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.., 
lJ'Yl'YI 1 

1.1 A">1aJLi1\u11ua::A"l1a.iihA'ty'llEh1UfJfM1 

~tJ1::nt1tJn11\-'\~iuR1'1.l.-;i1nwi h.:hn'l.l.Li'l.l.n1mitnii.flrf R111fl lan iin11i:.1afl 
~ q 

+ J "' f::t el """' ~ 1 + J "" f::t Q; I .cl( f::t Q; I "" n1 llbfltn Lff'l.l.Liilnu1::mm 3 flW1'1.l. wi un1 mflt11 Lff'l.l.Lanwi.;im111 :1Jt11 un11mtJ1mflfl BWll1.\I q 

i"fiB s 1" 'ti1 liLnwit1""'nl'v111::'V\'l1.;in11"1l'l.l.R.\I L dt1.;i-;11n1::u::vn.;ii.na'ti1 l irl1 m'm Li'l.l.L~n ., 
A I .Q d A I + J "" " .:I. .... 4 1 ol ., Lnfln11L i.t1Lffll -;i.;i Lnf!TI11ff.\ln1 mfl u1 Lff'l.l.Liiln'Yl'V\:1Jf!t11t1na1Jfl'l.l. 1.\l.\11'1.l.u1:::1J1m1t1ua:: 10 q 

~wiLU'l.l.:1Jafi1fl11:1JLit1'V\1t1tJ'I:::1J1m 6,ooo 1J1'Ylt1" ('I1mrl1m,t11Li'l.l.Lannlanf:1Ja:: 20 
~ 

A .. A A ' A A 1 "" .... ~ VI ""' "" • I I "" .. I A 1J1'Y1} L UEl.\1';11n:IJ';Ja'l.l.'Y11EJL ';11tu LfllJ fl';J'l.l.anfl1ff.\I Lnfl L 'V\'1.1. ~'1'11 llfl1Luiil1 i:J u1::naun11';1\I 
q ., \I \I 

ia'1n11af!mun11LnufnH1n1m,u1Li'l.l.L;nli"1"n'l1 s 1u~am'V\niiia" q , ~ 

.A .a • J 1 I 'I ·-=- ,.::il,::::il A ff n11L ff El :IJ L ff ll"ll fl \I n1lib91£.11 fl ti ff1" ~ 'V\ ru :IJ ff1 L 'V\ fl :IJ1 ';11 n LLlJ fl 'Y1L 'Ill ti ff fl LLiil::'I1 ... q 

(Ray, 2001) n1'ILia:1JLiui.;in~11'!.l.t1n-;i1n-;i::rl1\lf!11:1Jffru LfftJ linu ~tl'I::n fltJn1'ILLi1 EJ\I t11'1 
~ ., ~ 

LU'l.l.ff1L 'V\fl"lltl\I hfl'Y11\IL~'l.l.tl1'V\1'I (Food poisoning) (Ghaffar et al., 2009) ~\ltJ7:1J1mii1ua:: , 
a1n1fln1u 1 'l.l.fl1"D''l.l.::u11-;iLu'l.l.tJ;-;Juthfiru~ Lf\li:.ia;i flTI11L '1~ru LfitJ 1'1"ll fl\1'1a'l.l.'Y11rf 1fl u Lu rn:: q ., w q 

tJ73..11mii1aR1::~~a'l.l.'Y11uR13..l11C1\\1i.tJlitJ1::1u"D'iti.i (Water activity, aw) iifl1111thfityfifl 
.. .. I .IA ,k ... ... .,_ ........ .. ... .. 

n1'ILffEl "Lffll"ll El\I a1'V\11:1J1nn11 u'I:1J1 mf!11:1J"lf'l.l.LLiil::3.J fl11" ff3.J'Vi 'l.l.1mun1'ILfffl" L ffll L 'l.l.tl.\1';11n 

tJ~n7t11Lflii LEl'l.l.LSJnfoa::i°nHm::'Y11.\ln1un1Vi (Maltini et al., 2003) Lf1'1.l.a1n1fln1ul" 
.do I " "' A "" ' A A A'"' n1"D''l.l.::u11-;i3..1 i:.i afl a a1 un11L nu1nH1"1lfl\I i:Jiilflfl men fl1'V\11L 'l.l.El\1'11n-;i awn1u" fl.\ln11Enn1fl 

q q q 

L 'l.l.fi1'I~1'I\1~1fl i\lif 'l.l.n1'I1J11'1 tl1'V\1'I L 'l.l.fffl11 ::ff tu tu1n1fl~\l"Ji1 ti UWI El1 lln1'IL nufmfl 't q.,., q 

i:.iaflnmen'ti (Ntzimani et al., 2010) 

Gliemmo et al. (2006) n~11-:i1n11lia-11awi aw 'Vliil1tJ"lfii.fl'i13..1n'l.l.iitJ1::~'Yli1l1Vi 
I fl"" A A _,, 9"' OJ .. 

il\lfi11fi1'B"lfff1'Iiil'1 aw L'Vill\l"lf'l.l.W!Lfltn ffElflfliilEl\lfi1Jn11'I1ll\11'1.l."11tl\I Li et al. (2011) "lf\I 
~ 

wu11n1'IlinaLent11fla (Glycerol) (imrn:: 3) "f13..1nulw'Ifta'l.l.i.mrnfla (Propylene glycol) 

(imrn:: 2) °1i1UiilflU73..11nL aw L'l.l.n1m,t11Lff'l.l.ffflLimn 1wim1flfi1 aw ';)1ff0.979 L'Vl~m-viu.;i 
0.900 

A .. .,_ ... ..1 ... I 

Rachtanapun and Tangnonthaphat (2011) fln~1i:Jiil"11El\l"lf'l.l.fllJ'I'I';J1lnL'Yl'Y13.Jfl fl q 

E11t1n11Ln1JfnH1n1m~tnilfl 1flmLtJ1~'1.l.1J11';)zl{l.L~ 4 "D'Ufl fiB n11i11i1t1Y'ltfo HDPE q , , 

(High density polyethylene) Cl\I HDPE Cl\I PET (Polyethylene terephthalate) LLa::CJ\IL'l.l.iilEl'l.l. , , , 
l ... " .., ..I ... ... I + .1 

(Nylon) 1l1U c;Jfffl11::ffnlfll1TI1flLnlJ'InH1'Y1ElnL'V\fl3.J 25 fl\lfl1L"lfiilL"lfllil W1J11 n1UL'iltnfffl ,·ai·t1 , ~ 
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~Ul'l'1 L\l.th1L't.l.tH1u.iieJ1rmTnn'IJU.1'1.l.~fffl fifl 13 1" LdeJ-\1'11nt1-\llu.aeJ't.l.iitn.1'1J1iL't.l.n1'lr.JmJ • • • • • 
l ~El eJntJiL'1U.LLft::lt1i.i1sii11~1'1.l.'itEl r.J~Rflfi El 91.28 ffl3J/~1'l1-\I Lll~'l/1'1.l. LL ft:: 0.090 n'l3J/ , 

.... o ._, .f..., .d A.., ~ ._., A Iii 

~1'l1.:I Lll~'l/1'1.l. ~111ft1fl1J 't.l.Eln'11n't.l.r.J.:13J'l1r.J.:11\l.1'1 r.J L nm num'lflmfl r.1a"ll El.:I R1111::n1'lLn1J 

~ii~m:nr.Jn1'lLfl'IJ°1i11nftEl-\l-\IElnL\l.fl-\ll\l.aeJ\l.lflr.Jn1'lLL1.h~\l.RT111::n1'l'IJ"j"j';) 3 LL1J'IJ fiEI ilfl , . . 
~ilnwf El 11 l~R1'l~ flsnu El tm'iiL '1'1.t ilfl ~il n ~tyty1n1flLLa::il fl r-1\ln ~ty ty1n1fl'f13Jnun1'l LffITT'l 

flfleUlJEIEln'iiL'1\l. wui1n1'lflflr.1i1nwfa3JL~ff1"jflfleUlJElEJn'iiL'1\l.LU\l.R1111::~L\l\3J1::R11ITT\l\flJ 
'II 'II 

"' ... " " ... .,, .,, ... "' ... ..I ... 
n1'lLnU'lmfl"ll11na t1.:i.:i an L \l.t1.:1'11n1111m1 a.:i-\1 an3J a1 r.Jn1'lLmnmt1't.l.1wn Rflfl El R13J1'lfl 

q • 

Lnui.~'t.l.1u.n--h 6 L~a" J"ihda.:i-;nnm'ltlfl~ilnRruru1n1flL rlr.J.:ia ci1.:1Lfir.J1ii~a 'l~eJ1n1flail3J q .... 

~1\l.L °1i1 hJ111 r.J L \I. fl .:I L~'11 nn1'lL n fl 'lf1 L dt1.:i '11n L3J afl°1i11 nft' El .:I .:I El n LL 'Yl.:I fl.:I L \I.a El \I. , 'II , 

!'I AA Q.ol I o \1 + .t "" flt • (u r.J1'l'lnL flf11'Yl~w~"1LLa::fl m::, 2553) LL~n1'l't.l.1fl.:I L \I.a EJU.3J1U'l'l'1n1 m~ t11 Lff't.l.Lam w El , , , 
fln1f1El1r.Jn1'lLnufmfl81'1 i.3.iLnfl'lf1 L dEJ-\1'11nfhr.J L~ r.J1 Lff\l.L~n l1iiifl113Jfl3J L \l\ijfl\l.L3J~fl°1i11 

, 'II 

" -.... ~ o Q,; A ,-1~ 1 flt a..o + J 
n a EJ-\1-\1 an fl.:l't.l.'t.l.ff1\l\'lUn1'lflmt1 r-1 a"ll EJ.:i «1111 ::n1'llJ'l'l'1'Yl3J~u m r.Jn1'lLnu'lm~nn1 t1 L~ t11 , , 
Lff't.l.Lan~.:ifl1'lflmt1J.:i 3 'lULLuu fit1 n1'lilflr.1ilnwi'a111ffR1'lflfleUuaan'iiL'1'1.l. ilfl~ii.n 

'II 'II 

.... .. ' 1.2 1flflIJ1::ft'1A • 
1.2.1 

1.2.2 

1.2.3 

....... 
1.3 tle>ULtlfltle>'1n111;)tl 

' ..1.. ... ... .1• " 1 ....... 1.3.1 ff1"Iaflfl1 aw 'Ylfln'Jfl fl Eln aL'Ufl'lEl a u'l3J1W.'lEl t1a:: 2 LLft::3 W'lWft\l. 

i.naflE1ai't1r.Ja:: 2 3 LLa::4 
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"" 1J'Yl't1 2 

I d ... 
miLfl1'Yl1.\I t:11'V\1·nm.-i1 LI (Virtucio, 2005) 

q 

2.1.1 fl111J\'laJ1U 
... + .t ... ... .... ..... • ... ... .. .'I ... ... ... 

Lff'U.n1 LIL'il £.11 'V\111 LITI.\I f:Hlfl111U'Yl'Jj.\l'Yl1';'11n"ll11 L ';'11'Vl'lEILLu.\l"ll11 L ';'11L ~LI.\! 

El r.i1.:1Lfim 'Yl11 iLU'U.LL~'U.1J1.\I it-i 1 i ffn i.-i LU'U.Li'U. L 'U.1J~,,.,tl''U.t:11,,.,iin11il.1LLJ-i-nit.-i ~'U.111~ ff11 
q q 

L 'li'U. uJ.:ill'U.ff1U::'Vli'.:1 L V:mil'U.i1u1::a-1'U. 'Yl11iLU'U.LL~'U. Lifiif'U. t~HJ~a'ilnm...f~i'Vla.\I 
n1'lcnn 1 iffn 'Vl~m~11J:1L&lt:1.-i,,.,::it:1.:iiii"ll11'U.1a \l.11 L 'Vlii.m l1irn1::~'ilrl'U.LLa::iin~'U.1ff'il111 

q q 

1l1111-n1Gi {R1in.:11'U.111'i11~1'U.~ a 'ii n m..1£1 'ii ff1'VI n1111, 2531; R1in.:11'U.111'il1 ... ~1'U. 
.. q .. .... .. 

~Cl'il11nL'YIEl'ilITT'Vln1111, 2533) 
q 

tt1'!.tn-i1"U.111'i11:1'U.~a'ilnm...f~'i1H1'Vln-n11 (2533) 1ifl1111'Vl111L1"llt:1.:irl1mifL11 
... A \11 ... I !'I A .... ...... 0 ... ... ..I o t I .. .'I ... ... .. d .'I A ... 

Lff'U.Lan 1111 LlJ'U.~Cl'il11nL'Yl'Jj.\l'YJ1';'11n"ll11 L ';'11'Yl'U.1ll1 11'Vl1EILLu.\l"ll11 L ';'11 'Jj.\I £11';)11 LLu.\l'n'U.'il El'U. 

~ff1l£Jr.ii1un'U.mi 'Yl11iLU'U.LL~'U.1J1.\I it.:i 1 iHn iflLU'U.Lff'U.LL~Tth liLLi.:i 
~ q 

.... ..I ... ... + .J • .... 
fl ma m~m::'Yl'il t:1.:in11"ll £1.\1 Lft''U.n1 EJL'il u1 'i1111111 'il1,1'U. {ff1'U.n '11 'U.111'il'l,1'U. 

q ... .. ... .... .. 
~a 'il11nL'Yl El 'ii ff1'VI Hl"UJ, 2533) 

q 

i'n~m::,t1 lu : rl1mifm1 "U.111ir"U.::Lfiu1n'U.i£1.:iii11"U.1i1Li'U.ln~Lfi u.:in'U. 

fl1111'Vl'U.1 : i£J.:iiifl1111ff~1Lff11£1 t.-iuiifl1111'Vl'U.1LUiulihfi'U. 0.7 iiaaL11'il1 LLa:: 

fl1111'Vl'U.1~1.-i li-;i1nii1LL'Vlli..:i Lil ".l -;i::~1.:i-;i1nfl1111'Vl'U.1LuiL1Lii'L1iLfi'U. 0.2 iiaaL11'il1 
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A A d A 
1f\4il {\1111151.4 fl'1Lff1', 2541n) flEl 

"' + .J A + .J ..,(4 ,,f ti "' 1. LR1.4n1m9lt11ffil fltl n1milt11'Y111fl11111f1.4 1::111tw'lm.1~:: 62 - 64 

!i1ifn11~~9l i'1111'W 1 ii.t111'Y11LL~1.4fh m't11fi1 t1t.i1iJ1.4Vt1f L "li1.4 t.i1iJ1.4cf1~ff'1 L Yim) El'1rl\4 
~ •t"' o + .: A .... :; A o o + .: .... !'I "' .. ."I ... 'I o Ad 
L11 'VILL~1.4n1 m~ tl1~tln\4 ;nn1.4W;)'1\41 LL~1.4n1 m~ t.11 ffilll1fli!L1J\4Lff\4 '11''1 El1'ilL1J\4Lff\4 L 'Vl'lJ'Y111 

"ll\41iln'l1'1 1.5 - 2.5 L'!r1.49iL119l1' 'Vl1El U~\4Lan"ll1.41il 0.4 - 0.5 L'll1.4iiL11fl1' L itt1'1'il1nLff\4 

rbmftt111fii.9litlli~1"m1'Yl1LL~'1 ~'1!it11r.mT'lLn1rih1~nLV4t.1'1 1 - 21" q 

a1'1'Yl1f11111a::t11tli11ff11 

L 
hii11 

! 
~ a11t.i1 LLJ.,,-n11nu1flti ~u ~" q 

L 
... . + .: ... ... ... 
1.4'1LL~\4n1 UL fl EJ1il1l1Lfl1'El'11.4'1 

[ ___ u'_'~ __ ) 

.. ' ........ fllJ1 : El1'El1.4'1fl 1.4t11n~ (2547 
q 
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i1~~1fl11~A:81~1i11ff11 

* [ hi1l11 J 
i 

r 

" • • .l 
m.JLL'Vl~LL~'u.n1m~m 

i1u9im..1,u1i'a""1" 1s -20 'u.Tn 
'IJ 

r 

..... .. • .l ... ... 
111ft 2 11in1,-~a~n1m~mn-:iLL'VI~ "' .. .... ... r1a.i1 : ai-a'u.~fl 'l.l.mna (2547) 

~ 
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.... .: .......... ..t ..1.,......... ... .... 
3. unt.n1ULiH.J1LL~\I flt) Lff'U.n1UL91U1Yl'Y11 ~LL~\1911£Jn11Eltlfl1J"Hl'U.~a\1"1n 

..... "I ... ... + .J A ..r.... ..r al ... ... ..i I 'I A ~ 
n1'lfl~ L1J'U.Lff'U.LLfl1 n1 UL fl tn"lf'U.~'U. 1Jfl111J"lf'U.u'l::1l11U'lEJUa:: 13 ~'lEl•11n11 LLa:: L'U.n1'l~S9l'U.'U. 

liHjn1,-ri1J1~-u. LY:aJa\ln-u.m'lLn~niw~-u. ~\lff1111,-mnufn~1l.i-u.1-u. 
... + .f 

2.1.3 ~U\lill1Yttl0'1Lt'4\.lln·u1Lttll1 • 

I , .... .J ........ ..r f'A A f' 

ft'\l~a ~n1UL91U11JW'l.111"1J'U. (tu'l\lfl 'U.U1J1YIU, 2538) 

2. fltu111W'Yl1\1Lfl~ • 
+ ,J "1 ~'1tl"" 'ti !!'!'I ............. """"' ...... n1UL9lU1EltlLL~\I f!UYl1 L 1JEl\lfl i-::nEJtJ'Y11\ILfl1J maLflU\lntJ"lJ11YI L"lf~fl9l fl fl 

if[tl,-~-u.faua:: 7.14 L"ll~-u.faua:: 0.89 milul11u1'lfli'E1ua:: 91.12 LLa::Li-u.1ufaua:: 0.35 
f' A A f' 1 .... ..r '1 I A ... .... ••' A '1 I A (tu 'l\lfl -u.u111 YI u. 2538) ~ m.1 fl11 ll"lf'U. Lll L m.1. 'lfl u a:: 12 11 a::n a1Y1 an'Jf-u. Lll L n -u. 

20 1111fl'lnf11iiE1ntanf11 LLa::a-u.n11911~'ti1'1m~atl-u.e11~1,- l.i'LL?i 1'lfL~u11~7EJ t WLL'YlRLtiiull • "Iii • 

L11911 luaia l vJ~~1a l'lfL~ u11~1El t w LL YI RLtiiu11ln 19!1L "wia l vJ~~7EJ-ia L vJ aflfl a an L'lf~ 

... 
2.21111 
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t" .... ft .... 
2.2.1 L~"S\I i'f,-1\1 LaJftfl111'l 

trrni.t.:ifl it'uimrna::mu.:: (2543) Lrn::EJ·rnu.:ifl it'uina (2547) limh1n.\I 
q • 

1fl7\lffTI.\l"llEl.\IL3.lat1"1i11H' ~..,;i 
_ ,... .... 

1) L1Jft£>n~aJNft (Pericarp) 

LiJat:1niiJ~·rnmh)'1';11miJaEJmL-ii.:i (Husk) iJ7::nEJui1m'lfathiJi1'1 
q • • 

9i1.\I ') 3 .ffu fiEJ.ffi.tLUftElni.tEln (Epicarp) .ffuna1.\I (Mesocarp) LLa::.ffulu (Endocarp) 

iJ7::nEJui1m'lfaa 1awLiluti1ul 'VIWLLa::LLin-191fi1'1 6J i.tElmnnttti.:iwu11iiITT"l' L'Vlff ~.,,,;1 l i • ., q 

.. ., g, 11111#11 I A -- :-- I A ,.. :' .. D L3JRt"l"ll11flREl..13Jfffl1.\I ') flEl3Jff'U1911aElEl'U';l'Utl..1K'U1fl1RLnEllJt11 
• I... 'I; ft .. t°. I I , • 2) L1Jft£>n~1JL1Jfttl (Testa) ua::urnntt\I ft (Hyahne layer) 
• 1"" ... <C ... t• 1 I 'I i] ~ ..I... ' ... A '1 LlJ a Elfl'VI 3J L3J at"I LLa:: LUEI u"l'..1 LffL 'U"Jf'UYl 3J L'lfa a LLtl1 Lt"I u1wrn LL1l1fl ., u • • 

L'lfaaLrn1 l 'U';l::iiITT.,1 'Vl°it1tii1 u li1 liLiJaEJn"llt1'1im"Jf1iiiiifi1.:inu «1"Lrlt1 tiJi" lw';l::Eltin., . ~ . 
';l1miJaEJniiJL3Jat"1 iiim~m:: 1Kl3.iiii 

q 
.. .... .... ft 

3) UJ£>~1JL"OLIJft~ (Aleurone) 
..4 ., .t « .I ., ' ..I .,. .t ,...., Lu El'VI 3J L 'UEl L3JRil u"l'::nEllJil1 u L'lfR a LLtl1 Lil E.J1 'Vl"l'El 'Vla1 u LL tl1"1J'UEI unu 

q • 

"JrUt"l"ll El'1lftlJ"111~ LU'ULL 'Vl~.\lff::ff3J 1iJ,-fiu l"llaj'Uua::LLin-1~p1 llyf..1n"l'il l ?Jfin (Phytic acid) 
.... ft 

4) L"OLIJiUl {Endosperm) 

.... 
5) A'nll:: (Embryo) 

iw11::"1i11 LU'Uff1'\.l. rl';l::L';l1ru.,liJ LU'Ufl'\.l.B El'\.!. El Ufl aua1.\lii.ffi.tfffl L 'rltllft3J • • 
.J I ~ ff!I ""' I """' ,da I ... I ., (Scutellum) fl'\.!. "l'::\.'111..11 'UElL3JRt"lnlJ ff1Wi1El.\lfl'Vm:: 'rlu"l'::nalJt11 UUElil El El'ULLR::"l'1n Elt13Jt11 u • 

ff17El1'Vl171iJ,-fiu L"llaj" 1fl1i'i'Uua::uin-1fl E1.\lflU"l'::nEJu'Vlin"llEl.\11i11 flE1fl1i1ulmil"l'fl 1ilu 
q 

wuiJ1nn.\li'EJua:: 90 "11a.\1'11'Vl1l'n 
2.2.2 £>\I A tJ,-::n ou11 D\I La.ta'~1i1'l 

13Jat1"1i11rll iu111w1 LU'UE11V11"l'if u iJ,-::nmJi1 u LLti.:iiJ,-::3.11 mi'El ua:: 90 
LLJ..,rliJ1::mmni.tLU'\.l.Lllai1"1i11ii 2 "lfii.t"I fiEl il::Lll faff (Amylose) ~'1LU'UWElaL3JElf"11El.\I D-
glucose flii1fl7.\lffi'1..1LU'ULR'\.l.fl'!..1LLR::El::L3J 1aL wfliiu (Amylopectin LUU polymer "llil.\I D-

glucose) Yliitfl,...,rn.,,9ianuLil"u11u" 
1)o::la.1Tai'f (Amylose) 

EJ::LiJ 1RKLU'Uw t:1aL3Jafw1mJ1111EJ.\IJ1911ana 1flff iJ1::n aui1u1l1Ltma • • 
11a.,,J1tl1ana1flff'Vl1il'Vlii.1u a- D -natfllwntwia iJ,-::3.11m 200 - 2.100 V1ii.1u L1u.\19ian" • • 
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~1t1Yi''U.1i::lnalfll'JJ~vf~1LL'VIU.:I Cl- 0(1-4) ~.:ILU"'Vlu1t1vf'51 6J n'l.l."llEl.:IJ1~nallealna-~1t1 
ifl11 l1JLana"lle.:ie:: lll laa-LU'U.Vi£laLll£lfne.:iii1~nana lfl a-a-1t1if ii"ll"U.1tl 1 'VI qjll1niiii1'Vlun"ll eh'I . ,. 
hJLanaiJ1::inrn 1 o ~nai"U. lfl1.:ia-i'1.:ie::lll laa-LLfftl.:1i.:1111Vi 3 EJ::lll laa-L'U.fffl1firu1.:iirittl • 
E11;iiivi'"U.1i:: Cl-0(1-6) iJ1::3.11rui'E1t1a:: 0.3 - 0.5 "1IE1\lvi"U.1i::J\l'Vlllti E1::l11 laa-liia::a1t1ii1LL~ 
Ld El L ii 3.1J1 a.:i l iJ EJ::lll la a-;i:: L n1 ::n"U.L fl "fl::n EJ"U.iflii a::a1 t1 LL a:: L de\l;i1n lll Lan a"ll El \I • 
EJ:: Lll la ffLU'U.ff1 t1 t.111~.:imem a-vf-;i::irninu a:: lll la Hen lll Lanawd\I L fl"U.a-1 t1 t.111 fi"ll"U.1'1.1.L n1:: ,. . ,. 
~1 uvi'"U.1i::lu lt11L-;i"U.na1mfl"911"1i1 vvf ii"ll"U.1t11'Vlqj;f" Yi1 L~f111llff1ll11ri L"U.m1(llii1at1a.:i 

111 ... • I .. I .r ... I -1 ... ..1111 ... ... I LLft::flflfl::flEl'U. Ltl u11n!Jfl11tuL"lr'U.'U. L'ltlfl111 'Y11Ln1Ltl"Jf'U.LLft::fl::fl£l'U.'Yl LtlL1tlfl11 

retrograded starch u9in1Vi1nvfl1iiia::l11 laa- L,r'U. i11Li1u1\la1uvi"U.f-;i::la.iiin11Lnt1~ln1 • ... ... .. ... .t ft ... 
Ln1Ltl"Jf'U. {flft1m'l.:lfl fl11ElflLLft::LnEIQft u£J::-;JmJ"il1qj, 2550) 

/ 
0 0 

H OH H OH M OH 

111" 3 1fl1.:ia-fi.:1E1::l11laff 

~ ... , : a-t11tl'"U.n11a-E1"U.1n t11fl1 H'1fLrn::L 'Ylfl 1 "tau (2551) 

2) a:: laJLftL'WAii"K {Amylopectin) 

e::Lll la L Yiflfi'U.L U'U. 1 n lllVi £) aLL'Ifflfl1 L ,.~.yf LU 'U.El.:lfl iJ1::n EIU El ti1 'U.L~91 uJ-:i ,. 
• 1 ... P.T ... 1 ."I ... .. .; 1 ..i ... u1::111m1E1r.Jft:: 70 - 100 1JLfl1-:Jff11.:1"11El\I 11LftflftLu\4ViElftL11El1"ilEl.:llli1'11ftml flff'Yl11ff1tl . ,. 
LL"11'1.1.-:JLLEmeam.n (111Vi 4) ~-:i uiia::LL"1l"U.-:J;i::iiii'1911ana 1fla-u1::111rn 20 - 25 'VIU1 u i.:ii" ,. 
L"U.l11Lana11E1-:ia::l11 laL Viflil"U.~-:iiiJ-:ivi"U.1i:: Cl-(1-4) ua:: Cl-(1-6) lt1u;it1LLUn"1IEl-:Jff1r.JLL "11'1.1.-:Jii • • 
111::111 rni'mrn:: 4 - 5 "11 t1\1Yi'"U.1i::J\l'VI lltl 1t1 vu nil a:: 111 la L Vifl il"U.ii"11'1.1.1ti"11il.:I 111 Lana L 'VI ni . ., 

n11e::l11 laH111n iiii1'Vlun l11ta~aiJ1::111rn 10
6 

- 5 x 10
8 

ti1ai" LLa::Yi1iJfin1mnu 
111 t .,. VI ., • I .5 "' ..1.,..,. wi1a::a1u LEI Eltl'U. Ltla'T!u1::nt1UL·a.:l'JJEl'U.'Yl1lffLLtl.:I 
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·--"' 0 

BOil ROH ROB 

.··· .. ··r 
0 0 ... • () 0 -~ 

0 ~H·?·· ~llOll 
H ~ H ~ H • A ~ H ~ 

1l1'W 4 1fl1.:IRThrn::L111aLWflfiu 

-ftN1Jfl 
" 1. a::a1uib . " .. :' 2. L11Elfl11 LUU1 

3. n111M 
4. 1fl1.:ifffl'1111Lana • 
5. 1fl1.:1Rf1.:ith::nE1ui1u 

A "..:\II., 6. L11Elfl11'Yl'1 L1 

A " " I •" I 'V\Ufl'21UUEIE.lfl11LLfl'21'1.1.fl11 
1'Vl'iii1L~uminu'lEJ 1EJ~ht 
h1LanatiEJTI'!.1.LUULiu.f11'1 • 
nalfla- 200- 2,100 'V1\l1EJ 

'II 

irnilwl'uLi (Gelation) • 

a::a1 uii1 Li1.tm.1n-h 
'Vlilt11iu111nn11LLa:: LR 
LMLLt1.:ill1'1'Vl!E1ITTl1fl1a 
111LanatiE1n'l.l.fla1ufi..,ili • 
u.fia::fi..,ijna 1fla- 20 - 25 'V1\l1u 

'II 

tlliui1 Lilwl'u • 

., 
n111n11"2111 (2555) mhTi1"Ji11ij 2 1h::L1l'YI fiEI 

... ... .., .r 1111 ua:: LEI tlflfl.:IU 
1) 1i11L'VlitEJ1 (Glutinous or waxy rice) 1i11L'VlitEJ11h::nEJui1mLil'1 

1h::L1l'YI EJ:: t11laLwfl9l'l.l.1h::inmi'EJ ua:: 95 ihL i1'1th::L11'YI £J::L11 laa-\l'EJ u111n'Vl7E1u1'1vi''l.l.tf • 
"1 I... I .'I "1 1 A .. I I I L1111La tJ U.flLLlJ.:I El:: Lll aL VifWIULllEl\11'1'1::Rn.:11mLa::ElEIU "11 • • • 

2) "li11Li1 (Non-glutinous rice, Non-sticky rice, Non-waxy) LL1l.:i;i1n-ii11 
Li1;i::ij El:: L11 la L w flii'l.l.LUUEl'1fli11::n EltJ\11 trmLa::El ::'\.11 la RLU'l.l.E1.:1tf iJ1::n EltJ1El'1 LLfilfl EJfi1 'liJ 
iJnilu11 u.ti..1iJ1::L11Y1-ii111fl un~11TI'1El::L11 la«LUU'Vlimhity elil11R1'1.1.'21 El'1E1::L11 laRLLa:: 
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... 1111 !'1 ... ..1 ..... 1 .. 1111 .... 2.3) "1111e:: Lll a««.J Lu""JJ11Yli.Ju'nnme:: Lll a«i.J1nn11·u1r.rn:: 25 
'II 

L~ElV..JYii.Jin~m::"li11«m1d1"fl£lWll1.JLL~.J LYi'LLrl "li11Yiwlu1.Jf4tl11132 nLi:ie-.:iv.a1-.:i q q • ·a: 'II 

LLrluiwrrf nwi-.:i LtrJ-.:ivi'Yla.J irJ"1'Yl1 n"ll25 n"ll1 n"!l13 amLti.JU~flfl1i1 U'Ylll1!'1i160 
1 'II 1 

ffYfl'l"nL1Ji1 ffY4'l"'l"nL1Ji90 LV.a£J..:JU'l"::Yh123 ua::tJTI~"1Ji1 LU"Yi" 
1 q • • • 

.,. ~ • I ..f'I ._..,. " .J • ~ • " .J "". I"' 111 1 l "ll11'Yl.J ITTi.Ju'l"::Ln'Yl" L ".lf1tn1'l"V..Jflll'Yl LLfln•n-.:in" fltl "!l11'Ylllu'l"i.J1 nL£l:: Lll a«•11 
1 

';I:: l "lft.i 1-it'a rJni1ii11YliitJii.J1 m£l:: Li.J la RR-.:ini1 41-.:i fl1i.Ji.J1fl'l"~1"ii11J-;i-;itl'" tij£in1,-Ti1v.uti 
'II .. • 

".lfitti"ll e-.:i"li11f11i.Jflm111Y4ii11 «n i-.:itf "~-.:ivh l ifl m111Y4 l "n1,-v.-.:i.ii.Jtiju i.l. "£l'" ~ui111flYi£l-.:1 
1 • • 1 'II 

l "lf1.h::R1JTI1'l"rnff1'U.Yl1l'U.TI1'l"tlfutJ1mnLJ1 £l UL ffll El n1'l"V..J.i i.J"Ji11 ff1'l"ff1ll1'l"tl~';J11nL1-;J1TI 
'II • 

tJ;imLJ-.:i «n ua::1:: rJ::L1 a1n11v.-.:i9ii.J t1::Li.J la« 1tJ1fi" fl11i.Jfl.JYl1 thv.fu t1-.:iff tJ'l::nt1t1'Yl1-.:i • • 
Lflij-i! il\I Ll1Silii11 LLRfhli'1fl11"1'1 2 
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t'1Tl'1 'tl .. • ""' 2 El.Jfl 1:::nmJ'Yl1.JLflll"llEl.JL11ai1"1111 

D'1Ath:mm.J "' 10ll8t 

f\1111".ll'U 12.0 
fl1ilultni11fl 79.2 

11h~u 7.0 
L"ll3Ju 0.4 

... 0.5 Ltn 

Lii.tlu 0.9 

2.3 uil'1-D'11 (Rice) 

LLJ.JLUUfnilult1Lfl1flff R:::ff11EIUlu-vi'Jf.fUR.J vmlutUH! hvrn1Rfi (lulu) LLt'I:: li.t 
'II 'II 

{(1uff ~"ll'liLUULL'V\a.JLTI1JEl1l'l17 L°liu Lll~flLLa::i'1 llWl~HfffLtii'mLJ.J-;i1n~'JfLLflnfi1.JTIUf11ll 
q 

11il1.l1:::L 'Ylfllu1an'Yl1.Ji1u'Yl11.lm11~n1Ll'litEJ 'Yl11.lm117n1na1.J ii1i111 wfl 1i11ITTaLi1uLLl'la.J 
'II 

l " .'f ..I• ..., 1 .I""..., .1..l ~ •• 1• """ ..., • .I ..., .!'I " ,.I l'ILLu.J'Ylff1fHlJ [.J 7ull11Uw'l'.J LLtl1JLEIL "DU LLa::LLEln'l'TI111"1111 LLt'l::11Uff1u::l'la'1 LlJUflU LLfl'Yl 
"' q 

1'1i111ff iin11l inuvf11an flil LLJ.,,,J11 l "f4fl LLJ.Jilu~f.,, LLJ.,,,J11R1aLLt'l:::LLJ'11iu1'11.l::\llS.J 

LLJ.J LUU LL 'VI a.J't'4 S.J'11wrf tt1fltylu111".ll'u1n11"11 El'111'tHEf El1'Vl11R1U l 'VI qj;i::iiLLJ.J L flu 
..... I .... - I "" .. i' • J "" !'I " .. ... El'1flu7:::TIEl1Jl'lt'ITI"11El.J'YITI".ll'U"fl'1fl L".ll'U "1111 "11Ullu'1 TI1ULflU1LL£1::"f41fffl1 LuUflU tHLUJ11 

q 

.I 0 G.- .. i .. l "'flll I ~ ... I ..... 
1J'Yl1J1'Yl'Yl ff1fHlJ"ll El'1 LLu'1 fl fl ".ll'LlJULL 'VI £1.J fl11'11'l'"f4t'1'1'11Uff '1"11£1'1 llU~U LL91\11TI ff111J fl Lu "f41:::"11 fl'1 

"' 'II 1 

LLJ'1~.JLiiin11'1.i.1LbJ'1111 l°1l1.uE1flff1'Vlfl"l'l'llEl1'Vl11 L ~fl1.li'u1.l1'1Rll1J°li"llEl'1El1'Vl17 L "liu 't'h l~ 
1 1 

Lnil L ;ia fl11Jfl11fl1111fl.Ji1 ua::: L d'a i11erR"ll El'1 t:11'V111,j1w1n1J1E1 a- '!11.l ua::~11.l1.J1a-E11'V111 q q q 

.'I .... ,k .... .... .. • I ""' I .. • • I • .. u£1'1TIUL Uflffllr.Jff"ll fl'1f.l1\llT'HffU'l'lJ L Ufl'1';11TITI'l':::1J1UTI1'l'LL 'JfLL"ll'1LLa::flU7u-;J1TI LU EITI LL "11'1 
'II 'II 

{Freeze-thaw) R1111:::n1i1 TI17"f41 RL -;ia h'lf (Pasteurization) Lflufiu Uf.ln-;i1n l "1l1. u 
El 9lff1\llTI"l711 El1\1117LL~1 EJ'1iin11'1.i.1LLJ'1111 l i1.l1::: fo'Jfill UElflff1\llTI'l'711~U L "liu Elflff1\llfl7711 
q 1 q 

~ "" .... 
n7::fl1H f)fl ff1\ll TI'l''l'll ff.J'Yl El El fl ff1'VI TI7711 U1 El 911'1l'I n1111n11 LL a:: El fl ff1l'I TI'l'1ll LLiJ.,,flfl LL1.l1 

1 q q 1 
........... , .. ,k !"I ... 

