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n1YIUH'l·~h {Sajor-caju Mushroom) 

~ _ij r=! .... 1 • cv !11 & Q.l d c: ~ ~ ~ cv ,, <1 
m ~'U 1~l"l1ll 1u ~n:~ r1 fl'l4tu~ rHnrJfiEI~fl'UL'H ~'U 1~1 :u m ~'Vl.:J~tl'l'lf'U ~'U 'il ~ tli'J 'U1.:JfY 

~ ~ 

.::1 Q.l ~ d -~ d a d~ ~ Gt ~ ll} ll} d , G 
(Family) l~I'J'Jfl'U 'lftl "L'H~'UHl"ll" L1J'U'lftl'Vl\Pl'I'U'U t'Ul:Utl.:J !'VIC! fi'U !'VlCI'Ul~fi'Ul1fJfl111'11~1t'Ufl 

d: r:::! v G d Q ~ ~ d ... I ~ .r::S 1 eX ~ lrt 9} el I 

A'U fl'l 'illfl:U~Vl'Ul '11 'U m~'lf'W ~ um .:JHm'Vlu 1~t'Vl fffl'Ut~tl ~tll'l .'U'U'U IP11ll1i1 1lJ'M1\Pl.'U'U \PI tJ t:Ut'U tltltl'U 
~ 

~ihct'l~ luu\l'UtlitJ'IH~lt:u (Jammu) 'U~ntut~'lt'U1'11:U1cttl ur~~flfl't1'1tJoW'U.fi'l1rl,u1e~ni1 tlf~ 
q ~ q 

'U 1'1~1.n iY1'U t d fl~ ~ 1ml 1t ,j'1m~1ntl1~t'Vli1'.fliY 1'U u t~n~1mf utlf ~'W 1.:J~1ttl"ir~~ 't1'1tJW'Wli''lfn'U 
CUdS tUdS 4 

~ il t::!i I d -~ d d I I d. d. f~ Q.l t !J} d 
Ufl~ ~tlfl!'l1 ~! 1 eftl U\Pl!'l1 fl'U 1'1l"l1'il~ll~UU'U fl11Ufl~lJflj 'Ut!CI'lfflfl'U:IJ1flfl11 ~1'U'U'U 'UU'Ifl'elfl1l~:U 

~ 

d. ..:::!1 d. : I cJ d ,!. I Q. d. : · <V I I Q.l 

~'U1EIC"j tl'I~'U1\Pl1El'e:Jtl'U ~tlfl!'\1~:U'U'U1~\Pl~U\Pl 5-14 !C}f'U\Pl!lJ\Plj UEI~1l~:U'U1'\1'W flfl~'J~'\111'1 30-120 fl';i:U 

QQ. o' Q.l ~ d -~ d ~ d Q.l' Q;' d (ihuun !LEI~ fl\Pll'l'lll, 2538; 'JEIEI.fl, 2542) C}f'l~tlfl!'l1~tJ1'1l"l1UEI~L'H~'U1'11ll'W'U :UEifl'l4tu~~'l.flTVfV1 1 
u u 

(fl) 

.fllvt~ 1 .flll'l (fl) tit~'U1'1~1 Ufl~ ('U) tit~'U1'11ll 

~111 : tl'1'lf1 (2547) 

('\J) 
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" 
1. f1l'J~1U'WfHil191'W1~~1 (Taxonomy) (1Jtyty1 U~~ O~'l"l~11, 2538) ~~ij 

,A q d' 

'lHl1'YlfJ1ffl'ffl'l':i Pleurotus Sajor-caju (Fr.) Sing 

.,; "' d -~ "'' 'lHl'ffTIJty n-1191'W1~1"l1 '11Hl Sajor-caju 

Class Basidiomycetes 

Subclass Holobasidiomycetidae 

Order Agaricales 

Family Tricholomataceae 

Genus Pleurotus 

Species Sajor-caju 

2. r;1'n'I:IW~'I'1N~Wj1'Wi'Yltn 
d -~ "-' dj d d l'l d "-' d d .:+1 J I d -~ 

L'\1191'\.J 1~1"l1 'il191t uw 11 191'Ylt~fJ 'W "ffn~t191et1fl'UL'I1 191'\.J 1~ nJu~~m 191!1J1 ert~ u~m 191'W1~1"l1 'II~ " . 
d ,%. I I d Ql ~ liL.I ... 1 'J) I , 

1J'\11J 1fl191 tlfl'\1 'W 1!m~l 'W elH 'W 'Wfl11!'11\91 'W 1~ 'J:J..J ~fl'I:IW~ '1J fl~191elfl'Yl 1"1 ~ lJ lJ 'J~fltl'U 1911CJ"ffl'W ~ 1~"1 

~~ cl Q.l J 
(11tytylll~~ fl~'l"l~'hl , 2538) 191~'\.J 

" " " .d.- ~ r d..:::!. o 9) d .:'1 <1!1 '.at 
1) '\11Jlf1191flfl (Cap) 'IJ~:J..Jl'WfiU'W'W u~::;mY'i'ILn'i'ILnC.Il'\1191!1Jleffl . U~"ff'Ufi~'I1:J..J1fl 

I .d 9} I </ ~ t.."'J 

191UTW~'ill~fl11 'Y'I:J..Jlfl191flfl'il::::J..Jt"ff'WHl'Wfl''WtJfl~NtJn:mru 3-6 'Wl 191tlfltll'il'il~flflfl1Jl!U'W 
" 

" miihu mnJ'WiY'U11 !Hl::; i:iJiJ1'-!.IU'I11'W'Jfl'UOTU\91flfl tlllil191'Wl\l~ll'il~tyl~i'JJ 1~ 1 'W ff.fll'l"l'fi111J'b'1~ 

d d -~ .Q.d ell. d. 
3) 'i'I'J1J191tlfl (Gills) 'Ufi-:.11'11191'\.Jl~l"ll'IJ::::J..J"ff'Ull C.lll~~tl -191 tl~:::'U1!1tu'i'I'J'U191flfl'il::: 

tfluu VI ci~ ffrl\1 ""'tl vf'll el\ltll 191'\.J 1~fl1 
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dQ) - d -~-=t"Q.I I t::l Q.,/ cl 0 1IJ:3lc:., liJ ... I ~ d.<::S.~ lg./ 

'l~'il ':i'lf'J\9l'Utl-!lt'l1 \?llJ 1-!ll"ll:l:H'lfl'lJ tu~! 'lflJ!\9ltl1fl'U!'I1\9l'l'llmtl tlJ'I'l1cl !lJ fltllJ'lf1\9ltl~'IJ11Jt)~ 

cvcv91 "' a' 1 !J/ dl 1Jfcl cl 91 9191 ci.J 
'f.l\9lfl\91\911tlflmll 119l'ff'tltJ~ 1 tJ'I'ltltJ tll 'VltltNt)~'J.l'll'lft!fl-!ltlfltltlfllllt1lumu it1 · u"1'ff':il.:.J\9ltlfl!'l1\9l'UtJ 

llri tJtl'ff'tltJ{mw i 1l ffutJ{ -!1 tJmflutftu 1mt~1t'il1 w 11luu1~19l~n119li <Md1um'l1n hl' ~'il::an\?ltflu 
" q 

' -:' 

·<7 / 
t • 

2 

~·,~ 
3 

5 

d" ~ 
'YI.lll: lJ':ilJlll 'IJ (2547} 

I ' j} 'j/ 

'illnm'Vln 1 '11:JJ1tlm'llilinltiuHiu1-!l'il':i;119l'Utl-!ltM\9lm-!l.vl,uumm':itmiiult~t~ <ihmll 'IJ, 2547) ~-!lu 
cl _3-j .,; ') cl d 91 _, d'd "'> "' ') -' I _, <( .,; I 

1. \91 tl fl! '11 \91 'Wl-!J.l"ll!lJ tl t\91!\?llJ'I'l'il :!:'ff':il-!lffu 'f.l'j.'Vl1J':i !Jtu.fl ':ill ! \91 tlfll':iU" tltlffutl':i Ill tlHfl 

'f.) 'f) fllll! 11 tJ'j::; tl::; "l 

2. trltl\91 tlfl!~\91Ufttltl'ff'tltJ{tltlfllJ1!!~1 fflltJ{'il:::llih, U\9111Jfl':i:!:Hff"lJ 
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" ' 
tbl'u'lCJ.Uul'i'ucl1~iJriiJCJ~ 1 U'J!I'l~CJ~ 

4. trlm~u'lv4u~ 1 t~5tyt~ll~ml1 f1~~un1ll~1i1u c~~m~m~ln~l,HnJu{nu) m1 
'J) t 'j/ I 

11ll~1'1Jtl~tbl'u 1CJ.UuVi 1 iJ tilu m1 t~t~lln'W'Utl~t'ff'W 1mt~1tllf.I'VIt~~ihtl'l~ r.m1 ,rmt~~lwtGJfrt~ 
"' 

t~cJdfl'Wf1ftlCH1J'Wtff'W1tJ~'W~ 2 

5. '11n~~lm~'W1ll~'W~ 1 11ll~1n'Wtil'Wtff'W1ll~'W~ 2 u~1 n1~~~t~5wt~1J i~?~urt~~~l-1 
" 

rff'W 1m1l~u'VIwt¥u 'lll~'W-~ 1 t~~l-111~t~11J'W1~~~t1l~ 1 '*til'Wm'\111 
q 

" " t1l~'W l-1'17.hom.hhJt~t1-11'Wtn'l1l'J1'Wt1J'W'fli'"lu'Jf1i~tl Jandaik 1'WTI 'fl.fl'. 1947 ~mn "' . 
" "' 

Rangaswami Ufl~ Nadu 11l'i~ Agricultural University, Coimbattore 1u~h.Jt~m1Ju~tlw'lh:J1J5"'l'VITI 
c:l -~ '11 _I IIJ '11 d 1 co- ..,; -;;' I 

'1Jtl"lt'\1~'WUV'llt'IJ11Jlvnfl tTYl American Type Culture Collection (ATCC) 'Wfltll1f1ltlltl1J fl.fl'. 

1975 cih'Wlll 'U, 2547) urt~trlt~ 'W.fl'. 2518 t1l~'WHvh!~omht~lm'VI~rta~t'Wl~'lm.h~t'VIfft'VIv 
" 

1~f.J ~1. fi5'W~rr 1Jtu'\1rt~ 1~f.J!~th11l~'Wl~~ll11i11m11'Wl~t~v"l~troTu'W1>U't~1'VIulffl~\?l{ . " 
1h~tJnl9i'uli-1111~1'VIfl'ivw ut1'1'W1J';h • 

' " ' 
1 ~ lJ~ 'W ( f11lJ l'lflfll'Hfl1:H9J':l, 2544) ~-1iJ f1 U fl ~1~ tl flb'l'lti'W'W TI111 ~'W 1-11 lJ fHi l'W .yj 111' Nf1Hi1WJL1'-!! 

q ~ do!! Ill 

mm~L'l'll tl1J q~ mfl urt~VIt~~~'W 1 ~ tlf1l':l':i 11J':i1ll~lti'W'W Jf1l1 ~ ~ lfl u wri~~T:J"l t'hm'VI~rt a~ lu 

11' a~11Blr~m-;; Ufl ~rvn :mJ~ ti1Jt.vitluL'l'm'Wii':i':lll'lf1~1 'W q~ mfl~l-1"1 f.'lft mi'VI~fl a-:J1 'W q~~a'W 'l 'W 



tifl'l'lm1'tfia-&n'U fiv 27-32 1'W tY1'Uff1eJ'W'W{~'U"l ll'lm~l'l1~~1il'lvniNh fll'Jt1l1ty'Ufl.:Jt~'U'ta 
o 'JJ 'JJ 'l 'JJ "" d ~ o 9 _I , "" 'JJ 9 o 

'flfl'U'U1.:J'll'1 W.U: t'H~~~{Im'HI'l~1 ff'J'Ufll':ii'll'l~fl.:J t'Ut)~H'U '\'111111 fll'H'il'Jty'UV.:JHl'U W!'HI'l'Hmtl 

Q.f rJ'Cl q f i/ j} ~ ~ I Ql Q cl j/ ,J 
fflti'Vl'U 1l ~l'l'!Jn~u~:::'flv'U'Il1-&'ll'1 m~P~m'J'!Jutilvu rr-& 'l u 'll'l.:J'H ~-&'UV-&m'JtUI'IO.:Jm 1'1 'l 'H vvnl'l vn CJf.:J 

q "' q 

tfl'W ff11'HI9J'Hd'l~t~ ~~ ~il\91~1 (mlJ1'll'1f11'J!f111~ 1, 2544) ff1'H i'um'J'J11J'J1lJU~~fl'l'lti1Bnff1tl 
' ' " Vl'Ulftlil'lfffl~'U1'1'JlJ'i'l1fl1i'J'JlJ'll'1~ rwen.J1mVlioJJ'U1tlf'UVi''Wlft.WVm'JA'TW'U l~'lfi1fll'Jflflfltl1'J'J'i'1Ut1::: 

• q q 

• " !J/ 

trhJ~')'e)~1~tlil'ltrntJu1~J"1l-t:HhA~1:un11:1J"if1~ lull w.fl'. 2544 1i1J 5 'flf~ !~~1'eJ~1~ii11PltrntJ • • 
" . " <V t o ~ .c::s. Q a Vqq 91 

'Ul'I'W 5 ~1fltl1'1 i'l1fl11!Wflt'ltO'lJ'J~'n1itHl~Hlf.Nt!ff'U W !'U"U1l11T~'W PDA (Potato dextrose agar) 
d<V lq$1.ci~ I I 

u~~mu1nm nt'Vltlfffl111 tm~wroJ'W1f111t'Vl1~191B hl U1'Hi'um'Hnttr~lJ'H1B1ffl'ltwmwlJ1i1~ • • 
' " 

Vl'H 1'J ~~ '\'111~-vili~"vi tlf11'J t'i'l7ty'llfl.:Jt~'U lt~U' 'U ri1u l 'H t"\J'i'l::~-&tti' 'W1i119J mm'J 1 'U 1m !'il'Uttlmt"" n 

ri1u fi119JB1'Hl'Jt'U'l t'lfu U'fltltcirm 'H1vc]f~m~v~lu~'!J~'UGJfUIPll911-&'1 ttl'U Vl'H1'Jtff7lJDfl'JfUI'll1it-& 

~'li'JeJ'!Jfurrm'Vlmm'J tvn:: i -H'm m::rrlJ191 vm'J 1 'i'l7 rut~ u 1 ~! ~ i ~P~mff7lJrrf 1'1'fl11lJU ~ 'IU ':i 'I'IJV'I!~'U 
" 

"' lmlil'l ur1:: i'fl'J~fff1'1'UV-:!IPlVmlil'l ri-:!~tl 1M'lM'IPlvmlil'lllmum'Vl~oUu (mlJi'1f1f11'JAf11li'I'J, 2544) . 

c; 3.-1 <'I 'J) ~ "' ' <!! 
'Ufl.:J!'IHl'U1.:J'Vil'il.:JflmflfHt.:Jfl'U flft11flV 

A d f q .::'1 d -~ Ci Q 

1. ~ill 'HfJlJ (Temperature) i'l!'HlJ1::fflJ~flfll'J!'il'Jty!lJ'UI'Iflm'HI'I'Ul.:J'I"'1 'fiB ~ti!'H !Jl.l 

'!J':i::mru 25°C tli~Pl'W1'l~l'o::'hJvvn~P~vn~vruml:iJ~1w.h l5°C tm::ff-:!n11 35°C ur1::m':i'lM~V'U . ... "' 
"j) I 'J) j} f j} 

ttlJv i~i'uvru'HniJ~>hwh 20°C1'W'J::eJ::nmff''WG1 'il::'li1v-M"nihm1vvnl'lvn i~~oli'U nwYiov'Ut~v 
• "' I 

11lf 1J fltu l1 fllJ~ 1 i 'U 'lh-&nmmn'lft'U ~r~ (I'll'! fl~'il ::'lheJimh fll'j fl flfll'l flfl'U fl'ltli \Pl 'U uvh, 1l~~'U . "' 
(tlt1JtiJ1 m;~ f1¢iw-11f, 2538) 

1/. ~ -~ c:ll 0 .J. 'J) 1/. 
2. fl 'Jlll'lf'U (Humidity) A'KI'I'U Hl"l1!1J'UA'\1 l'li'l~~Hfn'HY fll'Wfl'l1ll'lf'U'UV'Itnf11f1 

" . 
fttJ'U'li'1'1ff.-3 fffll'W'IJB~ h-3t1fl'Wli'fl11:JJtiJ'U (Relative humidity) '1lil'llfli1 80-85% IW'.il::fffllW 

" "' fi'JllJfl11lJ~'U c1J 111 ty1 ut~:: n&!Vo~.:J£!, 2538) 

3. '!J7mtu 1i1~fll'H1'J i 'U -J'ffl'l!l'l1:: uu ··,hliw;nmY1flWriflfll'J tvil.l~tl~~~!{i\Pl'W1.:J~1 
• • u 

m'il1flfll':ii'll'l~V'lt.yil.l~tJIIVl.l imWeJl.l l'Ut~'Ji'l (NH4N03) ff1:JJ1'Hll.yil.l l'U i~'Jt'i'l'U iul'lvmlil'll~ 
I !lJ . . I I 

5.32% ut1::ff1m'J\l'Yh'l-H'tlfl'l'Ul'l~11i~~~~~~~l.l.U'Uu'J::mru 50% li'1'l~t1'1 Alfalfa u~::G'1mi1v.:J 
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300% (ihuun u~~ n~Vl·nJ, 2538) 
" " 

cl c.i ~ Q/ j/~ ~ 9) Q/ Ql .a 
f11'Jti"ll~m~t.tl'IWllld~1J1Jf11'H-ln\91UrJfl'lf~!\lt.!i~u'Ut.t 4 'Ut.l\9lelt.!~1r.lflt.! (1~~fl, 2542) flU 

"' "' ~ ~ ~ jl ~ 

3) f111t:-.lft\9l!'lfVQ'Ii1'JelflVt.l!'lfU 

4) fll'JtVIl~'h1tn~t1:JtJ\91Ufl!itl91 

tlt\9lm'lvht~1J 1191~~ pH 5-5.2 (fimrlum\9lt~m!mJ) ~tui1fJll~tmJl~ff:JJIPivnTHI'fl'ltfft.t 

i£Jfiv 32°C ttft~fffl'l~t~mii\91 h~~~ 25°C rffulniJff'Ul11J1nnfumdifl11llfflm':im~u:JJ~m~u'lr.~ 
q 

" " . 
i~~ t:hi1'i1Jfll'J~\91~Utlli11'JUt.! i ~Ul\911~ 'l t.!U~'llfl'lflli11'Jfi1{11J ien\911 \9lt~'lt~£J1 i~~fl1TW1fl .. 

.. 
q .. -~ 

UVJ'Hll'Yil1!'Wl~!~UH!'YiVI'UHTtl 

d 9Je!.dt 9) Q/ t .:::1 IV~ 
~\9l'J 1 fl11t'W1~m~ l191a'l'lf'llt~umh~nv1J\911tt1ffiPJI911'1"1 (V'S''lf1 , 2547) \91-3t.t 

" . " 
1) ~L~elt:J iD'cn.a'WU1 i1j eJ iD'n1V~elt.l 100 nt f:lflfll 

2) ilft~L~£J~ 5 nhJnf:JJ 

3) ~m~e o.2 n1{ln1lJ 

4) tlt.t'll111 fll{lflflJ .. 
" 5) ,_'h 80% 

" 
ff\9l'J 2 flTH'W1~tit191t191ttl~vl1'1i1:U'ntl1~fleJ1J~1tt1ft1911Pi1'1"1 (tl'1'lf1, 2547)~'1U .. . 

1) vlHi1:Un 100 n1{ln1:JJ 

0 d ~<t Q.) 

2) 11{l~!fl£J\915 n t{lm:JJ 

" 
3) 111 75-80% 

" " 
ilim1 tl91'1.tt:JJvl1'1i1l1fli911:JJ'Iit.t191Vt.t (V1'lf1, 2547) ~'IIPiv i'llu 

" " 1. Ul'V'h.:Ju11''1m-ffmn11h~:JJ1tu 4-6 ib U{l::;u'livll'li M~t.li1:JJ1\91"l u1~£J 
" " 

m1 tJ:JJ1 hr~ff:JJ 1M't.U1n'W ttA'1i1irnl utt1J1J.W:JJ~i11m1-3fleJ'Itrlt.t1tlvh'Mff '11l1~mm 1.20 t:JJ\911 ~u ill .. .. .. 
'J) ~ ~ ~ _9-1 Ql %." "' Q.l ~~ QJ 

U{l1fl{l:IJf1el.:J\911tli"lmff~flt'Wel'UeJ.:Jflt.lfl1'J1~rYitl'llel.:J'fl11lJ'lft.l U{l1i1lJfl!1Jll'J~tl~!1m 3 TW • 

n1"1H!tllJtlJ1'Uti:IJ tm~1~~'U'll11 1 nhnfu AftlJ{l'lith~mJ11Jffft1'Wtlli11'J'f11flvl1.:Ji1:U'mm~'fl'JlJ 

fltl'IVh.:J~-;wwi;nff~fl l10w1 M'm~t~~:hm.Jmtt'lltl.:Jflfl'l i1'JJJ~lJ1tu 30 t<:Jf 'U~tlJ\911 t~mllu'!ft~.:J'J~1J1tJ 

mfnfl' uA'-m:iJmrlunm 3 1u 
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3. f1 'J ~ '\J 1 tl f1 B~ ~ H~ f1 'J B 1J ~ ~ B 'J ~ 1J 1 Clfl1lll f U'W!! ~ ~ ~~ ll ~ !f1~ B ~ \1 t tJ 

0.2 ;n~nfuln1o~m~unm 31'u 

"' wmff~n Vi"H~n31u ~nhitlH/1$1 
"' "' iiim·n-wl~t'tivaul .. rvh iJ'Ilul'mu (tl~'lf1, 2547) ~"ii 
"' "' 

1. Hff:U 1 ffl'l ~'1"11~ ;1~ Ylll ~'~ ~ ~1$1 --wnu Ht'I ~'Vl\PiffB1Jfl11li~'W1li'vwmm~ t\Pitlm'JiJ • 
"' 

fl11ll~titl'J~li1W. 75-80% 

<V 'l 'J} <V _:i( ,1 .,{· 'I 'J}'l 'J} ~ ') I 

2. 1JJ'l'\J1ffl'l~'l"'l~t'l~ t'Wtl\1 TJ11ff\PJL'I"'l::::tJJ'W'\llt'IBCJ t'VI t'lHJ\1'\l'Wl\PJ 6.5xl2.5 'W1 t\PitiU\91 
q q q · q q 

"' ..::::! 0 Q.l ... 1 
n::::fi~'\J~ll u1 '11 u n u 'i ~ :u ltu 

.., 'J) "' clj • .1 "' 'I 'J) 
600-800 fl<.i:IJ tm::::m1ff\Pit'Wl::::tu'Wn1\ll1:1Jf1'fl1<.i t'b'fH'\l'Wl\PJ . . . 

"' "' 
7x13 ih '\Jlf1U'Wtl\Pilff\PJ 1M'mlu U~11rifiB'll11'1i'~$\1CJCll\lfl'lun::::1li'I$\1£J1lmh~ • • 

o 91 G d 3.1 \1} ..J 1 ~ 1 9J !JJ ~ c:l· e~ 
3. 'Ulfl\lflfl'Wt'VI\PJ'VJ'U'J'i'\JU(\1 tU'W~CJnt'b'fl \PitiL'Jf'Yillfl'IJ\1 2 U1J1J (tl'i'1f1, 2547) fiB . . 

_J 'I 'J} .J IIJ I <V <V <!I 'J} .J I 1i I ') 'J 'J}<V 

3.1 fll'J'W\1 t'W'VIlltllN ~llfl~fl11li~'W 11'ifll1llfll.HCJ.J1t'll'flH1J1J{lfl'I'J\I t\PJCJ t'b'fl\1 
y .l i ' ' 

200 il191'i lJ'J'i'ilflf~n:::: 100 fl~ U\I'Wl'W 1.5-2 i'11u" M1umjt:~i1-:rvhh::::ou1J$11mM~nuHutllu"Jtl . . '" 
' I !lJ ,. f 

iYm~CJlllJ'JHfi\IL$1~-m~ 500-5,ooo fl~ 1~ti'l'*"J::::tt::::nm1um'iu~tl-:;::::mru 4-10 i'1tll\l . . . 

