssmadulaiide (Verburg, Veldkamp, &
Bouma, 1999) Uszineidu (Wen & Shao, 2005) saulusdaningiin Useindlng uguiauazuainid
(2555) Anwinsiasuutasiuiilifludmiagialuiisssezna 23 9 lasuvadu 2 9190a1 fe
2371 1 58Il n.. 2532-2503 uaz$aedl 2 5emined A, 2543-2554 Feganinanennitouiild
1pun Landsat 4 TM U w.@. 2532 Landsat 7 ETM+ U w.. 2543 uag THEOS U w.A. 2554 Uagyin1s
AnngideyalasUszyndldinalulagnissuisserlnauazssvvansawnagiiaans wuirlugae
svozian 12 Jusn Huiivilianas 4,700 13 luvagiluriasszesina 10 Jdewn Aufltlianasds
14,600 15 Aoy 3.5 LWNUDIYINAITIURIN ImaaiauimﬁuﬁﬂﬂﬁgﬂLmuﬁé’wﬁuﬁmimwmmm
UssLanfiuduiudaion 1dud srmnmuazainundy nsana swesitufivnldiinanatnusuiam
isvgiauazdsnuwisnAatuil ¢ fuulevendndilidmingiAnduilemionieumuiinisiamn
QAAMNTTUIIDIUT (WA, 2520-2525) {OUNIMINTUATLAIATD (2556) Anwinaiudsundanisld
Ustlonifiruluuinaiuiominaumisusumiulsemalnglusewined we. 25022552 Foyauny
Ansléfauililunsfnwianannsuiauniiau uazdinsgideyalaeUsegndliszuuarsaumne
gfimans suidaniagindiufiyurusarisgnasiadindy 31,000 13 Sefinaninumuinm
\swgRuadsnuusienAation 9 (ne. 2545-2549) uazgvsmansmsianfmiagin U wa. 2549
suulsunendnfunazduasunsianssumsvisadisaludming Al dugudnaranisienieima
nztaszaulan ﬁﬂﬁ‘ﬁuﬁmwmmiud’sﬂﬂﬂﬁgw?{aulﬂLﬁuﬁuﬁagmﬁauaﬂsuwm Wioseesunis
\Sydulavesgsiansviondien naianmsidsuulaimsldusslenifiduiming innasaaomeanssy
s %aﬁmammmaiﬂmi“ﬁ’uLﬂﬁ@ﬂJﬂWﬁ&JﬂﬁﬁgLﬁ@ﬁWﬂJﬁLﬂwgﬁmmzﬁmﬂuﬁuﬁﬁai’uﬁ 22
Furnau 2558 A ATy, iureuLNuLaz Az BealasinsMelinmsfuindouaTysAauasdeny
A3t unuawd 7: nsiansiesdaades Tassjuunsianniilowasssuuiasugiamugluiuns

o 3

ShwnaunanueaNanysalveminenssssuAuardwandon Smiaguindudmianieilisunis

v A

dadenlmdudunuureniiesdanios (Smart City) ilosannflianuvangauvosdununisdeny
Fausssu Ussindl anmglimans laswghuaznisvioadien fafu nsAnwuezRnmunnUAsuLlag
msldusslonifiauegsraiios ?NLﬂusﬁa;ﬂaﬁugmﬁﬁ’]é’agﬁ’m%’umi’mﬁaLﬁaqamwwamﬂ (Smart
Urban Planning) Tnesinunszuaunisnaununisldffuiieliiinisdnnisuasmunuguanislivss e
fRuegramnzautaziiuszansnin lnsddaiansasyiulaveaiiossniozgiin (Phuket Smart
City) mU@ﬂUﬁ“‘umi@LLa%Jﬂ‘mLﬁaﬂﬁﬁqm%’ﬂmﬁuﬁﬂﬁL%snliasi'mé'fﬂ@u (Sustainable Green City)
IngUszaIAvaIn1IdY

Anwuariinneimsiasuuiamslivsslevifunasmsvensinilesdming inlutg
seppa 70 Roul e 2552-2559



68 | U 13 adu 3 (fuensu - Suaau w.A. 2561) WA NARELAYAMZLAYAME

Wanliun1side

fufinsfnwuasdoya

Fnnifnisogmsiiang funnideddvesussmelng Tungiaduniudadudumises
umaynsdulie Smiagiindinzginduinendniifvuialngiianvesimia uarlvgiigaves
Usznd seudensienzuinsuunadn 4 vaneiny suiuiiveaudsyans 538.4 msisilawas (g
71 1 m3eilammsviniu 625 13) Smiaguinudseandu 3 sune Uszneude sunewleagiin s1ne
netf uazdunonans Inesunenansilituiunniian Anidudesas 52.4 vesitufivaue

Foyailtlumsinneinsuasundasmsldusslovinnu 1iun deyaunuiiniglinifulud
w.A. 2552 nnsuiaunfiay deyaunuiinisldiaulul wa. 2559 9nseauisensinigudeya
FaituiinslivseleniiiaulensatladnmaigaifionifdenuaziBongs sminendoamaueiuns
(L&an3, 2560) LL@zﬁT@;@LLMﬁ@U%LW (Topographic map) #1957@3U 1:50,000 a16Uyn L7018
MNNTUUNUTNIN

nsUFuLABaiumtaLazisuIadn (Geometric Correction) LilowAluanuinnaiavie
mmmmLﬂ?i'aumaLsmﬂﬂmﬁlﬁmﬂﬁmm%’a;&a nsUTuATuiamnagiiaans (Geo-referencing) lng

14351991989 RANLUULKNUNASLNUT (Registration WUU Map to Map: Ground Geo-correction) A1

a

Afmasulussuufidn UTM 81sBaunmsgiunia WGS 1984 Datum Tulwu 47 wile wazldunuiig
Usgina 11a3du 1:50,000 Wuusuiigiu Wethdeyaunuiinisléinuusasdundeuiuiuunuiign
wéasiufiunisidenganiuaun1m (Ground Control Point) flanunsaueafiulddaiauuarlsifing
Wasuuladlunutaanm 1wy ndnvesnuuaendn anuiiswnns iudu
nMsfnvlaseissiannislivsloviiduduunsed uonamdssiamitaulad 10
Usziam $adsnnamdnnisuasionmeansuianninu Inouansanumnevesdnuugnislivselovd
FRuudazUsznnlilumised 1 wasfnedasizinisiuasuuainisldiiay (Change Detection
Analysis) andoyaunuiinisléiifuis 2 92a9a1 Fremadianisdouiuidsiiufinuusan (Union
Overlaying) maagﬂ%wmamﬁw WiomuanuvndnisiudsuudainisTéiiau (Transition Matrix) 3
il lumsfinudnuuzvssUuuumaisuuasesnisldiiuutasssandaudd we. 2552 wa

U .. 2559



NITITeuaziauw tlaveadnsal lunsyususigudud avingmansuazimalulad | 69

A151991 1 NSHUIUSENNNSIINAY LAgBN989mUTaNNISwa REIUIINNTUN AL AR

Aga Uszivnsldiinu Snwrnsléiinu
U LI weusasdelgnaine Awgnadianadnsinie enes auu agmiu nasnauszuvansisyulag
#g q fyudadietu
A LU2  @uenemns AuITMNUIHAN Tandea Fuseuadnuazaunelng
LU3  authdy muthduynUssan sedudidumunadnuas suelg)
LU4  anusenin aumniynUssan Raduseniunadnuas wunleg
LU5  aedudnuasnalyd aufivineng 9 wazarunald laun yniSeu e aened azne naw uay
FuldBuiituu
LU6 InwAINTINBY 9 Wsuuadnd uaznTUsERNER
F o7 ld Nuinddulivarsviavzuuiy dalngduduldvunslvgegluuiiom
fiuiigs W tenien Ban
Lus  Uweiau Unlnanns Aodunqudsaniindstusgluivnihasgauazitugegn
Uinameiimeia Ui
WooLU9  uvdsh uwidshgumiles srufuth eaes uazuvanhdamusssumnd
M LU0 iuilldsuavituiisy %ﬂLﬁuﬁuﬁViﬁmﬁwﬂﬂqu fufingslitnsldfiadla 9 sudeiiuiiunde n

19519 wazyIEnIa

wan1sAneLazafuseNa

nansAnwMSERALD .. 2552 Wudwﬁﬁuﬁﬂqﬂmqumﬁmu 124,000 15 %383puay
37.1 vosiuiianw waslud we. 2559 anaudu 83,950 13 wiedeuay 25.1 veafiuiidny (M1 1
LAz ANl 1)I@aﬁuﬁﬂqﬂmﬂmﬁﬁmiﬂizmUﬁaagﬂué’wmaamq Fuduuinumeuuuvesimingiin
wagluvdueguugunastuuinuneuawefmiagia ﬁﬁuﬁﬁ;muLLaz?imqna%fNﬁT’m’m 82,570
19 (¥osaz 24.7) Wulusn wasifiududu 92,000 15 $evas 27.6) ludnd %aﬁa’mmzmacﬁaag‘jﬁaﬁgﬁ
ﬁwﬁmgﬁmhﬁnmﬁuﬁiw wagsuuiuAn LT un 60,550 15 ($esay 18.1) Wu 68,610 13
($oway 20.6) Fadnilngunaguuuiiufigaigeiulnsemeluiuiidnienmssum

miﬁmﬂﬁmeﬁm'ﬁLﬂﬁ&JuLLUaamﬂ%ﬂiﬂ%ﬂﬁ'auﬁwﬁfmgLﬁmé'?uwi%w.ﬁ. 2552 — 2559
(5197 2) nuifiuildaasituiau 9 S'TiaLﬂuﬁuﬁvjﬂmﬁwlﬂazLmzLLazﬁuﬁauamﬁm%’Um’%awﬁ’]ﬁu
dieoidsuduiuiileugnasgnadaiimadeuslanistugean WenSsuiisufuiiuivssandu 1
571 18,090 15 Tnedlsuau 22,170 15 Tulusn uag 40,260 15 ludnda fuilaeiiliwdsunasiulddie
Uselenidu q fs1uau 11,820 15 waziudsuluiiieuselevidu 9 9 10,350 15 (22,170 - 11,820 =
10,350) Immﬂuwumﬂaﬂaﬁqmﬂmmm 4,904 15 AntduSevay 47.4 Tun1enseiudny mu‘LMmﬁu
mumqmimﬂmaammaqmLﬂuwuﬂmmmu 13,040 15 Amdusesay 32.4 Mswasuulasitufias
qu«maLLazwuwm"memummumummumm Tnsdulngiasuudamnnamniudiaiuenans,



70 | U 13 aduil 3 (Tuerey - Suas w.e. 2561)

UEIANT JIAENELAY AR ALY

a3 2 nsldsunasnslinauludminguinsenined we. 2552 - 2559 (miae: Wuls)

ansleAnud w.e. 2559

2552 LU1 LU2 LU3 LU4 LU5S LU6 LU7 LU8 LU9 LU10 374
LU1 67.09 0.940 0.105 0.474 0.911 0.519 2.290 0.487 2.634 7.125 82.57
LU2 12.24 77.14 1.855 0.622 3.838 0.254 13.85 0.551 0.602 13.04 124.0
LU3 0.033  0.203 0.590 0.014  0.048 0.006 0.000 0.000 0.009 0.033 0.937
LU4 2.489 0.013 0.148 2.854 0.991 0.056 0.875 0.342 0.091 2.117 9.980
LU5S 1.105 0.402 0.102 0.058 1.442  0.067  0.020 0.059 0.085 1.739 5.080
LU6 0.440 0.074 0.070 0.063 0.105 4.192 0.055 0.213 0.216 0.334 5.761
LU7 2.602 4354  0.135 0.005 0.356 0.000  49.70 0.228 0.036 3.139 60.55
LU8 0.680 0.052 0.005 0.016 0.031 0.089 0.491 15.86 0.805 0.549 18.58
LU9 0.412  0.020 0.016 0.018  0.027 0.012  0.027 0.351 3.006 0.371 4.259
LU10 4.909 0.748 0.268 0.048 0.583 0.310 1.303 0.357 1.823 11.82 22.17
Eieh] 92.00  83.95 3.295 4.170 8330  5.500 68.61 18.45 9.310 40.26 3339
Ju. + - + - + - + - + +
9.430  40.04 2358  5.806 3.253 0.256 8.053 0.129 5.047 18.09

PRSP
A Ada

e (1) wnussnndellrndeiudilifimsivdsuuas (2) wsunnuueuduiudiininisanasan® .. 2552
wazasuudaslufunslddselevifinusinlalud we. 2559 (3) wuawnudaduiuiintnsiiiuant we. 2552 uas
Wasuwvasldidunisliusslovifiausialalul wa. 2559 (4) UU. nuneds nswdsuudainisléfinuurazussnmly
se9inet WA, 2552 - 2559

423000 432000 441000 450000

423000

432000 441000 450000

864000 873000 882000 891000 900000 909000

855000

9098000

e M cda W oar
waufinslidssTondiiudmingda U e, 2552

900000

o 25 5 75 10flewms

891000

]

% fedunedydnunl
mssuunmsliszToviiiu
B Avugnata

AWEUWT

882000

A Ay

7 auuewin
7 anusdnuaznaldl
B e
B

B dhwneau

873000

wmda

P
W il azitiiie

864000

— wouwadiing

:{;
‘ f

[
-
855000

864000 873000 882000 891000 900000 909000

855000

e M cda W oar
wiuiimslivsslenidudmingia I wa. 2559

9098000

900000

o 25 5 75 10flewms

891000

< %
fedunedydnunl
b st

B Avugnata

AWEUWT

882000

A Ay

7 auuewin
7 anusdnuaznaldl
B e
B

B dhwneau

873000

wmda

P
W il azitiiie

864000

— wouwadiing

4

855000

423000 432000 441000 450000

423000

432000 441000 450000

= - vaa o o 2 o
AN 1 LLNu%ﬂWﬂ‘U%@u‘\N%’JG‘IQLﬂW U WA

2552 (11Ug18) ke U W.A. 2559 (1uvN)



NITITeuaziauw tlaveadnsal lunsyususigudud avingeansuazmalulad | 71

¥ '
N a

A1319l 3 fufigusuuazdslgnasisdamringifin Suunsiednae Tul we. 2552-2559 (mie: Wuls)

9 Y

nsldiiau gunaudiosin  swnensy  dwneaas  dewdagua
U-2552 43.05 14.66 24.86 82.57
U-2559 49.12 15.25 27.63 92.00
HARS +6.07 +0.59 +2.77 +9.43
SovazmsiUdsuuas +14.10 +4.02 +11.14 +11.42

Tuszarined wa. 2552-2559 Snsnisvenefaudiesvesianingifmfutuiosas 11 vie
9,430 15 AnududnmmadsundaddasadelngUszinanfindudu 1,347 19eT v3e 2.16 a1
Alawungsiol (131971 3) wardidnanimveeiadiesusnsiesune Sosdduanunlutiosdsd s1no
dlosiiin (Feeaz 14) Sunenans (Gewaz 11) uardunensy (fevay 4) mud1du

uuasEgRatardsnualufl 4 (. 2520 - 2525) Wugadsuulamesimingiin
nnidlesiiliugnanunssunieustiynnaneidunisiesirieliugaduiuresnsviouiirluimia
R QMINTUATUAINTI, 2556) dmsumaasunlasmstdussloviinulutaed) we. 2552 - 2559
vosituiianingifin lutszerinat 7 9 Ak fuildafsdunndagaidefioutunslivsslon
fRuUssinnau q \Wuduau 18,090 13 viouiniulaoiade 2,584 l36ed Iﬂaa'auslmvjﬁ‘]uﬁuﬁﬁaia
ﬂ’]i‘UQﬂ?ﬂlx‘lﬂ'aﬁ%’N iaqaamﬁuﬁ?qﬂqﬂa%ﬁalﬂﬁu 9.430 13 Wiawintulaoiady 1,347 l36ed uloune
wazunugnseanilussfudaniaveegiiin we. 2553 - 2556 AflulevienisiauInsviosiog
1AsFILANAFUNIUINsuaEgIATiAetes UM Tiea iy ransnunsvioaiien Jedwa
Tifusamuidussmauasisssmadanmawineluimiaginduandy dlidenudoanns
fufigurunardsugnadnesiuaumntunaludae wWu Srudnass eeulafifley erniswidied uas
Tsausu Jusiu

fufiguruuarAnignassdulvglignuiuiisunniiuiivgnensns msvimsanuns
Tudmingiinantesauiesanaagramnssumsvisaiieafinisaiapivlnetesings ilinumsns
UfuBsundiiunisionssudunisveaieaannty PnuRugnsmansdinununsdminguing
w.A. 2557-2560 uandliiiiuinaaunisalfidsansenusenisdaaiunisinums 1191nnsidsundas
vy 9 fu aduesugia deu Aanadon wasinaluled TasiawzegnsBensiaundmiagfinl
Wudlewieaiinrsziulan wasigainasmuduseneumsvanimatgavidinamuniansviesiies
Tufiud Jaduaungliinuasnsvesimiaguiafuluamuaaniseaiivafududiuiunnn iosin
fufinuesnssulufmiaginaisyasmaasugialddos lidufuadivesifu Tnsmelufiud
waaieaiieammeta Teun 8170109 81InERY 81INETU Warenaand (HEUR, 2555) Swdinaviliie
naiAsundanisliussleniinuiununsnss i duiuiisuruiasdsgnains Tnsamslsu
aoulafilien warenmsmndud ilesesiulivioandionasussnuidunmeludmingiin dsaenndes
fumamsfiniammadsuuainsliinu sunoaui Tminswys ennnmsiisturesaniu
Usgneumsfiinaneimefiesesiufanssunisteaiion ilesanfiuiidanimerniandisaemile
wazsssuRgauanysel Maaglndnganm warniadalfafuiiosnadunamsvesddnnusuning