LlJUflU (TI£11nL"l"fl fl'l'"lflflLLa:::LTIEJ~a uU::';lf.l11"111ty, 2550) 
LLJ'1"Ji11 iiJ.,,"f!'ii.fl LLJ.,,-n11 Li1LLt'l::LLJ.,,,J11 L 'V\i:Ltn 1flniiuff111't un11~af1 fi E11i11i'n 

1 

l'l7v1.la1u1i11 nn111in11r.Ja9lii 3 1i fit:1 1ihiLL\f" 1i1~~1LLa::1ir.Ja11 ~"ii 
"lll.J1UTI1"lr.Jafli" LLfffl.J l U111W LLJ.,,ffli-;i1n n11 l~ LL ~"-;i::!iflnL111"f4 ~1 L w11:: Liifl LLJ.;i 

1 
I ... I 

fl E1U"Ji1.;i'V\ l.111.JLLfl:::iii.;i Li m..Jua-.;i El1 UTI1'l'L Til.Ji°'flH1ffU L WTI::Lnflnaw;: ULLa::nmha1 mnn 
'II q 'II 

LLll a" li~1 u i1l'li'u1in11 hi~1 Lflu1in11r.Jafl LLJ.,,1i11 t uiJ;-;iuu LL1l1iiflm111w~ iifl1111 
1 q 

a::L5 Ufl LLa::i'1 L iviJU \l'EJ U L 'Ylfl 1U1a UTI1'l'~aflLL,j.,, lfl u1in111~~1 Lii'un11oi~U1111i1U1U 
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~".W"f'ti11 l 'YI ui\I L~JJ Gf1" 1 \llni ii a:: 'ii 1as9\I i'1if "n1'H-l ifl LLJ\l l "tJ .... -;i;iu"U\lfl.:I li.:i L '""LLJ.:i 
q "ti " q q 

"Ji11 L i1'7iii.f1 LLEI ii ta 99.:in1,.~a 91 LLJ.:i"li111~~92J L i]"n1i-11i uJ\l-;i1n"li11~LL-dii 1 LL a:: £11.J LL~" 
'II 

i1 r.Jfl11 iii'aurl a" 11i L i]i,mJ.:i uJ.:i'!iii.fldLi:J"LLJ\lfl m111w s.:i LLa::ib ltJl 'iYl111"2.1 Lu w1:: El Ei1.:i q .. 

I 1 + t1" ... ... ... ... ... 111 ... A -~ A tJ" L'!i" '""" n;i1mL \1"1111L\ll'u.r.J1 'll'.:l.:111l'7i" fl.:IL91(2541"11} LflEl1ilJ1r.Jn,.,.1l1liL"n11~aflLL \I 

i'1LL9fl.:!ElaL"111W 5 
" Yoenyongbuddhagal and Noomhorm (2002} ,.1r.J\11"'111 "li11Li1utia::vrufii~a q 

ti a fl nL111W'UB\I Li"rh u L' t.11 n ~11fltl'ti11 LLiia::vr"i'l ~fl112JL V1itr.J1 LLrl Li"rh m' u1ti1.:in" 
q q 

... ... f1 .... A~ I f!TtJ ... .. 'I ... ... ... :: + ..t A 
L "El.:1';11n"JJ11L1J"tiru"1J1fl'YI L2J2J L ,-91"naL9l"L \l\2J£l"L ""1111 ITTa fl\l'u."flnL111W"JJE.:ln1 r.JLfl r.J1';'1\I .. 'II q 

.r ..... - ... C' ... t ..... I Al ... I "JJ"El r.inu 91llJfl'Yl1.:I Lfl2.1n1 u111w11a.:i9fl1,."1J"JJ11 t1uf11.:i 'Jf \l';'l::JJ~ a9l an11mt1 fl1.:is11.:i11.:i LL VI 
'II 

l"n1m,r.J1LLa::wui1fi1fl112.1LLoii.:iu,-\l"JJE1\IL';'la (Gel hardness} iifl112.1iii.W"fav1\1111nnu 

flm111w"JJB\1Li"V1d &t1" Chrastil (1994} mh111 n1,.tnui'm~n«.:i~al~uJatii1191i111n 
q 

-~ Al!il Q,I 111 "'° -: tk I.. ... C 'I I ., ,r flfl-...1LLft::JJnTlW El\1911 LflL w 11"11" Ufl1ln1,-9n1 Lffr.J"lltl.:ILL"JJ\I L "1::\l\11\ln11\ll\lfl1lftflft.:I Utln'i1n" 
'II 'II "ti q 

.... I ........ "'I .¥.!'I"" ...... ..114., 1,,,:.,f ... 
U\IWlJ11 L11ftfl"11112Jfl1111LL"JJ.:ILLn1.:12J1n"JJ" LlJ"~a L'Vlll~a~afl'YI Lfl';J1nnTl 11L WJJ"JJ" L1ltl"1 

"Ji11 Lri12.11V1.:i wu119ia.:i l-i1::r.i::L 1 a1n1,.V1 \IL ~11.if" u9iiiuJatt'ti11~nat1a.:itLa::'ti11sniifl112.1 q q q 

tl"i11nif" "an-;i1nd a1w" 11il112.11 (2533) lti,-::u11 n11l'i'ti11Lri1Lflwffln~ul"n11~at1 'II q q 

• ..r • 'I ., I + ..r ..Id VI I.. ... VI I :- .. • 111. 'ti 
n1 r.JLfl r.J1';'1::'Yl1 L'VI LL~"n1 r.JLfl r.J1'Yl'u..:I L2Jflfl91r.JW1" Lff" L2JEl11"1L1l£l"1 LlJ ,-::nBlJ'11'Vl11 

t; ..1111 .,... ... 111 I I ..f t; I .... 'I t; .r + ..t I ... 

Lft"'YI Lfl11fl111JL 'Vl"tl1 L1l"Jl1fl \11r.J "an-;i1n""1111Ln1tl\I L VIL "Eln1 r.JLfl r.J13J1nn11 L w11::11 

a-iiu"tl i.m11flflii1 LLa::"ll m v.11 tia-\1~\I iim,-sn 1 Liv-;i1nm,-a'1.:iii1\ta ti 
'II 'II .. ·ai 
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...... t I "' 16 IJU\1'1 ~ .. 
'1111 .. 

'1111 .. 
"1111 

l 
LLtmi'1sm.hn 

l 
urmi.,, sm..hn 

l 
LLtm i.,, sm.hn 

l l ... .. .. 
L fl1'El..1 a1..1'1111 

l ... 1 ' .. Lfl,-El..1 11'1111 
... .. .. 

Lfl,-El..1 a1..11.111 

i 
... I .. 

tl..1 LL "lf'll11 
... I .. 

tl..1LL'11''1111 

i l 
"" 1 ' .. Lfl,-El..1 111.111 "" """" Lfl,-El..1 EllJ''lJ11 L VI LL Vl..1 

l l "" ... ... Lfl1'El..1 LLr.Jn'l11LLU..1 
... t I .. Lfl1'El..1 111.111 

111'W 5 1~m1'c.JaflLLii..1..U11Li1 
.J ... .. 
'rllJ1 : ..1111'11''1.l. f1..1Lff1' (2541"il) 

- .. !11 "' "' &flJUfl'rl1'1LAIJn1Ull1'W t.10'1LLU'1tl11L\11 

1) fl1111V1Uil (viscosity) 
..,. ' 'I .'f !'I - .I 0 ... 

0 
... 

0 '4. 1'1 "'·I t ' f11111Vl'U.il'll El..1fffl1,-'11' L 'U.LLu..1 LlJ'U.fflllJfl'Yl ff1fl1}! ff1Wl1Jl11,-'U.1 Lu L"Jfu,-:: r.J"Jf'U. 

Vi ri iln,-,-11f11111..U'l.l. vi it ii LU'l.l.fl ms11u1iLu Vi1::i1 ~LLtmii1..1 n'l.l. lt.Jl 'l.l.LLti..1 uiia::"ll'iil Lil r.J..,f 1 lt.J 
~ 

.'I ..a A ... .'I .. ..a.. 111 t A 'I ... ... I .'I A LLlJ.,, 'Y1 c.J a fl';)1l1,.1n Vi".lrLLa:: LLu..1';'11nfffl1,.,,.'Yl 11 El:: Lll a L ~ l1fl'U.ff..1 L Vlfl1111VI 'U.i1111nl111 LLu..1"Jf'U.tl 
~ 

.ii A "" ..r...... 1·'"' !'I .i' ... ... ..I I I .I.I .I El'U. (El,.~'U. 11111UJ,., 2533) 'U.Eln';l1nu11mT~ i111nLu'l.l.u';J';lr.J\ll'U...1'Ylff..1~aflE1n11'Luar.JuLLua..1 
~ 

fl1111'Vlili11.1El..1LLJ..1 Lilr.J Yoenyongbuddhagal and Noomhorrn (2002) L~fl1'1';'1REl1Jl111' 
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ti "" t1 .. u" ... ... ... .. l ... 1.1· ... .. .. ... t1" 1 L l'lr.J\UL l'l\lf'l1111'Vl\Lfl'llel-i!LL -il'll11L';l1W\L1HR1 'VIL 1r.JlJLYlr.JlJ11inTH91,-r.J11LL -ii fill , 
n11 li.ILL '°'" ua::12JL u uni1 mfl~a.:i RVA lfl mLif .;iifli-;i1nn11 lliu '°'""am 'Vlt1ih ~11LnY1 , 'U 

fl1111'Vlilfl (80.70 El.:lfl1L'1JaL'iir.JR) ff.:ln'l1LLif.:i lihuun (77.87 El-ilfl1L'1Jl'IL~r.Jff) LLfiii peak 
'U . 

viscosity (202.71 RVU) breakdown (45.88 RVU) LLa:: final viscosity (326.50 RVU) ii1n-h 

LLif.:i 12.ii.i'i (309.87 84.92 LLa:: 373.21 RVU 91111~1tllJ) 
2) fl1111fl.:li1'l1El.:IL';Ja (Gel consistency) 

"Ji11na 11vf ii a:: l111a RR-ii ti.:ifl-iliifl11llLLflnfi1.:iri\Lti1\LflnL111w"Ji11 Rn L "Ji" "Ji11 , 'U • , 

..1 .. u" "' "' ..... .r .... ... "' · ... ..1 .. u" · · .... 'Yl11LL .:I Rn LL'll.:1 L11El'Vl.:I Rmnn 11 L \LElff11r.J RLL'll-iln11'll11Yl11LL .:I Rn el El\L n11'V\1fl1fl1111fl.:lfl1'll El.:! , , , , 
LLif .;iirn LU\Lan1i'Vld.:irft "JfL \LnTlf11Yifl::L \I.fl nL111W'll a.;i"Ji11 lfl u1Y11::u::'Yl1.:1if LLif .:1 Rn l "'a ltl , , . 
Ld a11.;iu" ~\I.TIU 1::u::'Yn.:in11l 'VI lil'll a.;i LLif .:i a-niif11111 i11~\Lf LLuu r.Jn ~"riutl1111 ma:: l11 la R • 
1fl uw u111i11 rf iit17111 nm:: l111£1 «L Yhri"ti" iifl1111 LL~m ti1.:in\L'll a.;i f11111fl.:ii1'll a.;i utf .;i Rn , 
i.:iif \Ltl;-;li1"Ji ad~" a1-;i t "fifl1flfl::L \I.fl m111wn11'V1.;iti11ua::fl m111w ~1\Ln11i'utl1::'Yl1\L'll a.:i'!i11 . , . 
.,a,.. ' .I'"' 111 •..,,.•".,a,.. "' ."f • 'Yl11fl1111 LL91nfl1-il'll El-i!lJ1111nLEJ:: L11 a ff 1::'V\11.:IW\L11' L "ll\L 'll11'Yl11fl1111fl-3 911'll El-3 LLlJ-i! Rnft'.:I n11 

• , 'U 

fl1 L 'Vl,fl'"Ji11 Rn LL ~-ii ua::i1\Ln-:i1"Ji11vf £ifl1111fl-ili1'llEl.:ILLtf-i!RnUEJ r.J \L£ln,-i1ndn11LTI1Jfm~t1 , , 
"Ji11 J.:iiir.Ja-.11 t '°'fl1111fl.:ii1'll a.:i LL if" «m ~iJ;f" ;.;i,f" t \Ln1,.Yi1r.Jafltimsn"lfii.Y1 Li"~.:iii.u11 t ,r , 
"li11rf iia::l11 la«li.l~1n-hi'm..1a:: 27 LLCl::fl11LU\L"Ji11Lfh 3 - 4 L~il\L (.:1111~\L fl-i!LLO, 2541 n) 

tl
... .. ..a .J 

3) 1111nLfffl1W'Yltm111a1u (Damaged starch) 
'U 

tl7111nLR911f"lfif t1n'Y11a1 r.J ;A.;, El at \LLLif .;iyflfl'-;i1nn11 li.l LU\Ltl ... ~iu i1flt'll 
'U 'U ·ai 

,.. • I .. ..l.o1 ' "" ."f !'I ' -4 ' ' • .., .. ilnlJ1::n1,-V1\L.:1 'Yl11r.Jafl Elfl mam~tnL::'llEl-il LLlJ-i! LlJ\LEJ u1.:1111n 'fr.:!"" r.J afl Elfl m111w'll a.:i r.J lilfl11 nL't'I , , 
1 .J 'I " "" .ti! :' • "f • I ..I • I ,. I ..t'I ' "" ,.. " fl r.JTl1 L 'VI E1fl11n11flfl"D11\L1'll a.:i LLlJ.:I LlJ a r.J\LLLlJlil-i! lJ \LE1n.,,1n\L L 1n::,.,11.:in11'llflff'l111 

'U 
.. .. • .J ... ... .. ..a ... .r'I . ..a 

L11YI Rfl11"lllJ1.:I ft'1 \Lfl n Tl11i11 r.J'Yl1.:1n1r.J111W Yl1 r.J LL,. .:lfl\ULlil:: LL 1.:1 L'4El\L 'YI L nfl'll\L L "1::'V\11-il'Yl 
'U 

~ ... ...... .. .. ..a • ... -..a. ... • .. .. 
lilnnlil-il'll El.:! Lfl"Iil.:I R'll11'V\11\L L11YI Rfl1"I"ll'Yltln'Yl11i11r.J 11fl nLRlll..I fl'YI ft'1fl fll LL9lnfl1.:l'i11n L11 YI fffl1"j"Jf 'U , 'U , ·ai 

if«111..11ntar.l 2 tl1::n11 tia R11111ririnlulY11la'lf (hydrolyse) tl'1ma'U.i'1J2fLLE1avh-aiirn« 
'U 'U 'U 

'II .... .. , ........ r " ..... .r .. ... 
Lfl.:11r.J LLa::1lfl1111ft'1111"ItlL\Ln1"I'illJn1J~1 LflYl'll\L (.:1111"lf\L fl.:!Lft"'I, 2541n) 

4) tl1111ma::tiJ la« 

t \LL11afl"li11 Li1ii Rfl1f"llar.ltl1::111mi'a ua:: 90 lflmh,.,,rmL '°'" L '!i'U.Lilu1nu 
'U 

"" ... .ol ,. "'""' .I ' ..lo.., .. A 111 111 ... 11ty"lf1f1El\L R9117"Jf'll1111R1\LlJ"I::nauuar.i'Ylft'1fltlJ 2 15\LflflEJ a:: L11 aRLLt'l::a:: L11 aLwnfl" 

Rfl1f151i11 L 'Vlitu1 ii a:: '11 fo L vm9i\La d1.:1Lilm ,.,1mn;iiia::l11 la«tl'U.e r.lL.;; u.:i Lanil'ew '!i11 Li1 
'U 

iia::i11la« tl1::i.nmi'aua:: 7 - 33 LU'U.a::l11llilLWn9i"tl1::111mi'au£1:: 67 - 97 iflff1\L'l1El-il 

'I 1 VI 1 "" A .I "" "' .J VI• I ' • I"" 'I 1 !'I • I"' .., • .., ..1.J 'I " a:: L11 lilff LLlil::il:: L11 aLWnflit ""1El'YIL'n.Jnflit'Yl1 LlJ11lJ1111TI4El:: L11 l'IRL1J1'tlJ';J';Jr.Jff1fllU'Yl111L"" .. 
"Ji11iifl nL111w"Ji11 RnLLflnfi1.:in" fiD "Ji11 a:: i11 la«ft'-i!Y1Y1i.i1ua::'ll u1ut17111911t"1::'Vl11.;in11'V1.:1 , , 'U 'U , 

t111it1111nn11"Ji11 D::l11 lii1 «~1 LLlil::'Yi1 t '°'"Ji11 «niiin~m::iimL«-il li.IL~D113Tu 1i11 «mL'ii.;i LL a:: , , 
i1" 81u"Ji11 L 'Vlitr.J1flflll1LLa::"11r.J1r.Jt11il'Eun11"1i11 Li1 ua::1i11wnif'lti'L 'Vli1r.i1Lrn::\.l11 n11 

'U , • 
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Varavinit et al. (2003) 'Yi1n11fini;.1~a'JJ£J.Jtl7i.11me::ia.i 1aatimn.1u1i"JJEh'ILLJ.:i;i1ni11 L'Ylr.J 
.... ' I I • I"" VI ,. ..I ..: ,¥ I l ... ... ... •111 ' ..: ,¥ ... 

Vi"~fl1\I ') Vitl11 u1i.11nLEl:: Li.I Laff'YIL'rii.l'll"ff\l~a V.~nLV.1Ji.ln11Lnt'IL';Jft1fl L"'.IH'ria.J'JJ" Li.IEl 
• ' ....,..., • ... ., A •• 
1Lfl11::v.flnu~·a.iufllil1"fl113JV."lil (pasting properties) t'l1Vlfl1£J\I RVA VilJ11 fl1 break 

q 

down LLa:: peak viscosity ijfi1~1a\ILLfifi1 setback LLa::E1nLVi1liin11Ltlia"LLUS\lfl11a.JViitfl 
q .. 

(pasting temperature} L~";f" Lrl£Jt17i.11m£J::La.i La«'lla.:i-ti11L~i.i;f" :A.:iiifl113JHEJflfla£J.:inu -... ... -' ... \11"1-;Jr.J'llEl\I Noda et al. (2001 }; Baik and Lee (2003} LLa::fl"a"a Elfla.J1:fl (2548) q 

"Eln,,1nd Cameron and Wang (2005} v.:iwu11 tl7i.11mt1::Lu 1aaiifl11a.iia.ivrwifL:S.:iu1nnu 
" .. ... ... ,.. .... .. ... J .. -

fl11a.J LL 'JJ\111 El\I L ;i a ua::uf111a.iaiiw"1i'L -.n.:i aunlJfl11a.J L v."m'll a.:i L -;ia LllEJ r11n11fln1Y1 HlllJfl 

'Yl1\lfl11lli'B" (thermal properties) 11a.:iuJ.:i 1~am11liLfl~El\I differential scanning 

calorimeter (DSC) wu11LLJ.:ii1iit17i.11mt1:Lu 1affff.Jiifi1amv.niia.:iai;i (peak temperature) .. . ..... 
LLa::La"nail (enthalpy; 8H) 11E1.:in11LnflL'1Ja19iL"L'lf-i"at1a.:i (Noda et al., 2001} .:i1"1i'a 

"llEl\lfl"aittl' £Jt1u1::9i (2548) wu11ii11rf iit1::La.i 1aaa.:i ii'li1.:iE1mv.niin11Lfit1L-;ia1fiL"'lfR.:i . .. . .. .. 
,..,..1 .... 1 .. 111T ! 111"'.l .. """"' TI11'll11'Yli.lu'liJ1nLEl:: L3J Lafffl1 Piyachomkwan et al. (2005) Lflr11n11f1nlY1fl11UffiJ'ri"1i' 

I .... .. "' I .... I ... " 1 .al # ff .Id 'l::V.11\1 fflllJfl'JJ El\1891119.11'111191 Elf\ nL1l1Vi'JJB\l'JJ11 Rn VilJ11"JJ11 a:: Lll affff\l)J Li.lfl 891119.ll''Ylll q q .. 

fl113Jfl\l'YmtiE1n11wa\ILLa::ifa "11 \ti.ii1;i::dii;i11'Y11Ln1Lfl-i" Lti3J1nni1"ti11 EJ::L3J laa-~1 
..t.... I ... ..a.. VI 1 ... -1 .. VI ..... I ti.. 111 1 .. "an-;i1n"a.:iwu11"1111'Yli.1E1:: Lil aa-tHa.JR3JlJfl "n11mi;iL;ia LflflLLa:w1n1 1mmE1:: ill aa3J .. 

~a ti a L d't1 i11 ~R"ll a.:i"ti11a-n 1i;i aiif\1111 iuvrwf L 'i.:iu1nnufl1111LLii.:i'll a.:i LJJ ;i;ii11 a-n LL a:: 
q • 

a.- ._, l"A QJ I .. A ... ... 1¥'1 A + J • 
ffll'ri"1H".ll'\lalJn"fl1fl11llLV."a1flfl (adhesiveness) 1111'Y1"13J1 ".ll'L"n11~afln1mflr.J1 flil 

i11Li1 (non - waxy rice) hrn Yoenyongbuddhagal and Noomhorm (2002} 11a.:i1"1111 

i11Li1LLfia::vrwJfii~afiaftm111w'lla.:iLii.t.rbaL~a1 n~11fta i11LLfia::~"fl~fl11uLv.itmuri • • • 
... + .J I .... ... ... !'I .... A ..... •!'!Tu .. • 'I ... .. .... :: 

Lff"TI1E.JLfl[J1f11·\ln" L"El\1';11TI1111LlJ"1r'lJ".11'1fl'YI L3J3J L 1fl"n~Lfl"L\llUB"L"'ll11R1a fl\I"" 
+ .J .. ,¥ I.... - .. ' ... 1 ... .. I flmn1w11 E1.Jn1 mfl t11-,i.:i11"E1 rmu R3J1Jfl'Y11\I L fl l1n1 t1111w"ll a.:i fffl11".11'"1111 t1 tlfl"r\I 'IJ\1'11::3J ~afl a . .. 

n11Liit1 Lfl'l\18TI\l L"Li"rbm~t11 LLa::Vit1i1fi1fl113JLLii.JLL'l\1"11El..'.IL';Ja (gel hardness) ii 
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L vuJ1:: 1n.1 ff11111rini'1uiLw::9i'1 'lfi'~1 rf" LL~'U.ua::iifl1111'VI 'U.11~1 L LUltl ff11111mum m:imiliL 

LL~iLuJ.., lflLfl u'l1i'll1fl ~" e11-;imh1 li11tl;iu1'1fi ?11 'l iLnT1La ein-111 L iTrh1::il1ll1 'l "Jl'Na fl 
+ ,J • t1• 'Ill 1 1 ., ., ..I 'l ... + ,J !'I ., ., ..I n1l1Lflll1fl£l 73.11?14£!:: Lll ftff flll'll11L'11'YIL'V\2J1::8'll 'l.Ln1'lNftfln1ULflll1 fl17LlJ'l.L'll11L;J1'YI 

iia::lll 1aww'1 LLa::iifi1 setback 'l1i~1n11 300 lJTILlJ'l.LLflafuitn (B.U.) (rn1'1tf itu111nu, • • 
2538) iLan-;i1nd Bhattacharya et al., (1999) V'1'W1Ji1 a::l11 lawiifl11lli11vi'U.fnuflrntl1'W 

~ 

i1iLn11u7111fl (eating quality) 'll£l'1LiiLrl1mf(u11ttu~u11t17111rnei::l111aa iifl1111i11vi'U.f 

'Yl1'11J1nnufi1LL7'1i1iL'Yl1'U.n11fi'1 (tensile strength) fl1LL7'1fifl LiL1::wi1'1L~u1 (chewiness) 

..11w1iu'lla'1 Chinnapha (2001) ~'1Yhn11fin~1tl'1Nft'llE'1aa::l111awua::aiHaL~nfiiL tia 
... J 'ti"' 1111 • ......... ., ....... "" .. 

fln4111~'ll£l'1 Lff'l.LTI1 EJLfl £.11 'WlJ11 1111rna:: Lll ft8'llfl1111 ffll'W'U.1fL ".lf'1ftlJnlJfl1fl1111L 'Vl'l.LU1fltl 
~ 

.... a; "-' l'A .__ ........ ., .... .. 1 
LLflllfl11llffll'W'l.LliL".lf'11J1TITilJfflllJfl'Ylflft1llTilJ'llE'1LL'll'1 (solid - like characteristic) ttun11 

.... 111 1 ...... '1 ., ., + ,J .. Lnfl retrogradation 'llE'1 ti:: Lll ftffll'111Nftfl a fl'l'18'TI'1'll tl'1Lff'l.LTI1 ULflU1 LLft::ftflfl1111L 'Vl'U.lJ1 

(stickiness) ua::-wui1 ei::'l111aL ~niiiLiiti1'U."Ji1uo::'l111aa'l iLn11vi~iL1 lfl1'1ai'1'111 El'1 LiiL 
+ ,J ... I 'Ill ., I 'Ill 1 'II ''l I ti... ... .. ..I .. I + ,J TI1UL9lll1 ';1'1Tifl11 Ltl11 el:: Lll ft ff Lll ".If ';l';JULflll1'YlllNftflElfln4111~'llEl'1TI1EJLflll1 

~ 

I 'Ill 1 ...... A I A 1 ., AA ., + ,J l ..I 'Ill 1 A .. LLfrn:: Lll ft ffllEl'Ylli'Wft fl £Jn17Lnfl fl7'18'71'1 3 llfl"11El'1L8''1.Ln1 l1Lfl[J1 WU rn:na:: Lll ftL 'WTifl'l.Lll 

.. ,,, I I ,¥., I .... 'l ., ,K + ,J I .. -1 .; 
L 'Vl'U.£.11 Lll"ll1tl'11ll 'U.Eln;J1TI'l.L"ll11 Ln1ll'1 'VIL 'U.Eln1UL9lU1111Tin11 L 'WTI::llfflllJfl 'l.LnTlftflM.1 • 
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fm~t1 

.. .'"I .I ... ,.. .. .a.., .. .¥ , ., .., .. .. .ii 
YHn ff91n L1JUff11'lJ'l::n mJ EIU 'Yl'lr.J'YliH Lfl1'1::WllU L "lfLL 'YIU 1fffl1r1'1'll"lf191 1J1.:l"lrUfl Lll El • 

• R CW' ... .., I Q,,11 A A rlf CW' 41111 A I 

LtJW;J::LL "ll.:lfl1 LllElflnfl11111'EJU;J::El£lUfl1 1J1.:l"lfUtlLnfln11'LL"ll.:lfl1fl111' 11\111'11 r.J"1fl.l.fl L "lfU 
'II 

luaeii.i. v1.:1Liit1ll Lilwfflfl~Uth\'lf1m11~afli.:ifi1.:i6J L"liu Limt1 vn\llu:: ff1ul.11::m1u"11a.:1 • 
L1ei'Vl7ei1ciui.i.tf y.ia1wfimili.1.«11i.:1Lfl1'1::~m;i1m1J1aa 1a«lif.:iijetili.i.1rnll"1f1fl L"liu i.i1~i.i.~u 

'II 'II 

t.11.:iiJ L1J1crnlaa-l.J1::neiuii'1t11r1flfl1'fueii.i. eeineiL;iu itr1fl1'L'il.I. iulfl1L;iuLLa:flaei1i.i. i.11111 
'II • 

.... !'T ..i... I A ~ .... 

ff.:ILflTI::\11 Lflr.Jn1'::1J1\lin11''YIL1'EJn11 "VHll'ILllEl'l L'lLIJJ"lrl.I." 

I I - 41111 I"' 'Yl\liflElfl1.:I TI'lflEl\li'Yl'ltJLLl'I: 

ff11'a::a1 tJB'u. ri7a1i~ LLfiliirii.i.fi an'lfl LLff.:ILLflfl LLa:fl11lli'El" t 1f'thel'1ill el'1"1filflfi1.:i ') 

1flu~«11nu~1t1 Liluiu (11iY1v ii.i.Y1f«111ni., 2554) • - 1 ....... ..r t113JU(;lt1£h1 ,_.~il,_. llfl.:IU 
... il .f.'I .. .. .... 1· I I 'I I ... .~ I .. .. ... 1. Lllm i.i.nall llam~tni.: lJ'l.:I Lff LLflUJtli..1ll1'Vlatl (Cast nylon} 111::Y11JLLff.:I ll«"ll11 

2. lii~n§i.i. lii~1trna:liiLil-u.autl11t1 
3. rii.i.fiaani.\'111iiLHli~ t1l'.:11-u.lt11i.i.eini.\1111iiw.:iil.:i 120 

• 'II 'II • 'II 'II 

... 
El.:lfl1 LIJfa LIJJUff 

L'V'lTI:ij';Jfl'V\iUlllL'V\1'11 180 - 200 El.:lfl1LIJ1aL'iiua-• 
4. tlfl i:Jii.ni1 t1fl11lli'ei" li LLfiiei.:i t 1l't1ni.'Vl11iiw.:ill1n 

• 'II 'II 
... ca.._ I • # ... ti A ... ,..-.. I CW' 

5. llff111JflL91'u.flEl LL"ll.:ILL'l.:IL\'l\litl1 fl1\li'Yl1ULL1'.:191.:ILLa:LL1'.:lt\TI"ll1fl flfl 'YIUflBTI11'Tifl 

niei.i.ua::n11L~t1fli la.iL~u11.JY11.:1~1u L'VIJ.n:thwru.:11i.i.fmL1.:ii.nn 6J 
'II 

6. ff1ll11'CI fjfl'VI r.li.i. 'ti (Flexible} LLa::rii.i.n11fiflviu.:i a '1~ • 
1. Jei.:in-u.n11-iill~1-u."11ei.:1 l"ll~" 'ti~inn 
s. Ja.:ini.i.n11-i11N1u11a.:iaeineiL';JULLa::n~i.i.th.:i 'J lifi 
9.Ja.:ini.i.n111d11N1\li"llEl.:lfl11114uiii~EIULLa::flfl-i1Jfl11114u';J1TIR.:iLL1fl~E11lli 

'II 
# .'I .... ~ I W .. ,,f ..: ,,¥ 10. fl1111 LL"ll.:I LL 1'.:I LLa:n11'1J El.:ITI'u.n11'"D11~1U"ll a.:in18Jfat1a.:i L11Elfl11ll"lr\l.L 'V'lll"llU 

2.5 nTSU,.,.\l • 
n11'1J1'1'';J LUUn1'::1J1\lin11'LLa::1f ufl El\lifl1.:I ') ff'l ,rt un11~ iflll1"1f\l.::1J'l'l';J LLa::lJ'l'l'i • • • 

i:Jaflnni.'ti'a.:i li.i.111'211.1.:un';JL ~ eiil1i:Jat1t1ni.-ri"JuliJil.:iel'u1111fl t ua-111~a-11u1nt lc;i un11un111 
• 'II 'II • 
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... ... .. l ... :: .I l ..1.. ti ... 
~a fill m'Yl El1'VIT'i' 1.1.n111u::u11·u1rhrn1J1J'Yl1J"i'"i''1 i.Lff 1l11::m..1t:nn1flf11a.1 nfl LLa:n1,-un-;i . , . 
LLlJlJ iilfl El Eln•L -;iM1 t1 l un1".111.1.::u,-,--;i iil.J 'Vl;Eln1"i'1J"i'"i'';I Ni fl ri m'Yfuuu ffn1n11n1fl lt1 t1n1,-un-;i , , .... ., . ., , 
LLlJlJ iilfl El Eln•L -;iuLtl1.1.n,-::u11.1.n1'llJ"J"J-;J~ Li]u~arh l iih::iu El E1n•L -;iun1 t1 l un111u:u'l"i''1tlfl , , 
ffil niitl13J1nLflfl a.Jni1tlnti LUUN iil'Yh l i ff1a.11"Jtl ~fl El1 tln1"i'L nui'n 1flLLtiL W!I m:Lfi EJ1 rl\LEl1'1 , 
.ko I A ,,k ... .... ..1 ... , ..l\t ... ~ ,. ... 1 

LEI EIEl11.L1 tlflEln1"JL'1"i'ty"!ltl.J L ".lfEl~iil\L'Yl"JEJ'Ylff13J1"i'tlL'1"i'ty 1.La'1l11:'YI La.la.IEI Eln"DL'1\L Lfl fl m~ ~1: 

LL1JfliiL7t111ilfl Clostridium botulinum ~.JNRfl'YIEn•u (Botulism) L\L"!lm:~L4El'1R'l.L'Yl7JJ.J~ , 
. l"'... .. ... ..I • , ...... 1 ... ... l ..1... .. 'Yl1 'VILnfln1"i'La'ElaJLffEJLLa:'Yl'Yl1 'VILnfl "i'f13JnL-;J"Jty 'l.Lff1l11::'Yl3JEIEln'IJL-;J\L Clostridium 

A A ,. ... ...& A... f't I A.I .. 

botulinum 1J1.J111.Lfl «1 a.111m -;i1n1 Lfl'Yl Elm 'Vlll a.J'VI El.J LV\L LL flam \l\tla.J'YI L 'VI a.11:ff3J fl El ·= • 'II • 'II 

a m'Vlniii EhHLiil::L .:f v a1111,-tin,-::-;i1t1.,f1 Ltl ~.Ja1a.11"i'titl1.1.LdE1uiil.J Ltl l i.LEl1'Vl1"i'Li L ,., 
, 'II 

ff1111"i'tlfl11Jfl3Jn1'lL-;J1ruL~Eld'ti-;i1nn11f111Jfl3Jfh aw li~1ni1 0.93 LLiil:: fl113JLU\Ln"Jfl-• ., , 
ti1.J ~1ni1 4.6 (Lh\tn:nutlfliflf. 2551) uamnndt1°'1-;iuuu.Jiin1,-u,-,--;iLL1JlJLLaflfi~ 

q • • 

(Active packapging) ~n1i.Jlii'uf111a.1ilm.1lun1"i'lJ"i'"i'';!NRflrlm'YfE1111111 n1'l1J"i''l'1 , , 
"' ... .- "' "" .- .... I .. .. .... .t 

~iii flll nL'Yl LLlJlJ ff fl I ru1 n1 flLLa:n1'llJ"J"j';J ~iilflll nL'Yl LLlJlJ LLEI fl fl TI a.l'l1 ti LEI ti fl fl.JU 
" • ., ., 'I .. ... .. 