" .I "~ ~ 
fll ':ilJl) fWIHH'HVIIHQ.:j 

""' 0"" 'J) 'J)li cl d "' "" 1lJ cl 'J) 'J) 
tU\PJ'il·f1fflmwnut'111'lft'1f5111\PJ 1unJt~~1HU'I"''ll''l1ti5\Pit'l\l ttltl"J:::::IJlru 20 t:ue~~ w.nil~I'I1£J • u 

o ltJ I !l} ~ ~ ~ I llJ 0 Q.o' I <J} ~ ~ 3} 

m::::m'l:l 'W1 ttl1Ju1Mn'fw1vm\Pit\PJ'W\915 ~tl ff1l1'iU':i::::CJ::::nmm':i1Jlltffu1t~uu tl1\PJ'W1\I'ill'll:1'1fnm 

a; I d -~ ~ .:f1 lJ. 9) U1 d 

tl1::::mru 25-30 1u ff1'Wtl1\PJ'Ul~l"f1Un::::ml'ltJJleJt:J1l::::i'lfnm tl1::::mru 45-50 1u (tl':i'll'l, 2547) 

m ':i iiJva va e1 fl 

trlm~u 1r.n~ l'l~~'W1~llfl\ll1~5 i'*nm i umnJull~~mi'1 Ulfl\lnuut4un:f l'lt'li'l iu 1 Ht~B'W . . 
I 0 !I} 

~~ ~ =::'! 91 ""' ..!! 'l 1 "" 'I 'J)~ • I "i 
1JJ\PJ\Piflf1Ht'I~\PJ\Ifl'J~\P!Tl:J'VJJJ\PJ11'WlQ\15flf1 1'Wllfl11ll'lf'WfllCJ t'W Ht'Jfl'W t'VIfi\IJJ'J:::::I.Jltl! 80-85% t\PJCJ 

0 

a "" m ':i mu 1 m.n 

vhm'J~\l~Uf11Mfl~Vflfl'illmn4'lmtflt:~il9lt~li~V~1u'J~(J~~iJ\lL~1Jl'W L\PJCJ~\11f1\9l'illfl'UV1J . '" 
cl~ 'l) l d/ cl'J91 0:: lllJI'J}"' .,,d oq9191 

\P!Bflt'VI\Pitt\l\lliVtt 1'1\1\P!Bnt'VI~ mM~I'IBBn'\Jlflfi\I'Vl\ln~ll ill1'11m~viflu\91\PJ'Vlfl\l t'W'Jl~'i1::::'VIl t'11l1'Wl 
q cu q q q q 

" 0 0 
I 0 9 :l).:::s .c:!:{ <:!i .c:!:i d .:::::! 9) 0 ... I.e::! 

fl\ll'W1'Vll ~l1llt'lfflllflU'VI'Hl:IJ1!:1Jr:l\ll11!'lJTVllbllCJ (u ':l'll'l, 2547) 
q . • 



10 

~(I fll 'l fl'W fl111.U ui'Vltllfll 'l '11 fi'l fll'l ttl u l~ fJ'J'U tl'll M\PI '(;Yfl (l 'W 1'1 'lll 1 \PI (Jftfl'l:l lin fll'l U11 'iJ . . 
d , ,A~ cl~;v d+~ j) ~Q.I d~~ 
'11 u '11 tn'V'l t!CJIPI m tlfll'l m'lJ ':i mnm ~P~lilleJt! 'l '11 fl '~ fl rum'V'l ~'Cl 'il 1n n Tl 'VI \PI 'Cl t~'ltnU m1:11 \PI am '11 \Pilu1 ~t! . . 

Q.l ~ fJJ li1 wd .oCl , • G lfl yd ~ 31 11J 3J .::g Q;' 1 
'V'l'W~fll'Wtll'J t'"J'Vl~lli'\1fJ~\911'l'l 'V'lU11 'tYllll'lUlfiU t'"J'Vl~U1'111Jll'l1tl'l ~\91'Wl'WU'l 2 1'W \91tlfl11U11~ 

~ 'l ~ "' ~ ~ "' ~ "" 'l ~· "" "" L'\1\PI 'W\91~fl'Jl'V'l'Cll'tY\91f1U~1fl'Clll\PI1tiU~'V'lm'tY\91fl PE \91Vflt'11\Pill'iYfll'V'l'V'lfl '15 fi1U'tY'U11'W'J'Cl 'UVU . . 
IPiflflt!\91fl'lj'l~'lu~P~tJfl~U1'Wlllfl nl'WIPitJfld:JJ ilm1'tYtulffmf'l 'I1Uflih:::mru 3% u'Cl::: flTH~ufnm 

.. u 

' ' ' 
ffl'l:l1ifi'tlWl1fl:iJ lOoC fi~1Jflflflflff~11'U1"fl\l!~lJ u~fi'lU\Pltlfl1J~iJlJ~~ ft1UVitlWl1flij 5oC fl1u 

q cu q cu 

" " " 
\PI tJ nml u H'Cl~llfl11:JJ'tY\91 mnn-hl~fl'111 \PI t~nil iYfl ~1'Cl'l u'Cl~ 'iJ1fl m ':i'Vl\PI'Cl fl-:!111 1 'iJ! 11 ~nih ~mi'l 2 • 

"'"''l Q 'j) : Q.l _t cv 61 .Qd'J}'j) 
fflti'V'l'W1i 'WU'l'V'l'Cll'tY\91fl'Vl'W':itl'W'Wl'I1'WflU':il'iJll':i:::llltu 800 m~ u~::; !'WUWl'V'l'Cll'tY\91fl'Vl'l1ll\911ll 

q q q q 

" ' . 
VJ~:IJ'V'l'Cl1'tY~ fl PVC thrnTn 200-300 nf:JJ uuu-vlil~1'11tll{J19111lt1$l.h'll v1m1t~\01 1191m~u i'nil1H-vl . 

~ 0 I GCll lrf9J 0.1 d' G.:f1· ~~ cvo' 
vru'11.flll 6-7 c 'V'l'IJ11 ffllll':imnumm ~\91'Wl'W'll'l:::mru 2 'tYU\91111 1~P~mMmu1~tli'l'l 2 fflCJ'V'l'W1i . .. . 

~ ~ ~ "" 
'Wll'Cl'l!'Clfl'Wfli'J (fl'Jll1'151fll':ilflil\91'l., 2544) 

' y 1 flWftl'YIHvllUUl'lf'Ulfll'i 

'J ~ 1 "'' 1 ~ ~~ .Jc< 1 1 
t 'W \91l'W !.fl 'lf'W 1fl11 U fl'Jll'\1 I'll u 'W tll'l11':i'Vlllfl U1 fll'Vll'l !.fl'lf'W 1f11':i 'tY 'I . .. 

I o $1 

9111Nn 1 U1:1'\91.:.1~1'Wth~nfl11'Vll'lfll'l1n'iJlmMIPI 'lfWIPI~l.:.~'l (9f.:siil11'11Un 100 nfu tvhnu) 

cJ 
!'11 \PI 'W 1 'l'j:JJ 

tMIPI'WH~h 

lMIPI1flu 

tt119l'Wl'l 

Ql 

W'M'll'W 

,J 
(Ufl~m) 

21.55 

32.39 

33.32 

48.72 

32.38 

i'UlJ'U 

(fllll) 

0.04 

0.04 

0.07 

0.28 

0.07 

m{1uigt~P~Hl t'lh~'W l~u'lv 

(fllll) (flfll) (nfll) 

2.95 2.34 1.31 

5.67 2.13 0.40 

4.79 3.36 0.47 

5.28 6.27 1.96 

4.75 3.16 0.60 
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:: 

"" ~ ... 
'hn!u m{luLlmwJ\91 hh~u 

Cl <!I I 

'1l''W \Pll'l1 \PI VH'l.:J ·:Jl'W fl11:JJ'1l''W tfHHH!'J 

d 
(!LI'lrltr:i) (fl i':JJ) (fli':JJ) (fli':JJ) (fl i':JJ) (fli':JJ) 

d ' 
!Yi\Pl 'i''f1hl 25 0.3 4.5 3.5 92 1.0 

'W:JJ 62 3.7 4.8 3.5 87 0.7 

iJ'l.U·Jt~ 85 0.1 21.0 2.0 75 1.1 

" "'! 

!'Wtl 189 13 .0 0.5 18.0 68 0.5 

d ... "' 

'Vl1Jl: t'J\I~'Vl'!i UCI~ l.ll.I'Vlt'Jl (2547) 

~ dt d : "' I & d I ~I: c:: 
'111l'W'lltl\1!11\Pl!'W tl'l~lfl:JJ'W l\9llCI'VHffil !'1!'1..1 a, a-trehalose G]l''l\)fl!'HJfl!u'VIl~'Jl!11'W'Wl\PllCI!11\Pl 

: ef GJ d I Jt d<]dd.: ~ .d GJ9l 
(Mushroom sugar) 'Wl\9llCI'W~~'V11JlJlfl t'W!'I1\Pltltl'W !:JJ'C:l!11\Pl t\9l!l'llJ'Vl'Wll'llCI Trehalose '1..1~~\)fl!tlC!t'Jl.l t'l1 

if I I . . I 'J/ I . 

trl'W'u l\9llCina11'1ffifii}nY'I11ll.ICI\Pla\l ~~ \Pl-n1 itlij i'lliru~<hiJln fln-n'lcJ'\Itr!uuMd.:Jili~'lltl\1 '111'11nu Bl, 
"' 

"" "' " 't "' A " "' ~ q ~ ., d'c!! ~ ~ B2, niacin, biotin, C UCI~ D 1Jl'l'1l''W\Pl~~:JJ!1J\9ll-m t'J'Yl'W (!-'-carotene) \Pl'Jt'J \Pl\1'\.J'W t'W11~~1J'W'W~'I!li'W'Yl 

rm:JJf 1Jfiui1t~ IPltllum·rci .:Jtl1'11l';i~i1mu r1 l'Vll\ll.flWlfll'jff \1 tm~riJuum'i.:J'llm 1-t.h ~h.J~ijl'l. tu.flTW . "' 
';ill'lltlfl ijn~uua~nr~ ~\ltflmhutl'j~flt:l1J~fflrlW'llt:l\ltll'l11';it~mr'llmV'l 1~P~mu'Yng;trJuumi.:J'llt:l\l 

"' " . v 
hJ 'l~ 'WH(;)~!tl 'W tffli tl'W t'Yl'l'fJ ff1 'W tll'l11'l'ir'I1'Y1 i'~ 1 m~m'I11Wil l'W'll~l'l1llm 11'1-1 'illn:W l\9ll'Clll l'fl'll 

~ 'lfld 11'lleN1l1 \Pl'1l'U l'ltf ';i 1:JJi.:Jtrl u1f!n~u i 'Wfll';i !fl~ t'J:JJHilfln rucrl'tff~ :JJtl1'11WY!mt'J'1l'U IPl<if 'Jt'J ~\ltrl t:l 
' . " .• 

tm tJ1J!i!i ()1J!~ \Pl'Wl\1-M lfl'U!U mrfl1 ('11:JJ iri UCI~11) 'VI'U'lll'l)';iGJ.l'U 'lJ'C)\jfl'j\P]fl~ii1 'W ~ l!rl 'WUCI~\PJ'j'j'JfU 
"' 

'Yll\IL.fl'lf'Wlfll'jifl~tfieml'u (fY~'Jnru tm~ l:JJf!~ , 2547) (~.:Juff\Pl.:Jl'Wm'll'l~ 3 uC~~ 4) 

" u 1\1 'j :JJttl~ vut Vi ()1J n11ti18 ~f!-5191 1\1~ 

'JflJI'ltll'I1TJ Essential amino acid index Amino acid scores Nutritional indexes 

'11:JJ , i ri , tUeYJl 100 100 59 
"' 

!~ \Pl fl'l::: fl'fl 'Wl\IVl l/'U l\J'jlJ 72-98 32-89 5-28 
"' 

d "'"' ~ a 
'Yl:JJl: fl''j'J'j'jb\J tm::: t:JJfl 'j (2547) 
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I c{, Q.l g; I cl .:S cl ~ .c:! o'~ I 

'i.'Y'J'W'lh~ ltl'lf'W 'l 'W'Vll~\91Jti1'W 'W'Vftnll'YiiOI'W T:ri4TI1"HH'I1 \9l'W l~J":JJ'W'W:JJ1h~ ltl'lf'W fH) 'lf'Jtl'tl\91 

" . 
hnJu 'l 'Wt~t:l\91 H1 1~CJ~1J"'i.'Yn~'illmli~'lfiJ~u u'tl:t-H~~nmnv'b'u~ t'lfu t-H~vh~u'tl~tl1~'11t!:JJ Viii 

c{ d 91 c:l CV o'dc1 c:l c:l ~ cl cf I 'l lil CV <j 
t]'Vllfvn~u (tlfU1'WL'I1~'1;!'11~'i.'Y1ti'V'l'W'I'Vl:IJ'll'W tm~m~t'U:JJ'Vlt!~) CJFJ1lt]'Vl1i'b'1tl um1'tl~ !'li:JJ'W ~~tl 

f1'tllf1f11J"'tl~ 1 'lllT'Wm'iltfl\91 'illf1'i.'Y11~1'V'l1m~u 'lv~1i115mtu'i.'Y ~ 'l ut'l1191 'lhtl~ ~cir1Jtm~.U~'U11~f11J" 
"' "' 

" ~19191111 'lllTu 'l u 'VlN!~tHJ1111J" u tlmnnu il~'V'l1J 'l 'W11'W'Vl~'tle!~Bn11mJ"~n~ 'il1mli1911Jl~'b'iJ ~ ·1ht1 
"' "' " ~n'l-1~il~·lhti'l umJ"I'itH~l1'W1l~t~-:~ 

ti1u~m 'il1m'l11911iffu 'Jhcn~tJ -:a1u:JJ~t~ ~ ~~'111 'l 11'tn191f1ft in 'lu mJ"t~:JJniJ~:JJnu u tJf1'il1m'l1191u1~-i41 
'" q . " 

'111enli~'W1-:!1:JJU~1 li~iit'l1191il'W"l ~f1'11'tlltl'b'U~ tiu t'I1~11~'W~t! t'l1~11t:l1l t'l1191tth ~hJ t-H~t~:JJ'Vle:J-:1 
I I Y v 

tli~11 'Y!'W t-H ~u 'b':JJ1JtJe-:~ t l1~1911Jtl'i1 Uft~tl1~11 u Vilifltu 'i.'Y:JJU~t'lfu u~1t1 Uft~'W e:Jf1'il1m! uil-:~ii 
'" "' q 

111~ ttl'lftJBfl'l1mtltJ~l~ tiu mJ"I'ie~1'W 11i'ffm-:~'lfiJ~ f11J"'tl~fl111l~'W 1m'11'l ur~~th~ tl'J'lfutu"l 

~fl:JJ1f1:1Jltl (ff111J"tu Uri~ l:JJ\91~, 2547) 

ti1tJ~'illm'l1191m-:~'lfiJ191~mw1fl uft~1~mJ"nut-H~rh:JJn1Jt~~e~~:JJ~iJummmJe~ t'V'IJ"1~ 
t/ 0 9/Q.I ~ q d cl Q.l &: d 'j} I ~ t% ~ Ql 1 t::! 

Utlrlfle:l ~e!ft~l111Jtl'Vlli 11e:lft1J:JJ'W t 'W l'Yi\91U 'U~\911 GJf-:!tU'Wr--lft 'l 11 tlt!tlt11f1ti-:)'1J'W 'W tlf1'illf1'W ti~'V'l1J1lll .. 
9) d 'J} Q !l}d 3) d ~ ~ ..:!{ Ql ..::::1 !]) ..:=! ;: 

tllf11'Ht'Wl'l1\91 i 'W N1J1 lfl'fi1J1~~'W l\9ll'JH'VlU'V'll'Yi\9l'W 'W 'il~Lfl~H'Wfi'WHri~:IJfllfllJ"'YitJ~l'i.'YtJ 'W tlf1'illfl'W 'W '" .. 
91_11 1 c;l ""1 c:l 91 I 91_11 <j o' .!1 c:l cl <> cl<> 
fj1J1ti1J1~ 1flf1fl1)-:i\9lfl1)1J) flfll'Yi~\911l'J t'lf'W fj1J1tl t)fl!f11\9l (Guot) l'Wtl-:!'il1f1!WiPl:JJm\9l'W1flrlelf1 

~d ")' ~-d .d d Q .J ~~ ~ 1 
Url~'i.'Yl J" 'V'l11'W ff-:! 1191 tlfl'1 J"'V'11-:l'W 'il~! tJ'tl ti'W !U'W m 191 tiJ"flllJf~! 1J 'Wrl'1!'11 \91U'tl:l::l'\l'l:JJf111:JJ J"'WU J" ~'U tl~ 1fl 

qj IIJ q q 

tm\911~ U'tl~ 'l u1l1::::t'VlfY~'W 1~1imJ"11'1:JJt~f1~!~'W ~r!'nB'l ffi'm.h::::mutli~'Vln'lfiJ ~ ul'iil~ i:Jli • • 
~1tl~mt1-hvh !:JJ ~<J li.o' e 11' 1111 'lfmf u ~<Jm 'ilt~ e~:JJ1'illm liiPlm~'lfu\91 J u m'iltrlu r~"1mi9J ~~11 i 11'tn~ 

91 ">91 <Vi c:l 11)91 I ']91~~ <> CV o' "> ~ 
81f111U'V'H!'tl~fll'il'J1Jf11'W'J~1J1Jflllfl1lf1'W 'Wt~f1 !\91 ri'1'Wf11) t 'b'l1J'WH'tl\9l.f1U!CVlt'i.'Y'J:JJ tl1'11 U'YI'J eltll "' . 
t'\l'l)1~ en'il'l11 'l 11'tn\91 tl'u\91 'j1tl1~~1v tiu m"Jm<J'lfiJ \91 'l u 'i.'Y1J"'i.'Yn191tli \91'11 tJ:JJtll'il'il~'\1, 'l 11' nw11 Q191l'11ft 

'118~tfl tl191'*1mn111ln~ u~1~1ivhH~ tJ1J'I"l~'W'il1f1mJ" 'l'*mJ"r~"n\91 'l u115mtu~ .:j:!Jlflfl ',h so iJ'tl~ni':u 

l'iB1u 'W1'W 1 iY'll1911M~\9111l (ff'11J"J"tu um; l:JJ\91~, 2547) 
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fll":iflel~ (Frying} 

f11:i'Vltl~ttlum:Jll1li~ij~mJ:J::;ff-:J~YI~m~enu~vuuu~-!!fltum'Wm11J11nflmYI11U~dj . . 
Q;' cl ~ 0 ~ .0::::::. ..::::! d' rl ' rl a:...::::.~ 
'J~tiU:J::;rr -!lfl:iO-!IflOfll:JtltHlllflTl1n 1~!'Jfll:J'Vllmm'lf'tl~~'W'Vl:J t1 mu tGJfll u~~~~fi11tn~m Utl\'1~1~ 

q q 

I y 'J} !J} 

i1~15li'l1:JYI1o~~tii'1~'W 01i'l11 ll1tll'WflTi'Vl 0\91 tlli'l1:J%'WM'W 1"1 wn:wtJfwutJ-:Jtlli'l11i'l~-!lfll1'VIO~ 
~ y y 

~~:atlm11fi1M'W ~ mvr-.~i119tntu~'llt~-!!mm:J GJf-:Jij1'111:wtJfu t~cimv'l u t'lfu 1 ~'!!'VI 11m tut~ t n'lf1mi1-!! 
q ~ • 

y v ' t t 'J} v 

M1fl'lf1J'\J'W:W~-!IU'W'Vltl~UU t11Qfl11t~1J i' mn~~ff'Wt Uti-!! ~1nijm1 t fli)tl'W'Vl 'lJ tl-!ltJ1U~:::'l11l7'W 1 'W 
q 

. y . 

1~wh-:J m1 1~11 fmn ~-:J !:J'I1 v:wr--~i1~t~m n tmhu'l u 1:::191 11fJIWff1YI m1:w u~~ m::: ~1 v! l1ei'-!!~1uli'1 
y 

cim.1 u~'l1v:wr-.~i1~ 'lu ~1'W f>i'1cimJ1Jlflfli1 mm:Jtmhi'lrr1:w1:Jm~11fmn 1 ~!'Jfll:JUGJftV'W t~'W1lJ'l1~1!'J 

rl1t~~:Ju1~ver~P·hum~cn~:::ijt~1vm:Jt~1Jfmno-!l 12 t~m.J~mu'l1niJ11'tJ-!! u~~fmnmum'Wt~ ru q q lll q 

i "'!J/ ""' "' "' ""' .d = 11] ~~C.Ifll:i ~'lf1J:i:i~.fltuCJI1 Ufl~b'l'.f111~fll:itfl1J:ifl'l:JTVH'l11Jl~fi'1J (1 !~, 2546; Anonymous, 2004) 

,% 
'Wtlfl'\JlJ 

mrnm":J 1utn'J'Yiel~ 

I I 9J j} 

tltu 11 niJ'\1 ~bm11 n~::;t.W:w:Uu ~u rvhn11t1tu 11 nil'llt~~thiru ~ fl'W u~~tltu 11 n iJ .fh:J 1 u "~ 
q q) q qJ q cu 

d. y "' .. 

t'WlJ~'Wt~cii-!lofflii'J U-!1 100° c 1'1111JU~fl~1-!I)::;Y!il-!ltltu Yl niJ'lJt~-!!ihiruu~::;mm:J u~~f'llffllU':i~il'Vlii 
q ~ 

fll'itl1Vt'Yifl111lf ou~N'J ~ttlJ'W ~ 1'fl11J'flll m'.i ri 1CJL'Vlfi11:W ~ou f11m':i tJlfi 1111~ m.i~·el-!1 tlli'll:J ttl'W 
q 

191'11'111JI':}:WeJ~:J1fll:Jri-!!Y-i1'Wfi11JJ~fl'Wt.fi'li111uenm1 ('WTICJ1, 2544; 1i~, 2546; flU'lf!'J, 2540) 
C:! QQI cl ~ 3) I ~ d I : 

tu~ oou tlfl'\J t~-!! m Yll'.i'Vl t~l'"l:w~ fl'l:ltu::;t1Ju ~'W ~'W GJf-!!U ':i ~ flt11J ~ 1V'Vl t~u'flti m:J'\J 'W 1~ 1911.:!'1 u 1 
'fll 1 1 I 'J/ )/ 

u~:::! ml1 'il~t'flilt~u'VloBn~1n'lft~-!l 'l Mwrit~uu~~tlfltt'Yl'W ~Ji'1v'111iru 1 u )::;w;h.:~m:J'Vltl~ m1:wtJfu 
u "' 

~ d, ~ c:::.rl :rv ~ ~ dt c! 
~::; t 1'1 ~ ti'W 'VI rt1'W mm11 n u ~::;VIfl11111-!l"l 'II ti~'W11l'W fl111l'l1'W ~u~ :::'fl111lt 1 1'1.1tl-!lfl1 5 t fi ~ tl'W 'Vl'l.ltl-:1 

J1 iJ 'W tfl 'W \?11 fll'Vi 'W ~ 'fl 'J11J 'l1 'W 1 '1.1 ti.:JVJ rl' :W~ -!1 ij N~ ~tiel~ ':il fl1 :it'll tit 'Vl1J1~ U ~::; 1'1111J ~ tl'W fl111J 
:V g/ j) I 'jJ 

t ~~ fl~ 1-:J 'U ti-:J 'fl11:w19!' 'W i ml1 ':i ::mi1-:Jm1:wtJfun 1v 'l 'W tl1'l11'J u~::;'l11ir'W ~::; ttlu 191'1'li'1J tfli) 'tl'W fl111JtJf'W 

(iJnCJ1, 2544; it~, 2546; Anonymous, 2004) 
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'1!1H1b5 

" "" 0 o.l 

2) Utu'l1flli'UU~'W1li'W . "' 

3/ 91 I 

~e~~~rne>~ou 

" " 3) JTii'W\0111tll'WU11111hU'WUUEJ (Shallow frying) '111mJ1lJ'W:l.Jlfl (Deep-fat frying) 

" 4) fl11li'H'W1'l.IU~~'WU1'111':i 

5) fi11:JJ#i' u~ fi1':i i'W m':inJ ~ n'W u tJ{l-:Jfl rum'Wm 'J'lJ 1iflfl . 
J d ,% I G} I !J} !J} d lJi !J}o; 

m'l1nCJl'-:J:JJi'111:JJ"l1'W o~mn ~ 'W 'il~Qfl'VlD~>~ 'il'W f111~1>l'JD'W "l11'Vltl~>~'UD-:Jm'l1n'il~ ~l>l':i'U 
I I ,i) I I 

i'111:JJ ~ u 'Wt~ t.t~'WUVJ 'il~'Vi1mn~ ~'W 'Vl ~ 6Vitl"WtiJ U'W 11 ~ m~ CJ~'WUVJ'il~ttlftt.t'W t:~ru ~wu~~ 1'W tl ':i~fl'l'Vl 

1:l':uN'fl't~l>l1li~~U~fll':i lTI'VlUI>l'Vll~UI91fl'1'11m':i:JJ~tllfi'tuiJ 2 JTI ~~~1U'Wfl11>lr.tlTifl1':i01m'Vli'111:JJ • u 

fJ) lfJ " d " : Q,l y : Q.l ~.e:. 
'JU'W ~l>l!U'Wfll'J'Vltli>IU111Jl"l5'Wili'W'Wtltl (Shallow frying) U{l~'W1:JJ'Wlllf1 (Deep-fat frying) ('W1W1, 

" 2544; Jt{l, 2546; D'Ut"l5CJ, 2540; Anonymous, 2004) ~~U 

!lJ I 3J I 

fll'j'VJ D~ u 1J 1J 'l '*u 1lJ'WUtlCJt '11ll 1~ ffl'\1 i' 'lJ D1'111'JVllJ Ul91 'j lff1'W Vi'W Vi ~'JI"i otJ'jlJ1191 'j ~ ~ 
. " 

9r-:Jm':i'Vlt~~>~U'lJ'lJUtlil91't:~~m1wnllmD'lJ t'lf'W fll':i'VlDI>lt'UfiD'W i'li tW~'WlCJ"l1U~>~I"i1~"1 (lt{l, 2546; 
I f 'j} 9) 

D111"l5CJ, 2540) i'111ll1tl'I.J'il1f1N1'UD~m~'Vl~1o'W'il~!flilD'WVlf-i1'Wi''WU1lJ'W111~"l ttl€f~m'l1l'JW.ll:JJ 
j) V '11 r V il 

11 'W 1'\J o~ oli"W 1.J 1lJ'WU 191 n~ 1~ n'W ~'W mJn'Ufi11llfl'~ltfi':JJD'U o~ N1'11 U' 1tll'l11':i ll1 i''Wl.J llJ'W m~vJo~ tv 
"' ~ I I 2/ 

0 ~ 0 9 9) -=l c!.:ti ~ 9) 'j} cQ 'lll f 

'W 1!\>IU\91'\J~'Vll ~ '11 tll'l11':i !fl{ltl'W'Vl'U'W{l~'lJ'WN'J'l.ID-:J':itl'W'U U~fl':i~'Vl~ fll':if1'J~'illtlfl11ll':itl'W'il~ ~ll 

I I iJ 'J} I 

fl'~ 1 !fi':JJD'Vi1 'll¥~1'11til'UD~U1'111'JVl'VlD~ 1~>~t.tt '*U1lJ'Wtiot.t lJffU 1\911{1 tlifl'~11fl'llt! od1-:J t':i~\9111.1 
" ~ . 