72| U9 13 20U 3 (fuensu - Suanau w.A. 2561) WA NARELAYAMZLAYAME

(aluves, 2556) uenanil MaBsuutamslififunnmanunsnssuiiofansdy « dudsuanszny
m'amsLU?{auLLUaﬂﬂiaaﬁ”wagﬁﬁmmaaﬁuﬁ (@Sm, 2559)

dmsumaasuuasiuiitnlsiiuiluseningd wa. 2552 - 2559 ffuiiiuiu Wesn
mimgsJuLL‘Uaq‘ﬁyuﬁa1ﬂ'ﬁuﬁmimwmﬂummﬂﬁgﬂﬁamﬁamsmws muuleuienasy (@un. 4-01) B3
dulvgjazegluiiuiluiionivnganaeludutild Wesmnitudl aun. vuiluiigdldlagnldvsslond &
Annituiidananiianuldvngalunmaneesnssy wu fanugeiuiuly lifouudde Dus
venaniifiiuifiesnnulevisaasglunmsiafuiiuiiluituiiauuseyuidod uiuiia
gremnsUszann 122 13 dmduituiivimeiauanasusyann 129 13 %nﬁuﬁﬂwwmaudauimg
Wasuwanduiuiidsgnats Tasiameluitufiguausnthnaen dadumamainuleuiensiam
v0asguna Vilinmsduunmudmeieu msduaiunadsefanand msUszuamded wesnsdaasy
nsvieuiie wleuredinaniiinguszasdifleatuayunasdauailissnsuiondnsslduagay
Lﬂuagiué’aﬂuaﬁaimﬁﬁ%u QAnazane, 2555) ag1alsAniy Lﬁ’]’mﬁwﬁmﬁgﬁLﬁ'm%’aqmsﬁhis’f@
wazaondesgualiliAnnisléiifuiioussinn (Misuse of Land) annilviduunuly

msfnwgUuuumsveneidiesuiudostiiuniseduseiies suuiiladouasnanseny
somsveneiuiioniu msfnwinsueneddies Gwalior luneunanswesssmadudslurisszesinan
33 ¥ 53nined w.e. 2515-2549 wuinlugaad w.a. 2533-2549 finisvenedafienduasuniivesdis
soia 18 Jrounihil @ wa. 2515-2533) lneiisarnsdsuuadaoaieredlasusznairiiy
0.44 p519ilains luvaziluszaziaa 7 Usioun senined wa. 2549-2556 T8msn1siUdsuutas
Tnsndsdetlnsuszmnaniindudy 1 mssilawas Jedeiiinadensvereiuiios Gwalior Aens
Wiuduvessiuruysyens (Mohapatra, Pani, & Sharma, 2014) A15ANYINITUIEFA LD
Gougezhuang village Tuuszinadulurieszoziian 25 U 53ninel w.a. 2529-2553 wuandin1suenesa
dlesegmmduiiesessunisasyivlavesnsvendien Ineldldfinsnunudadedia vlian
Hoyminisideulnsuyedinuuas Tausssy uazkansenuduausiodauIndeu (Xi, Zhao, Ge, & Kong,
2014) fefunsfnwmsveefadiomesimingineisoiiior Sadanudidysomsmasuiiaiios
othsmngaan Weandymuaskanssnuiuauiionaniniulueuneeld

A3UNaN1337Y

Tusgwingd w.a. 2552 Snsraunsliusyloviifudanuunniieiu Inglulusniisnsdiu
nslduiifieUgnensmadndulesas 37.1 vosiuiiiianun sosaunaudiuie Rufiuruiayis
Ugnadns fuivnlsl uasiiuiilas Tul we. 2559 fdnsraumslifuiigusuwarasgnasadudonay
27.6 vasiuinaun sosaunAmETURe Wuftermns Wil wasiuilas

nansdsuwuasmsliimuisszesna 7 9 fiduhiuiiosnsanasiabu 1 1u 3
vasifuitensmnsrmuainululusn luaiisnsduiiuiinuasnssuussamsing q s9ufiu Sapsdl
dnFuiiuinmunasAsgnai wasiuivild iiituaniudnduiosay 11 warfosar 13 nudiiy

nsveneddesuimingiinifiosesiunaasyiulansssiamsvieaiion duaviiliiinng
Wasuwasituiinnnenanssy lnslamizegdsiiuiivgnenansluuiiufides msvenedadlesd



NITITeuaziauw tlaveadnsal lunsyususigudud avingmansuazimalulad | 73

dnsguseedidvanuinldesdsd duaaidiowgifin Suneaans wazdnensy auaidu welud

¥
=~

nansgnuseuiddedlaesssuyd neasy dwiagiiedinsiaudfiosmugluiunmssnuniiuidides

Jorauauuy

nsAnaunslivsglovinauludmiagiin Ineussgndldszuuansaumagiimans aasd
nsffiunsegiserfios ileanennnsveesuilesmugluiumaeigivlaveuiesiiduinge
daandoy iunmsrevausinisiuindouilevienadglvduiulueguiuss B amuagseansua
wazmsiimsfnuniadeuasransznusenisvenedideinegadussuy

AnAnssudssnA
nuddeilldsunsatuayunsifeannemuide unnineduaswaiuesuns Inenuagiie
waznomuidy AusmalulaBuazdsuindon univenduaaiuniuns Inenungiin

LONE581989

NG 19T LATLAIAT WFAY. (2556). mawAsuuasnmslififuluiiuioinaumaensuniy
UsewAlng. 21sarsaunaudisvszeslnanasansaumagiiaansuisussmdlne, 14 (2),
59-66.

Tof 0103, andni AdduRay, Wigh gen, waraivg dumyns. (2555). ulsvienswauesigunad
dsnansznusiemuiunduiinvesussnvuluguvusnithraondmingiin. n1sUssyu
AYINITURITIRUM INBIFBINEATAIENT INBNVARIUNIUEY AST 9, 6-7 Fuan
2555, UNTINEISUNYATANENT INSNUAMLNILEY JInTUATUFY, 954-962.

UOUIN WEALN, WaTWAIN1Y 2FENE. (2555). mansenuanMsUABuuUassldUsylerifiAutenis
anasvawsnensUld dmingiiin. nsussyadvnisuisfuminerdeinensans
INYNVARIUNILEY AT 9, 6-7 5UNIAN 2555, UNNINYIFLLNYASANEAT INUUA
Munaiay Jamdnuasusy, 381-388.

2Wud st (2555). n1saanisaiwualfunisiudsunuasvasnisldiauludmingiin.
ANYLNUSINGFFNTUINU UGN, UPNINL1FBATUASUNTILSAL.

a8 wasUseAvg. (2559). mslimsiuianszeslnaiiednevisuuuugiidnaveanisiasuuuag
nslduselowiiau Samiasenida. Asarsidouasiaun 2laseansal Tunszusy
519UAuA arvnInenamansuazmalulad, 11 (1), 11-23.

wasA? WhAE. (2560). msdaringrudeyadsiuiinnslivsslonifaulaenisadladnmdne
afieaiifinnuazideags meldlasinisidetesssuunsteseunislditiuuunanad
uwaanasy: 1AsIN151UNT0RIAgAR. LIveNdaaIuATUNS.

alunes fuug. (2556). wansenuiswindananmaudsuudasnisléusslonifinudavioaiion
SLNDEIUAG JMInTVYT. Inendinusinermansumdudgs, aa1tulunaiamuing
ANERS.



74 | U9 13 20U 3 (fuensu - Suanau w.e. 2561) WA NARELAYAMZLAYAME

Mohapatra, S. N., Pani, P., & Sharma, M. (2014). Rapid Urban Expansion and Its Implications on
Geomorphology: A Remote Sensing and GIS Based Study. Geography Journal, 1-10.
doi:10.1155/2014/361459

Verburg, P. H., Veldkamp, T. A., & Bouma, J. (1999). Land use change under conditions of high
population pressure: the case of Java. Global Environmental Change, 303-312. doi:
10.1016/50959-3780(99)00175-2.

Wen, B., & Shao, M. (2005). Land-use change analysis in Shenmu County in the Leoss Plateau of
China using remote sensing and GIS. International Geoscience and Remote Sensing
Symposium. 4, 2295-2298. Seoul, Korea. doi:10.1109/IGARSS.2005.1525433.

Xi, J., Zhao, M., Ge, Q., & Kong, Q. (2014). Changes in land use of a village driven by over 25
years of tourism: The case of Gougezhuang village, China. Land Use Policy, 40, 119-
130. doi:10.1016/j.landusepol.2013.11.014.



PYd

MsanTideuaziau dlageansel lunssusunyuiugd auIngmansuazinalulad | 75

Han1513URUUNITATINANNINAMIIMNTVRIATIEBUAENTEUILATT
Fawandoudnunluyuvusuiiwes aunauwas Jwdnvauuiu

a aa 1

an 8Qu" g9138 ASynue’ ety ndUseRvg

unAnga

ﬂ’li’gﬁ]EJﬂNmWEJﬂﬂ‘HWNﬁi‘UiULLUUﬂ’]iﬁi’lﬁﬂ?’muuﬂW]’NEJ’]WI?UENW?JLSEJ‘IAWJEJﬂi“’U’J‘Lm’I‘i
Awandeufn Tuguruuimes suaetmes fwinveuudu Wuniteidessdu iuteyade
wuudrauarkuulssiiu ndunueiudeulusivanaiilafiviainunsdunislunisaiieaaiu
\ganevedingAuvese s 31uiu 10 aFaFeulazid1smRanTIUmNIULUY 45 AU Aasgiaady
MAINNAEYDIRLE 3728 Menhinick index (R2) 1dafiAfiugu uay ttest linafe naifiuaa
issmevesamnslasnsiununsdunidvesniaFeutindes 10 aFeu Tuiufivan 2 vu Swavls
fifiwemnafisduluuamdsdniiums 3 Weu Searmmarnvagvesiivewnaifisndu R2=1.52 T
WNADWINAINTTUMNIURUUEAT R2=0.31 WarnaLd19IRINTTU VBIAIUNUATIUTOUTIM 45 ALY
wuin Sannufuazarunssvinifistulussduanniian Tasgenirfeutufansauegisddodidgms
afATiszAy 0.05 wazgUuuuiinaunmlusefusnniian (= 4.85, SD. = 0.45) awnsathsuuuullgle
sl

ANEATY : ANUTUAINIDIMNTTBIATITOU ANUVAINTIANEVDINTRIMNT YUYUSUU NG

! dhAnvmangnsustyguivasing 1w indanndeufing nedeuianssumssanis wmiverdusiuiyalay
oawnsal luwszususigudun aminuyusiid e-mail: suwarees@hotmail.com

2 frremans1915eUse S mangns wangasusvanuivnminainividuedondny Inenduuianssunisianis
ummenaesivanlageainsal luwszususigudus Jimiavyusd e-mail: suwarees@hotmail.com

3 919158Usdmangns nengnsUsTY v Unsina 193 IAuandendny ne1deuianTsunIsanIs univendes e
Aqalageansal lunszusumyvdusd TminUyusiid e-mail: ananya.po@vru.ac.th

* gfﬁww‘wﬁn e-mail: ananya.po@vru.ac.th


mailto:suwarees@hotmail.com
mailto:suwarees@hotmail.com
mailto:ananya.po@vru.ac.th
mailto:ananya.po@vru.ac.th

2
Zob

76 | U9 13 atudl 3 (fugnsu — Suanaw w.e. 2561) daun ARunazamz

RESULT OF FOOD SECURITY MODEL FOR HOUSEHOLDS BY ENVIRONMENTAL EDUCATION
PROCESS IN PONG RIVERSIDE COMMUNITIES, KHONKAEN PROVINCE

Nikom Sringoen1 Suwaree Sripoona2 Ananya Popradita*

Abstract

The objectives of this research were to develop the model of food security of
households through environmental education in Pong riverside communities. This research was
quantitative research. Data collection by survey and evaluation form 45 people from 10
household representatives in Kut Nam Sai joined in the action of organic food sufficient to
supply. Menhinick index (R2) is used to examining the richness index of edible plants. The data
were analyzed using descriptive and t-test. In summary, increasing the adequacy of food by
organic farming of 10 pilot households in a total of 2 crops has resulted in food crops. The
results showed that the diversity of edible plants was a significant increase in the diversity of
food crops from R2 = 1.52, to R2 = 0.31. A total of 45 household representatives were increased
in knowledge and awareness at the highest level P=0.05 (x = 4.85, S.D.) the model is significant
for using.

Keywords : Food security for households, Edible plant diversity, Pong riverside communities
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uwansnsfuegnadltudfymnsednfisedu 0.05 39 1)
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M990 1 LWUSHULTIBUAIHATENTINSENI N UAUNAIMSININTIUNMSR BUTMUTULIUNS&519A

TUAmM0ING
. ALany dauleauu ANARAI9YDY
AUATSUUN — t p-value
(X) 41%3g1u (S.D.) AZLUL

louswAansuNsisews  3.19 0.82

PFULUY

v i oa oy 1.32 15.22% 0.000

nRamnNanTIUNSteu;  4.51 0.34

PINFULUY
*5 < 0.05

4 . wamsUTTEIUAMAMIULUY 91nM5YNAINSTNALTULIUNSASSANELATNI919S
mumNiresIuuaiIFeunii1smAInTs wuirgluuuiinunmluszduinniian (Fesas 95.55)
sesasunegluseiuuin (Segay 4.45) LﬁaﬂimﬁuaqﬁﬂizﬂawaqgﬂLLUU nudn guwuuiigunn
Tnesalussivanniign (€ = 4.72 wazdrudeauuinasgiu SD. = 0.51) leynesduszneuiiganim
Tusgduanniign Tngesduseneuiifinzuuugsiign 3 ddu léun 1) wuAnvesguuuy 2) Inensils
mwlunisaiennusiuamne s 3) nénasvesgUuuuuazianssunsaenaiuame s
fhenszuaunsdanndendny auddy

djUuazafiuenanisIvY
MnramsATeumsBuduinannsaaiisanuiuamisemsvesniueuldlasnsaing
nsi3ous aeeuasevinuagiinnsufaessliAana Jsaonadesmuminnisdsndeufnuives
inwa Fumsii (Chankaew, 2001) flaguin mMsFeudiimnzanivdanndondnu loud (1) msiseus
wuvduLEz (Inquiry learning) ﬁ;:iﬁﬁuam%uiﬁwﬁum NMIAUM AN UIILARIEN1 S ToYARIN
AaNIsuAIAERIN INN1SVAREITINEIMans auaunsaasindussdrnuivesdifoweld vse
3o Constructivism (2) nsi3euuuuswiufn (Co-operative Learning) Wunnsi3eusilstiisou ¢
flomauaniasunudivaundnveandy Ssauiogluielndifsiu azaunsodoasiuldiniiaud
agludosnaiuann 9 lunsiFeuduuu Co-operative Learning 3smisdnbiiieudungy uazaonndos
Aundnnisaineraiiun1eeMITeeIAN SO MSLAZINATWIIaUTE 1R (Godfray et al. 2014)
fagulimsfiuyudivinaemsiitensuslaafiflenuvannvansvesssianemsifivanesiondny
AoaNskazAMN MYt sHauANlaguInNsarALare1nUaeniely naenau nsvudImse
nsnsEevesensddanudlfesnhinteuyudannsadifemnslding msdaaduauiaim
dilaieafulsedivanuiupmsemsidutadeddufiadsmuduiusvesnmswauUsymaiunis
FanssruuinuasiuanzauuazidusUsssuifiotanaiisanuiunmnemseeed sy (Godfray et
al. 2014) inwasnsdairlannumnevesmuiuamisemslunivesnsiiomnsatiane (Stability)
audnlunsuFeudesiivar dn 417 iteuslnamaeasl (Maxwell 1996) druanusuasmasmsly
sunslivsslond (Utilization) Fedliilonaifisameuassiosdinszuiumanieusvnsiunannais
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Adudunse lifiarsivands daadmdlaruins wazaonadesiuiausssunisuilaasudanisd
ihazenlun1suilna-guing ien1siqunmildvesandnluaadou uasdunsiiomsifioame
(availability) Tnefd1afiu infu 1dléde UgnAuledld uazaonadosfuulsvnsinsugiadidend va
yuun (2558) aguli (1) ad1eanusiunsiueng sunssuiunssaamisnsinunsegiadsdu (2)
UnUeauazinsnsnegInIsssueIi kaganunaINuaIenIagInIn (3) analldaneauavnn (4) ns
Uimsdnmminennsediedsbu (5) afnaalml dmsududuazuinsdideuaznsienuiety
wiswgiad ey
nmslisuuuumsaieauiunmaesvesaiaFeumenssuIunsauadenfng
gavunAnuasnannistianndnluaiiseudediesdauilunisaivemslivasndy isawouas
suedldedrauiinsfvdanaden wWuienssudfiRnsiuvarnnaevesiivemnsluuiamgnin
Suvddvesntaieu iumnuiuazanuasevinlimunuaiiseulasnmsuanivdsubouiuasAneg
nuulasiivensfiianuvainas uazdnnisussiuegradussuumunszuaunsdauandenng
mMafienafismouarnadiiemsivasasedeudmalvinioufisuemaawnsld viesdng
Unasesdiuiosiunasmisnuiifsadas saisinivnsuasdisury asatfuayunsiiguuuy
msaseuuassesiluveenalugueuiug Telisnmstanudfifnsuuuiiduiues
Mgt ieaduanuiuamisemslagnsivnuedlddidusdeld

