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n1-a~w.i'U1bbu.:ie.J~11~1b;'1ltJVilm'Ue.J~9lnrusnbubnv'ib~v~euil1~'11ne.J~9le.J~bn~91-a 

Development of Mixed Flour Used in Healthy Bakery from 

Agricultural Products 

mfa.J1~ CJ bb'1:::~cni'\.J 1m1 Lb tJ11tJ t:-J~ l'l t:-J'1 Lfl~l'l1 
' v 

~1i.!fl1~ CJ bb'1:::~cnitJ11viCJ 1 m1vt61'.:i m1 Lfh.J LM CJ1 bb'1::: Lb tJ 11tJ t:-J~l'l t:-J'1 bfl~l'l1 v 

m1t:-J~l'lt:-J~l'lnru't1"UtJi1iJ.:1L ~el'1"U.n1Yl'11 flt:-J~ l'l t:-J'1 Lfl~m 1~ CJ~cnitJ1t:-J~ l'ln ru'1"UtJiiiJ.:1'11 fl Lb u.:1'11~ 
' 

t:-JG1i1LLu.:1.rr111 Yl~LL'1:::LLu.:iG11~t:-JG1i1 LL u.:i'Wflvim b ~el 1 m~'1m~L vti11:::'1ii~1vt-r'Ut:-J~l'ln ru'1"lltJiiiJ.:i L~el'1"llm'V'l 
v ' 

bb'1::: H\ i'.JmL tJ1vi1.:11 tJfl11~cnitJ1 L i'.JtJ Lb u.:it:-J G1i1~1L~'11tJ~el1 tJ zj.:ivh m1vi~" el.:i~ ~1i1 fl1 ~CJ Lb'1 :::~cnitJ1 
v 

1V1CJ1fl11vt61'.:lfl11bn'U LM CJ1 bb'1::: bb U11Ut:-J~ \Jlt:-J'1 bfl~m tJ 2554-2555 fl11~<nl'\.J1t:-J~ l'ln ru'1"!J'l.Ji!D.:1'11 fl 
v 

bbU.:1'11~t:-J'1i1LLu.:1.rr111 Yl~bb'1:::bbu.:iG11~t:-JG1i1LLil.:1-Wflviel.:i L~ii'11flm1t:-J~(Jl Lb u.:i.rr111 Yl~bb'1:::LLu.:i'Wflviel.:i m1t:-J~(Jl 

bbu.:1.rr111 Yl~ 'l11.rr111 Yl~ii1tJelrn tJ~elfl ~1-:i ~1'\.Jbel1bb~ Lii~~ Lb 'liLii~~ L tJG111'1:::mCJ b Ylbb vim~CJmi1l'l11 'U 

'll'1hh1L-rrii-rr'\.J o.o5% tJ1'\.J 5 tJTVi G'l:::b~~J1 'l11L.rr1~el'U~elruvt.ni1 55 °c '1tJi1m1ii~tJ1lJLntJ 14% 
v ' v 

'11fli1tJv11fl11'U~~1mfl~el.:1'U~":::LBCJ~ LL'1deltJ~1tJl'l:::bLm.:1"UtJ1~ 150 1ii 1mLiim ~1vt-r'U bb u.:i-W flviel.:i 

'l11'Wflviel.:imtJelrn tJ~elfl ~1-:i '*'\.Jl'l1il"!l11.:lb i'.JmL~'\.JvttJ1tJ1:::ii1ru 2 i1'1~ biJl'l1 ~1 mfl~el.:l'*'W'11'119i Lb 'li'Wflviel.:i 

L'W'111'1:::'11CJb'V'lbbV1'1L~CJiiLiim1'U'll'11'V'lvh.rrii-rr'W 0.1 % '\.J1'\.J 10 tJ1Vi G'l:::b~~J1 'l11L.rr1~el'U bb'1:::v11m1el'U v 

'U~bb'1del'l.Jb'li'l.Jb~CJ1n'Ufl11t:-J~mb u.:i.rr111 'V'l~ '11fli1'1.J'l11bb U.:l~t:-J~l'l 1~ii1~fl~1flruG'IUU~Vl1.:I bflll bb'1:::fl1CJ.fl1'V'l 
' 

'V'l'Ul1bbU.:i.rr111'V'l~bb'1:::bbU.:i'Wflviel.:iiJtJ~mruel:::i11'1'1 12.65% Lb'1::: 15.98% tJ~ii1ruG'll'l1'~6ll 33.15% bb'1::: 

38.53% fl11ii'11m1t11 tJm1Lm:::LMCJ1tl1~elruvt.niJ~el.:i 148.23% bb'1::: 290.59% 'li1.:ielruvt.nn1 'Wfl11Ln~ , ~ , ~ 

b'1'11~1'WL'lli'W 70.18-74.13 °c bb'1::: 71.46-75.72 °c fl11iivt-U~G1.:1'1~ 19.50 BU bb'1::: 274.50 BU "!l'\.J1~ 
v ' 

~ ~ I d 

bil~bb1J.:I 5-6 µm bb'1::: 8-9 µm fl1'1 L * = 84.29 a* = -0.31 b* = 38.64 bb'1::: L * = 80.89 a* = -0.79 

b* = 42.49 '11flflru'1iiu~~.:ifl~11G11i111t1'l11mL i'.JtJ11'lt1~'U 1 tJm1t:-J~l'lt:-J~l'ln ru't1"UtJiiiJ.:i 1~CJ'l11LLu.:1~t:-J~l'l 
' ' 

1~mt:-J'1iinrnLu.:1'11~~1:::~'U o, 10, 20, 30 LL'1::: 40% 1~CJtl1vti1rnLu.:1'11~ 'V'l'U11 LLu.:1.rr111'V'l~tJ~mru 
30% 1~CJtl1vti.!rnLu.:1G11~ bb'1::: Lb u.:i'Wflviel.:itJ~ii1ru 10% 1~CJtl1vti.!rnL u.:1'11~ 1 ~t:-J'1m1CJeli1-r'Uvi1.:itJ1:::'11vi 
'1ii~'11~ CJ11ii 1lJ bbl'l mh.:iel ~1.:iiiifo~1~qivi1.:1'1'1~ (p>0.05) '11fl~l'l1m'UflilLLl'i t:-J~ l'lnru't1"UtJi1iJ.:1'11 rnL u.:i 

'11~t:-J'1mLu.:i·ih11 'V'l~bb'1:::t:-J~l'lnru'1"U'l.JiJU.:1'11flbbu.:i'11~t:-J'1ilbbU.:l'WflVlel.:liitJ~ii1ru ~-carotene 337. 7 4 bb'1::: 

722.00 ug/100 g ~.:lil1flfll1t:-J~l'lnru'1~1'11fl1'Uflil~i1tJ~ii1ru ~-carotene -U'elCJfll1 22.80 ug/100 g 

1i1'1fl11Vl~'1el.:I 03-09-54-01-01-00-01-54 
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0 0 

f\1'U1 

LLU-:1 'Vlll1CJ~.:i 1"11n 'Ulmm111~ih:i.:il"hh:mmJ'1lel-:lf11i'Uel'U '1.~1~·wJ'U LL~telelfl~L'1'ULU'U~1'UL'VlqJ 

i'.l~.:iL~eltl'U~'U L'li'U 1 tl1~'U L'1ll1''U Lfl~mL ~ 1Jelmnn LLi:1.:i~e.J~1111~mt1 '1. tl~v-:iil~1'Utl1~flel'U~'U 'l Btjmn 

L~vn11 Ylm1i (flour) L'li'U LLU-:1.U111 'V'l~ (corn flour) LLU-:1.U111:11~ (wheat flour) LL~L~el'1n~~-:IL~eltl'U 
eJ'U'Vlll1CJ~.:ihh~'U L'lllY'U Lfl~md5'U'l e:ie:in'1.tJ'1m'Vl~mLu.:i'U~~YlBLiJ'Uci1'U1'Vlaj ~-:iL~vn111:11111i"ll (starch) 

L"li'U '11Jni"1J.U111 'V'l~ (corn starch) 1:1mi"1J.U111:11~ (wheat starch) LLU-:ILU'Uf11TI '\J '1.m~11J1~'1:::'1lJe:J~L 'U 

Yl"1Ji'U1:1.:i 'V'l'\JL'Uf1~e:ih'V'l~11:11'1 (l'U1'U) LL'1t1'Uci1'U~Yl"ll1-ffLu'ULL'Vlci.:iLR'\Jm'Vl11 L"li'U Lll~~LL'1:::~1 LLU-:!LU'U 
" 

LL 'Vlci-:l'V'l"'-:l-:11'U~cl1~ ru 1'U1.n"ll'U 1 fl11'1Je:J-:llJ'U\'J~ el1V111ci1'U 1 'Vlru'1ti'.l LL u.:i L U'U el-:! l°itl1::: fl e:J'\J 'VI"' fl L -d'U .U11 
"' ' "' 

'll'UlJU-:1 n1m~CJ1 LL~t'V'l1'1~1 lJ'U\'Jm~-r'\J LLU-:1'11flYl"llLL\J1fl~1-:ln'U\J11lJ.f1i'.ltJ1tL Vl\311 'U fan Vl1-:1~1'UV1ltl 
' " 

mll~fl1L 'VIUel/f\"1-:! '1ti'.l.U111 'V'l~ oU11'11~ L U'ULL'Vlci.:i1 ~LL u-:1~'11~~ Vl1-:! ~ htli'.ll1'm.J~-:i LL~~LLtl'\J Lm ~CJ 
LLe:JYl~fl1 i'.l.U11 Lb~tlJ'Ucl1tJt'Vl"'-:I L U'U~'U LL~~cl1~~~i'.l m11.ff n'U~11~ fl~el LL u.:i.U111 'V'l~ LL U-:!lJ'Ue.J~-:! 
LL u .:i.U 111:11 ~LL~ t LL u .:il!'U cl1u::: 'VI"' .:i cl 1V1-r'\J 1'Uth:::LVl131'1. Vl mL u .:i~ e.J ~ 111lJ 1 n ~1:1 ~ ~ e:i LL u-:il! 'U cl 1 tJ::: 'Vl"'-:i 

' 
<n11e.J~\J1LL u.:i5'U1 L"li'U LL u.:i.U11) LL u.:ivi'l .ff n'Umn 1 'Um1'U~1.n1"1LiJ'UmV1111 'Utl1:::LV1Pl ~e:i LLll-:11:11~zj.:i~e:i.:i 
t11.U111:11~LoU1lJ1LLtl11tlL U'ULL u-:1LL'1tt11L.U11 'U1tJ'1Jel-:!'V'lm1{ (n6\'1ru1.:il"i LL~:::L~e:in~, 2546) 

" " " 
LL u.:i L U'U'V'le:i~ Llle:ii'llel-:lfl~ 11°11:1 zj.:itJ1:::ne:i'\J~1vV1u1CJ'1Je:i.:ii111J11~n~1f11:1lJ1 L zje:ilJ~eln'U~1 v~'U5::: 

" " 
'J """" ) d ' O I d ii tl ct. .-da I 

fl~~f161!~fl (glucosidic Linkage Vlf111'\Jel'U\J11LL'Vl'U-:!Vl 1 Vl1-:lm'U\J1el'U ~1CJ'1lel-:!'11CJ'V'lel'1Lllel1Vlll'Vl'U1CJ 

fl~ bf1'1~il'Vl~LLe:i'1m~ii (aldehyde group) L~CJn11tl'11CJ~~1~-:i (reducing end group) (n6\'1ru1.:il"i LL~t 

L~elfl'1, 2546) LLD-:!tli:::fle:J'\J~1CJ'V'le:J~LlJe:J{'1Jmfl'1bf1'1 2 "l!ti~ ~e:i e:itil1'1'1 zj-:!LU'U'V'le:J~LlJe:J{~LU'UL~'U\111-:I 
" " 

Ln~"il1flfl11Lfl1:::tl'U'1lel-:!LlJL~~~ glucose LL'\J'\J U-1,4 glucosidic Linkage L'ViCJ-:!LL'\J'\JL~CJ1 LL'1t 

e:i:::ilLG'lL'V'lfl~'U zj-:ILU'U'V'le:J~Llle:Ji~LL\J1flM.:in1'U (branching) Ln~'11flfl11Lfl1:::tl'U'1Jel-:I glucose LL'\J'\J U-1,4 

glucosidic Linkage LL~tLL'\J'\J U-1,6 glucosidic Linkage (Bowers, 1992) 1~mLD-:!"il1flLL'Vlci.:i~~1.:in'U"il:::i'.l 

eJIJ111ci1'U'1Jel-:le:J:::i'.Jfa'1LL~:::el:::i'.Jfa L 'V'lfl~'ULL\11 f\~1-:! n'U 'Uel fl'11fl.n~~ci1'U'1Jel-:lel:::i'.Jfa '1 LL'1:::elti'.Jfa L 'V'lfl~'U 
~-:ILL\11f\~1-:ltl'U1 tJ \J11lJ"llti~'1Je:J-:I LL lJ.:i tl~lJ1tlJe:J:::i'.J1'1'1~ LL\11 fl ~1-:1 tl'U.Q' "il :::ci.:i e.J'1 ~ elf1tl.!'1lJiJ~V11-:I fl1 CJ.f11'V'l LL~::: 

' 
Vl1.:J L!"li'.l-ue:i.:i LL tJ.:ii!'U 'l Lrn~ L ll'Wthl~ ti~m etlLb U.:Jlil~~e:i.:i b~e:in 1 m ~b V!lJ1~'1lJ b ~e:i 1 m~e.J~ \J1n ru'fl~i'.ll"l tl.!.f11'V'l~ 

" ' ., 
\J11lJl"l11lJ\J1e:J-:ln11 

.LJ111'V'l~LU'UYl"ll1'U1111:::Q'1vttY1 (Gramineae) L"li'Ub~CJ1tl'UoU11 iJzje:i1VJCJ1P11'11P1i11 Zea mays L. 

oU11 L 'V'l~i'.l'VIG'l1ti"ll'i1~'Vl"1CJ~'U5 L"li'U -LJ'111 'V'l~oLJ11L'Vli1ti1 -LJ'111 'V'l~U1 -LJ'111 'V'l~~1'U'U bb'1:::i111 'V'l~'Vl11'U 
' ' 

-LJ'111 'V'l~LU'U~~Yl"l!cl1~~el ~1-:!'Vl~.:i'1Je:i.:i fa fl 1m"il1n-LJ'11 L ~1LL'1:::i111:11~ -LJ'111 'V'l~tl'rn U'UYl"llmV111V1"' fl 

vi1itJ1:::1v"ll'U1~e:i ~1.:in11.:i'1J11.:i cl1V1-r'UtJ1::: L VJP11 V1v-LJ'111 'V'l~tl''U11 L u'Uvh1 ~~i'.lm1lJcl1~ruV11.:i L\311\'J~n"il "' ... 
"llil~vtll.:i~tJ'1n 1~111'1e:i~~.:itJ LL'1~'Li'1n 1~~11 tJV1n.n11"1'1Je:i.:itJ1~L Vl\31 LL vtci.:itJ'1ni111 'V'l~~cl1~rue:iv L 'U.f111"1L 'VIUB 

'\J '\J , 'U "' \.I 

1e:i.:iG'l -:lll1~ ei.n 11"1111 :::1'U e:ie:i n LUCJ.:i L 'VIU ei LL'1 :::.n1 l°1 flm.:i L ~e:i.:i '11 fl e:i.:i l°itJ 1::: fl B'U ci1'U 1 my'll ei.:i-LJ'111 'V'l ~~el 

LLiJ.:i 59 .4% 1 tJ1~'U 8.2%LL'1~ 1'1ll!'U 4.0% 'Ue:ifli!m ll'Uci1'U'1le:J-:I L~e:i1v L'11 LL~:::J11J11'1 (Knight, 1969) 

.U111'V'l~1:11l.J11t1t11mLLtJ11tlLll'Ue.J~111J1ru'fle:i1111:11V1m1llmV1111~V1"1v"llil~ L"li'U LLll.:i 1:1mi"ll 161!-rtl tl11111" 
" ' 
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LUfJfo'1~ia~ 'Uelfl'11fle Rodriguez-Amaya et al. (2011) 11fJ\l1'Ul1 -U111V'l~Lll'ULLvtci.:i'!Jel\l 
' "' ... .,... 

carotenoids ~el xanthophylls, lutein, zeaxanthin, p-carotene LL'1~ p-cryptoxanthin 'll\ll.lf)UJal.l\J\9\ 

LU'Ua11~1'Uelelfl~L~i'U 

'UfJ1JU~fl1~LLn Cucurbita pepo, Cucurbita maxima LL'1~ Cucurbita moschata ~fl~tu~'!Jel\loWfl'Vlei.:J 
11 ti II ~ 4 d.c::i1 

i1L '\J~elfl~L ;ff'Jfl~1 ~el ·mm ll'UV'l L '\J~elfl'!J1'!J1~ t:JmLn"il~;'U'U1'1~'!J11~.:it:J'1 ~fl'Vlel.:J L U'UV'l"ll'Vll..l'111el1vt11 
" ' 

~'11 L tl'U~el~1.:Jfl1 fJ i5.:ia1l.J11CltJ1lJ1U1~ flel\JB1'V!111~~.:Jfl11 LL'1 ~'V!11'U L~ fJ '11'\J'!Jel\l L .Q' el~ fl'Vl el.:J~\J ~Ln fl 1~ 
100 g i1u~mruL~el1fJ 1.1 g i\9\1lJ'ULel Lvi1nu 1600 IU LL'1~i~11i1'U~ Lvi1nu 9 mg (Robinson and 

Decker-Walters, 1997) ~'11ri'qioWfl'Vlel\lLll'ULLvtci.:i'!Jel\l p-carotene zj.:iLll'Ua11~.:i~'U 1 'Ufl11'1~1.:iimlJ'ULel 
'Uelfl"il1fl.Q A-carotene ~.:iv11vt-U1~L ll'U'111~1'Uelel fl~L~i'U 1vifJn1~~el'Ul.l'1B'11~·th fJ'1~fl11Ln~ 11fll.l~L ~ .:i 

I' ' " 

LL'1~Del.:Jtl'Ufl11Lnvihfl~11"il (See et al., 2007) 

u "il"ilU'Ut:J~vi.ti' ruen L \J Lflel~'V!~elt:J ~vi.ti' ruen'!J'Ul.Jel\J L .LJ'1mi1\J'Vl\J 1'Vl~ el~i \9\U1~'111'U'!J el\lfl'U 1 'Vl fJl.11 fl~'U 
' 

L ~el.:i"il1fli~'!Jel.:Jfl'U 1 'Vlm u~ fJ'U 1 u"il1m~l.J 1vifJ LoY11~"".:ifll.J~i1m11J~u L ~.:i 1'Um1v11n'1m11J~1.:i1 ~~el.:im1 
fl111J'1~vi1mL'1~11viL ~1 zj,:i~.:it:J'1m~'Vlu 1vifJ\9\1.:i~elV'l~~ m11Jm1u~1nfl'!Jel.:ifl'U 1 'VlfJ t:J~vi.tlruen'!J'Ul.Ju.:iL ll'U 

t:J~\9\.tlruen Lu Lflel~~'111J11Clu~1Dfl 1~'1~m fl 11 vi L ~1 11fl1 hJ LL V'l.:i LL'1~vt1tel 1~~1fJi5.:iLU'U'Vl1-:i L~el fl'11vt-ru 

fl1)\J~1i1 fl LL 'Vl'U el1'V!1) L otl1zj\l L U'Ud el '11 rl qj'!Jel\l fl1)~1) .:i~i \9\ 1~ fJvf 11'\JLLrK1t:J~\9\.nruen'!J'Ul.JD\lvl1 '11 fl 

LL i'.1.:ia1~zj\l~el\ltJ1 L oLJ1"il1flvl1\lU)~ L 'Vll"l LL~'1~i1fl11t:J~ \9\oLJ11a1fil~mfJ1 uiJ )~ L 'Vll"l LLvl ~.:ii1t:J'1 e.J ~ \9\ ~1 hJ L ~ fJ\lV'lel 

~elf1111J~ el.:Jfl1) .LJ'111 V'lVl LL'1~oWfl'Vlel.:J L ll'Ue.J~Vlt:JflLfl~Vl)~i1el.:il°lu1~flB'U'11'U 1 vtaj L U'U LL u.:ii5.:ii1m1m U'U 1 u1~ 

~"il~ 1 off L U'U'11'Ut:Jal.J L 'U fl1)t:J~ \9\t:J~ \9\.tl ruen'!J'Ul.JU.:Jvl1 L ~'11l.J1)(1'1 vi'\J~mru fl1) 1-tl LL U.:!'11~L 'U'1Vl )t:J~\9\.tlruen 
" 

'!J'Ul.lu.:i 1~ LL'1~ ~.:iL ~l.lflruri1'Vl1.:i 1D"ll'U1fl11 L ~el'l"il1fl~~l.l1 u~1fJa11V'l~fl~Lfli1~'11ri'qi~ela11'\J1~ flel\J 