1n'Vl D~>~ u 'lJ 'lJ il'll¥fi 11:l'mh ~ ff'Vl nm':iolm 'Vlfl 11:JJ 1 D'W Vi ~1ft'~ (200-450 1191~/tlll91 ':i2
tfl {ll'W) (un v1, 

"' 

2544; 1h, 2546; D'lJ!'lH.I, 2540; Anonymous, 2004) 

2. fll'a'ntl~!l'U':U1'l¥~1~'Utnfl 
" " " m ':iO 1m 'Vl f111:JJ 1 D'W 1 'W fll':i'Vl e~>~u 'lJ'lJU llJ'W ll1 m ll'W ~ ~m ':i'W1fi11:JJ~U'W 1 'WU1lJ'W ~ D'W 

" u{l~m':il.Jlfl11:u~o'W~.fllt:.t 'l 'WDl'\11) N1u1m':i~~'l1ll~>~'il~ i~i''Ufi'Jl:u~ v'W 'lm\'t~v~nu 'Vl1 'l..¥tn~>~ir 
I I 3,/ I 

U{l~ £) mJ w~m t.t'W v nVi fl'~ 11 fi':JJD fll'J'Vl o~>~ 'l 'W 1.J llJ'W mm '11:JJ1::.:rlmi''UV1'111 ':ii'l m tl·il~ ul"i mm 'JVJ . "' 
iJ nJ ·il~ iliu u 'W D'W 'il~D :JJJ1lJ'W:lJlfl ni1mm '.l~ iJ '.l1h\:m~~ fi1ff':u tl ':i ~ff'Vl n'm':io 1m i'l m1:u 1 fl'W 

"' "' . " 
ne'Wtn~nTn~t'l1mvhn1J 25o-3oo i'191~/wm2tfl{l1u tm~tvhJ~'Wtllu soo-1ooo (200-456119119l';t:u191ltfl{l1u) 

1 f1 V~ 'ill fl!fl\91! 'Vl o{'U u {11-J cM'UD\l t 0~11 iJ Dtlfl 'il1f1 U1'11l'.l fl1iJu191 ':i 1fll'.l1 ~ !11 t.tfl' \ltfll.J t tJ 'il :;an~>~Vl t1:u . "' 
" ~ 

'lJ 1~"1 'U D-:J 1 ul.J 1U~'U'W ~1'\J u~m'l11'.l.Yh 111' fi1 ff':utJ'.l~ ff'VlTI m'.lcilmi'lfi11:JJ 1ou{l~{l~ (unt.tl, 2544; 

1h, 2546; D'! . ..'\"l5tl, 2540; Anonymous, 2004) 
I' 

Tuk
Rectangle

Tuk
Rectangle



" 0 .Qj 0 Q.l 

Ulll'lHI'l 'tl 'J1J 116Pl 
'j/ j/ I J:! i J 

'1111!u thn ftJ'VllliPI m'V!TJ m1 tlJ tnhuuVItJ '1111 fit~ 111vth11uV111ith ~m'V!THtll~~vmtlu 2 
q 

Sl jJ I )/ )/ 1 

'l$U~P~ ~~ ihiJu.W'l$ Ht'l~'l.hl1u'll1fltr~P~1 91'!'!.'huu~'lnri11u t~mnnh~n~ut~'I~'U'Vl'1otflilVI.W'lf 
"" .. ., .. ,! .k "" "" .. """' "' 

tm~t1'1'11tf,Hfl11~11'11U GJf~tn\PI'iJlnfll111lJI'I1'11t:J'Ifl1\Pifll11Jt:JCJH'lfl (Carboxylic acid) '111t:Jfl1\PI 

~l ... 1 1 "" "" "' "" "" .:'I ... ,j 'Ullt.mmu lll'elfl'O ~{J'.IJfl'ftLGJfU'Hl'ft (Glycerol) 'V!'H"lfl'ftlGJfm'U (Glycerine) Lu'U\9\'1L'lfll'.IJ m~ 

hn1uu~!;l:i:'lfU~P~lJtri'I1LflHtr~l'~'lleJ~I91--mJ'I 1~P~oml"'l~ U!;l:i:tJ'IW.JfleJeJmrlu 2 'lf'i11Pl fiu m\PI l'llil'U 
"' 

~ 1 I <J/ 

u:JJ\911 U!;l~fl'l\PI l'lllJ'U i:U~:JJ\911 hwil'i'utr\PI'I'JfU\PI'UU'Ifn\PI t'Ui!'UVJ'V'IlJl'U'ihlJ'Ufi'lfLLt'l~ t'II11'U~I'IlH 
' ' )I 

ium:nr¥1 5 ff111i'tJtl11'Vl~\PIL'U~fl'hltu~ti1~lhii'umnf111:JJ~V'U~'I (Deep-fat flying) t'lfu fll'.i 
'JJ I I I !J) I 

'Vl~IPl iti n~1mt'lln1hvi~'l1n 11Plu'Vl f11'.il~lhl1ufi'lffiilm1Pl t'Uuuhiijll~1~"h ihilufif11'.ittivnl~ 

0 GJ9l~ ~ J ~ 4=! Qj d'~ J : Ql .d d C\ 

tnl~'Vll m Lfi\Pifl1l:IJ'I1lWl 'II 'U! 'U U'l :IJl'iJlfi:IJ'V'I'U!;l !:IJ~'.i tn\PI'II'U 'Ul:IJ'U 'il:i:tiJ!;IO'U ffU!;l~m'il :JJvlfl'l '111fl'il ~ 

uti'i 'II~ U'lt~:IJ t1'11l"'1fl~~1 fl 'U !;I 'I 1 1h1 \PI11 '11 vmv1~ i1fl'l n'U -w~'l !!!;1~11-rNn'U fiT:i ttl \PI ~'U :IJ !;I Uff'.i ~ 
q "' 

" tiJ "" ~~ ~~1 ~ ~ Ql ~ ~ ~ 
"r11'1fl~il !\PI\PI1(J ('U'IW1, 2544; 1 !;1 , 2546; flj'l,J'JW !nl~ 'l'lfl''U(J, 2546; fl 'l.H'lf(J Ul:l:i: '111-.liljl , 2547) 
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'Vllll : tliJU'HU UCI~ Vlrft.HJ (2546) .. "' 
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1.0 

11 
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11 

13 

3 

0 (ll ~ ·1 ..:::;:, ~ QJ i .c::1 ' Q.J .di Q.JQ..::i t Q.J o:::.i -=S 
'W lll 'W 'Vi 'lH l\91 Cl ~'b''W fl lJ Cl fl'hl w::; lfl 'W 'Yl U\91 fl l"ll..:J fl'U "lf..:) fl W ffll U \91 VI U \91 fl \9l1 ~ fl 'U 'U ffllJn tl fl'fl'hll • 

t~'illflfl..:)fl'lh ~ flflU'lltJ..:)'b'Uflmf!t'lliJu Lll"llii'Wfl'l1jflm11 YJ1fi'VJ-:itl'Cl uC~~u~mw 1flmffll"lfl1fl'Cl~ 
~ , " ' 

i:im11u~11i1u~'lJU~~~'lfUf1 {~·:ntl:Yfl..:jiumn-rVi 6) 1fltltJI"l1:iJu~nrill 1lq 1flVl1t~t~u ,q1'11U1Vit1Ju 
'" q 



. 
'--

'\Jt)\jf)j~ 

'1'1J:JJ'U ~JJ;,1 

"" "" UJ;l~ 't'H~tl'J tl 

ti'J~JJ11U 20% 

tl\lfllh~tlt}'IJ 

'IJV\lmfl t'Ul1u hJ~u\911 

d 1 "" :UflW! ttl!€ltltl 

·1h~mru 20% 

" thl1u1h£u nmflttl!€l~tl 

ti'J~mw 45% 

ti"J::mm 60% 

mf! t€11ut"~n 

ti'J::JJlW 45% 

nil\911lJhlfltflllt'ilV'Il~tlriJJ • 
jl 

ttl!€lflhl ti'ltflLI'l'JflumnJuu 

th:::;mru 5D0-600 mgtkg 

1/i "'> d I 1 l'fUtnrn:::: t1\9111Jh!Vtl€llJ 'Yl 

u1:::;mw 30% · iiu'J:::;ulw6QO/o lr~vhe~u1:::;JJ1w soomglkg 

"' th:JJ' hi'VlTUI'l::::itA iimfltt>m~n mfltel 1um~n ii'111'11lJUemiJJ ti'ltflvhv" 

th:::;mw 20% iitl'.i::::JJ1W6QO/o ti'J::::mru350mg&g 

JllJ'm.h~JJlJI:J:U 1 ~1 hlfll'Ji'ltlf!Vl'Y!l'J t dv\l'illfliif,lW ffJJiJ~~ tflflt~hl ;{u Vll 111' V1'111'.i~ 
vm~Ju mmJU€l:::;tnfl n~u-Hu i~~l ll'l'.il:::;Jl:Ulrthci'lJiJmfl i 'llilu ~JJI'i'1lu ifflri-m.Yhr\1 ~\I mfl 

"' 

.. I .. I ... Ill" "" "' ... d <I VtlflJJ11J::::lJ'Wil1JV1'111'.i &~ (tl.i\J'Hl.l U~:::: 'YirllW, 2546) 

"' 11ll1u1h~1Jfff)~ L~'illfl 2 tmri'l (~;I \j'JW tm:::; l1fl'ihJ, 2546) ~v 
"' . " 

1. 'illfHlJ~fl (Kernel) thlJ'u iii t~'il~iiflm fl'lJil'~'Yll\ltflnmiJvu Ull1UJJ::l"l!l11Jlfl • 

j/ jJ I 'j} ~ 

2. 'illmuv (Mesocarp) 'ihirutll~JJri1ui'itrnfl'illfH'l'1rH1tttY:h thiruth~JJ 1rH€lflhl 
~ I 'J/ f 

d.lq 3/.:!i I d t::\ ) ~ .::9 liJ Q.oO 

(Palm olein from mesocarp) '1'1 L~ 'lHll'lfUl..II~'Jl::::JJ ml'l t tll~'tlfl (Oleic acid) 'f.l\l1Jltl 9i'ltl'Jfl t'Ulll..l 
j} t 'j/ :sJ 

'1fU flU 11-liJNfl lu tll'J ti'l:u 1 fl!fi'CI!0' tl'J vflm:Um..t'Llliru 'illtlff\9rJ 11l:uu u~'V'IfT"JHCl~ tu~\91 1hrl'u 



:::. 

,.. ,.. 
·ih wf 1J 11 A1 iJ u v lu '111l1 tnll rl' :u lm ~ v u il' u vn/h A1 iJ u u mi :u 1 'Vl 1 r1 1 A 1 u u v ~ m mY:h • 

>' • 

lu U1JJU .W'lf'lfUA ~u ~\I 'il~'lhtJ~Atlrum eJ'wn~ 'il1n1 i'ltmHA vHm iut~ v~r:nu~ ~~~ nntn~t'1'11 
u ~ 

~ . 
nt~:u~t~ '~ 1uthl1u~'Jf'Utu~aJ~ 'lmm1 !~t~twci1'~~ cvnpw tm~ 11'r1'uv, 2546) n1v-:J'il1n 

1 jl j} . " 

~tu~lJU~~1~1fl1~'W'lleJ·n11l1''W1h":u 1m~u'WfH1mn m:u1~1hl11'1Jm'l''Vltllf'IU1J1J1-Mthl1'Wmn u~~ 
)/ !} I j/ j1 

'J1m~ i:Ju"W\1 ~'lu u thirm.hrl':u 1 m~~'W~'l th'il~ti!u ~11ii vn~~1 um'JtiioncMen.hiru ffTl1f'IJ 

'Vlt~~m'l111 111'mv'IJ~I'i'v'l 1-MJ1l1'Wmn (v~nFW' u~~ '11'r1u6, 2546) 

N {I '\I B~ flll'lJ'lt'J'U 1 'U fl1 'I 't18 VI 

lwm'J'Vlt~~m'l1111'11'mmm1J1J1-MJ1iruJ.nmfu fi11:JJfv'W~1~'lunu'Vlt~lfl'il~ ri'lfHl~tl 
,.. ,.. 

~wm~'IJV\ith~uum::mm'l' ('wiim, 2544; 11~, 2546) ~\iu 
'j) 

91 r a 01 

1. ~~'Utl\lfi11:JJ'Jtll!~t11-A1:JJl! 

" . " m1 'h1' fl11ll ~ti'W mhhiru~ ~~m nil rt 'It ii'Wt Ttn'W 1'W ih 'l11'ihl1'Wtnlfl vvn9$tlfl~'W ' "' "' I j/ I I Jl' 
lt]Vo<:!t .::::t .:!1 ~ .:!1 cS. I Ql Ql 

& I>! I UV\1 'illfl:JJfi'JUl'lf'W Ut'l ~VV flC]j'! 'ill! I flrlfJU 'Vl VV fl:!Jl'illfleJ1'1111'j~'l1 11\1 fll'l' mm l! V fl'illflU 1-A tl\1 
,.. " 

tfi~~n1~!'11mh~tfi'Vlfi111Jt~Ut'l mlfl leJifl'Jt~fl9f mlflfi1Au u"~mlfluvwn95 v'h 111''111iruilitr11!h 
• l' 

u~~nn~uil'W 1:ut"fJ~ 'llv-nhil'W 'il~tnlfl1Ji)n1 tJl~v~t:uv "l w11'lfu 1 'W~m~hlilvt~n~t'il'W . tm~ l ,r 
. . " 

~ B~t:JJ vf~il1:u mn" ff \1'11 ~f) 1 M'mnh~ flfJ'U lCJfi'lilmih 1 Mi11irl!ilfi11:1Jl'I'W\Pifi' \1 vh 1M tl1'1111\PI\PitM'U 
q qJ 'U cu 

imrulm'l tiu t'J~uv" ufli'ln'Wovl. tm~ init~rhv~'il;:;omhmv"hJu":'l'h111'iYtm;:;n~u'llt~'l .. 
JllJ'I.H1J~tJl! LlJ U~~V~'UfJ'lfl1l'~t'VltfiVhemmeen9$lAcM~~HYl:JJTH'11Jtl'ltll!fll'Hfl\PitlfJfl9$Lifl<ifl! .. 

" OTl1n ilflovl~mJi)n1mu.m~11fltm~nu~lfl"l111trln~!'l1tJ'illnt11iru 

fi11JfllJflTH1l~CJu uu"-1itu"::::n~u (i!iim, 2544) !~uri • 
1) 'MUA'Iltl\IJ1~1-A~1flum1'VlVA 

"' I S) Q Q,l 

2) m~u"~m1:JJ'Vll!Atlm1lJ1Vl!'lltl'll!l:JJl! 

3) 'tl tu'l1flilmt;:;nm1umnltllfl 
q "' 

"' "" !Jl 4) 'tl tJ11fl Lt"~"f1\Jti-!~H1'11Ul'IJ tl~ tl1'11l':J 

5) fll'Jilflfll'.i'\1~'-lfll 'J "'lf.lfl (Post-frying treatment) 
" ,.. " 

. 
d 

11 

1hnitJ~ l~"J rrnhuil~"~ Ofll'JifllfltM'Uill~U'IJO'lV1'11n ~n'l:lru ;:; n1mf:u~'IT'Iltl~m'l1n .. 
tfllfl'illflfll'JtU~ CJl!!!U(;l\i'UV~ i'll1~'W ,'lliru tt!;l::::m111JteJ!Ifl'JA~~tflwn'J1J1~flB'IJ~vil!:uv1 r-~" 



'\Jfl'lfl11'Vlfl~~flmlHhvn~ ifl'lf'Ulfl11'\Jfl'lfll'I111~'Uf!V~1J'lflt~'\Jfl'lf1d1l1~~~1~ fll1l~J'1:Uu 
q ~ 

tltul1M'Jtt~~::Vi1 i11'in¢lfl15h~~~"itJM!tl~ilflu iln c· Crust formation). 861~51~1~1 u¢ltfuN11-iU'i . .. .. 
~ '" ;i.' " ' 

'Ufl'l t!l'l11d 1 lUfl~fl~tl11ttl~fJ'UUU~Nn~~tn~~llf11fJ1 u ;ll tl1'111':i rh ht'el'l111tn~m':itU~ti'UUUfFI 
j/ "' "' I 'i IIJ j/ o 'J !J/d "' I i 'J} 'J} 
UtJOfl.:Jt!fl~f.I.:Jfi.:J1fl111~W mm.:J ~fl'lfU1fl11 nm t '11llft11V1111':it'I1!'1UtJQl11~ fll':i'YIU~ 11U11111t!11.:J 

t~mn.wui' mnm111 ':i u~ vh i '11'tn~ fll':ifttut~frJftlHll'I11'Wln~u 1 ~ttm vn~ bmiJ u ~t1~~nt1 i'fi'l u .. u . 

1 'UlJ'U t 'lfu lm1iJ u~ ~.:J \Jfl~~iu i u J1iru 1 ~ 11 i1'l m 1'Vl u~ ~~\!flU uflc}f\~ CJfi u 1~ wh.:Jfl1'H~1J 
i'mn CiHittl, 2544) 

if'll~U~'fh1'lfun'il'lUllJ1'11U'UW~'fl0fl (u~m, 2544; U1Jt"Mf.l, 2540) 1~ufi 
1. e.ia'ilifl~BWM fl:i1~'t iff't 'U fl'i~ Yifl~ fli':l l 'ifflw 'H flii~i'Yi1'tl-l'$1Mi ~!1fliiJ'i'U ~~'Vi8~ 

q ~ q ~ 

u1u m1111~u~~~emf1iru i llllfl f11'lf'U~~'VltJ~fl11 tllum'lf'U~~ihrrnut'eu i11~ ilifl11'VltJ~ 
tn1111rif1~11fllfJ'1 ~u trn1~~~.Yh 1li'fJW11 iJ:O'Ue.:JJlir'U~ lf1.:J vh 111'm1111VlJJ1l11/l~mfl~U 

, ' 'JI 'J} " :v 
2. .Wu ~hun.un111 1ii tY'm'r1:H1'mhu u m 111 ':i ~u t~ mn: emh iru U' mm~1;u 'l 11 t\i 

)/ 9/ I !) I t 

3. 'il~tn~n)u (Smoke point) 'IJtFnhiru tJ1'111':i'UllthlJ\.Jmmi1u i'*lhiruiliiJ1l~tn~rrl'UI'll • • 
• v v 

4. ri1mh~flUU'UU.:JV111l'.l e:nm1riiJu wnmtm: i 'UlJ'Ulllflu::nmhirmnfl 

0 Q.l Q.'...:::::. ...:;;, Go' d' Q.' !, 
ffl111Uflld\9l11'ilfftlUfJWfflJ1J\9l'UU'lf-lfl\9lflW"YYtll1111'11f1'ltl1'J'VlU~tJ'U Wikipedia (2004) 

j) ' 
Q.l 0 <V & Ql Cl rle~ 

19l'.l1'il1~ 'il1flfl~UU'Ufl11:1Jfl'jU1J flln~m V'\Jtl'l'U 1 Ufi~U'.l '!191~ CJf~rJ~U'U'UflJ1:JJf1dtJUff:JJ'W'U1'iflU 

m1; ~t 11 tt'U tJ'l J1~.:J tllu ~"lfu rl111 i' uu ':i~t:Ou fllfl11llm t> U'Ut>'lfl1':i'Vlfl~f-l~\9lftW cri~Vil'illmtiJ.:J 

i 'J/<!1 "' "' _I,;, i I c: 
Houhoula and Oreopoulou (2004) ~fl'fl'l41fl1llJfl'l\9l1'UU'lll'UH'J'l'VlU~ 'U':i:!:'l111'lfl11!flU 

v • ' 
i'fl111 1~t~m11 '*uliruilliim~'Vlu~IOlutiiu.:J w:\'1nlfl1~\9l~1'il1~ri1t'llv1vuflLCJf~ Uf1:!: Conjugated 

J) t J I 

dienes 'U~'lUllJ'lJYitlfl~~o:Uuiuiru~i'.:J'Vlt>~ 1~d1'*vW11.fl:iJ'1unn'Vlv~Yi 155°C o~ 195°C f-lt'tfll:i 
'U qJ q cu 

d.IIJ 'J/ I I .f 11) .f d I .f 'i "' 
'Vl~'Hl'l'Vl ~~'W111lflltllu'iUflfllCJf~ ttct~ Conjugated dienes 'Ufll"J'l'l.ltJ L~mttl':if-!'U\9llll':i~ti:!:L1t11 

1 um':i L~Ui'fllll flu trluvw 11 flii~1 '*1 Ufll':i'Vl~~ff .:Jfl':h Ut1~'VlU~t1Junmu1u flil'il~Vil111'ri1LUt>1 . "' "' 
y ' y 

t>t>flLCJf~ tm~ Conjugated dienes UtJlJfll".!'lfl ':h 9f.:Jf-!f1fl1':il:ijtti1L~Nf1toMUt~tl10tJOU'lltJl:ij'tl'@'l 
' 11 ' 

Augustin and Berry (1984) 9f.:Jt'fi''Yllfll':ifffl111mlllfl'll'l1'UU'lUliJUVi1'*'Vlfl~JJ'W"thU~'11~'lU~1U1 
' " 

ml'um i '*'Vlt>~iJ'U fflU~ll~'l i 111-i tm::ffm,nfl1lllfl'll'l'TYI~'lfl11'VJ t>fl'U11Uf1~fl~fl~UUliJ'Uf1'l 

(Reftned bleached and deodorized; RBD) 1~viJJ'1iJUUltllJ 1um~u~tih.Jt~'Ut1fll 6 -ffu~lM ~ 
aw'H'fl:i1 60°C 1~fJv.lf1fll'.l'Vl~mNwuil Jl~~'U~L~uHdJunmmfln11 43 1u iJtht:Uv{vefl1CJfl'i' . " 
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:;; ,J -"i - - .. .. .. . ' cl .. . J 

'tl~!WlJ'U'W 'illfl 4.6 fl\1 79 meq/kg ~hu f111ftmnnTnn~trem9fH•loir'W 'Ufl\llJ'WN~ \1'\Jtu:;;mu~m:nYi 

ilw11 iliJ 55° t ~1vn1~1¢1~1tuo1ailh 19irl' H~i11rutilnt1it~tmi't~~1tr'Ju6ua~ Voiatiie compounds 
q "' 

. ' ~ ~ 

VJ~f11'Ji'l~~fl\IW1Jll fllt'tlo{oon t"b'l9fiJriltVi:tJ~'W'illfl 0.0 tl\1 34.9 meq/kg 'Wfltl'illtli1c'J•mn'~\lhf 
~ t j/ j) ' ' j/ 

L 'liu ~1rhnhrf oon1 "ll'<f1''YhVi11 1:1' \I~'W ti u JJffln'l \9llJl'illn1111llW o-eJ nr11L'il u Yin \Pl~\1 un:: ]J fnnVil.l~'W 
" q 

0 .d. 0 dl d Ql 

'UV'I'ill'W'J'W Volatile compounds (Min and Schweizer, 1983) Uf!~!:J.Jtl'Vl1fl1':ifl'fl£1101~f11':Hf1'lJ:JJ'W 
";J 1 !if I 

~~<JYivm~ 1~t~1-M\hiru~otl'Vll'WI9ld'u 1~m~u~mnYivw11niJ 60°C 1~unm 14l'W wu·:hiJrh 
q "' 

f j) 21 1 ~ 

tt1o{oon1CJ1191'tVi:u~'W'il1fl 12 meq/kg !~'W 532 meq/kg ~'J'Wtl111oMu1iJuVilim~ 1ot~Bml'lir'W 

flltllofoon 1GJ1~'\l:;;!~~ 11t''*ln·h ~\lllrht11ofvon 1GJ1~!'~:tJ~'W'il1tl 8 meq/kg !~'W 108 meq/kg 

trltlt~'Ui'flilittlur:ren 30 l'u (Marquez et al., i999) ~--1N~fl1l'Yl~flt1--10~HJ~~ft'Mti'Ut1'UNa 
.d ')}:"' d' .. 't "' ,.;, ')} ')} .J 

tll'J'VlO~V'l'UV'l Augustin and Berry (1984) 'VI i'lf'Wl:tJ'Wtila:tJ 1omou 'Wf11'J'Vlfl~:JJ'WN'l'l'U1\I\9l'W CJ1'l 
11 

111ilu11Ttll.l 1ot~uuiim~ 1t~mf3n~<J ~<J.Yh 1li'tn~rhtllt~5t~on 1"ll'IPI1$1-M1n··h 
' ., 

Math eta/. (2003) L~VhflnftmmY.fll1~hJf11'J'Vltl!PliijiJNf!l9itJf!'Jl:JJ~'W L~JlJ'W !tf!~fi'Jl:JJ 

'H'Wluti'W'U0\1 Papad ~\I!~'Wfll'HT:dl<J'IfU~'Hd\I~V~1uiti'Uo\lt~ t~ti~'J'W~ftr:tJ'iilflty'Utl\1 Papad 
~ I 

U 'W lJ~'J'WY.HW'Utl\IU'iJ\1 Hl~tl tm:;;tfl ~ 0\I!'Vlfl' 'iil'l1i'u1Tif11'J!\9l ~ ti:JJN~\9lJlW cntltl'W f11'J'Vltl1Plflft'ltltl'IJ 

1~mnh~~\"Jtfl~ti'IJ ~v Ju111'11f11111'11'Wl'l.l1:;;mw 0.3-2.0 lJ'fl~t:um .Yhll1'nl1'~'il'Wiif111:JJ4um}~ 
"' 

i4- is% nv'Wu1111futi'J:;;'Vll'Wii'o\IU1l.ll'Ylo~no'W ci?\IN'fl'il1nm'J1~ttifvtu11n~ 1nnnri1m'Vl 
%~~ 1 cv:'Q.I ..J..::t 

WJ11J'If'W'W'W!fl~'il1flfl1'JHW'J!m:;;m1~~"b'U'WllJ'W'UW:;;'YIV~ Papad "b''llJ Initial moisture content 
>I ' ' 0 <V fJ) ~ 0 d. ~ 0 0 0 

(IMC) 24.8% 'Ufl\I'Wl'H'WflU'VI\1 U~::::!'lJO'Wl Papad lll'Vlfl\Pl'VlVW'Hflll 165 C, 175 C, 180 C 1m::; . ., 
!iJ ' 0 _:5) .Q. ~ ~ I ..:!! d. 2 0 Ql 

185 C !:U'WrJ'fll 20 'J'WTVI 'U:;;!fl\Plfl1'JUW1'Utl'lfl'J11J'lf'W'Vl 2.83, 3.65, 3.87 Uf!::: 5.03 m Is ~n:l-l'fll\Pl'lJ 

u~::'WUll~W'HfJfi'l'Wnn'Vlv~~mm:;;ff:u~~~~.Yh 1 ~ Papad ffllJ1'J\l~tlltll91'1 1~~\ltl\1 46.4% fttl 
' . " 

Yi~W'HfJlJ 185°C 1-Mnm!um'J'YW~ 20 1u1Yi t\PlfJ Papad Yi1191''il~lJfl'JllJ~'W!'Wtl\l 1.2% lJfll'J~~ciu 
~ .. .. . 