2.5.1 n1"J1J"J"J~~flfl1lnL't'ILL1J1J~tyqpn1fl 

n11u,-,--;i ~aflri m'Y11 i a u111 t1 ltl'wn•ru1n1flih lfl t1n1"i'~.J LE11 a1n1f1111 t1 l u • 'II ,·a::., 
n111u::V11a 111 u l u~i flrim'Yf aan LLa::~itn LL i.tu liil iiia1n1flL 111 ltll.Wn th~a l i,-::iu 

El aneiiL -;JM1 t1 l M111i.L::Un-;iilfl ail 'Yliit11111miilfl\Hni1tlnfi -;i::i.Jmfl lii1iin1"i''Vlfl.J ai1'll El.J • .-=I A ..,,, ... A ._. f' 
11111\L::'YlU"J"J';ILL 1.L1J'7fflnlJ fl1 ~ iilflll nl.8Yl • 
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... ... ti ......... 'I• ~ .... - l" " Lfl1'El.\IU'l'l';JffnJW1n1fl ';J';J1J1UJ11fl1 LllLL 'W.\13J1n'll'U.ElllnU'11'U.1tlLLa::R11Ufl'IJEl.\ln11' 'Jf.\11'U. 
'11.,., " .. 

tl;~tl'i.Liin11vr~'U.1Lfl~E1"u11~'1'1!'1!1n1fltiwi"u~11'Jf-u.n1l~nfl1~na" 81-u.~"L1'1!'1!1n1ft 
Tifl1L~LLVi.\l;f'U.nU"ll'U.1tltH (t1un.\11'U.tlf'litl{i.\1Wltl~~tl1, 2551) . , 

2.5.2 n111JTI';J~StlnmenLLUULLElflfi~ , 
..... 1 .. ...... .I ... ... _f'. 

n11'1J11'';J LLlJlJ LLElfl fl n 'V\ 111 llfl.\I 11in11U11'Ul111'!f'U.::1J11';J ~atlll nl."n LL a:: • • • 
a-1111:: u 1tlamJiitl ni11.WY1fni.L L ~El v.i E11 r..1n11Liiui'nH1 L Yi11fl11111.JaE1.inr..1'V\1E1tli'utl1" w , • 
flnLfl1Vi'Yl1.\I tl1::ff1'Yli11r.4 ~El .\I~ at1n m'1Vii'EI 11TIUn11fl'U.EI 11fnH1fl nL111l1'11 El.\! ~ftflrl m'1i1 EJ . , 
n11u11';J LLUULLE1flfi~i1itr..111 l "Jfni.L l 'U.E1fl a-1'V\ n1111 e1'V\11' tti'uri n11 li1t1 rit1t1n~-u. 'Miet1tl'liu • , , 'II 'II 

n1,-l-l1flritl~er..1ff1,.,.111ti"n11u,-,.';J111r..1 liu11r..11mfl'lle.\ln1'lf (.\1111n'V'lu rb hfl11, 2550 ) , , 'II 

1) 1flfltltlsiueEJn-iiL';J'U. (Oxygen absorber) , 'II 

-)91 fl~WI e eneUL ';J'U. fl e 1 fl rif1l "Jfat1iJ;111 nLfi1'Jfe ElneiL ';J'U. l 'U.111'Jf'U.::1J11';Ji\EJ11 hr!. 'U. • 'II , , 

e1'V\11i1'1fi e e e n-ilL -;ii.L fl e e1'Vl1,-i1Lie11 Lir..1lt1J1mdmnufm~n l-u.R111Vi iiri1'lfe en-BL ';J'U. 

~"nHm::n11LiiE111 LREJ"ll El.\! E11'V\11 liurl n ii.LL 'Vlij-u. ~'U.L de.\1'11niJ~ffimE1 en-ilLt1-i-u.'llE1.\I l'llij'U. l-u. 
... ... t ... ti .. _ .!!J ... .... 

e1'Vl11' «e1'V\11'1ft1-;J1.\ILLa::~m111Vi'Yl1.\I 1l'Jf'U.1m1atla~L'U.e.\1';11n !Jn1r..11een"DLtl'Jf'U.'lle-3ff17ff 
• A ... I ... ... A A t • ... ... ..i ... 

'V\1e1 fl111'U. El1'V\17L 'U.1LffEJL 'U.El·H:nnn11L ';11qj LfllJ fl'll e~71'V\1£l LLUfl'YlL 'lll'Ylfl e.\ln11e1n1f1 
f'IA""' ............... ~ ... A ..loiYi 

El1'Vl17L1J'U. Vi HL 'U.e.\l'iil1nff11Vi~'Yl';Ja 'U. 'Yl"JEJ 1'71.\l'll'U.111 1 tl fltltl El en'JfL ';J'U. 'YI L 'Jf L 'U.n11'1J"J'l';J£l1'Vl11' , , .. , 
ii..f.\ltl"f::Lll'Yl'lfEl.\I Lini1l~L "li1 ltll 'U.fl1'!f'U.::U"J"J';) e1'V\11''VliEJtl7::Lfl'l'l'A tf 11 t.i vn11~ ffllff11'LfliiL "li1 • 
"tll -~ ' ... • ... .11~ - • .l ti ... ...... ... ~ L Wn a 11'Wft1fffln n11'UH:ln R17Ltl ll'YI 11'1tl El EITI'lfL ';l'U.'V\ 1Eh11 !Jn'lr..11nu El Eln"D L'1'U. 

f111~'111m1u;ir.itifi'rui-3~att1ii .. 
- ia.\IL~Lfli.Le'U.tl11r.ifimfu~lnfl Ldt1.\1';11nn11u-,1';J-,111eunua1'V111e1-;iman1a-

'll , .. 

f1~u;tnfli'utl1::rniu "li1 ttllt1uii rh L1Hi.\ln11m1i 
'II 'II 

- tlfl1'1n17tltlsiueaneiL-;J'U.iEl.\I L 'Vlll1::ff11 ti1ti't111n11tltleilJ ff-3 Ln'U. ltl £11-;J'Yh l ~ 
'II .. 'II 

ff1'lL fl ii Lita lltl"J:: i'Ylifl1Vi n El'U. 'VI lltl £11 EJTI11'L nU'll El.\! El1'Vl11' LL fl ti1 tltl TI n11'tl tl'JilJ ~1 L fi 'U. Lt) £11';1 , 'II 

l~ ff11111ri"fr:: ft a n11L ie 11 Lff EJ'll El.\! El1'V117 li 
....... l.,..:" ..I "l" ...... - flEl-3 Lll 'V\mrnLtl 81 'Yl'1::'Yl1 'V\B1'V\1'lLREl11LffEJ 

- ii'll'U.1tl1J11-;Jn::'19lftlL 'V1111::RllTIUTI1'll"Jf.\11'U. Tifl1L 'V\ll1::ffll q 

- fl1111«11111rit1.i aeneiL-;iiLa-.\1 Ldm Yiuunmh'Vlun"!le.\la-11Lfliii1li 1a-t1u11-;i .. .. , . 
LLft::111'Jf'U.::lJ'l1';Ji11,ru,,--;iE11'V\11i1iim-,l"Jf1flfltltlEJeneiL';J'U.ie.\IJJB-3n'U.TI1'leU11~1'U.'llB-3ri1'1fLtl , . . .. 
.. !"! •'I.,... • 9l lJtl~'U.n Ltlff'U.'YILLft::71tll71 

1.1) 1tlfltl9l£1Eln-iL-;i1.Ltl1::Lfl'Yl'lfB.\I 
• 'II 

a-11Lfliii11 "Jf~tl aaneiL-;iu ltiurl r.J-3 L 'V\an n1t1 LLBRflElfun LLfl'Yliifl El ft 

LEl'U. l'lfif LLft::i~ El 11l 1 LL ff.\! r.J-3 L 'Vlini11 "Jf Lflu19lnt1t1siu El an-BL '1uii'V\ann11fi e r.J.\I L.., inr.Ja-11 
• 'II 
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i1 d..J1.JDfi1tn1J11~ L 'u.'lfEh'lff lltUI L 'Vlimi1LLa::n11JJtHJneiL 1WU11 ~1'14 ltifi L~ EUH L 'VI an i.fifu 

fl11114U';J1n £l1'V111';J::L fi ilU finill1£l El n-iLtiei'u.n1Jn1'JJ£l en-iL 1UL iJua-ibJL 'VI ftn lfl urf1 ltJN..J 

L'Vlan 1 nf11 ';J::titieiun1'1feen-i1';Jcu.ltl' 300 iiaiit11 it1ritifl'liuaan-i11cu.ffliN..JL'Vlani'.iJ.., 
'II •• 

• I .JI • I -- Ill ... .... ... .I .... .... .. ... .... '1 I ... • I .... .... 1J1:: Lll'Yh 11JJ!)n1ll1 Lil'YIWYl'Yl LUI N«EI Eln'lfL ';JUL vn1::11fl1111w U'JJEl..J El ~LLl1 LLCl::JJ1'::L1l'Y1"11Un1J 

fl11114ufi a i El..J iifl11114cu.11n a1'V\11-i111 ~1UL i1'1fa..J111ri acu.~..J-;i:: L fi flUDfi1u1 1t1 ri tit1eiu 
. \'II 

.. ..... ... .. Ill I ... .. .... ...a ., .I .. 1 .. 
een'lfL ';J'u.'YI L "Jfe-1..JL 'Vian L11L 'V\111::nun11'1J1'1'1Nflfl1ln&.'t1'YltlEl'1H1ULfl1'El..Jf11'1';J fl'VI:: L U£l'111n • 
Lfl~E1'1fl"n-;iifr)91 tiflt1eiu a aneiL -;icu.1flcu. la'Vl::ucu.Ld au l cu.m'V\11 

• 'II 

LLfl'YITiflEI tu flwf 91 tlflfleiu a E1nti1-;icu,ff8'11111ti Yi11.Jii fi1u1 i.tl'Yicu. riff i11 ~ff 
• 'II "" 

rl1J n1'1f£l £l niiL ';J'u. hifi £1'1 n11'fl1111.:ffcu. lJ.ii'.itJ .... qj'V\1 rl1JLfl~£l'1fl1'11itJ la'Vl::LLfi el fl1'1n11'Yh 

11Dffiu1nuaanti1';Ju~1 
, .. ..a... 'I..... 1 .. 'I ... LEl't.I. 'lfll'Yl't.l.ll3JL"JJfl£l na flffEIE>n'lfLflff (Glucose Oxidase) nTH"Jf • 

Leu L'lf~L flu 1fltitlfl a anti1-;iui'.i"liefifi a ff1ll11'tl t ,rJ..,iJ1::L1l'Yl'lf£l..JLLa::1h::L1l'Ylwa11ff N ff11 
• 'II 

LEl'u. L'lf~ ffli111nfi £) wa11 pp LL a:: PE LL a:: hrttl'finu El1'V\11'LL '1iLL-ii..Jufilii L 'V\111::nun11'tl1'1'1 • 
91 .. ..a... : .. Ill ..... -~'I A al AAA , I 

El1'V\11'LL 'Vl..J'V\1€1El1'V\11''Yl11 8w 911 L \l.EJ..J';J1nLEl\I. L'JJ11fl El..Jn11'141 L '14n11'LnflJJl)n1'll1LLa:: 111 'V\111:: 

l l ... ..I A I .... Ill .... 111911 .. , ....... 
'14n11' "JJ.\11U'YIEln&.'V\1l11ff..Jn11 60 £)..Jfl1L'lfflL'JJll8' 1vn1::1au L'lf11LffEl11fffl1ll Lfl'11llL11EI fl1'1J 

• 'II 'II 

1.2) 1t1tlflfl'liummtiL';JUU1'::L1l'Ylwa11 
• 'II 

n11 l-i1.iriflfl'liu E1E1nti1-;icu.N«ll l cu.1«flU11'';J 1flut11..J'Vl;E1 l-i~a11wa1a-tin 
• 'II • • 

.I """ !'! ... I !'I I • I ... ~ - .I ,i ... .... .... ntimrn n'lf Lfl ff Lfl.\11 llLJJ'l4ff1'14JJ1':n EltJ"11 El..11 RtltJTI';J'VI a1 E.J"JJ'14 ff11tJ fl'YI "'1fl m"lJ El..11 fl nti <il'JJtJ 
'II • • ·~ •'II 

El en.UL 1'14U1':: Lll'YIW a11 fi a-;i::i El-3lii.YhiJ1ifi1mnu El El n-iL 1 '14rl El'u.n11' L-i..J1'14 -;i::ti El.\ltlTin1'::icu. 
"" 'II • 

fi1 ui1 Li.., iJ fjfi1E.J1'Vl;ElLLR.\lrl tl'u.~..J';J:: LTiflUfjffim ltl' L ~El flflTI11'LiE111~ ni.111w1::wi1..J1an11 

li.\11'!4 
.... .... .... 

2) 1fltlflfl'lftlfl1111"11'14 (Moisture absorber) 
• 'II 

.... .... .... , .. ..e .... "' ... ~ti ~ .. 1 fl tl fl fl 'lf1J fl 1111 "11'14 "JJ "'1'VI1'1J 1J 1'1'';J El 1'VI11 LL 'VI" 11 'YI" 1:: L 11 'Yl '1f El" LL a:: TI a 11 
• 'II • 

8'11'U1'::nE1t1~11i'Lil'l4ff11'flflsi1Jfl11114cu. LtlLLrl -iin11-;ia LLifi'14'Vl;EILflS Ef (Clay) mamLi 
'II 

(Minerals) ua::ITT1«nfl11nVi"JJ (..J111vh~Ef 1i1 hfl11, 2550) 
'II 

2.1) -iimL-;ia 
..... .... Ill "'""1 .a... .... .... .... .. 'lf an1 L -;i a ff11111ri fl fl fl 1111'!f'l4 Lil fl fl E.JLQ w1:'Yl11fl 1111'!fuff1IW'YI tr ff.., 

'II 'II 

«13.111ti\l 1mf u 111 hrl. vi iii.ti'til u\11 i.tl au i.atl1111.:ff14 ff m~'Vln ii1.h:111 ni. 150 E1..Jfl1 L'lftu liiu ff 
• 'II 

iJ1:111ni. 3 -i1111" 1fl u..f1i.iJ-;i:u1111il'l4'1fE1..J"11'141flLan 'l4an11ndu.., l-i-iin1L1iu.iR11 L 'l4Liit1 • 
wa1«finff-;i:\l1ltJif14m111'!fu:u11';JLU'l4wa11fi1u 

'II • 
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2.6 l'Yinta"lnafloa (Propylene glycol) 

lvnwa"U.'1.naflaa (C3H80 2) it1mjl'U.mh.1l~aaaa (Polyol) ii~aY11.,'ILflii'Ma1u~a v • 

ii.,,d 1, 2-1 vnL W'U. Lfl ea a (1,2-Propanediol), 1,2-Lfl lut11aneit W1L W'U. (1,2-
Dihydroxypropane), L11iialnatu:rn (Methy glycol), L11iiarnna"U.lnaflaa (Methylethylene 
glycol), lc;i1L11ilalnaflfla (Trimethy glycol) iifffl11fl1.,'Jri1.,'1Lflii ;.,,d v 

H H H 

I I I 
H- c-c-c-H 

H OH OH 

ll1'n 6 fffl11fl1.,'lri1.,'11W1"Wa'U.LnftflBft v ... .... ' ....... -Y1N1: mJa1c;iu 1nm1ft1 (2549) 

1 w1wa"U. lnafl£rn ii~'n:1~m::d]u"J1fl.,'IL'Ma1 iifl11ll'Milt1Lim.tau '1.i.iii& li.iiini'U. 
a:: a1ulwa1 ua:: a::.Utc;iu '1.iLihrn ti1.,, ti s1iJ1111 fl t1'1i'1Jfl11iJ:ff 'U. '1.i n1::1J1un11~ i fl v 

1 w1~au '1.nafl eia 111';l1nn11'Yi1tlnn1r..n"JJ fl.,'! 1 w1?ia"U.i1 uli1flaa1'U. Ltliuu l ~atil u1tl ;.I v v 

fl ft ei l 1'1.ut1'1u (Chlorohydrin) ';l1mf u1111n1Jlnaflaai1mn1a::a1u 1'1fLfir.Jllfl1f1JBL ufl. 
'U.tlTI';l1ndu.,,ff1ll11fl Lfl1r.i11'1.i·;11nn11l ~fl113Ji'au TI1J naL'IJfl1"0ft l 'U.ff11ft::ft1 r.J l'IJLfir.Jll-
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LtJfl1'£ln l"l1tf in1u'1i"lla.J l vn~a1.1. lnaflaa~i1fl't11 fie Lil1.1.wi1~9lfl11114'1.1. (Humectant) ua:: 

'l ... .J ..... ... 'l ... ... .. ..a .... 1• .; l .J ... .. 1 'Vlfl1111"JJ1l"JJ'l.l.nm:nin1 1.1.r.iaflnmcn'YllllJ1'111nL141•11 L'D'l.I. 11::vn11 1111"JJL11 a 
1 

(Mashmallow) mLi1.1. 1.1.EJmnnd'u.J 'l-Nl 1.1.ri1.J mua::Lfl~EJ.Ji1 a1.J Li11.1.t11n1a::a1r.J'l1.1.iua:: 

wi1'l~ni1.1.1R 1vn~a1.1.lnaflaa~s11u'1iLfl1.1.wi1tlt:1.Jn1.1.n11m1::i1 (Anticaking) wi1tla.Jn1.1. 

n11Lfi91iJ~n;maEJn8iL9li1.1. (Antioxidant) 'l~f11111u'ii..1LL1'.Jnu 1fl Ltl1.1.oi.ia-Ulvhaaf 'l~fl1111 
.............. i] ... 

'Vl'l.l.flLLG:i::L'l.l.EILUlr.18 L '1.1.fl'l.I. 

Code of Federal Regulation ifl1vn.;ta1.1.lnafl£lftLU'l.I. Generally recognize as 

safe (GRAS) eif.J'V\111 Ufl111111-;i::v £l11£l"tt}l1fl 'l lfl-Kl.1.1.n11 'l~ni1.1.1R (Flavoring) L '1.1.ll1LLa:: 

Lfl4a.Ji1EJ1.J ua:: 'l-tl.flLtl r.Jfl1'.J 'l1.1.n11Lil1.1.1'fl~L~EJ1J"EJ1'V111 ufiEJ d1.J 'l1n91111lliEJitt)!1fl 'l 'VIL<i 

'l '1.1.£l1'Vl11'U111 1~m £l'l.l.nJ191 'l .JL fl"a11.1.iJ1::n £l1J L 'I.I. 1:i1Jff-3 fffl 'l 'l.l.Lfl~El-3~11 LLElflnEl tf£l a lli Lfi'l.I. , ... 'II , 

i'ava:: 5 'l1.1.anm.1 (Confectionary) i'ava:: 24 'l1.1.r.iat1.r1m..11.1.11u"Jiu-ii.Ji'Elr.Jft:: 2.5 .. 
'l1.1.R11iJ1.Jufi.JLLa::ni1.1.1R i'ava: 97 'l"tf1LLa:~fit1.r1m'tl'i1ntt1i'arrn:: s LLa::'l'\.lir.iatinm'tl , 

... ... 1 ...... ,,, ... -""..z...... ... ... ..... .JI , ...... 'Vl111fl£l'\.li ') 1£ltlft:: 2 W1'Wft'\.li Lnftfl£lftllff111Jfl'YI"' 1flty fl El Wl1111'tl~fl"l11.Jfl1111"Jl''\.li Tl1 'V\11 

n11'111 w1?ia1.1. lnafl aa111'l<iiJ1::1v,,.,n '\.lin11ut1fl1r.J~iflnm..i L dt:1.J'i1nR11111naflfi1 , 
.1• :'... ..I• ""'• 1'.l'l"'·I 1 ..,.., ... 1'I ... '• ""' lJ1'111nL"1£lff1'::'Yl~ft'l.l.'Yl1U'l.l.1 LlJ "Jl'lJ1':: r.J"Jl''\.l.Ltl {Water activity, aw) "l1-3LlJ"W1TI11Lfl£l1Wlflty 
.a 'l"' ... .I ... ... ..... ... ... ... I 'Ylfl11.Jfl11 'VI £11'V\1'l11fl1111 lJ a El fill U'11mlft'\.li 'Yl1'U n11'Lff£l 11 Lffr.J'Yl1-3Lfl11 ua::n1r.J1l1W L "JJ'\.li 

1 1 

... ... ' • 1..I • I ... ..: ..... .... ... 1 I n11Lff£l11 Lffr.Jfl nLfl1'Yl1-3 En'V\11' n11'L1Jfl U'\.l.LL1Jft-3ff ml'\.l.1ffLLft:: L 'I.I.El ff11~ ff fl Ufl1111 Ufl nfl1-3'll El-3 q 

... I .5. I I 'l .. .... .. I 'l ... ... ... ... ..... 1'::fl'l.J aw 1::\'111-3 El-3 tllJ1::n El1Jfl1-3 ') 'I.I.~ ft fill nL't'ln fl 'VI Lnfl n11'Lfl ft El'l.l.r.J1Ufl1111"JJ" 

(Moisture migration) L v1a 'l ~Lflfl1l11::ff11fla n111Jfufl1111.f"ti1 u1if1Ylei1.J'V1~£lffn•Lau 1 'II ,. ·ci 
..... A ....... ,...... l:, I • .a I ...... 

T11111"JJ"'ll a.J r.iafltlnL'YI L w a 'VI LnY1fl1111tu1Y1a'\.li'\.liff.J ~afl a a1 un11mun LLtmfl1.Jn'\.li L '\.l.E1..1'il1n , , 
... ... .t' A • I ... .... .t' 

n11'Lff£l 11 Ra1 mnn n11Rru L ff Ufl1111'tl'1.1. '1:: L n fl L 11n11n11LR£l11 ffft1 mnnn11flfl"l11Jfl1111"Jl''l.I. 
'II... 'II 

(Adsorption) (i.J1.1.n1 1i~af11n11, 2540; tlr.J::'\.li"JI' fl'\.1.11, 2545) ii.J1'\.l.1iv~sil'uff'\.li'\.l.11 q .. , , 1 

1w1-Wa'\.l.LnftfltHun1111naflfi1 awl~ ·;nn.J1'\.l.1ir.J'l1El-3 Muguruma et al. (1987) ~ 
0 JI .. A A I .a ... I - A ... .. ..... ... .., .a... ... i] 
Tl1n11fln'l~t1 £lrl11"W ft'll El'1811ft fl fl1 aw 'Yl 11fl El 8111J fl'll £l-3~ftfl1l nL't'I L '\.l.Eln-3 LL 'V\'1Yl 11 Ln ft £lL 'I.I. 

El.Jflth::mltJ'Vlan 1flU'YlflftE1'1LiW11ftflfl1 aw l~LLri naL"l1E11'£lft 1w1oWft'l.l.Lnftfl£lft 1Jfeffi'Yl£lft 
I ... , ... ... 'l A .t' ... ..... ... .J' I A 1 ...... 1111nun11 "lfLnftEI 1.1.nTrnftflL'\.l.£l11LLa::L'\.l.£l'Vl11n.JLLl'l'1 r.ian11''Ylflfl£l-3W1J11 n11'Lf111 W1'Wft'\.li 

'II 
,,, ... ... 'l "'• I'"' ..... .... .al I .. A ... Lmlfl El ft LLa::na L"l1£l1'EHUI~ ft 'VI lJ1111 nLfl1111"Jl''\.l.LLft::1'::fl'l.J aw 'Yl•11n111JfEl1'1.J'Yl Ela Uft::L11 El 
... .. . .... I· I ... ..I ....... "' ... .1 ... !'t ... • I .¥ W'111'nL1tl.JlJ1'111nL lJ1fl'l.I. Myosin heavy chain nsnfl Lfl'i1nfl1Bt11-3 1Jf'1LIJ"Lfl1El-31J'1'!J 

flmn1wn1.J lfl1.Jrl1.J'Vl7aamfm::L dai11~n e.J ~it1.r1m'tl wu11 n11Lfi11 l w1~a" lnafl ea'1:: , 
n1 L ~fl nL1l1Wi-3n ~11~;f '\.lin11m1 'l <ima EIL ?lu-3 £lU1-3 L~ U1 '\.l.£ln-;i1ni°tu.J'thn11'YlY1fl El-3 L" , 
.... ' ..... ... ... "' 'l"' ... ... 1 ...... ,,, .., fl1£l ll1.JL '\.l.E111n-3LL,.,.Jn11 '!Jwi1r.1«11'lla-3nftL1JJ£11eft1e ua:: 1 o w1wa1.1. Lflaflaa1£1 va:: 5 ua:: 
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... 2.7 na11Jfo1oa (Glycerol) 
... !'I ... ,,, ... "' "' ..IJ ... .I naL'JHJ1£Ja Luitvrna LDfl1n'lfLL£Janmrna (Polyhydric alcohol) (1l1'W 4) 'Yh11\llit1'Yl 

LUitff11flfl'liufl11114u ff11tlfua-n1vtn11t1n~an (Crystallization modifier) LLa:: Plasticizer 
v 

i] 
... ... 

L Wt1£h1L\lla1\11111ULUU"llll (Bitter sweet) llfl1111\1111it 0.6 - 0.7 1'Yi1"lla~\bt11a 

!ifl1111ff11111TILitn11a::a1t1a-~fi~ 71 nf11fiai.i1 100 nf11 ~ 25 a~fl1L'lftWUll« 1ilui1n1 v 
:' .... ..1.. 'I ... ... ... .... •• .. 'I ...... 

a::a1ll\L111\L 'Yl 11fltlUl1'WV4El L "J1 LLft::11fl1111 ff1 ll11Clflfl')j1Jfl1111"J1\L1J1\Lnft1~ Cl~"~ L "J11nti'1 • v v 

if!111ni.f'l1111.:l'"lu1::iuwd~1~aJa~nunTrni~'!la~a1V111l"lfL'l.l.ann11ft L~afm711::iu v 

1~11fiu"11a~n11t1m1an"11a~i.i1911aLLuueiauil11 (Soft sugar) ir~n1~1'1.1.Lilui1Y11a::a1unfiu,-a-• 
'I ... "' ... (Flavor solvent) LU Marshmallows ann11f1LLa::"!lu11au (na1m1~f'l fl71£lfl 

" ..... ~ .... 
LLa::LnElfJS uU::';lElll"ll1ty' 2550) 

/H /H /H 
o o a 
I I I 

H-C-C-C-H 
I I I 
H H H 

n1Tt 7 «f11lf'l1~~fHn~L'lfa1£Ja v 

fta.n: a-1-iu ~-i~i1.1f (2553) • 

2.8 n111.gif11ac;uh aw 1"'01\tn'S 
.. I ... • ... .... + .: 

Li et al. (2011) fln-rt1~ft"ll£l~fl11Sflfl1 aw L'W£lllfl£l1Ufl11LnlJ1flti'1"11£l~fl1£1Lflll1 • 
.. O 0 ·- ..l'I .. I .I .I 1 " I 0 'I .. -fffl -Jl"~'Yl1fl11\1111J1111t\Lff11'Yl L"JH'iflf'l1 8w 'YlL\11111::ff11111fl'YIRfl flll Lll'Yl1L\11Lnfln17 • 

• 1..I • I "' tJ "' "' .,. .., 'I " .I • LlJS U'ULLlJ a~f'lman-rtm::'Yl1~ 1::"1'Ylffll~ffLLS::Wll111ClL nu1n-rt1111u Lfl ff1l11::'YI L \11111::«>.I fl£) • 
n11linaL'lf£11£Ja (Glycerol) (i'£Jt1a:: 3) i1>.1nulvn'Waulnafl£Ja (Propylene glycol) (i'£Jt1a:: 

2) 1huafltl7111m aw Litn1£JL~ll1fffll~111n lflllftflth aw ';l1n 0.979 L\lla£JLYJll~ 0.900 
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........... ~ .. .. .,. .... ..I 'Ill 
m.Jft"jfl'U. -rnmlfl1' (2549) f'ITI1!t1fltlU11YHLft::n11l1f1E11llTI11'LTitJ1TI~1tJ::\113Jfffl L'Ylll 

' ' t A ..I I I ... t ..... 'I " 'I 'I ..a .. fll1Lf13Jff1'l'Ylff13J1'lfl1f1llftflfl1 aw fl£) Vi'lVift'U.1Tiftfl£lft 1£lllft:: 2 LLft::tJ'l1'1 L'U.fl..1 L'U.a£l'U.'YUJ ' , 
TI11 L-i"11flflfl113J4'U.LLft::EJ en-nL 'i'U. 111 ll ltin11iJfuRT11VitJTill1TI1flfi'1lll'U.1f11L -;JUL nufn 1!t1 ,. 
l1rtEJtu.\111ljjfi1.Jnu 2 -r::tiu f1EJ 6 El..1fl1L'JJftL4illR LLft:: 30 El..1f'l1L'lfaL4illff VitJi1 ff13J11{l , ,. 

.,. ..I ..I .. ... ,.. .. ... ..I .. ~ 
LntJtJ::\113Jfffl'YIEltu.'VITl3J 6 El..1f'l1L'JJftL'lfllff fl'U.1'U.fl..1 60 1'U. LLft::'Y1£Jtu.'V\113J 30 £l..1fl1L'JJftL"Dllff , ., , ., 
L fi' 'U.1 'U. 20 1-u. t fl ti fl tu.111YHJ..1 LU 'U. rt ll El JJf tJ'll £1 ..1 ~ u7111 fl ' ,. 

tlv::wtr fi-u.h (2545) fin~1TI11UflEl1llTI11LntJi'n1!t1'll'U.3JLflll:: 1flllTI11 , , 
"" .... .t I I I .. "" 'I ... 'Iii" "" L°l1"11~fll)f1Jf1113J1f'U.1f1 l1Elflfl1 aw W1J11 TIE! L'1f£11EI El L \ll~ft L 'U.TI11Elfl1::fltJ aw Lfl !..1'YI ~fl 

1£l..1ft..13J1fiEI 'lfEJfU'YIEli.ULa::na lflff ~..1ff13J11tlafl1::iu aw '!l£1..1lin'1n1ulti~1RtlLflu 0.80 ,. ' 
lfl EJ rtfl tu.111Vi'Yl1..1U'r::ff1'YI ff3J ~ a'rJ..1 L flu rt EJ £l3Jf1J '11TITI11LL 'YIU vf 'lf lfl1Rti1 EJTI aL'1f£l1£Jft , ,. 

" I ... , .. ~ J 'I...... .t ... 
1Eltl a:: 16.7 LLft::WtJ11TI11Elfl1::fltJ aw 'll El..1 fftl1TI1'U. 111 L \llu13J1tu.fl113J1f'U.LLa::1::fltJ aw 

'llEJ..1«1-u.uJ.Jiifl1afla.Janti1u 

t,-1~'4 nuffm1u..11..1ftLLft::fltu.:: (2551) Li'YlflftEl..1lilfl aw 'llEl..1'll'U.11 tJJilflllLL'Yl'U.yf 

ii1f11a'JJlfl1RluliLel£Jnn1-u. ti1vR11fi1LJJmf1ufi' 3 11ilfl ltimi nRL'Jf-rea '1Jafu'Yl£Ja ua:: ,. 
ii1f11ftna lflff i°EIEJlil:: 20 30 50 70 LLa:: 80 WtJ11TIRL'JJEl1Elftatl1::titJ aw ltiR..1fffl 1£1..1ft..13J1 ., ., , ... .... :- t .. .... ..a:- t " ... .. flEJ '1fEl1tJ'YI El a LLa::-u.1t11 ana flff L3JE11::flun11LL 'YIU'Yl'U.1f11lil'JJ fl1Rfl1 una L'1ft11E1a1t1ua:: 20 ,. ., 
50 Lu:i:: 80 -;i::l~fl1afla..1-;i1n o.91 Luu o.76 o.67 LLa:: o.63 fl1JJa1iu 11m::ffn11l"ll' 

o'A ..I.;' t " I ~ '1fEl1'1J'Yl£laLL'Yl'U.'Yl.._.1f11l'l'lf fl1ff1Elm:i:: 50 LLa:: 70 R13J11flftflfl1 aw LlJ'U. 0.81 LLft:: 0.83 ., 
f113Ja1itJ «1-u.na lflRiiiJ1::i'YliT11Wt°iLdt1l-i1::itJ'f£1Uft:: 80 ff13J11flftflfl1 aw Lfl'U. 0.87 ,. 
Lff Lti £JTITI1'U. vft -in a L '1f £11El a 'Ylfl LL 'Yl'U.'Jf lfl'lffi'EI va:: 20 ii flt.I. 'Yl'U.~1vf fftl ua::ii i:.l a 'Y11..1U1::ff1'Yl ,. ' ' 

.... ... ..... ... _, 'I ~.. .. • ... ..I .... 
R3Je.!fff1'Ylfffl L3J£1..,.11111J11'1 L'U.nft3JVift1fff1TI OPP/PE LTI1J1TI~1'Yl£ltu.'lll113J'Vl£l..1 (30 El.:lfl1 , , ' ., 
L'JfaLIJiua-) 'U.1\1. 14 1-u. W1J11'll\l.3J l11iwtnunaiiilfl1'1TI11Lflg£1\l.U1Ufl113J4t.1.'11TI li3J1 rJ..1 LLJ..1 ,. 