Yl'Uel~flflcil.l carotenoid ~i1flrual.lu~LU'Ua11~1'Uel'Ul.l'1B'11~ 1~mOV'l1~ A-carotene v11vti!1~LU'U 
, "t "t\I p 

a11~.:i~'U 1 'U m1a~1.:iivi1i1mel -d1 v'1~m1l.l L~ fJ'l L~v1 nu m1 L~ell.l~1'U'11 v\9\1 '1~m1l.l L~v.:i'!Jel.:i m1 Ln~ 
11fll.l~L ~.:i LL'1~uel.:in'Um1Ln~ 11fl~1 h ~.:it!'Um1Pifl~1a\9\1~ L vtm~'1l.l'11vt-rum1l1~'U1e.J~\9\.tlruen'!J'Ul.JiJ.:i 

" 
L ~el'1'!Ji11Y1i5.:i L ll'U m1 L ~1Jflruri1e.J~ \9\.tlruen'!J'Ul.Ju.:i LL'1~ L ll'ULL 'U1'Vl1.:i 1 'U fl11~~'U1 L ll'U LL u.:it:J'11J'11 L ~"iJ1u~i1 

' ' " 
'11'Ut:J'1lJ~'U "l 'U1.:J"ll'UV1t:J'1lJel ~ b 'UbL U.:J b Ylvfl11lJ'1~V11 flLb'1~'\J-:i~'V!EJV1 L1'11 b 'Ufl11vl1t:J~ l'l.f1 ruen~.:J"il~vl1 b ~ b tl'U~ 

~el.:Jfl11'!Jel.:Jer'U~Lnfll.J1flofi''U~1fl 
" 

LLD.:Jt:J'11J'11L~"il1'\J vtmvC1.:i LLu.:i~i1'11'Ut:JalJ'!Jel.:i'111~'U~LL~.:it:J'1lJelci~1v L'li'U tl1m'1 'Ul..lt:J.:J hlt:J.:i 
" " 

LL'1~L'Uf!'!J11 m"ili1~'1~e.J\le.J'1l.lelfll 'ULLu.:iu1.:i"11-Uvi 1vivi1"ilvi'\J1~a.:il°lL ~elfl11l.l'1~vi1 fl 11VJL ~11'Ufl111 off LL U\l'!Jel\l 
" ' rrt off LU'Um1'll1vu1~vt~vinm bL'1~L.nelm 'Ufl11Lnu'11'Ut:J'11Jvtmv"ll-u~ 11lJ~\lLL 1.:i.:i1'U 1 'Ufl1-:iL\9\~VlJ'11'Ut:J'11J 

boWV.:J bb~ b~lJbb~'!Jel.:J bvtm bL'1~'11'Ut:J'1lJ~'UBm~nuelV LL~1tJ1L oLJ1Lfl~el\lt:J'1lJ1 ~L oLJ1 tl'U vl1 b tl'Ut:J~Vl.ti'ruen 

1~rirui11V'l'1li1L'1lJelBn~1 v ( el)el'U.:il°l, 2s40) LL u.:it:J'1l..1'11L ~"iliS.:i Lll'Ut:J~\9\.tlru'1~er'U~1Dfl 1 ~f1111J'1'U h Lll'U 
" 

el ci1\llJ1fl L ~el\l"il1 fl'1~V11 fl'1\J1fJbL'1~U)~'V!~VlL1'111 'Ufl11vl1t:J~\9\.tlruen~1\l "l 

fl1)'V1Vl'1el\l.QL ll'U fl1)~~'U1t:J~\9\.i1 ruen'!J'UlJU\l"il1 fl LL u.:ia1~e.J'1lJ Lb U\loLJ11 L V'l~ LL'1~ t:J~ \9\.tl ruen'!J'Ul.JU.:J"il 1 fl 

LL U\l'11~t:J'11J LL u.:i~ fl'Vlel\l L YlelPifl~1'1\9\1~ L 'V!lJ1~'11JG11vtfo fl1)t:J~ \9\ t:J~ \9\.tl ruen'!J'UlJU .:i~i1fl turl1'Vl1\l Ln"ll'U1 fl1) 
" ' 
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L ~lJ~'ULL~~ L stlL tl'ULL'U1'V11~L 'Ufl1)~~'U1LL U~e.J'1lJ'11L ~'1~tl~e:i 1 tl zj~ Lll'U~1'UVl~~"IJ€l~fl1)~~'U1LL U~e.J'1lJ 
G11L ~'11tlvi'l m 'Ue.J~\Jln ru&fi L \J Lfl€l~ L ~€l'1"1J.fl1'Vl'11fle.J~\Jle.J~ Lfl~\Jl) v , 

vtln'HULL~~fl1'Hf\ij • 
1. -LJ'11 LYllilV111'UbL~~'Wn'Vle:i~ 

2. 1mL'Vl'1L~E.JlJLlJ\Jl1L\J'1l~1YlVi (Potassium metabisulfite, food grade) 

3. ~'\JmruLl'1~€l~i'1~1'11Vl~\JL\Jl~E.JlJ1\Jl~~\J L'li'U ~lil fl~~~lJ~'1LL\Jl'Ub~'1 ~'Vl~ Lll'U~'U 

4. m.JmruLL~~'111Ll'1~'11Vl~\J1Ll'111~~tJ~mrue:i~iJ1~'1 
• 

5. ~€l\J~lJ~€l'U ~'U 78532 Tuttlingen (WTC binder, wml!'Uti) v , 

6. Li'i~eM\Jlil~~LBE.Jlil i'U SK-1 (Retsch, LE.J€J)lJ'Uti ) 

7. ~~€l'ULLU~i'111ll~~LBE.Jlil"IJ'U11il 150 µm 

8. Li'1~e:i~i~1Ylvh i'U 1801 M.P. (Sartorius, LE.Jml!'U\i) 

9. Li'1~me.J'1lJ'111~~~1E.J (vortex mixer) (Genie 11, '1Vl~~mlJ~fl1) 

10. Li'i~mLVl~E.J~LLE.Jfl (centrifuge) i'U durafuge 300 (Thrmo Electron Corporation, ~~~LP1'1) 
11. eh~J1m\Ji'1lJ€lruV1.niJ ~'U 3578-1 (Lab-Line, B'Ub~E.J) , , "' , 
12. Li'1~e:i~11il~ ~'U CR-400 (Minolta, n4lJ'U) , ·~ . 
13. Li'1~€l~1'lilfi11m1J1€l'foe:inVi1~ (thermoconstanter) ~'U Axair AG8808 Pfaffikon (Novasina, 

' 
'11\JlL'lrn{LL~'U~) 

14. Li'1~m~'U'1L~~ i'U CL 60 (Robot coupe, ~~~LP161) 
15. 11J1t1~tJG11V1~uv11e.J~1J1.t1ru&fi"U'UlJD~ tl1~ne:itJ~1E.J LLi1~'11~"1li'ililv11"U'Ull'll~ L'UE.J J1m~'Vl11E.J 

' 

"""' 15nT"a 

1. fl1)e.J~\JlLLU~oLJ11 L 'Vllil LL~~LLU~'Wfl'Vl€l~ 

1.1 fl1)e.J~\JlLLU~oLJ11 L 'Vllil t11-U111 'VllillJ1'\Jvm'\J~€lfl ~1~ ~1'UbeJ1LL~LlJ~lil ~fl~161.fl11~~LVllJ1~61lJ 

1'Um11i6111~~~1E.J1 mL 'Vl'1L~E.Jmllm 1tJ'll~1 YlVi L ~e:i'li1E.Jf!\J~~m1Lnlil~J1m~ L 'U1~V111~m1v11 LL~~ LlilmL'li 

LlJ~lil1'U6111~~mE.J t 'VlLL'V1'1L~E.JlJLlJ\Jl1L\J'1l~1 YlVi~l'111lJLoLJlJoLJ'U 2 )~~\J~€l 0.05 LL~~ 0.1 % LL~~)~E.J~L1m 2 

1~~\J~€l 5 LL~~ 10 'UTVi '11fl,!'Uvl1fl1161~L~liltl1 LL~~tJ1LoLJ1~€l\J~€lUJVlfliJ 55 °c "il'ULVl~€li'111lJ~'ULlJLfi'U v , v 

14% (llvfl. 374-2524) v11m1\Jliltihml'1~€l~\Jlil~~LBE.JlilLL~de:i'U~1'U\Jl~LLm~"IJ'U11il 150 LlJLl'11LlJ\Jl1 
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1.2 fl1'H·J~\JlLLU~VlflVleN t11Vlnm1~1ntlt1rntl~t1fl ~1~ '*'U\J11lJ'lJ11~Lll'ULL~'U'Vl'U1tl':i:::lJ1ru 2 

il'1~LlJ\Jl':i ~1mfl~tl~'*'U'11'1v1 :u1nif 'ULL "1iVlnVlt1~ 1'U'11':i'1:::'11EJ1 Ym Vl'1b~EJlJLlJ\J111 ui'11 Ylv'i~fl11:1.JL oLJlJoLJ'ULL'1::: 
" ' 0 .. JI ':i:::EJ:::nmL"li'WL~mnuoLJ'ti i.1 Ldt1ri1un'1Tv11m1'1:::L~~t11 t11LoLJ'1~t1uVi~ruvtJJil 55 c :u'Ubvt'1t1m1:1.J't!'U 

1lJLn'U 14% :u1ni!'U'vl1fl1':i'U~~1mfl~tl~'U~'1:::LBEJ~LLmdti'U~1'U\Jl:::LLfl':i~"1J'U1Vl 150 1:1.J 1mLll\Jl':i 

2. f'imnflru'1:1.J~Vl1~LfllJLL'1~fl1E.J.f11Yl'lJtl~LL U~eLJ111 Yl~LL'1~LL U~VlflVltl~ 

'111 LL U~oU111 YI~ LL'1~ LL U~VlflVltl~~e.J~\Jl 1~ll1f'ifl~1flru'1:!.J'U~Vl1~ LfllJ LL'1~fl1 E.J.f11YI L tJ~E.J'U L .yj EJ'Utl'U 

LLU~'11~'llil~vl1'lJ'UlJU~ ~~d 

2.1 flf;1J'1:1.J~Vl1~LfllJ'lJtl~LLU~eLJ111 Yl~LL'1:::LL U~VlflVltl~ 1~LLrl 
' 

- fl11ll~'U (151Lfl':i1:::~: ISO 662 ( 1980)) 

- 1tl':i~'U (151Lfl':i1~~: AOCS.Ac3 (1983)) 

- 1'lllJ'U (151Lfl':i1:::~: AOCS.Ba49 (1983)) 

- Lc11 (151Lfl':i1:::~: (AOCS Ba Sa49 (1983)) 

- L~tl 1EJ (151Lfl':i1~~: (AOCS.Ba6 (1983)) 

- mfr u1m~':i\Jl (1Lri11~~:u1nm1f11'U1ru) 

- tl~ll1ru'1\J11'~'ll (151Lfl':i1:::~: Glucoamylase method, AACC 1990) 

- tl~:1.J1rut1~il1'1'1 (151Lfl':i1~~: Juliano, 1971 '11':ilJ1\Jl':i~1'U~t1t1:::ilfa61'1Jt1~l!'U~~~ (Potato 

amylose, type Ill)) 

- tl~:1.J1ru ~-carotene (151Lfl':i1:::~: In house method based on Food Chemistry 

(2003) 83(2): 205-212)) 

2.2 flf;1J'1l.J~V11~fl1EJfl1Yl'lJtl~LLU~oLJ111 Yl~LL'1:::LL U~VlflVltl~ 1~LLrl 
' 

~ .'1 ,, ..,j 
- 'lJ'U1~'1Jtl~Lll~LLu~ ~'ltlbfl':itl~ Image Analyser 

I .. .:::.c:::i..q Cl.I II d Q.I I ' ..::::t.QQ 

- fl11tlL\Jltl':iLLtlflV11\Jl 1V1~1CJLfl':itl~1~fl11tlL\Jltl':iLLtlflV11\Jl 

2.3 fl1':iLn~ L \1'11~1 'UL'lli'U'lJtl~ LL u~-U111 YI~ LL'1~ LL u~Vl flVltl~ LL'1~ LL 'U'U LLe.J'Uf111lJ'VIU~'lJtl~J1 LL i.'1~ 
- m1Ln~L\1'11~1'UL'lli'LI (161Lri11~~: Kim, 1995 ~1mri~ti~ PERKIN ELMER DSC7) Lll'Um1 

1~fl1':i L tl~ EJ'ULL tl'1~flf;1J'1:1.J'U~Vl1~ LfllJ'Vl~tlV11~ fl1E.lfl1Yl'lltl~'11':i'11':i'1~'11 EJtl1 LL U~ Ldti 1~~'U fl11:1.J ~tl'U 1~ EJ LL U~ ' 
LLIJi'1~'llti~:U~lJfl1':iL tJ~ E.l'ULL tl'1~~ LL\Jl n\Ji1~ tl'U 

- LL'U'ULLe.J'Uf111ll'tt1U~ (151Lfl':i1~~: Shuey and Tipples, 1980 1~m\Jl~E.Jl.JLLU~ 40g 

(dry basis) L~lJJ1ni'U 450 g 1~~1mri~t1~ Brabender) 

2.4 fl11lJ'11lJ1':if1 b 'U fl1':iLfl1~ L~E.J1tl1'1Jtl~ LL u~Yitiru'tt1.niJ'!Xti~ (Bindino water 
' " ::i 

fl11lJ'11lJ1':if1 b 'Ufl1':i'1~'11E.Jtl1 (Solubility) LL'1~fl1':iYltl~~1 (Swelling power) 'lltl~LLU~ 
capacity) 

- Pifl~1fl11lJ'11lJ1':if1 b 'Ufl1':iLfl1~L~E.J1tl1'1Jtl~LL U~~tlru'tt1flil'!Xti~ \J11lJlB'lJtl~ Medcalf and 
' " 

Gilles 0965)1~E.Ji~~1t1EJ°1~LLU~ 5 g '1~l'U'tt1'1t1~L'l!'U1J1~Yl1'1'll'U1~ 50 ml viV111uJ1wun L&il.Jtl1 75 ml 
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tlV1~1LL'1~L'lJ~11 ~Li1n'U LVlmfl~e:i~ shaker LU'LIL1'11 1 i1 hM '11ni!'Utl11 'IJvt~'UL'Vl~tM~fl11lJL11 2,200g 

'U1'U 10 'UTVi L'V1~1'U b'1e:Je:JnLL'1~.a-~J1vttJn'lle:J~Vl~ne:i'U b 'U'Vl'1e:JVI fl11lJ'11lJ1'rn b 'Un11Ln1~L~tntl1f11'U1ru 1Jl 

- ~n~1fl111J6'11l.J11'1b'Un11'1~'11tnl1LL'1~n11'V'le:J~~1'lleNLLtl~~muvtfllJ 55, 65, 75, 85 LL'1~ , " 
95 °c \Jl11J1B'lle:J~ Li and Yeh (2001) 1Vlvi~~1e:J~1~LLtl~ 0.3 g '1~b'U'Vl'1e:JVIL'il'UVl~Yl1~'lJ'U1VI 50 ml 

~'V111utl1vtt1'n L~11J1 30 ml e.J'11Jb~Li1n'ULV1VbotlLfl~e:J~e.J'11J'111'1~mv (vortex mixer) 11~~1e:i~1~'1~b'U 

eh~J11'e:i'U~e:iruvtfli1 55 65 75, 85 LL'1~ 95 °c Lll'UL1m 1 i1L1J~ '11ni!'Utl1vt'1e:JV1~1e:i~1~~~1~L~'Ub'U 
, \I , ' 

eh~tl1LL~~'U1'U 30 'U1Vi tl11 Ll'V11J'UL'Vl~V~~fl111JL~1 8,000o Lll'Unm 20 'U1Vi L'V1~1'U 1'11~ti'1ve:i~'1fa-Llv11~ 
' ~ " 

1'1fl111J~'LILL'1~'V111utl1wwn '11ntY'Utl11 Lle:iu~e:iru'VlniJ 105 ° c '1'Utl11~LV1ve:ie:in 1 Ll'Vl1JV1LL'1~J1V1t1'nfl~~ 
' " 

~1'U I'!~ n e:i'U L 'U'Vl'1 e:i VI '1 ~fl ni~J1ww n'V'l1'e:i1l'Vl'1 e:iVI m1'1 ~ '11 vJ1LL'1~m1'V'l e:i~ ~1'11m1'1f11'U1ru1Jl'11 n 
" 

" tl1vtt1'n~1e:i~1~ 

" tl1V1t1'n~1e:i~1~ - (loo - 1e:iv'1~n11'1~mv) 

3. ~n~1Ll~1J1(\Je.J'1e.J~\Jlvt1.Jl (yield) 'lle:J~n1)e.J~\JlLLtl~i11 L 'V'lVILL'1~LLU~~n'Vle:i~ 
4. ~n~1m1 b otlLL U~oLJ11 l 'V'lVILL'1~LL u~~n'Vle:J~e.J'11J b 'Ue.J~\Jl.ilru'1'll'U1JU~ 

~n~1m1tl1LL U~oLJ11 l 'V'lVle.J'11JLL tl~'11m 'Ue.J~1J1.ilru'1'lJ'U1JU~LL'1~m1tl1 LL u~~n'Vle:J~e.J'11JLL U~G11m 'U 

e.J~1J1.ilru'1'll'U1lu~ LV1vtl1LLtl~i11L'V'lV1V11mLu~~n'Vle:i~e.J'1mLu~'11~~1~~'U o, 10, 20, 30 LL'1~ 40% 

<lVI vJ 1V1t1' n LL tl ~'11~) '11 ntY 'Utl 1 e.J ~I'! .ti' ru'1'l.l'U1Ju ~~1Jl'V1VI'1e:iun11ve:i1J-r'U'Vl1~Ll 1~ '11'V1~1J~'1Jl1'U ~ n~ru~ 
Ll11n!J ~ n~'U 1'1'111~ L'i1e:i~1J~'1 LL'1~n1'rne:i1J~'ULVIV111J LV1v1-tl15'V1V1'1B'U'V11~Ll1~'11'V1~1J~'1LL'U'U 
Quantitative Descriptive Analysis (QDA) '11'U1'U~'V1Vl'1e:J'U 30 fl'U 1Lfl11~i1e.J'1'V11~'1'1~LVIV1Lfl)l~i1 

fl111JLLLl1Ll11'U (Analysis of Variance) ~1~~'Ufl111JLzje:J~'U 95% LL'1~LLl~V'ULVivul'i1 Lu~v~1 v15 
Duncan's Multiple Range Test (DMRT) '11ntY'U~n~1~ru'11JD~'V11~Lfli1LL'1~n1Vfl1 'V'l'lJB~e.J~l'l.ilru'1 

'll'U1lu~vtt~~um1ve:i1Jfo LLl~vu L Vivunue.J~l'l.ilru'1'll'U1lu~'1mfl1ufl1J ~~'1~tl11 Llvi'1LL tl~e.J'11l'11L ~'11Ll~e:i 1 • 1 
\I , \I u 

5. ~n~1~'UVJ'Um1e.J~\Jle.J~1J1.ilru'1'll'U1lu~ 

~'11fl1J 2553 - tl'UVIV'U 2555 

n~1J1~Vbb'1~oW\;lJ'U1n11bLLl11Lle.J~\Jle.J'1bn~1J11 
" 

'11'U n1~ v bb'1~oW\;lJ'U11YJ V1n11'Vli;r~n11bfl'U b~ V1 bb'1~ bb tJ11tJe.J~\Jle.J'1 bn~\Jl) 
" 
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1. n11~~1'1LLU-:loLJ11 b YlVlLLf\~LL i1-:iVlnvrn-:i 

m'j~~l'l Lb i1-:i-LJ'111 YlVlbbfl:: LL tl-:iVln'VleN 1vit1~m=t1m1lJboUlJoU'U"1JB-:1~1'j'1::mt11 mL 'Vl'1b~timiim 1 'IJ 

ifl 1 vh1LL'1~1~t.1~L1'111 t1m1LL°1i'Vl'l.Jl1 LLi1-:i-U111YlV1~~1t1m1LL°1iG111mm1t.11 'V-lLL'Vlm61it.1lJLlJ1J111'l.Ji'11 Yl"1 iifi1 

fl11lJG1l1-:I (L *) LLl'ln\;)1-:in'IJLLU-:loLJ11 L 'V-lV1~1lJ~1'\.Jn11LL °1iG111'1~'11t.J 1'V-lLL'Vlm61it.1mlJm1'l.Ji'11 Yl"1e:i~1-:iii 

tJt.1611~'1J'Vl1-:IG1(\~ (p50.05) LL U-:loLJ11 b 'V-lVl~LL°1iG111'1~'11t.J l 'V-lLL'Vlm6/lt.1mlJl'l11'1.Jifl1 Yl"1~1°111lJLoLJlJoLJ'ULL'1~ 

1~t.1~nm\;]1-:inm1~ 1lJLL1J1n\;]1-:int1e:i~1-:iii'l!t.1611~'1J'Vl1-:iG1(\~ (p>0.05) (m11-:i~ 1) ~1t1fi1~LLvi-:i (a*) 'V-l'Ul1 