=b

b =)

JaLduauuL
nsAnwtlsaIuIsaRnmIuNTUAsLLUaw9A NS ISIevasTiinius v sdaLdaadu
SEELIANMANULABUINBNIIUAIUEIUITOINTHAILINTAS19ANLTUAINIBIMNSVBINUN AN

AnAnssuUsENA
YBYOUANAMIITENANANTUTVEY Ui Taudin anvndvideuandenfinyy AldA1UTnw
wugduarreimunuidedlilinanin wazvereunmEnIIAMIAl HUIYNLToduLAZAIUNY

AfuTouluguvusuuliInes 0.4 2. u0ukNY NANBYATIERveYaLay i U fURNTITeau
dnsuseudoused
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nan1siesudenzddunidluemnsiiludasussanmnisudn aunmliuaznisduayyadaszvasliung
= v 1 o _1%* a ¢ a 2
Aoy JuAn’ asivuv JuasaIws

UNANELD

rgUszasdvasnsITeiliiefinvinanisiasudingddunsd Tuemslnludeaussanmnisudaly amnnliuay

4
a

nsuoyyedase  Tagldudlilignuanmanisdiony 29 &Unsi S1uau 120 61 wiadu 3 ndu Sandunaasadail
nguil 1 91M5UNA (NAuAIUAY) nguil 2uaz3 ensunftaludsnsdBun3d 40 uazs0 un./nn. HaNTINARBINUI
duiniafiasuudas §nsinsle shadnleiede wald Usinaevnsitudety Usinaemsinuseniswanly 12 vies
Useangamnisldons dns1n1ssendin Arsenelin Anununddenly wagA1AINaNT UMY WANEIIRE1Ld
HodAgn9ada (P>0.05) Anutualiuaayindu 11.96, 12.66 uay 12.67 Iuﬂajuﬁ 1,2 4ag3 suaInuLAne1eiuagnadl
WedAgvneafif (P<0.05) Auvuatamssiensndaly 1 nn. wagduyuAtamssaninanly 1 Wowvindu 29.13, 29.62
way 29.04 v/nn. kag 1.56, 1.60 kay 1.55 urn/Had Iuﬂejuﬁl, 2 Wa¥3 AUaeY ?z'iaLmﬂmqﬁuasmhjﬁﬁaﬁwﬁmm
aR(P>0.05) UsunaudansalulaimlasuasATBAs vasldunsliunnsnafiu(P>0.05)

AdAey : dngdduvisd aussanmmndn aunnly nsinueyyadasy

! puzinaluladnisinyas unriverserivanalageainsal Simiauyusid
2 AalzUsyany unTINE ISR SAIaRT
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EFFECT OF ORGANIC ZINC SUPPLEMENTATION IN LAYER DIET ON PERFORMANCE EGG QUALITY
AND ANTIOXIDANT IN YOLK

Srinoy Chumkam"’ Orapint Jintasaporn®

Abstract

The effects of organic zinc supplementation in layer diet on performance, egg quality, and antioxidant
in yolk was conducted using completely randomized design. One hundred and twenty commercial layers of
29 week old were randomly divided into 3 dietary treatment groups then receiving T1 (control), T2 (diet
supplemented 40 ppm zinc) and T3 (diet supplemented 80 ppm zinc). The results have shown that there were
no significant difference (P<0.05) in hen weight, egg production, egg weight, egg mass, average feed intake, feed
consumption per dozen egg produced, feed efficiency per one kilogram egg, survival rate, Haugh unit, egg shell
thickness and egg specific gravity. Yolk color were 11.96, 12.66 uag 12.67 (P<0.05). Feed cost per one kilogram
egg and feed cost per egg were 29.13, 29.62, 29.04 baht/kg and 1.56, 1.60, 1.55 baht/egg respectively. Zinc

deposition in whole egg and TBAs value of yolk were not difference (P>0.05)

Key words : organic zinc, production performance, egg quality , antioxidant

! Faculty of Agricultural Technology, Valayaalongkorn University, Phathumthani Province
2 Faculty of Fishery , Kasetsart University, Bangkok

" Corresponding author e-mail : schumkam@hotmail.com
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unin

wisadulnsugitiunumddguisadesfunssurunisiuniveddulusinie uagianudndudmiunis
Wiyiulawarnmswauvesda sl duluegand nslinandndis Tnefiunuimidesdesiusyuueeslun nsimuives
nIzan NI eTL LarATIEINALDMNT UsnantuIsmdnduissiiovenouluime Rendesiusruugiduiu
Husu rdndunussinazuansennisvniiiiulddaey Tnsaussanmmsadnvesdaiozanas fennsidosmis szuu
FuitusAnunfuazmaneuaussvesszuugidufiuanas amaresmMsnaLIsInty erananmslasuuimaliiismende
Aanssuniunsliusslenililasussmidulueims vdemsldsuussiniliauna  Taslulunisuszneugnsenms
dniflsuaSuwssinluansnauarminlugurewssinetunidna uismeliunidelisegn uwin1slduseleviladanutu
wsroudnags  dewaliussimgniviisonnmayalutinaiigs uasiinnisanésvesusslufuwandouuinalndifest
n13iaeednd nsldussinlusudunidnieussmAianmaunuuisinodundd anduuamamisdunisannansenusio
dauneden  Jamsiaduussinluglvesuisindunisluemsazannsogaduuazihluliusslondldfiningueiiundann
AuantAfngn nMsiaiunssmdingddeduinuulsununueiavesingiu (McDowell, 1992) lugudunidasiiu
Uselewiidedniinntu Matmsgdanzdiunummnuglusamedidudumasiyivln ssuugliduiu uasmsdesiy
oyyadasy Wudmusznevveneuleilifosnit 25 via detelunisdesuazmsnuangaisewns wagsimihiidula
wilaLmes (co-factor) vesteulasimalnsiamzieulnigasoonludiaianalsuperoxide dismutase; SOD) Favimiiiily
nsthdnoyyadassiifetunelueed  dingddsddniulunszuiumsduaneiuagnssuumaunuedtures RNA
LAz DNA Jsasmununszuiunsaensia Asndudmiunisaiaead nsudsialussiuimad nstesussiwadiayns
WwigAvlavesigaa  (Hill wag Spears,2000) uaﬂmﬂﬁé’ms%é’aﬁi’ﬂLfJuﬁm%’UqﬁﬁmﬁuquﬁaL%aa‘ (cell mediated
immunity)
IngUszaeAvaIn1IdY

ileAnynansieudsngddunidluomslilddeaussanmnisudals  auamly  wasmsdueyyadass
voelUua

Wanliun1side

TNUNUNTVIAGRIRULFNRABA(completely randomized designs)  naaadluusilnlugnuauninisianeiug
Tasuusd  $1unu 120 faudsliveassoondu 3 nau q av 5 91 9 ez 8 f lausasnguldfuemnaded  nqudl 1
91sUNR (nuAuAy) naudl 2 evnsunAialudeing@dun3d 40 un/nn. wagnguil 3ovnsUnAladudnzddursd 80
un/nn. neaedlulsadeuldliiiussuntadsmuaugamilnsnisssmevesii(evaporative cooling system)  5¥UU
nslihsnluiRuuuimennipple) Tildsuhuazemsedafufinaenmnmaes  Tnefisvezinannisnaaes 8¢ Yu i
foya H190w 28 Ju AutoyauTinaomnsiinu duald dwiinly  wasdiuaulame  Turae 3 ugadhevssusiazd
awhmaduly 2 veduutazsufionsainnunmeedlidildun deutsiunizreds  (Pestivasaz, 2005) A1
pzuuudvadliundliinindliuas (Roche color fan) fildivAessoufsdduunsious 115 (Azuuw) arwmvudonla Tay
llulastiwasdmivinanumuninlds  dgenglin (Haugh unit)  (Roush, 1981) dAuldumaiiommaiinadaes
pondnduluzurese TBAs anuisuadCherian warAnE(1996) waz Botsoglou wazany (1994) measAusenaumuniives
9IRS Proximate analysis ( AOAC, 2000) wUSinadangdluevsuasluldvianes  (AOAC,2012: Office Method
986.15 Wav999.12) AAszinuulsUsIu

LAENARBUANNLANGNSIENINSARABYBINGUNAABALALTE Duncan’s new multiple’s range test felUsunss
AOUNIADS
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NaN15IBUAZBAUTIEHA
HANTIATIENANAIM LN YULYBIBIMNT
HANTIATIERIAUTENaUMUINTUE YRl SNARRMNNaUNUINTiA InaAeaiY fakandlunsnei 1

A15199 1 29AUTENBUVBINULATULVDIDINS

a1vsasudang@dunsd(un./nn.)

1nvuy 0 40 80
ALA(%) 9.77 8.06 7.78
TUSAU%) 16.91 16.33 16.89
Tgin(%) 3.28 3.83 3.97
Jelae) 5.55 5.14 4.39
L8(%) 13.02 15.83 16.08
Aslulansn() 51.47 50.81 50.89
danzd (un./nn.) 99.59 135.59 179.59

ausInNMNMINEALaEAMAINLY

nansiasudengAbunidreanssnnmnisadnuazamninle wuin dndndiiudsuudas dindnlieds
waly Vinaemnsiifuseu Usinaesiidudensnanly 12 ves Uszavsamnislionns smsinissendin unansns
fuegslififuddyneaii(P>0.05) sasmslilunguiilédudans@dunid 80 un./n. gatgawiniu 90.01 % snningu
AlF3uevnsund uaznguiilaudsns@dunid 40 un/nn. Fuvinfus6.57% uag 87.52% mmadunslianinafiunis
afid (P>0.05) Argengiln anuvulienly uagA1nnudndune Liuandeiuneadd (P>0.05) wiradudluuas
uanAafueg1eiifodfamnaati(P<0.05) Tnefidviniu 12.67, 12.66 uay 11.96 lunguillé¥udsnzd@dunis 80 un/nn.
nauiila¥udeng@duvdd 40 un./nn. waznguitlduemsundinuadiu dunudemssionisuanly 1 Alanulungud
I§3udanz@8un3d 80 un/nn. fandesfigaiiiiu 29.04 vm LiuandaneedaP>0.05) Aunduilldsuomsuninas
gnsasudaingddun 40 un/nn. FaiAu 29.14 Ukay 29.61 UWMANEU denadasiu Qiujuan wazan (2012)
AvaunuuIsigmosns dangduazuasniiaedunisluemnslnlidenoun dansduasumndaumlsledy  wud
uwasvesnsswlifinadodnsnsnanld Usunuemsiinu UszAnsamnisidasuoms anuvuuenld way anu
mnutuveaUdenly (P>0.05) lulifiléfudingd-uea-dalumlslediu Asengin uazanumunudenls luunndnaiu
(P>0.05) (Anuthazmne,2008 ; SkrivankazAng, 2005) LLaxﬂmmwlﬂuuﬂnszmﬁlﬁ%’ummﬂa%uﬁmsﬁlﬂa%uﬁhi
LANANNAY (953550uaTAME, 2555) LAWANAINAU Babakainwagane (2014) 17'iLU%‘&JULﬁaumiLﬁmé’aﬂzﬁaﬁum%ﬂugﬂ
dangAdamin (ZnsOw) wardsnz@Buridlusudensaiulsledy nuihmaedudingddunislinslinandnlifutuoeg
fitfedndiny(P<0.05) waw Sahinwagaaiy (2005) fiUsuUgsausTnaWMIHARYDIUAN ST dBsmMelFanmzaeASonan
AUTOUNUT mammmmamaﬂ'1iLaimaaﬂualmmamwiwiaamiam‘wmiwam mmmmuammalmamau
aelsarnaudsunaidinsdansasislutiinae sy twind ssAnsamnswiouems i
nuasnananvosunszliAty feildesndnsAduesivssnouiiddyveneuluifivimiinduoyyadass (Saasuay
119AR,2557) %ﬂ,uamwm'%amzLﬁma%aaaisLﬁmﬁu%aﬁmaﬁaﬂ'ﬁv‘hmwmLsﬁaéﬁhmiuiwma lglanesaNTuTanIms
Feluanmedifianuadoaseniusaemmihauliesas msiusmsanas msidengdlusmslussivgeinalvidensusa
paviauldedelivssaninmity Usinuewnsfinuiadindy anuanismaseduadiifinuiiaussnnimnisnde
unnsinsegslaifidedndynsada (P>0.05) enaifliesanlunimeaesadsiiiunsdedulsudoudafifinisaunugungd
Femssemevoni inuaugamgl 28+1 ssmuwaidea dni3segauns Lildeglunnuaiealurasfertuomnsilisud
finuAmsemnsasummANFeNvesdn uenantuinadingdluemsfivintugg.59 un/nn. 13559 un./nn. uay
179.59 wn./nn. SaduTuniunnniianudiosnisdngdveslildiusiudentlyiina deiosnaifies 33 un/nnaes
91913(NRC ,1994) (Fauanslunnsnadil) USInaiomnsiiauanmsnnassn s nliunnanafunisanassla duasenisiiy
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aussanmnsuan msrzlnaziuemsmuanudesnisiavus waznisinluldusslondifienisudnly (Leeson way
Summer ,1991)  @uanududliunsnasndisnimaassuanaiaiusgaditdedAgni@in(P<0.05) taglulaazdienis
naassnadidluadunguiiaiuding@dunidasuandnsedsiitivddyiunaguitldiuemsuna(P<0.05) (Fauandlunm
finsiiilosnnn dsngAuenanasdulnvusiidrdnyluomsdnd dwimihiieadestunisiueyyadasemilounalsd
wesaTiduansiiviefinanududlaung (Srasuazucna 2556; saasuariena,2557) maasudinzdluemssailiua
Tsfiueesgninlldlunslidlulunddifindu Wesmnvimthiflunisdueyyadaszanas

M1FM 2 AUTIONNNIHEALALANATNLY

o msasudainsadursa(un./nn.)

SnwasiiAne 0 40 80 Pool-SE P-value
Yuininlafasuudasn/e) 0.09 0.16 0.11 0.029 0.320
AUTTANINNITHER
MIIN5LU(%) 86.57 86.52 91.01 1.856 0.187
dfnlan./veq) 53.62 53.97 53.53 0.609 0.869
wala(n./e) 46.45 46.67 48.74 1.197 0.359
USuasemsdinun /fa/$u) 101.24 103.47 106.02 2.338 0.380
Usuasemsiinuseld 12 vewnn.) 1.40 1.44 1.40 0.021 0.377
Usinasewnsiinuseld 1 wea(n.) 116.94 119.73 116.45 1.713 0.375
UszAnsnnnslee1ms 2.18 222 2.18 0.038 0.717
9RI1N1350ATIN(%) 97.50 100.00 96.67 2.013 0.496
ALY
Agenyiin 83.27 83.45 82.80 0.828 0.853
#laung 11.96° 12.66° 12.67° 0.083 0.001
puruLURen () 0.344 0.342 0.347 0.005 0.819
AUAWTUNE 1.090 1.089 1.091 0.001 0.615
AuNUNITHERLY
AuYUARMIS(UIN/NN.) 29.13 29.62 29.04 0.518 0.705
équummmﬁ (U w/Na9) 1.56 1.60 1.55 0.023 0.349
ab,c o o

e 7> SnwsisnsiumuwwIneuiinuuaneivegitedfyneaiin(P<0.05)
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£% a

nsiusyyadasyluliunaasnisazauvesdansdluly

danzdlnuaudfveansduansimueuyadase Wnedunedilulawinmesveseuledyuosoanled falluma
fvihisueyyadastlasnisdsueyyaniUaseenladueylonsu(o; ludulalasaueieenlen(H,0,) uazoandiau(,)
awnﬁuLaulﬁﬂﬂﬂmwLaaLLasﬂleﬁT,au (GSH) azwasulalasiauedoanladluiluth (Nicholls and Budd, 2000 ) 3
aneyyadasylusramedestunisiinesndinduvesiuiu wanisiesudangddunddluomslilvlusedu 40 waz 80

un./nn. ldiinasieuSunadingdlulenimes (P>0.05)  wasmsiasudinzdvalugvetiuniduazgudunid Tuenmsunnsem

v
]

flalfadonududurosdingdluliung 191 uaglihinoaP>005) (esissnuazamy (2555) Maiidasanmaaia
daned ofuvisluomsutashliuinadngdluemaiuiy winisgafuvesdngdidladndodlddmuuulald
W91y (facilitated diffusion) wagluvazfidnzdazeonandldidniiiodingnszuadenidedldimmiuvulindsany
(active transport) (oun, 2546) Feuindnslasusuadngdaneimsunn sldasdefivsinasimifistudiodiuns
andy dufudefimafiudingdluewng enmvsdoaduufinaimfiesrilinisgefuuasnsliuslonivesdnsAfiaiu
wssmeduniddelinsudsdundsdimisening denzd voawas wan unanlla duussindunsdidy dnzdBunid
Tngiamgdanzdumnlslofiu(zinc amino acid complex)azgadunisesmagadunsneiilulaginizinluiunsneziily 1
wistunsgaduwasligaymeluiunsaludaluingaulusiuiy (Zhang, 2017)

M99 2 U ngdluliuaznisinueyyadaszvedluuag

DsiEsudanzddursdun./nn.)