• I .. .... ..I I <'0 1 .. .. I 

L 11 TI11 fff11l'I fl aw L \l.£l..1';11TI1'::fltJ aw 'YlLLflTI 911..111 El.\I REI.:! El..1flu1::TI EltJ'D'.:I L 'll1 ff';) fl ff3Jfl ft ., ,., , 
if aw LYhrltJ 0.84 lwf-u.ff 3 LLft:: 0.80 Lt.1.1't.1.rf 4 TI11'Lfl,£1\l.U1llfl113J4uiie.iafiElfltu.111YHLft:: , 
El1 t1TI11L fllJ'll El..:1'!1\1.11 L wd1..:1LL1'TI'VUJ~1\l.1'U.';lat.1.'Yl1Ufl EIWi1..1i'.tEI llLLa::iin11L ~3J;f \l.'llla..:l';J1TI , , 
.... ..I :: t ... ..a.. 'I 'Ill... .... ... 

1\1.'Yl 4 'llEl.\l'll\l.3J'Yl.\lffEl..:l~f11 'll'U.11 11'1Yl3JTI11ftfl aw Lt.I. LffLe.1£JTITI1'U.VilJElfl11n11L';J1qj1.IEl..1 
A d, ~ ~ Alll. C' I "" "" ,,,f ""' .. ••"' lllll ';lft\l.'Yl1'tl'Yl..:l'Vl11fl tlffflLLft::1'1ftfl ft..1L 'Yl1TI1J1EI lift:: 55.36 LL a:: 54.81 f1111rt1fl1J L3J El Lu1tl1JL 'YIUlJ 

' 
nuRfl-runii t.1.E1n-;i1nif t.1.rT.:iwu11naL'JJt11eai1t11 ~L daiu~ff'!lt.1.111l11n11Rf11unii lfl v liliie.ia ,. ' ,. 

I 
I A .. -

fl£) na'U.R LLa::1R"lf1f1 

ff1i1iiw rf zl'Yl1'TI§l1 '1111rf (2548) f1n1!t1TI11'Ufl£l1UTI11LfltJi'n~1'YIL ;ut.1.n1t.1.ti1 u , , ' ' 
R11U1L3JnLLtlU'tf 3 ".lfilfl ltiLLTi naL'1f£l1£lft '1f£JW'Yl£la LLa::n~ lfl« i'evs:: 10 20 30 40 LLft:: 

50 L-A£laflfl1 aw LLa::J £l.\lrl'U.TI11L;J11l!1.1£1..1L 4£JTI Vi1J11 naL'1f£l1£lftii1.h::i'Yli111Vi L \l.TI11ftflth 
'Ill .... ..a • ..... t .. ... ..a.;- t .. ... aw Lflfl'Yl~fl 1£l..1ft..1111f1El 'lf£l11J'Y1£lftLLft::n~ flff L11£11'::fllJTI11LL'Yl\l.'YIM1911ftiJ fl1fffl1tlTiftL'1f 
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t11aai'aua:: 50 ""~·la l~th aw ".lltl\IYIL1U14n114fffl1fl11Jfl11RflR\l\'11nLtiiJ 0.86 LU14 0.66 . .. , 
l ..I ..... 1 ..I ... ...i.t 1 ... . 14".llnL::Yl'lfEl11JYIEIRUfl::na flffl11::fl1Jn1'HLYl14Yllo\1fl1R'Jf fl1ff1EIUfl:: 50 \'l::ff11111CIRflfl1 aw 

11 11 
... !'I . ..t ... 1 ..a.,... .f ... 'l.1"" .1 \'11nLflll 0.86 Lu14 0. 77 LLR:: 0. 78 fl111l't1fllJ fltJYl1J'lll1n4fl1111'!1'1411£l\lflL 1U14n114 LiJllfl11lJ , 

;uuLLtla\11u~nmii11mh.:iiiiXuff1fl°'iy'Y11.:itdit1 {P < 0.05) Ldt1v;\'111m1t1""'iiu11t1.:in11aflfi1 
'ii .,..,...,i 1 ..I .I ..,. ...... U ..I ""' "' '"'t "" "' aw Lflfl'Ylfffl fl[Jflfltufl1'Wf11\11J1::ff1'Ylff11~ff[J"3L U'Ylr.JEl1111J11£l"3~1J1 Tlfl LLR::1111fl1f1Uf1U , , 'II , 

: ... .. ...... 'I .. ... ..a... ..IJ' 1 ... ... 
fl1fffl'tlE\lflR L'Jftl1EJa 1\1 flfl ffU L';JLR Eln'YIL 1UUfl1Ufffl'l'Yl11n11U 'YIU fllo\1fl1R'l1 fl'lfffl1UnRL'Jf , , 'II 'II 

t11t1a i't1ua:: 1 o il1tt1litunTlfln1!!'1n11iifla1un11Lnui'n1!!-1Y1L1uun1ufit11tl , , 
flu::wu iub ua:: ft'fluffu fl1"3111 (2546) n11f1n1!!-1ani-wa"JJa..i aw 11t1"3"1"li , , 

.. ~.. .. .f'I • .. .. ti ""',J "ll'U91 n fl ll'W R1 fffl n LLR::ff11flfl fl1111"1l'U L Ufl1"JJ14::1J11\'I fl ti n11tlfl E1r.Jfl11L fllJ"JJ14ll LlJ u:: Lft'fl1 'II , , 

fl1U 'Wt.J11fi1 aw "DEl\1"1ULtlat1m~11.fut1U1\11191L71lW'Ji1"3L1S1 2 iULL'lfl ua::iifi1ft'\lft'91 'II , 

lw1h.:i 10-15 iu ui1~\lflflfl\IEIU1-3"1f1') n11flfl aw L~11iU"JJEl\1"1"Li11n 0.85 LUU 0.80 ~1 
l .... .f ' .1• ..I .i... . ""' . 'Vlfl1 aw Ufl::fl1111"JJU"JJEl\lff1UL1JRElfl LO.RUfl1111J\'l\'IU aw 11£l\lft'1U Lff RflR.:lfJfl"JJ1\IL1fl1fl11 

Lflt.JBr.h-3ii1Xuff1fl°'tyf11\lfftltl {p<0.05) ff11~flfl1111:Jutiian1L1RUR::L'W1L1ElfflTIEJ~1l~ aw 

LLfl::fl11114U"DEl\1"1"Ltlaan LO.;Ufl111tl ... 'iir.Jn11l"lf111~flfl11iJ4u flflR"3ElU1.:1iiiXuff1fl°'iyn1"3 
.... ..s ... .... .1- .f .. ... ..I ..: .f .. 

ffflfl (p<0.05) L-.uULflr.J1flU 1J'Ul1nLL"JrElTI'!l'UYIL'U'l!YI aw 0.6-0.9 L'WIJ"JJUfl111L1R1fl11LfllJ 

i1au1.:iif"1uliii aw L~11iu 0.85 YJfli1ElU1\li:iL4a11tlTin~lwrufl 23 y;-;:i11m11i1111u11 

Lflt1::tlnt1iia1un11LnlJflU1\litau 16 iu n11Rfl aw L~1liu11a.:1"1"liLUU 0.80 ff11111flU91 , 
fl1r.J"lJUiJLflu::li 7 iu n11l-i117flflfl11114UL'W1L1flffl'l1t1Uflfl1tln1'lLTilJ,fl1in 7 iu ".lltu::if 

• 'II , 

liian1 L';l a w11111n iifl en ulfi'Ein 1 iuL 'th4Lfirnnun11 l "lfi11ln11'Wa11tin~a llLLuu , 
OPP {Oriented polypropylene) I PE {Polyethylene) 



11n;I 3 

.... ... 
3.1 'lfUlflU • 

3.1.1 "' .... .... ... I 

"ll11ff11"ll11L;)1 ("ll11YIElUi) 

i.\IWlflft'L"llrlEJ) q 

3.1.2 LLJ.\laJUi81iJ::111a.\I (u1tiri ffll..,1L11ll!LLJ.\laJUi i.\1'1111flrhLL..,.\IL..,'11) 

3.1.3 naL'IJEl1EIS (glycerol) (u1tiri miiuu, 'IJ1EJU 11nfl i.\1'1111flL-iV.\IL'lllii) 
'II 

3.1.4 1..,,.~a'U. tnatrna (propylene glycol) (u1tiri ~Liivu, 'IJ1vu -;i1nfl 

i.\IWlflLoiEJ.\IL'lllii) 

3.1.5 ff11flfl'li1JE1Eln~L;)'U. (u7tiri L'UJ1fff Lflll'li1J..,S1[J -;i1nfl n1.\ILYl..,ll'll\1'U.fl1) 
'II • 

3.2 ft1'tLflii 

3.2.1 ff1'lEl1'11111ff1'111f1JiLflTI::\(;i§"U.Yl7EfJ.\l'll\llfl • 
0 .,,, ... ..... .. 

3.2.2 ff1'lEl1'1111'lff1'11\11J1Lfl11::'111VffflLLS::TI 

t.I _( .. ... .J4... -3.4 ~ n'tmLLftt Lfl'SihUJ i)fl L1f fl1'"1'1 ftilUfl llliftlJUflfl1'1 n1 llll1" 
.. .... • • ' I 3.4.1 Lfl1El.\11flfl11ll'lll'U.fl (Rapid Visco Analyzer, RVA) (1" Tech Master • 

u7tiri Newport Scientific ltd., iJ1::LY1fl£1£lft'Lfl1u) 
.. .... .1... -~ - "" ... ... .. _, 111 .1'1 "'.I 1 -"" "' 3.4.2 Lfl1£l.\11fllJ1l.11tui..1El ff1::Yl;JSUi'Yl1[Jff1ll11fli..1 LlJ L'l1J1:: l.11114 Lfl (Decagon • 

Devices, Inc., Aqualab 4TE, USA) 

3.4.3 Lfl~El.\11flfflllJ°i'Yl1.\lfl11lli'au, (Differential Scanning Calorimeter, DSC 

'fu, DSC 1 u1ti'YI Metter-Toledo (Thailand) ltd., iJ1::L'YlflwiflL11fafua'U.tl) • 
"' .l A O I "" "' I , 3.4.4 Lfl1El.\l"lf.\IYlflUiVll 4 fl1LL'll\Ui.\I (U'lllEI Mettler Toledo ,-u, MS 204, Sw1zerland) • 
.. .l ... O I "" "' I 3.4.5 Lfl1El.\l'l.\1Ylf1Ui[Jll 2 fl1LL'll\Ui.\I (U'll\El Mettler Toledo ~'U. MS 30025/01, 

Swizerland) 

3.4.7 ~au Hot Air oven (Memmert UM400, Germany) 
'II 
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3.4.8 Lfl~Ehl Texture Analyzer (iu TA-XT2 Plus 1J11i'YI Stabable Micro • 
System. Co., Ltd., 1h::L'YlflE·mf]~) 

.. ... .. .... ~t.. , ... QI ...... 

3.4.9 Lfl'l£h1..,11El\L\ILL'l\lfl\LLL1J1Jfl\I fl:: ('l\L 75X-240V ALL AMERICAN 1JHfn 'rt'rt • 
... ..,. ,,( 0 .... -• , 

lfllJflVt'llLtlt.!A iff'flA.:J ~lflA, u1::1Ylff 't'W) 

3.5 !l6n11fi1Li."n11!l;ltJ 
...... .r , !'I • 

n1'l1';J[J\l.LL1J\ln1'l'YlflaB\IBElnL1J\L 3 flEl\L flEl 
~ .-. ·--e_ I ~ I I + .a- . .!I' Sf 3.5.1 "flY12ft4t1L~~1a_n1f'Wftfttt1a.,t11»n'lllftU'l&a1U1n 

O A + d ... .. AA t + J A ~ t t 
'Yl1n11~.rn91n1 mfl m Lff\LLan911im1'l1111MJB\I 'l\l\11\Ln1 mfl t11ut1a R1'l"Jfl an ti t1 

•• I "' t "' .... .... . I .... • .... I 11\1 LLi:.J'Un11'Ylfl aB\I LL1J1J LL 11an'YI Ell "J[Ja fl m 'YI EJ1Jn1J ~fl"J'Yl11n11LllJ"JS4\LlJ"J111nUfi"Jaflfl1 aw 

Lfi'LLn naL'IJB"JElft 2 'l::filJ (i'Baa:: 2 LLa:: 3) ua:lVi"J~aulnafl£1\L 3 1::fi1J (i'£1aa:: 2 3 
~ :' .'I + J ... .. .... .r LLa:: 4) -;nmt ut1n-;i ff£11Jfl m111Vi"l.I D\l\L1LLu\I ua::fl mT11vm1 mtw1 Lff\LLant1\l\L • • ... ... 

1) fl"J1';JffB1Jflmtl1Vi"JJB\lil1LLU\I • 
- ff111J"i'Yl1\lfl1111i'£J\I. (thermal property) i1mfl~£1\I Differential Scanning 

Calorimeter (DSC) f11111nrn.:i Hormdok and Noomhorm (2007). 

- rha\ln1'lViD\ltl1 (swelling power, SP) ua::thn11'ft::ft1EJ (solubility) 
...... 

fl11111M.ID.:I Hormdok and Noomhorm (2007). 

- Pasting properties i1mfl~£1\I Rapid Visco Analyser f11111h£1.:i 

Hormdok and Noomhorm (2007). 
+ .t ... .. 2) fl1'1-;iweuflmn1vm1m9lmLR\LLan • 

- fi1 aw fl1111h£1.:i Li et al. (2011) 

- uii.nmfl1111'9\I. 911111i AOAC (2000) 
Q,,.f ,k ..,, .... ... ... 

- 911'1';lffDUan~m::L'l.LElff11i:..lfffl11111M.IB\I Hormdok and Noomhorm (2007) 

- n1"Su1::Lii'l.l.flm111vm1\lu"J::ff1'Yli11~w it1uua\l-;i1n1h£1'1 Li et al. (2011) • 
~ "' ........ +.a- ... 3.5.2 "mt1a111'l::n11u11,nft1aJ11ntJt1101un11mu1ninn'lllLfllJ'lUf~Lan • • 

"' + J ., <t ... A ... A l "' I l .... I ... .. , ... -i..1n1tlLfl£.11Lff\LLftn'YIHa91-;J1nfffl"J'YUJn1"J 'Jfff1"Sai'lfl1 aw 'Uffflff1'UflL..,111::ff1J'IJ\I fl 
'II 

-;i1nn111,}'r.Jlu,.::Li:ir.J1J1i1ia"lie 3.5.1 111un-;ilun\lluae'U -;i1n~uuu1~'UR1111::n11'1J"I"J';J • • • 
3 R1111:: tlEl fl.-iHitn-wi'£111l~wi1~t11-i1Ja£1n~L~'U ilfli:.iilntftyty1n1flua::tlt1s..iitntftyty1n1fl 

i111TI1J n11 lffff1"Iflfl1Jil.J El fl ntUL ';J\L L nui'n~1ff B m..,11iJ~B..'I (30+2B\lfl1 L'IJa L-itlff) LL a:: 
'II • 'II -

em..,11iliLu'U (8+2 B\lfl1L'lfaL-iaw) Li]"U'l::£J::na1"U1u 3 Lfi£J'l.I. -;i1nif "Uft'1.1i1E1cl1.:in1m,a1 
• 'II 'II - • ... .. .... .... .r 
Lff'ULan111f11'1';JRB1Jflm111Vi'Yln 3 1\1. fl\l\L 

~ . 
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1) th aw 9l1ll1nrn'1 Li et al. (2011) 

2) m,-1.h::dji.t.flCIUlTVfY11'1th::R"l'YIRllr3'a tltlLLtlft'1'i1n1ha'1 Li et al. (2011) • 
3) 91,-1-;iaaufltu111Yifl'11.1.-;ia;i11'Ylm liLLTi -;h1.1.11.1.-;ia1.1.'Y1;JJ""'"tl ;i11.1.11.1.~a-ff • • • 

..Id , 91 A ... 'l All AlllllA ... ... 
a1111::n1,-u1,--;i'Y1Lft£m tl-;i1nm,-1-;it.1Lu,-::L1Jt11J1'111t1"JJE1 3.5.2 • • 



uni\ 4 

Nftn11iiuLLfttOilth1UNft 

9'111'11 3 fi1ffll1J1i'Yl1.:lfl11lli'au (thermal property) 

ii1 LLJ.:1.rf LL1h~utln11nma L 'Jfa1aa LL a:: 1 vnfiau 'naflaa .. 1wma'U.'1noooo flftL'lfmml 

(i'ooa::) (i'ooa::) Tc:fC) T~) 

ti1mh~m.lfl1.1 74.74JfJA-/' 77.78JJJSl • 
2 2 74.70t024b 77.78tDZl 

2 3 74Sl-JD2Sb 77 IIT-JD26 b 

2 4 75ffifD.49b 78.291D.43b 

3 2 ~14
8 79.«li:0.518 

3 3 7521:tD.79b 7835i0.72b 

3 4 75.00tOA4b 78.13t0.44 b 
I ... I ... . ... 

fl1'YILLfftl.:ILU14fl1L~ft[J±ff114L1J[J.:IL1J14ll1f'mnu .. 

T~) L\H(Jg) 

~75b 911W32!J1' 

0098l056b 7B>J:1sf 
81.64t03>b 7!Bt'lsf 
81.94JD.62b 13.oot.3.1311> 
83.00t:O.OO. 14.88:t3A:l 
81.91:1D.mb 11.00t3.15C: 

81ffit0.62b 9.82t2.19b:: 

* em;.1.rf LL~m9'1.:in14L14LL ti a::fl El ftllULLfftl.:I f\1111 LL ;inti1-3 El Eh-3 iiumhfl ClJ'Y11.:I 
......... "' ... ~ "' R'CI 'll'Yl1::fl1Jfl1111 L "lfElllWlEI ua:: 95 (p~0.05) 

L~EJ'Ll.1i.i 1 LLJ.:1i1 EJ r.h.:ifl11Jflll LLa::ii1 uJ.:1.rf ut11~utl1aJ1 nmaL'Jfa1a a LL a:: 1 vnfiau 
' .., - "' • .; tJ"' ... ... ... "' ma fl El a 111 fl'l1 '1 ffEllJ R'lllJ '1'Yl1-3fl11ll'lD14~1J11 ~ 1LL .:!'YI Lfl lln a L'lfEl'lE R'lE ua:: 3 LLR:: 

1~1Yiaulnaflacu.i'aua:: 2 iiam"V111ih~11t1cu.n11LfiflL-.a (T0 ) am"V111iin11LnflL1a (Tp) LLa:: 
' \I ' .. 

amM11iiiuwtln11LnflL'1R (Tc) w.:i.rfaflflD 76.02±0.14 El.:lfl1L'lfRL-iiua 79.40±0.51 
' .. ' \I ' 

D-3fl1L'lfRLtU[Jff LLa:: 83.09±0.09 D-3fl1L'lfRL-iiUff '11ll~1tl1J ff1\ll'l1Jtl1LD14'Yiailtf1wi'u 

n11 LntlL1a (L\H) 1rn.:1ii1LLJ.:1i1mh.:iti'.:imh1au1unaaJ.rfii•hw.:i.rf wfl lfluiith 14.88±3.42 
11 ' \I ' 

~atni'i.1 LLa::if th lij LLfl n fl1.:I mh-3 iiUtJ ff1fl'lJ'Yl1-3 fffifl (p>0.05) n1J\l1 uJ.:i.rf L fl llna L 'lfD'lD ft 
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fmrn:: 2 i111n1J 1 Vf1WS'U.lnafHrnfm.1a:: 4 LLa::li1LLiJ..i~Ltl11nSL'IJEl1Elftfmrn:: 3 i111n1J 

lw1w61.1.lmtflaai'm.1a:: 3 (flTl1..i 3) i..iifuli1LLiI..i~Lfi11naL•a1aai'mrn:: 3 i111nu 

1 ............ A .J I + ,J .... , .... t.J ... 
W1Wft'U.LnftflElft1EIUft:: 2 ';l..1El1\1111Uftflfl1 aw 1Ul..1n1mfltl1Lff'U.Lan fl L'U.El..1';11n 1111nL"1JEl..1 
M 1 ...... '4 .... I !'I u· ... t .... ... , 1 i] naL'D't11aaLLa:: vnwau maflt1afl..ina11LlJ'U. 1111nLflL 'Vl111::ff11 1.1.n111111t11nua:: 11 affL u 

Ln SU1fi1 L ~-ifl1111..1n11W El..1tl1"1J El..1Liifl fffl1nrLLa::att aw L 'U.Liifl fffl1f'llR-3tf..1 ~a L ~'Ila Eln11LTlfl 

L-;ia1til1.1.'lffi1l~li1LLiI..i£ifi1 T0 Tp Tc LLa:: AH \f..1 (Kaur et al., 2005; Singh and Singh, 

2003) 

a ni. 'VI 11 ii11 a..i LLiI..i Rn£i~ a fi an11L nfl L \'I a1::wh..i n11~afl £11\1111Liu ~.., LTlfl\11nuiI..:i~ 
' "' ' 't .; .. 1 ~ ... ... A ... .. u"' ti"' 

LL"tl1'U.ftEltJEI~ 'U.141 L11ElflEIU 8) LW11fl11111El'U.';J'U.fl..1~nL'Vl1J111::fllJ'Vl'U.-3 LL ..i-;i::L auw;nn 
... A i] lt.J I t ,_.f d I A t.J"' A -" .r M ... ... .. 
am~tnL::fllJLLff-3L 'U. ,..., ff ElnL'V11l11'U.L1Un11ElnL\111111LL ..:iffn ElnL\111111LL1J..1ffn'U.11fl1111ff11Y4'U.1i 

' .. '"' ''"'' ..., 9' loll t.I ..a.. ... .. "i ..i • I 9" -a.. A .,"i 
nu1:: u:: L 1a1'Vl..ifl111111 tm 1111 fill em 'V\1111UlJ..11n.i1-;i::'Vl..i Rn L 11 n111111 fl11EI nL \111111 LL lJ..1 wn "" 

' ' '"' ' ' ' '"' '"' .Rf .... A ..a .. i CW :: A A CW t' 9' ... ti 
L 1J 1.1.n11f11fl fl :au 1::flll em 'VI 1111Y1 LL1J..1 ffn fl..11.1. 1.1.n,.::u11.1.n11~ afl ~a fl n "''" £11'V11,.Lff'U.'D'-3fl e ..i 

' "' ' 
d..i mJuLLiI..:i'Vl1a Liut ~ ffn ~..if111thit..iii..i1::iuam'VlnihLiI..i1m ?ta t{l un11tli'u1::u::L 1a1d..i 

' ' "' ' 
LLiI..il~L'V1111::R11 \111t1'Vl11::u::na1'V1..ii11i11 L~ffn lttuf11..i (..i1114u fl..1Lt0, 2541 n) 

' ' 

I ..... I .; .'I ... M t.J ... t.JA M -;nnn11.-i'l1 ';J ffE11Jfl1n11w a..i fl1 LLEl::f11n11a::a1 tl"tl a..i 141LL1J..1fl11n11u ,.~ u 1111 m n a 

L'D'El1£1 ft LLEI:: l W1Yf S'U. lnafl El El Wll11 n1a..in1'lW£l..1i111£l..1UiJ..i liJut1nth..1TI'U.LLtil::Lda\l.1 lt.J 

L nu1Jnllnllfffl1tl1D U1..1fl11Jfl1111£l..1 h..i..i11.1. Wll11 fi1rha..in11wa..ii1'll El..1LLiI..it~~a lii 
"' ' 

LLtmth..i nua a1 ..i £iumf1fi qJib::i uf11111 L ~miwf mrn:: 95 lfl uiithn1i..in1,-w a..ii1'll a..ili1 
... ... .. ... 

utl..iflnfffl1 i:ithrhi..im'lvrn..it11aaY1'l::'Vl11.:i 6.29- 7.19 ni'111ni'11 \l.1'VlumLt.J..iLL~..i ua::th ' .. "' 
1.I I ... .. ..!'I I .. ... .J! 'I ... + ,J ... 

nTrn::a1 va tJY11::'Vl11..:i1a ua:: 6.17-6.80 (91111..:i 4) 'l-.:IL1J'U.fl1flff-.:IY4 Ofl';J::.,.11 L \rn1 tJLfllJ1fl 
"' "' 

~afl-;nnli1LLiI-.:1£if11111Eia1.1.1l11Lu1.1.~ia..im111a..i~u1lnfl 
' "' 
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- ~ ... ... fl nL1Ul1J fl'!I EJ-3il1 LL tl-3 
lvn~aulnaflEJa • mwnEJ1EJa 

Ti1a-3n1~£l-3tl1 
(i'Elr.Jft::) (i'm.ia::) fhn11ft::ft1tl(%)(ns) 

(nii1)(ns) 

i1 El tl1-3fl11Jfl3J 6.80 ± 0.34 6.35 ± 0.12 • 
2 2 6.22 ± 0.07 6.29 ± 0.07 

2 3 6.19 ± 0.98 7.19 ± 0.98 

2 4 6.42 ± 0.23 6.62 ± 0.23 

3 2 6.17 ± 0.23 7.17 ± 0.23 

3 3 6.74 ± 0.30 6.84 ± 0.30 

3 4 6.34 ± 0.12 6.75 ± 0.59 
• ..I . ..t . ..I 

'VI 3.11 tlL 'VI fl 
q 

fl1YI LLft'fl-3 LU 'Ufl1L"ft ti ±ff1 'UL1J tl-3 L1J'U3J1fl1fl'U 

ns lliiifl1111LLflntl1-3n'UYl1-3ft'Ofl if1::fi1Jfl1111L4mfwfat1ft:: 95 (p > 0.05) 

... -"" -..i..r....... • "" .'I 1 .r .... ..Ir, • ... .., " • fl111l'Vl'Ufl LlJ'Uft'111JflYI L1 tfl qj £l tl1-3'Vl'U-3'11£1-3LLlJ-3 fltl1J';J';) UYIJ.Jr.I ftfl £lfl111l'Vl\lfl Lfl LLn 

11itfl LLa:: £1-3ff tl1::n £11J'11 EJ-3 LLiJ-3 fl113J L ,j3.1-Jiw11 EJ-3ii1 uiJ-3 Lflutiu i1un111fl ft'11u1in11 

Ltl;tl'ULLUa-3fl1111l'li1fl'11El-31fln~ui1mfl~£l-3 Rapid Visco Analyzer (RVA) f-3ff11111n • 
f11u1uflni.111-w"!la-3LLi1-3Li4at"li'lun11r.iiflLtlULnn1m~tl1lti (Bhattacharya et al., 1999) • 

';11 nn111fl fl113J LtJ ~ U'ULLtlft-3fl113J\'l\Lfl'!1 £l-3,i1 LLiJ-3rf iin11 L -in aL'D£l1£1fti13Jn1J 

1 v.1~au lnaflr:rn LULLth~::1::iu (fl111-3 5) -wu11ti1f11111l'li1flft'-3ft'tl (Peak viscosity) '11£1-3 "' . 
tl1 El U1-3 fl11J fl 3J iiti1 li.i LL fin fi1-3TI1J ii1 LLi1-3rf iin11r.1 ft'lln aL'D£l1£l1Hl1J 1 v.1~au lna fl £la 

q 

turin1::iu p > o.05 i1uti1fl1111LLflnfi1-3'!1£l-3fl1111l'li1flft'-3ft'flUft::fl1111\'l\Lfl~1ft'fl 
• 'II • • 

(Breakdown) \'11n Breakdown i'.iti1'4£1 ti Uft'fl-311 Liifl LLiJ-3 iifl1111fl-3Yl'Ufi El £1 nL \'Ill ~111n 'Vl7ei . "' 
Liifl LLi1-3iifl1111fl-3Yl'Ufi£l El nL\'111~ tlfl11TI11TI1'U LL1-3rft'llt unT'm1'U \'lft-3TI11Lfifl . "' 
L';la1iil uL'D-iu li~ ..,u11 ii1LLi1-3rf r.1""naL-ua1aai'E t1a:: 2 i111n1Jn111111 ..,,..;taulnafla 

... ... O O • ..I .t t.1'"' ..I .... ... al ... I ft1£1 tlfl:: 2 11fl1fl1111LLflTifl1-3'!1£l-3fl113J'Vl\lfl111TIYlftfl LL ft:: l\1LL -3YIL1J'Ufl1 £1 u1.\lfl11Jfl3J3Jfl1 • • . • l ..I • .. ."I ... • ... ..I 
fl1111 LLfl TI fl1-3"!1 £1-3 fl1111\'I \lfl '111YI ft'fl LLft'fl.\111 Lllfl LL1J-31lfl1111 fHYl'Ufl £1 £1 nL 'Vl1l11111 TIYI ft'fl 

• q 'II • 

ua::ti1r.1 afi1'111 £1-3fl1111'Vli1fl ft'fln1 unuf11111'Vli1fl~1ft'fl (Setback) Uft'fl-3ii-3 fl1111 ff11111n t" • • 
n11iflL ~t1-3i1 t 'Vli.i'!I £1-3n::liJ1aft'LLft::E::l3J laL ..,flfiu f-3 l-K.fi11'1im~ttu::'!lfNr.Jiflntu..f ft't1n1u • • ..I ... ,¥ ................. -¥. • ... • .... 
'V11£JL~HrnLnfl'11\l ft'11-W\llfTI1Jf11f11111U'11'1'11£1-3lJ11ft'TI f1£1 n1 Final viscosity 111n LLRfl-311LIJ'U • 

91 # .... 8 ·- '1 1 ..I .:. ti A - I &iol I .. I '1111 LL'11.\ILLa::3JlJ13J1nL£1:: Lll ftft'rtft'-3\l\lLEl.\I nt11::..,';111nL11111Tillfl1 Setback -U.\1..,1.111 
'II 
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ti1au1H11ufl3J ii th Setback L fi1nu 1693.60±23.24 fl £1fi1il,HiltH1 LLfffl.\li1 ull.;iii q • . ~ 

fl113Jft13J11nlcu.n11iflL;u.;ii1t~~lfl1i 

.. • ,,/ ... " ... .1 • ,,/ ., " ... ... 9'111'1 5 fl113J~'U.fl"ll£l.\ln1mflr.J1L~Leinfl1£1u1.\lfl11Jfl3JLLa::n1m9lu1unuann~af1-;i1n 
~ 

ull.;i~.;iiin11uth~cu.iJ,3J1mn ftL 'Jfa1aeua:: 1 Vi1'Viftcu. lnafl aa 
... 

1~acu."1at1aa Peak~ BrealcbM1 ~ ntiL'JfmBS 

(i'Elua::} (i'Bua::) (Cp)re (Cp) (Cp) 
... I 2349.00:.!64.18 ~oo· 1003.00t23.248 

fl 1ElU1.\lfl1tlfl 3J q 

2 2 2837.00i:19.49 1031.00i:15.598 1<m00t91.zf 

2 3 2854.00t39.47 958.00i:13JJJb fET.~c 

2 4 '2fl£>.OOJ:Zi77 862.ooi:17.56c 976.<Xlt64.32c 

3 2 2007.00:l:S8.26 844.oot24.76c 943.~.45c 

3 3 2586.00fffi.74 d 
766.00±26.46 914.00±:21.11 

d 

3 4 2617.00i:17.00 821.00i:14.1f 935.00i:7324al 
I ... I ... I ... 

fl1'YI LLfftl.\I Li] 'U.fl1L~a U ±ff1'U.L1J U.\I L1J'U.3J1fl1!1'U. 

.. e1m;.1il LL 91nfi1.;in'U. t 'U.LL ti a::fl a s3Ji!uRtl.\I t11111 ufln th.;i a u1.;i iiiru ff'li 'lJ'Yl1'3 
......... ... ... ~ ... 

ffflfl'Yl1::tl1Jfl1111L'!fB1J'U.1ElUR:: 95 (p~0.05) 

I + .t ........... ='t1" ............. fl1 aw "lJB,m1ULfltJ1Lff'U.LEm'Yl~Rfl-;J1n'U.1LL '3'Jf.\ILfllllUU'JfB1ElR1£1tJft:: 2 ~1El 3 

i1 unu n11 t -AL ·t·n'4a'U. lnafl a ai'£J u a:: 3 iifi1 H.\ln-hrl1 m if u1 ufcu.1anl1 El r.i1.;if111Jfl ii e r.i1.;i ii . ~ 

iruff1tlqin1.;iwfifi (p~0.05) fi1 aw11 e.;irl1 m~ u1 LR'U.Lanrf ~it1-;i1mhull.;i~.;i19iunaL'Jf£11£1 a 
... I ... t !II" ..... 111 ., .. + J ., .. ... .. .t 1EltJR:: 2 113JTI1JTI11 '!h'ViWrn'U.LTIRflElel1BtJR:: 2 ~1B 4 ua::n1mt1tJ1Lff'U.LRTI'Yl~t'lfl';)1n-..1 

ti... ... .. ... ... I ... 1 ..... 111 ... + J .... al LL -il'YILfl11TIRL'JfB1Bel1BUR:: 3 1111nu ~1Vift'U. LnRflElft1EIUel:: 4 ua::n1mflU1fl1Elu1-ilfl11Jf13J 
~ 

iifi1 aw lihLflnti1.:1n'U.ar.i1.;iiiirui1iqi'Yl1-ilfffifi (p>0.05) L'U."llm::rlri1m,r.J1Lff'U.Lanrl~i9l 
-;i1mi1ull.;irlLii3JnftL'Jf£11eai'eua:: 3 i1unulfi1~a'U.lnafleai'1rna:: 2 iifi1 aw "4auni1 

rbmtf u1ufcu.Lani1m.i1.;if11uf111 (flTl1-il 6) RBtlflRB.:1nu.;i1cu.iiu11a.;i Li et al. (2011) ~" q 

Vi1Ji1TI11LiTiftL'JfB1tlRi'Elr.Jft:: 3 i1unul~1~ft'U.lflftf1£1Ri'EJUR:: 2 'lt1ufi1 aw L'U.n1UL'r.J1 

Lff'U.fffl li 
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I + ,,J ........ I + ,,J ... .a ... 
fl111'1 6 fl1 aw'llEl.:ln1£JLflEJ1Lff4"Lftnfl1£ltl1.:lfl11Jfla.ILLft::n1mflt11Lff\l.Lftnflr4ftfl'il1n 

LLJ.:1ei1.:iijn1,.LLiJ,.~uiJ;2.11mn a1 'J1e1ea LLa:: 1 w1Yiau lnaflea 

.... I 

fl1 £) tl1"3fl11Jf12J • 
2 2 

2 3 

2 4 

3 2 

3 3 

3 4 
I "" .!"I I .a I "" fl1fl LLfffl.:I LlJ Ufl1 L~ft EJ ±ff1 UL lJ EJ..1 LlJUJJ1fl1J1U 

0.952±0.002 
b 

0.960±0.003b 

0.979±0.005
8 

0.963±0.003b 

0.920±0.003c 

0.981±0.007 
a 

b 
0.954±0.012 

* El n 1!t1f1LL flntl1 '1rlU LULL fi ft::fl ElRJJ~LLfffl-1 fl11 JJ LL fin fi1'1 Elth.:1 iht'mhfl' tyf11'1 
AA.d "" .. ~ ... 

lUlflf11::fllJfl112JL"JJ£lllU1£ltlft:: 95 (p~0.05) 

... ... .... • .t ."I ... I A .a + ,,J ... "' .a ... , ...... 
11r4ftff£lflflft£l.:lniL flEl .... 1LL1J"31lfl1 To Tp Tc LLa:: uH ff.:lflfffl n1£JLflEJ1Lff\l.LftnYl~ftfl flJJ 

~ . 
..... ,k I l .a .... ... .... A .... 