LLU-:loLJ11b'V-lVl~LL°1iG111f\::f\1tJ1 'V-lLL 'VlG1L61it.JlJLlJl'l11 'l.Ji'11 Yl"1~fl11lJL oLJlJoLJ'ULL'1::1:: ti:: L 1'11~1-:ln'U iifi1LLl'l n\;)1-:in'U 

e:i~1-:iii'l!t.1611~'1J'Vl1-:IG1~~ (p50.05) 1vimLi1-:i-LJ'111 'V-lVl~LL"IJL 'UG111'1::"1t.J 1'V-lLL'Vlm61itilJLlJl'l11 'l.Ji'11 Yl"1~m1lJ 

LoLJlJoLJ'U 0.05% 'U1'U 5 'U1'Vi iifi1'Ue:Jt.J~~vi (p50.05) ~1'V!fofi1~L'V!~e:i-:i (b*) "IJB-:iLLU-:!oLJ11 L YlVl~LL~G111'1::'11t.J 
1YlLL'VlG1L61im.JLlJl'l11 'l.Ji'11 Yl"1~fl11lJLoLJlJoLJ'U 0.1 % 'U1'U 10 t11Vi iifi1mn~G1Vl "il1nm1~'111fl.11fl1~"1JB-:ILLU-:1 , 

-U111'V-lVl~-:l~VlL~e:JnG111'1~"1t.J1YlLL'Vlm61it.1lJLlJV"l11'l.Jifl1 Yl"1~m1lJLoLJlJoLJ'U 0.05% 1::t.1::L1'11 5 t11Vi L~B 1·fo"li 

LlJ~VloLJ11 L YlVl L ~e:J-:l"il1n 1~fl11°111lJG1l1-:I1lJ LL1J1n\;)1-:in'l.Jm1lJ L oLJlJoLJ'U 0.1 % LL~1 otlG111 L Yl LL 'Vlm61it.1lJLlJl'l1 b '\J 

i'1 b Yl"1tJ~lJ1UJUBtlnl1 ~1'V!-r'ULL u-:iVln'VlB-:l~LL ~'111'1::'11t.J l Yl LL 'Vlm61it.1lJ LlJl'l1 b 'l.Ji'11 Yl"1~m1lJ L oLJlJoLJ'U 0.1 % 

'U1'U 10 'U1Vi iifi1m1ll'1l1-:ILL'1::fi1~L'V!~e:J-:I . mn~~Vl (p5 0.05) ~-:IL~Bnn11LL~Vln'Vlv-:!1'U'1 1 1'1::'11tl 
l 'V-lLL'V161L6/lt.1lJLlJl'111'1.Jifl1 Yl"1~61.fl11::~-:in~11 

,, ., 
fl11lJL "IJlJ"IJ'U"IJB-:i 

G111'1~'11t.J 

l YHL 'Vlm61itilJ 

LlJ1'111'1.Ji'11Yl"1 (%) 

1lJLL°1i 

0.05 

0.05 

0.1 

0.1 

5 

10 

5 

10 

L* 

82.45b 

85.17a 

85.26a 

85.35a 

85.86a 

LL D-:loLJ11 b 'V-lVl 

a* 

1.22a 

0.07d 

0.55c 

0.93ab 

0.8lbc 

' "' fl161 

LLtl-:iVlnmN 

b* L* a* b* 

36.59c 78.81d 1.89a 42.20e 

37.87b 79.83c -0.35d 43.27d 

37.97b 80.41b -0.67e 43.93c 

38.42ab 80.21b 1.04b 44.35b 

38.94a 81.74a 0.17c 44.74a 



2. m1~fl~n~ru~:uUiV11-!!Lfl~LL'1~mwnV'l"tJB·rn tl-!!-U111 V'l~LL'1~LL U-!!~flmN 

2.1 m1~rn~n~ru~:uUiV11-!!Lfl~'lle.J-!ILL U-!l.LJ'11 t V'l~LL'1~LL i:l-!!~flVle.J-!I 

8 

'11 LL tl-!!i11 t V'I~ LL'1~ LL U-!l~flVle.J-!l~~~vi 1~:u1~ m~n~ru~:uu~Vl1-!I Lfl~ 1~ LLri m1:u~'U 1 'llir'U 

hh~'U L~e.i1~ Lli'1 m1t'IJ1m~11J1 tl~:u1ru'11J11~'ll tl~:u1rue.i~i11'1~ LL'1~tl1:u1ru P-carotene 1~~'1 

.,.. 
"" LL U-!1 '11 ~ "11'1 ~vl1'll'U:UD-!I LL U-!loU11 t V'I~ LL U-!I~ flVltJ-!I f1UJ'1:U'IJ\J1Vl1-!I Lfl:U , 

" m1:u"llt1 (%) 11.96 7.81 7.23 

1'llir'U (%) 1.03 9.43 12.96 

tt11~t1 (%) 14.11 12.91 3.51 

L~e.JL~ (%) 1.22 3.65 5.67 

Lli'1 (%) 0.49 3.26 5.18 

ri1n'Ulm~1\Jl (%) 71.19 62.94 65.47 

tl1mru'11J111'll (%) 75.09 33.15 38.53 

tl~mrue.i~m"'1 (%) 29.14 12.65 15.98 

tl1mru p-carotene (ug/lOOg) 906.00 7,522.50 

'11flfl11Pi fl~1V'l'IJ11 LL i:l-!!-U11 t V'I ~~1~i1tl1:u1ru'1m1'll~1fll1 LL i:l-!!~ flVl e.J-!1 LL~ LL U-!!oLJ 11 t V'I ~ 

~tl1mru t tl1~t1'1-!!fl11LL tl-!!~flVle.J-!I zj-!ILL tl-!!-U11 t V'l~~tl~mru t tl1~t11fl~ L~~-!ln'IJ LL U-!!'11~"11ti~v11"11t1:UD-!I " 
( 12-14%) (~\Jli'it11 LL'1~riru~, 2546) ~-!l~m1:uL l1t11 tl1~ t1m11-tl'LLu-!1-U11 t V'l~Lllt1~1t1~~:u1 t1~~\Jl.tlru'1 

"11 'U :u U -!1 '11 t1 LL i:l-!! ~fl Vl e.i -!I 11tl~:u1ruttl1~'U~1fl11LLU-!1i11 t V'I ~LL~ '1-!I fl 11 LL i'.1-!! i 11L~1 ( o. 4 5 % ) 
" 

LLi:l-!!il't1'11tl~"1~-!I (0.1 %) LL'1~LLi:l-!!il''Ue.l~-!! (0.06%) (Swinkels, 1985) Lde.ivh111ru1tl1mru p-carotene 

V'l'IJ 11 i.rn tl.:i-U 11 t V'I ~ LL'1 ~LL tl \I~ fl'VI e.i .:ijj P-carotene t~ ~LL tl \I~ fl'VI e.i \I jjiJ~:u 1 ru p-carotene '1 .:i n11 
" 

LLi:l.:ii11 t 'W~ ~.:iiY'Um11iLL i:l.:i~n'Vle.i.:iLL'1~LLi:l.:ii11 t 'W~LU'U'11'U~'1:u1 'U~~1J1.tlru'1"11'U:uu.:i~.:ii1m1:uL tJt11 tl11'1 

1'Um1'1i1m~:urirufi1V11.:i1.n'll'U1m11 ~n'IJ~~1J1.tlru'1 , 

2.2 m1Pin~1~ru'1:u'IJ1i'Vl1.:im~.n1Y1"11e.J\ILL i:l.:ii11 t 'W~LL'1~LL i:l.:i~n'Vle.i.:i 

i11LLU.:ii11 t 'W~LL'1~LL U\l~fl'VIEJ\l~~~\Jl L~:u1Pin~1"11'U1~'lltl\I LlJ~LLU.:i!'i'1~ Lfl~EJ\I Image 

Analyser 1'~fi1~1'11mri~e.i.:i1'~~ (Chroma Meter, Model CR-400 Minolta) LL'1~fi11m1J1e.i1LLe.inVi1~ 
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bbU\IVlfWleN 

"ll'U1~"llv\lb~~bLU\I (µm) 4-5 

90.14 

0.53 

6.76 

5 - 6 

84.29 

-0.31 

38.64 

0.529 

8-9 

80.89 

-0.79 

42.49 

0.513 

' .. 
fl1'1 : L* 

a* 

b* 

0.529 

bb u\l-LJ'111Yl~~~~\Jl1~ii"Ut11~"Uei\I b~~ bb u\l 1n~ b~ v\I ntJ bb u\1'11~"1liiV1Vi1"U'UlJU\I G11'Ubbu\1Ylm1ei\I 

ii"ll'U1~ 1 'Vlqjf111bLU\loLJ11 l Yl~ b~ff~'11'H\J1~"1Jtl\lbb U\loLJ11 l Yl~bb"1~bb U\1Vlf1Vlel\l~~~\Jl 1~Yl'Ul1 bL U\l~\1'1el\l"llli~ii 
~ b VI~ eJ\llJ1 n n11 bb U\1'11~"1liiV1Vi1"U'UlJU\I ~\ltlb ~ eJ\1'11n1 t1-LJ'111 Yl ~ bb"1 ~vi nVJ ei\lii'11'H11~ ru1 'U nci lJ ., . 
carotenoids zj\1'111tl'1~bb'1~\l~b'Vl~eJ\I ~6"lJ 'Vl~eJ~Lb~\11'Uermb"1~e.m13J (Rodriguez-Amaya et al., 2011) 

bb"1~iim1l.l'1lJ~'UITTV1Vl'l1\lfl'Ul'i1~ (Melendez-Martinez et al., 2004) LV1mbU\IVlf1Vlel\liil'i1~b'Vl~eJ\I 

lJ1f1f1l1bb U\loLJ11 l YlVlbb"1~bbU\1'11~"1liiV1vl1"1J'UlJU\lb~eJ\1'11f1ii'l.l~lJ1ru p-carotene lJ1f1f1l1 ~\li!'Um1i11 
bb U\loLJ111 YlVl bL"1~ Lb u\IVl nVJ ei\lm 1ibllt1'11t1~'1lJ1 'Ue.J ~ l'l.il ruefi"U'UlJU\ltl1'1ii~"1 ~ei~"UeJ\I e.J~ 1J1.il ru6t11~ '11'Vl-r'U 

l'i11ei L\Jl ei i Lbei n~1 ~ L ll'Ul'i1~ Lb'1 V1\l'l.l~mrutl11 t1 mV111~ L llt1'1.l1~ 1v"lltl ~ eJ'1~'UVl~~ '111'111 ml'l eifo ei n~1~'1 \I , " 
Lb 'llflVib~f.1'1~ b'1~tyb~'U l\Jl 1~~ ~'1~ Lb"1~11'1~Vl'U~tl'1fl1Yl~l'i11ei Ll'lvibbtlf1~1~ ~11~~n11 Lb 'U fl Vi b~f.I ('l.l~f.11 

bL"1~~V1'11V, 2546) LV1v~11'1.JLLU\I (flour, starch) iil'i11m1J1eifoein~1~1Jbn'U 0.6 (~l.Jvib~fY LL"1~ iiTim, 

lJ. 'l.l. 'l.l. n) zj\I bL u\l~\1'11l.J"lliiV1iil'i11m1J1eiibLein~1~hhnt1 o .6 1~w bL u\IYl nVJeNiil'i1~1 n11 bb U\1'11~"1l'DV1 

vl1"1J'UlJU\lbL"1~LL U\loLJ11 l YlVl 

2. 3 m1?in~1m1Ln~ L '1m~1'UL61li'ULL"1~ LL 'U'll LL~'Ufl11lJ'VIU~"U ei\ltl1 LL U\I 

m 1Ln~ L '1"11~1'UL61lit1Lll'Un111' V1 m1 L 'l.l ~ vt1 bL 'l.l "1 \I fl ru fl ru '1lJD~V11\I Lflii'Vl~eiVJ 1\1n1w-11Yl"U ei\I . , 
~11"1~"11 vJ1 LL U\I Ldei 1;{-r'U fl11lJ~ti'U LV1 v LL U\I LLIPi"1~"1liiV1'1~ii n11 L 'IJ ~ V'U LL 'IJ"1\lvi LL\Jl n~ 1\1 n'U ~\1'11lJ11'1 

l'l11'1'1ti'll1;{;{1mfl~tl\I DSC (Differential Scanning Calorimetry) m11'V16lltl\ILfl~tl\l'OJ~LL~Vl\l~ruV1JJi3 

L~lJ~'U1'Uf111Ln~L'1"11~1 'U'll (onset temperature, T 0 , ° C) bL"1~tiruV1.ni3~\1'1V11 'Uf111LflV1L'1m~1 'U'll (peak 
'I 'U '\J , 

temperature, T P' o C) '1i1\1~'1.IV1JJi3"UeJ\lf111LflV1L'1"11~1'U61!6!Jti\ILLU\l'OJ~LlJ'Ul'i11~'Vll1\I T 0 ti'I T p 

'11nm1VJV1"1eJ\IYltJ11 LLu\l.LJ111 YlV1iieiruV1.niJ1 'Um1LnV1L-:U"11~1 'U'lleiv"l 'U'li1\I 70.18-74.13 ° c . " " 
(\Jl111\I~ 4) ~\11f1~L~f.l\lfl'Utl'1.l'Vl.f1iJ1 'Uf111LflV1L'OJ"11~1 'U61!6!Jti\ILLU\IVlf1Vltl\I (71.46-7 5. 72 o C) ~\ILLU\l~\l~tl\I . " 
"11ii~tliieiruV1.niJ1 'Uf111LflV1L'1m~1 'Ui'1'1n11LL U\1'11~"1liiV1Vi1"U'UlJU\I (57.45-64.13 ° C) LV1vtiruV1.niJ1 'Uf111 

, \J '\J 'I '\J 

LnV1L-:u"11~1 'UiLL'1Vl\11 ~L~'U111 'Um1v111 ~Lbu\l.LJ111 YlVlLL"1~ LLu\IYlnVJei\1'1n-:u~~ei\11 ieiruV1.ni3~\11n~L~v\ln'U 
, 'I '\J 'U 

'11'Vl-rrnL U\1'11~"1liiV1Vi16!J'UlJU\1'1~ 1 iei ruvtfli3v1~1n11 LL U\l~\1'1ti\l"lliiV1i!'U 1 'U m1v111 ~~ n . " , 
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Gelatinization Temperature 

(oC) 
Viscosity (Brabender Unit, BU) 

611-Ll~LLU'I Onset Peak 

temperature temperature A B C D E F 

(To) (TP) 

LLU-:J'11~61!U~v11'lJ'UlJD-:J 57.45 64.13 8 

9 

276 

19.5 

273 215 502 437 

LLU'loLJ11 L ~~ 70.18 74.13 1 19 18.5 15 

LLu-:i-Wn'VleN 71.46 75.72 18 274.5 257.5 256.5 322.5 284 

"il~ A LL"'~'lf111l.l'Vlij~L~l.1Ltl~L"il'1Tti1 'U61!, "il~ B LL'1~'1f111l.l'Vlij~'1'1'1~, , , \f , 

.c:!ril~t.1.c:J ~ 0 .c:!ril 1.1.c:J .c:i. 0 
"il~ C LL'1~'1fl11l.l'Vl'U~L1l.l\9l'U'V1Bfi.l'Vlf1l.J 95 C, "il~ D LL"'~'lfl11l.J'Vl'U~"'~'V11CJ'V1Bfi.l'Vlf1l.J 95 C, , , \J , , , '\I 

4.ci:1.1.d .c:i. 0 4 1.1d .c:i. 0 
"il~ E LL"'~'lf111l.J'Vl'U~L1l.J\9l'U'V1Bfi.l'Vlf1l.J 50 C, "il~ F LL"'~'lf111l.J'Vl'U~"'~'V11CJ'Vlvru'Vlf1l.J 50 c , , \I , , • \I 

f111l.I LL\91 n~1-:i'lla-:irn1l.IV1-U~'\Ja nii-:irn1l.!'11l.J11t1 b 'U f111'Vl'Ufl11l.J~B'U fl11l.J"'1l.111t1b'Um1~'\JJ1'1JB'I LL u-:i'Vl~a 

~1'Ut-J"'l.J LL'1~'\Jvf1ii'I LL 1'1'Vlij~~l'i'a-:i1 m 'Uf11'rn"'l.l'Vl~Bf11'U b ~f111l.J~B'U zj'IL lJ'UU"il~m~1~ru b 'Uf111~~'U1 ... 

t-J~\91.fi'ru'11m~ml.ll'i'a-:im1 Ldatl1LLU'l1M''\Jfl11l.J~B'U"il'Uii'l1~vl'IJ'Vl~'IL~~LLU'l~LL'lJ1'U'1BCJB~"il~~B'll'i'1~'U 
\J 

B~1'111~L ~1 v111 ~f111l.J'Vl-U~L ~l.l~'UL ~1l.J1f1 ~fi.IVIJJiJ~m1l.JV1-U~ L ~l.J~'UB ~1'111~ L ~1-d'L~CJ n11 pasting 

temperature f111l.l'Vl-W~"il~ L ~l.J~'U"il'Uii'lfl11l.JV1-U~~'I~~ (peak viscosity) "il1f1,!'U"il~'1~'1'1 b 'UeJ\9111~otl1'1'1 
f111 Ltl ~fl11lJ'Vl\j ~?1'1'1 ~'lJB'I LL U 'IL~ B'l"il1 f1 Lda L~~ LL U-:J~ a-:i \1l1m f1~'U \911l.IB fl.IV! niJ~?l'l~'U L~ CJ ij f111f11'U B ~ 1'1 

\f , , \J \J 

I I I I I 
0 .c:ii I .cil 1.c:!ril 4 I .iCli d I 

'1l.11 L'1l.J a "iJ ~l.l'IJ1'1"'1'U 'VJ LL\91 f1 ?I '11CJaaf1l.11B~L1B CJ 1 Ll.J a ?11'U'Vl LL\91 f1"' '11 CJ LL'1 ~'1 ~ '11CJaaf1l.J1l.Jl.J1 f1 f111 

f111~B'll'i'1~L~l.J~'Uf111l.l'Vl-W~"il~'1~'1'1 LL'1~"il~L~'U1~i~LdaaCJL'U'1i1'1f111'Vl'll'i'lJ~ 95 °c Lll'UL1'11 1 i1Ll.J'I 
\J ' 

vl-:ii!'U ~1fl11l.JV1-U~'lJB'ltl 1 LL U'l?I f1~'1Ltl~"il1 f1 f111t-J?llJ n'U 1 ~'Vl11'1 L~ ~LL U'I~~ a-:i 1'11 L~~ LL U'I~ LL~ n~ f1 LL'1 ~ , 

Ll.JL'1 f1'1'1JeN LL U'l~'1~'11 CJ BB f1l.11"il1 f1 L~~ LL U'I L ll'U B?l1~ zj'l Ll.I L'1 f1'1a"'1~-d't11i1'll'U1~ bl.I L'1 f1'1~ L 'Vll.11~?1l.l~B 
' ' ' 

hJ~'U'Vl~B CJ11 Ln'U1 tJ fl"il~?l1l.111t1Lfl~B'U~L oLJ1l.11~'\Jn'ULL'1~ nntl111l~~ f1fl~'I vl1 b ~fl11l.l'Vlij~?l'l~'U ~ f1 
\J 

I f.I V V 

1'111ll'Vl-U~Vini;r'IJ~'l=!i'U~ni1L~CJn11~1 set back LL'1~tJ11nnm1rui1L~CJn11 retrogradation (Leach, 1965) 

m11~rn1l.IV1t1~"'1m1t1v111~'Vl'11CJ15LL'1~ Lfl~B-:ii'.!Bm m 'Um11~i1V1'11CJ61!'Ll~ m11~ 1~CJ 1-tl 

Ll"l~B'I Bra bender amylograph L ll'Ui5~'LlCJl.I LL ~~'Vl'11CJ L ll'U f111l~f111L iJ~ CJ'ULL U'1'1fl11ll'Vl-U~'lJB'I LL u-:i 

Lda 1~-r'\Jfl11lJ~B'ULL'1~f11'UB~1'1'1~1L'1l.lff'il1f1Bru'Vlf1iJ 50 ° c 1 tJii-:i 95 ° c LL'1~fl'I~~ 95 ° c Lll'UL1'11 2.5 
' \J 

'U1Vi "il1f1,r'U'1~Bfi.l'Vlf1iJ'1'1Lll'U 50 ° c ~f1fl~'I 1~CJ"'f1'1jnJ~G11~ru'lJB'ILLU'ILL~'1~"il~ ~a , \J QI , 

'l~ A LL?l~'ll'111l.l'VIU~L~l.1Ltl~L"ilmili1 'U'll 

"il~ B LL?l~'lfl11ll'VIU~?l-:J?I~ (peak viscosity) Lll'Ufl11ll'VIU~?l'l?I~ b 'U'1i1-:im11 ~fl11ll~B'U Lll'U"il~~ 
, '\J , \I , " 

Lij~LLU'l~ti'll'i'1 L~l.I~ 
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'1VI c LLaVl-:lfil'l1lJ'VIUVIL~lJ~l.l~e:Jru'Vl.ni1 9 s 0 c ~-XL ~t.15-:im1l.JEJ1f1~1EJ 1 t.1n1'rn-:l~l.J . , " . 
'1VI D LL'1Vl-:lf111lJ'VIUVl'1VIYl1EJ~e:Jru'V!.ni1 9 s 