U1l1u 47.3% tm:;;iJml:JJ'VI'Wl!lll'W 377 kg/m
3 

krokida et at. (2bbb) 1~.Yhnnfimnm'J~t1~tt'WU'l.I~\I'Utl\l~h::::'tdl<Jfll'J'VlO~ French fries 

L~fJl11tl1'J'Vltl~~tlW'i'HllJ 150°C, 170oC '11~0 190°C. 'Vltl~!ll'Wnm 1, 3, 5, 7, 10, 13, 15 ~~~:;; . "' 

I ~ ' ' ~ 

wu11m1 tt1~t~uul1m'Uo<Jri 1i'Yu ml'miuifiuvw 11 fli1Yi1 oMt'Wfll'J'YI0\91 'lfU~ u 1uu u'fl:;;ml:tJ'H'Wl 
q '" 
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! ~ i .ci :i b ~ a; i a Gi .a iii d i di v i a 
fll a 'il~lJfll~'WlJ'IJ'W TI'1'11'JUW!TeHJl'I'Vl'VHll'l ~'W~T~1~1'ltl1fl'W Hrl~lJfllrll'lrl'I~:JJ-elWI1-elti1'1:JJfi11:JJ'H'W1 

I ;,:.• • '!/} l ·' ' if 

twll~h.~ tr1\Hi1fr b ~~iJiil1twlltr~~u~1t1~~~1fi -Hiitfluf.lrul1.nmun1h1u~twiJ~u tttl~~1t~1~n 
~ . ~ 

" . 
fi11:JJ'H l.JlU tltlrl<:J ff'Jtlfttl tltu 'H fllJ'IJtl<:J'IhlluYii ~1 u fll'J'Yitll'l fi11lJl1Ul'IJtJ<:JI'i'1tJrh'llJfirl~fl~Tff . . "' 

tJV1'1i1irr.nhr'1tyYl1'~rtt1~ (p<o.os) 
0 Ql QIClto c::t.Q/rl QJ .; 

ffll151Jfn5WI511J ffV 1J rJ ill ff:JJ 1J\91'1Jfl'lfirl\9lfl ill en flll'l Ul'l rl'l m 5 'Vlfll'l'W 'W Wikipedia (2004) 

i ell Vi1fl11'Vll'l" fl'l m1Y1 vl'l t 'Yl:JJtlj~ u't1'1w1Ji1 f) mmw'IJ fl'l fii"l W~nm cv1 ~, cii1J1 nm1 'Vltll'l ~~ ~ rtl'ltl'l v . . . 
~ ' 

Q.l o Q.l 4 Q.l Ql rlcv 
Wll11J11'11Jlflfi~U 'W'Wfi11:JJfl 'JtllJ fllj'j~L'H ti'W1 Url~Ltl'IWII'l GJl'~fi~U 'W'W fi11:JJflJ fllJfflJ'W'W'fifllJfll'J 

'j~tl'l ti'IJ fl'l J1 ~'ltrlu ~'~ 1 'J'lfil ff1l1 ~1Jtl1 ~d~ u ~lfi11:JJ m v lJ'IJfl'l m1Y1 tll'lfi~W~Jt ill cJ ~vi11l1 nu ~'~ 

fl1161J <Baking) 

fll'JfllJvY'I~~ Baking Hrl~ Roasting t1:lum.hvJn.U~m'J~~l'li1flunu fit~ tllum1i~ 
tl1 ~ tcJ'lfU 'il1nmmrt~ tl'l.H~ t~ttl~cJuutl"~f.Jtum'Wm1tlnflfi'IJfl~ t~1l1n rhi1 :Baking 'il~'H mcJo'l 

~Q.I d do _,., .dl 111~1 v4l ..JQ.Id' 
fll'Jtl1Jfirl\9lfltu CVJflll'llJ'YI'Vll'illflLtU<:J'H1tlfirl l:JJ ff1'W Roasting 'il~ 1 'lfl:JJflfl1Jfll'H11ti'J~tfl'Vll'Wflff\911 

" y 

ir'Vl ttrl:::H'n u~mrn1'Vlc.rwv:JJ1~rh;h "fl15-el1J" U'Vl'WI'hrl'lrtt~'IU (iJnv1, 2544) 

"' • I "' <!i ~I "l ~ ~ <!i ~ d .1d • I 
1\91Q u 5~ff 'lfi'Utl'l fll'HJ'!Jfl tl t U'W f)1 5 ! 'lfrl :JJ1 tl'W l1 5 V tl1 fnr7'5 tl 'W l'Wtl! u [I(J'WU u !Hf.! illfll'W 

. ~ 

fl111Jnml'IJV'Iml'll'J tm~d:Jum1f:I'Wfl:JJi'mnmm'J tl'l£JflTJVil"lti'ilil'W'YI56n"~"~'~rl11m\91tl{uvfl~1~ • 
~H'J'W-elnmm1 (iJ1ivl, 2544; ii.rl, 2546) 

;J~fifii'i1uni1au 
" . , "' '1i)O.I ~ )Qid. D) d 31 u m1vuu wnl'ln'il~ 1'11U r111m fl'W 'illflfl11 um {Jff'illfl fi'W{Jtfl '.ifl{j tllJ fll'.i'Vilfl11m vu 

'il1fl m mf!'~ '11 :JJ 'kHltJ'WH[I~ m 'J u 1fl11:JJ ~ v u rhu m\01 ~ iJ v 1'111'J 11-'1 ed rr:n:d' v u ff1'W 1 'HW u~ri 1e.n 'VI 
• ., tJ 

• 11 
~1tl "' 1 o j) I 1:)1 <!i lJ] o 'l I ~ 

tl.:ifll'H1'l l'ltlfll'J'Wlfi111J'ltl'W ff1Utllfllfl fl19ftl'WG") llrl~ ltlUlflltl 'UlWI1tllJ-;J~tt1tll'Vlfi111J'ltlU 

-;J~ ~ ~:JJ fi11:JJ HWI fl l'll.:J'IJ Cl'l CJW l1 fJ iJ~~1'W ~l'I'Utl'l fll'Hl 1Vi1i1rinl'l fl Wl'.i 1fl11Cl1JUW!fl~1-'lfl'W tll'Hl'.i~iJ . ., 
fllfl15U1fi11:JJ !flu ~l'il~VJ 11 '11' tJ{?] ':i 1 mnhm'Vl m1:JJ 1 e'W ~ 1 tmdi r.~" mnl?i anm~'l ~i 'W m 5 t11J 

" 01 

ri1u 'IJ u 1 WI '\J tl.:J 'ifu ml11'l 11 u 1J ~t flu ~1n111'U 1'1 nmu rl ~ 1 ~ v:t'YI1'11 u m'.i lflf111:JJ1'vu 'UV.:J tlll11'J -;J1fl 

~1'Wt>m-\h-ffl'ilflrl1'ltn'I11'H~eiM'tnl'lfl11fl1Jtl~T~HViv'l'V'ltl ('WTitll , 2544; 11rl, 2546) 
~ 

~ dQ 31 0 Q.l' l.r] <JI rp d ''! f!) 
fi11:!J 'b"'U '1'1N1'!1 'W1 'il ~ 5~!'!1 CJU [I~ 'il~ t1 fl f111J li"'VBfl ~ t! W;)CJf! 'JllJ '.i B 't.H:!J V B1'!11 '.n1·~ tlCJ 'W BB'U 

"' "' ~ 
1" :Y 1 j} 

11'lvmmrl'l u ~ijlJCJf.:jlJf1111J~'U\9ll -;J~Vi1i M'tnl'lfi11:JJUWI n~1'1'1Jfl'lfi11:JJ~'W 1v u"~Vi1 1 11' fl1l:JJ~'W 
'lJ 

lfl~B'W~'illf) 1:u f![ll.:JBl'H 1'J eWfllJlEJ.:J~r:hm! l'IJB-!!Bl'Hl'J 



di ... . " ·· Y~• -- · · · ' ·· ·- !iJ .. 
FrJllli'vu~~~1Jul'l,:tt1TVI'U\OIU1mwml:IJ~'UYhihJ!u trimJ\9l'S"lfn"S"q.tytffl'JmlmV'U~.:Jn';heJ'I9l"S"l 

·' . " .\ . 
hYHf!i)'btJ'Yi ~1itl~'U ~if1ilitt1 'w ~~Vii 1 <H'u 'U 1'\JtJ~ ni~1~t '11 tJtMif.Ju Vit~i hJ.Mtt 'l 'w oi\11~ lih 'l ~N"J . " 
'tlti.:Jtll'VI111111';!JIIt'l~tltlm fllJI'Wml';!J~'Ut'i;!JtJW 'VI fllJ'Ut!1tl:IJftJ'U (II 0•240° C) ~;!Jifl\OIIU~vn~iluu vn 

q cu <u q <u 

5) J} ~ l !i/ I 

~'U ll.:Jil ~W'VIfJllflltl'l'Wm'VI111l~ t:Wtn'W 100° C I'Wti ·Hl1f1fl1'S"tl1Hfl\OI~'UYi'fl11ll~'U1J11l'Jlfl11'fUB~ 
"' . . 

fl'Jl:JJ~}w1l~!fl~V'Wlltltlf11llf1tll'VIl'JtJV1-:Jihrn (iJnc.n, 2544; 11", 2546) 

'V'l"'·Nl'W~l'*1'U1~'VI':i1-:Jf111t11JU1~ll1W 450-650 n1mml'it~fi1"ni'll'Utl~tll'VIU 1\0ill'fl11ll 
" 

fvu ~hu 1 11qj'l '*nl'VI i'tl'vh 1 <H' mMnfvu ~~v1::;mml1~f:l:~uvnvvn 1 U'il'U!n~tilut u~vnu~~vh 
llf J\mv 1 u~umm1n"1mtlu 1m-hutu~ vn~1u t~nt~vnllltm~-n11 lf~1ut~nu,r ~~u 'VI (un m, 2544) 

tn~ 8\J\.J Bfl'ill M ~ttl iJ m 'J ttl ~t!'I.J f1 w tlilu~~1'tith ~ ffiYI fftl t:r«tuM t'11'111) i~Hfl~'W n'f 
q 

IV ~ IV Cl.J !i) QJ ~ o 1IJ o' .: .c:t. ,eJ.t/ I .JJ 

ll"~llfl'l:lW::;!'Ut!ff:I.JNff'UtFJtll'VIT:iUt'l1 f111ti1Jtl~llJ'Uf111'YI1"1l'J!tJ'U tCJflJUt'l~l'lftJ~ll'U'Vl'W 'lf1l'Jtl~ 

d Q,l ~ t , t::4.e:.J "' ,., Q.,l .J 
tlli:Jfn11fl1J'm'l:l1t'UtJ~'illflrl'lll11tm\Oifl11tll\9ltJ'jl!tJfl\9l1\9l'Utl~tll'VI11 t\91 hn~\911J'VI'U~ NB'lHNfl11 • 

"' 
t111lPltltll'VIT:i (iJnrn, 2544; 11B, 2546) ii\Pi'~iJ 

.. 
' <V .:!1 Q..l <V 

1. Nilvtflil 01-J W~l'tUHJ1JI~fi:J 

t~t~m'VIn 1fifufi11JJf tJ'U 1 'UU'WUB~tl1mvlu m11n 'il~ bl 'VI" tltlf1:1J1UB~ omh~\91 .. 
t~tln i tl.Yh 'l-H't~l'VIl'S"'VI\9ll'i1tm~u~~,ru 'V11mtlum1 'l M'fi11JJft~uvdN'}$'1"1 'il~l11 'l li'fi11:U~U'VIu 

.Q 'J) ll't gJ 1 .J ! g) .a d cA -=:to~ ~ 0 " 9) .9) , 

t!tlf1:1Jl'iJ1flNJ'VI'U 1'Utl~tll'I1Ti t\91 JJ1f1fltl'U'Vl ~~tl nil l>lfl'U\>11CIIUB tlf111'U~ CJf~Tfi'U 11~'1'11 m ml:IJ!'U:IJ'\.1 'W .. 
"' ~ 

'IHH 1m-htfl\91Yl11:1JU\9lf1~1~tl'U hiJJlf11!fl tm:::l11 'l li'¢Jl'U 1 'U'Utl~tl11111 u;\'~whnn 'l'*ttJi,Jl f11'Jtl1J 

' ~ ~ ~ 
2. Nilvtfltf ftill! &&!l::;"atJ'll'lVI 

fi~ti ~ 1 ~~in nH 8tH rlu ~ n1:1ru~ tt! l'l 1~$11u u-:~::: tlTYi 'ff:u ~'c\'~ dil'ity<tJv-:~ nl'i vu ni'l 
"' v "' 

L ~ i' 1Jfl11ll ~ tl'U ~ 1'UtJ1~1tl11111l11 i 1i' lfl 1>111 fin1m~hll \9llin~Wh:ru l\9llt'IU~g; m l>ltl~lJl 'U ffU1\9llB 

d ~ ~ ~ .:::.~~ fl ~ : d ~ " ck 
'VI tl'l 'Vl!fl~ 'U 'U i 'U f.ll'H 11 tJlJ !Ml 'il1f1 U gm fJl!JJ" B1 'S"?. fll'Hf11>lfi1111JJfl 'U f.l'l'W 1~ lf!UB::;!?.fl'Yl ':i'UCJf "lN 

mJ1 'Wtll'l11'ml~:HnmnnnTi ~u L\911 ~f!cii-eYuil:utlurvlt~irrlt~'Jlt'l (Furfural) tm~ 1er\9l'ltlfl~I1J'nt'l 
"' .. 

t'l"lt~irvJv11fl (Hydroxymethyl furfural) f1l':ilfl\Oifll{uv 1wCJfi''U (Carbonization) 'UtJ.:JU1\9llB L'UU'U 

liB::: lu1~'U (U~l'Jl, 2544; lLB, 2546) 
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f'11iJtitu'\JM¥1111 ''f111iJ1~i:iJtiii1~~1'UiJ1~i¥1i'ltl:IJNi'r (Sensory Evaluation)'; i¥t1iUiJ 

'UeNUfH'YifllU tftV'Yil~~TI-Hll'VITJ' (The Institute of Food Technologists; 1FT) h.mthti'Utl~fll'J 

V'.i~d}u m.:JI"i' nah ~tn'YI ft:JJ ~ff lh~mfl'ff'l''li'! ~~:JJ~m '1 ?.'1 li'fl11:1J 11 me/11'11 d~ll.J n~ tnru Clf 

'Yil-1~1'U~'Vltllfl'lff~rf~'l ~-1~f11 ~Lml::l'i' Ltft::ff~11f<Hl'illfl11 Bn~m~h-1"] ~t!l'lil\9\nW en ~ ~~i'U'illfl 
fl11:U~ffn'Ut~-1:JJu'Elv'h.,~u~m'.i:JJfm~u m1 '111'f11n~u '.iff'lfl~ m1ft':JJNTI' uft~nn '111'vu ~~u~u Hft "' . 

"" l v1 01 d " Ql ~ -· o' " ~ _ ~ v .::1 
'"-1:!: fl1i1J lll 1'1 lJ i1 fl'Elfll:t'VI fltnllfl1Jfll':i1!fl':i 1::11 'fll~ 1'11\.J!fi:IJ fllllfll'l"' Uft::/'111VVIN l'lllJ 'Jf1fll'I"''U fl~ 

~ Q,l d" 0 ~ Q.l' f QJ it:::S 0 ~ dj) 91 j) <j} ~ o' ...::4. 

H~Wlil w Ci'l UB~fl1lJ tll:IJI'l~ flB11tl~ 'J1:1Jf.Hfi1Ul'ill! UU'VI \91 tl~ 'l 'lffl1l:IJ 'J'Yil~l'l llJ1'VIlllfl'lffl'l'J !'t'Wfll'J 
"' 

1uu'il~uudJu~ulliwhfl1l:JJ1;hrity'Ut~'lm':i'l~l1':i::tn'Yiif:uN'milu~'l~tiB!ff1illi'1~ 'lu 

n~~tlltnfl~rNilmhl1f1Ji.f/1~~n£Jrut'UeJ :mil~rrru~ Ht'ltfllJ"(JVJJfut-Jil~ilrucvf rlTMfm_h:t!lilft'~ 
oQJQ.I ..:::::! 9d. Q.l ~QJ tf .<::::t. QJ t?~ d 
fll€1\I'V'li"JJ'Wl'il~ilfl11mt''W k'il!fltl1f11JflWil1'V'l'Utl\lf.l€119lilWc:vt U€1~f111 Wl€111'l'U0\1Hfl\?1ilWc:vt 1'11ti!'VIWI'W • • 
dl 0 ~ 'J) ~ t/QJ ~ QJ d' QJ at 9 j) 'J} QJ 

'il\l'ill!UlJ 1>\'fl\11>\':i 1'il1!fl':i 1~11 ftfl'EIW~'U'fl\1 Hftl>lflWc:vtUft:: ':i:: 1'111'\1 'fl\lf.J t\Ull'\"4 L'V't tl ! 'VI ft'tll'lflft'fl\lf11J 

<V v ~1 'l ~ lrl v 0 .c!i ~.t:::! d.t:::S d 0 ~l!:l 
1~1'11Jfi11:1J'lfti1J 'U ti\1~1J':i fl fl lJ'l1lJ 'VI Bltl'lflJ t l'l'VIlfll':i fl'fl'El11'1i'YII'l 'YiiJ'I'l !LB:: fll':ilJ 111i fll'J 'YII'lfffl1J . ., 
~'lmh1 '1 tl'l -Nt~~l'liJti'J~il'Yiim'Vlmnfitl~'~ ~..Juuu n1'Yimf't1TI'W~{'luffl'Ul1Vil'I"J 1'lfu u n~I'11'Yit11 
timf!iJ irnVJilmf 1r11n1 irm'Yifli u 1~~ml1l':i tin'W'I"lllJ1Hii19ui'rucv1 u~~tinffo~ ~'~ ~~~1:JJ:Uml'u 
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'tin £J w ~ m ~ ll 'J ~ 'ff Tvnh.J H' 1:1 'tin £J w ~ ~ 11m 1 'J 'Yl ~ 'ff t1 uvn ~ ll 'J ~ 1:1' TVHll-.1 H' 1:1' 1 ~ v ri ""nJ 111 t1} ~ 
"' 

'Vi1fi1':i'VW11Hi1J (LVIhuu, 2545) ~~~ij 
d ~ Q.l d .. I j/ .c::.\ ~ Q.l rl" ~\ IV d 'jJ ~~ q 'j} 

1. b1' fltl ftflEJW~'YliJii1flt}~1lJti''UtJ-!lf:H'l~1ilWCVl'il::i!IJlHiflEJW::iWifl'Yl~'lH tflfl t'YI 

'I 'I .., "" .., d .., , I ""'~ "" .., o> d .., 3i =1 
fl11lJb1''U ttl !'UI'l'JN~I'l.flWCVl f111:1.Jf.l'WH'IJ'J'!Hl~b1' t'WN~I'l.flWCVl'I1'W~'l U~~f11'JtJtJ:JJ'J'!J'ti~N~'!J'J .flfl'il~ 

~u r1~n11 1 m1 tJ:JJ 'tl t~-1 ~1l11n r1 n~ a::; fl'W ml:JJt~v~tJ u 'tlfl-lil~tJ 1 1n~\911lJ ~m~111~ 'tl fl~ ~1l1iflfl 
fll'ili11l Mtn~ll~n1m11~tb1'1i 'il1fl~1J1iflfl ua::; !livfl:JJ11J~~\91nW cvf~,mci11 ~~ ~,:nf 'W ~tl£JW~ff~ 
1h1n~'tlfl~~~\91nwcn'11d'~"l ~'ltllu~1u11'J~iiwnmhrityt'~~t~11i)n1v1td't~'~~u'tlt~~~1J11flfl 

2. rtffl~m~;'ff ~fl gn£Jru~~b1'1lJ1';iGJ'l;~'lgtl£JW~1h1n~uft~~'il~£Jtl1'j~m:¥fl'1~ 
1~tJtl1'ili~CJ1ntl~11li~'UVl1'Ui~f:l~'U'I11t~l~fl~ 1'llu fl11iJU~~ (Hardness) fl11lltU)1~ u~::;H~f1~1CJ 

...!l dcv~Q./Q.I Q.l .a. ~v ~C::: 
(Brittleness) l1 ':i flfll'iltmnn 'Ut u t~ff:JJv.tf!'l1 ~ 'ltll':i'lJ':JJ 1 ~f.lfll'ilt1J 'Wft tl£JW~m1:JJt'lJ u t:JJ YI'Yl ':ilf.l (Graininess) 

ttlul9i'u . . "' 
Q.l ... f ..::!:! Q.l aa Q.l d'-=t .::'1 Q.l <!!!i Q,l 

3. "fill W~lJ 'Jlfl fJ fl B fttl£J w~'Ufl~ v.tft \?\ n w ev1 'VltiJ 'W ftfl£1 w~ m~ mamV~CJf't'J1lJ'I'I't 

if 'U'W w1 tm~ltJ·h'll uni eNI'l'u tllu tJ~f11 mt~lJmn'Ut~'l~ff' 'l1fl\91~ii~t~v.ti'1\91nru cvf~1EJm'Jff' 'lltl\91 

91 ~I "' 
IPI1tii'I11IJ'U '11ft fl 

~ ..-!( ~ 0. w d'd ~ lit 91 ..6 lV ' ~ c;i.l ~ 
4. flftlJ f!V flftlJ'Ufl~Hft~flWCVl'YlH'Yl~'fftJU ~~~lJflfllJHfl~fl1~'111'l11Nfll'lilWC!'l 

"' 

"15'11 \91 'H rl-11 ~~ ii n~u ~ 1 ~ 'W 1~~ 1 tl1tfl\91fl11l-.lt ~tl'lt1J'U 'U B'l n~ u \911lJfl11lJfl1\91 111'-l'U u~ ~1J 1ttmm 'il 

' ! I 
.=:, ..::!! .=:, d 31 ~ 'j) .=:,1 Q.l 3111J 3) 'j) ~'I Q.l .=:, d I .Q 

5. 'Jff'!fll'l fltl b1'~'Y!~'Y!I'l'ffe:l'!J'!1';ifl~'!J'J fl!'l':i'lJ~ tl'lWJtl],jl.l'J'lJ'Jb1''!fll'l'Yle:l~'lJ'H1W'tle:l-:J 
., . . 
iiu tJf-ltll'Wm1:JJ~irnri1'W Uflflftlltliff1:1Jl'ltlt;;'1 1 'il !~-v~l'lGU'lUYl~\llj11:JJtJ1f1 1 unn11'J~1lJ'W tm~ 

"' q 
iJI I I 1 

V11J ilfl 11:JJ!!fl tl~l'l'IJ fl'l~'U Yl'l'll~tJ lJfl'1b1'1'l{t ~'Ull 'il ~(Jl1 i1 ~ Yl ~hfl' qj~ f) fl1 'Jf1J1ff'lJ'1~, cJ{ 

6. 

(Brittleness) !ttl~ "hlflifl1iii'i1ti1iJ (Coarseness) 

m"l.W~'Ul~avul'rucrl {Product Development) 

~ ~ .. . ;~· . --"' . - . . 

u u 1'fl11:JJA~N~I'lilw ev11 mJum'ilm'illn'Yimvmm 1'1 t 'lfu uu 1~~~~ncinm'ilm'il1nri1'W 
9 

fll~ ~ M¢1 ll t1 ~ tl11 ~ il-t u itt it! M ti~'iJVi M ~ iH)i ~:lli 111fla'.lu itJ e~ VI u M1 u 'I.J ~'iJVl~~ i M u itttJ~~ nfu tv)' 
1 "' 'lJ =1 "' . " "' " . = ~ clj "l " .2 
t~CJI'l'J\Ifi1J~1J"J il'fl '11Hlell'il:I.Jl'\l1f1t!'Yifi\I'UfllJft l1"Jfl llJb1'1lJ'Ufl\lf11::;1J1'Uf11'JNftl'lf1!1J'U ~~ 9N!'Yifl "' "' . 