IJ1111nLfl112J"JJULLft::fl1 aw ••1flfffl 1JJ..1ffElflflftEHnun1111u'lla.:1 Kaur et al. (2005) LLa:: • 
.. I I .t ."I ...... I A ... ... ,_)Ill ... Singh and Singh (2003) 'U'1n§l1111.._.1LLIJ.:lfl2Jfl1T 0 T p Tc LLft:: uH \1'1'11'1El1'i12Jr4ft Ll'I Lfl 

+ ,,J ....... l 
n1EJLflEJ1flllfl1 aw .,., 
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• IA ,k + ,,J .. " .... I + J ... " ..I ... 
91111'1 7 u'Ul1?Ufl1111"Jf\L"llih1n'l£llflE.J1LtrnLftnfl1£ltl1'1fl11Jfl11LLft::n1EJLfltl1LtrnLftn'Yl~ftfl , 

-;:nn LLll.:1-it.:iiinTnLiJ1~i.LiJ;ll1mnaL'lfa1aa LLa:: t vn?iai.L lnafl ea 

2 

2 

2 

3 

3 

3 

... I a 
fl1 £lll1'1fl11Jfl11 39.51±0.58 , 

2 24.56±0.35 
e 

3 
c 

33.32±0.47 

4 28.22±0.82 
d 

2 27.22±0.26 
e 

3 37.25±0.41 
b 

4 25.73±0.50 
e 

I ..a .!"I I ..a I ..a 
fl1'YILLRfl'1Lu\Lfl1L~flll±ff1\LL1Jll'1L1J\Lll1fl1J1'1.L 

• el'n,;.1ilut1nfi1.:1ni.LLiLLLfia::flaiii\luwfl.:ifl1111uflnth.:iath.:iih.tuttlfl'ty'Yl1.:i 
.... ..a .... .. ~ .. 

Rtlfl'Yl1::fltJfl11llL"Jf£lll\L1£lllfl:: 95 (p~0.05) 

... • ,k .... ... + ,,J .. " ..a.. • I ... • ... ..I I • 

';11TITI111flfl1 L \LEI Rll~R"ll B'1TI1 ll Lfl tl1 LR\LLftTIYI llTI11LLu1~\L1J1111 nLR11fl"Jf1 llfltlfl1 
+ ,J "'" T .J ...,,k ....... ., + ,,J ..!'...""' aw LLfl::TI1 r.JLfl £.11 LR\LLftTIRfl1fl11Jflll LtltlT11TI111tlL \LBRll~RLR\L,,B'1TI1 ll Lfl tl1Ln14LflTitl1 ti 'II , ... .. . 

TI1TiflLL1'1fl'1 (Tensile Strength Test) 
.... ,k ............ A-t..!f.+ ,,J ... I 

TI111flfl1L \LBR11e.Jfffl1 tlTI111tlLL1'1tl'1 L\LLn\LTI1tlLflll1Lff\LLflTI ';11TI fl1TI~ 8 W1J11 
... .. .. ,k ... .... T _, + J .. " ..I I .. .. 

';l1TITI111flfl?U111W'Yl1'1TI1tl111W L \Lfl1\LL \LB ffll ~ff Ltlll141TI1 llLfl £.11 Lff\LLftTIYle.11\LTI11flllLLft1 , 
·'· 111.1.. • .. ..a-. .. .. .. .. .. ti.. .. ... 141 L1JflTIH1fl1LL1'1fl'1YI L '11 LLa::1::u::n1.:1 L \LTI11fl'1ft1 l1Lfl1£1'1 Texture analyzer L 1lltJL 'YI uunu 

+ ,,J .. " ..I .!"I .... • • .. + J ..I ... _; t1"' .a.. .. ... 
TI1tlLflll1LtrnLflTI'YIL1J\Lfl1 £lt.l1'1fl11Jfl11 W1J11 LR\Ln1l1Lflt11fle.Jflfl';l1n~1LL .:IYI L"Jl'TiflL'lf£11£lft , 
i'e aa:: 3 t w1vHii.L inaflm1i'at1a:: 2 ilti1u1.:iil.:1'3.iut1nti1.:iniLnuatni1 a r.i1.:1fl1tJf111 'II , 

lflui1mh.:1fl11Jfl11ilti1 Force L n1nu 29.949±1.552 ni'11 R1\Lfffl1ifiin11utl1~i.Ltl;111m , 'II 

..a..J I ... A 411111 .. I -.,,, A t ....... ' ... ... I R11'Yl-D1tlftflfl1 aw 'YILfl11TiftL'lHl1Elfl1Elllfl:: 3 1111n1Jn11Lflll W1Wft\L nflfltl&:i1£lllft:: 2 11fl1 

Force Lvhnu 28.949±1.272 ni'll 
•'Ill•+ J ... .... ... .. ..I 

El £.11'1 L 1TI fl1 ll TI1 ti Lfl £.11 L Hi.LL an Rfl1fl1 lJ fl ll ll.:lfl" ll1::U::fl1 '1TI11fl" LH 'YI fftl 
'II , 'II • 

1a'1a.:1111fiarl1mff u1LffiLLanm'!l'naL'lft11aai'oua:: 2 i111nu tw1-WaiLlnattofrfoua:: 3 \1110 
... .. . ... t ...... ' .. .. ... + J .. " 4 ua::naL'lf01£lft1£lllft:: 3 11llTI1J W1Wft\L Tiflf1Elil1EltJft:: 2 \111£1 3 'lr'1TI1tlLfllJ1Lff\LLftTI 

tl.:i mh1 ih:: t1::Y11.:1 t i.Ln11ti.:1 lli LL<ll n th.:ini.Lo r.i1'1ii'ltt1 i1 fl'iyY11.:1 wilil (p>0.05) t"dt11';1 
.. ........ t ..... , ... J ........... t L \L0'1111';11TITI11 L "JfmH'lf010flLLa:: W1Wft\L nafl Oft 11~ftT11 L \llTI11';lft1::L1J tJlJ 11Lftflfl'll0.:1 

,. .. • .. .. + J .. " .J .. ... J .. " .. ... .. 
Lfl1'3 ff11.:lfl1"111 UL \LLR\LTI1 tlLfl U1LR\LLftTifttlft-3 Tl1 L\llTI1 ULfllJ1 LR\LUmllfl1111 L \ll\LU1\LOULH 

(na1m1.:itf flne91ua::Lif En~ ilu::';J011'!11q.J • 2546) 
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... 
naL•1rn1aa 1'W1°"a"lnaflea 

(i'm.1a::) (i'mrn::) 
Force (g) Distance (mm) 

.... I a a 
fl1fl E.11'1fl11.lfl1l 29.949±1.552 28.06 :t 7.25 • 

2 2 23.697±1.215 
c 

16.53 ± 7.37 
c 

2 3 
d 

21.218±1.089 19.43 ± 4.42 
b 

2 4 22.070±0.367 
d 

20.47 ± 2.88 
be 

3 2 28.949±1.272 
a 

19.97 ± 6.53 
b 

3 3 26.940±1.552 
b 

19.12 :t 4.70 
b 

3 4 23.044±0.815 
c 16.40 :t 4.52 c 

I ... I ~ I ... 
fl1'YlLL8fl'1Ltl"fl1L\4Rl.1±81"Ll.ll.1'1L1J~19l1!1" 

* em~t'l~LLflntl1-3n" L "LLtlR::fl ElR1li!U8fl-3fl111l Uflnfi1'1flU1'1iiUl.li1flll! 
.... ..i ... .. .: ... 

'Yl1-3 SCI fl'Yl1::fll.lfl111lL"lfEl1l""JEI l.la:: 95 (p~0.05) 

+ .l ..!:'. • """ ..YJ' t.1"' .. t.I .... • 1• ""' -;nnnT'r'Ylfl 8£)1.lfl llU11'W'lltl-3n1 l.ILfl l.11Ln"Lan'YlL111'1LL -3'YlLL 1e.l"lJ11J1nl.flLWU • 
a1EJaLLa:1v.1YtR"1natrna 'W1.1i1~nflso1.1'92.1-;t1wl" 80 fl" l~fl::LL""fl1111'UE11.1 lfluUll-3 

'II 
......... ~.... •'11• .. .... •'11• 

fl11l~amnm'YI fl-3" 1::fl1Jfl::LL"" 1 fla L1l'Utl1J1l1n'Ylfffl 1::tl1..1fl::LL"" 2 flEJ L1l"D'ti1J2.11n • 
.... • , I al .... • , I • ... .... 

1::f11Jfl::LL"" 3 fltl 1l"Jf01.JlJ1"na1'1 1::tl1Jfl::LL"" 4 fl£) ll"JfBl.ILan"al.I ,-::fl1Jfl::LL"" 5 L\4tl') 

1::fl1..lfl::U"" 6 flEI "lfE11.1Lam.tm.1 1::i1..1fl::LL"" 7 flEI "lfB1JU1"na1-3 1::iufl::LL"" 8 flEI "D'EltJ 

111n LLa::1::iufl::LL "" 9 fl El 'UEl1J111n~fftl 'W1..li1 ~'Ylfl fffl1..1'i1lL ~fl::U" "'Ylnfl mani;.m:: L" 
• 'II • • 

,-::iu"lfaman\ta t1ii-3"Jfa1J111n lfl t1fl::LL """112.1"Jfa1Jl "t11"a fl1111L ~ttt11 nfi"1wua:: 

fl1111"lfEJuTI 2.1-uE1'1ri1 t1 L' t11 Li"Lanrin.11 EJ rJ1.,, lijuf1111.1 ut1nth"ri"e rJ1.,, iii.t't1*1fl'll!n1'1 wflfi 

LUH1'1i1n11LLtJ1~"1J1111mnaL'UE110 aua:: l iw1.Wa" lnafl EJa iie.i ati E1fl11111l2.1-ue'1rl1 m' t11 • ... • ... ... ... 1 I+ .l ... • + .l ............ Lff"Lam 'Wtl-3fl1"Lfl t.11 fl tl'W1J11n1 l.ILfl tl1Lff"LSTifffl1fl11..lfl1lLLa::n1 ti Lfl lJ1Lff"Um'Yl L"lf 
'II • 

naL'UB,-EJai'at1a:: 2 i11ln1J l'W1'"a"lnaf1EJafal.la:: 3 ~1a 4 LLa::n11\,YnaL'UB1EJai'am~:: 2 

i1unu 1iw1wa"lnama~i'E1t1a:: 2 ~;El 3 ~7e 4 ltii'ufl::u""f111u"IJe1..1u1ni1rl1m'u1 

Li"Lanrl'l-KnaL'Jfa1aai'at.1a:: 2 i12.1n1..1lv.,-?la"lnaflaai'twa:: 2 (t11TI-3 9) 4.,,sEltlflaEl-3n1..1 
.. + .l ... • .... I ... • l .. .. I , .... + .: n11nn1mt1t11LrnLam,fl1fl,ma11u1::t1::n1-3m1t1-3.i1'Yl«fl (t1111-3 8) 1-3na11 t111n1mflt11 

'II • 

Li"Lanfl'l ,JnaL'U01Baf a t1a:: 2 i1iJntJ1 vnwa" \nafl oautf ni;.m::fi El"'li1'1 L1.h1::~'1 lijLi]" ff 
.. 'I ... ~ l:~ .. ""' ... 1 'I ... + .: , •• 'W-3'W a L'1'11 El'1e.J'Ylflsau-uu 'Yl'1"EJ1'1L "0-3iJ1'11nn11L 1ll-3fl1'Ufl-3 inamH"Lffl4n1mt1u1 iJflfl v 

'II • 
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Lihn::LUU1.J'Vl1ElLnfl1fl1.\ITI.\lfl1-ii1U~tiju~.\ILL1.\I ·;nnn11~i.\1ull.\1'11El.\ITI1UL~r.J1Rfl1fl.\lmh1~ 
'II 

fi1 AH fiau-li1.;i~1 (fl1n.;i 3) 

.. 1m-w&"U1noo£Ja flftL'Jlmlt'I ff tel .... riJ fY7W 

(i'ooa::) (i'ooa::) trrWLmun tl7lWiJ 'llfJ1JT»J..., ~ 

.... 
91100'l3fm.lfl 11 72fJ':!IJJJT 

~ 
7Zlt.0.77 6.54t.o.of 7.62±026 7.75:tOS1 

2 2 6.98 :t om 6.s>t.0.76 5.S2:tOISb 7.25±026 6.75:to.67 

2 3 6S5:t0.25 6Zlt.o.S> 6.14 :t OA6., 6.75±0.16 7.00:t0..70 

2 4 705±0.19 6.s>t.0.70 6A7 :t o.14'° 7.62±03> 1.oo:toa; 

3 2 723±036 7.25:tOAO 7!11.±0Hl 6.62:to.33 7!11.:to.31 

3 3 68:1±0.51 6Hlt.o.33 652 :t 0.76., 7I!T±OB3 6Hl±OI!T 

3 4 6.85±0.58 6.25±0.00 5.86 :t OA2.dl 7.00:t0.19 72J:t0ll) 

• ..I i] . ..I • ..I 
fl1'YILLRfl.\IL Ufl1L\UW±R1UL1.Jr.J.\IL1.JU3J1fl"jJ1U 

* am~,-~LLttnth-3TIULULLtia::f1E1a11\lu1fl.\lfl1111LLflnfi1.;ieiu1-3ihtutifiqin1.;i 
......... ..., .. .!. .... 

ffflfl'Yl"j::fl1.Jfl1111L"!JEl11U"jEJr.Ja:: 95 (p~0.05) 

0 .... t ...... ... ... ... I "" .. ... I .. ... + ,,/ ~ I I .., 

1111n'U 'W"j'WaU LnSflEla,-mrn:: 2 11fl1 aw UElr.J'Yllfl 11fl1U"j.\lfl-3LIUn'UJLflU1 L11Uflnfl1-3nU , 
• ,J • • 'ii....... ... .. ..I .. 

n1 mfl m Laman Rfl,.fl11Jfl11 (p>0.05) ua:: Lfl"j'lJfl::LL u Ufl113J"!JEl1.Jfl1Utl1111L 'VI uu11.;in «fl ';1-3 'II , .. , 

• , .... ... + "" .. " .... 91 ... l -- lt "" La en L"!JRfl,.n1,-~afln1 mfl u1LRULann L"!JnaL'11El,.E1aua:: ..,,-..,au maflEJa,.eua:: 3 ua:: 2 .. 
91111 ~1fllJ i'l'Vl'llJ mni Ufl EIUcl 91 tiJ 

~ ~ .... ct .... + ..t "'" 4.2 111mt'lftll'l"l::n'l,.u,.1,flft'la.n,.nutto1f!n11'Lnu,.mt1n"lllLt11J"lLft"'Lftn 
•• • .: ... • ..I ... ..i... 'I ... • 'I .... • ..I 
"Mt1n1 r.JLfl £11 LRULan'YI ~ flfl';l1nlfl"j'Yl11n11 L "Jfff1"jflflfl1 8w LU ff fl ff1U 'YIL 'V\3.11::111 .. 

flEI n11linftL'J1E11E1ai'E1ua:: 3 ua::1w,-Ytftulnafleai'EJua:: 2 111un-;ilur1-3luaE1u -;11mfu , , 
LL1.h~u11111::n1,-u,-,--;i 3 w1111:: flEI flfl~ttnwi'E111lw11,-t1fliuaE1n-iL-;iu flfl~ttn , .. 
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I + .i ... # ...... .1 .... A 

9'111'1 10 fl1 aw 11£l~TI'H.JLflll1Lff\Ulilnfl3Jf)11U1J'UIUff1111::n111J11,LLR::~nL~1J3.I 
. "' .... fl11Ln1J1nlfl 

El1r.J iltu.ii1nf'li'm.1 LRR11tjt1-iu 
ilt1 r.ii1n 'f1ll cy1mfl 

ilt1ui1mtcy cy1mfli1i.1num11.i • 
n11 aaniiL;i"U 111t1t1-iu a an.UL ;i"U 

'II .. 
Ln1J ... .. ... .. .. ... .. 

am~11iiti'Lfi"U 
... .. ... ., .. 

(1"'4) 
am~nll~El-3 El m~llllflLr.J'U am~mJ~El-3 am~mJ~El-3 am~11llt1Lr.J'l.4 • 'II • 'II 'II • 'II • 'II 'II • • • 'II • 

0 0.921±0.001
8 

0.921±0.001
8 

0.921±0.001
8 

0.921±0.001
8 

0.921±0.001
8 

0.921±0.001
8 

3 0.931±0.001d o.924±0.000• 0.928±0.000 
d 

0.927±0.0009 0.923±0.000 
de 0.922±0.000" 

6 0.936±0.001c 0.932±0.000d 0.931±0.001c 0.929±0.000fg d 
0.924±0.000 0.922±0.000mn 

9 0.937±0.000C 0.934±0.001c 0.933±0.001b o.929±0.0001 0.924±0.000d 0.923±0.000m 

12 0.940±0.001b 0.935±0.001b 0.934±0.001b 0.931±0.001 f 0.926±0.000C 0.924±0.000 
I 

15 0.941±0.001b 0.936±0.000b 0.935±0.001b o.933±0.000• 0.930±0.000b 0.927±0.000k 

18 0.960±0.0028 0.956±0.009
8 

0.945±0.001
8 0.944±0.001d 0.941±0.0068 

0.937±0.oOO 

21 ND ND ND 0.974±0.000d ND 0.941±0.001i 

0.974±0.000d 
h 

24 ND ND ND ND 0.945±0.000 

27 ND ND ND 0.974±0.001cd ND 0.947±0.001h 

30 ND ND ND 0.976±0.000C ND 0.948±0.0019h 

33 ND ND ND 0.977±0.001c ND 0.949±0.001
81 

36 ND ND ND 0.977±0.001c ND 0.951±0.000fg 

39 ND ND ND 0.977±0.001c ND 0.950±0.000d 

42 ND ND ND 0.979±0.001b ND 0.952±0.0008 

45 ND ND ND 0.982±0.001 8 ND 0.952±0.001 8 

48 ND ND ND 0.981±0.001 8 ND 0.957±0.001d 

51 ND ND ND ND ND 0.960±0.000b 

54 ND ND ND ND ND 0.960±0.000bc 

57 ND ND ND ND ND 0.962±0.001 
b 

60 ND ND ND ND ND 0.963±0.001 8 

.... ... I .... J: I .... .... ......... 
~111 m ~~ * £) f)'J:t1flLLflflfl1~m.Lfl12J LL" 1 fl~Ufffl~fl112JUflflfl1~ od1~liut1ftlfl 'l! fl1~&Ulflfl 
1::fi1.Jfl113JL~aa.Twfntta:: 95 (p ~0.05) 

.. - .... • .r ... • .i ND = no data LU£l~'11ntlflfl11fl11'1LYn::ft'~LntlL~UL".lfETI1JULffUn1tlLfUJ1 
~ 



40 

ti ... .... ... Al ..i .. I + ,,J ... ,,. .I 
;nnn11'Ylfl LUllJfltull1YfY11-3 1::8'1'Yl tUJN ff'll £l-3NlJ1 llfl'Ylllfl an1 llltHJ1L8'1.LLftn'Yl • • 

Nifl'11nn11l"liii1LL,J_,ifLLtl1N'i.LnaL'lla1aa i'aua:: 3 LLa::lvn~ai.L,nftfleai'aua:: 2 ti1u 

1in11l~fl::LLi.LiLLL1JlJ 9-Point Hedonic Scale 1flul"liel''Ylflft'fl1Jill,,11.L11.L 80 fli.L Y41J'hel' .. .. 
'Ylflsau'B11'11"1" 80 fliL l~fl::LLi.LiLflman~m:ti1"a ti1i.Lfl1111L'Vlitu1 ti1i.Lf11111il11 ti1" • • ...: 1 1 I ........ ; .... •1111 nfti.L18' LLa::fl11ll'JfelJ flU11ll flULLlJ-3fl1ll'VlftnLntu6YI fl-31.L 1::fl1Jfl::Ui.Li.L 1 flEI Lll'lffl1Jll1fl 

ifst1 1::iufl::LL1.Li.L 2 fl£) hi1r£l1Jll1fl 1::iufl::LL1.Li.L 3 f'leli11rEllJtl11.Lflft1-3 1::itJfl::LLi.Li.L 4 flf) • 
'li'lfarnamtm.J -,::itJfl::LLiLiL 5 L\lu 'J -,::titJfl::LLiLiL 6 fie 'JffllJLamtau 1::iufl::LL"" 1 fie 

'Jfeutl1i.Lna1'1 1::iufl::LLi.LiL 8 fie 'Jfam.nn LLa::1::ttlJfl::LLi.LiL 9 fia 'JSE11Jl11nif stt 1t1uli.Ln11 • 
'Ylfl8'EllJ'Bll li.Lll1'411ll"rf'1'Vlllfl 60 iiL WlJ'hel''Ylfl8'fllJ'Bll l~fl::LLi.Li.Lfl11JJ'lf£llJ l 1.L L i.L.f1i.Lff fi'1i.L .. 

... I .. 1 l .., .I .... 'l .... .I fl11llL'Vli.LU1 fl11lli.Lll 18'"Jf1flLLfl::fl11ll"JJEllJ flU11ll i.L1::flU'Yl 5-7 'D'1ElU i.L1::flU'Yl'!fflU . .. 
mu 'J - "Jrautl1i.Lna1-3 ( 91111'1 11) el'nti sau"JJEJu'Bi.i l ~fl::u" i.Lfl11ll"JJ01J l i.Lti1i.Lfl1111 L 'Vlitu1 .. 
fi'1i.Ln iiL 18' LLft::fi'1i.Lfl11ll"JfelJ1'1 U11 lllULLflfltl1-3ni.Le th'1£iUutf1flqJYl1'18'fi ii.Yb::tlUfl11ll 

L ~El aTiL i'a ua:: 95 ff11.L L i.Lfi1i.L"11 El-3 ffLLft::fl11llUll L ~fl::LL 1.L 1.Lfl11JJ'lfelJ LLflTitl1'1 ni.Lfl r.h-3 ii • 
umhfl'ty'Y11-3RTifiif1::ilJfl11llL~ElaTi.Li'aua:: 951flULM1W71ll'll0'1~YhffOlJ'illn1UL,U1Lffi.L 
Lan!ifl1111'Jfou a ~l" 1::itJfl1111'Jfo u Lanita vn'1tl1i.Ln a1" 4" 1oflflR0'1ntJ-31iL1iu'll o" n11a 

f91,.{ i'nfi;it1; (2549) if'ifl1n11f1n~1n11f1n~1flmn1'4LLR::n116t101un11LntJi'n~1tJ::'Vlrl • • 
fffl ''YIU Y41J11 eru;1nfl 180 fli.L !it1""',r;luli.Ln11Laan4mii.LlJ::'Vlrlfffl Li.Ltl1WJJfl'1flnLll1'4Yl1'1 .. . 
ti ""' -., ... ... ... ... ... ...: A ... al ... .I 

1:: 8'1Yl I'll N 8' 'lf-3 fl El'1llfl nL1l1V.'Y11'1fl11.Lff nai.L 1R'lf1fl fl11llL 'Vli.LU1 ua::-w.ll'JJ f)-3 Lffi.LlJ::'VI ll Rfl • • 
l .... .hi I: I .. 'l .... .I ... 111... ,f.., I .. 

i.L1::fllJ'Yl Lllfl1TI11 5 fl::LL1.LW;)-3';J::EJU i.L7::fllJ'Y1UelJ11J Lfl i.LEln;i1niLU-3'41J11 L11£l£l1Ufl17 .. . 
,,. .,_ + ,,J ... • ,f .. .... ... .. I 

mu1n~1n1ULf1U1L8"Lftni.L11.L"111.L ';11.LlH 48 11.L fl::LL1.Li.Lfl11ll"JJ01Jfl11.LR LLft::fl11111.Lllfttlft'1 • 



ti ........ + J ., ... .... ' + J ., .. "" ... t1"" .. .. ti .... -~ .. 1'1'Tl'1 11 fl::U1414flt\Ul1~fl1'1 1::R1flftilr.lftTI1E.ILf1tl1Lft\Ulrnf11Elt11'1fl11JtUJUft::mmf1tl1Lff14LftTIYlr.lftH1nu '111''1iJTI11U 1r.114lJ1i11nLTiftL11'El1ElftUft:: • • 
t ~TWft14 lnaf\EIR 

81tln11L01J Btu."llii .. niina (ns) 
fl111J1f81J • a1111: • • a f1111JL"itm(ns) f1111JlUJ 

(1-u) (8'1fl1L'IJRL4ua) • lttu111J (ns) 

0 7.00±0.07 7.37±0.77 6.50±0.07 6.62±0.26 6.75±0.51 

ilt1 N;lnv.i'ell l1'1mttt11i1J a e noir;i" 
30±2 7.15±0.058 6.87±0.76 5.50±0.69b 6.25±0.28 6.65±0.67 

.. 8±2 7.10±0.198 7.25±0.40 6.57±0.14b 6.62±0.30 7.02±0.07 

ilt1Nitn'f'11'111TI1fl 
30±2 7.12±0.358 6.75±0.70 5.87±0.42b 6.61±0.33 6.87±0.87 

3 
7.16±0.51 8 6.50±0.768 

8±2 6.87±0.33 6.87±0.63 7.10±0.31 

iltu.ii1nif '11'111mt1i11Jn1Jm'Tl1'1m~t1w n nn<ilL '" 
30±2 7.21±0.19

8 7.25±0.40 6.57±0.14b 6.62±0.30 7.00±0.07 

8±2 7.18±0.358 6.58±0.70 5.87±0.42b 6.60±0.33 6.87±0.87 

ilt1Nitnwi'a1Jlth•11t1maaMiL1"U· 
30±2 6.80±0.51b 6.87±0.33 6.50±0.768 6.87±0.63 7.03±0.31 

• 8±2 6.56±0.19b 7.05±0.40 6.57±0.148 6.62±0.30 7.12±0.07 

30±2 b 7.15±0.90 7.00±0.83
8 

6.90±0.19 7.17±0.06 
ilttNitnalllanm" 

6.25±0.58 
6 

6.38±0.71b 6.50±0.19b • w w 
8:t2 6.90±0.73 6.09±0.72 6.75±0.85 

3&.t2---- f}.fj/J;/J.fi{lb 6.87:t0.64 6.75±0.708 6.37:t0.64 6.58±0.76 
ilt1N;lnif'll'll1mm1Jn1Jn11l1'ai1~t1wnnn<ilL•-u 

8±2 6.25±0.58b 7.23±0.90 7.00±0.83 8 6.90±0.19 7.37±0.06 

ilt1Nilnme1J lwai1~t1'lii.Jeen4h•-u 
30±2 6.38±0.71b 6.n±0.73 6.50±0.198 6.06±0.72 6.75±0.85 

8±2 6.25±0.58b 7.23±0.90 7.00±0.83 8 6.90±0.19 7.37±0.06 

UttN;ln'f'll 'l!1TI1fl 
30±2 6.38±0.71b 6.80±0.73 6.50±0.198 6.10±0.72 6.75±0.85 

9 
6.50±0.60b 6.75±0.70 8 

8±2 6.87±0.64 6.37±0.64 6.50±0.76 

30±2 
b 7.21±0.90 7.00±0.838 6.90±0.19 7.37±0.06 

ilt1Nilnlf&Vqpmt1i11Jn1Jm'Tl1'ai1~t11i1JaenoiL1\l 
6.25±0.58 

8±2 6.38±0.71b 6.99±0.73 6.50±0.19 8 6.08±0.72 6.75±0.85 



91111'1 11 (ti El) 

01[)n17 annmij .. 
fl11llL~ilv1(ns) ' fl11lJ'!l'01J • R1l11:: • 'II 

" fl11lJ1llJ nihnR(ns) 
uiu(i") ( 0'1fl1 L'llftL-if EJR) • t fl EJTI lJ( ns) 

ilt1uilnwi'aiJ lHa17tltl'lfuoaniBL-;i" 
30:t2 7.02±0.71 8 

6.69±0.99 6.83±0.64
8 

6.22±0.83 6.61±0.74 
'II 8:t2 7.26±0.87

8 
6.99±0.82 7.40±0.67 8 6.78±0.97 7.20±0.72 

iltu.iiln~qi1mfl 
30±2 7.06±0.948 7.19±0.2 7.24±0.67a8 

6.89±1.27 7.22±0.66 
12 

7.99±0.58 
8 7.64±0,708 

8±2 7.85±0.58 6.11±1.17 7.49±0.63 

iliiuilntftyty1mfli1lJntJri11lRa17t]tl 30±2 7.62±0.698 7.42±0.74 7.41±0.78a8 
6.11±1.17 7.43±0.76 

'li'u a a nei L '" 8±2 7.05±1.36 
8 

7.29±0.86 7.24±0.81 8 6.22±1.48 7.48±0.76 

ilt1uilnwi'o11 lRa11t1nuoon-iLt" 
30±2 6.95±0.81 8 6.65±1.04 6.81±0.688 6.44±1.01 6.59±0.n 

• 8±2 7.21±0.86 8 
6.93±0.83 7.32±0.728 6.00±1.12 7.15±0.78 

ilt1ui1n'fqJqi1mfl 
30:t2 6.99±1.01 8 7.11±0.84 7.18±0.74a8 6.56±1.01 7.12±0.71 

15 
7.97±0.63

8 
7.55±0.64

8 
8±2 7.81±0.53 6.44±0.73 7.45±0.59 

ilt1uilntfqJ'l11n1flTiiJnum1lRa17t]tl 30±2 7.62±0.698 7.38±0.68 7.16±0.10a8 6.22±0.83 7.30±0.63 

WOOMLt" 8±2 7.05±1.36
8 

7.24±0.84 7.20±0.748 6.78±0.97 7.44±0.76 

ilt1ui1nYfi'a11 lRR11t1t1w ooneiL '" 
30±2 6.82:t1.01b 6.51±1.11 6.73±0.5888 6.89±1.27 6.52±0.67 

'II 8±2 7.17±0.798 
6.88±0.79 7.24±0.708 6.11±1.17 7.06±0.74 

ilt1ui1n~qi1mfl 
30±2 6.99±1.01 8 7.06±0.81 7.13±0.72a8 6.11±1.17 7.05±0.67 

18 
7.97±0.63

8 7.49±0.648 8±2 7.73±0.57 6.22±1.48 7.41±0.59 

ilt1uilntftyty1mfli1iJnum1lRa11t)fl 30:t2 7.53±0.82
8 

7.33±0.80 7.14±0.158 
6.44±1.01 7.20±0.70 

WODniL't" 8±2 6.99±1.3t 7.21±0.83 7.15±0.728 
6.00±1.12 7.37±0.n 



tt1Tl'1 11 (iia) 
... fl11ll'!l'Elll El1Eln17 EICM.Mllll .. fl11llLMilv1(ns) ' ' ffll11:: ~ .. ff fl11lli.Ul na147ff{ns) 

Lnll(it.1.) (El~flWIUUtUEJff) ' ltiEJTill(ns) 

ii t1uitnv.i'oll lffff1'7t1ti-iu o en-BL it.I. 
30±2 ND ND ND ND ND 

• 8±2 ND ND ND ND ND 

iltu.iitn~qi1mfl 
30±2 ND ND ND ND ND 

21 
7.94±0.60

8 
7.47±0.64

8 
8±2 7.73±0.57 5.78±1.20 7.33±0.59 

ilt1uitnttqiqpmfli1lln1Jm7lRff17tJtl 30±2 ND ND ND ND ND 
-im1 a neif Lit.I. 8±2 6.93±1.30

8 7.15±0.78 7.09±0.68
8 

5.78±1.20 7.30±0.78 

ilt1uitnv.i'all lWl'1'7t1t1W a an-iiL it.I. 
30±2 ND ND ND ND ND 

.. 8±2 ND ND ND ND ND 

ilt1uiln~qi1mfl 
30±2 ND ND ND ND ND 

24 
7.96±0.58

8 7.45±0.64
8 

8±2 7.67±0.47 6.44±0.88 7.28±0.57 

ilt1uilnlfqiqpmfltlllnum7lw1'17tJtl 30±2 ND ND ND ND ND 
'li11aaML11.I. 8±2 6.86±1.32

8 
7.08±0.75 7.03±0.74

8 
6.78±1.09 7.20±0.80 

ilt1uilnv.i'all lKl'1'7t1t1W a an-iiL 11.1. 
30±2 ND ND ND ND ND .. 8±2 ND ND ND ND ND 

iltiuiln~qrmfl 
30±2 ND ND ND ND ND 

27 
7.92±0.54

8 7.34±0.71
8 

8±2 7.64±0.48 6.56±0.88 7.17±0.60 

ilt1uitnttqiqpmfltlllntJm7Lffff17tJtl 30±2 ND ND ND ND ND 
WElElML1ll 8±2 6.8±1.30b 7.02±0.79 6.92±0.85

8 
6.22±1.48 7.15±0.86 



111'11'1 11 (fie) 

£l1[Jn1'1 oml'!ni:i .. tn1l1Ll'lilu1(ns) 
. fl11 ll'I £)1J • ff/'l11:: • • ff fl11llWJ nains(ns) 

LfltJ(i'U) (£l-3fl1L'DftLfEJff) • t ti EJ'l1 ll( ns) 

ilt1 wunYfi'o2.1 liiff1'lt1t1waa n.UL i\I. 
30±2 ND ND ND ND ND 

.. 8±2 ND ND ND ND ND 

iltu.iiln1f?Y qi1mfl 
30±2 ND ND ND ND ND 

30 
7.93±0.52

8 7.35±0.67
8 

8±2 7.66±0.48 6.22±1.48 7.12±0.61 

ilt1witnttQ1Q11mfli1i.inum1laff11tJt1 30±2 ND ND ND ND ND 
oiuaan.jL1\I. 8±2 6.72±1.29b 6.97±0.77 6.86±0.48

8 5.56±1.33 7.10±0.83 

ilt1witnvti'oi.1lRff1'lt1t1woonfL1\I. 
30±2 ND ND ND ND ND 

.. 8±2 ND ND ND ND ND 

ilt1r.a'1n1f?YQ11mfl 
30±2 ND ND ND ND ND 

33 
7.90±0.54

8 7.31±0.66 
8 

8±2 7.61±0.49 6.67±0.87 7.08±0.58 

ilt1w\tn'!'Yqpmfli1i.inumilaff1'1tjt1 30±2 ND ND ND ND ND 
WO£lOfL1\I. 8±2 6.63±1.35b 6.93±0.74 6.78±0.80

8 
6.11±0.93 7.03±0.80 

ilttu\tnvti'ai.i la&r'l'1Mw aonfL 1\1. 
30±2 ND ND ND ND ND 

.. 8±2 ND ND ND ND ND 

ilt1r.a\1n~qi1mfl 
30±2 ND ND ND ND ND 

36 
7.85±0.488 7.22±0.69

8 
8±2 7.53±0.56 6.44±0.88 7.01±0.64 

ilttuitn 'fQIQl1mfli12.1num1 lwff11t1t1 30±2 ND ND ND ND ND 
W0£lML1\I. 8±2 6.44±1.44b 6.93±0.74 6.51±0.93

8 
6.78±1.09 6.95±0.74 



fl1Tl'1 11 (ti£)) 

a1r.m17 am~11ii .. 
fl1111L~itt11(ns) 

. fl11ll'!f81J • fftl11:: • 'II ff m111il11 na\nff(ns) 
Lnu(i1.1.> ( 8'3fl1L1SRL4h.J ff) • t fl EJTI 11( ns) 

ilitc.iilnMi'm.1 lsff11ilfloU'll aanoiiL-;i1.1. 
30±2 ND ND ND ND ND 

'II 8:t:2 ND ND ND ND ND 

ili1r.1itn~qJqJ1n1fl 
30±2 ND ND ND ND ND 

39 
7.75±0.54

8 7.14±0.65
8 

8:t:2 7.43±0.56 6.56±1.51 6.95±0.59 

ili!c.iitn~'l!tl!1mfli111num1lsnt~il 30±2 ND ND ND ND ND 
oiu a a n-iiL 11.1. 8±2 6.32±1.39b 6.88±0.70 6.46±0.878b 6.56±1.51 6.87±0.68 

ili1uitnMi'a11l«Ri'lilt1WaanfL~1.1. 
30±2 ND ND ND ND ND .. 8±2 ND ND ND ND ND 

ilt1uitn~qi1mfl 
30±2 ND ND ND ND ND 

42 
7.63±0.72

8 7.08±0.61
8 

8:t:2 7.28±0.67 5.56 ±1.33 6.86±0.49 

ilt1uitn'!Q1Q11mfli111numil«Ri1~t1 30±2 ND ND ND ND ND 
•uaaniiL11.1. 8:t:2 6.07±1.62b 6.84±0.66 6.32:t0.93b 6.41±0.93 6.75±0.81 

ilttNitnMi'a11 l«tn'lt1t1w aanfL 11.1. 
30±2 ND ND ND ND ND 

.. 8±2 ND ND ND ND ND 

iJttNUn~Q11n1fl 
30±2 ND ND ND ND ND 

45 
7.59±0.78

8 7.01±0.70
8 

8±2 7.20±0.80 6.46±1.40 6.79±0.57 

iltiNitn ~QIQl1n1flTI>Jrl1Jn111Rff1'l~fl 30±2 ND ND ND ND ND 
•uaanfL11.1. 8:t:2 5.93±1.67c 6.80±0.68 6.26:t0.88b 6.56±1.51 6.660.83 



91111'1 11 (fiei) 

£l1r.Jn11 onn~11Jj 
.. 