0 
c ~-XL ~t.15-:im1l.lfl-:1~1"1Je:J-:ILL i.J-:i , , , \I 

'1VI E LL'1Vl-:lf111l.l'VIUVIL~l.l~l.l~e:Jru'V!.niJ SO ° C ~ ~L~t.1Ci-:irn1LnV1 retrooradation Ltie:i-:i'11nrn1vi'1 , , \I ::> 

'1VI F LL'1V1-:im1l.lV1UV1'1V1Vf1EJ~e:iruV1.ni1 so 0 c it ~L ~t.1Ci-:if111l.lf1-:i~1"1Je:i-:itl1LL u-:ii.'1n~~1t.1rn1V1-:i~l.l , .. , \I , , 

LLm~v1-:i 1 it ~L~l.lLLi;;'1 
'11f1\Jl111-:!~ 4 f111lJ'VIUVl"IJel-:lfl11L~lJLflVI L'lm-}11 t.1611 ( '1VI A) "llel-:!LL U-:!~f1'Vlel-:!i11°i1l.J1n~i.'1VI LL~ , , 

L~mL u-:i 1~-r'Uf111l.J~ell.l '1tii1m11.JV!-UVli.1-:1'1VI ( '1 VI B) Yl'U 11 LL tl.:i~ f1'Vl el.:! LL'1::: LL D.:1'11~'1lil Vlvl1"1Jl.ll.JU.:!i1 " . . 
('1VI B) LL'1:::~1'1V1 ('1VI D) Yl'U11 ri1 breakdown "1Jel.:ILLil.:1'11~'1lilV1vi'1"1J'U:WU.:i LLu.:i.U11LYlVILLmmu.:i~n'Vlel.:I • • • 
i1ri1 61, 0.5 LL'1::: 18 ri1 breakdown ~i1ri1UelEJU.:!'UelnCi.:im1:wLL~.:!LL1.:!"IJel.:!L~VILLU.:!~'U1:W'1:::LL\9lf1EJ1f1 

1 'U1:::V111-:i~i1rn11 ~m1:w~el'ULL'1:::i1rn1m'U (Han and Hamaker, 2001) LL'1V1.:i11 LL u.:i.U111 YlVILL'1::: 

LL u.:i~ nvm-:ii1m 1:W fl-:l'Vl'U ~el m:::'U1'U fl11'Vl-:1~1U.11 n n11 LL U-:!'11 ~'llil Vlvl1"1Jl.l:WU.:I ~.:i-d'L .u'U~'1l.J1 '11 n lf11-:1'1~1-:I , 
"llel-:1 LL tl.:i~ LL ~.:ILL 1.:ll.11 m ti el.:1'11nB'Vl5Yl'1"1Jel.:I1 "IJlJ'U fa EJ 1 "IJlJ'U '1::: LflVli.'111'1.h::: f1el'U L ~ .:l~el'U tl'Uel:::iJ1'1 i.'1vl11 ~ 

'1i1mi.'1~:wm1:W LL ~-:i LL 1-:l"llel-:I L~VI LL tl.:i 611.:i LL tl.:i.U111 YlVI LL'1::: LL tl-:i~ f1'Vlel.:ii1'1J~:W1ru1 "IJlJ'U:W1 n n11 LL U-:1'11~'1lil VI 

vi'1"1Jt.1:wu.:i 

Ld e:J~ '111ru1ri 1m1:W'VIU VI '1VIYl1 EJ"IJ el.:! LL tl .:!~ -:i '11:W'1lil VIYl'U11 LL ,j .:! '11 ~ 'llil Vlvl 1"IJl.llJU-:!i1ri1 • 
f111:W'VIUVl'1VIYl1 EJl.'1-:iaVI ~-:i-d'L .Ut.1~'1l.l1'11nrn1~ VI L~EJ.:1~11 mJ (retrooradation) "IJ el-:! el:::i1fa'1V1rr-:i'11n~ , \I , :::> 

L~VILL i.J-:i LL\91 ne:ie:in'1::: LflVl~'U 1m l.leJ\9111~ L ~1n11e:i:::iJ1'1 L Yln'}il.l 'lJ~lJ1ruel:::iJ1'1'1~:W1ni1~'1vi'11 ~ri1f111:W'VIUVI 
'1VIYl1EJ"IJel-:ILLU-:!i1r11a.:i (ni;;'1ru1.:il°i LL'1::: L~elf1'1' 2546) ti'U~elf111:W'VIUVl"llel.:i LL tl.:i~'Uel~tl'UU~:W1ruel:::iJ1'1'1 

, \I \I \I 

LL'1:::el:::iJ1m Yi n'}i'U~ LL\91 f1~1.:I tl'U LVI mL tl.:i~i1'lJ~:w1ruel:::iJfa L Yi n'}i'U:w1nvi'11 ~ L~VI LL tl.:ii1m1:w LL~.:! LL 1.:!Uel EJ 

~.:IV1V1tl1 LL'1 :::Yi e:J.:1~1LflVlf111:W'VIUVI1~~1 EJ Ldelei.:lel ruV1.ni1 L '1'11 ~1 'U L6i!etl'U 'IJ~:w1ruel:::i1fa L Yi n'}i'Ui1 ~"~el 
" . " 

rn1Yle:i-:i~1 LdmL i.J-:i 1~-r'U m1l.l~elt.1'1t.1 Ci.:i1::: ~'Uelru'Vl.ni1 L -;;im~1 'U61! L~VI LL u.:i-;;i::: Ln VI m1:w.Ut.1V1uV1 LL'1::: Ln VIL '1 '1 . " 
L~el 1~-r'Um1l.IL~l.l 61i-:iL.Ut.1~'1'11f1B'U\911fl~EJ1"1Je:J.:le:J:::iJ1'1aLL'1:::e:i:::i11'1LYlf1'}1l.l (Tester and Morris, 1990) 

rn·mt.l'ltl-:i:::bJl'Vl-UeJ'lbbD'll'rn.m-:i1Ylfl11:wvtul'l m:wit5-uei'I Schoch and Mayward ( 1968) 

l.'11:w11mLt.l.:it'lJLL'U'Uf111:Wvt-Ul'l"IJel.:ILLil.:i~n~11'1~1mf1~el.:I Brabender Viscoamylograph LU'U 4 LL'U'U~el 

LL'U'ULel (a-type) m1Yl-;;i1m~l'lLLD'l~i1rn1YleN~1~.:i (high-swelling starches) L'li'U 

LLD.:llJ'U~~'I (potato starch) LLil.:i.U11YJ1.:i (waxy sorghum starch) LLil.:i-;;i1n5t1JYl'1l Ldel1~f111:W~el'U 

LL fl LL U-:1 L~VI LL iJ-:i-;;i:::i1f111Ylel.:1~1 '1.:lvl11~LL1.:l~VVI tl'U.fl1EJ1 'U ll.l L'1 f1'1 Bel'U~1'1.:I L~VI LL iJ.:im:::-;;i1 EJ ~1elel f1 " . 
L~el 1~-r'ULL 1.:1 LOel'U rr n~ru:::m1vJm1:wvt-UV1~'1'1.:letl'ULLi;;'1'1V1'1.:lel ~1'111VI L ~11:::vt11'1 fl11~:Wi.'1 n 

~ , 

LL'U'UD (b-type): m1~-;;i1m~V1LLU-:i~i1n1rr-:irn1Ylel.:!~1'1J1'Unm-:i (moderate-swelling 

starches) 1~LLri LL tl.:i-;;i1nl5't1JYl'11~1.:i ~ L~VILL tl.:ihJYlei.:i~1:w1nei.:i~'Um:::-;;i1EJ~1elelf1 ~.:i1~rrn~ru:::m1vJ 
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LL'U'U~ (c-type): m1~'11flL~V1LLU\l~nn1'~YfeJ\l~TUeJEJ (restricted-swelling starches) 1~LLfi 

LLU\l'11n51~1\l'l LL"~LLU\lmeJ'1~\l'V!~ei~·wrn-U'1l.I (cross-Linked 'Vf~eJ cross-bonded) i6rrrn'1~\lYh1 ~ 

m1'V'lei\l~1 LL"~ m1"~"1 EJ'VeJ\lL~VlLL u'l"Vl"\l Vi11 ~L~Vl LL u\l~'V'lei\l~1n L'1~EJ 1.fl1Y1l.l1n~u ~ n~ru~m1~ 
1°111l.l'VIUV1~\l 11Ji.h1n fl L U'UEJeJV1'1\l'1 Vl n~11°111l.l'VIUV1'1\l~\leJ1'1'1~1°1\l~'Vf~eJ L ~l.l~'U1~'Vf11\l~l.1'1 n d.J '\J , \I , 

LL'U'U~ (d-type): m1~'11m~V1LLU\l~nm1'V'leJ\l~1ueiEJmn (highly-restricted swelling 

starches) h1LLn LLU'l~iitJ~l.11ruei~lJ1"'1~\l L"li'U LLU\loU111'V'IV1B~lJ1"'1 (amylose maize) '1~ii-ei~m"'1 50 

i1'l 80% (l1Jffi'U.fl1'V'l~ 1) 

r 
ffi 
c 
rn 
m .. 
u: 

"' 
~ 
8 
Ill 
> 

TEMPERA Tliil£ 'C 
!>O G5 80 95 ---- 95 so 6S so ----- so 

1000 

eoo 

GOO 

400 

200 

/1 l 
' i \ ii \ 
i \ \ 
j i \ CA05S AO oro 

IC) -- -- -----
j i \ WAXY SORGH..U •ai ! \ \ / ~ QI ., ......... roi:i'io .. '40"9· ..... .. 

I\".-------- // 
i / \ ... .·· 
i I \ '··.... .~..-"·· ----·- ·-·- ·-·-·-·-'"'·-! \. .......... -
I ·-..., . ................ ~/ /' W/W SO~u'<JtA !40 ~) . ./ : -·-·-·-·-·-·-·-·/ 
I 

JO 60 90 120 150 

111;\E llNVTL 

20 

15 "' '" V> 

2 
g 

10 § 
;, 

180 

fl1'Yi~ 1 1'1JLL'U'Ul°l11l.l'VIUV1'1JeJ\lLLil'l'1n"1liiV1~1\l'l L~mLu\lml.ln11'V'leJ\l~1 
~ , 

d 
'Vl111: Leach ( 1965) 

'.'1 ...... "1 .d) .'1ll1 .d) .. 
'11fin11'VlVl"eJ\l'V'l'U11 LLu\l'11""1l'UVl'Vl1'1J'Ul.lu\l (.fl1'V'l'Vl 2 Lrn~Lbu\l'1J11 'V'IVl (.fl1'V'l'Vl 3 l.I 

LL'U'UbLt-.i'Ul°l11l.l'VIUV1LllmL'U'UDL"li'Ub~EJ1 nu LL~ LL il'l-U'111 Y1V1iim1l.l'VfilV1~1n-;l1 '11'Vf-r'U LL U\l~n'VlB\l (.fl1'V'l~ 4) 

n Lb 'U'U bbt-.J'Ul°l11l.l'VIUV1 b U'Ubb 'U'U~ ~\lb U'U~ n~ru~'lJB\l b~Vl Lb U'l~iin11'V'lel\l~1U B EirirK1 El tl'U Lb U\l'11n51~1\l 'l 
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Vtsco1ty (RU} T e ell.lie 1•q 

100 

1000 

000 

800 70 

700 ,, 
600 ,/ 
500 ,/ 

/ 
~DO / 
300 

2!IO 
Corn flour 

20 

100 I 10 
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2.4 nT~Pim~1fl11lJ'11m1'11 'Um1Lm~L~t.mJ1 m1f;'l~mmJ1 LLl;'l~mw1eN~1'1Ja.:JLLiJ.:1-U111 i"WlLLl;'l~ 
LLil.:i~n-Vla.:i 

"il1nm1Pin~1m11!'11m1'11'Um1Lm~L~Eml1'1Ja.:1LLil.:i~mu'Vl.nihXa.:i LLl;'l~Pln~1m1f;'l~mmJ1 
• \I 

LLl;'l~m1'V'la.:1~1'1Ja.:1LLil.:i~aru'Vl.nlJ 55 65 75 85 LL(;'l~ 95 °c LL'1vi.:i~.:i.n1'V'I~ 5-7 
• \I 



I\ I\ • 

B itt-Q. ,, t-Bfl.LP,~ L~:::lH.LU :::~,, l~t-BM.f,LUB~ ~t':l!J~~~l!.Q.~l91 (L ~M.Llf) fl.!J:t-~~Lf vi.ruee~m!l:rt~, 
l'I I I " I J'I I 

L~~L~:::~f,LUL~!Jl9Q.ll.11L~t-*1't-Q. irnl91 (986 l '8mqZJnM) n.~rt~ i~l!vi.ru(m~m~t-~t-Q. iit-Bfl.~L~:::~f,LUL~ 
I\ 

~rniit.~t-BM.f,LUL~!J~ t L0-t-Q. ,,l9~m tri. t L~mL~rt~llf,LllL~LP,~ tL0-t-~l~, l9lf,t-L~Bl~t-BM.f,LUl9~iLp.rt~l9(9 
n n -.., 

I\ • I\ 

:::l!.t-Q. ,,(9~, :;:f,~~~~UBf,t9ijtftV1.r1.1111~L~, :::Hp.t-eri.~u~m1 ~L~L0-Ull:::l!.n.l!.if,l91ijt :;:gn,~ _g,n. t~L~l!.il9~, 
n 

n. " n. n. .. 
f, LU n. t~Lf Vl.ru Bt-qi.L~U t-~~Lf Vl.ru B~fl.Bk rtLUemk~t t-Q. ,, L ~~ L~::: ~f,L~B~, Bit n.~ n.~rt~ rn l!.L~~L ~:;:~f,LU L~ 

n.ri.rtM.it.lHBM.nuem Bt.iLn.~L~:::~nuLt.in.ugn.M.rt~:::l!.n.UHBM.nut-ii, (9 lA.M.Llf)) S6 -SL Jt' ~ "" F' K=" ~ t l'tl, n l'tl /: "" f7 F' Q 

n. " n. " 
~l.f Vl.ru B ~n.~rt~, l~ t-B M.f,LU !J::: ~,, ) 0 S9 -SS [!Lf Vl.ru B ~ ~t-l.lt-L~ n.e ~ l~ t-B M.f, LU !Jt-Q.llf1.fl.L0-l9Q.ll. ......, 

n. \ n. " 
~L~t-Q.imq~ )0 S6 -SL ~l.fvi.rue~n.~rt~il~t-BM.f,LU!J:::~,, ~t-l.lt-L~fl.B~ )0 SL -SS ~l.fVl.ruB~t-BlA.U~ 

. I\ • 

t-Q. iit-efl.l~t-BM.f,LUn.kV1.L~ n.~rt~ iL~!Jl9M.1 lL~t-Q. iit-efl.l~t-BM.f,LU ) 0 S6 -S8 ~l.fvi.rue~~,, ~t-l.lt-L~fl.B~ .--. 
I\ • 

~M.llLfl.t-rLm·Bfl.llj\t'BM.l'.LU J S'8 -S'S' Vl.~M.ltLfl.t'rl1iLJ1mB!'.rtLtl.!11'1.,l'.LUrtlJ11'1.rtrn Ltn.M. J S'6 -S'S' 11 h" l'b Q f" l"I h,.. I 11 I'S l. "=="' I Q 

[!LrVl.ruB~ t-Q.llf1.fl.L0-l9Q.ll.~L~t-Q. ii:::~,, t-BlA.U~t-Q. ,, l9M. l lLEot-Q. iit-Bfl.l~t-BM.f,LULruf,Ll!.~B~, 

(917SZ '~UB~i :::~ii J!t-f,ruL~U) n.~~n.~rt~rtLll.l~~t-B~t-*1'~rt~t-~ ~t~L~:::~llf,LrtL~~~B~fl.lfl.iif,L~n.t 
• l911V1.t-~t-~ ii t-Bfl.U ,t1-V1.L P,fl.Q-i t-l9 ~ii L!l.~ L~:::~f,LU r1.kV1.L~ L!l.fl. t:::f,~~t-L~B~t l~t-BM.t-Q. iil9~iB~i l9~~U Lllfl.!J:ll~ i 

fl If f& /'I I I fl I 

~t-Q. ii l9~1 t-Bfl.U ,ti-11'\.L~B\tl~t-BM.f,LUU Lt!. t-B~ i LrtU BB~L~:::~:::l!.t-Q. ii l9~i t-Bfl.fl.l~t-Ln.::: ~ii l~t-BM.f,LU l9~i 

t-n. iil9m :::~,, ~B~fl.lfl. ,,f,L~l9t:::l!.f1.Bf,11Lll.IV1., :::~iiLn.rt~i Lrtt-BlA.UU.t-rl irn~,, l9M.llLfl.t-rl ,, Ln.Bm hv ~ II II II l, ~ 'C7 h,v h" II hv 0 F' 

(1796 l 'LpOL.pS) L~fb iL~~l~~t fl.~ it-Brtllf,LrtL~fttt-~ ~Bl\U~i~t l~t-BM.:::~iiLrtrt~l9~:::l!.t-Q. iil9~m~iLrt • n n 

fl.1,. ~ Bt-Q. ,, ~:::ruri.n. t n.,tit-~ ~Bfl.~B~rtB~ m~ ~ ~U1,.~B~t-Q. irntrnm1t-eri.~~UBf,l9ijt~ll'\.ULl!.l9~,t-~n.l!.if,l9lijt I fl I I I 

I\ " n. " 
:;:gn.~~ULl!.t-B~, ~n. t~L~l!.,~l.fll'\.ruBL~UL~~l.fll'\.ruB~Lr~L~:::~rtt:::l!.n.~t-Q. ,, ~u [1.~l91t-~ n.r iirttt-Q 

• t-Q. ,,l9~m t ~u ~m1t-Bfl.l~t-~~ ,(9~f,LU~t-BlA.U~t-Q. iiULl!.t-Bt} it:t-~ n.~L~rtL~ l9M. l lLEot-Q. ii:::~iit-[:rtf1.fl.L0-l9Q.ll. 
• n n 

~L~t-Q. ,,L~UULrt~tt-BlA.U~t-Q. iit-eri.~trnm1 n. t~Llf[b t LEo il~Uf,lA. irnf,LrtL~L~L~t-(9~,, (S ~M.Llf) %6S"06Z 
I\ I\ • 

t-~t-~LP,l~ ~,:::Lui f,LUfl. t l)f,LrtL~rtLll.l~t-BlA.U ~t-Q. ,, t-B~~l.f Vl.ru B~ L~n.M.t-B~l9lA.f,LU ULl!. 
n ' ' 

~ t-L~l9Q.ll.t-Q. iit-Bfl.t-B~(!Lrll'\.ruB~L~rn~i:::LUif,LUn. t l}f,LrtL~rtLll.I s ~M.LlJ 

r:-r.n1 r:-w1,11GJ1.. 

M2LtUt~tl'(}ll WMlt.,L!}-1:-1}11 t-(! rtnfil..!W!Jll.~l..loll:-f> n 

0 :::0 
o,,) 
~ 

OS' ~ 
~ 
~ 

~ 
001 ~ 

oJ' 
::::> 

OS'l E' ::::> 
~ 
oJ' 

S'6"S9l ooz 5 ~ 
~ 

OS'Z 
~~-
~ 
o,,) 

C:o~ -., 
00£ ::.. 

-§?. 0 6S'"06Z 
...... 