1 t d' ~~ IV I '1 ~ ..::::;, ..::::::, Q Q.l rf.i ,J Q.l ~ IV cld 
~t!IOJN''l !'11ftll.l'il~lu'UI91! 'j \1 'Yf!fl\PJU 'W1fi11:UflW1Nft19fiW cr1 'YilJ'IJ'UlJl Uft~fll"JVII".J'U 1vH'l\9lllW"Ylf1 

"' Lrlwnum1m)\nrd~ 1 'I.Hl'J'W'UtJ~~l'U~~mLr~~~wn.n 1'W 1 ';I ~.:)l'Wtli'ITITI1m';l' • m1ftfl'£Jl¥i'W;)1l'W . 
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I ;J} l " 

Ht1~ 'WiPJJ ln1'1f1 m 1 tii eH.Ja\91 fiw cvfl'l'u mr1./M~ u m 1 'W \PJJ'W 1~ w ~ u Vii1 tlu %' fl t~m1 1 m 'i'WiPJJ u 1 

Q fl.l rf 6/ 0 C!t. Q.l c(" d lJ\ 9} Q.l Q.l 3} ~ '3) I C!t. lf\ j/~ ~ 
II·Hll9lflW CV11l~ 'ii'Jllfl~fll~ 'Wlt?I''W D~·H'I\91flW "l'l'YI !~'iUfll'i~l'lJU 1HI:l1'W'Wt'IJ1?1'?1'fl1VHH'll'1 ~~ ! Ut<Jf./l 

"' 

un tJlfllfl'flltJi 'UUJ' 1 ~nw cvfrrlt~11t~./l num1 m~'U'Ii'U (Rancidity) 1 'U H~\91nw cv1~iJ '1 'llirmnn 

'1:JJ1M't~umilv (1l~~u~, 2538) 

ffl't'I~UHftl'lnWcvJtlfW'U1.:!~1flJeJUrl' t~'UHal'lfiwcvf~ih:l'm-JW~UM.:JflJDU tHl~~'V~fl11 

Q · d, ~ ~I Gl~ I Qld~ I Ql.d~ d.tfQ lfl3/ 
d'hw1'111:i'YIN1'Wfl'J~U1'Wfll'Hl\"li'l'Jl:!J'lf'W '!1-:ielfll aw t'Me:JQ':i~\"11J'YI\911fl111~1"11J'YI1jel'W'YIH.I!~1f!! 111 

"' " vh 111' Dl't'l11 U M' ~iJ 'Vltlfll'i !~Uf fl'hl1'U 1'U fllTe:J1'1111TI~ 'U Dfl'illflil' 'U fl11 VhUM ~if~ .J&@1lti 1'11 il' fl • . " ' 
Ul:l~U1:t.Jwn 'IJ u~011111 t~'W m'i 'lf1t1f:l \PI ~'U 'YI'U rl1'1J 'Uri.:~ Vit~ui' fl'hl1'11~ '1:JJ ~1t~'U ~ t~~ t~u 1 fl'hl1Vi • 

~WlUJiJ~1 td~N1l1fl~rl1 aw ~1 D1'1111UM~~.:J 11~Dfl11:t.J~'U:t.Jlmrlt~m'it~ufnm lli\]fl~ti.:J t'lf'U 

t~iJ '11'lu~iif11i:U~u t1 ~ 'rt ~bni~ u~ ~tu~~i1i'.lf'U~u~ 'j t~ '1~t'H:Ui~tr:u 81'11 i ~ u11'~~~11niilfu~tf'J .. . . 
t 'j/ I t !J) 

:t.JlflUI:l~ 1m .:JfffT.:JiJ'j~'j 'W 9f.:J?I'1:t.Jl':i fi\Pl\PlcMUfl')llJ~'U!,j'1lJ1 .Yh 1 MflWfll'Wtfftl:t.Jtfftl '1 ~t11a-.:J~'U 
<U q <u q 

fl11:t.J~'U~t~:U~'U'il~Vh1M'f11 aw t~:t.J~'U trlu~'lt~CJ\I~'V (~'lfl'h 0.6) ~il'W'YI~V'il~ 
C:. .q, 0 j} I d 3/ i J d i d 0 'j) 11.1 Q.l a! d 

L 'il1WL\911J 1191'Yill '1101'1111 t'W1L'ffCJ l'fl 'U Dfl'illfl'U'U fl11:t.J<Jf'U'Yiff'I'IJ'U'U 'il~'Y11l '11tl1'11 T:i 'il U\911fl'Ut1J'U 
u "' 

~uu rl111 ~ u 01111 'i ~ t 1J 'W H.:J'il ~Vi1i M' fl111:l ~mvv1 n~u fll'i t #u:t.Jt ~CJfltufll~'IJ U'l 011111 u M' '1ft 
q 

" tin~ru~ (i&'im ttrt~f1ru~ , 2538) ~-:Jil 
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u 'V'h 1 'If w :n:tJ m mnw1 ~ \l l'W mY'mr t1 1l ~ iJ fl ru r:l n £J ru ~ Yi hi~ , 

" 1.3 1~wlln~e:m1Tmri''l1l ~ tnl'll1Bn1rnfh1 ll'l l~ 11'l vtll1~tm.!t"lflf (Non-

• '" I .C:. " d d ~ ~ ~ -Q .C:. .C:.-C:l d:· d 
enzymatic browning reactwn) e~um U\9l!fll'l'lf1"1 llJellJfl1llJ'lf'Wl'V'IlJ'IJ'W 'il ~ lfWI1l~fl'.HJlff'Wll'llG'l!'J1 .. 

Ql ... I q j} llJ d' 1.rJ 19 j) lfJ d' 0 GJ j) d d 'j) 1.rJ •ll) 3)Q.I Q.l $1 
lJlfl i'l\lu'J ~ l.fl'Vl t'lfW'W tGJflJU~::; !lJ t'lHfl'W t9flJ 'V11 t'l1fll'l11':ilJfft'IJlJ U~::; !lJ !l'l'J1Jfll'JfJfllJ'J\J1ll'W 

fl Wfli'W ~1 fi~ti'1ifl fl 
• 'U 

" 31 r a1 • \! r ~ ..::::..c::::. 
2. 81'1111H't'i~tflllllf.UA1Htltlfl!1JU 4 OQll Vllllfi1UJ n\7ltlfl1lll'lfl! (1l\9llJ1 UG'l:::flru::: , 

2538) t~m) 

n~:JJ.vi 1 mMn~iifl11~J4'u~l:JJln 1h~:tJ 1ru 1-3% t~u tfl~tJ\l~lltht5'0~V'lfUI'l~\l 
'WlJ~\l u~:::~\l~flnlnu~~P~ ttlul'l'u 

. . • - · ~- .Y . . .1 . ~ 

fl~lJli 2 mMnliiiwnlJtlf'W'lh:::mru 2-8% t'ifu r:ln tr~1~Nt'Vlff 11m fll'I11'Jti11l1fl 

iru'.l51~ "lfl1~\l u~:::'IJ'WlJiJ\lme1J ttlul'l'u " . 

I "J I~ llJ 'J) 'J) I~ 
25-40% t'l'TU ~'11~ LU'UJ:-.l(;! tlJU'I1\lU'.l5fllJ HtJ'U 

I <V 
'}) ~ ' ~ .ct v .QQ. 

3. tll't'il1H't'i'IUtl:::tll't'il1fl n\7ltlfi1UJ'lfl!llfl1lll\718'1011fll.:.Jftl11J'l1'iJ (11\PllJl !n'l:::flru::: 

"' 1ii a 
'2538) \91\I'U 

.. . .. 
~h~efl11lJ~'W tl'lt'.lfl1'111'Jm1l1Vi 1 u~::; 2 1J ::; t1~flfl11lJ~'UlJlflfl '".hnri:JJ 3 u~::; 4 ~-:J~~Nfll'J • • 

_'i "' _,g I <:>1 -=> 'J) d <=!lr) Ql G <!I II) 'J) 

3.2 Ufl\lfl'WflUGJflJm'W'IJfl\lfllC)feJflfl9fl1l'W fll'I1UU'I1\l'YllJ t'IJlJlH!'I1l::;!'l1lJ'W'I1'W !1'1 
;; 

~ 1 V'llf lflfflJ r:lm11Jmmrr 1 d fl\l1l1fl i 'IJ1Ju 11::: tlflflflflcJf i l'lc{ fll'J1J'J 'J 1lfl1'111'J m riTW~\ll'l' fl\ltll<O' 1'1 
'U • 
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. " 
t .W vilv~ nu m 111'1-hir u 11 'Wfll'll''W::; 

~ fll'll''W!11n~~1 '*'il ! ~V-l il-liin~u ur~::;'!f--:wiJv-ln'Wn~'W 'illnmvuvn ~~~ 

3.6 'Vl'W'Vll'WI"iv'JBCJ<y~~~ i#l~ fll'l1l'JUM~11l~'ll'u~ii:!U~l~t1Jum~mJ'I11m-;~:JJ 
. . " 

U'l1ftlJfi:JJViffllJl'Jfi'IJ~~~'l1 ~VYJ:J.Jf11'll''W::;11n 'il i<$1 l'll 1 Mmutfftlfltu ff:UU~m'JiJB~tl'W i m.h tllGJf 
QJ q QJ u q 

ur~::;n~u fll'I11H::;rthi:fm~1~~~'W i1~u~'JBCJ'IJ~~~iii<tl1'11i M' m'll'u::;f1ul"im'ill'll1 M't1l'W'JVCJ~tfh 
~ ~ 

31 ""'"" IIJ t <U In :J/ 
lf.l11~ iflfl ~:IJijiJJj'Jid~ 
~ 

rf Q.l Q.l e Q.l d"dd a.~ ~ rf 
3. 7 'L il~f1'W f1l'JU\9lf1'11f1'1JV~If.lft\9lflru CVJ'VI:Uftn11ru::;tlJ'W'll''W11l~"l u-n::;mv11 m'll'u::; 

9} d d .e! .J _!l4 CV I d~ GJ~~ <V 

11'J'J ~ 1)::; \9! B~llfl'"lllJH 'IJ~ H 'J ~ LU'l::; L'V'HJWlfl'V!'il::; lJel~fl'WH 'J ~ \911~") 'VI LlJ'W fflt'l1 19J ~ '11 Lf1~fn'HL\9lf1'11 f1 
• sl 

1~vr1'1 1111 '*m'Jl''W::;fi~'JU t'lf'Wmlv~m::;~nll m::;iJv~ 1tm::; tm::;m::;iJv~m::;~111'11ft1CJiu 
~ 

t;V 0 .t:!{ Q,l fj/ 

n11m':i'VIl~ l'W 'liB~ t fl ':i B\1 'il m ~ 1EJ 

3.9 m':ivumtlllJfl111lff1CJ\111lUm:~l'W 1CJfi11:Uff::;\911n hf N'unnfl mm':ittrl.:i 
"' 

tDwi19ndvt~m~~-;ml'V'I~iiv~mn 1 u11n t~lmfl'-ri-/hJ ( ~ 78%) HtUi'vY"l uffmu::; 

'1Ja~m"1u"::;n1&J!' tllu nlGJf~ hiiin~u u"::;ufl111lff1:1Jl'Jf11u fl1'J"::;mr.~tl1u"::; i'Uiru ~~~1 

'il~'W'VI~ ef~l'l'a~m':immft' m'Jl"lunlGJft u l\9l'Jt'ilut.u'1 i 'I.Jr~v irlmmfl'1 um'll'u::;11n'il'IIV~If.lil191nrucvl 
~ . 

' 5.1 31 •• 

m'VIl 'J ~l'V'I'Jniru ~f ~'VI iJ\9ltm ::;'Uu :JJ'IJ 11tflEJ11"il'l"1 tll u 'li' u \9lil'W '11 .u~ Vi'lf--w 1M' ~lf.lil\91 ffllJl'JfiV~ m~ 

m':i t~ 11 f n:tJ l'IJ f.l\llf.lil191fi ru ~1 tJlu l'W ~'W ~ nJ\1 V\1 '!f1vi1v\ln'W 'l11t~ft ~m ':i v11~1'1J t~\llf.li'! 191tltU ~1 tJl 
q 
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~ ~ 

(Parrv, 1993) t-Hlf1'\llf1'W m'Ju'JHI91'1v1]u'il:::v'h 11i'·n_h\~'tl~~lll'll''W:::u'JHll'lm'H'V'Il:::tt ·mt;t::;ml'l 
• •. . Q. eu q q 

~~fl~itl (Semi-rigid tray) "hJvu '11~~~1'litJmljv'Wm'Jun~mv't~qtytylf11fi ~~~1HJ~'\l:::1h 
~ . ~· 9/ ..:::!_9-f Q.l o dl Q..l .:!.::::! ~ Q.l Q..' I r ..:!f d 

11 u l'YIJJ~~n'W u ':i ~ m::: m '\llnmvu emJ ·~t '11m::: num11 l':l'YI:IJtt.l etl'm·mm vu nJ 'J 1:::u~ m1v 11 ':leJ:IJ 

d .:=:1 ~ I d ~d J Q.l cli .d lfl t ~ d tfJ <V 

l.Jl.JU'Ht;tl.J'fll.J 'I'I'JeJ:IJl'WUt.llJ Ul'l'll'J'YiiJ'lH 11'lrJ11i'W l.lmlh.!Ul'Hl'l'Yl rJI'iUI'illl.J'lf'W tL[l::;lJ ~'illJ'W'''I~ 
Q q q "'.U 

£/ I I I 

t'1f'W eJl'Yil':i'IJ'UtflV1l'Jfl'll'U\9l ifll'IU\91 n1eJUt'I.W Ul'Yil'.it.ffl'iJlflJJty.w''ll''fiiii'IJiJ'W'i,l~ (~191~:1Jl , 2538) 

Ji . 
trn~Yif'l11'1J'lf'J.! (Moisture absorber) 

'j} I 'j/ I i/ j1 

'ffl'JI'll'lmllJ~ut!u --hdJuE~~ldJu'tum'Jile~nuEutll'\llnml:IJtMulim'iJlf1U'I1"~ml:IJtMul1~ 
'U 

3 ~mJw::; (1911irutll elmrYmv'tu'lJ'JHJnwcn' ut;t::;tnmfl'U1\9l~el1) m'J'l.ffitrl'l'lJ'J'J'ilnwcn'~~dvlJ 
q q q 

~ ~ 
~ Ql I ~ f)} lfi'J}~ I d I lf} d I .d cz.l 

~'fl'I1'HJ'IJ'il\91!!'11t;l.:Jfl1l:IJ'll''W'illflfllf11fl'U1\9lt;teJ:IJ 1~H1J'WUl'Jl.:J\9l tll'Jl.:J r.ifl~l:IJ U'l1t;t.:Jfl1l:IJ'll''W'illfl~l 

Eu li'lteJ.::IUt;t::; Ul flll'1fllV 1 'U1J j j 'i) n tl! er1'1 'W 1:::'11 ~l.::lfllj 1J j j mr 'W lll'W ~ ~~$i'u.::~ rh.U\91 '11 ~ U~ltl\91 ${ ")() 
q q 

~ . 
~ Q I ~ Ql <:::. j)'l'j/ t/ I Q I 

ffl'.i~\9lfi'Jl:IJ'll''W'll''W\9ll'll'J""} t'V'Ifl'mEllfJW.fll'V'l'IJV~ff'Wfll '11ff:JJ\!'HlHJ~!ff:IJV ('W';i'Wl:IJ fl , 2547) t'lf'W 

9f~mt'ilt;t lil'W~'W 

9f~ml'\lt;t (Silica gel) til'Wff11-ff'~tfl'Jl::;,f't'W'JU'tleJ.:J9f~neJ'Wll'leJeJf1l9f~P1' (Silicon dioxide, 
"' 

I 'j/ I jJ 

SiO) Viih~uVi~l:IJln 1h::::JJ1W 800 ~l'Jl<Jt:IJ~'JI'ie 1 nf:IJ m'l~l'lf111lJ~'W'tleJ~CM~fllt'\lt;t d~h.J 
"' . . 1 "' G Jf 11) 31.d1 1 31 31 'I 11) 31cS 
nnaw:::'Vll~mvm'V'I (Phystcal adsorptwn) l'lllflflLf11Jfi11:1J'll''W n'Yl 'V'I':i 'l 'flHrf'Jl~l'll'W ~'W tl'llJ 

m1 'l '*~~mtm'lfiuvo1-:JU'Vl1'YI mv 1\9lmu 'V'll~ i uus1 'ilfiw er1mmt~Vl'YI15 1 ~wtlm~9f~mt 1lft 
q 

~ p • ' 

ffllJ11ttW~W~f11llJ~'W 1~n;wh~ 24-40% 'IJeJ.:J'I.hm! nl911t'fN un::;~U'J:::ffYJnm'V'Iff ~rrW~View 11 nil\011 o:u o:u q q 'U 

:J} :J) t • 

n-J1 25° c 111nvw 11 n :iJ ff ~n1Tw tl1:::EY1n m-w ium1W~ l'lf111:1JtMu'il::t;tW~CI.:J 1tlt1ev""} 1m:::~ 1 emffVi 11::: 
q qJ q,r qJ 

>I >I ~ 

'f)ll'Jfl1l:IJ~'W (Desorption) Uflfl'il1f11911tv~t'lf'W tl'W 1\91 vm I'J'U fllj 1 -*9r~f1111lCI n'lJ tl 'J:::t'Yl fl'f eJ'W ~'W 

fl.:Jl 'lfu tJ 'J:: t'Yl ffL YJ Ci ~~~ eJ.:J'J:: ~WI 'J::: 1-:Jt iJ u fl~l~ ~~~ e f11'J l tl~ EJ'W 11 tl t;t~ 'U e~ e w 11 il iJ 1 eu'li' 1-:J'tl a~ 
q "' 

>I • 

1J 11 ~ tiw en iYu fi' 1 u an 111frw m1 i '119!~ mt '\lt;l 1 u 1:::11-JvJ m':i'ti'W ri -3-ffu fi'n:::w:h-3tl'J :::tYJfl'Viiifi11:1J 

"' 
N'W vn'W 'H ~ eJ'fl1l:IJL Ll'lfl~l.::I'J :::'H'h~ Uti! '11 nil ttt;t::; fl11lJ~'W 't1:1J-Yr'Yln 'ileJ.::11h ~ l'Yll'tt 'Yl VLL t;t::; 'lh:::t'Vlf'f 

q "' . ... . 
tlmvm~ de:IJii1emmi1v~l'iem'J~I'lUCI::;mv'fl11:1J~'W'IJeJ~9f~mt 'ilm~u erh~~.:J ('U'J u l:IJ fl , 2547) . . ~ 

9f~mt'imVii-ff~1WJ~l11"1 !tlii 2 'll'U\91 fie t~W~ffiff"l 'ti'Wl\91 2-5 ilt;t~t:IJI'l'J tm::;t~l'lfftht~'W 
~ ... . 

(Indicating silica gel) 'ti'W1Witvl1"1 tl'W fJWrf:IJU~'tle~9f~m11lt;t~~ 2 'll'UW!U u~n~l~tl'W~HViiim'Jt~:IJ 
!II- ~ 31 ' t 

Cobalt chloride (;l~ tltl v'h ,,r~ffth~'W1J'Wtll1919f~m.t'\lnffth~'WU'il:::fiav""} nmvutrl'Wff'll':IJ~ !lJfl 
.. ~ ~ 

f111:1JtMu ~m:rmha'U'li'l~ tr-3~'Wmnn11 40% Cif~mt1lCI'll'i.l W~uiitl'J::: 1v'll'u'l um'J~.:Jm~ !~1W~eJ~1r.d1 ., 
t jl ' 'iJ l 

iY'Wri' 1ii 1 amfftff v~l'i ewn~.tMmnm! em~ v.:J 11 mnCif~mt '\lCITI 1 .ffv~ fl-3iif1'1-1 1L~'W'I15v5.:~ hit tl~vu f1 
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f d =oc:::. 9 g/ 19 Q..o' d ~ lrf 9) I tr) d Q.l a.J 61 9) C::..O:::::. 

fr1lYl"lH'lf11l'ilrt'il::-:'fl'fiHrt::-:f11'lJfllJ L'lHJtl Ll-A':l::-:'fllJ'l'l\911 !'fl flt!l~ L':Jfli'H!J flJ':J':J::-:lJ<fl':l::-:1~f11':1 !'lf~TW"lfrt 
"' . "' 

'jj 'j/ I I t 

f11t'llii<JfW fl fft'i1 L~ 14 U L 1'J 'W mh ~ V~ t 'l'l 'J 1::-:11 U 1tl~ 114 .y) tn tlloU 'D ~ n 'lJ bi'U en.! 1'JJ ti'J ::-; ~ 'lJ 1 II f1'lJ1.:.l H '11.:.1 • 
t'!f'W European Commission Hrt~ International Agent for Research on Cancer t~Pi~fl Cobalt 

BJ!P 'G] .... 1 d I 9j/Q cl j/lfJ ... I d 

chloride n'D~ ~'Wu'J~Ul'Vl'ti'D'Ibl'l'J'Vl'Dlilf1'D ~'11Lf)fl1J::-:L'J'I (Carcinogen) 111f1tJ:flfllJL'tl1 ~uttrt::-:'011111 

' 
Nt'lm::-:'Vl'lJI'i'Dif'IU1fl~'DllhJ'J::-:tl::-:tl11l~ (lJ'J'W11J fl, 2547) 

Silva et al. (2004) l~Vilfll'Jffmnm'J'lJ'J'JiJU 'lJ'lJ~fiU~rt'lbl'fl11::-:'lJn tllfllfl'Urt::-:eJtu 11 n:iJ~iJ . . ~ 

' !J) 

1. ~1eHh'lfi'VleJfltWlliJtHJ~f1elf1 
' !J) 

2. ~1'DOT~fi'YI'Dfltmh!Ju,~'lf 

3. ~1eJ~1'1~iJ 1 'ti'JJ'W U' ewn11 30% 

Q.l I .:::5 0 

4. \9llelti1'1'Vl'Vl11llf1 Potato paste 

uw11eJ~l'~~'~f1~11111t~ufmn~eJru11nil 40°C t~'Wnm 3 t~fl'W iflm~u1u~1:Jutm'l . ~ 

"" 'J) j G 9 dll) ld 9 'J) d I <V ""! 
fJW'HlJll'HeJ~ ,flmnu &'W'Yl !lllJUft'lflltl !191bl'fl11~f11'J'IJ'J'J~'YJU\9lf1\911~f1'W flfl P 1: Air, P2: Vacuum, P3: 

Oxygen scavenger Urt~ P 4: Nitrogen l'l'lJl1bl'.fl11::-:~iJNrtlunnrtflf1l'Jtfl\9lf11'HleJf19ftfli'W'UeJ'I l'UU'W 

~ d Q.l d .<:::io jl .:!:{ d.::! ~ .c::;,. 

(Lipid oxidation) LlJ'Dtf1'lJ'Jf1'hll'VlfJW111Jll'HeJ'I flel bl'.fi11~'Vl1Jf11'JL\911Jbi'1'J~flelelf1CJH1l'W (Oxygen 

scavenger) (Silva et al., 2004) 



::: 

-

1. 1v;tt~hj 

Ll 

1.., 
L.L 

1.3 

2. o 'lhr:m1 

2.1 

r~~u1~~~ 

I •tl-3 'lflJ~"tl~ U""'"''PI'lJcp) ..... 00 II <fCV JJU d V . 
1.2.1 11 v y H 'l'\Jl'dltll 

1.2.2 utl-:~tr1~ 

1.2.3 11 "" rl ., 'U'U11 (tlflf1!9HJ:IJfi11'Utll'U~) 

1.2.4 
<!! 

tflfltl 

"' 
1.2.5 

0 

'U1~1f1 

1.2.6 h.1 1u 1CJit~tlliflo~ltl.l~ ... 

1.2.7 hi1ri 
"' 

1.2.8 tht'l.Jri1 

1.2.9 w!n 1l'li'JN-:I 

"" 1.2.10 m~tl'le.tl.IN.:J 
;; 
0 c.: • ~ """ d 

'U ll.l 'U 111 (j lJ 1 tl1 flt)'t.J 

...\ c!l ""' rl 
!fl'Hl-:ll.ltl'Jlfl':il~'Hl'll-:lflltlfll'V'l 

2.1.1 

2.1.2 

2.1.3 

' " ~ QIQ/ ~Q.IQI 

!fi'H/'11~f1fl'Ellli~LmHi'l.INff (Textme analyzer, LLOYD Model CR Series) 

tfl~fl,:(Jtfl;f1~'11ril aw (Novasina) (mw1'Ufllfllf..I'U1fl1l. fiWI~ 2) 

tflrt~-3-'r~ir (Minolta chroma meter) (mw'hJmfiH'U1fl 1l. mw~ 2) 

~ ..:!! .Q d' d. 
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2.2 !fl'Hl.:Jl.l tl1!fl':il~l1l'll.:Jlfll.l 

"" «''J" I "' 9 d 2.2.1 'J!~1!fl11~l1 tiJ'J~'U (Kjedahl apparatus) (mw t'Ufllf1N'U1fl 'il . fllWl'll) 

2.2.2 tfl~fl.:Jitml~l11'U1J'U (Fat extraction) (mwiumfiNU1fl1l. mw~ 1) 

2.2.3 
d! "' <I y 'l 'l d 

U'l'Jfl-31tfi'Jl~l1l11tnu te.t (mw tU.fl1fiNU1fl1l. mrn1 1) 

2.2.4 
j/ j/ . r.l j/ I .I d 

l!)tl'Utt!J'Jti'U (Hot atr oven) ~ti'Htl Binder, 1hl FED 240, IJ'J~!l'lf'I'Wti'Jl.I'U) 

2.2.5 l~l!Nl (Muffie femance) ~11'v Canbotite, iu CWF 11/13/201, th~ll'lf'I'U'lflt)EI) 

2.2.6 -1 rl d " 
tliJfl'JW'lf~lfl'Jtl.:JUfld . . 

2.2.7 Hotplate 
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.c!l OJ .<:::::!. 0 I 

:?..2.8 lfi 'H)-:i'l!'-:!'Vlf!''U ti :IJ 4 \911U'V!'U-:! (Sartorius model BP 221 S .. Scientific 

Promotion CO. , LTD, Thailand) 
7 

2.2.9 11-:wm~tUtN (Crucible) (Gooch) 

2.3 
>I 

2.3.1 
:v 1 <!! 

~lJlH'll'fl (Incubator) 

2.3.2 . . 
2.3.3 

~ d,QJf Q.l ' 

lfl 'W-:i\91'iJ'U\911flf.Jl-:! (Stomacher) 

2.3.4 _, "' "" :v fllJfl'HU'DI"lifl':ifl-:!UflJ q q 

2.3.5 tl1-:!f!J1Jfl:IJfl tl! 'V! fl lJ (Water bath) 
q q .. 

"" -"! "'1!11'1 "" 2.4 tfl':itl~:Wfl'Vl 'll' t'Uf1'J~1J'J'Uf11'J~HWl 

2.4.1 m~'Vl~hJvhuuummt :wewMfliJ (m'Yl1umf!~'U1f111. m'Yl~ 3) 
q q .. 

j/ 'J} 9 .d 
2.4.3 ~flU(I:IJ'Jfl'U (fll'Yl t'Ufllfl~'U'Jfl \1 . fll'Vl'Vl 3) 

2.4.4 tfl~fl-:!ll>lflW'V!fiU (m'Yli'Wfllfl~'U1f111. fll'Yl~ 3) . ., 

2.5.1 lfl~tl-:t1J1';!~U'U'U"!f:!!f:!!lf11fl' (Vacuum packaging) (mw1Hfllfl~U1fl ~ - fll'V-1~ 3) 

2.5.2 tl~ Laminate foil . 