... fl11iJL 'M\l.r.11 ' fl11iJ'llEl1.J • ffll11::: • .. ff fl11iJWJ TIR\l.1ff(ns) ..... 
(El'3fl1L'IUU~r.Jff) 1ilr.JTiiJ(ns) LTI1.J(1\I.) (ns) , 

ili1uitnv.i'oi1 lwff'"l1ili1'11u o o n<iL ~\I. 
30±2 ND ND ND ND ND 

,, 
8±2 ND ND ND ND ND 

ilfluit n Lf'll qi1mfl 
30±2 ND ND ND ND ND 

48 
7.54±0.78a 6.99±0.69a 8±2 7.15±0.78 6.56±0.73 6.79±0.57 

ilttuitnLftyqpmfli1i1num1lwff'"l1tJiloi'u 30±2 ND ND ND ND ND 
EIEITitUL1\I. 8±2 5.84±1.72c 6.61±0.95 6.26±0.88b 6.67±2.12 6.66±0.83 

ilt1Nitnv.i'ei1lwrmttt'lfueenfL~'l4 
30±2 ND ND ND ND ND 

• 8±2 ND ND ND ND ND 

ilfluitnLftyty1mfl 
30±2 ND ND ND ND ND 

51 
8±2 ND ND ND ND ND 

ilttuitn'!cyqpmfli1i1num1lwff'"l1tJfl'lfu 30±2 ND ND ND ND ND 
eenfLt\I. 8±2 5.80±1.65c 6.5H:1.01 

b 
6.16±0.79 6.34±0.88 6.59±0.79 

il'1Nitnv.i'eiilm1tttt'lfuoan<iL~\I. 
30±2 ND ND ND NO ND 

• 8±2 NO NO ND ND NO 

ilttuitnlf'llty1mfl 
30±2 ND NO NO ND NO 

54 
8±2 ND NO ND ND ND 

ilttuilnLftycy1mfli1i1num1lwff'"l1~tt'lfu 30±2 NO NO ND ND NO 
£lEITifL1\I. 8±2 5.73±1.56c 6.32±1.07 6.11±0.83b 6.73±0.87 6.46±0.85 



fl1Tl'1 11 (fiei) 

am"nij .. f111ll'llEl1J El1lJn11 ... f111llL "\Ul1 ' • ftll11:: • .. ft f111ll'l.W ni'l41ft(ns) 
Lnu(1'14) ( El-3f11LllfftL i6t1 ft) (ns) , 1t1t1Till(ns) 

Dt1 uitn~i'all l1'111t1t1eiu a a n-iL ~" 
30±2 ND ND ND ND ND 

.. 8±2 ND ND ND ND ND 

ilttuitn~qiqpmfl 
30±2 ND ND ND ND ND 

57 
8±2 ND ND ND ND ND 

tlt1uitn"1llnnmfli1llnum1lwH11t1t1eiu . ., ., .. 30±2 ND ND ND ND ND 
aantL1'14 8±2 5.65±1.50c 6.21±1.07 5.98±0.82b 6.54±1.67 6.41±0.84 

tlt1ui1n~i'a11ls111t1t1eiuaan-iL~'l4 
30±2 ND ND ND ND NO .. 8±2 ND ND ND ND ND 

ilttNitn 'fl»'ll1mfl 
30±2 ND ND ND ND ND 

60 
8±2 ND ND ND ND ND 

tlt1uitn'tlllqi1mfli1llnum1lsH11~t1eiu 30±2 ND ND ND ND ND 
aant1114 8±2 5.53±1.46c 6.19±1.08 5.94±0.81b 6.76±0.89 6.39±0.86 

\UJ1tJL~fJ 
.. ... ... • .r "' • .l ND = no data L14El~TIOEJfln11tl'11LY41::R"~LntlL~14L'IBT11J14UNn1EJLftEJ1 • 

•onl!t1flLLt1n•h~nut11iiLLu1tleai111'LL«t1~tl11iiLLt1nfi1~nued1~ii1'mhfl'qin1~aiiil (~0.05) 



a.ao 
2.80 

1: 
! 2..111 

! 2.50 
.c 2.40 

2.30 

48 

....... -· .. ...-·---- -- -

2.20 -i:-~~~~~~~~~~~~~~~~~~~~~~~~~~~_J 

ose1n~~~M8•n•a••~Mu••••nnn~Mu• 

........... (ti» 

...... ..,... ......... " .. ..., ____ , . ...., 
~_....,... ......... ,, .. ...., 

................... .. ... -·--·· ... .. --- ... _ ...... " ...... 
.,.!! .. ... n . J ., ,,, ... •• .... ... 

111'1 8 ,,1'U1'U;)ft'U'Yl'UI 'UTI1llLfl£11Lff'ULftTI'YIUu1N'Uft'll11::n11un;:iu1::am1'\tlll 
~ 1 1 .. 
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. ... .. 
4.2.1.2 '11U1\U.lffflLLft::11 
Ai ... .. 1 + j .. # "'il A .. 1 I ... A :: .. 1u 1\U.Jft'flLLft::11 L un1 tJLfl t11 La-uumn tlNunvnall Lffff11tltl'lJl.I a en'lfL 'iUfl-3 

'II 

ft'El-3 El nL ~11£in11L fltl'fnl!t1 iJtl Nitn a-n1 ni1n1ftLLR::iJtl Nitn ft'nl nl1fl1fti1 llTil.Jn111Wft'11tlfl . .. .. ., . ., .. ., . ., ... 
IJi'rnrnn~L';JUeif'1LTil.lfn~1if am~11ii~ El'1ii-41u1UUft'tlLLft::TI itaun-h 1.48 log CFU/nf11 . .. 

... I ..I... ... .I ... .. "' ... .. ... I + j 
nnfl1£lt11'1'Yltl'1fl'1llft'1l1~lJnfl fl£lflft£ltt1::m:L1a1n11m1.11nl!t1u1un'1 18 1u nun1mt1t11 • 
LffUL anif 1.111'1\Uff1111::iJ fl Nitn ffn1n11n1fl LLft::Ln1Ji'TI1!t1flElnLMll£itiLVUihhu 1UU ft'tluft::TI , ,·as·as , ,. • 
E~1u'Ji1..1itn1::n11..1R1ir11nut1Hh~uflfiE1~1ni1 2 log CFutni'11 (i1un..11ua.J1t1111u 

Nafln mtti'EJfl ft'1~n1111, 2548) 1 ui1 e r.i1..,if v'1fl..1iiR111~tJnifiafla atrs::v:: L 1 a1n11Ln1.1i'nl!t1 , 
A ... I + j ..... ..I 1 iJ A I ... 11 

U1Utl..1 48 1\4 1nun1t1Lfltl1Lft'UUrn'Yll.111,L1'1'1111: tlNUn'f'Y'Y1n1fl11 llTil.ln11 Lff 
... ... .. ... "' ... .. .. ...Ai ... .. •1 -l ..I ff11tl tl'lJl.I El tlTI'Jl'L ';JU LL ft:: L n 1J1n ~1fl El nL ~ll ll fl L t1Ull 'U1U 1Utl ff fl ua::11 £1 ti L U-n1'1'Yl n1::'Yl11 '1 

'II • ... ... ... 

ft'11i'11mnn1~uttflaa911::t1::na1n11Ln1.1fnl!t1u1u 90 1u {fl1TI..1 12) u-..,~1.1i1u;ll1mu1ni' , 
.... I"" ,.: ..I' ., .. .,. ' ., ~ 1 "' "' t Uft::11lllJ1ll1 nLn11L ~ll'llU 1'El u111n L 1'£1'1';11n tlft'fl LLft::11fl El"3n11£1 Eln"DL '" L 1'n11L ·niy LfllJ fl 

• ...i ... ... ... .. .!!l .. 1 .. 
LLfl'Yla-1111::n11mum~111n11tl'1£JBn"DL';lttaen (R1111::1!'Y'Y1n1ft) ua: I ~1£1TI11L"JJft'11~tl 

IJi'1.1a£>n-iiL1utJ1::na1.1n1.1n11Ln1.1fnl!t1itam~11ii..t"Luu'Ji1v"JJ::aan11L1;n1Lfiult1'lla..11fiu'Yl1u 
• .. ~I "aJ , 

5nvf..,1~~aulnaflaa (Propylene glycol) iitJ1::hiitn~lun11v1.1rT:,ua:fi1a1u1fiu'Yl1t11ti , 
lt1m~~1::luna11'll£1'1TI (Desrosier, 1970;Pintauro, 1974; Darwish and Blomfield, 1997) • 
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El1[JTI11 Dil~i1nv.i'Ea.ilwff11~il-iu 
ilt1 uitn lfll! 'll1TI1fl 

ilt1Ni1Tilflll qj1TI1flTillrl1JTI11 
~ oon'iL,,1' letff11~il-itrn on4L 114 

Lnu(1i.i.) 
30:t2 8:t2 30:t2 8:t2 30:t2 8:t2 

0 <1.48 <1.48 <1.48 <1.48 <1.48 <1.48 

3 <1.48 <1.48 <1.48 <1.48 <1.48 <1.48 

6 <1.48 <1.48 <1.48 <1.48 <1.48 <1.48 

9 <1.48 <1.48 <1.48 <1.48 <1.48 <1.48 

12 <1.48 <1.48 <1.48 <1.48 <1.48 <1.48 

15 <1.48 <1.48 <1.48 <1.48 <1.48 <1.48 

18 <1.48 <1.48 <1.48 <1.48 <1.48 <1.48 

21 ND ND ND <1.48 ND <1.48 

24 ND ND ND <1.48 ND <1.48 

27 ND ND ND <1.48 ND <1.48 

30 ND ND ND <1.48 ND <1.48 

33 ND ND ND <1.48 ND <1.48 

36 ND ND ND <1.48 ND <1.48 

39 ND ND ND <1.48 ND <1.48 

42 ND ND ND <1.48 ND <1.48 

45 ND ND ND 1.62 ND <1.48 

48 ND ND ND 1.63 ND 1.53 

51 ND ND ND ND ND 1.56 

54 ND ND ND ND ND 1.58 

57 ND ND ND ND ND 1.59 

60 ND ND ND ND ND 1.60 

63 ND ND ND ND ND 1.64 

66 NO ND ND ND ND 1.62 

69 ND ND ND ND ND 1.66 

72 ND ND ND ND ND 1.68 

75 ND ND ND ND ND 1.70 

78 ND ND ND ND ND 1.74 

81 ND ND ND ND ND 1.72 

84 ND ND ND ND ND 1.73 



51 

fl11i'1 12 ( ~ £)) 

.. ilflF-1\tnvrfeJJ lei 
ilt1uitnttiU qpmfl 

iltu.ii1ntf1Vll!1mfli1JJn1J 
01tln11Ln1.J 

rl1flfl-i1JDOn~L~\4 m1l8ri1~ttwoonfL1\lo \ 

(1'4) .. 
30±2 8±2 30±2 8:t:2 30:t2 8±2 

87 ND ND ND ND ND 1.78 

90 ND ND ND ND ND 1.82 

Yl111r.JLYlfl ND = no data 1dE-3';11TitJfiTI11flTI1\Yt1':i .. nnflL"'U.L~ e111J'U.Li14ri1u1lv1 

~ "" .. .. .... • "' ... • 'I 
';11TITI1'lt'ITI~1Rll11 ::TI1'l1J'l'l';l'Yl"1111'ltltJfl £)1 tJTI11LTI1J1TI171TI1 tJLtl tJ1 unua n L" 

~ ~ 

n"3 ''U.& O'U. 1t1 m11h~'U.R1111::n11u11;i 3 w1111:: fiEtlt1uitnv.i'o11 li"11tlfl-iu El En-irt'U. 
~ ' . 
t"I... t"I... • .... 'I• .... .l!J .!! ... "" lJflU'U.f'l'1°fMfM1TI1fl LUl::lJflU'Uf'l'1°fM'll1f'l1fl'l11tTilJf'l1'lLft'"11~fl'IJ1.JBtlTI-uL';l'U. LnlJ'lf'l171'YI .. ... .. ... . . . .... . "' ... . "" £1{U.Ylll11YIEl"3UR::ElmYllllltlLU'U Yt1J11 f'l1'lLf'llJ'tf'l171f'l1tJLfltJ1Lft"UUmflnft'll11::n1mn;ifl ' . ' . . ' ' 
omY1nii~o"3ijo1vn11Lnuint71 1s 1" if114n111nu~nmY111ti.t1ii'U. wui1n11u11-. ' . ' ~ . . ' • .1 ...... 'I t"I.. • ... 'I• ... I!> !!'! 
TI1r.JLfltJ1Ll'U.UlnL'U.ft'll11::1JtlU'U.f'lLlt}lt}l1TI1fl'l111TI1Jf'l1'lLft'l1"J~tlWtltlTI-uL1'U.11111"J'CluflEl1~ 

n111nuinWl'ti"1"er.i1"3il'et1 901" 
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tl°".Jif tuJat1iti 10 t1.J fian11~afl 1 fl{, • 
,t I l "'' ... ...: .t I ... ... .. .... ... n11Tl1'" 1 nL V.1fl1 ,,.~, r.m L" 11'11\4LQ w1:: 1'1'"'11 £).Jfl'" fl'" 1 fl tlfllJLLR::lJTIWl nL'n'11'"1fl • • • 

lJ11~t1.Ja:: 200 ni'11 . , 
1) ~.Jl'"aa'" Tifl1 1.901J1'YI1 lu 

.. A AA 

2) naL'.IJ£l1£lR 11fl1 0.44 1J1fl / 11RRRfl1 

n11~at1 1 flf'1l-i 240 ilaiit11 

= (0.44 x 240) / 70 

= 1.51 1J1fl 

3) tw1~a'"inaflEIR 11fl1 0.29 1J1fl I ilRRRfl1 

n11~ifl 1 fli,lir 160 naaat11 

= (0.29 x 160) I 70 

= 0.66 1J1fl 

4) Wl1~fl-i1Jfl1111.f'" 11fl1 1.06 1J1'YI 11-i''" 
.... .d...:.t:: 

1111fl1fl'"fl°"flLW11'11WYl'1V.11fl = 1.90 + 1.51 + 0.66 + 1.06 = 5.13 1J1fl I tl'1 , , 
.... :: ... 'l"'' ..a.:. .t I ... .... .. .... ...... .:. .t fl.J'"'" fl'"fl'"fl1 ,,.~, FJ'YIL Yf 11'11'"LQ W1::ff1'"'11 El'1fl'l4fl'"1 fl tlfltJ ua::un-wn nLertflL Yf 11'11'" , , , . 

fiEl"Ll°"1fl1JTI~ 200 ni'11 flEI 5.13 1J1'YI I tl'1 • • 



unfl 5 

I ..I l I + ,J ~ ........ 5.1.1 ffTlftflfl1 aw YIL \llJ.J1::ffll UnTtaflfl1 aw "ll£1·3n1tlLfltJ1LnUUmfl£1 mWD£11£1EI 

i'm.rn:: 3 i1llnu lvn'Aau lnaflaai'ova:: 2 

5.1.2 n11u11'1rl1 m~u1 LiuLan l un'1luaauLLa::iltu.i\tnan1n11n1ffi1J.Jnun11 lL't111tlt1 . . ~.,, . ., .. 
.... ~ ... ... ..I ...... ... • "' .. ,... ..I 1 ... ... 

'IJlJ OEITI·D L ~ULLEI:: LfllJ1n1~t1YI ~ nL 'Vl'J ll~ LtJUtlfl £11 ~TI11LfllJ1nlt1 fl2J1TIYI 'f ti fl till £11 ~TI1'lLTilJ 

i'm~nlihtavn11 90 1u 

... .. ..I ..: .k ..f. ... .. + ,J ... ... ...... I ..t 5.1.3 fl" YI" n TH.Ji! fl 'Yl L 'W ll"ll 'U.n1\ll'llJ fl1'H.JEI fl n1 tJL fl tl1 LWU L El fl'Yl 2J fl1 aw 911 • 
LLa::i] fl r.i\tn ti1v11111::a-m n11 n1fli1 llnun11 lRRi'lflfl'lilJ El an.UL~" LQ 'W1:: R1 u'!l a'11fl n ~lJ q"ll"ll .. • 

.... .... ..... 
LLa::1n1~11m't'I tl£1 5.13 u1n/ti.:1 (200 n1J.J) • • 
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na1tu.1\lfl fl;1Elfl LLfl::LifEJna ilEJ::-;JEJiJ'lli'n1. (2550). L'rlR{Mt{&ULLU\I. n1\1Lfl'W't : 1l1fli-JJ1 . ·~ . 
L nfl tu la ~~1111'W fl m::EJ fl R1Mn1·n.1n11Ln)tfl1 a.JM1in v1imn)ttt1ft1 Rflf: • 

0 .... .. .. .. .... .. 

ff1Un'Wll'W ll'Vl11nmamn)tfl1f11Rt11 . 
... ' ... ... ..... ~ ~ fJ ... .a 

nlla1t1u 1nm1fl1. (2549). n11 ... nWlflmn11uLa::n11uRe111n1'1mu1nWlu::1u11'1f\ 

lnu. n1\1Lfl'W"I : 111fli"JJ1,;'t.Uu1r.iit11lmtrf llM1inv1ivm)tfl1ft1Rt1f. , 
... tf w,... w,. .t...... ... .... ... ... 

mn111, n'lll. (2555). 0'1AA11ll1L1Eh1tl11. ffl\1Lfl'4"1 : .., 1un1-;im1a::'WeJU1'll11. .. . 
.:1111-iu fl\ILtn. (2541 n ). .U11YIL'1111::11an'1'1i'un11utl,3tln'111Li11.,ua::n1'1"1'l\u1ou 

flmll1Tt. {LE1nw111h::nmm111111v1v lfl1.:in11i3na1111.1L;a.:i n11M'eiu1ua:: 

vn1::tl11 Elfl «1Mn11llrb mtf v1ua::11u111ult1 vtiLnfl tu lai1R::ent1 ). n1\IL n'W"I : 
' ' .._._,ti .., ......... A_,, C' 

wn111u flUfl11ua:: Me.iu1r.iat111meria1M1111'V\11nmau1m)tfl1ft1wt11. 

__ . (2541'll). flmll1TtL1Jlttn1"'"il. (umw111h::m111n111111v1vn11i1nalJ111 
.., A "" R ... .... _(A._, ., .... 

'VlaTI,fl11flll1TI11Ma\ITI11LnlJLnV1). '""~" : tfUV11V'!l11'Wfl~\I. 

·111lln'4U th ht1ll. (2550). TI1'1U'11~01'11'1. TI1\1Lflft"I : fltu.::Aflff1Mnn1.1m~1 . ' . ' 
... ... ' ll'Vl11fl E.11 tUl LnHfl1fl1 fffl1. 

... ... ' ... ' .. s ..... ... ti '.l'. .. s ' 111elU nUflLTI'lll\11\lfl, ff111tnl. "Jf';)fl1, 1::L1flll "£JLflll1\1'1 ua:: 1.,,,1U tnl.fl1ml. • • • • • .... ... , r-w.- .... , (2551). n11atl water activity Nft"llmtt'ltl\flll ll\l,.'11JllTHf1LllTILtlMl'rl. 
... ... ' TI1\ILYl'W't : ll'Vl11YIE.11fll1Lnl!tfl1fl1ft'fl1 . • 

.. ,... A C' .... _.t! ~ ..... A .... " 
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n11fl11\llfDtJlllUifl1'1LflU 

n1n11tA111n1tt111111I~ tn11iin1nia-3 AACC (2000) 

Lfl~D'1UDLLRtf!t1n1m 
- tlB1JR11f£l\4 

'II 

- fl1"JJ\4:: lii1 mh..1 (moisture can) mfi'1llB::~ilL itllJJ 

- LtleUTILflLfl£lf 
A ~ ... A ,.t I 

- Lfl'l£h1"JJ'1a::LBr.Jtl (Ylfl\4lJJJ 4 •l1LL"\4-3) 

~fin11~Lfl11::M' 

B1JLLi'1fl1"JJ\4::liti1E1u1..1Yffa11~1 L\4tlB1Jtu1i'e1.4~Bm'Mt1ii 130 B-3fl1Ll!JRL4ill• LU\4 
'II • 'II 

L 1 i1 1 ,i1111'1 \11111 LffL \4LfleUTILfl LflElf~-3 l1t iLfi\411-3 Ua1\l1 ltl.J-3'11'M\t'n~U\l\4BU. (YlflitUJJ 
1 .lo ~ 1 + ,j ... # ... .lo ~ it.. # l \ ._ I ti_~ W... ._ ... 4 ii1LL"\4'1) "JJ-3f11£lt11..1n1mflt11Lft"\4Lanri"u.L1J'l4'Dl4Lan M1"JJ\4:: Kt\1Br.J1'1Ll'I Ltl\\1"unri 

u\l\4EJ\4tl1::111m 3 - 5 ni'11 (nflilll11 4 thu"\l") \l1lt1lil1.4tie1Jturfeu.~em"11ii 130 B-3fl1 .. . .. 
Ll!fRLtUllft" LU\4L1R1 3 i1l11'1 lt1milt1N1t11"JJ1.4::li Ldefl1m1a1ui1 f'1111eemnn(eu ilt1N1 

fl1"JJ\4::LU'l::ib111lil\4LtleUTILf1LflBf'Yiu.n ~-3l1tiLU\4~\4ii-3em'Mlliiie'1 (tlnfi 45-60 \41n) • • 
ua1;..,,,'hlt1.J..,J1"1t'n~LL\l\4e\4 .j..,,i1-.,\t'ni1eti1-3"Wi'e11n1"JJ\4::'Ma~n11eu ti1u1mt.J1111m 

..r .... I ,._ ,.r 
fl1111"1f\4 fl'1•11TI1'lf1El LlJ\4 

..r ... ... 
fl1111"1f\4 (i'mrn::) = (\l1"1'ni1mh..1riaueu - 'MB-3El1J) ><10011l1"Muni1ati1..1riaueu 
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... - ti.. ti ~ ..... n1nt11U1Utm11L iUlt4LL a'1A11Nlh•fl (fl11111'tl£l" Hormdoh and Noomhorm, 2007) 

LA~B'1NDLLR::Dtln1ni: • .. ... .. . "' - Lfl1£l"1Lfl11::'V\fl11ll'Vl\ltlLUJ1J11tlL11 (Rapid Visco Analyzer, RVA) 
... - n1ur11"n1::uen 

- 11J'W1U 
~fin11~LA11::M 

1. ti1m.h"tl"lliLflTI::\{tl'eH'11'tJ"1fl11iA"'n11iin1ni a" AACC (2000) riaun11 
... .. 1 Lfl,-1::'VI 

2. i"i1mh" '41"1" 3 ni'11 (nflilu11 4 t111u'Vlil") lwlun,-:t11wl""11 ua::fl1" ~, 
nii.ltA111911 25.o iiaiafl1 (± 0.1 iiaiit11) twlua1un1"n1:1Jan (fl11.l1tuvffl11114wfaua: 
14) u9ia1ti1ar.i1"iifl11114"liiLfi1nufaua: 12 "11111nfl1u1mtR111m~1uei::ull"Tft,nu 
m,-1 LflTI::i( 

3. 1chLll"ei"1"a1vY11"n1::minrlii'11ni"tJ",aU l-KluM1UL1Jthti1EJr.i1"t"a1u 
n1"n1::uEJnifua" 10 flf" i"flfl1n::1"fiEJ EJd1~w11utl"nu'11nii.lu1uLni.l 1 u1Yiriai.ln11 
... ' 1 Lfl,-1::\ll 

• ... ... ~ ti ... .... ..... t .. ... .. 4. \l1rl1U'Yl1·iln,.::1Hm'Ylll L1JY41U 1::m11JL '111n1J 'YltJtl U'W1ll'll£l"Lfl1El"1Lfl'11::'Vlfl11JJ 
'V\UtlLL1J1J11tl L ;, ltl ti w1111::#l-Kl 1.ln1'71LflTI::i("1'Vli'1JLLtl"-D11 iin11LtJ~t1UUU&H£ltu'M1lli 

.... .r LLCl::L1Cl1 tl"\l 

50.0 

95.0 

95.0 

50.0 
... ... 
"""" TI1'1'Yl ti RO U • 

• • 

1:00 

4:45 

7:15 

11:06 

13:00 
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I ... "" ...... ..a ... _,.. ..... ~ 
101Jfl01.L1flfl.\lflflft£lflTI1n1fl8£llJ 1J'UflTifl1fl1Lfl11::l'I Lfl fh11.L 

• • JI! ti"" ... .. • fl1111\111.Lflft.\lftfl (peak viscosity) fl£l fl1111Ml4flft.\lftfl"lf8'1TI11L ftU1.LftTI~N:::111.Ll\1.Lfl .. , .. . 
tw2i1.\IEJtu.l\1liiL~11iufi.\letu.'V11lii 95 El.\lfl1L'JHWiUR . .. . .. 

fl1111\11Ut1~1sc;i (trough) fie fl11ll'VIUt1~1ftfl1::'M11.\ln11n1l\\Lui.L \wJt1.\IRtu.'Mllii . . ~ .. 
95-50 £1.\lfl1L'JJftLtDUa' 

d .. I I I ,. 

fl11ll'Vl14flftf1LH (breakdown) fltl fl1fl11JJLLflTifl1'11::\\11.\lfl11ll.'Vl1.Ltl~.\l~fl ua::fl11ll 
• I 

\111.Lfl ti1 ff fl • . . ... . ... "" ~ ... .. fl11ll'V114flfli.Lfl1 (setback from peak) fltl fl11ll'Vl1.Ltlfll'.\l'Ui.LMft'1t1nfl11ll'Vli.LflftflR'1 .. 
... .....a.,t ... ..J 'I !'!° 1 ..: ... .. ... ... • I I ~ i] I 

L 1.L£1.\1~1TI£ltu.\111l11fl.i1ft'1 ll~ftn1 Ll'I LllLRflR'Utl.\lftfl1"l'IL1llUIL"JU'1fl1TI14nUJ fl11.LL 1.Lfl1fl11ll . .. . 
I I • "' ...., • 

UflTifl1.\11::\1111.\lfl11ll\111.LflftflYl1tlfllJf111ll\111.Ltlft'3ftfl . .. . 
fl11ll'VIUflfl'1fl1 (setback from trough) fl£1 fi1fl11llUtlfl9'1.\l"J::'Vl11'3fl11llMilfl 

"" ... "" .,i • .. ... I A .Jo: A ftflf11 UfltJfl11ll'Vl1.Lfl.i1 ftfl fl11ll'Vli.Lflfttlfl1 ti (final viscosity) fl a fl1fl11lll\1.LtlftflT11lJLll£1 • • • • ,: • ..1.: - • .. ,. ... .: ... 
fti.LfftlTI11flflfftllJ £ltu.\111lllflL1llLTiflfl11JJ'Vli.Lfl (pasting temperature) fl£1 tltu.M1lll'YlL1llJJfl11 . , . . -. 
Ltl;tl'Ufl1 fl11ll'Vlilfl 
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~an.1i1mh'1UJ'1i11 0.4 ni'i.i cii1,ntnLLlf'1) (W1) nuii1 12.5 DRRftfl1 luMR8fl 
.... .... ~, ... ..1 ... .tit .... ... .J!. ..I 'YlflR£l'1'llU1fl 125 x 16 3JElftLlJfl"1 'Yl-'1 1'YI 25 £l'1fl1L'JHilL'IJEJa' LIJUL1ft1 5 U1'YI L\l\fl11lJ"l£lU'YI 

amMnD 60 £l'1fl1LfJJRL-ifa1 tttr.Jfl'1liffam\l\nD1fu .., LlluL1tn 30 u1i1 fl1llfLuuluo1'1ii1 1 .. 1 •• 

"' ... ~ ...... ..1 _!!! J't .. 0 'lltl ..I ..I "' I LL'll'1 1 U1'YI 'Yl'1 L1'YI 25 8'1fl1LfJJtU-nr.Jff LIJUL1R1 5 U1'YI U1 L L\l\1V'1'Ylfl11lJL11 1,000 "1£ltJfl£l 

uTn LiluL 1a1 15 u1ri L nff11a::a1mbula- (supernatant) naned1'11::aTt11::1'1 uft'1-i'1ii1 

'Vl1l'n11n'1uJ'1fft1nt1::naua~ (W2) ltithrh i'1n11yu1'39i1 (swelling power) f'1Liluet1TILhu 

11 a'1ii1'Vl1l'n11 £l'1fl::nauff Li1 anth1ii1\l\1l'm~i.1tl'wue'3uJ'1LLlf'1 fi'1«1.1n11 (3) 11n1f u \\1 

ff11a::a1mhul«ffuanaam.11,tl1::L\l\r.Jii1ffam\l\1lii 130 £1'1ff1LfJJtufva- LUUL1R1 3 -i1l1.1'1 
1 .. 