OS'£ 

,...., 

171 



15 

"llil~'1J a.:i LL tl.:i 1°11111 LL ~.:i LL 1.:i LL~~~ n~ru~'1JB.:i~1.:i LL ~il1v1 'UL~~ LL tl.:i ~.:i L ~ BD'Uil 1 v1 'UL~~ LL tl.:i~1l11 "ti 

ri1~1t11mm111 'IJ~111rutl11mn1~~mVLLU.:i LL~~fl11~~LLD1LLU.:ivn.:iLrii1 (Leach, 1965) 'UBff'il1fl.Q 

Tasi et al. (1997) 11v.:i1'Ul1LLD.:i~iJ'IJ~111rua~iJ1~6'1UBV 1ri1.:i?1~1.:i'1Jv.:iLLU.:i'1~iJm111ri.:i~1~1L'Vl11~Ln~ 

lil1fln11:5''U~1tl'UB~1.:i~m11 ~ 6'111111(1YleJ.:i~11~a~1.:i§'1<j~ 1 'U1~~11.:im'j1 ~f11111~B'U ~1Wfo LL iJ.:i~iJ 

adlfa?llJ1flf11111 LL ~.:iLL 1.:i'1Ja.:i 1ri1.:i?1~1.:ii1111nn11v111 mli6'11lJ1)f;)YleJ.:i~1 Hfo~1.:i§?11~ ~.:ii!mL '\J.:i6'11~"llil~ 

v11'1J'U11u .:izj.:iiJ'IJ~111 u.m~m~ m..n n n11 Lb iJ.:i-U111 Yl~ Lb~~ Lb iJ.:i~ nvm.:i ~.:ii1m1Yl a.:i ~ 1-U av n11 

50 

l 45 - .. 
40 1=- . - .-----:7 -I ,-... 35 I ~ 0 - 30 

"' )5 
25 '77' 

(;;) 

-+-u,u--ir11f1,.riJmh"UlJllih 

-ll-u'u~-!h1 lrm 
~ 20 .f"> 
r -.-utJ.;iwmHM 
c 15 "t- -- ·--

10 t·- --- -
5 -~--

0 +--··· .., 

55 65 75 85 95 

uruvt.nf1 (eH1A1l~cnSZir:lfl ) • •• 
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~o;;l 

j_ :::> 8 r 
«:: I ~~ 6 «:: 
'.[" 
r 
c 4 I 

2 

0 T- -, 

55 65 75 85 95 
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3. fl1)Plfl~1tl1mrur.J'1r.J~l'lvft~ (yield) 1 tJfl1)r.J~l'lLLll~.rr111 "W~LL'1~LLU~~flvteM 

fl1)r.J~l'lLLll~.rr111"W~b~fJ1<ti.rr111"W~ (~~Ltl~eifl) 89.92 kg (20 'UTVl/ kg LU'lJL~'lJ 1,798.40 'U1'V1) 

Hi\ii~~.rr111"W~L~el'U11tlr.J~l'lLLU~ 35.81 ~~LU'lJ 39.82% "UeJ~i111"W~ (~~Ltl~eJfl) L~el~1'lJfl1)eJ'ULL~~ 
Ll.J~~.rr111"W~ijtlTV!Ufl 5.96 kg ~~LU'lJ 16.64% "tlel~Ll.J~~.rr111"W~'1~ "il1flfl11'U~'1~L~fJ~LL'1~~B'lJLlJ~~ 
i111"W~el'ULL~~1~LLU~i1'Jb'W~ 2.98 kg ~~LU'lJ 50.00% "tlel~Ll.l~~i111"W~el'ULL~~ 'V!~el~~LU'lJ 8.32% "tlel~ 

Ll.l~~-U111 "W~'1~ "il1flfl11'V1~'1mr.J~1P1LLD~i11L"W~1~ 2. 98 kg LlJm~u 1,798.40 'U1'Vl ~~Lllu~uvium1r.J~l'l 

LL'll~-U11L'W~ 603.50 'U1'Vl/kg 

~1'lJ"tleJ~i111 "W~ 

sLJ11 b 'W~ (~~LU~Bfl) 
- Ltl~eifl 

- sLJ11b'W~ (~fl) 

- 'li'~i111"W~ 
~ II 1 - LlJ'1~"tl11 'W~ ('1~) 

LlJ~~.rr11 b 'W~ (eJ'ULL ~~) 

LL lJ~i11 b 'W~ 

., 
t11V1un (kg) 

89.92 

29.45 

60.47 

24.66 

35.81 

5.96 

2.98 

8.32% 

50.00% 

rn1r.J~l'lLLD~Yln'Vlei~L~f11-ffYln'Vlei~ (~~r.Jr;i) 26.92 kg (25 'U1'Vl/kg Lllm~u 673 'U1'V1) 1~\-d'eiYln'Vlm 

L~m111tlr.J~l'lLLU~ 18.55 kg ~~LU'lJ 68.91 % "tleJ~Ylfl'Vlel~ (~~r.J'1) L~B~1'lJfl1)eJ'ULL~~Ylfl'VlmihJ1'V!Ufl 
2.63 kg ~~LU'lJ 14.18% "tlel~L.Q'eiYlfl'VlB~ "il1flfl11'U~'1~L~fJ~ LL'1~~eitJYlfl'Vlel~el'ULL ~~ 1~LLU~~fl'V1B~ 2.18 kg 

~~LU'lJ 82.89% "tlel~L.Q'eiYln'VlB~el'ULL~~ 'V!~eJ~~LU'lJ 11.75% "tlel~L.Q'eiYln'VleJ~'1~ "il1flfl11'V1~'1mr.J~l'l 
LLU~Ylfl'VlB~ 1~ 2.18 kg Lll'lJL~'lJ 673 'U1'Vl ~~LU'lJ~'lJVl'lJfl11r.J~l'lLLU~i111 "W~ 308. 72 'U1'Vl/kg 

~1tJ"UmYln'Vlei~ 
., 

Ylfl'Vlel~ (l1~r.J'1) 

- L'l.J~elfl 
~ 

- Ll.1'1~ 
., 

- LileiYlfl'Vlel~ ('1~) 
., 

L \leiYlfl'Vlel~ (eJ'ULL ~~) 

LL lJ~Yl fl'Vl el~ 

., 
t11V1irfl (kg) 

26.92 

4.78 

3.59 

18.55 

2.63 

2.18 

11.75% 

82.89% 
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'11nm1~~\JlLLD\leU11 L ~~ LL'1~ LL tl-:i'WnVleJ\IYfUl1 LL tl-:i.U111 ~~ihJ~l.J1flJ~'1~~\Jlvtt~ (yield) ~1n11 

LLil-:i'WnVJei-:i LL'1~'111m1~~1J1LL tl-:i.U111 ~~ijm1'1n IL~~mnn11m1~~1J1LLil-:i'WnV1ei-:i ij~'1vh 1 ~~'UVl'lm11~~1J1 
~·~ , 

LLil-:i-U111 ~~'1-:in11LLil-:i'WnV1ei-:i 
~ 

4. m1Plm~nm11 otlLLD\loLJ11 L ~~LL'1~LLD\loWnVleJ\1~'1l.JLLD\1'11rn 'U~~l'lfiru'1'1J'Ul.JD\I 
'11 nn11i11 LL i1 \loLJ11 t ~~ LL'1~ LL U\loW nVleJ\I~~~ l'l 1~l.J1 ~i:ll.J LL U\1'11~1 'l.J~ ~1'111 ru'1'1l'Wl.JD\I t~ ~t! 1 

Lbu\l-LJ'11t~~LL'1~LLu\l'WnV1ei\l~i:1lJLLu\li:11~~1~~'U o, 10, 20, 30 LL'1~ 40% (t~ml1V1'W'mLu\li:11~) 1J11l.J~m 

1'l.Jl'l111\1~ 7 '11 n'1 '\.JtJ1 ~ ~ l'l .ii' ru'1'1J'l.Jl.JD '1~1~l.J1Vl ~'1eJ'Un11~eil.J-r'UVl1-:i\J 1~'11Vl"'l.Jir'1~1'U~ n~ru~\J 11 n!J 

~ n~'\.J 1'16111~ L'1ei"'l.Jir'1 LL'1~m1~eil.J-r'U1~~11l.J bb'1~Pin~1flflJ'1l.JtJ~Vl1\ILflijbL'1~n1W11~'1Jel\l~~l'l.ilru'1 , 

~1'U~i:ll.J (g) 
\J~l.J1tubLU\loLJ111 ~~Vl~mLil'l'WnVleJ\I (%) 

'11'11fl1'Ufll.J 
~ , 

10 20 30 40 

LL tl \1'11~611\l ~"11'1J'\.Jl.JD \I 500 450 400 350 300 

LLil-:i-U111 ~~/LLil-:i'WnVJei-:i 0 50 100 150 200 
.. 

3.5 3.5 3.5 3.5 3.5 '111L'11l.JflflJJl1~ , .. ' ... 8 8 8 8 8 ~i:ll'lbLVl\I 
., 
0 

74 74 74 74 74 'U11'11'1Vl11~ 

L'l.J~i.'1~ 120 120 120 120 120 
II 4 

220 220 220 220 220 'Ul.J'1J'U'1~ 

1'1l1n 160 160 160 160 160 

4.1 m1~n~1m1ffeil.J-r'UV11\ltl1~'11V1'1l.l~'1 

4.1.1 ~~l'lnru'ti'1J'l.Jl.JU\1'11nLbU\1'11~~'1l.JbbU\loLJ11 t ~~ 

~~l'lfiru'ti'IJ'l.Jl.JD\1'11nLLU\1'11~~'1mL il'l-LJ'111 ~~~1~~'U 1 o Lrn~ 20% t~ml1V1-U'n 
LL U\1'11~ ij~ n~ru~\J11nn LL'1~ L '1ei"'l.Jirm V1-U~1tll.JhJ LLl'l nl'i1-:in'U~~ l'ln ru'1i:11J11ri1'Uril.J LLl'i~~l'lfiru,Jij 

d.J , \I ' 

~\9'\1fl1'Ufll.J (p~0 . 05) (1J1111\I~ 8) e..1~1J1i1ru'1'1J'Ul.JU\1'11mbu\li:11~e..ii:1mbu\l-LJ'11t~~~1~~'U 30% iifl~LL'l.J'l.J 
fl11l.J611el'U L~ ~11l.J ~ n~ru~\J 11 n!J LL'1~ii1'1Vl11'\.Jl.J1nn-J1~\Jl 1fl1'U fll.J LLl'ihhbl'l n 1'11\1 n'U (p>0.05) 

'11'l.Jf)tu.f11~~1'\.J~LL'1~n~'\.J'1JeJ\le.J~l'li1ru'tiiiri~LL'\.J'l.Jm1~eil.J-r'Ul.J1nn11~1J11fl1'Uf)l.J (p~0. 05) t~~e..1~1J1.ilru'1 

ii~L Vl~el\I Lb'1~iin~'l.JVlellJ'1JeJ\loLJ11 t ~~ '11'1..Jb '1ei'1l.Jir'1'1Jel\le.J~l'li1 ru'ti b~l.J~1'\.Jb~ n-Uei ~ LLl'i ~-:i 1 ~e..1'1 n11~eJl.Jfo 
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'Vl1'1U1~?11'Vlal.J~?IL6J bbl'lfWh'l~1 fH1 l'l1fl1'1.Jfll.J (p>0.05) a1vt-rrn.Jal'!Jl ru'1'lJ'lJl.JU'l~1 n bl. U'l?l1~~?1l.J " . 
bbU'loLJ11 b 't'1~~1~~'1.J 40% i1fl~bb'lJ'lJn11CJt1l.11''1.J'Vl1'1U1~?11'Vlal.l~?llii'1'lJ~n'Mru~tl11n!] ~ n~'lJ 1?1"111~ bb'1~ 

m1l.l"llt1'1.J 1~ C111l.I 16J bbl'! n~1.:in'U~a l'l.fi' ru'1~1'11fl1'1.Jfll.I (p>0.05) bL~iifl~ bb 'lJ'lJm1CJt1l.lfolii'1'lJ L 'iim1'l.l~a 
utiEJffJ1~\911f>l1'1.J~lJ (p~0.05) zj~~~\9l.fi'ru'fli1~n-Mru~~1'lJLlibvttiCJ1~l.I ihmtlt1'lJ'lJl.IL~n'Wt1CJ 

0 10 20 30 40 

~1n~~n11'Vl~?ltl'U'Vl1'1U1~?11'Vlal.J~?I bb?l~.:111 m11 ii bL u~oiJ111 't'I~ b U'lJG11'lJ~?ll.J1 'lJ 

~a l'!.fi'ru'1'll'lJl.JU'li1 ~~ ~tlflW.fl1't'l'lJ tl'l~a l'!.fi'ru'1~t1 LL u.:16!i'11 b V1 ~ii ~'1vl11 Vi'~al'!.firu.,JiJ~ b oLJl.J iJn~'lJvttll.I • 
.ff 11 fa~ bL'1~i11am1'lJ mn~m~t1~al.I 1m~~'U~a.:i~'lJzj'ILU'lJ~CJt1l.l1''1.J"llt1.:ier'U~Lnfl1 m~~'Uvt~.:i bLl'lb 'lJ'Vl1.:1 

" " 
n~'Un'lJm1t:.1al.I 1 'Utl~mru~mn bfl'U 1 tlni1t:.1'1v111 Vi'~L .ffl.lmn bfl'lJ i11a"ll1~ btlt1'lJ'lJl.I bL'1~v111 Vi'b dt1al.l~a11'lJ 
16J b Vl~CJ'JUl.J ~'lb~tl namt:.i~l'l.fi'ru'1'lJ'Ul.IU'l~1flbL U'l?l1~t:J?ll.Jbb u.:ioiJ11 fa~~1~~u 30% zj'lb U'lJ?lmm Vft:J'1 . " " 

tFhnrubbU'l 

olJ11b't'I~ (%) 

0 

10 

20 

30 

40 

7.03ab 

7.48a 

7.24ab 

7.33a 

6.66b 

6.73c 

7.32ab 

7.52a 

7.32ab 

6.79bc 

n~'U 

6.53c 

7.42a 

7.21ab 

7.21ab 

6.76bc 

,, 
1a"ll1~ but1al.J~a R11l.J"llt1u1~C111l.I 

5.71c 6.42ab 6.55bc 

6.91a 6.88a 7.26a 

6.79ab 6.95a 7.30a 

6.23bc 6.15bc 6.92ab 

5.88c 5.59c 6.33c 
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4.1.2 ~al'l.li'wlfi'll'U11u.:i~1nu.u.:ia1~~a11u.il.:ivtn'Vle.:i 

~al'l.li'wlfi'll'U11u.:i~1nu.u.:ia1~~a11u.il.:iwn'Vle~vl1t~u 10% ii~Lvrae~u.'1tn~'l.lvrm.J'lle.:i 

ft n'Vle.:i111nn11~al'l.li'w'fial'11mul'111 1~ ti~a l'lfiw'fi'lJ'U11u.:i~1n u. il.:ia1~~a11 u. il.:iVl n'Vle.:i~1t~u 10% 
" ' 

~f>l:::u. tJ'Um'rnei11fo~1tJ~n~w:::'lh1n!J ~ n~'U 1a"111~ U.'1tl'11111"11eu 1~m,rnhlu.l'ln~1~nu~~l'lfiw'1 

~ml'11u~11 (p>0.05) LL~iil'ltl.L 'U'Um1vei111'u~1m iiei&r11~aiJeit1ni1~ml'11u~11 (p~0.05) (m11~vl 9) 

L ~eJ.:J~1 n~al'l.flu.t'fiiil'11111 L vrUV1il11'1~'1~ i.'11vr1'u~a1'1Jl wlfi'lJ'U11U~ ~1 flLL U~'11 ~i:.J '111 LL U~W fl'Vl ei~vl1t ~'U 20 
' 

u.at 30% ii~ L vr~ei~ u.atiin~'U'lleJ~wn'Vlei~111 nni1vl1t~'U 10% LL~iil'lt LL 'U'Ufl11Vv11fo~1'U~LLatn~'U 

bJLLl'ln~h~~1nG"lml'11ul'111 ~1'U~1'l.l"'n~wtth1nn 1a"!l191 Lilei&r11~a LLatl'11111"!lv'U 1~v1111u.l'ln~1.:inu 
'II • dJ 

i:.Jal'l.li'w'fiG"ll'l1l'11ul'111 1~vi:.J~1J1.li'w-rl'll'U11u~~1mL t1~a1~i:.Ja11LL u~Vln'Vle~vl1t~u 30% iil'111l.IL vr-Uv1il11 
'II ' • 

iJevn11 LL~iim111~1'UU.'1t1a'lJ11111 nni1vl1t~u 20% ~1'U~a l'l.li'w'ti'lJ'U11u.:i~1n LL tl.:ia1~~a11 LL u.:iwn'Vlv~ 

vl1t~'U 40% iil'ltU.'U'Ufl11Vv11fo~1'l.l"'fl~WtU11fl!J a fl~'U 1'1"!1191 Ldt1G111~a bb'1tl'11111"!lv'U1~V1111 
LLl'l fl ~1.:J~1fl ~a 1'1JlWlfi~l'111'11'U~11 (p~0.05) 1~ EJ~al'l.flw'fiii~ fl~Wt11'U hiL vr\ltJ1~11 L iJwtJ'U11U~ LL i.l'U 

hl~'U~ iiaLvrav~L-D11LLat1G"l'lJ11 

0 10 20 30 40 

'il1ni:.Jam':i'Vli;\avu'Vl1~,htG"11'Vl'111~aLLai;i~i1 m-:i1 off u. u~-nn'Vlv~L ll'U~1'Ui:.Ja111 'l.I 

i:.Jal'l.li'w'fi'll'U11u~iii:.Ja~eil'lwmY1'llv~i:.Ja1J1.li'w'fif'iei L~mia11 u. tl~Vl n'Vlv~ 1 'LI1t~uvla~~'Uiii:.Javi11-Hi:.Ja1J1.li'w'fi' 
• 'II 

11.l~'UV'l L dei&rmra~1'l.l111n~'U 11.l L vr-Umil11 ii~LV1av~L-D11 fl~'U'llv~wfl'VleJ~LL 1~~'U~'l.lvi11-H~u~Li11'11~fl~'l.I 
'II • 'II 

L'Vllj'U L ~v1LLatii1a'!J11 ~1 flfl11'Vl~aei~~~,r~ L~ei na1J11i:.Ja1J1.li'w'fi''ll'U1IU~~1n LL tl..:ia1~~a11 LL tl~Vl fl'Vlei~vl1t ~u 
'II 

10% zj~ L ll'Uamm-H~" fl11'Vl~avuV11..:itJ1:: a1VJ&r11~a~1'U1'11111"!leiu 1~ EJ 111111.l LLl'l fl ~1..:1~1flalJl1l'11ul'111 
" " ' 

L Ylei 1 -tlL ll'Ua1J111 'Wm1i:.Ja1J1u. tl~i:.Ja11'11L~~)tJ~v1 tJ 
'II " 
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tf'hn ru LL \J.:i 
.... 

ri~ LL 'U'U m ·rn e:iirru 

' " 
fl11l.J"l!B'U l~CJ11l.J 'Wn'Vle:i.:i (%) ~m!}ru~th1nn 

.. ... ... ... ., ., 
?I n'1'U 1?1"111~ b 'Utl?ll.J~?I 

0 7.02a 6.60ab 6.18a 6.02a 6.73a 6.64a 

10 6.74ab 7.08a 6.00a 5.74ab 5.71b 6.26ab 

20 6.32bc 6.65ab 5.94a 5.24b 5.39bc 5.98bc 

30 5.98c 6.03bc 5.73ab 5.21b 4.88c 5.55c 

40 5.04d 5.53c 5.12b 4.44c 4.11d 4.82d 

'VI 1rn.1 L 'VI~ ~1elf1'1~1 a-d ~~1.:in'Ub'Ul°ltl~l.Jtl'Vll.J1CJ~.:ii1m1l.JLL~n~1.:it1~1.:ii1tl'CJ'111°1qJ'V11.:i?I~~ (p~0 .05) • 

"il1nm1'Vl~'1t1.:i?11l.l11'11 otlLL il.:i"l111 'i ~~ (30%) L ll'UG11'U~?ll.l L 'Uf111~~~~~~.tlru'fl'll'Ul.ID.:i 1~mnn11 
LL il.:i~n'Vlt1.:i ( 10%) ~.:idt11'1L tit1.:i"il1nLL il.:i"l111 'i ~~i1~ru?ll.JU~'Vl1.:j Ll°li1LL'1~n1CJ.ll1~11l.J~.:j~Ul?ll.JU~~1.:j ~ 
1~ LL fl Lth~'U 'll'U 1~ L~~ LL iJ .:i LL 'U'U LL~'Ul°l11l.J'VIU~ (LL 'U'UtJ) 1°111l.J?f 1l.l11'1 b 'U n11 Ln1~ L~ CJ1tl1 LL'1~ 

f111'1~'11 CJtl11n~ L~ CJ.:i nu LL \J.:i?11~"1!U ~vl1'1J'Ul.JU.:i 'U B mn ndtJ~m ru'lJ e:i.:ie:idlfa ?lb 'LILL {J .:i ni1 ~'1 ~ti~ ru.111~ 
~1'UL .Q' t161l.J~ ?l'lJe:J.:je.J ~~Ji' ru'fl'll'Ul.JU.:i ~ti L~tl G11'U~?ll.J1~'Vll 1.:i LL \J.:i nutl 11~-ru fl11l.J~ tl'U LL'1~~.:i1 '\X L~'U "il ~ Ln ~ 
~n~ru~~'Un~u~'U (retrogradation) zj.:iLn~ L tit1.:i"il1n 1m'1 ~'1'llt1.:it1~iJ1'1?1rlt1CJ ~ 11l.l~1n'UL ll'U~~ n 

LLCJn"il1nG11'U~L ll'Utl1t1t1nl.l1 '11Ln~i1"il~i1~n~ru~~ n~~nt1'U LL~'11Ln~ L ~1'1~i1~ n~ru~L llm'1'1"tl'U ~n~ru~ , 

f111Ln~~~ ndi1~'1~tln1~'U1'Un11L '\.J~ CJ'ULL '\.J'1.:i'lJt1.:i'lJ'Ul.JD.:i L~t1t11t1t1n"il1mmt1'U LL'1~~.:i 111 'IXL~'U l~CJvl1 b '1X 

~ n ~ru ~ 'lJ ti .:i 'lJ 'U lJ iJ .:i b 'VI lJ ?I~ L tJ ~CJ 'UL lJ 'U 'lJ 'U lJ iJ .:i L fl 1 lj l°l 11 l.J "tJ 'ULL '1~LL'\X.:inl1 L ~ lJ zj .:i L n ~ L ti ti .:i "il 1 n , 
f111 L '\.J~ CJ'ULL '\.J'1.:i'lJv.:ie:i~iJ'i'1?1 L lJ'U~ ~ n'Vl~B~~ ne:J'U B ~1.:im11 '11'Un11 L tJ ~ CJ'U LL '\.J'1.:i'llt1.:it1~iJ'i'1 L ~ n~'U,r'U 