3.1 

3.1.1 Tartaric acid 

3.1.2 Phosphate buffer 

3.1.3 Sodium chloride 
>I >I 

"" <!! 

3.1.4 fll'V!l'Jl(I(J-:j!'Jj'eJ 

3.1.4.1 D-glucose 

3.1.4.2 Potato infusion from 

3.1.4.3 Agar 

3.1.4.4 Tryptone 

3.1.4.5 Yeast extract 

= 



~ 

-:: 

3.2.2 Sodium hydroxide (NaOH) 

3.2.3 Methanol 95% 

3.2.4 Potassium iodide 

3 .2.5 Sodium thiosulphate 

3.2.6 Starch soluble 

3.2.7 Acetic acid 

3.2.8 Chloroform 

3.2.9 tf!Ufl1 

d o "''1'-''1 
3 .3 ffTHf!lJffTH'}'lJ ~'ll' ~'Wfl11'lJ1H . 

"' d! 
3.3.1 ff l'J~~'fl1 l :U'll''U (Silica gel) 

3.3 .2 n l CJfl'W hm'Uu 

il 'J) !J} 1. !! -!l'ti11!'U1 

2. uil 'lm~ 
d! 

3 . ifHHJ 

"' 
4. lh\9!lrt'VI'Jltt 

" 0 u 1 d <I 5 . 'Ul 'W ff (HfltH9HJ:JJfll'J'lJtll'U\?l) 
OJ ., 

6. 1.htucil 

7. i~1n 
d 

8. tl'l:i;;!'Vli:JlHN 

9. 'V'l1'tll'VItl~'l 

10. 1:u 1u tCJft~tt:JJtlrtl?llt:JJ'VI 
'" 

nll 

32.47 6.494 

8.03 1.606 

1.71 0.342 

2.73 0.546 

17.10 3.420 

23.94 4.780 

6.84 1.368 

1.71 0.342 

5.13 1.026 

0.34 0.068 

100.00 20.000 
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4.1.1 l~Yh (J11'1"ll~fll'JHfflJU1J~'lJU'Vltl~Uff~~hAmfiN'U1f11l. fiWI~ 5i 
q 

'' 'j) 

4.1.1.1 'lhriTwvm'lJiiM·rYii~lhrnl mili11'1llJ!j191J"Jny,jljJ.Hl'W 1nmr.u11~'1111 
'" 

' "' " 
4.1.1.2 t'Vlri'l'WHfflJVJdJ'W'lltl~Ll1~1 fiB Ul~'Wlff umJ~l u~::;1'\i1rii,NhJlu 

" "" "" .,. "' .l"" "" IJJ "' .,. I "" 
191111lfffllH'!f1Ellli~'Yll ·Hfl:IJ l~CJf11Hl111l1\9l'l'll'lJ1:1Jltltfi11JJ'lfW L'U:J.J'W llJ':ii'I'W t!a~ 

t~'W 1v "Jn~tl'hnn~.Yh~tr~ il3~1'Wf11'Ht1h·~,j ('l"lCJ~::;t~CJf"ltt'ff'fl~ 1 um'fl~nrm "J.) 1'flCJYJ1Fn'l"1'fll'11 

. ' 
~ "" .. -~ "" "" 0 0 2.2 fll~flfllllrJiHfln'iUl:i:tJli'UtHfll'l'flflvH't'IVI'UHnl'fi~W't'i~ll 160 C H~::; 180 C 

~11Jfl'Ufll~flfllllrJ~l1'Ufll'HnJ't'l~.:ifll'l't1flVI~flW't'lftiJ 90oC U~::; llOoC 1'Ufll'lNilvU·.JiJvi.JlWcnn·1VI . "' 

" " ' .c::::).Q Q.l Q.l..:::! ~,::! t::::t. 6) .c:::S. 

11ifllmn::;'ll'W\91tl'W fl~'W (fl1'1"1Tlif11'l"P-I~\91Hfff"l.:J t'Wfl1'flP-I'W1f1 'il. flWlYI 6) 

2.2.1 '1.hn1'fl'Wl.:jl~hmYilm1tl''fl'll'Wl'fl1'flm~'fl'Wl.:jV11~iJ'llm'flt~mn'W L11'il::; 1ti 

Ul:J.Jll ~hmn'VIf"l~eJ.:j 

2.2.4 

2.2.5 
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" " ~lf\9l.Uumciru111ir'W uu m::;mflcihJiJutl) ::; :IJlru 3 u 1Vi m1'--:nhmt~ f.l~ 1 ritn\9l)m.u' l~Bllf'!:JJ{Bu 
" 

(Hot air oven) 

" 2.2.8 'Vllfl11'Vl\9lfltl'll'lf'Ul~f.J '":lfl'Utl'lJ.u'tJ 1-7 ~fl 2 Glfl t\9lf.I'Vllfl11'Vl\9lf'lel'li1f'l~ 

" eru '11 fliittft~nf'll 'lum':i'VleJ\91 un~Vin~eru '11 fliiun~nm hml':ieJ'lJ ~'lu 
q q,t q q,t 

""""'l !11'1 2.2.8.1 eltl!'l1fl:JJ'Yl 'll' 'UfllTVHJ~ 
q "' 

0 0 ~' d 2.2.8.1.1 180 c l11f111l1tl~Hu'Wnm 5 , 6lm~ 7 'Ull1 

2.2.8.1.2 160°C 'VllmTVleJ~trlunm 5, 6 tm~ 7 mVi 

C> ""'l !11'1 2.2.8.2 eltl!'Vifl:JJ'Vl 'll' 'Ufl11el'U . "' 

0 :ll "' 2.2.8.2.2 110 c el'UllJ'UrJrr:t 30 'W'l'Vl 

1 o 'l ')) -=> ""'l 'J)GI -=> dGI 'J)Q 
\9lf.Jfll'I1'U~ '11tltlJ'VimJHf'!::;nm'Yl 'll' L'Ufll':i'Yltl~ Uf'l~tltl!'l1fl:JJUrl~nm'Yl L'll' L'Ufll) 

q <U q <U 

" 
emni1u Treatment ~W'l ~'lU .. 

Treatment tltl!'VIflii'flel\91 (C) . "' ldfll'Ylel\91 (Ulfl) fitl!'l1 fliitJu (C) . "' 
nmau (Ulfl) 

1 160 5 90 50 

2 160 6 90 50 

3 160 7 90 50 

4 160 5 110 30 

5 160 6 110 30 

6 160 7 110 30 

7 180 5 90 50 

8 180 6 90 50 

9 180 7 90 50 

1 180 5 110 30 

11 180 6 110 30 
:: 

12 180 7 110 30 



"' QIGt9J do d 

'Wfl !'11ff~!~~lJ14lJTVl I n1mnrvh 

l 
j 

"' 
'Vl'il1lilJUliJlJtltu'l1fliJ 2 'j~\9\'U ~tl . "' 

trlunm so u1l1 u1:1~ 11ooc trlunm 30 

'WTvt t~'ilffmnr:nnh..!m':i'il'U~nnn~~:!J 

• . & d di 
tl-.'l Lammate foil l'l'fl'lJTVJ 3 1:1'1111::; rHJ • 

P1: Latuinate foil+ Silica gel+ 100% Nitrogen 

P
2

: Laminate foil+ 100% Nitrogen 
' 

P3: Laminate foil+ Silica gel 

'11~-.'l'\llfl'Vlltll1U11'\l!ff~'\lUt\'1'Vlltll1!~'U~'iltU'I1 fllJMtl-.'l ('lh~lllW 25° C) trlunm 1 . . .. 
1:Ytl111M ~-.'lU1Nill'lfitu~m'Vl1lff'il'IJ'Vll-.'lfllt11ll'W tl'ltlfll1ll'lrhiM'1mfl~tl-.'ll~filff (Minolta) l11 

"' ' "' 1:fnEJru::.m:1e>i'lJ~b1'1\Plf.Jl~!fl~tl-.'ll~af1EJW~!U'iltllJ~ff (Texture analyzer, LLOYD Model CR Series) 



: 
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" 
vllf11'ilLml::::l'f'l1wh Peroxide value (P.V.) 1tm1 :::: M'I11~1fl11:JJ~'U u~ :::: aw ('i l c.m::::tfltll?lHft\?1\llw 

,, 
fllfiN'U 1 fi '\1 .) t\?lEJvllfll '.i i'Wi l:i'BU11?1~1 3 clfl 

~ 
Laminate foil Laminate foil + N2 Laminate foil + 

+ Silica gel N2 + Silica gel 

I I I 
~ 

I L~U~fJW'I1iJil11'B\I ti!unm 3 ff''l11?11l1' Vilm'i~:JJ\9ld11l'VJfl 7 1u j 

l 
I 'VI \?111 flU 'V11 \1 f11 (J fl1 'Vl H 1:l:;:: 'V11 \1 L fl ii I 

' "' ' ""') '1 91 <!! "' "" ') 0 1.1.1 fll'i1\?lfl l 'i:1' t\?ltl t'lHfldfl..:Jl\?lrl' (Minolta chroma meter) t\?lti'Vllf11'i 

" "' . . 
'Vl\?lftfl1J1\Plfll 3 CJfl 

"' . "' 
1.1.2 il'ltUBff:JJHftt\PlEJL'*Lfl1B..:J51Pl~m,Jtu:;::tuBff:JJHft (Texture an~lyzer, LIDYD 

" Model CR Series) t\PlEJvlltll'.i'Vl\PlftBU11'1~1 3 clf1 
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1.1.3.1 f1111'1?l~l aw tl?li'JL~Lfl~tJ~11?l~l ~ (Novasina) ('Jli'Jri~Ltli'JI?lU'ffl?l-1L'W 
')} 

fllflr-.I'W1fl fl .) tl?li'JYilfll'J'Vll?l'fffl1J11?l~l 3 GJfl 

1.1.3.2 fln11Pl~l-ff11?li'JL~Lfl~fl\111?lfr (Minolta chroma meter) 
')} 

('Jli'Jri~Ltli'JI?lU'ffl?l\llufllflN'W1fl fl.) il?li'JYilfll'J'Vll?l'fftJ1J11?l~l 3 GJfl 
')} . ')} 

1.1.3.3 1~?JtumrllN'ff tl?li'Jt ~tfl1v\11~?Jt1n'l:lw~tuvifllN'ff (Texture analyzer, 
')} 

LLOYD Model CR Series)(':ilfJri~LtlfJI?lU'ff\91~ t 'WfllflN'W1fl fl .) tl?li'JYilfll':i'Vll?l'fftJ1J11?l~l 3 GJfl 

'll <01 
2. 'flA~ij'lJflWftl'VftlNAllUIU.J 

q 

Q.l dlr) 9) .t::::l Q,l ~'j) dl 0 :v c! 

'11rl \11llfl'Vl ~ \91 r-.lrl\91fl W "VV \91'W LL1J1J 1l~'Vllfll'J 'Vl\91 'fffl1Jfl Wfll'V'I'Vll\1\?ll'WLI'I 'JJ . 
')} 

liJ!)) ' 
~\PHLfl 

hh~'W t'UiJ'W t~'W lv fl11JJ~'W aw ('Jli'Jrl:iatli'JI?lU'ff\PFl '[ 'W.f11flN'W1fl 'U.) tl?lfJYllfll'J'Vl\91'fft11J1'191~l 3 

:: 0 ..:::::. ~ 1 Q.l 0 d 
G})'lUrl~ 1l~'Vllfll'J1Lml~l1'11lfll Peroxide value (P. V.) '11rl\11llfl'Vllfll'J'Vll?l'ffti1J'Vl'fffll1~fll'J1J'J'J~ 

19i1.:J"l L~tl\91 fll':i tl.J~m.Jul.Jr~.:~'UtJ~ t 'UiJ'W l 'W H~l'llltucrliliifll1M'W ~Lfl\911llflfll':ifltlfltJSLWif'W'I11fl 1:JJ .. 
')} 

('Jli'Jri~LtlfJI?lU'ffl?l\l'l'WfllflH'W1fl 'U.) 1191VYJ1fll':i'Vl\91'fft11J1'1?l~l 3 GJfl 

')} 
.::! .:::! Q.l .::! ~ c:S q 

l'l':i11lU1Jfl'VlL'JfJ'Vl\1'11'JJI?l (Total plate count) fJ'ffl'lUrl~':il (Yeast and mold) (':ili'Jri~LflfJI?lU'ff\91\1 ~'W 
')} 

fllflH'W1fl fl.) t\911'JYilfll'i'Vl\91'fftJ1J1191~l 3 GJfl 

v -• QJ QJ 4. 'fll7l~ij'lJ~Wftl'Vf'fll\1171l'klu'.i~~l'fl~1.ff·.m 

fll':i'Vll?l'fftJ1J 'Vll\1 #11 u l11~ 'ffl'Vl if'JJ N'ff t\91 CJfll':i 'Vll?l 'fftJ ut1n'l:l ru::::l111 fl{] iY fl~ u 1 'ff fl1l'JJ 
')} 

mou t1nEJw::::tutJif'JJNff ur~::::ml'JJ'lftJ'IJ t\91V11'JJ tl?lVln Hedonic scoring test (1911tJVl\IU'IJ'U 

1h~t:iJ'W vd'l umm·l'W 1fl \1.) c'J1\I 'l ~N''Vl\91'fffl1J'Vll\11h::::'ffl'Vlir'JJN'ff~l'W 1'W 30 fl'W (U 'ff\91\l'l 'Wflli'IN'W 1fl "' .. 
')} 

\1. t'li'Wfl'W) t\91fJYllfll':i'Vll?l'fft11J1'ri~l 3 GJfl 

dl d 'l "" "" ~ o' d -~ 
11\1! Lr-.I'W fll':i 'Vl \91rl fl\1 fll 'ifl'fl'l:l1fl ':i:::; 1J 1'W fll':i 'I'lL i"i'JJ 1 ~ 'ff'JJ 'W fll'i Hrl \91 r-.lrl l'lfl W "VV L '11 \91 'W 1\ll"'1 

mmJ tfl'W1l\91~\I'Vll?lrlfl\IU1J'IJUvli'I'VlBi1CJr~ l'WUH'Wfll':i'Vll?lriB\IU1JUff'JJflV1\I'ff'JJ1J':iW (Factorial in CRD) 
- . .. 

')} . 
Yl1fl11'Vl\PlriU\I 3 GJfl l LI'IJ1~'l'i'm1JJU1.J11.h1'W !Lri::::'Vl\91'ff01JI'IJ1'JJU\9lfl~ 1\l'j ~'l-d1\lir \I 'VI \PlriU\1#1 'lf.JllJ . . . 

~ Q.l ~ Q.l w 
Duncan's New Multiple's Range Test (DMRT) 'Vl1~1?11JI'I11'JJL'lfB'JJ'W 95% fll':i'Vll?ltl'B1Jfll1CJBm1J'Vll'l 

l.J'J::::'ffl'Vlif'JJN'ff 'l~I'I~U'W'WI'IJ1JJ'lfB1J!L1J1J 9-Point hedonic scale fll'J1l\I!LH'Wfll'i'Vll?lr!B\I Url~fll'J 
.o::::;). cl'j) ~~ ' 'l d o' 
1Lfl'J1~'11'Ufllqjri'Vll\l'fftl\91LL1J1JbJ;JJ 'W1Jr!Bfl'ff'JJ1J1W (Randomized Complete Block Design; RCBD) 
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9) 

VJlfll':i'Vl~HHN 3 cih 'Vl~ft'eJ1JfllllJH11nh -;rwut'l~mll1UI'Ifl~l..:j'\JeJ..:jfllL'il~t'.l 1~vili Least 
' ' ' ..:::! Q,l .::S Q,l 

Significant Difference (LSD) 'Vl':i ~ ~1JfllllJL'lHllJ'W 95% 

0 0 

1. 180 c I v 
~1l.Jfl1l 

111nm':ili~ulll-lill'lilu!cnLl1~'~'Wl..:jf41meJu 1~P~vl~eJunmiJlum':i'VleJ~'~~ I6o 
0 

c ut1~ 1so 
0 

c 
q ., 

. ' 0 0 

l1t'll'VleJI'In 5, 6 Ut'l~ 7 'Wln li'eJWl1.fllJU(;l~LJt'lli'Wfll':ieJ1Jn 90 C Lii'Wnt'll 50 'Wliii Ut'l~ 110 C . ., 

I J} I t 

b cJf.:Jti!ufilir'li1.:Jirmtlv.:J (+) i1.:J'!i"J.:Jffth~u (-) cJf.:J 'luffm"J~nul'ln~l-!ln'W !:Jlifl"Jl:Uttl'lfl~l -:aiu 

= eJVl-!~ihTmhfity'Vll-!lft'fl~ (p>0.05) LL~'Vl1J"";hnm'VleJ~ r.JW l1.fJlJ'VleJ~LLt'l~nmeJ1J~II-lt'l~eJftl a ~-!~Lrl'W 
I d. t t c! di I .::::5. ..:::! I .::! I t ..:::! 

fll'Vl1J.:J1JeJfl"lf"J.:Jft'U\Pl..:j ( +) fi.:J"lf"J.:Jfft'UCJ"J (-) 'Vl1J"Jl'Vlflft'.fl11~fll':i'YI~(;lD-!IlJfl"JllJUI'Ifll'll..:jeJt'Jl.:JlJ 
q 

~ I 'j/ 1 I 

ft'.:J~'WU.:JII-lt'lhffi1 a LrllJft'..:j~'W (~-!IUft'~..:jtJ"Jt'.lfl':ilvl1um'Vln 3) Uft'~.:J'lM'tll'hlilll-lill'lilructl'iJfil a iii ., ., 
" ' " 'tJ.:J~'UlUD..:j1Jlflll-lill'lilrucvf~m':iLn~11~n1CJ1LlJt'lt'll~ (Mailard reaction) '\JeJ..:jfl':i\PleJ~iJi'WLLt'l~Ull'llt'l 

1~1CJJ~.:J 'lull-lill'lilrucvf.Yh11~n1vln'W !ti'ti!u tflt'lifl~meJ~'W (N-substituted glycosylarnine) tl'lt'.l1l~ 
. " 

tn~P~ll~n5m~DLii'D-!!1l'W itlft'nililll'lltl ci'inrn, 2544) 
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<V 

(;lfl'hlW~'Vll.:l tlltlfll'Vi 

Treatment ' "' mff 
Hardness (N) 

Lns a bns 

1 39.887±5.38 7 .303±1 .20b 7.105±5.13 28.736±25.464 abc 

2 41.100±4.30 8.417±3.98 ab 6.835±3.23 29.363±20.456ab 

3 42.808±2.95 7.255±2.58b 9.288±2.94 23 .862±15.491 abed 

4 41.670±2.64 8.386±0.57 ab 7.938±2.05 35.070±29.472. 

5 43.538±4.22 7 .182±1 .86b 7.740±3.59 19.815±12.325bcd 

6 40.728±3.27 9.354±0.87 a 7.563±3 .59 24.586±10.911 abed 

7 40.071±4.64 8.547±1.07 ab 7.390±3.27 18.583±13.188bcd 

8 42.029±4.76 8.289±1.51 ab 7.821±5.35 23.461±18.830 abed 

9 42.719±2.34 9.737±1.41 a 8.895±3 .05 15.880±3.810cd 

10 43.042±3.57 8.854±0.42 ab 8.958±4.40 30.234±28.995 ab 

11 43.845±3.21 9.534±1.16 a 10.712±3.88 15.713±11.940cd 

12 42.084±2.27 9.812±1.02" 8.781±3.20 12.168±3.308d 

'VImm'VI~ a-d lufiCJrruwt~cr:lf1uuCJnm1:1Ju~n~l.:l 11'lvi91--JC)nm~'i~~ufi11:1Ju~n~l.:lo'W'Vll.:lffo~ (p < o.o5) 

ns 'VImvfi.:l hiiJml:IJH\oln~Nn'W'Vll.:lffo~ (p> o.os) 

" . " 
IUClff:IJHff (Texture analyzer) 9f.:lr;tfl'hlW~!UClff:IJHff'il~!!ffl'l.:!l'WtiJ'llCJ.:l~ l fi11 :1JU~.:l (Hardness) li 

mJ·:wtrlu ih\9l'u (N) 1~e.f'Vi1m'i11'l~1~1:1J'lJCJ.:lU'i .:!fll'ltl'IJ HHt.SCJu ~~~~vuuuum'i nl'lm'VIl'i'lJWJ 

VJ'W~'il~nl'lmtn'inCJ'W~'il~tiCJ1 l11~l'*vhm'ill'lftCJ Volodkevitch bite set 11'lv1'*1911mh~~li 
fi11:1J'VI 'WlU'i::;mw 2 mm 'il l flfll'i'Vll'l(;JCJ~Vi'IJ';h CJW'VI fllJ'Vlfl\PI nm'VlCJ\PI CJW '11 fllJCJ'IJU(;J~!JmCJ'IJ li 

q cu q cu 

li-f(;J~CJI'll Hardness 'IJCJ~!i-!il~nw~ mh~ih!mhl'lt1J'Vll~ffO~ (p<0 .05) (~~m11~~ 7) 1IPICJ'Vi'IJ';h~ 
" . " CJW'VIfllJfll'i'VlCJIPim~'W rtl Hardness lirtl(;l\PI(;l'l dJCJi'*nml'Wm'i'VlCJ\PI'Wl'W~'W rtl Hardness liri1 . " " 

" ' ' 
(;ll'!(;l.:l 'i'J:IJtfl'l!UCJi'*CJW'VIfl:iJCJ'IJVJff'l ~1 Hardness 'iJ:d'irtl(;ll'l(;l~!'lf'Wt~CJ1tl'W (19l'!Uffl'l'l~lJCJmTw'lu . " " 



41 

I • 1 f (j I 

mi"l-vl 4) 1~vN~~fiwcv1-vl~TWm1'VHJ~.vlvtu'Y!fliJ 180 c ~~unm 7 mVi~1l.lfl'lJf111V'lJ-vleJtu'YlfllJ 
q 1:U q '\I 

Ia/. ~cl I .d~.d ~ ~Q.I dd .O.Q.I r:/ 
~'Vllfl'JJ 12.168 N &Jf.:J~llum Hardness 'Vll'll'Vl'ff~ !'Uti.:J1llflfl11tfl~rtfl'l:itu ~ 'Vl!ll'U1'1Al1'U'UeJ.:JNrtl'lfltuCVJ . "' . 

I j} " J/ 'J} t 

-vl!~'WNrtm1llflfl111~m vvan'Ua.:Jl.'hm~ 1m11l u 'llul'l eJ'W m1'Vla~ .Yh l 1Xu llJ'W!!'Vlu-vlmvl uPh 

cilim, 2544) 

' i I :;~~ l.Jfllff 

I 50 
I 

I :: 
35 

30 

Ill ~: 
15 

1': 
'
I 

0 
2 3 4 5 6 7 8 9 10 11 12 

Treatment I 
[ ____________ _______ _______________ ___ ____ - - ·- --- -·- --· --- -----------------·--·--·-·------ --------- . ·------------·--·- - --------

mnmi"l~ 3 Hff~.:Jl'l1'rtiui1 !rlvvtu'Ylfli1l'Wfll'J'Vlrl~ nml'Wfll'j'VltJ~ u"~tltu'YlfllJU"~ 
q qJ q cu 

~ o j} ~ Q.l ~d. I ~ ~ dl I Q Q.l rfd. 'j} d 

nm '1 u fll'jrJ1Jff .:J'U'U ml 11 N"l'lfltuCVJttfll a !i"ltt'U'UGJf.:JUft~.:JllN"I'lfltu CVJttfl lltt!'Utt'UrJ.:Jftl!~.:J:JJlfl 
'" 

~'U ~arl.:J'illflN~I'lfitucniim~Hfl~tJan~tll~ttmll~ (Mailard reaction) ~.:J'I'lll'l1'1¢i'Nill'lfitu cn~iii1 
~ ' 

u1m" ri1ufh L !m~~l b '1urrm1~-vlul'lni'11.:Jnu1liiif111ttul'lni'11.:Jnumh.:Jiium;hritym.:Jffo~ 

(p<0.05) 



r- -----------------·-·----~---- - -- ----- -- - ----· ----- -~- -------- ----- ·- ------- -

! 
i 
I 
i 
i 

I 

35 

30 

I ~ 25 
I 
I 

• 

I 
! 
I 

"' "' " .§ 20 
~ 

-~ 15 

10 

5 

0 

2 3 4 5 6 7 8 9 10 

Treatment 
L _________________________ ___ 

11 

' ' " 
\911(;1-;J 'h.J'liil'WO.;Jt~tllll'Udjo 1i'otu'l1fllJom)l'l OW'I1fli1tr~JU(;1~!1mou{;l'.;J9j'Uril Hardness ~iJ 

q Ill q cu cu 
1 I I I f j/ I 

12 

uu1i U':ul9llmt'lfut~CJ1n'W t'WO.;Jlllm:iJo1 '*'j~CJ~nm 1 unT'.i'VlOI'IVi'Ulu 1om{;l'VithVimJmCJ1u .. 
~ u.l rid lll rJ) l d 'j) ~ 

f:-.l{;ll'lfltl! CVJ:JJf11'j'j ~m 1'.1 ~l'lmn m1m1'VlOI'l'Vl1 'lf'j~CJ~nm{;l'u 

42 

I 
I 

I 

I 
I 

I 
I 

I 

I 

J 

ll l n~~m1'Vll'l{;l'O'l.Jml:JJ'lfO'l.J'Vll~th~tn'VliY:wN'ff (IPi~\91111~~ 8) 'Y'I'l.J~1i'l~uuum1:JJ'lfO'l.J'Vll~ 

1h~m'VliY:uN'ffiJm1:uu\9ln~1~o~l~&wmhfl'~m.;Jffil~ (p<o.os) ii'ICJi"''l.J'he;JruMl:Jil'Vlol'l nm'Vlol'l 
. ' " 

e;JW11l:JlJlm~nmou iJ~r~~oml:JJ'lfO'l.J~1'W~m-Jill~th1n~ ir fl~'U i'I11:JJmou rwo~:JJNff ml:JJ'lfO'l.J 

' " 
11'lm1:JJ u~tlliJ f:-l~~01{;1''lf1~ t:iJo1i'e;JW'11l:Jil1 um1ou~ .;J~'U ll~ri ~N"~O~fl'hlW~1h1n~ ii'ICJ 

t 9 'J} I Q.l d. 0 9 'J}'J) .. J IV IV llJ f tV ~ C! 

ff ~f:-l{;l !'11 i'I~U'U'Ui'I11:JJ'lfO'l.J\91 0{;1 fl'hltu~{;l'{;l\91{;1-3 'I'll ~ '11 N'Vll'lffO'l.J'Vl1-;Ju'j~{;1'1'Vlff:JJJ:-l{;l' L:JJ CJO:JJ'j 'l.Jl'U O~lllfl:JJ .. 
'J} I 'j} I 

d o 'J/ "" II)_ j<!l o GJ 'J/ 01 'J/ "-' _ l IJ]_ pi <!I "-' d o d 
ff'U 1\911&WIJ :JJtfl 'W L Uli.;!'Vl1 !'11 i'I~U'W'W fll'j l'JO:JJ'j 'l.JI'l1'U{;l fl'hltu~u11fl~{;l\91{;1-;J L 1JI'l1CJ "lf.;J(;l fl'hlill~{;l''U 1\911{;1'1'1 

U11fl~ 'lut:-l~\9l.flill~ff1:JJ11tl~ t$l'il1fl~1 a (\Pi.;JU{;l'l'l.;J~ltlflHWt'Uflli"'~ 3) 11'1CJJ:-l~\9liltu~~iJ~1 a ~-3 

tlJ'Wf:-l~ \9ln ill~~lJU'W11,! :uiJirJ1\911{;1l~:JJfl~1N~\9ln ill~~iJ~ 1 a ~1 ri1'Wfi~U'W'Wi'111:JJ'lfO'l.J~ O~f1'hlill~ 
n~ u 'il~'Y'I'l.J~1t 1m 1 'Wfl11'VlOI'ltt~~oru 11 fli11u m1ouiJ f'.-l(;l~ om1:u'Jfou$1 1u n~ u 'IJO.;JH~ \9ln ill~ 11'1CJ 

q .. 