~:' .... ..,.,. ~:'I""' .. ""' ... 
LLR::"JJ'1U1\l\Un (W3) Lflfl1n11a::a1 r.J (solubility) 111"1LlJU£lflTIW1U-11£1'31\1\l\Un"lJ£1'1ff11'YIL \II RO 

\l\i.m11aufiaii1\l\1l'm~1.1tiu11a'1uJ'1ul1..1 fi'1a-i1m1 (2) 

rhi..1n11Ma..19i1 (ni'1.1tni'llii1\l\1l'mLll'1ul1'1) = W2 
W1 

W2 x 100 

W1 

(1) 

(2) 
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- .... n11tt1'l\lft01J&fN1Jtt'11fL"NL'Jffn1un1w 

.... -· - .. .. " .. n11tt1'l\lft01Jn11LuftUMLLuRff!OHfN1J9'L'Jff"'l1N10M (Thermal transition) fl1f.1Lfl10~ 

DSC (Differential scanning calorimeter) fl1lliho~ Hormdoh and Noomhorm (2007) 

m.Jn1nt • 
1.Lfl~EI~ DSC (Differential scanning calorimeter) .. ~ ... 2. Lfl70~"1r~ LLtJtJft::LEJr.Jfl 
3.n1utffi1mhrn::aiMtmJ (aluminium pan) 

'II 

!jin11!jLRTltM 

1.i11i1oti1~ii1LLJ~ ~ft'11nui.i1niutuaflTILhu 1 :2 

2.it~i.i1w"ni1 El ti1~.r1 mfl~o~i~LLuua:LatJtt l111i.r,l1111il'n 25 ± 5 iiaini'11 l•a~ lu 
n1 u ltti1 o ti1~ o:aiiL itu11 'i1nif uilt1s.!1c11u lsi1 El ti1~ t lf aitn LL a:: l "ll'ct1 u l•i1 E1ti1~ 

'II 

E::aiiL itu11 L11'h Lflui1or.i1~01~5~ 
'II 

3. YhnTli L fl11:\{ n11u.J fi uuLLtlft~ fl nLft'aJtJ°fi L ~~ f11111i'E1ut11 u Lfl~EI~ DSC n1111ufl • 
il m11111iili.1.n11 l ~f11111i't11.1. rt 30 il~ 130 El~fl1L'JJLU'iiUft' lttUTI11'1'1.1.tlElfl71L ;1 l \lTI17L ~11 . " 
El ml'l11ii L rhnu 10 E~fl1L1JJaL'Bu•tiE11.1.1ft tl'uilnfi1£1m11111iiL~11tl'u11E1~n11Lntt . " . " 
L'1a1illi.1.L1JJ-i1.1. (onset temperature, To) ElnLVl11iil'~ft'fl'!IEh1n17LTlflL'iB1iliuLft\l (peak . " .. . 
temperature, Tp) ElnLV111iift'tt'11t1'!lE1~n11Lnt1L'1E11ni1.1.L1JJ-ii.1. (conclusion temperature, Tc) . .. . 
LL§l::thwi~~1\lLEIUnaiJ'!JEl~n17LTiflL'1§11il,UL'JJ-iu (enthalphy, ~H) 
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...... ..a- ...... .,.. 1-· ..... 
n11'lf9anitnu:nHlil&1Nil fl1t1Lfl7EI~ Texture Analyzer fltl11'n1TiflLL7~fl~ (Tension 

...... 
Test) fl11111MIEI~ Hormdoh and Noomhorm (2007) 

• I ... " • .J ~ I 1 'l..!!I. ... ~ ... 1J"r:L1114 Lft'14TI1t1Lfltl1'Yl~114n11ft1n fltJL11Elll4\\tnJ 90 El~ff1llJfRL"DtJR L1ft1 3 141'Yl . ., ....... 
\\11fl A/SPR Spaghetti/Noodle Tensile Grips Rig 

Mode Measure Force in Tension 

Option Return to start 

Pre-Test Speed 3.0 mm/s 

Test Speed 3.0 mm/s 

Post -Test Speed 5.0 mm/s 

Distance 50 mm 

Trigger Force 5 g 

Calibration i'11fl Distance 30 mm 

.... ... ... " ...... 
11Jn111flan~m::L 14mn1i:.1« 
•• "'., ..... ..! 1 l..!!I. .. .. .. 1.141n1ULfltl1L«14Lan11111n11a1n fltl 11Elll4\\IUI 90 El~fl1L'IJRL'IJ[Jff L181 3 141'Yl '!1141fl . ., 

11E1~Lii.l.rn1l11::1nm 20 L'Jf14tlLllfl1 
-~ • "' " .. ~ • " ... ~ ... .. .. ..t ... 1 1· 1 2. 1'111TI1ULflE.J1L«14Lan'Yl'Yl1TI11ft1TILLft1 111~14'Yl\\11tl A/SPR LLR1111TI1Tifl fl[J 1J7LLTI111 

flt~ l 1 li1TI1Tiflfl1\\ £11 E.JsB1'i14 lfifi1ff'lnaLfl E.J~n14 
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I .... I + ,J .Jl. • .. ..11'f ... ... .. n1n'lflffEl1Jfl11ll'1Hl1JflElfl1Eltl1'3n1tlLfltl1Lnl4Um9t11'rli..1n11LflllnRL'.IUl1Eft1Eltlft:: 3 

i111n1Jn11Lfi111w1~iulnflaai'Et1a: 2 tlflLLtlft-3~nn1imnJE-3 Li et al. {2011) 

l'!l1i 9 Point hedonic scale 1flt1\.\1ti1atl1'31hmit11Ltnuin111n1n11ntl£fEl1J 

flnLTl1Wfl1'Utl1::Wlflffll~£fYl1'3t1'1ui fl11llL"'i1t11 fl11llWJ niu1• LLft::fl11ll'JfEl1J 1ttt111ll 
' ' 

1fl tl~Yltt wauoi11Y1'1.a.bhun11i1m.Ju '41u 1u J-3 iu 80 fl'U i1Mi'uiin11Lt1;t111rh mi t111i"U • • .. ,e, ....... .r 
um L Vi Elflfl£fBU11lllltl'3'U 

1.Lt17t111i1atl1'31tu.1\.\1rhmit11Li"U1anifsJ1un11a1nl'U.J1Laefl 3 u1nLLa1 lwa"3lu 

rl'1t1ilwruYJf1£feui11ti1otl1"3a::tl1::111m s ni'11 fiEa1t1 
•• .. ..... I .... I + ,J .. • ... 'I .. ::. .!I .. ..& ... 2. Jt1fl1 tlfl Lfffl1El tl1"3n1 t1Lfltl1 LR'ULRfl ll1L1t1"3 L 'U.fl1flW1Bll'rl"311El'ULLft::£fElllct1"'11J 

oiJJi1er.i1"3 mi'f111"3liumt1rflii1wfu\.\11neti1eth"3 wi'e11lutTuflnn11l~fl::uu'U. 
3.LR'U.Elfl1fli-3na11 l~n1J~YlflffEl1Jill Liton1n11ntlRE1J'iiJLLR:: l~fl::LL'U.'Ufl11iJ'JfEU 

'II 

ufi&::flnL~'n17m::11EJ"3tl1DU1-3fl1iJfhonnt1fl:LL'U'Ufl11lJ'DEl1Jtl-3tiEJlud 

1 = liJ'Jfau111nflwfl (Dislike extremely) 
' 

3 = liJ'Jft:11Jtl1una1-3(Dislike moderately) 

5 = L;u.1 ') (Neither like nor dislike) 

7 = 'll'EJ1Jt.hiumn-3 (Like moderately) 

9 = 'll'El1J111nflwfl (Like extremely) 
' 

2 = liJ11ou111n (Dislike very much) 

4 = liJ'Jft11JLRmtet1 (Dislike slightly) . .. 
6 = 'll'El1JLftfl'U.£ltl (Like slightly) 

8 = 'll'E11J111n (Like very much 
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... " ..... 
'DEl~'YlflffEl1.J ......................................•.......•.•............. 1'4'YI .....•.••.................... 

'II 

.. .... _L • .J " " ... ... ti .. .....J I NRfllU\li"JI n1mflt11Lff'4Lanmm11LL 1~'4ff11Yh11lJftflfl1 8w 

thBu-;i.., : n1m1i3Ji1ar.i1..1 ua::lifl::LL'4'4fl113J41f£ml"flmanlltm::th..1 'l ,,£1..,i1£1r.i1..,rf • • 
l ...... .. - I ""' .. .r TiftLfltJ..1n1Jfl113J1ffn'11El..1'Yl1'4ll1TI'Ylfffl fl..1'4 

'II • 

1 = 'J.i"JJam.nnif Hfl (Dislike extremely) • 
3 = '1i"JJautl1'4Till1..1{0islike moderately) 

5 = LQtJ ') (Neither like nor dislike) 

7 = 'lfE11Jtl1'4mn..1 (Like moderately) 

9 = 'lfElm.nnif wfl (Like extremely) • 

... 
fl113JL 'Vl'4E.11 

fl11llilll 
I .. • 

m~'41« 

fl113J"JJ£)1J tflEJ113J 

2 = '1i"JJEl1J3J1TI (Disffke very much) 

4 = ~"JJEuLanuav (Disffke stightty) 

e = 'Jfamamtov (Like slightly) 

8 = 'JfEl1Jll1n (Like very much 
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'I ... I ... ... .. + ,,,: ... Ill ..1... o I .... ..I I I 

n11L~fl::LL-U-Ufl1111"Jfautta ~ftttllm'l'l n1fJLtlt11LmuanTI11n11LL1t1~-U81n'l"Jf1t1fttttl1 aw 
.... ..I 
1-Ufl .••.•......•.•......•............. 

~ilNflftllDtJ .... 
RmRmtm::RtU'6'6R1,ll!IDlJ .. • 

I R1,llL"\Lu1 
I " R1111'611 na""" R1111!1illJ • 

t .. u.,111 

1 .... 

2 ... 

3 ... 

4 ... 

5 .... 

6 ... 

7 ... 

8 ... 

9 ••. 

10 ... 

. 

. 

. 

. 

. 

. 

100 ... 

Nft'Mll 

thLi\du 
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tA1.11m\la"n~D'~'11Jfl (Total Plate Count) 1Lf1Tl::lft11111ho-3 AOAC (2000) • 
,t"ii1"M'4ni1ou1'1 25 ni'a.i twt"1"11a::tnu Maximum Recovery Diluent (MRD) 

1.1;i.nm 225 ijafiat11 -;nnif "t1Ltlt11"11a::a1ut11ad1'111nf11111t-Dri14ti1-3 'J '41141" 1 
....... 'I• 'I ... ... ... ,,¥ ... a.iaaH11 LffR'1LW;)114LYn::L'IJOfl11aJL'llaJ'!l14R:: 2 1114 Lfl01'M11UUJ-3L'IJEJ Plate Count Agar 

(PCA) rl'MR011L'MR1LLa10nL'M11iitl1::a.11m 45 0-3ff1L'JJRL4iEJft' R-3lWt114L'W1::LfEl't1"a:: 10-15 . .. 
iiaaat11 ~sa.i\'iLi1TI14i-3if-3lfloiLL;j-3 nalJ1114L?n::L.fa \11liJtJa.1\14!EJlJL'W1::L.f8~nL'M'Jij 35 
El-3fl1L'.lftwir.is Li1uL1a1 48 ,i1la.1'1 lt'u'41u1ulflla«lw;nuLY41::L.fe 'M1fl1Lo.~r.iLLa1~1u1m 
Li1"lfl laittioni'a.i (colony forming unlt/g., CFU/g.) 

tA1.11mLloih1tfua::111LflTl::lftna.i1ho'1 AOAC (2000) 

,t'1ii1'Mlt'ni10 u1'1 25 ni'11 lwl'11a::a1vl1e U1'1 Maximum Recovery Diluent 
... 

(MRD) t1;a.11m 225 iiafifit11 11nlt'"1lttlttft'11a::a1vl1EJd1-311nfl11a.1L-ia.iiuth-3 ') 

,,,"1" 1 iiaafit11 twa"t"-;i1"Lvn::L.fofl11a.1L'!iuf14a:: 2 11" Lno1'M11Lit1-3Lfa Potato 

Dextrose Agar (PDA) rl'MtUliJL'Ma1ua1£1nL'M11ihh::a.11m 45 0-3fl1L'.lfiWUr.Jft' LH1Wt114LYn:: " .. 
L4£1't114R:: 10-15 iiaaifl1 ~a-a.il'iL1i1nutf-3if-3l1"l~LLf-3 1l1liJt111li.t.!EJlJLYn::L.fo~nL'M1Jii 25 
£1'1fl1L'.lfaL-it1a- LiluL1a1 3-51u lt'u,,1"114lfllait'l1411"Lm::1.fo 'M1fi1to.~vLLa1thu1mLilu 
lfl laittioni'a.i (colony forming unit/g., CFU/g.) 
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n11tl1::1111"11'1m,- "1nt11f11Rt1fiit1" flf~rt 5 

The 5th Science Research Conference 
.... "" ... 1'UYI 4-5 11'41fl11 2556 

nL fltu::1Ylr.J1fl1Rflf ua:: flN::LYlfl1'41auft'11R'4LYlflUR::n11~E1ff1'l 
... ... 

11~11'YI t.118 tl'W::Lr.J1 

ti ... ... .... ~111 ... I: .I .. l t .. .. 2 TI1'l 'l::"ll'111"11'1n1'l1~tl~ 1 L'W'W'nN fl'l~'YI 7 L'4El~ '411fl11'fl81lJ1'4'W1::TI'JJ • 
LUJ1l'Wff11L~1'W1::'41~Li1til-w-wnnt fln.J 109 i1 "n11Lfl1tJ11fl1111"4i'ainiu~ 
" ..: .ol ., .,. ~ l .,. .I " • .t'. .I YliHfl'4 Ll'Hln11a'El1L"Dtl'4" '41'4fl 19-20 1N11fl11 2556 N l'IEl~JJ1::"11'11 • • ., 

35201 ii" 2 El1fl1'lLo.R11'W1::Lfiv,-~a.aEJ~i;,. t'lf1'111J°i fln.J 60 i1 
11~11n u1at1TI"ll'zilJtl ,..,..,nnt 
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t.A1.11mnaL!fD"leaua::tw"lia"lnat11oafl,M1.11::wutten1"latttA&l1m1'1la"l::fl,a""1tf 
\11 ltflftt\'!J8'1ft1UL.tr>lhLf n 

The Optimal Concentrations of Glycerol and Propylene Glycol for Watttr Activity Reduction 

of Thin Rice Noodle 

1 ... ~ ..... ... t• ft ~.!!! ... 1 m4mnm llfl·.m• , !'11111tJ flll"lflflYHU\41 · 11r.: u11111m t1t1· mfl,...,\41 .. . .. 
1 ,. 1 

Kanokwan Tangkoon , Thawatchal Supav~ • and Piyawan Supavltltpatana 

1r1'111i'J11inu1fl1••l'fua::Lnfllulaiim10111111tlm::1nfll'4lailm1mH11U1::0111111111111int11a11Tnrrl'D'"'1""''1111J 
i'11111't1Yi'l!t~l1m 65000 lm 0-5526-7080 lmll'n 0-5526-7081 E-maU: tsupavltitpatenaOyah.com 

rh u 1ff u1 uf'l41lni101 ~m11 ih1i'n'l!t1 /\41 da111 mnt1m1Liea.i~fu11n1 hn•rf 11141iu(C1a1it1~ih::«-3tf1-A ofln'l!t1 
i.A111mnaL'lle1eaua::l~n1iulnafleaf111111J1::11Jtlem1at11Asnm,l1e~n•rfr1amn1l1lil\f\J1::11111'11'ti(a,,),.Hri1t11iu1 
unuln lt1t1m1111.hH''ll1Ji1J1mni1'ilo1B11i'et1a:: 2111:: 3 i11Jn1.Jm111tJ1i'41"anmlmlu\n1t1111i'et1t::2 3 1111:: 4 11mfut111Ho1.J 
111t1"in1'1fl111Ji'eu'll e.,J111t1.,i1fl11::i{1111tJ1snmfl111Jlu11a::th a.. ,.Hmmi111uf'41lnflNlt1l.r1+1wm.ii>ed1"'1tl~1J folaJ1l1J 
ni1'llf11oa11Cl~1Yii'4ln1lfloa ~1.J"h 1.J11J1mni111e1oa i'ova:: 311a::l~nlf141naflaa feua:: 211111J1::ftlf11f'1 '1111i'um1at1th a,,'118-3 
rhv1lu11ii41ln 1de'11nl~1'111t1,,f1Dam111n£i1;iitl'um11nt11ta (T0) 0C1&11111Gn111nt1111 ~p) nm111nth•t1 m11nt11ta (Tc) Ill:: , . , . ,. ' 
fl11eunail&tl111i'1.Jm11nt1L•a (AH) .,,fl.,.~e 76.0210.14 E'1fl1L'lla14u• 79.AOi0.51 D-3fl1L'la&tur 83.o9.t0.o9 Htn1•1nt11111La:: .. . 
14.88±3.421a1ni'ii t11ii"1i1.J 1La::rhmlu11ii4LlnflNat1lliit111J1mtr>1aih1La::th a..'114f~efaua:: 27.22t0.2611a:: 0.920t0.003 .. . 

The microorganisms reduce shelf-life of thin noodle. The objective of this 1'88earch aimed to evaluate the optimal 

conoei 1b alloos d glycerol and propylene glycol for war activity (a,,) reduction d thin noocte. Thermal properties of starch slurry. 

moisture content and a.. of thin noodle which prepared by addition of glycerol at the concentrations of 2 and 3% combined with 

propylene glycol at the concentrations of 2, 3 and 4% were compared with corvot (no added glycerol and propylene glycol). It waa 
fould that a combination of 3% glycerol and 2% propylene glycol was optimized for aw reduction of thin noodle. It was due to the 

starch slurry got the highest value of onset temperature (T0), peak ten'lperatln (Tp). conclusion temperature (TJ and~ d 

gelatiniza1lon (AH) which were 76.02t0.14°C, 79.40±0.51 ·c. 83.09±0.09"C Ill:: 14.88t3.42 Jig, raapedMilly, and the thin noodle had 

the lowest moisUe oontsnt and aw.which were 27.22±0.26% and 0.920t0.003, respectively. 

Keywords: Noodle/ Thin noodle/ Water activity 

r!tJ1::n£11.Jm1~1'1i°""1"'11nt1 t ,.,,~1u1ii4rhmlt11ilt10 •1TJt1lan iim1u&flrhuLit111iu1antJ1::i11m3 tiwiu 
rhu1iu11ii41lnti'1nth1iio1~m1Lfi1.Ji'n1!l'lf\Eui1'1~fio s iu 'hlttLfi«t.T'pm111i1.alm'lu1i'11dtN.-lm:u::'t'mln•,hl~rl1uL4t11 
1ii4Lamfit1n11nh1iu 1La::ilm1it.ma1.Jfi'4l1"'11u1.J1::1J1mi'eua:: 1ofit1L~athfl11»LIU1111w-s:111me.ooot11't1/1 ... u(11fl1rl1u1iu1 
1ii41annlani'iia:: 20 1.J1fl) 1do,,.1nD1aun;rf11!'111fit1lt11'l4~ntt1i'1Ln•l«'l4\ltt1ut1111lt'I n11Llei»tt.1ti'1nth1t4an.-ln•::m.a 

Corresponding author. E-mail: tsupavititpatana@yahoo.com 

Proceedings The 5th Science Research Conference. 4-5 March 2013. University of Phayao. 
BI0-1 
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11u1qiLiu l~rilJ~1h::neum1ui1V..1tl11Lil141flLlU~'llfl..111fl'Yl1..1Lfi1481'1'111 (food poisoning)(Ghaffar, etal., 2009) f..11.lh1111nhmv\14 
thmif v1Lill4J1imhiqiil R..1~ati em1L11qiLfilJ 1..,,o,,,iun;Jlt1vLQYn::~,{,61'1rif,a14fl!Jn.rmnh\Uli1h:: lt1'lnlll (waler 

ac:My,a,.,)iifl111Jt"lft'qitle1111Lao1JLiV'llo..1e1Y1nmnn111.Rmawrrw4'1wa:fhmuiamwlmnrrn•aiA1tiLdomn1..1fiMviLfliiL014\'ftf 
LLS::in~a&::rn..1mvm'4 (Matini, et a1 .• 2003) m1t1t1fi1 a,. huhvLif V1Li14LlnCmufittm~n111ffui'nW1Nit1nm-ti'ltf~amniu11t1,, 
G11amno,eta1.(2006)mh111m1l"Jirnat1 a,. 'PIR1ll'lrittri11JnlUilh::i'rlimY4f.m11r'ml"Jimu a. L?llmril-'tn M1t1t1i&m'un1111Mm 
11e,, u. et a1. (2011) 4,,.,.u11 m1l'll'niL'lfo1m1 (~ i'ovs:: 3 ·hllnulwrAlulnatlea (propylene wm> feva:: 2 '111uffmmm a,. 
lwhr.ll,U11f91V'lTI0.979LYISeL?IV..10.900ti,,..f1W114;itrift,,ilittqlh::l..1t'fL~elrnrn!mmnlL'ltmJRClwn1114lriMl8wfiL\llll"l:IQJ"1'1'1iiJ 
TI11Mtfl1a,. '1Jo..1fi1t1Liv1i.iulin 

'hm1~it11ht1Lif v1Li14Lant111.1n111Jiho..1~1..1'f14"11441rlti b..1..1114Llhrht1L,u1il•uf lr1'1tl lanf,,WLi114l1ed1..1 
tl11Jfl1JLdo,,•1n,&liim1Lfi1JnlL'lle1eaua::lv.~i"\natio14 Lilvunu9t1~n'l'hL1.hN'141.11a.nmnlL't£1'1H 2 1ttiu ftfl i'eva:: 2 ua:: 3 
ua::bn-Wa14,nfltlflR 3 1::iu ilo i'ova:: 2. 3 ua:: 4 11mf14t111uouflnunYnt.,,,i1uiU11a::~a&r11wn1uLioautuLinti,,d 

R11•8D1J8NU"i'rl'lilfl11NtD~9D•J'1uiJ.a 
'l41..i1utl..1iJ1fl11H£11Jftll1J"im'1tl11JJi014 (thermal propert1es)tf11JLtl~0'1 Dltferentlal Scanning Calorlmetar (DSC) 

tnui"'no'1 Honndok and Noomhorm (2007) 
fl1198DUflnut1Wtfi11Li111Ll~Lln 
t111ueufi1 a,. t111Jihe..1 LI, et al. (2011) 
t1TIUOU1.l11J1mf1111J'4 fl11J~ AOAC (2006) 

Naua::eihJnu 
•Nu°in1•t111Nte~9e•J'1uU• 
Ldmt1..i1uJ,,ti1er.i1..1tn1lfJUUa::..i1uJ,,ffull1N'll.1.l11J1mnaL'le1oa1.Ut::lwTAl14\n1floaai1t1nuouauu"am.ati11de14 

wm1..i1u.i1,,ffLfi1JflftL'lf81BRf&t1a:: 3 ua::lw1-WaulnatlO\&fet111:: 2 Damii111GLti1Jtf'll.m1Lflt1L'8 (To) AC\l~t1Gm1Lfit1L•ta (T \ 111:: • • • • Pl 

~NY11Jf.lf'll.l{flfl11Lnt1LU (Tc) ,,,iftftttie 76.02±0.14 fl..1ft1L'l11Lfv• 79.40±0.51 0'1fl"U'l1Lfv• u.a:: 83.09t0.09 &.afl1L'IRLfua 
t11a1Lhiu t"l'l'li1.JthLewnai1t"l'l'li1.Jm1Lfit1L11 (AH) 'lla,,..i1ut1.ati1or.i1.ati,,n"11evl"n~aiftDt111.afllffllt1uilfi1 14.88t3.421a1ni'u 
ua::iiti1\&lu.t1nti1'1ed1..1il'l411i1t11ijm'11rfii (p>0.05) nlJ..i1u.J,,ffLi1.1naL'IJEl188feva:: 2 trnnulwTAblnatieafeva:: 4 ii1u.Jl.a 
flLia.inaL'IJ01oafoua:: 3 i1unlJ lv.TAa14\natioafova:: 3 (t11TWit 1) ti,,,f14ii111il,,;!LiunlL11a1eafeu1:: 3 i1untJlwn1ia14lnHH 
fova:: 2 f,,e11'11111at1th a,. 'll£1..1rl111Lat11ut1uin\tf Lde,,11n1..11u.1m,.t1.anlL'l&1oa&L1::lw1-Wl14\natiflRti..1ni11Lil141.l11J1mfl 
LY11J1::a1Jl\lm1111Ji1nuo::lulaaLU\lLTIRU1fhltf'liti'll11..1TI11'1'tfl..1tl1'110..1La1t1atnf'llLLR::at1 a,. l'4Liltll't11fla'11i..1Nal~'IJ::aom1Lflil 
L1a1ilw1M1l\f..i1utl..1ilfi1 T0 Tp T0 u.o::AH t" (Kaur, et al., 2005; Singh and Singh, 2003) 

R1aNu"in'Wt111Nte~(thennalproperty)9e~d'1ul».t'ieahfllliu'lNu~1uiJ.aauthtn.tAN1canlL<JJe1aa 
u1a:tw1il"ln1t1ea 

nlL'lla1ea (tDSat) 
f wnil~lnat1ea 

AHcJtt» (tesaa:) r.rc> T,r'C) T.('C) 

ti1oth..1fl11JtllJ b 77.78±0.52 b b bC 
• 74.74±0.47 80.93t0.75 9.88±6.20 

2 2 74.70±0.241> 77.78t02.7b 80.98t0.56 b 7 .80±1 .55c 
2 3 74.57:t:0.26b 77 .97±0.26 b 81.64t0.30 b 7 .58:t1 .55c 
2 4 75.05±0.491> 78.29t0.43" 81.94±0.62 b 13.08t3.13. 
3 2 76.02±0. 14. 79.AO:t:0.51. 83.09:t0.09. 14.aat.3.428 

3 3 75.21:t:0.79b 78.35t0.72 b 81.91:t:0.93 b 11.08t3.1s• 
3 4 75.00:t0.44 b 78.13:!:0.44 b 81.S0.0.82 b 9.82t:2.19 be 

MN111LM'!: thnuat1,, LU\lfl1LU1J;ttl'"ut1..1L1J'll.1J1tl1fl\l 
* STI~LLtlnth'1rt14\14u.tla::tlflft1JltU.at1..1f1111JUflTitl1'10£11'1ihrut"ltlqjr11.alffllfl1tti1Jfl11WLf&aT14fOUI:: 95 (~.05) 
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,.. ................. -.. ._ 
rhE1Liu1Li'l4LRnilNifl11nii1LLtl.:i4.naimiL'lftl'1£lHI:: lYr·rYil'l4lnt1flHihJ,111mf11111.f141leun11rhrniu1ti'1a1h.:i 

fl1\JflULLa::m,Lti11naL'IJa,aa\t.LtJ;i.nmL~s.nfuLDeSJm,Lti11lwniiulnaflaafeua:: 2 "'a 3 iiNa\M'f11tA111mt111114'u'!le..iri"luLiu1 
L ~ 114't.LLLtlm,LiimiiL '.lltl'JH t ut1'111 nLL ~114'uLDaSJm,Lti 11 l w1Yil14 ln1fitu1fa ua:: 4 '1'1 \itl,ii1m..11114'11.11 a..iri1 uLi u11t111..i 

.k ... • • "' .. .. "' ... .r -" " ... .. ~ l ~· " ~ - I!.~ .k l A uen11nuu..iwu11m ULt1u1LRLan'IJ.:iNH1~nn"1LL1J..JY1LflllnaL'.lla,aa-iev1: 3 u:: YhnftU ,n11fl8R"l&Ua: 2 1111,anmt1111J'!Mb11ll•fl 
(fl1TI.:Jfl 2) 

11-m.,it 2 tfia.11mf111d"t1a11rh11Li111ut"Llnt11au1"f1111tta.11uta:m8'i111ut.Jni11iM'ln1'W.,iJm1mJ1tf" 
tfia.11mnl1.ia1a1LLaa:f w1il"lnftflea 

i1mh..it11\Jflll 39.51:t0.58. 

2 2 24.58:t0.35. 

2 3 33.32:t0.47e 

2 .. 4 28.22i0.82d 

3 2 27~.26· 

3 3 37.25:t0.41 b 

3 4 25.73:t0.50
8 

Ma.111JLM'l: ti1~LL•tmil11.mLJu:1:t>11.Ldu..iUJ'Ull1fl1J1'U 
• Eim:t,flLLt1neh:1n-utuLLtla::flea11uLLwt1..ifl1111LLt1ntl1..iarh..iiJuuncym.:i"6H1:tiuf111anf1ni-ui'eua: 95 (~.05) 

•h a,.n..irhmiu1Li''luanflNiH1niiiLLi1..i4.nti11naL'le1aai'eua: 2 "M!a 3 i111n11m1\'JJtw1Yia\LlnaflHi'aua:: 3 
iJtht.:in11ri1uLffu11nLRnti"lad1.:1m11'l11arh..iiJiui1ti'cym..i•fiti (~.05) th a,.n..iri1111iu1LoLlnffNit1t"lmiiLLi1..i4..i1i11 
naL'.lltm1Ri'eua: 2 ·b11n11m1\'111Ynrtblnafl0Ri'auft:: 2 l'l;tl 4 LLa:n"lllLiu1Li'l4LRftflNit111n'li1LLi1..iffLfi11nlL'I0181i'OrJa: 3 

i111n11lw1Yiii'l4lnat1oai'eua:: 4 LLa::n1uLiu1ti1od1.:if1111f!11ilfh a,. liJLL•ntl1.:inuarh..iG14'mtiti'cvm..i"6ti (p>O.OS) \1411m:TI 
n1uLiu1Li'l4LinilNit111n'li1LLtJ.:iflLfillnlL'lffl10&foua:: 3 ta1n11lwntl\Llnat1oafoua: 2 £Ith a,. 1toun11n1miu1Lii4&Rnfi1ed1.:1 
fl1\Jflll (t11n.,,il 3) wot1flie..in11..i"l1.1.iivn.:i LI, et al. (2011) 4..i"W11'i1m1WnlL'llfl1Hf'eu1: 3 i111nulYt1-Nl1.1.lnaflea i'aua: 2 

'111u~1 a,. \1.1.n1miu1Lnllfllfi 

.. ,,,.,;t 3 •h a.t1B'1rl1tJLitJ"llf,ulnt1"JBU1"fl1119'NLLatn1u&i11'JlNfml .. iM1nuW.iJm1"lhN"1.Aa.11mnll!l81H 
ua1:Tw1il"lna111ea 

na1.ie1ea (fe11a1:) Tw-ritl~lna111ea (te111tt) .. , ... 
tl1 OV1.:Jfl11Jflal 0.952:t0.002 

2 2 0.960:t0.003b 

2 3 0.979±0.005. 

2 4 0.963:t0.003b 

3 2 0.920:t0.003c 

3 3 o.ea1:t0.001• 

3 4 0.954:t0.012b 

~•n.:i•h•ii11'im.,,m111!au'lla..i'li1utl..iilLti11niiL'.lltl1oai'tu1a: 3 LL&:: lwTWau ln1flarieua:: 2 LL1::1.];i.11mt111aihth a,. 