"il~L'\.J~CJ'Un~'U 1'\.Jm1~ t.i1i1m11 '\Xm1l.l~B'ULLfl'll'Ul.JD.:iLn1iT'U "il~vl1 b mri1.:i~1.:i'llt1.:it1~m'1 L ~n~'U~~ n~~ne:J'U 
n~u~'U~1 L 'Vlil t1'U 1 'Vll.J~ nri ~.:i ~.:iiTmL il.:i~i1t1~m'1 ?1?1.:i"il ~vr11 '!X~ ~~Ji' ru"1~1~i1 L -d t161l.l ~ mL ~.:i n11 LL il.:i~i1 ,, 

4.2 n1csPin~1f1ru'11Jt1~V11~LPlijLL'1~n1CJJl1~ , 

'11~~ ~.n ru'fl'll'Ul.liJ.:iffi~fo m1CJt1l.lfo'11n m1'Vl~?lt1'U riru.111~'Vl1.:i'\.J1~?11'V161l.l ~'11 'Lii t1 4.1 ~ti , 
~~~.nru'fl'lJ'Ul.JD.:j"iJ1nLL il.:i?11~~?fl.JLL il.:i"l111 'i ~~~1~~'\J 30% ('i~CJtl1V1tl'mLil.:i?11~) LL'1~~~~.nru'fl'll'Ul.JD.:j 

"il1nLbU.:i?11~~?fl.JLLU.:i~n'Vlt1.:i~1~~'U 10% ('i~CJtl1V1tl'mLil.:i?11~) m~n~1riru?ll.J~'Vl1.:iLrii11~bbfl fl11l.J~'U 
' 

1'lll!'U hh~'U b~t11CJ bt.11 ri1flu1m~1~ 'IJ~l.l1ru ~ -carotene Lb'1~~ru?ll.l~'Vl1.:imCJ.111~ 1~LLn ri1~ bb'1~ 
I ' .Q..Q..c:il CIJ d 
ri11m~t11bLt1n'Vl1~ ~.:im11.:i'Vl 10-11 
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~~~firut/i"Uul.Ju.:i 
..... cl 

flf;1.!'1l.J'IJ ~'Vl1.:I Lfll.J LLU.:1'11~~'1l.J LLU.:1'11~~'1l.J ' 
?1~1fld'\Jfll.J 

LLU.:loff11L'Vl~ 30% LLU.:!Ylfl'Vle:M 10% 
'IJ ' 

... 
fl11l.J:a'U (%) 28.19 27.88 29.37 

1"tJlJ'U (%) 12.3 13.05 12.96 

1tb~u (%) 10.38 10.11 9.87 

L~8LEJ (%) 0.84 0.98 0.93 

L'11 (%) 0.75 1.08 0.98 

fl1'fltJ1m~1~ (%) 47.55 46.9 45.90 

1mi1'UL8 (p-carotene) (ug/lOOg) <22.80 337.74 722.0 

'11nm11.:i~ 10 VltJ11 e..i~~firu'1"tJul.Jtl.:1'11rnLu.:1'11~~'1mLu.:1-U111Vl~~1~~'\J 30% LL(;!~ 

~~~nrut/i"tJ'Ul.JU.:!'11flLLU.:!'11~~'1l.JLLU.:!Ylfl'Vle:M~1~~'\J 10% ijflru'1l.lllii'Vl1.:!Lflffi~LLn fl11l.J~'U 1"Ul!'U 1 i.h~'U , 

carotene mn~'1~ 1eN(;l.:ll.J1fla e..i~Vlnru'1"tJ'Ul.ltl.:1'11mLu.:1?11~e..i?1l.JLLu.:1-U111 Vl~ LL(;l~e..J~Vlnru'1"tJ'Ul.ltl.:i'1m 
, 'IJ 

fld'\Jfll.J ~1l.J~1~'\J LL?l~.:i11n111 -ff LL u.:ioff 111 Vl~ LL(;!~ LL u.:iYlfl'V18.:IL ll'U'11'Ue..J?ll.J L 'Ue..J~~nru'1"tJ'Ul.JU.:lije..J(;l~8fl11 
' 

L~l.J~'U"Ua.:ii.J~l.J1ru p-carotene 

e..i~~firu'1"Uul.Jtl.:i 

LLtl.:1?11~e..i?1l.l LLtl.:1?11~e..i'1l.l 
?l\>11fld'Ufll.J 

Lb u.:1-ff11 L Vl~ 30% LLU.:!Ylfl'V18.:I 10% 
'IJ ' 

' .. 
fl1'1: L * 70.82 58.60 65.93 

a* 0.47 0.21 -0.38 

b* 14.78 25.10 31.91 

0.867 0.880 0.872 

'11nm11.:i~ 11 VltJ11e..i~Vl.fi'ru'1"tJul.Jtl.:1'11rnL u.:1?11~e..i?1l.J LLu.:1-ff 111 Vl~~1~~'\J 30% LL(;!~ 

e..J~Vl.fi'ru'1"tJ'Wl.ltl.:1'11rnLu.:1?11~e..i?ll.JLLD.:1YlnV1ei.:1~1~~'\J 10 % ijfi1~ L* LL(;!~ a* uaEJn11~~~.fi'ru'1"tJ'Ul.JU.:1 

?l\>11fl1'\Jfll.l LL~e..J~Vl.fi'ru'1~.:1?1a.:iijfi1~ b* l.l1nn11e..i~Vl.fi'ru'1'1mmtJfll.l 1~c.1ri1~ b* LL?l~.:i~L'Vl~a.:izj.:iLlJ'U 
\I , \I , 
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'111~'11f1'1Tmtjl.l carotenoids "IJeNLL u-:i.U11 L ~\JILL'1:::LLU-:Jflf1'VIB-:J LL'1\Jl-:J11~"1.JB-:JLL u-:i.U11 L ~\JILL'1:::LL U-:Jflf1'VIB-:J 

ne.J '1~B~"IJB-:Je.J~ \Jln ru'tl"IJ'Ul.JU-:J~B LL u-:i.U11 L ~\JILL'1::: LL u-:ifl f1'Vlv-:Jn ~ L VI~ B-:il.J1f1f111 LL U-:J '11~'1lti \Jlvl1"1.J'Ul.JU-:J 

~-:ia-:Je.J'11 ~e.J~\Jlnru6ti"IJ'Ul.JU-:Jffi~n~ L 'Vl~B-:Jl.J1f1f111'1\Jl 1flTUfllJ L\JI EJ~11 tJfi11a L\Jlvfav n~1 ~"IJB-:Je.J~\Jlnru'tl " . 
"IJ'Ul.Ji1-:infi1hlLn'U o.95 C~l.l~L~(!! LL'1::: U5m, lJ.tJ.tJ."IJ) ~1V1-rtJfi11m1J1afaan~i~"l.Ja-:ie.i~1J1.n'ru'1"1.J'Ul.Ju-:i 

'OJ1f1 LL U-:J'11~e.J'1l.J LL u-:ioff 111 ~\JI LL'1::: LL U-:!'11~ e.J '1l.J LL u-:iYl f1'Vlv-:Jnfi11n~ L~ EJ-:J fl'U e.J ~ \Jln ru6ti"IJ'Ul.JU-:J'1 \Jl1fll'Ufll.J LL'1::: " . 
1~Ln'U 0.95 

~.:ii!'U'OJ1f1 f111Plf1~1~'U11 LL u.:ioff 111 ~\Jl'11l.J11(l e.JG'll.J fl'U LL U-:J'11ffi 'UU~lJ1fU~lJ1 f1 n11 LL u.:iYl f1'VIB-:J 

1 'Uf111vl1e.J~\Jln ru6fi"IJ'Ul.JU-:J L ~B-:J'OJ1f1flfU'1lJU~'Vl1-:J Lflil LL'1:::f11 EJ.f)1~"1JB-:J LL u.:ioff 111 ~\Jlfl~1Vfl'U LL U-:J'11~'1ltl\JI • 
vl1"1J'UlJU-:J~'11'VltJ1EJ 1 'UVlB-:J\Jl'11\JI v111~'11l.J11'1e.J'1l.J1~ 'UU~lJ1fU~lJ1f1f111 ~-:iLiJ'Uf111'Vl\JILL 'Vl'Uf1111 i LL U-:!'11~ 

1 'Ue.J~\Jlnrueri1~l.J1n~'U 

5. m1Pin~1~'U'Vl'Um1e.J~\Jle.J~\Jlnru'tl"IJ'Ul.Ju-:i • 
~'U'Vl'Uf111e.J~\Jl e.J~\Jln ru6fi"IJ'Ul.JU-:J'11f1 LL U-:J'11~ e.JG'll.J LL u.:ioff 111 ~\JI LL'1::: LL U-:J'11~ e.JG'll.J LL u.:i~ f1'Vl eN LLG'l\Jl-:J~-:J • 

m11.:i~ 121\JIEJm1e.J~\Jle.i~\Jlnru6ti"IJ'Ul.Ju.:imlJ'1m'1::: 1~"1J'Ul.Ju.:i'11'U1'U 60 ~'U 
" 

d 
\Jl111~\'I 12 ~'U'Vl'Um1e.J~\Jle.J~\Jlnru6ti"IJ'Ul.Ju.:i • 

LLU-:J'11~e.J'1l.J LLU-:J'11~e.J'1l.J 
'1\Jl1fl1'\Jfll.J 

LLU-:JoffTJb~\JI 30% LLU-:J~f)'VlB-:J 10% " • 
cil'Ue.JG'll.J 

tl~mru 111"'11 tJ~lJ1fU 111"'11 tl~l.J1tu 111"'11 

(g) ('U1'V1) (g) ('U1'VI) (g) ('U1'VI) 

LLU-:J'11~'1ltl\Jlvl1"1J'Ul.JU-:J 500 47.50 350 33.25 450 42.75 

(95 'U1'Vl/kg) 

LLU.:ioff111~\JI 150 90.53 

(603.50 'U1Vl/kg) 

LLU.:i~n'VleN 50 15.44 

(308. 72 'U1'Vl/kg) 

'111L'1~l.JflfU.f)1~ 3.5 1.75 3.5 1.75 3.5 1.75 • 
(50 'U1'Vl/100 g) .. ' ,, 

8 16.00 8 16.00 8 16.00 EJG'l\Jlbb'Vl-:J 

(200 'U1'Vl/100 g) 

"' 0 

'U1\Jl1'1'V111EJ 74 1.70 74 1.70 74 1.70 

(23 'U1'Vl/kg) 
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6:i 1'U 115lf n 11 611t! ni~ ti bb~:::~~'U1ivi m f11'jvt6i'i.J f11'j btli.J bn ti1 bb~::: bb U'j'jtJ t:.J ~ \9\t:.J~ bf1~\9\'j ................................................................................................................................................................ 'I)······························ ····················· ····· ·············· 

.d QJ d 
'Vl ....... D.~ . .9~~~.cD?.c:g:'. __ .. ................................................................. ........ 1'U'VI ..... ... ~.~ ........ bE~J ~.'.Y .. .. ~.~~- ............................................................ . 

b~el-:! 'llel~..:J bb Di.JU 'j::: biJ'Ut:.J~ ..:J1'U'll8..:Ji.Jflfl~ bb~::: t:.J~..:J1'UOUD b~l.l 
....................................................................... ............... .It·· ··············· ···· ···· ··········· ···· ··· ·· ········· ···· ········ ·············· ·········· ······················································· ······ ···· ··· ······ ·· ····· ·· ···· ·················· 

b~CJ'U t:.Jei.m.Ji.J 

mii., b~'U'/JeJ'U 1VHh'j1'1Jf11'j..iJ 1'U1'U ~ 'j1CJ ~ 1'\.Jf11'jrl ~b~ eim .yj eJ'lleJU'j::: bilmbl'i..:i~..:i 1'1~~h'j..:i 

IJ11bbvtil..:J'j:::~i.J"1!1'U1qjf11'j \J\'1 bb vtil..:i b~"(J~ bb~:::~'J'U'j1'1J f)1'jb~l.J zj..:i.LJ1'j1'1J f)1'j~..:J ~ 'j1 CJ 1~~..:i t:.J ~'11'\.Jb .yjel'llel 

tJ'j:::bilmb~::: nn'1. 1~biti'Uuvir1~~mb'111:iJiJrn~rr~f11'U ~..:i\1 ~ei 
'\) 

(9) . 'U1..:i?111~~~'j b~..:i-r..:i IJ11bbvtil..:it!niviti1m?1\9\~tJi)u&lm'j (\9\~ . ~~Q1JC9.'.'.) nzjiii~tibb~::: 

~~'\.J1f11'jbbU'j'jUt:.J~\9\t:.Jmn~m ?11tJ. 
'\) 

fl ru::: n 'j 'j ii n 1 'j b .yj ei-W '11'jru1 tJ 'j::: bil 'U t:.J ~ ..:i 1 'U 'll ei ..:i iJ fl fl~ b .yj ei bb I?\ ..:i ~ ..:i 1~~1'j..:i\JI'1 bb vt il ..:i 
' 

1 'U'j:::~i.J~?l..:i~'U'llei..:imii., 1~'W'11'jru1tJ'j::: biJ'Ut:.J~..:i1'U'llei..:i.LJ'1'j1'1Jm'j~..:J ~ 'j1 ti ~..:in~11 bb'11 b ~'U11t:.J~..:i1'U 
'\) 

bb?l~..:i~..:i m1ii~ fl11l..1?11m'jm vtm:::?lii~'1::: bbl'i..:i~..:i 1 ~~1'j..:i\J\'1 bb vtil..:i'j:::~u"1!1'U1rum'j \J\'1 bb vtil..:i b~'ll~ bb~::: 
'\) .., 

~'J'U'j1'1Jf11'jb~ii bb~:::iJflru?1l..lu&lmi.J'11'U1 'Uf11'jbbl'i..:i~..:i n?lu . ~..:i1~~1..:ir-hi..:ib~eJ'U'j:::~u.U1'j1'1Jm'j~..:J ~ 'j1tJ 
' 
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' ' 
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) 1:iJri-au C9) tJ ~e:i-:i'1-:i1~flru:;m1&-Jm1rl'l'lb~e:inuriflmU'U~~"il11ru1 , " 
er. 1:;t1:;nm.fr'LI~11 'Wm11?111-:ivt~mrit.Jl?l11-:il'l1bb vttl-:i 1 'LIG'f1 tJ'l1'W~"il:;bbl'i-:i~-:i 

(l ~11&-Jii-:im11?111-:il'l1 bb vitl-:i 1 'LIG'f1t.1-:i1'W~'W~b~t.11.Ve:i-:i vi~mflm.liju~-:i1'W~'W~ b~t11.Vei-:ivi~m~e:iQ~~h t.1) 

( /) m-:im:u~ n .'l"'l. n1vt'Wl'l 

) 1:iJm-:i 

'1-:i 1 ~flru::: m-a&J m1rl' l'l b~e:inu fl fl~ b U'U~~'<il11ru1 , " 

G'f1ut:.J~m11'1-a11ilG'fffUAruG'f:uu~'llei-:iuflfl~ 

' v1 e:it.J1'Uvt~m~rusn~'<iJ:::l?l1bu~m-ari'l'lb~e:inl'ie:i1 u1~ 
" 

~e:i-:i 1 ~flru:;m1:um-arl'l'lb~ei f1'Uflfl~ b U'W~'Yilil11ru11'Wm1t!u1:;t.1:;b1~1n111?11-a-:i~1bb vitl-:i 1 'LI , " 
G'f 1t.1'11'U~'<il:; bbl'i-:J~'IVl~el m1t!u1:; tJ:; b 1mm1uiju~'ll'UV1LJ1m 'U?n t.1'11'U~'<il:; bbl'i'I ~'I 
~e:i-:i 1 ~flru:; m1:um-arl'l'l b~ ei nu fl fl~ b U'W~'Yilil11ru11'Wb~eJ-:J'j:;tJ:;b1m.fr'U~11'Wf11<j\?J11-:i1'11 bb vi'1-:i , " 
1 ' il QJ ' ) :uei~ 'UVl~f1bf1U!6Vl ('a:::l.JbVll'Jt:.l~ ................... ..... ... .... .. .... ...... ... ..... ........ ..... ...... .. .. ... .... ....... .. ... ............ ) 

.J ~ v 
(~-:i'Uei) .... .. .. 

7 
....... .. .................... .. .... N ... (~m1'<ilG'IB'U) 

c .. ?11. rp:1:r:r:r. ~ ..... .r1.'r!!!l. ......... ..) 
c~1bbvt'1-:i) ;JnYJ!WVJf'I n.f 6)6lf"./J',M(V')s 

V<V """" ) t.J' t.J' .d 
t:.JTUt:.Jl'l'llel'U'l1'Uf111b'<il1Vl'U1'\ll 

( 1 'LI~) .. -~ ... ~.~- ... ./. .... ~: .. f(. ... ... ./. .. 'U .. 



" .. 
" 

J v 
(9). f1'\J11'ilfl1';j~fl'l!f1 ' , 

/) l'l';i'lV11d..lfltw?ld..JU~btl'Yn~~1vi-ruv11bbvt'tl..:i 
' 

) 1~\;l'j~ bb~ n:vt f!rn1t1mjJmm1 ttti 

h 1 uei'Utu11'l'lh~ neiu1'U1~~ (ti'1n1vt'U~ 11) '., 
( - ) l'l';i'lmd..l~n1vi'LI~ (1um~t1J11'1 .......................................... .) 

) hJl'J';i'll'J1d..l~rl1Vl'U~ 

i;n. ';i~CJ~b1'11fl1';i(;\'1';i'lvl1bbvt'tl..:i 

( /) fl';i'UV11d..l~rl1Vl'U~ 111 'Lld..111'\';i\i1'Wrl1Vl'U~vl1bbVl'tl'l 
"' 

)1 1 I O 1"'"" d..Jfl';j'\J bbl'l"il~fl';j'\Jfl1Vl'W~ 'W1'W'Vl ....................................................................... . 

Ci'.. ';j~CJ~nmm';i(;\'1';i..:iv11bb vi'll..:i 1'U?11v..:i1'W~"il~bb~..:i~..:ivi~ei1~1\J5u~viiJ1vrt 'W?11v..:i1'U~~~bb~..:i~..:i 

( /) mumd..l~vt'Ll..:i~eib1CJ'Lln1vt'W~ 

) 1llA';i'U (§) tJ lii'ei..:ici..:i1~flru~m';id..lfl1';iA~b~eJfl'UflAmll'LI~~"il1';it"l.n 
, \I 

ct. ';j~CJ~b 1m~'LI~11 'Um';i\;]1';i..:ivt~mf1CJ\;]1';i..:iv\'1bb vi'll..:i 1 'Wm CJ'l1'W~"il~bb~..:i~..:i 
(1 ~';i1d..l~..:i m';i\;]1';i..:iv11 bb wJ..:i 1 'U?11 CJ'l1'W~'LI~ b~ m-ii'ei..:i vi~ei bfl mJ5u~..:i1'W~'W ~ b~ v1-if ei..:ivi~ei b~ ei Q~~1 CJ) 

( A m..:im11~ n.~. n1vt'U~ 
) 1llm..:i 

ci..:i 1 ~fl ru~m';id..Jfl1';j A'~ b~einu fl fl~ b ll'LI~~"i!1';itw1 
, \I 

?I ';i'\.J ~ '1 fl1 ';j l'l ';i'J "ii ?I eiu fl ru ?Id.Ju~ '1l ei..:iu fl fl'1 

, v) eiCJ1 'LIVI~ rnnru.ri~"i!~\;]1biJ'Wm';i~~b~ein~ei 1 u1~ 
\I 

?11 v..:i1'U~"il~ bb~..:i~..:ivt~ei m';i'W'U';i ~CJ~ b 1mm';iu5u~..:i1'Uvt1J1vrt 'W?11CJ..:i1'W~"il ~bb~..:i~..:i 
lii'eN 1 ~flru~m';jd..Jfl1';iA~b~eJfl'Uflflm ll'W~'W"il1';iru11 'Wb~ei..:i';i~CJ~ b1m~'W~11 'Wfl1';i(;\'1';i..:Jvl1bb vioJ..:i 

' \I 

) 1llei~L'WVl~flbflru.ri (';i~'4bVI~~~ ........................................................................................................ ) 

d ~ v 
('1..:J'UeJ ) ........ ·y ................................... -~i/" .. (~ l'\';i1"il?lel'U) 
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' ct ~ ~ ~ 

A'J1~b'WW'fl'W1 (b11~) ...... ........ ............... ... .. . . · · ···· ········ ·· ········ ·· ··· ····· ··· ·· ··· ··· ·· · 

d ~ ('€'1-.:J'Jl'El) ............. ".~." ............. " ... . 

( ·1.,nti~nr.i fl?l'Wl"f~r;i-.:i~ ) 

0 I 0 ~(I.I CV ,::::I 

( 1?11 bb Vl'W-.:J) 'fl1 'W'J tJ n1J'Y1\'WtJ'JIOJtJ bb'~~'Y'l W-l'W1 n1J'bn~l?l J''WA J'J'1''1l~ ~1 
" 

~m~nm:i'1'W~1bbV!il~ 
i,10 at:lt.CV <V ~CV cJ 

~'El1'W'Jtin1J'f'1\'Wmr.itibbt:1~~w.J'W1n1:i'bn~l?l:i''l.J:i':i'~tJ 
" " ' 

"' .d 17 b:J.-INltJtJ 2556 ('J'WVl) .......... ./ ................ / ............... . 