' ' " 
'Y'I'l.J~ 1t:iJ o 'l '*'j~CJ~nm 1 'W'VlOI'IVi ~'W~'Vll'l{;l'O'l.J'YI1-3U1~tn'VliY:uN'ff'l tr r1~uu 'Wi'lll:JJ'lfO'l.J{;l' .;Jni1m1 'l '* .. .. 
'j~CJ~nm'Vlol'l~ nm'U1uni1 rd O.;Jlllmrl o 'l ~nm 1 u m1'Vlol'liu Hil \9ln ill~ 'il~tn ~'~~ n11ru~~ iJ n~u'H o:u 
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u T1.n11 '111' ~~-~~ l'ln ti!ctl'li n~ u 1r1if ri ~~~-~r~ 'lM'li fl~t! u u m11J'JHl'U'Vl1~1h~~1'VlbY1JN ~~ 1 

fl~LL'W'W f1111J 'Jf€.l'U~ eH1' fl'hlti!~'Vl1~tJ'J~~1'VIbYW~'-cr¢J 1'Wf!J11J Mti'U'W'iJ ';h trl £1 l '*nm l 'Wf11'J'Vltl~ 
~ ~ . 

'W1'W~'W 'il~Yl1 i1i'fl1fl~U'W'Wfl'J11J'lftl'U\Jlflfl111h~LlJ 'W'Vl1~1h~mVlbYW~l'ff'ff ~~'W LLft~'I"''U ':lldJ tl 'l.ff 
"' 

~ ~ . 
tl U! l1 fllJi 'W f111ti'U'ff ~~ 'W 'ff ~Nrl '1, '11' fl'J11J'lftl'U'Vl1-:!1h~'ff1'VlbYlJ~'ff'ff ~~ 'WLGJf'W tl'W ~~LGJf'W NriVi Vl\PI'ffti'U L¢1' 

q qJ q,J cu cu 
I )I I jl 

~'Jmfl~ tl~lf!tu tlbY1J~ffili'I"''U ':hll 1 'l.ffnm 'l 'Wf111'Vltl\PI'W1'W~ u'Vl1 'l '11' N~l'ui ructl'li f1111Jmt~umn'Vl1 'lM'fi 1 

fl~tL'W'Ufi111J'lftl'UVll~'l.h~m'VlbY1J~'ff¢11Um11Jmt~1J'ff~¢11EJ ~~rh Hardness ~1~ i¢1iifi1~1 (~~u~~~ 
'" 

¢1 'JCJmwl'l 'Wfll'l"'~ 4) trl t1 i'*t~ruli fl iJ'l 'Wfll'J'Vltl\PI'ff ~~ 'W n~ u'Vl1 i M' fl~LL'W 'W m1JJ'liti'U'Vl1-:]11'l~'ff1VlbY1Jr:i''ff . '" '" 
rlf!m ~ ~ri 'llf.lrl~ tlfl~LL'W 'Wf1111J'lftl'U t flti'J'JlJtll 'WN[l1J11J1tlfll'Jf1111J! tl'W~'I,~i, 'Wf11'itl'lJLL[l~fll'J'Vltl\9lff ~ 

"' 
iJ lf-1[1~ tl~ f1£lti!~'Vl1'1~ 1'W1h~ 'ff1'VlbY1J~~'i) 1flflTHtJ~ CJ'WLttJ[l~tJ'Ifl' tJ'l~tltl'U'Vl1~LfliJ LGJf'W f1111Ji'W L '\JlJ 'W 

tl~mru 1th~u tm~m{Tu!vtfl'il'l ('unm, 2544) 'il1tlm111n:tiJuwmj'lftJ'U'Vl1~1l'i~'ff1'Ylff1J~ff (~~ 

fll'l"'~ 5) 'I"''U'.h~1tl~1"~ 12 f1t~ Nill'l.firuct1'~~1'Wf11'i'Vltlfl~ 180 o c tfJunm 7 m-vi t~'U~fJill'I11,Jii 
110 o c tllunm 30 'W1-vi lifl~U'W'Wm11J'lft~'UI91'1'W'i~'lf1~ff~~ff\PI ~hu~-:md1~Nill'l.timcv1~ 9 fit~ 

"' q 

t ' 0 ' 0 

Nill'lnructl'Yi~1'Wf11'l'Vltlf!Vi 180 c tllunm 7 mVi t~uVit~rul1flii 90 c tllunm 50 u1-vi lirh Hardness . ... 

Vi\911 tm~lim1JJmt~u~~'it~~111f1~1t!V1~~ 12 tfltJ~1tl~1~Nill'l.tiwcv1~ 9 lifl~tt'W'Wf1111J'lit~'U'Yl1'1 
"' . ~ . 

11n:ffl'Vlff1J~~I91'1u~n£Jw~11'lltl!J ir flil'W m11Jmt~u LUtlfflJ~~ U[l~i'IJ1:JJ'lftl'U Lf'ICJ'l11J ~~-vi~fl 
~ . . 

~'llJ 'W ~'1Yl1f11'ifl f!L~tltlNiJI'Ifi rucn'l 'W~ 'Jtl~1~.yj 9 .yjlj fl~U'W'Wf11'i tlt~JJ'i 'U'Yl1~lh~~1'YlfflJ~ff111fl~ 

'Ylflfftl'U'Vl1-:]1l'i~ffl'Vlff1J~~mn~~fl tm~lirh Hardness ~~1 mt.WCJ'I~'JfJ~1-:]t~CJ11JlYl1f11'lL~'U'in£J1 
q 

~mv7t~mffm1~~Ll11J1~~1J'l'Wm'it~u'in£J1tf!CJ~V-:]ff11Jl'itlfl'lfl111JmeJutm~fn£J1fltl!fll'I"''\JfJ'I .. 
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(fl) 

('I) 

ill'V'I~ 5 Ni'll'lntu~h.t Treatment ~1'1"'] '\llncihc!'hhr.n ~'llf (fl) Treatment~ 1, 2 um~ 3 
' ' 

m:m11~11 ('ll) Treatment Vi 4, 5 U{l~ 6 \911ldh~u (fl) Treatment Vi 7, 8 tm~ 9 \91l'.J.Hll~tl 

Lt{l~ ( '1) Treatment Vi 10, 11 Lm::; 12 l'lllJih~u 
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' " ' 
'illflflli"'VJ 5 'il~'V'llr:hv.~i119lfitu~i'l 12 Treatment djm.JlJJlilhm·Hll~cJ'lJ!Vl£J'UntJ'il~'V'llJ'h 

11 'J ~ {l'l'VJ ~Jj NTI'fl ~u tJ 'U ~ 1 ~:U 5 fl'hl ru~ flllll'Jfl ~'ltitJ 'V1 fl Hiil9l.i1 w ~ ~ 'lVllfll'J fl\91!~ eJ fl Vl ii 19l.i1tu cn1 \9ll'J\91 
q ~ 

rll'\llfl\91111'1~ 8 'VllJ11Niil9l.f1tu ~~ 9 filfi~U 'U'Ufl1llJ'll'VlJ'Vll'lll'J~{l'l'Vl~lJNff~l'U ~ fl'hltu~ll'Jlfl!J 
' " ' 

iY niiu fl1l:UmVlJ tueJ~llN'mw~fl1l:U'll'eJlJ t\9ll'J'J1:Uff'lVlff\91 t\9ll'JJJfilrvhtilJ 7.367, 7.267, 6.800, 
~ q 

o Ql r 'J) Qo Q, Q..l c~d .d. • 

7.667, 7.433 Uri~ 7.567 \9ll:Uftl\911J b1'1tJ fi~U'U'Uf11l:U'll'eJlJ'Vll'l\9lltJ 'Jff'll'l\9l'UeJ'lVlrl\9lfltl! CVl'Vl 12 :Ufll 

ff 'l~ff191¥'ieJiifiwvhtilJ 8.210 ~'lVllfll'Jfl\9lt~vnv.~iil'lfiru ~~ 9 ~iifl~U'UtJf11l:IJ'll'VlJff 'l~m•n1ltl1Vll 
~ q ~ q 

d 01 I df £il VIJl 91 Q Q.l cfdd Q.l d ')I ..::::.~ G) 'JI Q.l .J 
flTHfllJ':ifl'hll\9leJ li"'eJ m 1\91Vlrl\9lfiWCVl'YI:UrlmJW~'YI!AilJ':i lflfl r11fll':it.J€l:U11J:Ulfl'YI'i."''\91 

~ . 

%Yield % Weight loss 

4000.000 

2603.400 

3909.230 

856.320 

764.050 

100.000 

65.050 

97.730 

21.410 

9.110 

0.000 

34.952 

2.269 

78.590 

80.890 

o g/d, ~ I Q .c::l o<:::!. ,% I.& .::S 0 'l !J} : CJ 

eJtlfl:Ul:IJlfl'Vlli'YI:U %Yield \9llt~t.Ji"'lJ1l!'Yi\9lff\9llJJJ";i:IJlillf111:U'll'tJV~tl'l 89.760% 'il'l'Vll 'YI'Ul'YI'Ufl 

& ' ~ 0 ~ Ql 0 'J) q Q/ cle::i 

rl\9lrl'l:!Jlflm 80.890% ur~~i"'lJ1l'U 'U\91V'U m1u 1m 191LllvlJ'Yirl'l'lllflfll':i'VlV\91'\l~'VllL'YI Hrl\9lfl wCVJ:u 
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"'"' "" fi W 'ff:IJ tJ 1'1 'Vl VH fi :IJ fn Cl ill't'l • 

a~fi'll1~nat1 
... I 

mu1rumw~u 1111~'W m111tU i"lliru !'ff'W'lCJ 1'115(11~ 

(%) (% 111CJ C% 111v (% 111CJ 

" " " 0 ... 'J} 0 "' 'J} 0 ... 'J} 

'W 1 '11 'W fl U'IN) 'W1'11'Wf1!!'11~) 'W 1 'Y'I'W flU '11 ~) 

t~1l'WNvh NA 89.762±6.846 26.075±1.209 0.869±0.152 30.000 
cl 

!'1111 f1 HJ tJ 0.327±0.005 1.499±0.026 11.903±0.142 39.2195±0.520 29.550 

Q tl if~ I Q Ql " ~ -~ ~ 0 G if 
1l1flfl111tml~'l1 tl\lfllJ'i~fltlti"Utl~H[ll'lilWCVl !'111l'WHrllfl15tl t \PICI'Vll fll'i 1'1 1 11l1tfi 11~'11 'Vll~ 

" 
tflii 1tlufi m11tfl'il~,y'tJ~mru 1111~'W tl~mru 1"llir'W tl~mrutff'u'lCJ fl1l:IJ~u u"~ a.v ~tJ-h 

Q Q..l ifd. Q .t::! ll] Ql 91 ~ 1 

H[ll'l.flWCVJ:JJ1.l'i:IJlW 11111'l'W 11.903% ! "U:IJU 39.2190/o t'ff'W 1v 29.550% fi1l:IJ'JfU89.762% tm~m aw 
. " . 

rvhfi1J 0.32711PlCJ'I"ltJ';hHi)l'lilrucvfiJ11~mru 1111~'W[l\Pl[l~ ttl9iii11~111W i"lliJUtW:IJoU'W (~~l'll'il~ifi 10) 

ttTa~1llntfl\Plfl111ffCJ'ff.flll"'"Utl~ 1111~h..!~flmhmvtl1eJfi1l:JJ~au\1~11111Yii1l~mru 1111~'W~[l\Pl[l~ tm~ 
"" Y I I V 

~ill'lilru~iim11P11Plclft1Ul111Vll'l1Yii1l~:wlru1"llir'Wilirw11~U1lln 0.869% ti'lu 39.219% ~~i"l1J'h .. 
Hill'lil ru cvft~ IPI'VlBIPlm vtJ t i'lu ~ill'lilru cv1~1 1Y 'l"lrr~~ 1u 'ff ~ tw~ v-~ill'lil ru ~ ~ 1 ~1im1:w~u ~1 ( 1.4990/o) .. 
~~111 1 1Y ~ill'lilru cvft~ ~Plm Vtl tfl\Pl m1t~a:1J t ffmdv~ 1l1f1fi11 :w~'W 1 tl~1t1 1 IPICJ'ff1:JJ11fl\Pl1lfi11:1J~'W 111n .. 

\Jlfl H[lfn'i~fl£11 [l'.fll1~tJn \J"Ua~ ~ill'lilru cvft~ \PI 'W 1~~ 1m Btl 1 \Pltlfn'i t~tl f nmti'lu t 1m 3 • 
~1l1P11,Y ~vru 'Y'I.fllJ,rm (25° C) 1 \Plt1Vl1fll11~1J 1 'W 'ffll11~~~1~fl'W~tJ-,hnv~nm~VIlm'i t~tJffl£11 

• <u 

1iv-~"~vfi1 L (~~'l'WI'l111~~ 11 tt[l~flnttJ'lumi"l~ 6) m.h~liirmhfity'Vl1~[l'i)~ (p<0.05) trlvnm 
I 'j/ I !) I 

1 u m1 t~tl t 'Yi:w<iiu'l"l1J ';h fi 1m1:wtri1~lifi 1[111[1~ m11 tfl\Pl t ii a~ 1l1 n'll~ m w fl11:W~'W ll[l1J [!~ ri ~~[I i 1Y 
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a u\9l~irfl11~1Jn~~U\9lf1\91Nn'U~1 L U(l~ b hiiJm1lJU\9lf119i1 -:mrh-:JiJtJtl~1tltlj'Y11-:Jffi1~ (p>0.05) 

(\Pl~i'U\911)1-:J~ 12 U(l~f1':i1'1Al1wn~~ 6) ul9i~u-:h~1 b li~mJ~ti'UUU(l-:J!rlu'J~tl~nmi'Wm':i!~u 
Q..l .% cr d f ~ J (;} Q.J cf.d I q Q.l cf.d t:::! I cl ..Jt 
Hlll1'U1'U'U'U ~\9ltllJfll!~lJ'U'U ~'U"ffU1"11i1i1 1 u"~ 2 ff1'U ~'UffU1"1 1'11i1 3 lJfll(ll"!fl-:J!1Jw,m!'UB-:J111f1 

. . " 
imh-:J 2 -fful"l1Mr-li'l\9lnru"1'i'li~ 1 a Vi"~"~mri-:Jr-m1M' ~1111'~1*mi!iu-:J!VllJ~'U (IOl-:Juirl"l-:J¢11t1m1'1Ali'W . 
fll'WVi 8) 

trleJ~1f1THnufnmr-li'l\9lnrucv1!1l'Wnm 3 ~UI"lllY ~Btu'MfllJ 25 oc tl"ltl~1 Hardness !~m1''W . "' . " . 
ii~wvhnu 17.447 N ~ui1fffl11~f1l':i!nufnll1lllit~lJ Silica gelli~1 Hardness \(-:J~'U't'U~UI"lllYll 

2 u"~ 3 (\Pl-:Juffi"!-:J¢11tlm1'1All'Wm~~ 9) ~-:Jff1!HIPJB11ltdeJ-:JlJ1111fl~il\9l.firucvflirt11lJcf'UrvilJ~'U (IOl-:J 

"' d • .1'1 d 0 'l ~d <V d d ~ ' d1Jj ~~ 
Uff\01-:J t'U\9ll'J1-:Ji1 13 U(l~f111Yi t'Ufll~i'l 11) i1l ~i1lH'If1llU!~i1rvi'Uti11Hl~U'U'J fll Hardness 'VI t\0111-:J 

~ J. Cl Q.l d".d. 0 ~ QJ d de::t ~ J Q.l ..:::. C')J 

t~lJ'lJ'U !Hl~ r-lfl\9lflW CVI'Yl'YI1 f111 !flU 'Jflllli'lff fl11~'YllJf1111\9llJ Silica gel 'J1lJf11J fl111\9llJf1lCJf 

t'U 1mt11'Uli~1 Hardness ~1~'!~"~ fie1 li~wvhnu 18.161 N uffl"l-:JiM't~'U-:hiJ~il\91nrucvf~tnui'nm'1'U 
dt.:i ~ I Q.l Cl C)l li) <)' d d "'* ~ Q.l ~ 

fffl11~'VllJfll':i!\9llJSilica gel 11lJf11Jfl11t\9llJfl1CJf t 'U ~\9l'H ~'UlJfl11lJf11 el1JlJ1f1'Vlffl"l!lJU1f11J1f1ll111J'U • 

~1 aw 'U-eJ-:JI9i1mh-:J~~1m1tnufnll1tlJ'Unm 3 ~1.!~"~111' ~u ·;h't'UVJnirm1~m1tnufnmli 

U'U1tUlJ~1 aw t~tf~'U (Ltff~~¢i'-n.Jm1'1All'Um~~ 10) u19itrleJ~~1 aw 111tl\91111-:J~ 11 'I"'U'hl'U 

~UI"lllY~ 1 U(l~ 2 1Jf1fffl11~fl11!~Ufnmli~1 aw fll"!(l-:J1J1t1~1 aw i'WffU~1lY~ 0 ~-:JJJ~1rvhnu 
0.325 1~tli'Ufffl11~f111t~ufnll11"i1-:J""] fiu ffm1~~lim1t~lJ Silica gel ·i-JlJnun1CJfi'U t\911!11'\.J 

fffl11~~iJm'J1~lJ!'ll~l~fl1CJft'U t\911!11'\.J U(l~fffl11~~iJfl11!~lJ!'ll'l"'1~ Silica gel i'UbYU~llM~ 1 iJ 

~1 aw rvhnu 0.324, 0.302 11(1~ 0.302 \911lJ~11Pl'U U(l~i'U-fflll"l1M~ 2 li~l aw rvhnu 0.333, 0.283 

ua~ o.2n \911lJ~11Plu ~~tnl"ltdu-:J~1nlim1ufuffm1~unmmrrmt~i'Wfl1"111nrucv1111'tn~fflJ\91" • • "' . 
fl11lJGJf'U ~'JUtlfl~1fl~il\9l.firu cvl~'lJn tl1fl1ft'flltli 'U f)-:JVi!n1Jff1ll1ff 'J~(11 11'~1 aw (1\01(1-:J tm~ '1 'U 

-ff'll~111'~ 3 li~1 aw I;J;-:J~'!~ (\Pl-:Ji'U\91111-:J~ 11) tl"ltli'UffUI"l1lY~ 3 li~1 aw rvhnu 0.264, 0.401 

ua~ 0.359 \911lJ~11Plu ~~1'U-ff'U\911M~ 3 '1"1ui1~1 aw 'UtJ-:J~il\9lnrucvf~!nufnll1i'Ufffl11~~t~lJ 

Silica gel hlJn1Jfl1CJfi'U t\911!1l'UUfl~fffl11~~iJm'Jt~lJ!'ll'l"'1~ Silica gel li~1 aw ~1ni1 h.! 

~il\9lnrucvf~~~lJm~1~n1CJft'U t\9111~'\.J (\Pl-:J i'W\91111-:J~ 12 u"~IOl-:Juff~"~~¢11CJm1'1All'U\9ln1-:J~ IO) 

~ d 'l _{ "' <V o' llJ ~~ ' 1 j/ ' 1'Utl'J111f1 Silica gel lJfl11lJff1lJ11fl t'Ufl11~\0lfl11lJG)j''U ~'UUn~flW9~11fl~Bli111 t\01~-:Jff-:Jr-l€'1 'Mfll 

aw 1 'U~il\9l.firucvf~!n1Jff1ll11 'U fffl11~1Pl-:Jml11li~1 aw ~1 ul"i~fffl11~fl111n'lJ tl"ltlfl111~lJ!'ll'l''ll~fllC]f 

t'U t\911t11'U iJ~1 aw i;J;-:J~-q~i'UbY'u\911M~ 3 J'Ufiu 1~v~nmi'Wnntnufnll1tt(l~ffm1~t111m1~li 
"' " . ~al9ie~1 3w eJ~1-:Jliirv"hti'ty'Vl1~ffo~ (p < 0.05) 11-:Jutll'U~muu-:Jm~ln r-lil\9lnrucvflirt11lJU,r-:J~-:JiJ 

!J/ !f t j} I 

9 di ~ tJ] !V Q.l Q,.l 9) dd_fQ 0 j) ..:!! liJ "Q.I 
'fl11tf'ff1tfl'H1 t 'U fllS ~C]ftffl11tf'lf'U 'illfltllfllft' ~~bY 'J \91-:J'U 'U tll'I11'Hl'l1 'J'Vl:IJU 'JlJlW 'U l'UUtl!lJtl t\911'U 

"' "' 
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,; ' ,; 

fi1llJ~fl..!t'IAilJ~'W~~cJhWUll111 'W~t~W] tn'l~'lfeJ ,rh~ capillary Vll 111'tn~f11'H'l~tllCJ'UeJ~\9J1~fH'l~tllCJ 
,; ' ,; 

il'l' th1l~~fl~UeJ~L'WeJl'Yll'J 1~CJi'll~flC1'1'11111'mm'Jii~l aw t'I'Aiw~~~'W (UTitJl , 2544) 

1~v1~fll'J'IJ'J'J~~U\91fl19ll~tl'W (P1: Laminate foil + Silica gel+ 100% Nitrogen, P2: Laminate 

foil+ 100% Nitrogen, P3: Laminate foil+ Silica gel) t~u-fmn~'QW'YliJlJ 25°C 

"'"" fi tUb'l'.lJ'IJ \91 'Vll<Jfll(Jfl'ffl 
"'11 " 

q 

{!' ~1'11 {(fiT~ 

'"' ' filbr d 
I 'Vl 'IJ5'j1) Hardness (N) • maw 

L a b 

0 42.719±1336" 9.737±1.418" 8.895±3.05l 17.447±5.601 0.325±0.006" 

1 PI 36.127±3.07l 8.898±1.569
00 

13.172±2959
8 21.466±7 344 b 0.324±0.005' 

p2 34.975±535l 9.015±1.350
00 

12.364±4.848
8 

16.855±4.424 b 0.302±0.016c 

p 3 35.310±5.084b 9278±1.382
00 

10.%7±4.621 
8 18.161±4914b 0.302±0.002c 

2 PI 37 211±4.519b 8.846±1.699b 14.074±4.023
8 

14.728±5.408
8 0.333±0.008d 

Pz 38.358±4.035b 7.811±2200b 13.567±3.430
8 

22.667±17.777" 0283±0.005d 

p3 33.588±4.812b 9.557±1.619b 10.627±4.477
8 

37.491±23.1%
8 0.272±0.002d 

3 pl 34.749±3.513b 9.416:l:0.820
8 

10.461±3.03l 16.161±3576b 0.264±0.001
8 

p2 35.613±3.021 b 9.473±1.433
8 9.65&!:2885b 23.CX)8±7 .584 b 0.401±0.(01 a 

p3 35.405±2.404 b 9.813±0.%4
8 10518±2.604b 19.401±3377b 0.359±0.001 a 

'Y!lJlCJt'YI\91 a-<: 1'W 'fl eJ~mft~e.nn'W'IJeJflmllJU\91 nl?i1~ l~vl?l 1fJfl'l:J'J~'i~~uwnlJUI91fll?il~ n'W 'I'l l ~ ffi1~ 

(p < 0.05) 
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(Pt: Laminate foil+ Silica gel + 100% Nitrogen, P2: Laminate foil+ 100% Nitrogen, P3: 

d ., :d "' o ~I "'· I " Laminate foil + Silica gel) !fl'lJ'Jfl'l:Jl'Vl'Qtl!'VIJJ:JJ 25 C !IJ'Wtd?ll 3 {;'J'IJ\9Jl'VI 

"'"' ~ tu mJ'lJ 191 'Vll-!lflltlflll"' 

trll19!1rf 
• 

fff111~ 
I d 

I m-o d 
I 'U1'Hl 'Vl Hardness (N) m3w • 

Lrn 1'6 bm a 

0 42.719±2.336 9.737±1.418 8.895±3.052 17.447±5.fiJ7" 0.325±:0.006" 

pl 36.127±3.077 8.898±1.569 13.172±2959 21.466±7.344b 0.324±0.005b 

2 37 211:±4.519 8.846±:1.699 14.074:±4.023 14.728±5.408b 0.333±0.008b 

3 34.749±3.513 9.416±0.820 10.461±3.032 16.161±3.576b 0.264±0.001 b 

p2 1 34975±5.357 9.015±1.350 12.364:±4.848 16.855±4.424.v 0.302±0.016" 