'IJB..Jri1miu1Li'l4LinflNifl•1nli1LLtl.,,.r.:imh1iJNHfltlfltl8'1rl'l4 ~tl '1i11&i1dkl1 To Tp Tc LLC t.H prl~· rhmiu11f\LLRnffNit1ltt' 
iJtJ;111mm1iiluLLa:ti1 a,. •1ilr:tt1 4aet1tii£1..iri11m1iiu'IJe..i Kaur, et al. (2005) LL•: Singh and Singh (2003) 4.,,ni1,-hd'1LLU" 
fliiti1To Tp T. LLil:: L1H p1t..iEmi1Nat~tin1miu1ffiifh a,.., 
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t.J7innm SL '1101811 ua:: l 'J'j'f-rii14'"""trnih'I\1J1::11iutn~i"11n11at1fh a,. n..irh1ni tJ1LRLlnft a m1Liunl L 'IE11ea 
"'et11:: 3 i11Jn11l'J'jrliftl4,n1fledet11:: 2 ltit1'111n1..iti1erh..iti.Jnt411ilth T0 Tp Tc ua:: AH t"if~t1 u.a::\~rht11it11Lilulnflii 
1.11M1nLfl111JhLL1::t:h a,. ~1ff1'tl flEI i'et11:: 27.22t0.26 LLI:: 0.920t0.003 t11u•1ti1J 

nt1in1'1'an.h::nifl 
'DEl'llEl1JflnLi1in..i114lfl'HTI11'l14ittJM'l\1UnL-Rt1 i1in..i114nH'l\LR11f't14n11iiu lfl'11iYltJ1fl1Hf&La::L'r'lfll14llfi 

i1..ii1411i114~1nt1 hmi.mmrhu1;u1\lt1J 111nfl tan i..iwl'u 111..tu ua::tlin¥114th::lflum1f t1utwh~tt1 1J\'ITI'r'IU1at11111n11 • • w 

-ri'\!H'1fl11M i1'Mi"11n11R11f't\L'11Jt.l1::1J1C\ln11ift1 

.. -LDnl,1'fn'1D'1 
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m'nJ'i::~2.11111m'i1~t1i1\n'i'iW f'lf~ 7, "n"l'iLfl1tJ2.1m1imimifmi~ii'IJl.~en1'J~&114i~· I 
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n11ii9'e1~n11L~ui'nYttheniv1ilu'8n 
The shelf life extension of thin rice noodle 

nun111cu "'"~C"'· !l"l'tl-U'v ~111~'1itllu1 LLftt tlv11·uu fllll1~flieuu1 
211'!J11'111£!P1211lm'mMW1 fllWtL'V1fllLULi'IVfl11Ln~1LLi'ltEl1,.,11 2J,.,,..,flfJ1flV11'111"!J'ft\!i'IMfll112J 

., I 

'U"ftfl!l8 

• "' .8.. .. "' •I ' 4 S • .J " 4 'I, l ,..i .. 4 
~ 1'\J 1 ~ tJU~~1J1Plqu1ti'l~fll L 'W£Jt'I f1"d1i'lll11:: n 11\J11, fl1VL'1'-11U'IULM ~ uq~ Ui'1El'UY12111J11 Cl '-lfl£11 fln11 Lfl\J 

i'n"d1 Lfl'-ILL \J1~u21m1::m1u11, 3 am1::;i£1 \Jfluiln-wi't11Jtdn11~flf\Jt1iln•LCJU \Jflr.iiln~tyt\11n11'1LLi'lt\lfluiln 

qtyty1n11'1;12.1n\Jm1ti'l2111~flf\Jt1£Jn~L~U ~ww;iDm1L~'Uintfi 2 1tl\I ~f>f.lN'M.QimM (30±2 IHl'l1L'llftL.'-'&'I) 
LLi'lt£!W'MIJD~LVU (8±2 tl~l'l1L'Ui'IL~tJfl) ~nniiu~2J~1tlU1~'Jfl 3 iu \Jlfttlfl1tVtL1t'l1fl11Llhiini;1 60 iu L~tl 
\Jl11~aautlni;w::\J11n!J iLfll11::'1fli1 aw ~1u1u,~uY1~V~-MJfll li21~LLa::11turhvL;fv1LiuL~n 'W\Ji1~w,.,1JD'lu 

" " ... • ... d " + .i .L. d I ,. 11 ., • "" ~ fl11Lfl\J1fl"d12JUftPl£lfl11V'1tl1flfl11Lfl'U1fl"d1fl1'-lL\JlV1"1YLi'lfl2J1flfl11i'lll11tn11\J11, ~fl!Jn11Ln\J1flYlfl1VLflV1LrtU 
L~nvl\J11,tuam1::\Jfluilnqtyt\11mP1;12.1num1tifa11~flf\Jt1t1n•L~uL~\Jini;1vl~ww1JDfLvu,,1viiflt11qm11~" 
i'n'!!nl!Ku1uni1m"lL~'U~tjW'llllJn-Mtl~2.11nn11 42 iu eh,.,i'um1u11,n1vL;fv1Lft'uLAnt\lflm1ttl11Nilntl'Vt\11fl11'1 

d.I •lid ... Jfw '11' I JI.I -.W ., 
LLi'ltLfl'U'V1£lW'MIJ2.l~LtJUi'l12J1"ltUJflil1flnT"ll'U1fl"d1 ~flU1Ufl11fl1"lLn'U'V1~W'MIJ11'Mt>~ 30 1U 
._,., • .J • .J "" "flf fl1ri'lft&y: fl1tJLVlfJ1 fl1fM1fJ1Li'IULM tl1flfl11Lf1Uln°d1 

Abstract 

The objective of this research is to study the packaging conditions of thin rice noodle in 
nylon pouches that aids the longevity of its shelf life. By varying the packaging conditions into 3 
conditions which are sealed with oxygen absorber inserted, vacuum sealing, and vacuum sealing with 
oxygen absorber inserted. Also.storing at 2 different temperature levels which are at room 
temperature (30± 2 degree Celsius) and refrigerator temperature (8± 2 degree Celsius). The samples 
were taken every 3 days for a storage period of 60 days in order to check the appearance, determine 
the value of aw and the number of microorganisms, yeast, and mold in the noodles. The research has 
found that the storage temperature does affect the longevity of shelf life of thin rice noodle rather 
than the packaging conditions. The noodles that were packaged with method of vacuum sealed with 
oxygen absorber inserted and stored at refrigerator temperature have longer shelf life than storing 
them at room temperature by 42 days. And for noodle packaged with method of vacuum sealing and 
stored at refrigerator temperature have longer shelf life than that stored at room temperature by 30 
days. 
Keyword: noodle, thin noodle, shelf life extension 

'U"u1 
~U1tf)t)\Jfl1"joM1-3~i'11u~1nfl hH1ULft'\Jn1fJL~fJ1U'1V it1"l"lf11Li'lfl ilm1ui9lfi1t1L~fJ1LftU~n\J1::i.nw 3 

~u/iu n1fJL~EJ1LftUL~n~~nfi11ii£11~fl1"JL~\Ji'fl"d1flitJUf1~l1.1~8 5 iu ~1t~LnflU'U"'11t°M1~fl11~Uft.!lLiifH\11fl 
1 • t" + ..r " " ... I s .. .J x. .. T ·' " ... !It I "JtfJtYl1'3 nft'V11 'Mfl1fJL\JlfJ1LflULftf1Lf)f'lf111L'U1LC1V LL&\t:1Jfl11rt~flC1'UflU~1~~1'\J-u1t1J1W 1tlfJi'lt 10 t'lflLU\a4i'lfl1 

t'l112.1Li4fJ'M1fJU"lt2J1W 6,000 \J1\11/1u {11t'l1rbm~v11ftu1Anfltftfli'2.1at 20 'IJ1\11) L0e~CJ1nii~i\uV11VLCJ~tyL~\JLPI 
'1u~n~1il~Ln1J1L~ule\'li1v.i11ufi1 r1111~£12.11i4v~~nfi11'Utln'11M=iti'1~f1111i1~Li4ut~n\Jf\11tnt1un11Llfl1J~e1\l 
1\Jua1L'M')'!ltJ~L"JflVl1./lL~'U£11,.,11 (food poisoning) (Ghaffar et al., 2009) f~flll11t:fl11LO\Jin~1LLa::~W'MlJiMJu 
~n\l\l~v,.,\i~~i'1t~'tytum1iif'lm~n1m~v1LftUL~n \11n./l1u14'vRachtanapun and Tangnonthaphat (2011) 
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I f1"l'iU'it~iJ1"111n1'i1~vi11~'1'1mU f'lf~~ 7, "fl1'iL9l;V1Jf'l'l1iJ'l'l'imJ"lftJ.nifJ~~UL~flflilQtJ1L,mt" 
-lu~ 19-20 5'U11fliJ 2556 

;lni;1ui'l'll£1.:J'llilflu11~tiru'tivlii.i£1m~m·nnufn-ct1n1t1L~t11i1111 tflmLtl1N'uu11,11w'1 4 '!lilfl ;'la m1~11ll1t1f4&'\2.1 
HDPE (high density polyethylene) q.:i HDPE q.:i PET (polyethylene terephthalate) U.i'l::q.:iluil£l'U (nylon) 

t "' .. "' .,j - ~ • + .: ..,j 'I 1 .. .. fl1f.J \Jli'lfl11~~t\IG!1fl1PI Lfl\J<fl"ct1Vl~WWJ2.1 25 £l.:Jfll1L411i'IL'Vf.Ji'I W\J11fl1f.JLflf.11l'lflV1\J'S'S,L'UQ.:J 'Ui'l£l'U11El1"'fl11Lfl\J 
..,j 41 ., .,j 1 .. ~ .... -ti 'I"~ I .. .,j .. ., 

'U1'UV1~fl 1'1£1 13 1'U L'UiH1i11flQ.:J 'Ui'1£11J1Ji'l11'1.l\JlL1Jfl1'SfJilJJL~i>£lrruL1il1JU.ftlMl'U1'U2JU1Wflf.J'Yli1fl fllfl 91.28 fl'SJJ/ 
., ~ ., • ., ,f., .. - ., ..,j ~ '.! 

\Jl111.:JLJJfl'i/1'U LLi'I:: 0.090 fl•11/fl1'i1.:JLJJ"7/11J \11111i'l1fl'l.l uam11n'UfJ.:J1111fH1'U11ilf.JLfltl1n\Jfl11nfl'l!t1J.lft'llil.:Ji'lfl111l 

m·nnuvlii.i£1a1~fl1'iLnu-U11ni\'a.:J.:J£m t uq.:i 1 ufta'U tflvm1u. t11N''Ui'fil11~m1u11, 3 u.u\J fli> tl111J.1iln'4ia11 tfta11 

'1flf'\JEli>fl~L1il'U tl111uiln~G!G!1fl1P!U.i'l::UflUUfl~G!'l!1fl1fll'i111n\Jfl1'S'lifil11""f\J£1Elfl4lL1il'U Yi\J11fl11UflJ.!UflYi'fa11td 
., :I !lo ..,j .: ., "' ., " "' "' .l'. ., .. !ii i'l 11'11'1411\J£)£)fl'OL1il 'UL l.J'U i'I m 1~Vl L ~111 ::'1111 '11~1'1.l fl11 Lfl\J'S fl"ct11111flftEl H£lfl L 'U £H 1il 1 n,,11n ft El.:J.:J£) fl11 £)1~fl11L11\J 

i'ni;1u1uvl~flflfl i'111111mnultl\'u1un11 6 LflEl'U ..f.:idL0£:1.:i1i11nn1-,tlfl~ilnqtyty1fl1l'iLwt1.:itld1.:iLilt11i'lui'lt'1°a1fl1l'i 
~11~11..1L <U'1 l tlmv t uq.:i ltl\'1i11nm1Lnfl4~1L0£1.:i1i11nwS11-U11naa.:i.:ianu.'Yl.:iq.:i 1 uaE>u <tlv1-,1w u.a::l'lw::, 2553) u.Pim1 

0 1 . .: "' .. "' '.! lf ., 'I.! - it. "" • .: "' .. "- !"" 'U1 q.:i 1Ji'lfl'UJJ1\J'S'S~ fl1 fJ L\JlfJ"lLil'ULi'I fl L Vifln fl'l!t'lmqfl11 Lr l\J'l fl'l!t'li>11il UJLfl "l• 'lL t.1tm11 flfl1t1Lflf.11 Li'l'ULftfl UJJ.Jfll112Jf1111 

L"™El'ULJ.Jflfl<U'11ni\'e.:i.:ian 1Ji.:iJuri1~i'um1;ln-ct1Ui'l'llt1.:iilm1::mw11~v!iifi£1t11"'n11~ui'n"ct1fht1L~fJ1u;iJLSn~.:i!i 
m1 ;ln-ct1..f .:J 3 ltl u. uu fla m1tlflr.iilnv.'f a11 tda11 ~M'uaa nf L 1il'U ilflr.i0nqtyty1 mf'lui'l::il11uO nqtyty1mfll'i111nu 

fl111fli'l11'1fl.ij\J£lilfl~L1ilt.I 

Ui\\Jl n1 fJ L~ fJ1 Lfl'UL~ fl\Jl12J\illl'l U.i'lll1fi fl11~a\Jl'IJil.:J 1 'l.:J.:J11JL&l1Jn1 fJL~tl'lUfla i'l1"1"fll lftt1 ~.:Jiifl11L~JJfl11ftftf'i1 
aw lu«fld1uvlL~l.11::i!JJPl£1 naL411£l'Sili'li'tifJi'I:: 3 'i111num1tfb,1w!ulnetf'IElt1'fflVftt 2 1i11nJuti11ht1L~t11u;\J~flfl 
r.ii\fl 11fJJ1\J'i'l~ t uq.:i1 'Uilil'U LL t11e!ui'!m1tm1u11~ 3 a1111:: ~a iJflJ.1ilnYti't1uldi111~fli\Jililn'L'" \l11~iln 

i1G!G!1fl"lfllLLi'l~UflUUfli'J'lJ'Y1fl"lfl'l'i1J.Jn\Jfl11Lfti'l11'1fl.ij\Jfl8fl,L1il1J L~ui'ntt1il~w~1Jin4'8.:i (30±2 il.:Jl'i1L1l&'IL.Vfl) 
....... ( .. ) t ' ... ' • .: "' • x. 

LLi'ltflW'Yl.fJJJ~LfJ'U 8±2 il.:JPl1L1li'IL"11fJil 1il1fl'U'Ui1J.J9l18f.J1.:Jfl'lf.JLflV1Lfl1JL'1n11191111ilfl8\Jfllt'W'l1YtYJfl 3 1'U flfttlfl 
"" ""~ 'l:rn::L1i'l1fl11Lnmni;11..111..1 60 1\J fl~1J 

., ti • ..1 ., • 
1) M"ctWt 'l1n!J'llC1~fl1mflt11Lil1JLftn 

2) fi1 aw \Jl111i5'1Ja.:i Li et al. (2011) 

3) \Jl'l11ili'lil\Jf'lWl'l1'Wlf 1'U~i'l;!11VlfJ11illu.fi ~1'U'l\J,i\'UVJ;a~.:JmJfl ~1\J1\JiJi'l~LLi'l~'l1 \Jl1JJ1fi11El.:J 

AOAC (2000) 

1. t\'ntiN::1.h1n!J11eo11rl1eL~u1LluLan 
n'lfJL~fJ1Li'UL~nviu11~ t uq~ 1 'Ui'ltl'UL 'Ui'll111~UflUilnmE>>J 'lifil11~Ml'\J£ltlfl,L'1'Uf~Lfl\Ji'm~nfl~w~1Jih1£1~ 

LLi'l::~W~IJil~LV\J tlfluilni1G!'l!1f11fl'IU.ft::Ul'IUUfli'JG!'Y1n1f'l'i111nun11tae111~flf\JaElfl,L1iltJfo11Ln\Ji'fl\!t1~ 
~wwJD"1il.:iil~"lui'lmvi\Jn~ <iimm~u) 1il'Un1t"'.:iiia1"'m°'~ui'n1!t1 18 iu u.Piulea1qn11Lnui'm;1 21 iu "" 
m1L1il; 'l! L~u L\Jl'tl EJ.:i L ;i' a 111i11nm1«.:i Ln\Jl~1v1J11 L tlfh ii1u ilfl 1'lll n11tlfl uilm.L uuqty'l!1n1fllLLi'I t Lnui'nti'lil f!W~IJil 
"''" • .: "" ti"" ~ '" ., .t'.. -" Jt..Z ..... 1 x ., ~ LV'U m VL9lfJ1J.Jill11Vi fl9l~'U ni::'Yl.:Jil1 ~ fl1 'lLfl\J'Sfl\!t1'U1\J 48 . 11.1 LLi'lllC1.:JLfl9lLl'IUL 'IJ811L lt1ty\9l1.J 9l~1n fl11'14Lflflf11tl 

1'11Ltlri1ul£lil1~fl11Lfl\Ji'fl"ct1'U1'U 51 1\J d1'Vli'\Jn1fJL~f.11L~'ULAnilLn\Jt'UM111li1'll'V1fl1f'li1JJn\Jfl11lfti'111~flfu 
ililfl4lL1i1'UU.i'l::Lnui'ni;1vl~W'Yl1Jil~LV\JV~fl.:Jiii'lfl1'Wtln~flft£1fl'21ltlllL'lft1n1,~1.Ji'fl\!t11J1U 60 iu (91111.:J~ 1) 

+ .J "' d .,j .. - ,. ~ .,j .!J J! af I ... I ,!l - ~ # fl1 fJLfl fJ1 Li'l'U Li'I flVlYi\J fl11L1il 1 GI Lfl\J L\Jl'llil-11L'Uili1 WtlC1-llLflfl'118"1L uil1 't qPI fl1191 "1'9ilfl\Jfl11 aw "1\J'lU~ftU'Yl"J fJ 
~ • 4 # 

Vl.:Jmlfl 1i11\J11JfJil\JlLLftll'l1 
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365 

• ..r " " ..1 .. '1111.:!Yl 1 M'bttut 11fl{l'll£1.:lfl1f.IUJlf.11Li'l'ULL'lf1Vl2.Jfl11LL 1N'Ui'ltl11tfl11\111"!LLL'lt~WMIJ11fl11L \I fl'bt1 

.. tll'!Niln-w~a11'liiii'111~1'1"8''U 
tlflNilnqqiqi1mfll 

tlflNilnqqiqi1mP1~111ntJm1 t~ 
En~fl1'Ufl\J 

i>ilfltL~'U i'l1'1'1flW£l£lntL~'U 
(1'U) ... .. ..... " ..... .... " QNWJii~tH QM1ML~'U flWMIJ11Mil.:I E,JWMl)llfjLfJ'U E,JWMl)11M8'1 QWMl)J.Jt}Lf.l'U 

0 tln~ tln;\ una tlnM \In~ tlf1M 

3 tln~ tln;\ tln~ \Ina \In~ tln;; 

6 tln~ tln;\ tln;\ \In;; \In~ \Ina 

9 tln~ tln;\ tlna tln;; tln;; tlna 

12 tln~ tln~ tln~ tlna \Ina tlna 

15 tlna tlna tlna tlna t1na tlnii 

18 tln~ tln;\ tln;\ tlna t1na tlna 

21 'W'UL.f £1'11 'W\JL .f a11 'W\JL .f a'11 \Ina W\1Lfe11 tlna 

24 'W\JL .f e'11 'W\JL .f e'11 'W\JL(£l'l1 tlna W'ULfS'11 una 

27 'W'UL.f£1'11 Yl'UL.fil11 'W'UL.fa11 tlna WtJLfa11 tlna 

30 'W'UL.f£1'11 'W'UL.fti'11 'W'tnfa11 tlna wu1fe11 tlna 

33 'W'UL.fa11 Yl\JL.fa11 'W'ULfEl'11 \Ina W\1Lf£l'11 tlnM 

36 'W'ULf£1'11 Yl'UL.fti'11 'W'ULfa11 \Ina W\1Lf£J'11 una 

39 'W\JL .f t:1'11 'W'UL.fe11 'W\JL.fa11 t1na W\JLftm t1na 

42 'W\JL.fil11 'W\JL.fEl'11 'W\JL.fa11 tlna W\JLff>11 t1na 

45 'W\JL .f ti'11 'W\JL .fa11 'W\JL .f il'11 tln;l W\JLff>'11 t1na 

48 'W\JL .f a11 'W'UL.fa11 'W\JL.fe11 tlna W\JLfil11 una 

51 'W\JL.fa·n YluL.fa·n 'W\JL .fa11 'W\JL.fti"J'l W'l1Lf£111 un;! 

54 'W'ULfim Vl\JL.fti11 'W\JL.fti"J1 'W\JL .f ti"J1 m.JLfe11 un;i 

57 'W\JL .f ti'l1 Yl'UL.fa·n 'W\JL .f a"J1 'W\JL,£)"J1 W'UL.fe11 t1na 

60 'W\JL.fil'11 'W\JL .f e'l1 'W\JL .f e11 'W\JL f il11 m.JLfEm una 
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• J " .. .,j .. 
'1111~\'I 2 fll1 aw 'IJ€l~n1m'1EJ1Li'l'UUH1Vl11fl11U.thJ.l'Ui'lll11tfl11tJ'S'S~U.fltflN'1.fJ11fl1'S u m~n 
en~rn1 \J"uiln~;e11trii'111~".ft'u 

tlfl~nqqiqprm1 
tlfl~nqqiqprnl'li111num1tri .. 

een~L'1'U i'l11~"ween~L'1'U LOU 
<1u) ~N'1JJi°i\1e~ 

....... 
~N'1l.Jli~LV'U ~N'11,liiie~ 

..... «I 
~N\1~~ ~N'11.li°i'1~ ~0Ml.J11~LV'U 

0 0.921±0.00le 0.921±0.00le 0.921±0.00( 0.921±0.00le 0.921±0.00le 0.921±0.00le 

3 0.931±0.001 
d 0.924±0.000e 0.928±0.000d 0.927±0.000~ de 

0.923±0.000 o.922±0.000" 

6 0.936±0.00lc 0.932±0.000 
d 0.931±0.001 c 0.929±0.000fg d 

0.924±0.000 0.922±0.000mn 

9 0.937±0.000C 0.934±0.001 c 0.933±0.001 
b f 

0.929±0.000 0.924:t0.000 
d 0.923±0.000m 

12 0.940±0.001 
b 

0.935±0.001 
b 

0.934±0.001 
b 

0.931±0.001 
f 0.926±0;000c 0.924±0.000 l 

15 0.941±0.001 
b 

0.936±0.000 
b 

0.935±0.001 
b 0.933±0.000e 0.930±0.000 

b 
0.927±0.000 k 

18 0.960±0.002a 0.956±0.009a 0. 945±0.001 a 0.944±0.001 d 0.941±0.006a o.937±0.ood 

21 ND ND ND d 0.974±0.000 ND 0.941±0.00li 

24 ND ND ND d 
0.974±0.000 ND 0.945±0.000 

h 

27 ND ND ND 0.974±0.001 
cd ND 0.947±0.001 h 

30 ND ND ND 0.976±0.000C ND 0.948±0.001 !h 

33 ND ND ND 0.977±0.00lc ND 0.949±0.001 
ef 

36 ND ND ND 0.977±0.001' ND f! 0.951±0.000 

39 ND ND ND 0.977±0.001' ND d 
0.950±0.000 

42 ND ND ND 0.979±0.001 
b ND 0.952±0.000e 

45 ND ND ND 0.982±0.00la ND 0.952±0.00le 

48 ND ND ND 0.981±0.00la ND 0.957±0.001 d 

51 ND ND ND ND ND 0.960±0.000 b 

54 ND ND ND ND ND 0.960±0.000lx: 

57 ND ND ND ND ND 0.962±0.001 b 

60 ND ND ND ND ND 0.963±0.0011 

'1111VL'191* an'd"iflu."nf11~0'u"12.1u.u1.f~u.6'1"~1'111llu."n•hiea1~\l'"ft1K'V'!1~6'1ii~fl1a:l"l'l112JL;j~fev"'a: 95 (p ~0.05) 
ND = no data Liia~~1fl!Jtif111fl11$)LVi1t!il~Lfl"L~Lta1iwuluti1"L~"1 

1. f1Nll1VWrn~fl;J11VIEJ1 

3.1 ~1'U')'U~~'UVl;ti~~'11.Jfl 
rbvL~v1LatJL~nvlu.u1c7ui'11111::n11u11~u.flt~N'1lJiin11Lnufni;1YJnti1e~1~ii~1u1u~i;uV1;ti 

L~11;fuUlem~m1Lnufo~m~11(u t"vri1vL~mL«u~n~tlfluilnv.ie11li'li'l11~M'ueen~LCJ\liifl11L~11(u~e~41u11.1 
~fl'UV1;ti111n~q" 1e~fl~111;len1vL~v1L«1.1L~n~\J111uilnqtyty1n1flu.fltllflJ.1ilnq'lJty1rnfli111nun11l8i'111~".ft'u 
eiln~L~uf\111th!ilu utJn~1ndv~~u11ri1vLiv1iluL~n~~nufl~tu'1JJD"1e~nm1\~114'u~e~'11u1u~i\1Jl'l;ti111nn11 
• .: .,j .. ., ..i .. .," .-1 
n1tJLflV1VILntJ1fl1;1Vli?N\1'J11~LV'U (ll1'1Vl 1) 



~ 
~ 
it u 

.! 
;;s 

! 

m'i\J'i::'lfiJ11!1m'i1ivf'l1vm·mii l'lf-ril 7, "m·nf11ViJf'l11J.mimi'lla~Yi~~i.a~en11~e1L~fN· I 
1\1~ 19-20 m1l'liJ 2556 

2.90 

2.80 
.0' 

2.70 , .... -.e 
2.60 -
2.50 

2.40 

npmilM'nwi Civ> 

_,._ oX)'len absorber (~fa4) 
---vacuum (f!N~) 
----- vacuum+ox}'1en absorber (~84) 

•-6•• Oityten absorber(~) 

•-S••vacuum (~) 
--e-· vacuum+oxnen absorber <'1ant0ilfih> 

3.2 41u1uilfl~LU1::11 

~1'1J1'1JVi'l,;LLi'lt'J1l'Ufi1EIL~E11Lil'UL~niltl11uilnw-ie11ltli'l1"J"""\J88niL(Q'IJ~4i'l84~W'M'.JUf'l1"JLn\Ji'n-et1 
tlfluilnqqiqi1n1i'ILLi'lttlflf.lilnqqiqi1m111i111tiun1111'ii'111~"f'msn,L':l'U~4~\J;m!t1ilfltu'M1Jil'1tHii~1u1'UUi'ltlLLftt 
11 uat1ni1 1.48 log CFU/ni'11 'Vjni1aEi1.:ivlv.:ifl.:iiii'lll1YtUO~ fltlfliUlfl1ttJtL1i'1101"JLn\J'fn-eti'U1Uii.:i 18 1''U 
•• J.,.-..1 'I ="'"' "".t ... ,, !'l•..I • ~ i'l1'Jn1EI LIJ'IEl1Li'l'ULi'I n'Vl\J"J"J, l 'Ui'lll11t1J flr.l'Unq 'Y'l!1n11'11h11'1J1'UEli'lflLLftt118~ l 'U1114'Vlfl"Jt'Vl"J14i'l1t!1ituq~m'M'Ufl"8 

~1ni1 2 log CFU/ni'11 (ri1un.:i1u1111J"1111uf.li11J"1fl'w.i~"i'l1'Mn1111. 2548) lui1£1ti1.:iilti4fl4iii'l111Yt\ln~fiefl218fl 
" J! .. OI .J + .J II d ..I 'I. ="I ·-"" I OI 'I .J ~ "JtEltL1i'l1fl1"JLf'l\J~f'l'et1'U1'Ufl4 48 1'U "'11'Un1EILflEl1Li'IULan'Vl\J"J"J,lUi'lll111:1JflPl'W0f!qj'U1fl1ft"S11Jf'l\Jn11l"'i'l11~"11\J 

i)i)f'l~L~'Uii~1'U1'1JVi'l,;LLi'lt"J18~L'U-li1.:ivln1t\'l"J14i'l1t!11W&'J~tl1""'Uflfli'lilfl"JtEltL1fl1fl1"J~ui'n-etiu1u 60 1''U 

IJ'l1"J1.:!vl 3 ~1'U1'1JVi'l.i'LLi'lt"J1 (log CFU/ni'11) lun1E1L~t.11La'ULflf'l~LL\l"JNl111tfl1"J\J"J"J,LLflt 
" "' fJM11J1ln11Lf'l\J"Jn-eti 

81~fl11 
tlflr.iilm-i~a1111'1i1111~liltU'u 

tlflr.iilnqqiqi1mt'I 
tlfluilnqqiqpml'l·h11num111'1 

ef.lf'liL~'IJ i'l11"flf\J88f'loWL'V'U 
u1u<1u) 

~W'M{)ih;!l.:i ... ., "" fJW'M1Jil"11>.:i fJW'MJJiliLV'U fJW'MIJil\1e.:i 'JW'M{lil~LV'U ~W'MJJ11'1LEl'IJ 

0 <1.48 <1.48 <1.48 <Ul8 <1.48 <1.48 
3 <1.48 <l.48 <1.48 <1.48 <l.48 <1.48 
6 <l.48 <1.48 <1.48 <1.48 <1.48 <1.48 
9 <l.48 <l.48 <1.48 <1.48 <l.48 <1.48 
12 <l.48 <1.48 <1.48 <1.48 <1.48 <l.48 
15 <1.48 <1.48 <1.48 <1.48 <1.48 <1.48 
18 <l.48 <1.48 <l.48 <1.48 <1.48 <l.48 

21 ND ND ND <1.48 ND <1.48 

24 ND ND ND <1.48 ND <1.48 

27 ND ND ND <1.48 ND <1.48 

30 ND ND ND <1.48 NO <1.48 

33 ND ND ND <1.48 ND <1.48 
36 ND ND ND <1.48 ND <1.48 

367 
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39 ND ND ND <l.48 
42 ND ND ND <1.48 
45 ND ND ND 1.62 

48 ND ND ND 1.63 

51 ND ND ND ND 
54 ND ND ND ND 
57 ND ND ND ND 
60 ND ND ND ND 

ND <1.48 
ND <l.48 
ND <1.48 
ND 1.53 

ND 1.56 
NO 1.58 
ND 1.59 

NO 1.60 

'11ni:.ietm1~~Lnfl~ni;ru:::t111nn'IJt1~ri1vL~t11Lfl\IL~nvlu11,tuq~1unau Y1ui1~ruWJmum1Lnui'n~1i'li:.iet 
,j£lm1llfl£l1~n11Lnui'ni;1ri1vL~t11L«uL~m.11nniiftm1:::n11u11, Lflvn11Lnui'n~1ri1flL,v1LauL~n~u11,tu 
ftr111:::tlfli:.iilnqcyqpn1f'li1i.Jnum1ldft11~"fuaf:ln'L~\luet:::Lnui'n~nvl~cu'M1JiifL6\nl1vil"e1~m1Lnui'ni;11A' 
u1uni11111Ln\J~i:lW'M1Jiil1t1~innni1 42 1u m1u,,,tuii11111ttlflNilni'J'll&\11n1fllLLatMf.!ru'MIJiifwufl1JJ11C1 
.. " ... 111 I " .,, ... II ... _; .: ... ... --11 ~ .J-.• I .. .. :I T 
VflEl1~nTnnu1ni;1 fl1J1'lJn11fl11Lfi\JVli:lWllllJJ.llll(I~ 30 11J l'l~\IL'Ufl~'11fl,ft'UYnV~llfll'l'1'~'M&\l~tJJn1'SL'1'S(\IL"\l~ll 

oU1~i:lWV11Jii~W1JLLfl:::ri1"1i't1ft1Llll'J~ri1m~v1LiV'lJL~nf~u,,,t'lJftll11tfl1'SUflMlni'J'll'll1n1fll;1J.Jn\Jn1'Sti'lft1'S~flf\J 
illlfi,L'1'1JLLfl:::Ln\Ji'm;1~tjNV11JiiiLV1Ji'lt11~fl1'jLnui'n1!t1\111Jni1thvLiv1Ll\ILan~fls.iilnf!qj'l11n1f'IUfltLOUi'm;1 
~i:lWV11Jii~LV1J£11'1L0f:l~JJ1'11nm1tlfls.iilntuflm1:::tlfls.iilnqqiqpmft-J1JJnum11.t'l811~flfueent1"ui'lJ.JflL~rrm1t 
m v t uq~ 1 uett1uiie1ml'IL U1Ji'j'l!'l!1fl1f'IJJ1 nni1m1u,,, t 'lJfttn1t\Jfluilnq t"Y'l!1fl1fl'ILWV~o!ii~~v1~~ hiL ll!JJ1:::ri1'Mi'\J 

... '"'T ~ 
fl11L"'S'l!Llll\J~lll'IJ£l~L'll£1'51 . 

fi1 aw 'll£l~ri1miv1 Ll'UL~njjfli1L ~JJ(uult1£l1~ni1Lnui'™1L fiJJ(u L~t1~'11nq~ \uf!El'UVilJJ 1. Mlatl1iJJ~1u 
1mu~fl'51 0.090 ni'JJ/111111~UJ111'5/1u (Rachtanapun and Tangnonthaphat, 2011) LflV?rui1ri1miv1LiuLSnYI 

1nutuq~1uetiluvli'lm1tlfli:.iilnqt11qpmf'li1i.Jnum11.rifl11~"fueen<iL'1'ULLfltL~\Jvlf.!ru'M1JUfL~ui'lm1Ltlilvuutli'I~ 
.. .,j ... I .. "' .. d .tf. ., t ... + " • .JI..• Jf """' ~ .. 1..J 'UilV'Vli1"1 LLfttl.Jfll1L'Wtl~ 0.963±0.001 UJ£1JJ£11~fl1-SLnu~n'l;1 60 11J \l'IJWt'Vln1tlLPIV1m'ULl'IO'YltJfli:.111fl'W18JJ~r1f111 
........ ..:.r I d..I .. +JJ1Jf.,j!'t4 :"!"' 

~Vl'll\Jll8fl'llL '1'1JJJ n11L l'IJJ'IJ1J'llil~ fll 1 aw L 11'Vlf1'1 1£l~fl~1J1f11Bfl1EJLPIEJ1Lr!'ULafl'11JflN\lfl"J'll'll1011'1 LLett -uflN\Jfl 

'1'll'll1fl1 f'li1JJ fltln1'S trlfl 11~flftJ£lil nt L '1\J '11JJ~i1Ku LL ft fl~ t ML~; 1ftll11::: fl1W'S'S, LL uutJ11uunq cyqi1n 1flli1J.J nu 
~ I "' :I I tl.,j ti I 1-"" .r., I d ... .,j -

n11~ftft1'S~fl4tltJ8£lfliiL'1'U'll1EJfll1\J~JJn1'5L fttl'ULL ft~'IJil~fll1 ~v Mm&1fl 'lJilfl'11fl1Jtl~'W\J11n11Lfl\J1fl1;1Yl~WllllJJ.I 
II tt: I 6' .: ,6 I 1~· f d ~ ~ ~ II 4 1'I_ 1 9' + .f II IC .. 
~ LEJ1J'll1 EJi'lfl £lfl11n11 L YfJJ'IJ1J'IJ£l~fl1 aw '1fln11 fl1'S Ln\J'5 fl1!t1VI~ NWl,}J.1\18~'1-IL U\IL \1fl ~ 'Mfl1EJLflEJ1 L81JLi'I flJJB1~01'S 
" ... .r "' " ... .,, ..... " 

Lfi\J'5fi1;11J11J'IJ'lJUJilLfl\J1flti1'VlilWllllJJJ~lV'lJ 

tl .,j ti O '"' ... I :: .. I , + .J II d .,j fl "' .f .. fl1'5L ftEJ'lJLL fl~'11\11'lJ~ft'lJ'Vl"SVVl~lllJJVI V1'191Llflt11 ~'Un1VLPIEJ1Lfl1JLMW8il1EJn1'5Ln\J'Sfl'l;1'lJ1'1J'll1JJ.Jf'l11JJ • • 
II ., tl.,j ti I _{: .f .,j .,j + .J , JI_. d .. I .f .J it II '"' .. I .. I 

ftilflf'lflil~fltlfl1'5L flV\JLL ft~fll1 aw 71~'Uil1'1L1Jil~JJ1'11flUJiln1tlLPIEJ')i.m.1LMJJfll1 aw ~'ll'Ul'l~NCI lll,ft1Jl'l1V VftflUflZ: 

11i'lm11"~'l!L~u11J1uet:::L ~JJ-;i1u1u 1~JJ1n4u u,jilfi1~ 1-sn1J11JJ~1u1u,fiuvi;6tf-tmJ11 g21.,uC1:s11 t uri1t11~11«uLSn 
fJfi~1tl~h~vlvhm'5Pl'S1'11'1£l\Ji'l-;i1u1\l,~\IVl;6i~"1l.Jflb.iLn1J 4.47 l~ CFU/ni'JJ ll8MLLflt11hiLn\I 2 log CFU/ni'JJ 

~~1i.iLi1uLnw'1JJ1111111u'llE1~n-s:::vi11~fl1611wq'IJ {1'1il'n~1\IJJ1fl1J1'Ul\l~""'°'.ifl'lil1'Mn1111, 2548) LflEJLOYf1t 

'11u1u,~uvi;6i~"'"" iifl'1ue1:::11turi1vL~v1L~\IL~n~i.m,uwtl11uilnqcy'll1n1flli1JJnum1trln1-s~flfuilentL'1\I 
LLfltLn\Ji'ni;1~~Nlllllii.1'1vuii-;i1u1\l,~'UY1;6tf~"1l.JflWLfiULnNtiJ.11fl1J1'Ufli'IBfl"S:::t1tL1ft1fl11L~\Ji'n~1'U1\J 601'u .. .. ., 

'11flfl1'S9111'1ftiltltlfi1!tNttl11fl{) fli1 aw -;i1'U1\J,ft1J'Vl1Bi'™11fl 41'U1\lfil'IMLLaZ:11l'Ufl1EJL~fl1~\l~n~ 
u,,, tuq~ 1 ueteu tlfli:.iiln'Wi'eJJ trl2111~flfuf:liln'L '11J tJ11Mlni'J'll&\11fl1fll tJ11e.iilniJqiqi1mm1iinum1tdn11~11fu 
£l£ln~L'1'lJ Lnui'ni;1vli:lrulll1Jii~t1~uet:::~rulll1Jii~LV\I nii111~11~NWJilm1L~\Ji'mt1il111atiiem1fiflt>1~ni1L~ui'm;1 
• .J .. "111 I T " .t!. • " .. • Jl ... •,r,11 • .. • fi1llL91V1Lfl'IJLftn f!JJ1flfl11flll11tn11u11, ~flVfi11LntJ~ni;1mvLP1f11lft\Jmfl'rlf:iN'MIJlfvLV'U'll1VEJflll1~fl1'Slfl\J 

i'n1!t1ri1t1 LiEJ1Ll'UL~ n \m"" Lol'l1:::n11Llh1i'ni;1 t un1111:::n11u11,u uutl V1r.iilnqiv'111mrttn1-ff un11tdft11~t11fu 
ililfltL'1'Ui'lil1~n11L~Ui'ni;1u1uni1 60 iu ri1mit11Lft'UL~n'1,,,t\lftll11t\Jftf.1Ufli'J'V'll1n1t'ILLiU~L~\Jfn'1;1YI 
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