Snwasfianw 0 40 80 Pool-SE P-value

TBAs(un.malonaldehyde/nn.) 0.075 0.068 0.068 0.012 0.878

USunaudenedlulavianas@n./nn.) 10.696 10.499 10.585 0.694 0.980
#5Unan1339Y

nssasudansddunsdluseau 40 uag 80 un./nn. Tuemslilufieny 29 dUamiutu 84 Ju lidreusuuss
aussanmnmskdauazaunmly  udvinlieududliuaainduP<0.05) dseglutieiiuilaafianela nsazauves
dinedlunedly  nsdueyyadaszvedduniasiuruaomslunmslinandaluliunneiaiu (P>0.05)

AnRNIsUUsZNA

o

AduveveuRnuvNInende vy lageainsal lunssususyddud Tunslvuaduayunuided

LANE1981989

foun yamieTand (2553) Fuafiniddnvuins. fasinadl 2. nduasiinisfiasd, ngamme

§2291 Tounwn uazana Asau. (2556) wmusdduuazanUstleviveaualsiuess lunsiiivaududliung. amsans
UAINBABUIIBNETIVUATUNS. ATUNAYUTZIU2556 : 112-121.

daa31 Teune wazusna ALAY. (2557) Iniiukazussinseunumnisiduaisueufoonuauinas n1sneuaueIUaeTzUY
piifuiulsadmiudnd. 1T IMeNdeusSNaTITUAIUNS. 6:123-131.
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PREPARATION OF RICE FLOUR BASED FRENCH FRY USING TWIN-SCREW EXTRUSION
Hathairat Pinkaew"

Abstract

The objective of this study was to develop rice flour based French fry product. The dry-milled non-
glutinous rice flour from three Thai rice cultivars such as Chai Natl (CN1), Khao Ta Heang (KTH) and Khao Dawk
Mali 105 (KDML105) was premixed with dry-milled glutinous rice flour (Rice Division6, RD6) at two different ratios
40:60 and 20:80 (w/w). The rice flour based French fry formulations were processed using a co-rotating twin-screw
extruder up to 70°C. The 30 cm long, extruded rice flour based French fry samples were cooled at room
temperature (RT, 28°C) for 15 min and then cut into 7 cm. The extruded rice flour based French fry samples were
prefried in rice bran oil at 170°C for 20 s, stored at -18°C for 1 week and then refried at 170°C for 20 s. Fundamental
analyses of all flours found that swelling power and solubility were likely to increase while temperature increasing
from 55 to 85°C and chemical compositions (moisture, crude fat, crude protein and amylose contents) were
significant different (p<0.05). The microbial quality of extruded rice flour based French fry samples were in the
safety level and the statistical analyses showed the interaction between rice varieties and flour ratios on qualities
of extruded rice flour based French fry samples either before or after frying (p<0.05). Furthermore, the hardness of
samples was related to the swelling power and amylose content. The lowest hardness and oil absorption was
provided by KTH: RD6 in the ratio of 40:60.

Keywords : Rice flour, French fry, Extrusion
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Introduction

A typical procedure for producing “home-style” French fries in a foodservice includes cutting whole
potatoes (peeled or unpeeled) into approximately 0.95 cm square and 10 cm long strips, or other sizes (e.g., large
“steak fry” strips), and oil blanching the strips at approximately 177°C for 4 min. The potato strips are held at about
20 to 27°C on sheet pans or in plastic food storage tubs for up to 8 h prior to finish frying for 3 to 3.5 min at
approximately 182 to 188°C. During holding, there is potential for contamination from humans and contact surfaces.
Contamination of blanched potato strips by foodborne pathogens could cause hazardous situations (Doan and
Davidson, 1999).

French fries are among the major commercial fried foods and accounted for 44% of processed potatoes
in the US. The globally expanding quick-serve restaurants (QSRs) are common places for consumption of French
fries. In the most popular QSRs, a large serving of French fries could contain 519 + 30 calories, where 45.5 + 1.7%
calories come from fat. It has been evidenced by many epidemiological studies that the consumption of oil-rich
foods causes obesity and development of many cardiovascular diseases. Therefore, due to increased health
awareness, the quality of food is judged by the consumers not only on the basis of color, odor, and taste, but also
on the fat content (Bingol et al., 2012). Previous work showed that even potatoes and rice have very similar
proximate compositions, potato-based French fries are considered to have higher oil absorption and fat content
than those of rice-base fried products (Kadan, et al., 1997; Kadan, Bryant and Boykin, 2001).

Rice (Oryza sativa L.) is considered as a main staple food, not only for the population of Asia, but also
the populations of other countries over the world. It is a major energy source being consumed daily. There are a
number of rice varieties grown in Thailand. Rice types, based on amylose content varying from 0-35%, can be
classified into 4 groups; waxy, low amylose, moderate amylose and high amylose rice. Each varies in its chemical
compositions, properties and qualities (Moongngarm, 2013). Many studies have shown that the constituents in the
flour affect the characteristics of starch-based products. Moisture, protein, amylose and amylopectin contents were
found to correlate with the expansion, oil absorption and crunchiness of fried crackers (Mohamed and Hamid,
1994). Moreover, the flour constituents also affected to extrusion characteristics of starch-based products and
expansion characteristics of extruded products. Mohamed and Hamid (1994) also reported that the physical
characteristics such as expansion, oil absorption and crispiness of fried rice dough from flour mixture containing
rice: glutinous rice in the ratio of 75:25 was affected by the amylose/amylopectin content. The volume expansion
and oil absorption of the finished products were found to be directly proportional to the amylopectin content
and inversely proportional to the amylose content of the flour. Therefore, this study was designed to evaluate the
effects of rice cultivars with different amylose contents (high, moderate and low) and different ratios of rice flour
mixtures between non-glutinous and glutinous rice, would have on the moisture, oil absorption, and texture of an

extruded rice flour based French fry product.

Materials and Methods

Materials

Three non-glutinous Thai rice cultivars (Oryza sativa L.): Chai Natl (CN1, high amylose), Khao Ta Heang
(KTH, moderate amylose) and Khao Dawk Malil05 (KDML105, low amylose) and one glutinous rice cultivar
(Rice Division6, RD6) were obtained from the Rice Research Center (Bangkok, Thailand). Polished rice samples were
dry-milled then passed through a 100-mesh sieve, packed in plastic bags, and stored at -18°C before further use.
Analytical-grade chemicals were used in this research unless otherwise noted.

Swelling power and water soluble Index

Swelling power (SP) was determined using 0.1 g of rice flour by the modified method of Tsai, Li and Lii
(1997). Rice flour was weighed into glass tubes with coated screw caps to which 10 mL of distilled water was
added. The tubes were placed in a shaking water bath at 55, 65, 75 and 85°C for 10 min and transferred into a
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boiling water bath. After boiling for 1 h, the tubes were cooled in cold water for 5 min and centrifuged at
8,000 xg for 20 min. The supernatant was carefully removed and then dried in hot air oven at 100°C. The water
soluble index (WSI) was calculated from dried supernatant and SP was determined as sediment weight (g/g).

Chemical composition

The moisture content was measured by air-oven methods according to Approved 149 Method 44-15A
(AACC, 2000). Crude fat was measured according to Approved Method 30-20 (AACC, 2000) using a Soxtec apparatus
and hexane as the solvent. Crude protein was measured by a Kjeldahl method according to Approved Method 46-
11A (AACC, 2000) using the conversion factor of 5.95 to convert nitrogen content to crude protein. Crude fiber was
measured according to Approved Method 32-10 (AACC, 2000) using Fibertec apparatus. The apparent amylose
content (AAC) was measured using the colorimetric method of Juliano (1971). All chemical compositions were
measured in duplicate.

Extrusion of rice flour based French fry

The extruded rice flour based French fry was produced following the method of Kadan, Bryant and
Boykin (2001) with slightly modified. The non-glutinous rice flour was mixed with glutinous rice flour at two different
ratios (60:40 and 80:20). Rice flour mixed (92.3%) was then combined with defatted rice bran (2.7%) salt (2.7%) and
sugar (2.3%). Each formulation was extruded using a co-rotating and intermeshing twin screw extruder (Model APV
Baker MPF 19.25, England). The die was fixed at 6 mm diameter circular holes and extrusion temperature at 70°C.
The 30 cm long, extruded rice flour based French fry samples were cooled at room temperature (RT, 28°C) for 15
min and then cut into 7 cm. The extruded rice flour based French fry samples were prefried in rice bran oil at
170°C for 20 s, cooled at RT, packed in plastic bag and stored at —18°C before further analyses.

Experimental design

A 3x2 full factorial in complete randomized design (CRD) was employed to investigate the influence of
three rice cultivars (CN1, KTH, and KDML105) and rice flour mixed ratios (40:60 and 20:80) on the physical properties
(texture) and chemical properties (moisture content and oil absorption) of extruded samples. Each treatment
combination had three replicates.

Physical analysis

The texture of extruded rice flour based French fry before and after refried in rice bran oil at 170°C for
70 s were measured using texture analyzer TA XT2i (Stable Micro Systems, Surrey, England), with a Warner-Bratzler
shear cell (1-mm thick blade) (Ilo, Liu, and Berghofer, 1999; Onwulata, et al., 2001). The samples were analyzed at
a cross head speed of 0.2 mm/s. Single sample was placed across the Warner-Bratzler shear cell and cut into two
pieces by the shear blade. The reported values were the average of 10 determinations.

Moisture content and oil absorption

The moisture content of extruded rice flour based French fry before and after refried were determined
in triplicate by air-oven methods according to Approved 149 Method 44-15A (AACC, 2000). The oil absorption (oil
content) of refried samples was investigated according to Approved Method 30-20 (AACC, 2000)

Microbiological Analysis

Microbiological testing of extruded rice flour based French fry was performed on 25-¢ samples from
each treatment using the total plate count method on plate count agar. The colony-forming units were counted
after incubation under aerobic conditions at 35°C for 48 h (Mukprasirt et al., 2001).

Statistical analysis

The SPSS for Windows program (SPSS 19.0) was employed to analyze the results. Data were subjected
to analysis of variance (ANOVA). The differences among means were identified by Duncan’s multiple-range test
(DMRT) at significant differences of p<0.05.
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Results and Discussion

Swelling power and water soluble Index

The swelling power (SP) and water soluble index (WSI) curves of 4 rice flour samples over the range 55—
85°C are shown in Figure 1la and 1b. It was found that SP and WSI of all rice flour samples were increased while
increasing temperatures (p<0.05). The glutinous or waxy rice flour (RD6) showed the highest SP and WSI when
compared to three non-glutinous rice flour samples. Vandeputte et al. (2003) revealed that at temperatures
between 55 and 85°C; waxy rice starch from waxy rice flour had higher SP than normal or non-glutinous rice
starches. The researchers also reported that the SP of the latter was independent of amylose content. These
results imply that amylose does not have a substantial impact on SP of the rice starch granules during 55 and
85°C.

20 20
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Figure 1 Swelling power (SP) (a) and water solubility index (WSI) (b) as a function of temperature for non-glutinous
rice cultivars (CN1 = Chai Natl, KTH = Khao Ta Heang (KTH), KDML105 = Khao Dawk Mali105), and

glutinous rice cultivar (RD6 = Rice Division6)

Chemical composition

Chemical compositions are shown in Table 1. The moisture contents of all rice flour samples were in
the ranged of 11.13-11.84%. The crude fat contents of all three non-glutinous rice flour samples (2.14-2.57%) were
not significant different (p>0.05) but higher than that of waxy rice flour (1.33%). These results are in agreement
with previous work in which the rice cultivars and types also affected crude fat content. The milled rice of low
amylose rice Khao Dawk Mali105 (KDML105) had the lowest amount (1.46%), whereas the crude fat content of RD6
(waxy rice) and Khao Ta Heang (KTH, moderate amylose) varied from 1.79% to 1.85% (Moongngarm, 2013). The
crude protein contents differed from 5.16 to 5.96%, showing the highest value in high amylose rice (Chai Natl,
CN1), whereas the crude fiber of all rice flour samples were not significant different (p>0.05). The apparent amylose
content was low in the RD6 rice flour (0.81%), while KDML105 and KTH contained low and moderate concentrations
(18.77 and 25.31% respectively). The highest level of amylose was found in CN1 rice flour (28.63%).
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Rice cultivar

Moisture content

Chemical composition (%dry basis, db)

(%) Crude Crude protein  Crude fiber™  Amylose content
fat
CN1 11.58a+0.18 2.57a+0.25 5.96a+0.12 0.50+0.14 28.63a+1.04
KTH 11.13b+0.11 2.30a+0.38 5.21c+0.12 0.69+0.22 25.31b+1.09
KDML105 11.25b+0.21 2.143+0.54 5.59b+0.14 0.80+0.06 18.77¢c+0.68
RD6 11.84a+0.17 1.33b+0.04 5.16¢c+0.12 0.56+0.19 0.81d+ 1.04

Note - “Means value + SD with different small letters in the same column are significantly different (p<0.05), ns =
not significantly different (p>0.05)
- CN1 = Chai Nat1, KTH = Khao Ta Heang (KTH),
KDML105 = Khao Dawk Malil05, RD6 = Rice Division6

Extruded rice flour based French fry properties

The properties of extruded rice flour based French fry are shown in Table 2. The texture property and
moisture content of extruded rice flour based French fry were significantly (p<0.05) influenced by the extrusion
process, and there was a significant (p<0.05) interaction between rice cultivars and rice flour mixed ratios. After all
the rice flour were mixed and then extruded, the extruded rice flour based French fry from KDML105 had the
highest hardness, this was related to the lowest SP at high temperature (85°C) as shown in Figure 1a.

The moisture content of extruded rice flour based French fry also affected by the rice cultivars and rice
four mixed ratios (p<0.05). It was found that the extruded rice flour based French fry from CN1 at 20:80 rice flour
mixed ratio and extruded rice flour based French fry from KDML105 in which 40:60 rice flour mixed ratio showed
the highest moisture contents due to the high moisture content of both rice flour as shown in Table 1.

The microbiological testing results showed that the total plate count of all extruded rice flour based
French fry samples were in the ranged 4.6x10° to 7.1x10° CFU/g which is not excess the standard limit for French
fry (1x10° CFU/g) (Thai Community Product standard, 110-2546).
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Table 2 Properties of extruded rice flour based French fry”

Rice cultivar Ratio of Properties
rice flour
(non-glutinous: glutinous) Hardness Moisture Total plate count (CFU/g)
(N) content
(%)

CN1 40:60 663.87b+ 104.27 10.67b+ 0.18 6.5x10

20:80 626.54c+ 68.07 11.25a+ 0.32 6.3x10
KTH 40:60 530.92d+ 87.22 10.10c+ 0.17 4.6x10°

20:80 548.35d+ 74.44 10.64bct 0.13 6.5x10
KDML105 40:60 740.55a+ 83.43 11.61a+ 0.55 7.1x10°

20:80 732.97a+ 86.52 10.28bc+ 0.08 6.3x10

Note - °Means value + SD with different small letters in the same column are significantly different (p<0.05)
- CN1 = Chai Nat1, KTH = Khao Ta Heang (KTH),
KDML105 = Khao Dawk Malil05, RD6 = Rice Division6
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Refried extruded rice flour based French fry properties
The refried extruded rice flour based French fry samples from various rice cultivars had differed apparent

and color as shown in Figure 2.