~ ~ 

4. ~1rUJ''fl--'.J~U-.:J!Pl'l.JUru'Jl1bV1tJ'fl~'WlU (~~1'W'Jtln1J'ntf)~Vl1'Elb~tJUbvJ1~'WhJ) 
~ " 

"' .d 22 b:J.-INltltJ 2556 
('J'W'Vl) ............. / ............... ./ ............... . 

Vl).J1£1LV!l11 1) nnud'.JUt.lf'l~1UT'll-JtlU"1f'l1!Jl'lU eii'll-J~lil~1t.l'1!~1UYlnl'lU"l:::i1i''iM'1!~~'1l LUl'i1Tu1'1l'1 llfl:::Ld'flLi1i'i'N~'flTUT'fl'1 . ... . 
LL!'! :::cl-.i L~'1lur:::n'1lumr~ "11nu11.J r::;LijmL~'l "l:::Lu~!Ju LLtl rN Lu'l1:ll'hl1ill 

2) mn~~"lll'lii1~1~ilt.1ri~1ui'll-Jll!J'lvilP1'1~~1i"rn'fl-.i~bJQn'1f'1l~lil1l-Jl'l'l1l-JLUU"l1-.i Llil!JilL"1!11u1'J!1mY1~'1l~'ll'1l 

tl~Li1u~~u ~'JJ'1ltlr:::LnU'fl1"l!JnfNLYll!l'Yl1~flU!Jlil1i.Jf'm'LLrimru 
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bbU\IG11~~'1l.l bb U\IG11~~'1l.l 
'1~':il°l1'Ul°llJ 

bbu\l.LJ11 t -w~ 30% bbU\l~n'Vle:i\I 10% 
'IJ , 

611'U~G1l.J 
'lfil.l1ru '\.J~l.l1ru 'j1fl1 '\.J~mru 'j1fl1 'j1fl1 

(g) ('U1'Vl) (g) ('U1'Vl) (g) ('U1'Vl) 

b'UCJG1~ 120 43.35 120 43.35 120 43.35 

(82 'U1'Vl/227 g) 
II di 

220 11.14 220 11.14 220 11.14 'Ul.J'!J'U'1~ 

(20 'U1'Vl/395 g) 

1'll1n 160 10.50 160 10.50 160 10.50 

(3.5 'U1'Vl/V'le:J\I) (3 V'lm) (3 V'lm) (3 V'le:i\I) 

'j'.Jl.J 131.94 208.22 142.63 

" ~'U'Vl'Uf11'j~~~/:a'U 2.20 3.47 2.38 , 

p-carotene <22.80 337.74 722.0 

(ug/100g) 

'll'Ul.JU\lii~'W'Vl'Uf11'j~~~ b ~l.l~'U'11 n'1mm'Ufll.l b U'Ub~'U 7 6.28 'U1'Vl bbft::m~ ~.nrusnii'lJ~l.l1ru p-carotene 
, 'IJ , 

b~l.J~'UblJ'U 337. 74 ug11oog 1 'W'llru~~m11.ff bbu\l~n'Vle:i\lblJ'U~1'U~'1l.J1 'U~~~.nrusn'!J'Ul.Ju\lii~'U'VJ'U m1 

~~~b~l.l~'U'11n'1~1m'Ufll.lbU'Ub~'U 10.69 'U1'Vl t~ti~~~.nrusn'!l'Ul.JU\lii'lJ~l.l1ru p-carotene b~l.l~'UbU'U 
'IJ , 

722.0 ug/1 OOg '11n~'U'VJ'Uf11'j~~~ bb'1~\l 1 ~b ~'U11f11) 1 -tibb U\l~n'Vle:J\I b U'U~1'U~G1l.J 1 'W~~~.n rusn'!J'Ul.JU\I ii 

~'U'VJ'Uf111~~~-Ue:iti n11 bbl'iii'lJ~l.J1ru p -carotene b ~l.J~'Ul.!1nn--J1m11 -tibb U\loU111 'W~ b U'U611'U~'1l.J 1 'W 

~~~.nrusn'!J'Ul.JU\I 

m1~~~~~~.nrusn'!l'Ul.IU\1~'1l.lbb u\l-U11 t -w~ bbft~'ll'Ul.IU\1~'1l.l bb u\1-Wn'Vle:i\I t~ti'V11m1~~~ bb u\l-U11 t -w~ 

bbft~bbD\1-Wn'Vle:i\I m1~~~bbD\loU111-w~ tl1-U111-w~l.11'\.Je:im'\.J~e:in lK1\I e.J1'Ubtl1bbl'ibl.l~~ bb°1ibl.J~~ 1 m111ft~mti 

L'Wbb'Vlm~til.lbl.lm1vff'11V'lv'im1l.lboUl.loU'U 0.05% 'U1'U 5 'UTVl '1~b~~J1 tl1b-U1~e:i'U~e:iruvtnlJ 55 °c 'V11m1 
'IJ , 'IJ 

'U~~1mfl~e:J\l'U~ft~bBCJ~bbftde:i'U~1'U~~bbm\l'!l'U1~ 150 1l.l Lfl1 bl.l\911 '11'Wm1~~~ bb u\1-Wn'Vle:i\I i.11-Wn'Vle:i\lm 

'\.Je:im'\.J~e:in lK1\I '*'Uml.l'll11\lbU'Ubb~'Uvt'U1'\.J1~mru 2 lJft~bl.l\911 bb"li-WnmN1'U'111'1~'11CJL'Wbb'Vl'1b~CJl.J 
bl.lm1'U"ll'11V'lv'i~m1m-Ul.l-U'U 0.1 % 'U1'U 10 'UTVl '1~b~~J1 tl1b-U1~e:i'U 'V11m1'U~bbftde:im°1i'Wb~CJ1n'U 

'IJ 

m1~~~ bb iJ\l-U111-w~ '11ni!'Utl1 bb D\l~\IG1v\16!!'Ll~l.11~'1l.J bb u\1'11~1 'U~~~.n rusn'!J'Ul.Ju\l-w'U11 bb iJ\l-U111-w~ 
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'11lJ1'H1'Vl~ LL 'Vl'U h1e.i~~n rusn'lJ'UlJU~ 1~ 30% (1~ ml1vt'l! f'ILL U~'11~) 1 'W'll ru~~ LL tl~VJ fl'VleN'11lJ1'H'l'Vl~ LL 'Vl'U 

r;i~ 1 'We.i~~nru'rl'1~ 10% ((~ml1vt'l!mL l1~'11~) 1~CJ 1 ~e.J'1flTme:ilJfo'V11~i.J·rn'11'V1'1lltr'1fam1lJ1lJ LL~fl~1~'11fl 

e.i~~nru'1'1~1f'l1'1.Jf'llJ (p>o.os) Li1e:it11e.i~~nrusn'1J'UlJu~~1~lJ1~fl~1f'lru'1lJu~'V11~Lf'li1 Y'l'IJ11e.i~~nru'1 
" ' ' 

'lJ'UlJU~~lj fl11'Vl~LL 'Vl'U~1CJ LL U~oLJ11 b Y'I~ LL'1~ LL tJ~VJfl'VleJ~i1f'lUJ'1lJU~'V11~ Lf1i1 (ff.11lJ~'U h1l!'U b 'th~'W L~B 1CJ 
' 

LL'1~ LL U~VJfl'VltJ~iii.J~lJ1 UJ A-carotene lJ1fl flrJ1e.J~~Jl rus;i'1 ~1ff.l'l.Jf1lJ 1 'W~1'\J~'U'Vl'Ufl11e.J~ ~ fl11'Vl~ LL 'Vl'U .., 'U , , 

LL l1 ~ '11 ~ ~1 CJ LL u ~VJ fl m:i~ ii ~'U Vl'W fl 11e..i ~ ~ ~ 1flrJ1 LL~ ii i.J~lJ 1 ru p-carotene L ~ lJ~'UlJ 1flflrJ1 fl11'Vl~ LL 'V1 'U 

LLU~'11~~1CJ LLu~-rr111 Y1~ ~~ir'U~~iim1lJL iJ'U 1 i.J1m 'Um11-ff LL u~-rr111 Y'l~LL'1~LL tJ~VJfl'Vle:i~'Vl~ LL 'Vl'ULLU~'11fil 'U 

e..i~ ~Ji'rus;i'll'UlJu~ L ~e:ir;i ~m11-ff LL l1~'11~ LL'1~ L ~lJf1rul'i1'V11~ ln"1l'W1 m11 ~n'IJ e..i~~n rus;l'll'WlJU~ 
' 

~1'Ui~EJ-d1~L 'Vlf'l b 'W fa~fl11e.i~~ LL u~'<il1fle.J~~e..imfl~m1~LLn LL tl~oiJ'111 Y'l~LL'1~ LL tl~VJ fl'VleJ~ 11lJ~~ 
oLJ eJlJ'1f'l UJ'1lJU~ ~1~ 61 '1J el~ LL U~ zj~'11lJ11me.J CJLL YI~ LL'1 ~ ci1 CJ'VleJ~ L 'Vlf'l b 'Ufa m ~LL fl~ '1'\J 1'<iJt!11 i.J1-ff 'Vl~ LL 'Vl'U 

" , I \I 

LL l1~'11~vt~mL t1~"1lu~5'U 1 'Wm1e..i~~Lll'We.i~~nru'rl1 vtlJ L~e:iL{J'Wm1r;i~i.J~mrum11-ff LL l1~'11~ L ~lJlJ'1l'i11 ~n'IJ 
" 
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'\.J~~.n 1'1J"1~Ll"l1~~ LL"1~1;1v-rn.1 1>1~11ii·1L 2546. :u~'U'Vl~m'Uen"111. wu1 48 - 74. 1'W flr1n:u11~n1fli"l11 
\J cf.II , .. 

1'Vlml"l1'11>1iLL"1~L 'Vlfl 1'W1"1~m1en"111 . 1vimf11~\;liLL~::Lviii11 'LI faam~mV11'L '11irn~l.J~ 

~l.J~Lfi~ Yl1LO~l.!Yl\lPl LL"1~ ii6v1 1'1'1'U1D'U'Uvl. l.J.'\.J.'\.J .fl Food spoilage I n1~L~viJLi1V'tleHtl1Vl1~. 

http://www. food networksolution .com/wiki/word/ 1232/food-s poi Lage 
I.I ~ d .c:il 

L"ll1fl\lLl.JeJ 15 l.J'U1fll.J 2556 

~l.J~Lfi~ Yl1LO~l..lmPl LL"1~ ii6v1 1'1'1'U1D'U'Uvl. l.J .'\.J.'\.J."ll Water activity I LLeJfl~l~"lleJ \lth 
http://www. foodnetworksolution .com/wiki/word/0551/water-activity 

L.LJ1'1.:iLijeJ 15 ii'U1fll.J 2556 

fl1\lL'VlYl"1 . • 
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nTfj~vbb~~~~u1nT~~~r1~1lveiubb~.:i\1'.:ibtJ~eintm\P1~1ri'l!1u 

Research and Development on Standard Production of Whole Longan Drying 

.., .... 
il.:IAN1 Arun" • 
11f.li"l elA'cib 1aa~VNA 

QJ I 

'U'Vlfl~t.leJ 

fl11Pl fl~1 fl1'H.J~ I'\~ 1 h1 m.J LL~~~~ L 'tJ~ €J fl~ t:-1~1'1 L~H.J flcil.J Lfl~l'l 1 m I'\. ,j' 1°LJ fl"11~ €J. 61utJ1 I'\ €1~ 
' 

'<il. L~EML V!lJ 1 u'li'NU 2549-2550 L~€l'tJ1u'tJ1~m~'U1°L.lfl11t:.!~1'1 L m~t:.1~l'lifo.1sn~i1f'1ru.n1Yl L~EJPlfl~1LL"1~ ' , 
'tJ1'1.JL 'tJ~ EJ°L.lfl1~'1.J1°LJ fl11t:.1~1'1 L °LJ~°LJl'\€J°LJ fl11~~ Ll'l~EJl.Jl 1'1 Cl~'U tl €J°LJ fl11€J'U LL~~ LL"1 ~~ti I'! €J°LJ fl11€J'U LL~~ '<il 1 fl fl11 

' 
'1111'<il fl1~'1.J1°LJ fl11t:.1~1'1~11EJ €1'1.J LL~~~~ L 'U~€l fl'Vl'Ul 1 L °LJ~°LJ ~€JU fl11~~ LI'!~ EJl.Jl~ Cl~'U tl €JU fl11€J'U LL~ ~ij fl11U1 

' 
t:.1"1~11EJ~1lJ61~ LL"1~i1~15 fl"IJ1~l.J1€J'U LL ~~Vll L ~~11EJ€J'U LL~~~~ L 'tJ~ €J fl~1~i1f'111l.J~°LJ 1lJ61J1 L61l.J€J LL"1 ~ij 
1€1 m~€Jml1V1l.J1 fl '11u~u l'I €Ju m1€Ju LL ~~n m11iL1mu1u ~~v11m1'Vl~"' €1~ 1u1~ ~u~eJ~'tJ !)i:M m1 L ~ €JV11 

cl 0 <V 0 1• 11 "' 1 .f cl I cl .. cl <> 0 
61.f111~'VlLV!l.J1~61l.J611V!1'1.J°LJ1 u "!l'Vl~61€J'U °LJ'Vl°LJ'Vl'Vl'U11 61.f111~'VlLV!l.J1~61l.Jf'1€J fl11€J'U'Vl€Jt\JV!.f1l.J 75 C , ,, 
15 i1hJ~ LL"'~"'~"'~L\Ju 10 °c 33 i11l.J~ t:.1~1'1.ti'rusn~1~nm1l.l~u~1fl11 11% '<iJ1mYutl161.n11~~1mtJ 
'Vl~61€J'U L °LJ-«°LJ~'Vl'Ul1 t:-1~ 1'1.fi' rusnffi~ij f'1tu.f11'Vl~~°LJ LL'1 ~nm1l.J~°LJ61J1 L61l.J€Jl.J1 fl~°LJ LL'1~611l.J11'1"1~1~EJ~L1 '11 , 

vtlm um1€JrnL~~'<il1fl 65-73 i11l.J~ Luu 42-48 i11l.J~ u€Jfl'<iJ1fli1'1~v11m1Pifl~1f'1ru.n1'Vl"1J€J~t:.1~1'1.ti'rusYI 
' 

~1°LJ'<il~°LJ'Vl~~ m1l.J~°LJ LL'1~rl11€JLl'l€J1LL€JflVll~ Ldmnu1fl~1LU°LJL1'11 12 L~€J°LJ ~€JtuV!.f1lJ~€J~ faEJi1 , ' ,, 
fl11'1.J11'<il 3 LL'U'U ~€1 Cl~'Vl'1161&ifl HOPE "!l'1~L~EJ1tl'U~Lfl~mm1i '1~'11lJL°LJl'I (Laminate) LL"1~'1~"11lJL°LJ~ , , , , 

~1l.Jtl'Ufl11L otl6111~~sff'U€l€lflfBL'<il°LJ (oxygen absorber) 'Vl'Ul1 fl11L 'tJ~ EJ°LJLL 'tl'1~m1l.l~°LJ hiLL~fl~1~nu 
'\111~61 ~&i (p~O. 05) L °LJ"IJ ru~~ rl 11 €J LI'\ €J {LL €J flVll ~ijf11 L ~l.J~°LJLL~1lJG1~ t:-1 '1 ~ €J fl11 L 'tJ~ EJ°LJ LL D'1~~1°LJ'j ~ °LJ'Vl~ ~ 
zj~ ~~m.J'l uml'!1~1u~ EJ€Jl.l1'1.J 1~ ,, ... 

1l1'61fl11'VlVl'1€J~ 06-01-49-01-03-02-02-49 
1/ I CV .c:tt. I.I cJ I O CVQCV 4J .c:t, CV G cJ 
n~11Yi~'U1~:::uum1-;;i'1eiu~ru.n1Yi'1'Ufl1Ln'l-J~m'Yieim~'1.:ieiein '11'Uffl-;;Jt:JLL"1:::Yi~'U11VJV1mwm.:im~LnuLnmLL"1::: 

u.tl'i~tl~~\Jl~mm!lm 
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0 0 

fl1'\J1 

~11m iJ'U 11J~m1111~~n'1~~1~qi'llel·nh:n VJP11 VJ EJ LL 'Vl~-:itl~ fl~ 11EJ 1 'Utl1~ L VJP11 VJ EJ~ el.f111°1 L Viti el 

i11f1()1~1'UeJ8flLOEJ\I LWUel LL'1~.f111°1fl'11\I hrn~~'U~tl'1 flLL'1~~'1~~1'1 L ~l.J~'Uelcl1-:i~m ~ el\l~\ILL~l'J 2553 
'U 

1'Llll 2555 ij-«'U~U'jfl~1~m1 990,522 1~ LL'1~ij~'1~~\J1 812,167 l'i''Ll ~'1~~1J1~11E.Jci1'U1mym'11fl 

8 -.ij'\IV11'vin1f1Lwua ~a -.ij'w11viL'liEJ'l1'Vll.l ~1'V'l'U L'liEJ\111tJ ~1U1\I \J11fl 'V'l~bcn bb'V'l~ Lb'1~i.11'U zj\lij'lJ~inru 
'U 

604,497 l'i''U ~VILU'UU~lnru 74% "llel\1~'1~~1'1~\l'Vll.JVI 1vitJ-.ij'\l'Vl1VIL'licM1 Vll.lijb.Qelm ~~'1LL'1~~'1~~\J11J1fl~~VI 
1el\1'1\llJ1~eJ-.ij'\l'Vl1Vl~1~'ULL'1~ L '8tJ\111tJ (~1tJfl\11'ULl111~~n'1fl11Lfl~l'11, 2555) LL'Vl~\1~~1'1~~1~qj b 'U-.ij'\l'Vli'VI 

L'litJ'11'Vll-l 1~LLri el1L.f1el'1ellJVlel\I LL'1~VleltJ'Vl~el ci1'U-.ij'\IV11V1~1'V'l'U L~LLri el1Lflelbltl\l'Vl'Uel\l~fl\I D1'U1H\I LL'1~ 
'U 

ll1'1!1\I '11'Vlfo-.ij''l'Vl1viL'litJ\111tJ LL V1~\l~~l'1~'11~qi 1~LLri a1LnmLl.l?11tJ 

m1ci\lelel fl~1LtJ1 tl'11V1i.11tJcJ\ll'i1\ltl 1~ L VJ 111 LL \J\I L tl'U 4 ~ fl~ru~ ~el ci'lelel rn tl'U~1 LtJ ?!vi ~ 1 LtJ?I vi

LL ~LL ~\I ~1 LtJ el'ULL ~\I LL'1~Lb'lJ11tl L tl'U~1 LtJ m~iJ el\I 1vi tJ 1 'Ul'J 2555 ~1LtJ61 viijtl~lJ1 UJ fl11ci\I elel fllJ1 fl~?IVI 
'U ' 

455,663,387 nfafl-rl.J ~VILiJ'Ul.!'1~1 8,454,013,626 'U1Vl LLl'i~11tJel'ULL ~\lijfl11ci\lelelfl 129 ,254, 725 
'U 

1'1'11 VI ci \I a el fl~ 1 LEJ" VI LL'1~~11tJ el'ULL '\X\I~ ~ 1 ~qi~ a 61151) ru-r ~'lJ) ~'1J 1 '1J'U ~ 'U Hel \I fl\I LL'1~L1tJVl'U1l.J 

1'1 '11 vici \I el el fl~ 11tJ fl1 ~iJ el\I ~el lJ1 Lm~ tJ LL'1~~\11°11ti1 '11'Vl-r'U ~ 1LtJ61 VI LL~ LL~ \lij 1'1 '11 VI ci \I el el fl~ el Hel \I fl\I 

elel?ILl'11L~tJ LL'1~~~'U (m~Vl11\l'V'l1ru'1J~, l.J.tl.tl.) 

m1el'U LL lX\1~11tJ L iJ'Ufl11LL u11u16V1~-:i~titJlJ t-ti'L ~avvia1tJ m1Ln'U-rfl~1~11tJ 'Uelfl'11flucr\1~1tJ1 ~ 
'U ' 

11m~11tJ?tviij L?1~tJ1n1'V'l111fl~'U LL'1~L iJ'U15m1~1el\l-r'U~11tJ?1vici1mn'U 1~ L tl'Ueltl1\I~ afl~\lcJ\lnel 1 lXLnvi 

fl11~1\ILL 1\l\11'UL ~lJ~'U zj\11'11\ltl'U'U 1tJ'U1tJ'llel\l-r~'U1'1~1'Ufl11m~'11tJl°111lJL'1~n 11 'lJcinii.f111°1Bfl~1 EJ (?11'V'l'1, 
cf.I g~ \I \I .. 