2 38.358:±4.035 7.811±2200 13.567±3.430 22.667±17.777.v 0.283±0.005
3 

3 35.613±3.021 9.473±1.433 9.658±2.885 23.008±7 .584 .v 0.401±0.001 a 

p3 35310±5.084 9278±1.382 10.%7:±4.621 18.161:±4914
3 0.302±0.002b 

2 33.588±4.812 9.557±1.619 10.627:±4.477 37.491±2.3.1%
3 0272±0.002b 

3 35.4()5::1;2.404 9.813±0.%4 10.518±2.604 19.401±3.377" 0.359¥).001 b 

'VI:JJlf.J! 11191 
3
-c 1 'W ~ tnl :JJlJ!~ V1tl'W 1Jt:Jfl~ 11:JJU l'lfll•ll~ t \91 v\0) ';HJfl'l:J ';i~ ';i ~\Ol1JWJ1:JJU\9lfl\Ph~ fl'W 'Vll~ ffi'J~ 

(p < 0.05) 
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~ ~ -~ -~- --~~·-··-· ··-·-·. --·-·-~ ·---·~- -~-----~~~~:·:·:~~~~-~-----~--·--· . ·---·-·~ ---~----··------ -~----------~ 

! i 
I 

- - --,1 
I

! -Silica ge l+ ! 
100% Nitrogen J 

- 100% N itrogen 

6 
I Silica gel J 

L~--~~--~---~----_1 

I 
I 

4 I 

I 2 

I 
I 
I 

0 . 

l:Y\liPlTH 2 3 I I 
I 
L~----------------· 

0 

----·-·--~·-------------_j 

. " 
vh1M'v-~il19Ultu~iH'fVit'li':IJ~'W ~lfnl:IJ'ff'.h{I~ ·HWH'l{l 

'il1f1fll'V'l~ 7 'V'lU11~Y~ a '1J .tJ{I\911mJ1{1!rlen11f11j!~U'i'mmtJunm 3 ih.J'fll,j ~~lli'IHJiJ 

25° c ntt'W1t U:IJCI'fl{l.:J!~ m.i' eWh.J'Vlf)fffl11~f11j t~u'i'mn u~i:Unm1:1JU\91f1~1{1fl'W 1 'WU~ Cl~fff111~ • 
1 , 'JI ' <J} 

tiJ'fJ{I1Jlf1Hil191ilru~iim1:1J~'W Cl'flCI{I ff{IV-JCI 1 li'iHril11911CIVit'li':IJ~'WVh 1M'rh a ii~l{l'flCI{I 

1J1f1fll'V'l~ 8 'V'l'U11~1 b '1JB.:JI'11BcJ1{1trlm11mjt~u'i'mmtlunm 3 ~1l'f111'i' ~~tu'Y!J,Jil 
25°C ij!t'W1tU:IJ!~:IJ~'W1'Wn1l~Pn1'i'~ 1 UCI~ 2 !t{l~tu~ll'fll,j~ 3 ij~1CI\91CI{It'flmtl'WHCI:IJ11J1f1 

J do=! o G} 9) t:::\ Q.J r/d,Q.J dd 9) ~ f I I )' d I I I dt::!e! 
'fl 1 l:IJ 'lf'W 'Vl:IJ f11j {j'fl{l~'Vll m Hft\91fltu CVl:IJft n11ru~ ff'Vlt 'll:IJ'll'W ff ~ Hft\91 Bm b t 'fl CJ:IJ'fl1B~'lf1~'Vl:IJ 'ff 

" il11911mihtl1'~1 b ii~lCI'fl{l.:! 
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cl I ~ Q.l d'd 0 cl QJ I d 
ftl'V'Ifl9 Hb1'1Pl~fll Hardness 'UV~~€l~flti!CVll'l'Vllfll'Hf11J1f1'hll'h.J'~f111~1J':i':i~~l~~ tU'Wnm 3 
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'tl1flflll'l~ 9 l'l1r:ilft1 Hardness 'UB~I911B~1~trluY11fll1tn1Jfmm~'Wnm 3 'i:111~Pm1 ~ 

mu11rd:J 25°C 1ui911B~1~~t~:JJ Silica gel ~h:JJn1Jfl1CJil'W 1~'H'tl'WlJH'}.!111!:JJ~Wlfl'l Hfl~ft1 Hardness 
q "' 

Q.l I d Q d ') . i/ ~ J. cv ifd . G} Q.l _ o'd 
'UB~~1BtJi~'Vlt~lim'Wi:::: Silica gel :IJH'W1 t'W:!Ji'W:IJ'U'Whril'U\Plllf'Vi 2 Hfl~fi~H'l'l t'WTIU\Pli11l'i 3 

t1'1u~'tl1fl~~~.tlw"l'flift1 aw ~fi\Plfl~t'WtYiJIPl111~ 3 .Yht,rft1 Hardness €'1\Pl€'1~ Hfl~lJ'fl11:1JmB1J 

'tl1flflll'l~ 10 l'l1J'",ilft1 aw 'UU'I\?l1U~1~trlUYJ1fl11ttl1JfmntlJ'Wnm 3 tYiJ1P1111' ~~Ut111J~ 

25oC t'W\9J'JU~1~~t~:IJ Silica gel ~hiJn'lJniCJ!l'U 1~'H'tl'WlJ!t'W1l,j':IJMlfi~Utl~fti aw '\Jt1~\9J'JU~1~~ 
"" "' II) 1 "' 1 31 ~ ,% <!i "' "' "'"" ;) '"I t~:JJ!'ill'l1~ Silica gel uma~:JJ!'ill'l1:::: t'W ~1t'tl'W:JJU'W1 'W:JJt'V'l:JJ'U'W t'WU~'tl1fl~fl~.fltuCVJ:JJ'fl11:JJU11'1'tl'l 

, J/ • jl I 

li'fl11:JJ'ffl:IJ11t~1 u m11Plci1:JJ'fl11:JJ~'W'tl1nmmfl'I¢1"N 1'1-nru mm1 u,r ~.YHJujmt~nh1! mH3Ju !¢11'1J 
'U 'U 

'fl11:1J~'Ut~:IJ~'W~\PlcM1Jt.u'1t111'W!t~fl"l Hfl~'lfu~i1~ capillary 1M'm1111lJft1 aw tvl:JJ~~~'W 

Laminate foil+ Silica gel+ 100% NitTOgen, P2: Laminate foil+ 100% Nitrogen, P3: 

. cl Q.l d q o ?1 Q.l ... t G' 
Laminate foil + Silica gel) tfl1J1fl111'Vl~fl!11iJ:IJ 25 C tu'W11€'11 3 'fful'l111 

"'"' a! 

'i:Ytl1P1111' 
'fltu ff:IJ1J~'Vl1~t'flll 

fffl11~1J11f' 
q 

<!I 

ft 1 p 'v. (mEq/kg) 'fl11:1J'l5'W (%) 

0 1.499±0.027b hll'l1J 

PI 0.462±0.008c 'hil'l1J 

2 1' 172±0.087 b hi'V'l1J 

3 1.780±0.018a ,li'V'l1J 

p2 1 0.629±0.232 c tll'V'l1J 

2 1.248±0.007 b tll'V'l1J 

3 2.468±0,650 a lil'W1J 

p3 1 0.681±0.054 c ,li'W1J 

2 1.356±0.000 b lli'W1J 

3 2.253±0.955 a tll'V'l1J 

"'"' fftl~ (p < 0. 05) 
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r··-·------~---

1 __.__ Silica gel + 

100% Nitrogen 

- 100% Nitrogen 

Silica gel 

--- ________ ___ _ __j 

I j/ I 'j/ t 

B11ltil tJ~1J1111f'ltJ13! uii1'VltJ~l~'W u 1iruthft1J hHI;'t B'W ~~lJfi)~ 

fl11l.l~tJu '111tJfl-!l~ill'W 1~~w.hm~PJ 1'lliru'lfu~PJ 1~~l.ll?i1t~-!l~wu ~-!lvh 'l'li'~ltutJ!tJtJfl 1C)f~iJ 

111mtutJtlCJl.Jlfl vh '1'11'1~l~CJ\l'Wtl~1l~l111l~n1c.m)u 1 'Wll'Vlm9fCJl.J 1u ttl 11Pl~~l11 '1 'li'tniPllrl'W 
" 181t~~u 1i~'l!u ~~ 1~~111110 1~t~1'V1'111ti11J1tu 1tJ tii~'U 1~ Ul;'t~a11 'l;r1iiil11J1'H'I¢111~1~~11tlt~! 

tJtJfl 1CJ$~1¢1 lmJ1'1Jir'W'I11mi'1iru~iJm~PJ1 'lliru'lfu~PJ1~~l.ll?i':ll~'WtJ{j~ih~ntJ1ltJ~mCJiu l:utcHJ~ 
" ' mn'l1'1tJiJ~11tJ ttJ~'W~\1 1Jg;tn~PJ Oxidative rancidity 1~~1EJn·;ht'llir'W'I1'1vuliruii1iJm~PJ1'llir'W 

~ Q.l cl d' q d' Q.l do' 
tJ1JI'l1lU'WtJ-!lflU':i~flD1l'lu t1Jl~f:)~~-!l (V!'lJ1tu ll~~ 'Vlfi'WJ, 2546) 
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I jl I 1 

'illflm'WYi 11 'V'l'lJ'Jlrt1lJJ'l1'W'llO'II'l1o~l'lti1ervhm·n~ufmnrtl'Wnm 3 -ff'1hn'lf -Vi 
~ 0 ~ d l 2J ~ 'JJ q d Q.l Q.l I d Q 

~tu'l1.QlJ 25 C fiJllJ'lf'WJJ H1-J1 tlJJJ!'WlJ'lJ'W t'Wl'Jfl't1'.fl11~tflU1fl'hllH" ~ 1u~Pnmn'I'Vlt\91lJ Silica gel 
I 'j} 'j) I I 'j} I 

·hJJourhGJftU t\91 'H'iJU ihtu1 1 UlJfl11tVlJJ~U'lJO'Irt'JlJJ'l1u19'hYi~r~ 1r~v~rt11JJ'l1u 1'W~Ur~111'Yi 3 • 
rvhou o.681% 

I j} I t I 

tiJ8vhnn1tml~M't'l58'ili1U'Vl~6 (~'1\91111'1Yi 8 ul:'l~ 9) 'lu~i1191ntu~Yi,~lfl11t~ui'n£J1Yi • 
'j) 'j} I 3J I 

t~tu'l1ni1 25°C ti:lunm 3 ~Ur~lM 'W'lr:htl~mwt'l5o'ili1u'Vl~6l1<J'l1JJ\91~U1-J1 1ti'm.WlJ't1'-:J~u tlJ8 
q tu ~ 'U 

d Q.l ~ ~ 1 ~ Q d.d':: d t1 Cio 'J/ 1 

1~V~1Tf'llfl11tflUm'hl11'WJJ'lJ'W t ri!'H'lftl ~l:'l1-J'YI1 V'Vl~'l1lJ\91UI:'l~V~\9111 lJ'ill'W 11-J 1-JflVfl11 30 CFU/g 
. " rw 8~ 'iJ 1n 1 u n1 ~ u 1'W m1 ~i1 191 ~ nwtl8~ f) u m1 tlutil8u 'iJ 1n~'Vl r~"t~'~u"~n 1'lfU~11'5 oolln1 wti:lu 

~ . 
I d ~ Ql <fd I g) Y d 0 .<::::!1. d c/ I 0 d Q,l 1 Q,l 

tJ tll.:J \91 U 1:'1 ~ ~"\91 lltu CVl'Vl ~11-J fl11'Vl el\91 \911 tlfl 1ll.J1 ellJ ~ ~ l'l'\1111:'1 1V'iJftlJ '\111 tlflel'W 1-J llJltflU 1 fl'hl1 1 1JJflU 
~ . 

I I 'j} I 

m1li~i1191ntu~i'h11 aw 1911 ~11,r~U~JJ1tu'l11u't1'1~ (Free water) Yi~i1uYI~6'iJ~u1hl1'*1~umi~ 1 
" ' ' 

i,rvuv'lfll1!'iJ~ill!~U l\91'lJeJ'I'iJi11-J'V1~6i~ ul'iiu~U\911MYi 2 Ul:'l~ 3 'ViU ',h~i1191ntu~YiU11'iJ iu " . . 
di fJ} I fV ~ .:::! Q d. r/ ~ .% ,A d 

ft.fl11~'YI 'Mfl~ Laminate foil 11lJflUfl11!\91lJ Silica gel lJfl11\9111'il'V'lU~ft1-J'V11!'H'V'llJ'lJ1-J !1-J8'1'iJ1fllJ 
'II ' iJ 'j) 

ll~mw rt11JJ'l1'Wt~JJ~u ri '~~" 1 ,r 'ili1u 'Vl~ 6l1mwo~ wt~u t\91 11~e1m 'illlwile:~u 'illnmvue:~nfl-'1 . " . 
de. l'l_j,Jd 0"' ij/" ''l c.dij/" ""' 0 Silica gel 'Vl!\91lJft'l tlJGJf'JJJfll11-JlflftUlJl 'lf !'VIlJ t\91V~tu'l1fJlJ'Vl 'lf t1-Jfl11t!U Silica gel flel 70 C 

~ c:., )' .::2 111 I d d 0 $. C.la d. d'd 9) 

!U'W!Jfll 8 'lf'J tlJ'I GJf'lell'il tJJ1'V'ltl'I'V'I8'Vl'iJ~'V11fll!'H'lfeJ~I:'l1-J'V11CJ'Vl'Vl'I.!'JeJlJ (Thermophilic bacteria) 

ri11-JbY.fl11~~llfl111~lJtllCJfl 1-J l\911! 'iJlJ hi'V'lUfl11!~lJ~ l 1-J 1'W 'Uel'l'ili1'W 'Vl16ttTt~'l 'il1fl.flltl 1 'WU11'\l . . 
ntu CVJ1:Jl1 fl1G}feJ 8 flclfl '\11-J ~ ~ i1'W 'Vl161'i' 8'1fl11 1 '*lu m~u 11-J fll':i'l11tl i \) 

~Til~~ 14 ~ftfll':i1tml~Mt.f8 Total bacteria 1u~i1191.tltu~ ~U':i':i~ t191V1Tim1~U\91fll'il<Jfl'W (P1: 

Laminate foil + Silica gel+ 1000/o Nitrogen, P2: Laminate foil+ 100% Nitrogen, P3: Laminate 

foil+ Silica gel) t~ufm:n~~tu'l1iJii 25°C ti:lunm 3 ~1lr~1M' 

"'11 .. ff \911'11 

0 1 2 3 

(CFU/g) (CFU/g) (CFU/g) (CFU/g) 

<30x 10 <30x 10 <30 x 10 <30x 10 

<30x 10 <30x 10 <10 <30x 10 

<30 x 10 <30x 10 <30 x 10 <30x 10 
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d. 'J} I 1 

~rnn11s ~·H'lm11t~rn~a1t~CJ~'ffl'i'tw~11 'luv-~il191nwcvf 'Vlun~ 1~rJ1Tim1'VlUI9lfl~l~nu (P1: 

Laminate foil+ Silica gel + 100% Nitrogen, P2: Laminate foil + 100% Nitrogen, P3: Laminate 

foil+ Silica gel) !~ui'mn~fJW'11Q:iJ 25°C 1~urnn 3 ihJ~lM 

"'11 ., ~. ~1'11 

0 1 2 3 

(CFU/g) (CFU/g) (CPU/g) (CPU/g) 

<30x 10 <30x 10 <30x 10 <30x 10 

<30x 10 <30x 10 <10 <30x 10 

<30x 10 <30x 10 <30x 10 <30x 10 
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nm 7 'Wlii h1JtliJfll'Hl11~rJW'11.fJlJ 90°C tih..Jnm 50 u1ii n1v ·Hllfl'il~·vh't'I1'1Mril Hardness 

t'VhtliJ 15.880±3.81 0 N ~~itTI\9l~':hHill9lnWcvliifi111JmV1J tt€'l~ifi'filfl~tt'W'Wfi111J'lffJ1J'Vll~ 

. 
d 

'VI ff\91 . 

u1ii ~1lltl1Jf11'Jfl1J~VT.lmnil 90°C tilunm so t.nii 119lmfiilfmmilunm 3 a''tlm..i ~flWMnil 
q cu . q_ cu 

25°C 'V'l1J':hfi1 L iifil€'1\0H'l.:Ji'W'¥Jflffm1~f111tfi11fmn1uff'1l19!1M~ 1 hw1uff'1l19!1M~ 2 u€'1~ 3 ii . . " 
filfi.:Jfi u~1 'WU~€'1~fffl11~f111tfiilfmn iliiJWJ11JU~fl~l.:Jtl'W'Vll.:Jffi1~ (p>O.OS) fi1 a iifiltoWlJ~'W . ~ 

fl1CJ'I1!1'.:Jfl1'H~ilfmn U'il~fil Hardness '1tHYm1:::fl11tfi'lJffnnfit~lJ Silica gel iifi11J.:!~'Wl'W 
"" ... t ctd ~ .:A ~ Q.oo' d'-=! l ~ J 0 G} !J)t=! Q..l d -=! 

ffu\9!1'11'Vl 2 tt'il::: 3 CJl'~ffltl'l~fll'ilt'WV.:JlJl'illflH€'1~flWCVlllfldllJ'b''Wt'V'llJ'U'W 'Vll &'111J€'lfl'i!W:::'Vlm'UCJ1 . 
tm:::u~~ fi1 Hardness ~ifi'~~t~lJ~'W tm:::Hil~nwcn'~Vilfll'H~11ffl't:ll~ffm1:::~i:im1t~lJ Silica 

gel ~11Jtl1Jf111t~lJfl1CJl'i'W 1~1t'il'Wiifi1 Hardness ~1~~\9!Uff\9l.:J 1-Htlfu·:hiifi111Jmfli11Jlfl~~\9l 

fi1 aw 'Ut~rl1v~l.:~~Vilm'J't~1lffl't:l1tilur1m 3 ff''l.l¢~;..1 ljflffn 'r.i:::m'J'tfiufn'ill§J 
') j} I ~ J I I G) W old d CV ~ I I 

U'W11 'WlJfll aw !'V'llJ'lJ'W )tfl'W1J111'Wffti19!1'11'Vl 1 U€'1::: 2 '¥Jf1fffl11:::f111tf11J'Jfl'il11Jfll aw 'il\9!M'illflfll 

aw 1uff''t119!1M~ o cJ1~tfll9lti!tN'illf1iinn1lfmYm1:::1111CJlfllffmrllu11n~nwcvf'1~tfil9lfflJ~'il 
~.d,l qQI ~I G) ddQ./ I G).9JI ~ 

fl11ll"lf'W'il~Vflfl'illf1H€'l~.flW"l''L);1J11CJlf11i'l'fllCJ l'WQ~'VItfliJ'J'f1'illff~H€'11'11fll aw €'1\9l'il.:J U'il~ 1'W 

ffU\9llM~ 3 iifi1 aw ~.:J~f!\91 1uff'1l19!1M~ 3 'WiJ':hfi1 aw 'llfl~Hil~nwcvi'~tfi11ff1'ill1'WffflTJ:::~t~ll 

Silica gel ~11Jtl1Jfl1CJl'i'W 1mt'il'Wtm:::rtm1:::~iif111t~lJt'ilVn::: Silica gel ii~h aw ~1n·h'1u . 

w~~nwcvf~t~:JJm'ln:::rhCJfiu 1~·n11u 

t 'JI f jl 

tu v.:~m 'illnu 1l!u ii'Vl v\91 t iJ u u 1l1 u 1l1 tf :JJ 1 v t'ilBu 
<'i 

'W iJ f11 ) '11 'W 

t f1 19!1.1 ~ f11 rn v v n ~t \91 'lfu 

H€'lf111itm1:::M'Vll~'ilfi'W'VI~rJ~Vi1m1t~1Jfnmt1Jumn 3 ffU\91111 'WiJ':h~l'W1'W'ilii'W'Vl~rJ • • 
~~'11:JJ\9!U€'l~Vrtl'h11 tmi'lWJnw cvi'M!1~Vi1m1 t~11f nm~ffm1:::~N"l iinT.i'WiJU'vvnil 30 CFU/g 

HfiWJnwcvi'tifl9l'Wl.:rvhmv11~Vi1m1t~11fmmllunm 3 a''tl19!1M 1uffm1:::'lJ11'il~1'*m1t~ll . 
Silica gel i1:1Jtl'lJf11'H~llfl1CJl'i'W l~':it'il'Wfl1101iliiml:IJl'VI:IJl~ff:lJ~Bf11':if fl'l:Jll'l'Jlllmtl'lJ'UBCJHfiiPlnWcvl 
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:IJlfl~ff\91 ttffl-:Jl11flli~1 Hardness ~1~ff\91~-:!Uffi91-:J1l¥t~'lr:h~i!191ilrucv1i:irr:n:ummJ:IJ1fl~ff\91 tm~i:irh 
• q q 

~ tvhfiuffill'J~lJ':i'J~~t~hJm'Wl~ Silica gel u~~1fl'".ilffm1~~1iflT'Jt~hJm'W1~fl1"lllu t191'Jtl1'W ~~ 
0 v 

ffill'J~Vii:inTn~bJ Silica gel :h:ufium1t~:JJfl1Glfi'W 11911tll'W~-!lfl~nwrl.:J~~ 1.Jlim1tl11W'Ufl-!lllil'W'Vl'1~ ... . 
~lti1fl-!l'innliffm1~~11Jtl1m~ff:u~vm1tll~tu'Ut~-:~'ililuv1j~ 119lvmtJi.u1Jn'ilnrucv1~tnufmnii 

... q q 

' ' ' " . 
tl~ :JJ1tu vvncl1t'il'WVi ihti1 m 'innii m1 t~:JJfl1Glf 1 'W imt ll'Wt~ 1t tl~ 11-Jii m1~u~-:~m'Jt 'il~ UJ'il il 'W'VI'1~-Yi'l'* 

CJ • 

' 1 ' " 

mmrr ~-:~m1m1'il n1Glfi u t191'J t 'il'WVilifiru ff:u'!J~trl 'Wfl1Glft~ mn'li'l 1111 'W1J11 'ili1 rucv1 u 'W~-:Jffllll'.i0~\91 
q • q 

0 v 0 

fl11M'W U'utn 19ltu t~~'illnmtvflncl1t191'lf'W 1~ B nr1-:J Silica gel -Yiiim1 t~:ut~ i 1111 'WU11~il wcv1~-:J'lfJtJ~I91 
~'I"'"' "'•"131 "'"' ""'JV ~,j.;;r;-,il1J1 

fi'Jl:JJ'M'W t'WP-1~191iltuCVI'VI1 tl'lfl.:Jfi'Jl:JJmfllJ'IJf.J~P-1~191iltuCVI&\9l'W1'W Glf.:J!:Uf.J'W1'Vl.:Jfl1Glf !'!-.! 1911!ll'Wtm~ Silica 

gel 

<!! C)l l/J 1 I d. dl 0 1 !Vlfl j/ Q Q.f d'dd d t 

l'il'Wl~ Silica gell11f.J fl1Glf t'W \91'J!'il'Wf.Jti1-:J!\9lti'J ll~'Vll l1 t\91N~191.fltuCVI'Vl:Ufitu.fi1'W fi'J1:1Jfl'Jf.J1J'Vl'W1'W 11191 . .. 

if-:~ tlJff11111tl'Vl111JVl~fll'.itn ur mll'Ufl~NiJ 191n tuCVI1~tiffl~'illfl~ fl~ ltl\91!~ fl~1~£J~nm 1u fll'J'Vl~~V~~ 
""0 ... 
ll'illfl\91 

1. 1191 tt~u~1 ~i u fl11'VI\91 ~ fl-!1 ml1'Yl1fl11t11~ £J'W 1'191tt~ml'1u t~ \91 'W 1-:J'.i:Ul11mhm1'Vl\9l~fl.:J • • 
t 11~ £JUt -vi eJU 'J t l1 i1-:J t ~ 191 'W 1~ 1 :u fiu t ~ 191 u 1-:J -M 11 ~ fl 1911'191 tt ~u i 11'1910 ~ u 'MlJ \911 \91~ 1i fl 1111 t l1ll1~ ~:u 1 'W 

~ . . 
ni-:m 11t ~tl n1a.:J'il1 m ~ 1P1 u 1-:rvh l.Jil'Ut~.:JP-Ji!191ilru cv1~t'li'iln i1t~ \91 u i.:J n.1 u~~~li 191'\.J 1-!1VIl'U1¢1~1u 1 u 

1 ~'11 i1-:Jm1 mJ 1~11 rl1wli191 u 1~1:JJl1~1if1 11:umilt~1mnni1'Y111 ,r ~11,huilt~l11rJ,! mlfli1 
0 y 

2. fl1'itl1l1 'W 191 GJf'J.:J vru l1 illJU ~~'i~ u~nmfi11'Yl1nnf1mni1~n n11~ ni11 'W <nu f1mnu 
q ~ 

3. nf.J'Wth Silica gel mi'*1'Wfl11'VI\9l~f.l-:!fi1'J';I~JJ\911~1-:Jt~fl-:!fl11lJff~Vl\91 ~11iflntnu 

f flll1~ 11J~'Yl11..ri:i1 vmff~! ~rJ.:J ~fl m111u trl f.l'W 'lJ f.l~ ~il 'W 'Vl'1 ~'il1flQ~ Silica gel 1 'W 1~'11-iHm1 tnlJ 

rnlll 

I 9/ I 1 

1 ~ tl~ nm i 'W fll'.i tnlJ f flll ltW ll ~'W t.Wfl i ,.r 'VI '.i 111 0-:J P-1~ fl1 '.it 11~ tt'WU 11 M'll fl~ ~ij191 i1 ru cv1i 'W 'Utu ~'Yl1m1 
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