Rice cultivar Ratio of rice flour

(non-glutinous: glutinous)

CN1

KTH

KDML105

Figure 2 Refried extruded rice flour based French fry samples from three Thai non-glutinous rice cultivars
(CN1 = Chai Natl, KTH = Khao Ta Heang (KTH), KDML105 = Khao Dawk Mali105), and glutinous rice
cultivar (RD6 = Rice Division6)

It was found that the rice cultivars affected on the color whereas the RD6 content on the rice flour

mixed ratio affected to the expansion of all refried extruded rice flour based French fry samples (Table 3).
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Table 3 Properties of refried extruded rice flour based French fry®

Hathairat Pinkaew

Rice cultivar Ratio of rice flour Properties
(non-glutinous: glutinous)
Hardness Moisture QOil absorption (%)
(N) content
(%)

CN1 40:60 191.34b+ 57.87 13.93e+ 0.07 0.05a+ 0.01
20:80 163.69c+ 43.48 14.43b+ 0.11 0.04b+ 0.00
KTH 40:60 146.27d+ 25.78 13.54 f + 0.02 0.0d4b+ 0.01
20:80 178.61bc+ 29.73 14.11d+ 0.01 0.06a+ 0.01
KDML105 40:60 269.05a+ 54.44 15.28a+ 0.01 0.03c+ 0.00
20:80 192.30b+ 25.99 14.35c+ 0.01 0.03c+ 0.00

Note - °Means value + SD with different small letters in the same column are significantly different (p<0.05)
- CN1 = Chai Nat1, KTH = Khao Ta Heang (KTH),
KDML105 = Khao Dawk Malil05, RD6 = Rice Division6

The sample which contained 40% CN1 (high amylose rice) and 60% RD6 (waxy rice) had the yellowish
color and less rough surface. However, increased the RD6 content in the formula was trend to increase the
expansion rate and roughness of samples surface. These results were related to the high SP of RD6 due to its high
amylopectin content. The sample which contained KDML105 (low amylose rice) also provide the yellowish color
whereas the KTH (moderate amylose rice) showed the brownish color. Many researches revealed that rice cultivars
and amylose content affected to the expansion rate of rice snacks either extrude or non-extrude process (Rani and
Bhattacharya, 1989; Keeratipibul, Luangsakul, and Lertsatchayarn, 2008; Nipornram, Srapinkornburee and
Tassanaudom, 2012). Furthermore, Keeratipibul, Luangsakul, and Lertsatchayarn, (2008) also reported that in order
to obtain good qualities of rice cracker, the rice should have lower amylose content, softer cool paste texture,
greater breakdown value and less setback of amylogram. These results are in agreement with Nipornram,
Srapinkornburee and Tassanaudom (2012) who found that different rice cultivars and quantities of black glutinous
rice had effects on hardness and expansion of rice cracker. The rice cracker which contained 20% of black glutinous
Omekoi (apparent amylose content, AAC 9.00%) rice cultivar performed the best quality when compared to black
glutinous Doisaket (AAC 9.70%) rice cultivar. Researchers explained that black glutinous Doisaket rice cultivar had
higher amylose content than those of Omkoi and thus provided harder texture.

The moisture contents of refried extruded rice flour based French fry samples from various rice cultivars
are in the ranged of 13.54-15.28%. All samples showed low oil absorption, which mean low amount of oil that
absorbed into the products (0.03-0.06%). Moreover, all samples which contained CN1 and KTH rice flour provided
higher oil absorption that those of KDML105 due to their higher expansion and more rough surfaces.
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Conclusions

The swelling power and water soluble index of all rice flour depended on rice cultivars. The glutinous
rice (Rice Division6, RD6) showed higher swelling power and water soluble index than those of non-glutinous rice
flour and affected the expansion, hardness and oil absorption of extruded rice flour based French fry produced
from mixed non-glutinous and glutinous rice flour. The rice flour based French fry could produce from mixed rice
flour between moderated amylose rice flour and glutinous rice flour in the ratio of 40:60 using extrusion process.
However, these extruded rice flour based French fry still had undesirable appearance and some sticky
characteristics during mastication when compared to the potato based French fry. Other rice cultivars and ratios
between non-glutinous rice and sglutinous rice flour should be explored to further improve the properties of

extruded rice flour based products.

Acknowledgment

This research was supported by grants from Suan Dusit University, Bangkok, Thailand.

References

AACC. (2000). Approved Methods of the American Association of Cereal Chemists, American Association of
Cereal Chemists. 10th ed. St. Paul, Minnesota, USA.

Bingol, G., Zhang, A., Pan Z. and Mchugh, T. (2012). Producing lower-calorie deep fat fried French fries using
infrared dry-blanching as pretreatment. Food Chemistry. 132(2): 686-692.

Doan, C.H. and Davidson, P.M. (1999). Growth of Bacillus cereus on oil-blanched potato strips for “Home-style”
French fries. Journal of Food Science. 64(5): 909-912.

llo, S., Liu, Y. and Berghofer, E. (1999). Extrusion cooking of rice flour and amaranth blends. Lebensmittel-
Wissenschaft und-Technologie. 32: 79-88.

Juliano, B.O. (1971). A simplified assay for milled-rice amylose. Cereal Science. Today 16: 334.

Kadan, R.S., Champagne, E.T., Ziegler, G.M. and Richard, O.A. (1997). Amylose and protein contents of rice cultivars
as related to texture of rice-based fries. Journal of Food Science. 62(4): 701-703.

Kadan, R.S., Bryant, RJ. and Boykin, D.L. (2001). Effects of processing conditions on qualities of rice fries. Journal
of Food Science. 66(4): 610-613.

Keeratipibul, S., Luangsakul, N. and Lertsatchayarn, T. (2008). The effect of Thai glutinous rice cultivars, grain length
and cultivating locations on the quality of rice cracker (Arare). Food Science and Technology. 41(10):
1934-1943.

Mohamed, S. and Hamid, N.A. (1994). Effects of various food components on the expansion, oil absorption, and
crispiness of fried rice dough. Pertanika Journal of Tropical Agricultural Science. 17(1): 7-12.

Moongngarm, A. (2013). Chemical compositions and resistant starch content in starchy foods. American Journal
of Agricultural and Biological Sciences. 8(2): 107-113.

Mukprasirt, A., Herald, T.J., Boyle D.L. and Boyle, AE. (2001). Physicochemical and microbiological properties of
selected rice flour-based batters for fried chicken drumsticks. Poultry Science. 80: 988-996.
Nipornram, S., Srapinkornburee, V. and Tassanaudom, A. (2012). Effects of cultivars and quantity of black glutinous
rice on the quality characteristics of rice cracker. Khon Kaen University Science Journal. 40(3): 890-

898.

Onwulata, C.l., Konstance R.P., Smith, P.W. and Holsinger, V.H. (2001). Lebensmittel-Wissenschaft und-
Technologie. 34: 424-429.

Rani, S.M.R. and Bhattacharya, K.R. (1989). Rheology of rice flour paste: effect of variety, concentration, and
temperature and time of cooking. Journal of Texture Studies. 20: 127-137.

Thai Community Product standard. (2546). Fried potato (110-2546). Thai Industrial Standards Institute (TISI).



102 | U9 13 atuil 3 (Fueneu - Suas w.e. 2561) Hathairat Pinkaew

Tsai, M.L., Li, C.F. and Lii, C.Y. (1997). Effects of granular structures on the pasting behaviors of starch. Cereal
Chemistry. 74(6): 750-757.
Vandeputte, G.E., Derycke, V., Geeroms, J. and Delcour, JA. (2003). Rice starches. Il. Structural aspects provide

insight into swelling and pasting properties. Journal of Cereal Science. 38: 53-59.



PYd

MsanTideuaziau dlageansel lunssusunyuiugd auIngimansuazinalulad | 103

nsgeyidenuinensnssuuiiulagsauauulILTaUNaaLiia T
5ING AN

unAnga
nsAnwildingussasdivenyiuTunvesnisivisundasiiuiinunsnssuuinlagseu
auwNkmUTeUNanlandedlui vseauuaulauedlvid 700 U wagAnwiguuuianssunsinensiy

¥
N

Nuiidnw Yinsnwseisnsmaniimans Taenisuvanumneaimaigainaiiien Quickbid
Y A, 2552 wagarwdieulnelyn (Thaichote) U w.a. 2557 1Mu3As e idouiunieseuuansaumne
niimans (GIS) LLazy‘smwﬂwii"mﬁ’umiﬁﬁwﬁyuﬁLLasm'iLﬁuﬁaaﬂamﬂLﬂwmmﬁ’sasjwﬂuﬁuﬁﬁﬂm
3 36 318 Tnen1sdunNualildnuageanuuude Uy

HaNTSANYINUIN Tutned 2552 e U 2557 Huitdnwn 32,691 19 fifuilinunsnssuanas
270 2,446 15 wide 2,087 15 Anndusesay 7.48 waz 6.38 a1ud1au anad 359 15 dnsinisanasiesay
2.94 fal ’mezﬁ‘ﬁuﬁLﬁaaLLaséaﬂgﬂa%amn 13,418 15 Wndudu 15,533 15 fadfindu 2,115 19
viefldminaiutufesay 3.15 del Muflinumsnssuiigaudeludnlvggnuiudsuduiuiides
uazdgnaine laglamzuinugadnvesaun wazuinalndfuouuaevdn 91nnnsdrsafanssu
nsnens drusnnidufanssunisinensuuudy fsivgnunndige leun $1amier fivdus léua fvdn
aunfa nde Winenlsisedu uzun dle 1Hudu Foganninumsnadioga 36 318 nuidfuiide
pseuads 5.81 13 1ian thuina eesswausemu wiids wezuaiian fuunsuanedesed
24,361 vwiiel T518ldTamiads 91,361 vinsed Fuszaumsaiiarnisuiifentunisdouediiy
warn1sANTaINees wud Sinwesns 14 519 iaedfunfndovedefinu fmau 6 efiasung
fuluug waed 13 30 Adgrfnietewtildidninisauas venaniddmuin finwnsnsicdenar
77.8 liiffgnuauiieganduiunisinuasluswian andindnian aafgersiinimsnsiidanislunis
Joaftunsgydefuiiinunsnssuiifidnenings oysnsunannunsnssufiiondnual vioundand
Yy dunisinens wazaisiiuleuiedaasunianensiiinnudunds aseanunseudnlunisiiu
AuAOIHLT N YRINTT

v

AdAey : NslENAN Msgadeuliinunsnssy ssuvasaumeaienans

' 91915 Us91mnIndmans puzuyvemaniuazdiaumans un1Ine1aeTIviideln

*gﬁwuﬁ’waf“f; e-mail: suppawimut@smail.com



104 | 71 13 aUuyl 3 (flugneu - uAL WA 2561) 19INEG AR

AGRICULTURAL LAND LOSSES IN SURROUNDED AREA OF CHIANG MAI MIDDLE RING ROAD
Worawit Suppawimutl*

Abstract

This study aims to examine the changes of agricultural land surrounding Chiang Mai
middle ring road or Chiang Mai 700 years Sompoch road and observe the farming activities in
the areas. The study was conducted using geographical method by interpreting images acquired
from Quickbird satellite in 2009 and Thaichote satellite in 2013. The interpreted data were
analyzed using geographic information system. Then, it was integrated with site survey and data
collection from 36 samples in study area using in-depth interview and questionnaire.

The results revealed that during 2009-2014, the 32,691 rai of study area, the
agricultural land decreased from 2,446 rai to 2,087 rai, accounted to 7.48% and 6.38%
respectively. The agricultural land was decreased 359 rai (decrease rate of 2.94% per year) while
built-up area of 13,418 rai increased to 15,533 rai, increasing 2,115 rai (increase rate of 3.15%
per year). The decreased land has been mostly transformed into built-up areas, especially
around intersections and main roads. From the survey of farming, most of them practice the
intensive farming. The crop mostly grown is sticky rice followed by vegetables, banana, flowers,
ornamental plants, lemon, longan, etc. The data from 36 sample farmers shows that the average
size of land tenure is 5.81 rai. The source of water is utilized from ground water, irrigation canal,
Ping river, and Mae Cow river. Their average production cost is 24,361 Baht per year. Their
average income is 91,361 Baht per year. Regarding the experience and perception on land trading
and trend of the area, 14 farmers were offered to sell their land, 6 farmers have sold their land,
and 13 farmers reported that their cousins or neighbors had quit their farming. Moreover, it was
found that up to 77.8% of farmers did not have children to succeed their farming. As mentioned
above, the government should have policy to prevent the potential agricultural land, conserve
the unique farming area and the local wisdom of the farming. It should have policy that

strengthens agricultural sector and create awareness in the value of agricultural land.

Keywords : Land Use, Agricultural Land Losses, Geographic Information System

!Instructor, Department of Geography, Faculty of Humanities and Social Sciences,
Chiang Mai Rajabhat University

*Corresponding author, e-mail: suppawimut@smail.com
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EFFECTS OF SUBSTITUTION WITH PREGELATINIZED BANANA FLOUR
ON QUALITY OF NOODLES

Puangchompoo Hongchail* Nantawat Losoda®

Abstract

This research aimed to study the effect of the substitution of wheat flour
with pregelatinized banana flour in noodle by o (control), 10 , 20 ,30 and 40
percent(w/w).The cooking result showed that the formulation with10%substitution
had no significant difference water absorption compared to control. As the ratio of
pregelatinized banana flour increased water absorption and cooking loss decreased
while the appearance became darker, L*and b* value decreased but a* increased.
The texture analysis and sensory result showed that the formulation with 20%
substitution had no significant difference force distance compared to control. The
overall sensory score was 7.80+0.88 (Like Moderately) which indicated that 20%

pregelatinized banana flour could substitute wheat flour in noodles.

Keywords : Banana flour, Noodles, Pregelatinized flour
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unmin

ﬂéjw‘jﬁﬂ (Musa sapientum L. cv. ‘Namwa’, ABB group) %’mﬁuﬂﬁmﬁmﬁaﬂﬁwulﬁ
valulunnginevessundlng ndrethieauludeanseisi 4 egrsasuiau ndeusnainay
Sulsemuaaseanuds narsavanansandndundsld ulindrevarulngusznaumenisiulawmsn
fogluguvesansy ndrdviuiinaeslulaags uaztuunasRs (resistant starch) 91n535u17 Ao
Buutadulaildrinunisliaudou Ssduiuautimudenisgesgedsdosas 5330 tnathmidnusis
(11030, 255 DulenFrefansUsenoumniiuodnsssusiAdedigrslumsdnueyuadasy Snviinaen
malasuinisgs Yagtunsindreulssuifundandedudundnsusimiaulademniiusznns
Tandrwauann susnuslaaudandrsunuing lnedlvadulsemefiiiglusunsudadsdann
maamﬂumimLsmmLwammuummammimmﬂiuwm wdesanulandredidedriamaednunis
anduthuagnsaratet ddumnannsoudsunaautivisssnsvesudndelfsfiunsld
ﬂisimmmqmuqmammiumqqimmﬂmu Sedufitedafunmansidmiildtuutings shns
anuUsutandemedsninenin laenislinnuseunnndlsauyiianuiofioaidlud uwavihli
wiaduutindendinaiifnuaudinemeninedia Aedinduames fmsazaneiuaznesiladle
IFsuaudeuladeuarany,2536) iiendnduutandreniiaaiilud (pregelatinized banana
starch) n1sanwdsaananifinarinliudinaredauantfmuisdnivinumaunuidandlundodod
YULOURATNARS T

veniamduusviifiuduneunsranuilanduardiunanaugaudule fanuiulesas
35 wé3aluusiuuneUssna 1.5-2.0 fadumsuasyiidunudonis veniivssaniosslnamelu
1-2 Ju Yagtumsmsedinvesdsalnedsuly Ssdmasonginssuvesiiuslnariuanuilaneims
azninte midielaglimdsdmudmilasuinsuaremsiaulnedeuuslnafuuinie 91ms
Usziamidu Auidlesanauazanuazanansawdenldine s1anlsiung ansnsadandaudaniueims
vannuanewin ssiugniiaduomnseiavilsiieulneseuuiioadu uiveniiinewielufesmans
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w30 wnit thaneuwisiigamnd 60 esmaladunan 5 Halus ndsnduvsliandeauaysou
umnzunsvun 100 we Ionduudandlensiaanilud
2. msluilandrendaariludnaunuutisadunsarnluninsusivsniian

Yutindrendieanpludfiwionainisnsmeasds 1 umaumulsinautaaiolingn
uvzilan Tnefnunsiuutendendeadlud 5 seiude Sovas 0, 10, 20, 30uaz40 vosimin
wllsanBnuges vhauauimuanaudrdety wndeeiesdnaulaglitngee nauinduls
Fowdlou sinlaUszana 20 unil ndsanntdaduusdununussana 0.1-0.2 wufiwns wiasndudy
vgnil

A15197 1 drunanuwazUSunavasdsndensiaandludnldnaununteadlundnsaeiduusnilan

SpsarUsunandanalensiaand budnlanawnuwdsand

ARG

0 10 20 30 40
wsandounuszasansning (nsu) 120 108 9% 84 72
wilandensiaandlusd (nsu) 0 12 24 36 48
Hay(N3) 1.8 1.8 1.8 1.8 1.8
laln (Wes) 1 1 1 1 1
WA (NTN) 1.8 1.8 1.8 1.8 1.8
11 (n5u) a2 42 a2 42 42

3. MTIATIZVAUAINAIUNIEATN
thusniasindenld vhnisysydiuandinanienn fi
3.1 szazL’;aﬂuﬂ’ﬁmﬁmﬁmmzm (cooking time)
ddhethaduusni 25 ndu fuludiiten Ghndw) 300 fadans Buduradausiii
Wuugvilasiy sunseidlananaduiludiudvimeld Wunameduivanzay (G3nsves
AACC,2000)
3.2 i’mmﬁmawwﬁqﬂiﬂEf[.%’m%"aﬁmﬁ (Miniscan XP plus, Hunter Lab, USA) lnginan
L*, a* uag b*
3.3 $puazosmagaih (Water absorption%)
thugniifidugnuiiuliasiath @o1) esethndulssann 100 fadans e
asifiannudn ﬁwus%ﬁlﬂ%&ﬁﬂwﬁﬂLﬁaﬁwmmmﬁaaazmmmi@mﬁﬂ (AFN15999 AACC,2000)

TouarranInaUl = Ymtnugnavawu(niy) - Wvtnugnilieudu(nsu) x100
Yninurnineudy (nSy)
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3.4 Sovazveanisgyduveudesznininmsu (Cookmg loss%)
immmmmwmLLawmaNU“mmlam%uw (wmmmmmm) ntuilveu
iumauamawammu 105 serwaidea sushogrsuiuasihiminasd minthuhudnam3esas
Y0IN3geysderaandiszninamseu (3Fn13ves AACC,2000)

Sovazveamsgadevendszningy = Uminvoswdeiwiond(niu) x100
uminugvilneuau(niu)

35 Yndnvaededuiavonduvsnianndanisad
fnrusaiagean (forcelunzenszasmnigegnldistance) Inglfiniosindnuasiile
duelaTexture Profile Analyzer (CT3 10K, Brookfield, USA) Tna 141 21n Spaghetti tensile grips (TA-
NTF) shwduuguniinu Grips 2-3 seunasidenlusunsy Measure force in tension fvualiszasGrips
W19iu 40 HadtumsA1A13L57Pre-test, Test speeds Way Post-test speed 3 fiadtunsAaIuli
szpzvndlumsia 80 Sadums Tusdunisie 5 ndu ntuihnisiafegiauasduiinua
4. MIIATIRINIAUUTEENEURE

thiegaugniinmaaeuiulneuslnarhlusiuam 30 au nagounudnuaziuinge
fail dnwardng @ ndusa aray anuindlen wasanuveulasy Taglfasuuuanureunais
9-point hedonic scalelnepzuuuiisesu 9 memm%wmﬁqm Avuuuiiszius LLammmiﬁmaEm
LagAzULULATEAU 1 uansauiAnldveunindian 11auNuA1IMAABILUURandomized complete
Block Design(RCBD) Awasnzvianauulsusiulaglilusunsuneuiiunasdniagy SPSS Version 17.0
WisuifleumnuuansnsvesAadedieg 33989 Ducan’s new multiple range fisziuanudosiu 95
Wesidud

5. M3Uszidunanwuaia

nsUsiliunavesnd edudavonduvenil Sovazveanmagaiuasfosazesnis
gaudevoudeszninenisiu $n15719uNuNIMAaeIwUY Completely Randomized Design (CRD) ¥
N13NARDITIUIY 2 91 F1ay 3 Fregne ddeyadilduntiasnzsidianuuUsusiu Tasldlsunsy
nouiumesdFagu SPSS Version 17.013suiflsuauunnsinsvesatadesie 5ves Ducan’s new
multiple range fiszduauidiesiu 95 Weosidus



PYd

MsanTideuaziau dlageansel lunssusunyuiugd auIngimansuazinalulad | 119

WNan15IeLazanusIENa

A3l 2 szeznaTildlunsesiuiunzgay SevaznsgaiuazSevaznsgadeveaudiluszning
NsneRuvaIUEniinnaunumsLlandensiaamlug

ansEIU LANLHYU

I il mifﬂmﬁﬂ(%) nsgeysdeveandae)
0:100 7 99.60 + 0.28 10.89 + 0.34°
10: 90 5 98.99 + 0.02° 8.88 +0.17°
20 : 80 4 76.43 + 0.52° 8.06 + 1.24°
30: 70 35 76.00 + 1.20° 7.77 £ 091°
40 : 60 3 75.44 + 1.20° 7.72 + 0.54°

"o & 1 a S 1l =
NUGLNA - 1) AVLEALTUUANRREANNNITNAABY 2 91 + FIULVYALUUNINIZIU

wow o

2) ﬂ’]LQaEMﬂ’]ﬂUﬂ’JEJWJE]ﬂUiVWLLﬁlﬂGﬂ\‘iﬂudLuﬁﬁiJﬂ waneINsipuLanaiuegsitedRynseiansE AU
ANLTRLY 95 LU@iL‘U‘UGl

MM nasIszezIafimzalumsdiuduusvilan wuih vesnilgasiiliinismauny
sheutandrendiamdlud(@asnuam) Tinatlumsiuugnilignuiu 7 undl dmuvueniignsidng
naunuutindroninadludarldnalunsduuznilignifesningnsmuny dddialunsduuwi
Tansgving 3 fa 5 il Walidnsdunmaunusoutandendiaaniludazlfinailunsiuugudl
Ifantionas ssihidlosnusndfinaunudoutindenduaiiludasiuiinalusiunginuanasiaili
thanusoFurudinanaduvenildiidu vilfusnianiitu (vadav et al, 2011)

e 2 Arfesarmageiuazarfesarnisgapdoveudilussitenisedimesusvil
vngastinnuuAnmeiuNSaiA(P<0.05) wuimsmaunuutiandseutindienieaniludisosas 10
vlsiansosazvoamagailaifanuuandenadisugasilifinamaunudeudndeniiaailud
(gseunAx) grsmuauiieiesazvesnisgadeveandarindu 10.89 + 0.36° snnndngnsdus eiln
Sovazvoansgaydvveaudsagseuing 7.72 1 8.88 ilduueniifidmsiviiumsgapdovowudslsl
Audeway 10 (Yadav et al, 2011) dofiusnsidrunsmaunuvsuilandrentoatdludozyilausnd
firnferavvoamageiiuazasosazvesnsgadoveaudsanas
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M0 3 AL TIANEIAALAAITEEENINTAINGEAVDIUENEINNALUAIEUTINTIenTIIaRL UG

SasEuTInaLIY GRITENERERGT AILEENNINTTAIUINEIER
(nsw) (Hadiuns)
0: 100 17.66 + 1.51° 19.00 + 4.57°
10: 90 15.00 + 0.00° 18.74 + 0.40°
20 : 80 14.00 + O.OObc 18.24 + 1.58°
30:70 12.00 + 0.00° 14.23 + 0.51b
40 : 60 12.66 + 0.58° 10.31 + 0.16°

1) AfuanaduAaisannmeaes 2 91 + ﬁ'uulﬁmmumm%m
2) ﬂ’]LQaEJV!ﬂ’]ﬂUWJEJWJE]ﬂ‘HiWLLﬁlﬂGﬂ\‘iﬂ‘udL‘uﬁﬁlJﬂ LLﬁ@ﬂ'ﬂllﬂ'J’]iJLLC‘\ﬂWNﬂuE]EJ’NﬁJuEJﬁ’]ﬂiUV]’Nﬁ
ATl 95 Wadldud

U :

ad Y

ANTEAU

Sothiduueniifugnaininaudinsudoduda Tneldiedosindnuusilodudadiansun
NNALSIRIEean (force) uanswaldu(ndy) Fsazuonfamnumilsr amnuudusweaduugnilunisia
gn LLauiummnaaafﬂiumma(dlstance) wansmailu@adiung) mmuaﬂmmmmmm‘[,uﬂﬁmsm
vouduuEvil WU vznilyngmsiAussRegeanuendniasiuanafun19aiia (P<0.05) n15197l 2
wandlituindovsamsnaunuuiandosiiadludiiudu wildnuumusioes
mnuannsalunsiaveaduuzvilanas Insgnsusvildlidnsmaunuseutendiondiaandlud(gas
muAw) fiAussfsgeanannnityngs esonlassaaugnivesgnsmunudsBadnuayfusiuuny
67}@Lﬁmawaﬂ%uwmiﬂﬁﬁuiul,l,ﬂmé‘a'amaimEJmq&iaé’ﬂwmxLﬁaé’uﬁa(Toyokawa et al, 1989 ; Park et al,
2003) druszeynsgegalunsiweaduusmilgninunuuasgasfitmmaunussutindondiaa 1
ludfisnsndudosas 10 way 20 fiAnszozvnagegalsiunnsnaiumneada

A15199 4 ANFURIULNINTN1TNAWNUMBLTaNAENT LA bud

Sasduivauny L* a* b*
0:100 71.38 + 0.82° 2.00 + 0.44° 17.66 + 1.24°
10: 90 66.59 + 0.86" 2.51 + 0.22° 17.72 + 0.58°
20 : 80 63.04 + 0.94° 1.38 + 0.14° 15.99 = 1.01°
30: 70 57.56 + 0.88° 2.04 + 0.39° 15.66 + 0.82°
40 : 60 54.35 + 0.40° 2.22 + 0.26% 12.56 + 0.48°

NUBINA) ©

1) miuanaduAadennismeass 2 91 + ddsauunnggu
2) AadgAmiumemsnysiwansteiuluaaus wansndanuwananeaiueg el
ety 95 wWasidud

Y

v

Y

HodAgyynaiinsziu



PYd

MsanTideuaziau dlageansel lunssusunyuiugd auIngmansuazinalulad | 121

31915797 4 et nduusniduanu1inad wudn msindnsiaiunismaunuaiswts
AALNSLIANR T Y IRAERANFNa UN19aD s (P<0.05) tnedvasndanarenstaandbudvinlvugnild
dnanas dnaviliAianuanaL)wasadwiaoab®)iaanas wadaAduna@®) Winau

MINN 5 MsnedeuUsvamduiavesusnilaninaunumendandienianilug

FRNEIUNTNALNURT NN LIAR bud

AMANYMY
0:100 10: 90 20:80 30:70 40 : 60

ayﬂ’t’}ﬂwﬂi’mgns 780+ 100 780+088 7.60+0093 7.37 £ 0.96 7.30 £ 0.98

g 787+ 1.00° 7.83+0.79° 7.23+090° 7.07+078" 6.80+096°

= . . 737 + " .
nausa 7.77 + 1.07°  7.80 + 0.92 oo™ 737+ 071" 697+ 096
ALY 773+ 1.11° 757+ 1.36° 7.60 +0.96° 7.20+ 0.84" 6.97 + 0.85°
AT 750 + 1.33° 720+ 1.38° 743 +100° 6.63+080° 6.60 + 0.86°

Anureulpes  7.90 + 1.02° 803+ 085" 7.80+0.88° 7.33+088° 7.07+0.74°

Y

e : 1) Aedenmiumeddnysiuandsiuluiuiuey uanshilanuuandsiuegsided Ay meeadianszdu
Aadedy 95 Wodigud
2) ns o Liupnansiusgnedidedfymeaa

devvgnilgnunuszifiunssramdudaluandnuazaneg wuin fradeulinzuuy
AnuveUTBIUEniifudn vz UTINg lifinuLenAiuN19aaR (P>0.05) dauAsuunAITeUR LA
nausa auyy anuwidoanazauveulaesiy danuuandeiunisada (P<0.05) lnsaziuy
AnuveusuFlugnsiiinsmaumussutandeninardludiosar 10 laiflanuunnssiugnsmuny
AzuuuANTRUFUANIMTsILarAnveulneslugnsdnsnaunufeudindrondiaanilud
Sovaz 20 Lifinrmuansnsfugasniuny dmsuazuuumnuveusunausauazauyylugasidns
naunusmeutndeninaidludiesas 30 liflnuuandafugasaiuau msiiudnsidimvesuds
néewstaandlud iliusvilfazuuumnuveudud nausa Ananl mnumiouazaureulnesm
anas Losninavhlidnuasidurossvinndheuasdaaias Wefinrsumszneufunanismaaey
deduia dufuladonvenifvaunuutiandieoutdindoniiaariludfesas 20 (Hosanls
Audnwazvesurvilliunniaiugasmuauuazimaaeulinissensunanias fanzuuuamiuvey
lng59iiu 7.80+0.88 (S2AUANYOUUILNAN)
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neAdeinui msldudandendeaniludnaunuuilendlunde fusivsnilaniiss iy
Sewaz 10 mﬂwmiaaavﬂuaamimmlmLLmﬂmaﬂuammum wAd NS nsdIunsaLNuUs et
ﬂmawswmmlwmmu wﬂmmmmiaaa ﬂuaamiﬂmmua Sevay ﬂuaamsamaamaumamm
iwmmamawmmmaq AMINNATIN(LY) warAdwdes(b®)anas Laaduns(a )L‘wmu ety
venilusndnuaziledulauaznadeusuussamduianuin Wousinamsvaunuuindenieani-
Tudifinty danaliAussiwinanas I(ﬂEJQmiﬁlﬁmiwﬂLLWuéf’.JEJLLﬁﬁﬂﬁ?ﬂW%Lﬁ]aﬂalu%ﬁgaﬂax 20 f@n
T2gENIN1IAIAEan liuansINgRsAIUAL uaﬂmﬂﬁﬁnﬁﬂsLLuu@mé’ﬂwmwmwuﬁimmwm
fuansaiuay lnednzuuunuyeulnesInwiiu 7.80+ 0.88(szRuaMLYaUUIUNaI)

AnAnssuUsEnA
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nsRALINSHaALUATSEwaglasanuayulng
Yooy daude™? Infun nanina’

UnAnge
mAfeiiTngUssasdiflewauinisndnuuaiiowaglasantiayulng 4 v léud
N38¥18 (Boesenbergia pandurata (Roxb.)) 1z Ju (/\/Ior/'ngo oleifera Lam.) ngla3 (Cymbopogon
citrates (DC.) Stapf) LLau‘Uﬂ (Zingiber oﬁ‘cmo e Vern.) IﬂEJL‘UE)LLUﬂVlLiEJ Acetobacter xylinum lauil
nsfnwdnsdmseninaiugninuay mamuiwammm auluiugaianiniamenn tailuas
FanmvasuuaiiFoaglaaiinanld fail gnsil 1 dhuzndn 100% gasit 2 dwgnin 75%: i
asulng 25% gus?i 3 duewdn 50%: thasulng 50% gasf 4 thugwin 25%: thauulng 75% v
madsadolundomarafinduia 10 Yuflgamnivies wamsidenuiiarumuinasnauAsives
waglaaanaudlowiiuUuaniayulng uazgastiuzninn 75%: diayulng 25% miuggulia
MUNgegad 1.29 + 0.01 LYUAlUnT S03a301AD thnglad dinszens uagtnda audidy uaziilo
AnsziesdusznaulngUssinadualsznoude anudu i Wiy lutuwandels nuiuuaiise
waglaannthayulnsuiargeslifinnuunndnegisdideddy (p>0.05) Wevhmslesgiduoyya
aspnuidandududofvimaayulnsluuefioiwaglaauntuegeiifod Aymnsadiad
p<0.05 aﬂwalsﬁmmqmﬁmmsauﬁ’m%’uﬁmmLﬂuwﬁmﬁmaﬁﬁaqmﬁmzwﬁyn 75%: tasulng 25%
wazuuaieieaglaanntinglaifeziuunissoniugeiian wenanidmuigmunimniaiiunisnn
wayaunsdvedndneioglunuriunsgunandusiyuvuTutensn uny.341/254

Adfey : wuafiSewwaglaa Wanulng Acetobacter xylinum

wangasInermansiny) aarInermansuazinalulad uniinersesrvaglaseansallunsz ususiyudus
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“nangasimaluladanim pasInenmaniuazimalulad unyimerserivdfalageainsal
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DEVELOPMENT OF BACTERIAL CELLULOSE PRODUCTION FROM HERBAL JUICES
Poonyanuch Nilsang"? Jittima Kholungkul?

Abstract

The objective of this research was to develop the bacterial cellulose production from
four herbal juices including Galingale (Boesenbergia pandurata (Roxb.)), Moringa (Moringa
oleifera Lam.), Lemon grass (Cymbopogon citrates (DC.) Stapf) and Ginger (Zingiber offcinale
Vern.). The bacterial celluloses were produced by using Acetobacter xylinum TISTR975 and
investigated the optimal amount of coconut juice and juice. Four recipes including 1) coconut
juice 100%, 2) coconut juice 75%: herbal juice 25%, 3) coconut juice 50%: herbal juice 50% and
4) coconut juice 25%: herbal juice 75% were evaluated the physical, chemical, microbiological
properties.  Bacterial cellulose was produced in plastic box containing culture medium for 10
days at room temperature. The results showed that thickness and firmness were decreased
when amount of herbal juice increased significantly. The highest thickness was gained from ratio
of 75% of coconut juice: 25% of herbal juice. Bacterial cellulose from Moringa juice has highest
thickness (1.29 + 0.01 cm.) follow by Lemon grass, Galingale and Ginger, respectively. Proximate
analysis including moisture, ash, fat, protein and fiber were investigated and revealed that their
were not significantly different (p> 0.05) in all recipies. For antioxidant analysis, the result
revealed that increasing amount of herbal juice was significantly increased % DPPH (p< 0.05).
However, the ratio of coconut juice: herbal juice at 75:25 was selected as a recipe for produced
bacterial cellulose. The sensory evaluation of the finish products were also done by 35 panelist
and result showed that bacterial cellulose from Lemon grass juice has highest score of overall
acceptability. Moreover, the physical and microbiological properties of the bacterial cellulose
from herbal juice in this study were accepted base on the Thai community product standard
(341/2547).

Keywords : Bacterial cellulose, Herbal juice, Acetobacter xylinum
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unidn

Uszindalnedalddidanuvainnatenis@anmaiuigayulnsuin dnstwnldshwlse
wadusamazinsanduiuiidenengiiyywvasgaatis anuvarnmaievesasulnslngyinls
Angn$nwilse simsafaluinduieninuilsaumiagtu Insadaviidusdoundgaviemlulaglis
aandaiau vilviarudeuduussuaulnsegluauaunasumsnnilivuaionioliundofielu
Usednzan udludagtunseuamssnuilsalaonismiuayulng msshwme st @nasidnanidnsna
sonulnesnty uisudnuallunisldorayulnsdaduuuroutiduim viedessuussnmuluuiuna
fanndeagldnads flhevdedfiaulaniuinosviedeusiduiu mevssondldampulnsliaususeniuld
iy wulugluuurdndasinadofuemsiaduguaim (Nisang, 2018) udunurdniiraula
wiszuennayulnsssdnuaudRlunsinwnay veiedadiassnanlunistdesiunisinlsasiig o
16 Bnuszmawilsdolusunisirmgunm esniagtumssulszudinanas vidlveliuesuie
diletaelumsdudng lfeulufeudiosszautiymiuriesynvioduns S lainty

wuafisewaglaa (JundnfusiildnisminodeianssuuuaiiFeluana Acetobacter
xylinum a$rstlaglithugndnuasinanseiduumasenns 16duloasBonveasaglaaiioglugy
y9419a758n97 cellulose microfiber dnwazvasiuildidubemies fdvvientu Tdevluiniu
a3sAudeiuLznd™ (Nata de coco) Fanuddeifiewmunsadniuaissailinnaneiiiolilinandn
wndu St sdimsfinymundimiveudusnanmethuendn Wy wWisnwalsl léun théuangen
wazknudUUrse (Wauned Tududin, 2543 ) nntma (Meyawn Fudrsnguazgivsni avdaissa,
2558; Keshk et al, 2006) HAANaM19nsinEas (Fans1 Imsldumiuazane, 2555) twals (Kurosumi
et al, 2009) LAadens tn3e9lns Wneansuagamy, 2558) Wnd12 (Nilsang, 2017) veeLdsa1n
2na1NITUNITNYAT (Castro et al,, 2011) 128 (ﬁ'mﬁa LRSEYNIHY, 2547) Laza1nsenela (Taruc-
Dumadaug et al., 2012; Wenno et al., 2015) WHudu

nuAeiTsmnnanuddyuediiveiveuaiiiowaglaa Aguaudifisesldiediu
ihayulnsveslnedifasswanlunsiideudosnuilsa Idud nseae (Boesenbergia pandurata
(Roxb.)) wg gy (Moringa oleifera Lam.) @ v1ns (Cymbopogon citrates (DC.) Stapf) T4 (Zingiber
offcinale Vern) ¥anudsguiiieliiuusznledie awnsadudsenuldiiueimsing udevesinu
sewhatio ansnsaduumdiAanmeiaudesenidundnsasigaldely

WQUszAIAURINITITY

iiofnwinisndauvaiiFewaglaanniiayulns 4 via Idudnszens (Boesenbersia
pandurata (Roxb.)) 133 (Moringa oleifera Lam.) nzlas (Cymbopogon citrates (DC.) Stapf) wax
¥4 (Zingiber offcinale Vern.)

A8aniun1sivy

MsWRELTnLEe

ihwgndmudnaunsaesdanlugasidn 1% () Usu pH iy 4.5 diluddiien i
ﬁwmaégimaiuﬂ%mm 5 % (w/v) wagtonluiflondan 0.5% (w/v) wuslduiauinuavvinas 150
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fiaddns Yanvandegndrdudnilianden 110 ssmwadea 15 il Weswnsdusias lawide
Junznd1 Aceatbacter xylinum TISTRITS wnaz 10% (v/v) unfisamgivieaduia 3-5 u dune

v
U Y

wudufuegduuuresewnafies dulaaunsoiilulilunisfnwludunousioly

nawnouthayulng

thaglad Mngladnsiu 200 nfindliavenn duuioudy yuliuen i 1Hudeds
w100 n¥u &rtilfazern yuwouvan tnsee liduudwesnsseeimdes 100 n3u galdenuns
oon sudududng thiuldasden daesn Wdmvedluuzguan 200 nfudsliazeniuduviou
tiluetesthilfanden ayulnsudazeiniundy duluiuien 1 dnsUawmiionsld 23 widt nsos
winneenmedvun Wnlidudmiuldidudumanlunmsiuuaiiowaglaanely

nwanuuafiSowaglaaaninasulng

nnanuuafiFowaglaaainiiayulnaii 4 wlia wzuismavnaesoenidy 4 yanisvaaes
Feimsususmmamrenimeninoug futhayulnsusassiadwiolud

Treatrnent 1 dsgn§m 100% (Control)

Treatment 2 tagwim 75% : thauulns 25%

Treatment 3 tagnim 50% : thauulng 50%

Treatment 4 thaznim 25% : thauulng 75%

BrsvhuvaiiFowaglaaanthauulng

duthugninuwezthayulnslidenduwaat 15 wit duhmanssuazueulaiilon
Fawln aulazats MAlnSusaiuiade Aceatbacter xylinum TISTRITS Tiadeuliludnsidqy
10% (v/v) wiadlunsurwanainiiaansndouazdaseinvnuis Uniigaumgiivieadurian 10 fu vh
gnsaz 3 91 1easy 10 Yudnuiuwagloaduiudivdsusunawedi filudidonuu 30 unit iileld
naunsn wililuthiudun 2-3 Aunssvduudeudmntu Wnauuismely uwdddudiely
wssluaemrnieneiluduneudusiely

mawlssUuuaiiGeaglaanntinasulng

wismmhayulnsudazvde Uiuldianummminfu 25 esmuinddaeiimanine 1
wwaiseaglaausazada suduruagnshussildluneiiansnde wesduthayulnsfinionlias
v Tnelisasduvesaglaadedayulnswiiy 3 : 1 YadlFadnuesinluudlugifuiio
psnTzilutunousiely

AT

1. MInsdeudnuuznenienmvasuaiiGewaglioaanihayulns

nsnedeUdnuagmenen e sdanadnwaziusng uaznsinanumuives
wriwu Tnenmifuszndmauhaglng sdashnas udildinesideasaues nanumnveusiu
u Tnevhnsdn 3 90 udmanade
nMsnsadeuaaunilsmesiulasnsvedeuniauAsivesiuiy  nuiinisves

Kamal etal (2005). lasthuuafiseiwaglasanihagulnasis 4 vdia wmaaounsmuAslasdussdi
$17u 15 au uarlviezuuunnfsnuaiidowaglasdussduasiuumunissnzuuy (s 1)
9198491135N13v89 Shimizu etal. (1981)
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M19199 1 A1519N1sIRZLULSEAUNSNUAEIYRILUATI Bl ag lad

AZLUY ANYUTUDIAA
0-1 wanAaelaau
2-3 2ULNIN
4-5 BRI

6 Yuwmileaumunan
7-8 uda
9-10 wdasnn

fan: fauUasann Shimizu etal. (1981)

2. manmadsvesUsEnaulnsUssInainnavesLuaTi3eiwaglaaantnasulng
penUsznaulneUsyunulania (Proximate analysis) maaumﬁﬁ'amagiaamﬂﬁw
ayulng Usznaude UTinaeradu Uinaduls ey lefu wasUSimand Snmesinaiimsves
AOAC (2002)
3. manmadevasiueyyadasrluuafideaglaannihayulng
msinquisinueyyadaseiesnsiansiiievdauUaimuisnisves Nilsang (2015)
ua Nilsang (2016) fvil thuuafiFeisaglaaa 4 wlieansinae 30 n3u dulfazBoauduentibuu
azgnsnnduiiluldinies Stomacher Litefldntu gaaufiiuarsazats Usuns 300 lulasans
waufuansayaroyyaififiiey 27 faddns weilidiu dnasatamuaussliluiidaduie 30
wiitsliAsufAzen diluinsmmsgandunasiiamenady 515 wluwns Tagldiedosmmdnlnslale
fiwes uazdwngVSHusYYABaTEYOIIBE1s fid

DPPH% Radical Scavenging = (A¢-A1)/A; x 100
e A = ANsganduuasiiinlivesansazanty DPPH
A = Ansgandulasfiinlivesansdegaweauiu DPPH

4. ManTRABUAMENYAENIgaTIne oA swaglaannihayulns
thifegstunuaiiiowaglaaayulnsishunisfuuasuussUusiazgnanogisas 10
n$u Rsthnduiiusaainide 90 faddns thludtuseindes Stomacher wagilunaaeum Ui
wuaili3eitanun, Baduaysn | Staphylococcus aureus uax Ecoli Missylusnnsgiunan sy
wam st uriuendny uny 341/2507 puASniaves FDA-BAM (2001)
5. MSATINABUNNUTEAMNFUNH
nageunanIsUszaduiavesuuafiiowaglagayulnsusazylanaainuusgulagly
nquuszanslaitenndt 35 au 1ny 7 point hedonic scale M3k 5U$ & ndu sa Lo durd
ANNYRUlAETI wahunsgiamelUsknsuadAnaaau
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6. MylATRveyanaia
AAT1ENANULUSTUTIUNNEDR (Analysis of variance: ANOVA) §1%5UNISNAZOUNIY
Ussamduda 13suiisuaiadelangds Duncan’s multiple range test iszAuAMLT0IU 95%

NANTABUALBAUTIINA

NANIATIIABUANYMEY N BN TR MUATI S Leaglaaantas LG

wafiBeeaglaanninayulnsuiassdafiviinisuaduna 7-10 $u tunassaeuana
w7 Han1snaedlunsnedl 2 wandidiuiaumuvesuuaiiFeleaglaauusiuiuuuames
aulwsiia Tnofiarumnveuaiidowaglas duenim 100% > thugwin 75%ahayulng 25%
>tuEn312 509: thasulng 500 >thugndn 25%: diayulng 75% wuaii3ewaglaainimegy
Tianumuvesusiuiusnniign sesasndetingled daunuaiiFelwaglaanimirdeuasihnsseneli
AvLveIs U Tigaluyngas

M1399 2 anuvuweuaisaglaaaniayulnseiingig o

ANUNULRREYDIU (WURlUAT)

Hayulng w1 100%  thaend1a 75% + thaendna 50% + 1aeni1n 25% +
thauulng 25%  hawulng 50%  ayulng 75%
FIGH 1.42 + 0.02° 1.05 + 0.01° 0.90 + 0.03° 0.69 + 0.02
U9 1.41 £ 0.03° 1.01 £ 0.02° 0.77 + 0.04° 0.40 + 0.04°
QERLAT) 1.40 + 0.03° 1.04 + 0.03° 0.76 + 0.02° 0.48 + 0.04°
EERHY 1.44 + 0.01° 1.27 £ 0.03° 0.97 +0.01° 0.78 + 0.03°

' N ' = =
ARAYUASTIULULILUUNINTZIUN n=3

Fdnws (a, b,.) Mwdleuiuluiuids unehs launnsnaegne

Ry

TrldAgyneeddn p>0.05

anumilsnjuvesiundisoiwaglaadunuandanddylunsudnuuaiiFowagladlld
A MavadeuAumiljuvesiulasnismaaeunsuie Tagliidemgmaaeunismuien
waglvinziuuauyivileiveuuafiseisaglaausiarsiinm1un1319ves Shimizu etal. (1981) Nan1s
yadoULARsiINIT1eT 3 nuhuTinanhayulnsiiduaduitesgasiinaronanjumisweuuaiise
waglaa UTinathayulnsinnasyhliulianuseuinnauieidnuasvaindelaau Azuuunsny
\AemesnuaiiGeiwaglaa lwaglad dingni12100% > thuswdn 75%: tauulng2s% >tuznin
50%: tasulng 50% >tuenin 25%: tayulns7s% wuaiiSowaglaaiilianiuzgulviazuuy
mswuLﬁymgqaé’mﬁﬁaﬁﬂﬁ’mmmﬁﬁ ijaLﬁ&J‘uﬁ’uLLUﬂﬁSEJL%aQIaamﬂﬁwaagulwwﬁm%u 9 fiUsunm
thagwdn 25%: thayulns7s% wuefiowaglaafildanniiBuesinssvelviesuuunimmuie,
tonflan MiszdunzuuugouLIN
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M13197 3 KANSAGBUMINUALIvRLUATISBIwaglaantayulnsliagiia o

ﬂ%LLNUﬂ’]i%uLﬁEJ’J
Woayulng thugnd1a 100%  1agnd 75% + 1aewi 500 + uiueni 25% +
thauulns 25%  thayulng 50%  hasulng 75%
nglas 7.22 +0.12° 6.48 + 0.14° 5.75 + 0.13% 4.97+ 0.12°
U9 712 £ 0.13° 6.33 + 0.22° 5.00 + 0.34° 3.45 + 0.20°
QEERN 7.20 + 0.15° 6.55 + 0.13% 534 +0.12° 3.77 +0.24°
Uz 7.19 +0.21° 6.70 + 0.20° 6.01+ 0.25° 5.02 + 0.13°

AladeLasdIlERUUIIATEIUN n=15
fonws (a, b,.) Mwdleunuluwuas vuneds lluanasegsdidedAgeedian p>0.05

MnEamsnaasuneamuansiiiuitgnstueng1a 759%: thayulng 25% Tfusuiu
fifiaumungs u,azﬁmmmuL?ﬁvmasﬂuizﬁuéaui@umuﬂaw Fenansideiiaonadesiunuitenes
in3edlng Winens uazaniz (2558) Aldvhmsfnuandnvnzvssuuaiiie fuassilldanniswau
uiadfanstuiuendn Fedhduivanzanie tuftng 1dw dethusnim 2 d Tudeumn
LAYANLBUYNATIAR

KansTIIaeuesdUsznaulnsUsEnadnnaveUaTiSoagladantnasulng

wuafieieaglaainasldindsnildinauautinenisnin astnduludifeau 30
wit ilelandunsn usliluiud 2-3 AukseifudBeumimn iy aunseindudssmeluudai
sy Taensiududindsngnidiuazuslutiagulwsiidianududu 25 %Brix anndui
wanAdiitldussrluraaiiiiunisovsnde iviludifurounisfutseniu wan1siine e
padUsznoulasUsranadiauazamsfueyyadasrresiuaiiowaglasantiayulnsusiozain
uansiansned 4 nanisvaasuandlfifiuiidasdusznaudnavesuuaiioivaglaaaintiayulns
winzgashiianuuandsegradidoddgmeada (0>0.05) uagwudmnnitfesas 90 vesuuaiiisy
waglaafiiidussduszney denrdasiuaiiforesiing Indfunsuazane (2555) lunisfinwinig
HanuuATiSewaglaannuandasmanunsiuurdsnisuey

ANENTAUOYYaBATEYBILARY treatment AAd1uLANFNITUBE 19T Tud Ay n19aia
(p<0.05) Inefiansiuoyyadaszulsiunuuimaniayulnslussas treatment nanifedransdiny
oyyadasylugnstinen 75%: tianulng2s9% >turwina50%: thayulng 500 >thuznim 25%:
thayulws75% > dngni11100% WeiTsuileumsiueyyadassluieduuaiidoiwaglaaan
ansgnainugnin 25%: dayulng75% wuihasiueyyadasslunueiiiowaglaanninglad>
waideeaglasnnthuzgus> uwaiiSowagloanninssmesuuaidoiwaglasnniris sy
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A159% 4 AuaudAnaivazANMIFueYLadasTRILUAT S ewaglaaaIntayulng

1 a3rUsynaulneUsyanuTina (%) \iole (%)  %DPPH
YANISNAADY
aygulng °
ALY W TUsiu gty

nzlad Treatment 1 97.45+0.11° 0.05+0.00° 0.60+0.00°  0.50+0.01° 0.30+0.11°  0.34+0.08°
Treatment 2 97.7740.17"  0.05+0.01° 0.6140.01°  0.51£0.03° 0.29+0.19° 3.70+ 0.03°
Treatment 3 97.43+0.12° 0.05+0.01° 0.6140.02°  0.51+0.04° 0.29+0.09°  5.10+0.27°
Treatment 4 97.61+0.15° 0.05+0.0° 0.62+0.03°  0.50+0.11° 0.28+0.15* 6.98+ 0.25°

U Treatment 1 97.2540.11° 0.05+0.00° 0.64+0.02°  0.57+0.01° 0.31+0.11°  0.34+0.08°
Treatment 2 98.01+0.07° 0.05+0.01° 0.60+0.11°  0.54+0.18* 0.28+0.19° 2.72+ 0.18"
Treatment 3 97.83+0.12° 0.05+0.02° 0.60+0.04°  0.53+£0.02° 0.2740.09° 3.40+0.07"
Treatment 4 97.63+0.10° 0.05+0.03° 0.61+0.05°  0.54+0.21° 0.28+0.05" 5.02+ 0.05¢

n5¥¥8  Treatment 1 97.25+0.11° 0.05+0.00° 0.64+0.02°  0.57+0.01° 0.31+0.11*  0.34+0.08
Treatment 2 97.15+0.17° 0.05+0.11° 0.60+0.11°  0.5540.28° 0.21£0.09° 2764+ 0.18"
Treatment 3 97.26+0.26° 0.05+0.21° 0.61+0.24°  0.55+0.14° 0.24+0.09° 3.51+0.12"
Treatment 4 97.24+0.23° 0.05+0.10° 0.60+0.25°  0.56+0.21% 0.26+0.10*° 5.12+ 0.65°

U Treatment 1 97.25+0.11°  0.05+0.00° 0.64+0.02°  0.57+0.01° 0.31+0.11°*  0.34+0.08°
Treatment 2 98.15+0.17°  0.05+0.21° 0.63+0.01°  0.56+0.18" 0.31+0.39° 2.83+ 0.18"
Treatment 3 97.53+0.02°  0.05+0.11° 0.6240.24°  0.55+0.24* 0.3040.12° 4.54+0.14>
Treatment 4 97.61+0.23°  0.05+0.06 0.6240.15°  0.55+0.31° 0.30+0.35°  6.02+ 0.05°
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waglaanthuzgy >uuaiiSewagloaaniinssse >uuaiiGowagloaaintinds
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MENTAL HEALTH SITUATION AMONG PEOPLE LIVING AROUND THE INDUSTRIAL AREA
IN NONG KAR DISTRICT, SARABURI PROVINCE

Rattanaporn Arsa'” Phitchasuda Detboon’ Nichakan Dokkulab?

Abstract

The purpose of a mix method study was to investigate the mental health situation among people
living around the industrial area in Nong Kar district, Saraburi province and related factors. The sample
consisted of 265 people living near the industrial area in Nong Kar district, Saraburi province. Data collection
were accomplished with questionnaires and interviews from September to October 2017. The statistic used
descriptive statistic, Chi-square test and Pearson’s product-moment correlation coefficient.

The results revealed that the mental health among people living around the industrial were as
equal as general level. (60.8%). The eleven factors were significantly with mental health, namely, residential
character, duration of time to live in the area, right to treatment, knowledge about the effects of industries,
families relationship, neighbors relationship, pollution prevention, water pollution, soil pollution, social
supporting and participation for community activities (p<0.05). The findings lead to recommendations that
health organization should have well-planned activities to prevention from pollution and should have
activities that focus on the participation of communities, government organization and industries to solve
the problem, that will bring about mental health.

Keywords : Mental Health, Industries factory, Pollution
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EFFICIENCY IMPROVEMENT OF SPRAY PAINT PRODUCTION PROCESS

Mongkol Laowaraphan!" Chatchawarn Mongkhon 2

Sudhee Prajongsak® Linda Narkpoy*

Abstract

The purposes of this research were: 1. to study primary problem of spray paint
production, 2. to increase efficiency of spray paint production process, 3. to compare the
productivity before and after spray paint production line 4 improvement, and 4. to analyze the
engineering economics result. The research instruments for collecting data were productivity
daily record, productivity increased rules, work study, process analysis, 7 wastes, QC 7 tools,
and ECRS in spray paint production process improvement. The statistics used in the research
were mean, percentage, and t-test.The research revealed that 1. The primary problem study
was found that the case study company had production line problem on line 4 which could
not reach the target goal at 80%. The root cause was the delay of spray paint packing process.
2. The efficiency of spray paint production process improvement was found that the packing
after the process improvement increased at 55.05%. The packing steps decreased from 36 to
32 steps which equaled to 11.1 %. The distance reduced from 70.03 to 51.19 meters which
equaled to 26.9%. The production time decreased from 132.17 to 9.78 minutes which equaled
to 92.60%. 3. The comparison of productivity before and after spray paint production line 4
improvement was found that the labor productivity increased to 198.39 dozens per hour after
the improvement. The machine productivity increased to 198.39 dozens per hour. The space
utilization productivity increased to 129.15 dozens per square meter. 4. The engineering
economics analysis was found that the dehumidifier investment which cost 35,000.00 baht
could reduce the packing wage at 10,236.00 baht per month at the payback period of 3 months
and 11 days.

Keywords : efficiency improvement, spray paint product

23 Department of Industrial Management, Faculty of Industrial Technology, Rajabhat Rajanagarindra

University,
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4.7.18 vd1 v\ “:” (colons) 1iu 1 753

4.7.19 JUuUULAEIeENIEN9BIaNdsTiuYisng

1. wiledansanisn

JULUL: Fofusta. //Vifusi)./Aoviiade/afaifuni@nd). //flesiifd: /diinfia
PLEAREAY gy Syoway uazngquiiz Gandex. (2541). MuimulAREsiugILasAUAL LD
NSANYY. NTUNNUNIUAT: UNTANEN.
Mitchell, T. R, & Larson, J. R, Jr. (1987). People in organizations: An introduction to
organizational behavior (3rd ed.). New York: McGraw-Hill.
2. wiisdevsamsiitiussansnig
sUkuL: Foussaudns(fsrusi)./Aiiu).//Fondsde /Ao st/
RLERNLY anad F3elawna, (Un.). (2541). AlednnisileunisaeussRuTudinfny. uasUzy:

VUGN UIneauuing.
Gibbs, J. T., & Huang, L. N. (Eds.). (1991). Children of color: Psychological

interventions with minority youth. San Francisco: Jossey-Bass.
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3. Anegaiinus

Voruste.//itfam).//Aeimeninus /seAuineniinus /umvinende.

WU ANNAaAN. (2535). wgAnsIuNsUaNmIINasuaznisidnalulagnig
domsvesuitmgsiaenvuiiflvenvegegavesusemelng. Inednus
Nsaseansmtudio AngNsasmanilazdoannaTy, tINedusIIAanT.

Almeida, D.M. (1990). Fathers’ participation in family work: Consequences for
fathers’ stress and father-child relations. Unpublished master’s thesis,

University of Victoria, Victoria British Columbia, Canada.

4. 5189UNTUTTYNNIDEUNUINIGIVING

Voruste/Aifiat//FolFos/AolenasrsFosnsaunsussy,/ A Weu U anuiide.
e st andiniu.

nsadwns. 2538, MaUszsyuitRnissusdileduaiuidosnnsey,
25-29 WHAINYU 2528 Bl NYIFYATUNIETAY JIIANMIETANL.
N3N gudiunisde nsuivInig nsensdnesnig.

Deci, E. L., & Ryan, R. M. (1991). A motivational approach to self:
Integration in personality. In R. Dienstbier (Ed.), Nebraska Symposium on
Motivation: Vol. 38. Perspectives on Motivation (pp. 237-288). Lincoln:
University of Nebraska Press. Motivation: Vol. 38. Perspectives on

Motivation (pp. 237-288). Lincoln: University of Nebraska Press.

5. Wawnsu
WaUNINRTUTITMTIReER T WA, 2542, (2546). nTaWNe: uudlidaiud iadu.
Shorter Oxford English dictionary (5 th ed.). (2002). New York: Oxford

University Press.

6. 7615/ UNYHTT
Forjusia//Afifu).//AeiF0a.//Mensansvizedineans,/ A7 (@uil),/mihusn-nihgavie.
91l A uazgw Azias (2551). MIFnwIMTfinUssansnimnssdnlagnisan
Auggyanlunszuiunsudnieanesed, 1sansmalulagnnald, 1 (2),
27-35.
Klimoski, R. & Palmer, S. (1993). The ADA and the hiring process in
organizations. Consulting Psychology Journal: Practice and Research,
45 (2), 10-36.

7. UNAMNIINATIHINUN
%a@wia.//(%ﬁﬂmﬁ, Wow, Tuil).//Aoises/Aendidefiu minfiunanens.
angla mand. (2548, figueu 7) anFeauser lineuu asisnuduiudeunsvin.
AN-TA-an, 25.
Di Rado, A. (1995, March 15). Trekking through college: Classes explore
modern society using the world of Star Trek. Los Angeles Time, p. A3.
dodidnnsedingd
orjusia//@ftai).//dei30s,/Suiivhmsiudu,/Aegiudeya.//URL
Author(s). ( date-or “n.d.”). Title of work. (Online), date retrieved. Name of

Database or Internet address of the specific document. Specify URL

<= 00

exactly.
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foeaLu AUNUAMZNTTUNTIMUSTIULIIA NTeNTITUUSTIL. (2545). Uszinalld
nsrateynlvenugeulisinuustu $uila, 7 Squieu 2548,
http://www.m-culture.go.th/culture01/highlight/highlightdetail.
php?highlight id=114&lang=th
Lynch, T. (1996). DS9 trials and tribble-ations review. Retrieved October
8,1997, from Psi Phi: Bradley’s Science Fiction Club Website:
http://www.bradley.edu/psiphi/ DS9/ep/503r.html

5. msdeiuativ finusunmufesdsiuatuifaninusuuuuvesiuaiuluteimusvesduuzinsBounayds
AuatunsanTITeuasiau laseadnsal lunszususyuiug Tuguuuu Word Document (docx) waie PDF File
(pdf) n¥eunuuthdunAIadTuadfisineunssaITouasinu Flageainsal Tunseususydduiuay
dumdngunsdiseRudssanientngmsaidouasiaun dlaseainsal luwszususyudud i
E-mail address: rdi_published@vru.ac.th unesAdeiiufmuduusiagldsuinsandwiumsloeriui

a

6. msUszdiuunAIuide uasBvavslunisifaiseuns

6.1 n1ssuuszlivduati unenuAdsduaduiidaduiioasifiarimeunsluinsaisidouasiamn
Jlavoaansal lunsrusumguing agldzumssussdiulanivsanand (Peer Review) Tuanuntu 4 agnatioy
$1uau 2 iuseidesuazdmwaniseuussiuAuginusunanuliudy uily wdudnsd Tnsunanainiuns
Usziliulisumsifiunluansansidouasinin tlaseansal lunsvususgudud ginusunanuaglasuntdsdouds
firsannsifant nieimnsansatuiiunanuideduasiifut S1um 1 el

6.2 AvdvdunanuideilldTunsifurimeunslunsasidounsiaun Jlaseasnsal Tunssusumyudud
foifunssuansvesanitiidouasiinm unninerdenudgilasonsnsal lunssususgudud suthdeniu
Toavounsdnlufiasion Vuuiarldsueungnmanumiinendoduanednuaisng

6.3 anuiuliagou ilomduatuiivinglunsasidouasiaun vlaseansal lunszususguius

Jupnusuiinveuresinusunanuvsedidoues MatllinuanuRanainduiaainmadanisiiun
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SULUUUNANARY
3E13euasian Alaveainsal Tuwszususiyudus

a 4 =
guInenddansazmalulag

l 2.54 Y.
=]

3}

. B . o FaFosnwlng (Fmurun 14 point 90AINA19)
U0 1.25 9. B59UTTUI 7 ANDNYST

(VU 14 point)
Fodimusnrwnlne//Aefinusnrunlne?/dedinusarulng®// (Hvunwun 14 point dafenans)
(114 14 point)
UNAAED (FNUITLIA 14 point InTALI)

Umﬁmsjami%aqﬂLﬁamﬁgwmsumwm’m%’a ImﬁLﬁammamquﬁamméfﬁmmaq{]@m
Trquszasd neddouazasUnaveanside dmualiiinrmenlsiiiu 15 ussia wie 350 f1 Litels
unAuvesinulasunIsdnfivsiegnagndes asuaiu lurrsansidenasiann 2laveasnsal
Tuwspususgdiud

vaneive teResing / vnelis matngsa 19590

(V14 14 point)
L T2 13U (3-5 @) (funfuun 14 point 3nTAe)
(V14 14 point)

{(syyanuzuaziogdmsunsove s InusuNAIWT 1 Hadee uin 12 point SaFate) Meghutu
unAnwmangasgu)Uasin a19131UIMINIAny) umInendesvaglageansal luwssususgusisg
E-mail: rdi_published@vru.ac.th

% wyﬂmuszmxﬁag’ﬁW%’Uﬁ?@m’a%aoﬁﬁwm’wm71/17 2 §uden v11m 12 point InFate)

S(szyaniusuasiioga msuanmevesinusunnIIni 3 §udes aum 12 point $adn57e)

‘Hiwusvan ua:

TZ‘UQJ.
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l 2.54 Y.

FaiFasndange (Faviuiwuna 14 point Snfenans)
(ViU 14 point)
Foffinusnundangu!”/Aediwusaminsnaw?/Aedimusmundsngu’/ (Fvnuna 12 point faflanans)
(114 14 point)
ABSTACT (fmunaua 14 point Iage)
Abstract must be written in Thai and English, within a maximum of 350 words for

each language

gauii 1.25 v, w5eUsTan 7 Monws

(V14 14 point)
Keyword: .. R R R R (Fun@vun 14 point I0TAL8)
(14 14 point)

Iposition, Office address, Email address: author 1
position, Office address, Email address: author 2
3position, Office address, Email address: author 3

“Corresponding author, e-mail:

TZ"U@J.
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2.54 .

unidn (AuU1IUIa 14 point InBadne)
Hudhuvesiiomitvenarundun WaNAUILUENMIANYTITY oo
................................................................................................................... (@UnFvuIn 14 point 9AN32218)
(ViU 14 point)
UszasAvaen15798  (AI%UIUUIA 14 point InTnde)
T U T A IV TOITITITE s

o

M

=D

(114 14 point)
WA dun15398  (Fvunauna 14 point InTade)
msesUEIsAIIuNMTIdE Inena1nfiiBnsdunguiaegng funvesngusiedns uwnasiisn
vostaya maiulazsusmdeya msltiedeslo afAldlumsidouazm e esitona oo
................................................................................................................... FunFuun 14 point 99N32918)
(114 14 point)
Nan1sIveUazaAUTIENa (AIUUIVUIA 14 point INTAYE)
Bunsauedeiildannsisaidusduenauansiiensinsm wunmuszneunsesue
Teiguansaemsne msidumsuuulifiduroumsidudiowazen fmstsuusssualiia
msmsiiameiisndulimaiu 5 s dmisugunmuszneuesiduguninan-si fimaunasd

Aussenelizy nadidnduenaldnm@ld. ... FaUNRIWIA 14 point I0N5TA1)

v

2931, (114 14 point) 2%,
a3u (Aamunvunn 14 point InTade)
Humsasunaiildannsifeindulunuingussasdiideliuieliifiods wagansds
nquiviersuifisumsnnassesfduiiintesustnouilelie uiusemundnmsviefindu
nuiifiogiin samteuansliiiuanisdwaluldusslond
................................................................................................................... FunFuun 14 point 9AN3£918)
(V14 14 point)
JowEusuuz (AIMUNIUIN 14 point InTAYE)
asil 2 dau e Tolauaiieatuaudde wazdeiauenurlunisiiifendeely
.................................................................................................................... (FnFvun 14 point 39N3£318)
(34 14 point)
AnfnssuUsznA(@dl) (RAru1aun 14 point 3nTnde)
TaANULERIAINVOUANE I daTUayY Fremde warlvmnuiuiislunisviinuide
FIDUABIUATUIYUANE) oo (GIUNAYVUIA 14 point 30N52370)
(V14 14 point)
1ONEN591999  (A2%U1IUIA 14 point Fage)
NSWBULENENT 19D IUAzN15971984 T952UU APA (American Psychological Association)
it ThsddudeudaedsunumuddusnysBuseenasniwinenou udwiofeenans
DVIIANTUTELNIF ..o (FnFvuIn 14 point 9ANTEE)

o
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