2532) LVI tJ'1J11~'UtitJlJ'U ~1.f11°1~11tJ el'U LL ~\l~\I L ti~ elfl L ~ fl\1'11 flijl°111lJ L zj a--J1ii~ fl~UJ~\01~1tJ1'11lJ\I fl)zj\1'1 ~ 
ci\1~'1~1'iel?l"lJ.f11'V'l 1 'UV11\lfl11LL 'V'IVl~LL~'U 1 'U11UJ'1Jel\l~'Ub otl~11tJel'ULL '\X\I b U'UtJ1U11\1~1 h U11\IL~elVI U11\I , , , " 

'lJ1~?11VJ u11\ln1~\I 1vimu'V'l1~'Vl~\l~'U'11fl 111°1'Vl~a'Vl~\11°1'1elVl'Ul'11 ( '11L-UtJ1, 2546) 1vimUel~11tJel'ULL~\I 
' ' 

'lJ1~flel'U~1EJ m1lJ~'U 17.80 L'llir'U 0.40 L~'UttJ 1.601t11~'U 4.60 L'11 2.86 LL'1~f1111'U1mvi11'1 72.70% 

\J11l.J~1~'U 'Uelfl'11flU~11tJel'ULL~\lcJ\lelVllJLU~1tJ Lbl°1'1L~tJlJ 27.70 L'Vl~fl 2.39 v.Je:i?tv.Je:i-r?I 159.50 l911i3'U~ 
' 

137.801'11L~tJlJ 4.501mLV161L~tJlJ 2,012.00 bL'1~L'Ut11~'U 3.03 mg/lOOg 911l.J~1~'U (ti~\9l.JU, 2547) '11fl 

11tJ\11'U"llel\I Rangkadilok et al. (2005) 'V'l'U111'U~11tJii?111'V'l')fl~Lf1ii~'11~qi~e:i?111'lJ1~flt1'UYl'Uel~fl1~LLn 

mviLLfl'1~fl (gallic acid) mVILel'1'11~fl (ellagic acid) bL'1~11°1~'11~'U (corilagin) zj\ll'.iflUJ?tlJi.J~Ltl'U?l11 

~1'Ut1t1fl"BLvii'U 1vi tJ'lJ~lJ1 ru~'V'l'U'1~ Lb\J1 fll'i1\ln'U~'Ue:itl n'U?11 tJ~'U-5 'U e:i fl'11nUt!\l'V'l'U11~11tJ~~ 1'U m1e:i'U Lb ~\I 
'U ' 

'1~ij?111'lJ1~nt1'UYl'Ut1~ nlJ1nn11~11tJ?tvi bLl'i~1 LtJt1'U bb ~\lij111°11'1 Vl'1\I ?11b V11J1ci1'UV1tl\llJ1'11fl~1 LtJel'U Lb ~\I 
' 

1ll1Ji'lJ11J11~1'U ('11t!n\11'UL1111~~n'1m1Ln~1J11, 2545) ... ... 
~ 11tJ e:i'U LL ~\l~\I L 'lJ ~el fl L iJ 'LIVI~ \I b 'U ~ ~ 1J1 fi ru'1 ~1 LtJ e:i'U LL ~\l~ij fl11ci \I el el n Lrn ~'lJ 1~ ?l'UD qiV11~1'U 

1°1UJfl1'V'l1l-11~1111J11~1'U~t1 ~mh 1tJe:i'ULL ~'liiL ~e:i11 ij1e:im~a'Utl1V1lJ1n Lrn~fl~'U 1l.l-W\l'lJ1~?1\lri '11flfl11 ' ... 
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L~'UVl'U LL 1-:i-:i1'U '\.h~'1'Ufl11ru'llti-:i~~~l'l fl11Ll'l~tJl.Jll'l'1~'U LL'1~n1~'U1'Ufl11tl'ULL~-:i LL~~'Ul'ltl'Ufl11Ll'l~tJlJ 
' \I ' 

1 IPl n~'U LL'1~n1~'U1'Un11B'U LL ~-:i L U'U'11 L 'Vf \Jl 'VI~ n~v111 ~~11tJ ti'U LL ~-:i.Jf-:i L tl~ tin hi1~l.J11Pl 1~1'U ~-:ii!'U 
' ' "' 

II I I tJ I 

6lT'UIPltl'Ufl1)tl'ULL ~-:iLYlti 1 m~~~IPl.tlru'i1~11tJti'ULL~-:i~nflrum~~~'U LYlm U'ULL 'U1Vl1-:i L 'Ufl11~1 mLnDru'\111LL'1~ , ., 

~~'U1fl11~~ \Jl~11tJti'U LL ~-:i L m~l.J11'11~1'U .Jf-:i EJ-:i L U'U fl11'1'W''U'1'U'U fl11'1-:ititi n~6'11~ru fa tJ~ mn flUJfl 1~'llti-:i 
d.11 " "' , 

~11mJ'ULL~-:i.Jf-:iLtl~timm~ AA LL'1~Lm~ A ~-:inm1'1-:i1 tl'11'Vf'll1tJEJ-:i\9h-:itJ1~LVlP1 

2. e:itlmru'11wr'Um11P11T'1'1ti'Uflrum~ 1~LLn ' , 
Lfl~mi-:i1vh~1VlP1i1tJlJ 4 \9\'1LL'Vf'll-:i ~'U 1801 M.P. (Sartorius, LtJe:J)lJ'U-U) 

' 

~e:J'U'1l.J~tl'U ~'U 78532 Tuttlinoen (Wrc binder, LtJml!'U-U) 
\I ' :i 

Lfl~m1~~11m1Ple:i{LLtin'Vi1~ ~'U Axair AG8808 Pfaffikon (Thermoconstanter 
' 

novasina,'111PlL"irn{LL'1'Uii) 

1n~~fl11l.J~'U (desiccator) 
\I 

3. e:itlmru'11wr'Um1'U11"0JL~e:i~m~1mtJm1Ln'U-rm~1 

.. .,, 
'Jt5n1'a 

' ' ' 
'111~~i'Ue:ie:in~L"OJ'U (oxygen absorber) 

~-:i~m'1~n"lli1~ (high density polyethylene 'Vf~e:J HOPE) 

n-:ir;i1ilL'Ul'l (laminate) 
' 
Lfl~ti-:ill~~i1nn-:i~1tJfl11lJ~eJ'U (Lfl~e:i-:i seal tl1nm) , , 

' 
nr;ie:i-:im~~1~ 

Lfl~e:J.:J.ff-:i'll'U1~ 2 n1r;ifl-rl.J 

1. 6'1111"0J61i'e:JlJ'1L~tJ1 n'Ufl11~~1'1~11tJeJ'U LL ~-:i.Jf-:iL tl~e:imLr;i~un 1'Vf1 L 'Ufl11~~1'1'11mn~mm~~~\Jl~11tJe:i'ULL ~-:i 
\I •jj \I 

~.:!Ltl~e:Jfl 

v11m1'1111"0J"li'm.ir;i L~ tJ1 n'U fl1)~~ \Jl~11tie:i'U LL ~.:i~-:i L tl~ eJ fl L~tJ 1 -ff LL 'U'U'1e:J'U'11l.J '1e:J'U '11lJVl1.:I 

L Vl1~~vl LL'1~~'U fl'U61i'e:Jl.J'1 L ~l.J L~l.J 1~ tJ~1.LJe:i fl11 Ln'U61i'til.J'1~e:J 
\I \I 

fl~l.J~~~ l'l~11titi'U LL ~,:i~-:i L tJ~ eJ fl 

' 
~ n~ru~ Lfl~e:i-:ie:i'U LL'1~ rh~-:i m1~~ IPl 

11m~11m1~ 

~fl~UJ~fl11'\.h~fltl'Ufl1) 
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.rr'U\J1€l'Ufl11~~\Pl '1.n11~m m 'Ufl11€l'U LL~~rn1'U11~ 
... 

U(\!Vn 1 'Urn1~~1J1'111fJB'ULL iX.:i~.:iL i.J~Bn 

2. ~mnm~'U1'Urn1~~1P11 'U~'U~"il1.:i"UB.:iLm~1P11m L~mn'UoLJBlJ~l'l11lJ~'U"UB.:i~~1J1nru'1'1Tv11''Utl11ui.Jfo1 i 
'IJ 

n'Ufl11'Vl~~€l'l~~l'11 'U~'U~"(J€l'!Lffl~\Pl101 1~fj~lJLn'U~1mh.:i 1 'U~1LL vti.1.:i~1.:i 1 12 ~1 LL vti.1.:i LL~~1 Ll'l11~~~1 
l'l11lJ~'U\Pl111lG~~~LLU~'l"il1n AOAC (1990) 

rn11Ll'l11~~\J1111rum111~'U v11rn1B'Uli'1fJB~~ikufJ11~Bruvt.ni1 105 ° c 'U1'U 3 -8'1111.:i ~.:i1 iXLv'U 
'IJ ' 'IJ 

1'Ul'1~~!'111l.J~'UU1~111tu 30 'UTVi i.:iJ1vti!n~LLi..i'UB'U i.:iJ1vti!n~1B~1'l~LLi..i'UB'U 5 n-r11 ~'l1'Uli'1fJ 
'IJ 

el~'1fa'i1fJ11~'Vl11'Utl1vti!n~LLi..i'Uel'U '1111 Uel'U~1fJl1i'el'U'1l.l~el'U~elruvt.ni1 105 ° c Lllm1m 2 -8'1111.:i ~.:i1 iX 
\I \I , \I 

LV'U1'U1'1~~1°11111~'U\J1~111ru 30 'U1Vi -8'.:iJ1vti!n '1111 Uel'U LL~~i.:iJ1vti!n'Vln 1 -8'1111.:i"il'U1~J1vti!nl°l.:i~ 
'IJ • 

\J1111rum111~'U (%) = [(tl1vti!m~1111i''U - tl1vti1n'1~Vf1fJ) 1J1vti!m~1111i''U] *100 • 

'Vl~~el'l el'U LL iX.:ici' 11fJ ~1fJi?l.tl11 ~ fl11el'U LL iX.:iffi ielruvt.ni1'1.:i 1 mh.:i LL 1 n LL'1~'1~~1'1'l1 'U-d1'l'Vl~'l (ci°1iJ O'l1'U 
• 'IJ 'IJ 

~~'U1fl111~flfl11Ln~m, 11.\J.\J.) LL'1dforuvt.ni1elfJL'U-d1.:i 70 - 80 °c (Leln~n~ LL'1~ '11"il, 2547) '1.tl11~ 
"I \I \I , 

..I di 

'Vl'Vl ~~ €!'! €1'\J Fl €l 
0 ' 

80 c 15 i1111.:i 
0 ... ' 

70 C "il'U~'U'1~0W'U1'Ufl11 (33 otl1 llJ'l) 
' 0 ' 

80 c 15 i1111.:i 
0 ... ' 

75 c "il'U~'U'1~m~'U1'Ufl11 (33 i1111.:i) • 
0 ' 0 ... ' 

75 c 15 i1111.:i 70 c "il'U~'U'1~m~'U1'Urn1 (33 i1111.:i) • 
4. 'Vl~~€l'l~~\Plci'11flel'U LLiX'l~'lL \J~ el0~1 f116~u-r'U L \J~ fJ'Un1~'U1'U fl11~~\J1 LL~1 Ln'Uiell.J~l'l11l.J~'U"(Jel'l 

'IJ 

QQ.l'Q.I II' c;;:cv I QQ.I' d4 
~~\Pl.tlt\J'1'Vl~'lfl11el'ULL'Vl'l LL'1~LO'U\Pl1elfJ1'lt-l~\Pl.tlru'1Lm~ AA LL'1~ Lm~ A Li'lell310~11°1t\J.tlTV'HL'1~eJ1fj 

' ' 
rn1Ln'U-rrn~n zj.:iLm~ AA LL'1~ Lm~ A Lllmm~~'1.:i1u'11vti.11flv.:i~1.:iu1~L'Vll31 

Lrl'U \111elV1'1 ~~\Pl Jl ru.,.J '1°11f1 el'\J LL iX.:i~'l LU~ el fll.J 1Plfl~11°1tufl1i'l LL'1 ~ fl11 L \J ~CJ 'U LL \J '1..:!Vb~ CJ~ fl 11 
' 

Ln'U-rn~1 12 L~el'U l~fliifl11'U11"il 3 LL'U'U f'iel 'U11"il1'U'1'li'l'11'1~n (HOPE) zj'lLU'U"llU~L~fJ1n'U~Lm~mm 
' ' . 

1i ci.:imfa'U\Pl (laminate) LL'1~mmfa'U1P1~111n'Urn11i'111~~61i''l.Jeleln~L'1'U 
• • 'IJ 

5.1 n1~1Lrl~1~,,,rlUJJl1W~1lJ'C\l~lJV1~~ • • 
- \J~111ru~~'U'Vl~tl~..:ivt11~ (Total Plate Count; TPC) m1116~~~LLU'1'l"il1n BAM, 1998 

- \J~111ru~G1l'i'LL'1~11 (Total Yeast and Mould Count; TYMC) (;111115 APHA, 1992 

- MPN of E. coli (;111116 BAM, 2001 

- Clostridium perfringens (°l 'U~~(;1Jlru'1 0.1 n-r11) m1116 BAM, 1998 

- Staphylococcus aureus m1115 BAM, 1998 

- Salmonella sp. (°l'U~~(;'lJlru.,.J 25 n-r11) 1P111116 ISO 6579, 2000 
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" ' 
- f111l.J~'U l'nl.Ji5Vi~~LLU'1\l'O,l1n AOAC ( 1990) 

I ' .c:it.Q 4:11 ti d Q.J I ' .Q.Q .::ii 

- 1°111m1J1e:i·me:invr.J1J1 ~1mf11e:i.:i1~m1m1J1ei1LLe:invn1J1 

6. ~m.i1~'UVl'Um1e.J~\Jl 1~mn'lJie:il.J'1'11n~'U~e.J~1J1"1Je:i.:iLrn.~1J11m 
, 'IJ 

IJ1'11fll.J 2548 - nm.m.J'U 2550 • 

1.1 ~e.J~1J1ci°11ve:irnL~.:i~.:iLi.J~e:inci1'UL'VlajLtl'ULn~mm;.:i'11m1mLu.:i1~Ltl'U 2 i.J1~Li1Vl 
- ~e.J~1J1ci°11ve:irnL ~.:i~v111 'U1i.J LL '\J'Uncil.l 1~ LLn ncimn~mm ncil.l LLl-liJ1mn~mm LL'1~ncil.l \I \I , , , , 

ml.lci.:i L'1~l.l'1V1mruLL'1~ml.lm1fl'1i11v L 'U 

- ~e.J~1J1ci°11ve:i'\J LL ~.:i11v'\Jl°lfl'1 ~e.J~1J111 v'\J flfl'1.n'1~'1\lVl'U~~V11L1J11e:i'\J~1 v\Jl'U Le:i.:i ci1'U 1 'Vlru L tl'U 
\I , \I , , " 

~i.J 1~ nei'\J m111 m.Je:i v m~ '11 v mJ1 'U~'U~i.J '1nci'11v fa v'1~Ltl'U~\l~e.J~1J1ci'11v e:i'\J LL ~.:i LL'1 ~'\J1.:i11 v '1 ~ L tl'U 
\I \I \I \I 

1.2 "'fY\iW~~tlllLL~~n1"'~n1~~~t') 
'IJ 

Ll'ne:J'\J~Ln~mm1m'Un1)e.J~IJlci°11ve:i'\JLL~\l~\lLU~e:JrnLU\lLtl'U 2 LL'\J'\J'Vli;rn1 ~e:i 
.. 3 1 .. ~ ' 

- L\Jl1e:J'\JLL'\J'\Jn1~'\J~ l.J"IJ'U1~ 2.35 x 2.35 x 0.80 m i11V 'Ul.J\Jl~LLn1\lL'Vl'1n1n'1l.JL'\Je:J) 8 
'IJ 

., ' ' ' .K .1 01 1" "ll'U1~L'11.Je.J1131'1.JE.Jn'11\l 2.15 mm 11\leJV'1.:1'11n'rfUm~'\J~u)~l.J1ru 30 - 48 cm '\J))'1e.J'1'11 E.!Ml vi 1,500 
\I \1\1 , 

- 2,000 kg ~1'U 1~1Jl ~ LLm.:i L tl'U~11.:i L tl'Uvi1.:i h~'1l.J~e:i'Ui:J 1'UL i1m LL'1 ~ Ll°l~ e:i'U~i:J1'Ue.J'1 ci'11v'lJ'U\Jl~ LLm.:i 

e:itJmrun1 L 'LlV1'1l.J~e:J'U LL'1 ~'VrV1'1l.J ~Vle:J ~ ~1'Ui1.:1 m~'\J~ L :ff e:i L Yi~.:1~1'\11-r'\J L ~fl11l.J ~e:J'Uij~,:itl 1~'U 1 '11ci1 LL'1 ~ LLn'1 
• 'IJ 

Vl.:i~l.J m1m'\Jflm~ruV1.1Ji3v111~vivtJ-rrnfimrum)5vi.J1~'U'Vl~mLn'1 ('11v'111vi, 254 7) 
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Lmeiu LLuum~u~~t .ff tl1ifu 1"1lci1V11ei LLffom~m U'UL :Sm 'Vla.:i1 'Um11 ~fl11ii1ei'U iHfo~~ei 
' 

~\91~.:JLLa~\91 LLa1'fl~1~1CJ hl~ei.:i 1 ilh ~C.116lJ1fll1 'lJfl11~\91~'1 LLa~\91LLafo~1 .fr'Ul'lel'U 1 'Ufl11€lua11t.1vi11~~1CJ 
'\J '\J ID~ 'lJ 

1 -ff L~'Ua.:t'Vl'U~1\?lei Ll'l1 "1im~t.1~ei ~ei.:i 1.ff~u~i11fl1u1111~l'l~.:tLl'l1eirnLl?ia1ii11trnua11t.11~ uu~ii1ru~ii'eit.1 
' 

fl11 L~el L i.J1CJU L-n CJU flU~eJU 1eitl1 1.fffl'U'11'U"iJ1'U1'Ul.J1fl1 'U fl11\91 LLafl1Ufll.J L\Pl1€lU 1 'U1~Vl11.:tfl1'rnU LL ~'1 
'IJ 'IJ ' 

iifh 1-ii'~1t.11 u~1'UL :B'm'Vla.:ia.:i ~~1~rn~al'lilru'fia11t.1eiu u, ~.:1~1~'11 ml'l1eiuu. uutliiflru.rn'Vl hl~ L vl1~fl11~ei 
'IJ ·~ ' 

ii~hlatl1 Laiiei urnLl'lfl~1 t.1 L ~ei.:1'11 flm1fli;lu~aa11t.1 ueifl'11fltlm11-ii'tl1l!u1 "llci1 L U'UL :Sm 'Vla.:i'1~iiuqim 
' 

L~ei.:im1Lm 1 Vlmli'Vlii\91 vi1 t~iifl~'Utl1l!u~\9l~aa11t.1 <ru~nt.1Tu, 2548) ... 
- ~eiu1eitl1V11ei~eirnLuuaii1eiuu~a'VI~ iii;lfl~ru~fl"1t.1~fleJ'UL'Vl'UL'UeJ{ '1J'U1~ 3.25 x 10.00 x 

'U 'U 'I 'U 

3.50 m
3 a1mriu11~~aa11t.1a~1~ 10,000 - 14,000 kg LU'U~eiuvtlmeitl1LU'ULLV1ci.:11~'Vla.:t.:t1'Ufl11l.Jfa'U 

11'lt.1tl1 t uV1:iJei~ii'1~riflvi1 t ~1ei'U'11m!'l1Lmzj.:it .ffw'UV1~eit:i1'U-H'Uafl 1 u~L u'UL:B'ei L 'Vla.:i L~eitl1riflvi1 t ~1eiu 
'IJ 'IJ 

'1'U~'1€lWVl.fllJ~ L Vlil1~'1il'1~ rlfl~il~~~'U 1u1'11ilvJ€lcl.:t~1CJ LLl?ia~~€l'1€lU b~CJ LLl?ia~~€l'1'1~ii111 ~fl1Uflil 
'I 'U '\J '\J , 

11111 V1ae.J1'UL oU1 LL~'11~U1C.lfl11il1€l'U ( 1.:i ~'1) tl1tl11€l'UL oU1i11fl €l WVl.fliJt 'U~€l'1€lUtl'1~'1'1 L~€ltl11€l'UL oU1il1 
' 'IJ 'IJ 

tl1'Vl11unuu,1.:iaiizj.:tL U'Uaii1eiu aii1ei'Utl'1~fl1~'11C.11'U€lV1 'U~€l'1€lU LLa~1~U1C.1€l€lfl'Vl1'1'li€l.:t1~U1CJ 
'IJ 

fl11l.J:§''U G'f 1mhvle.J1'ULU:N1~U1C.lfl11l.J1'€l'ULL~1Vl~€lrlfl~'1fl11il1'€l'U 1iJlotl'11'ULL~1'1~1 Via flaU 1U1'11l.Jvi€ltl1 
'IJ 

LLa~flau L "1i11u~V1:iJei~iitl11ei'U1 Vlli 1~t.1tl11'ei'U'1~ 1llii1111rjqi L~m ~ei.:1'11 m ll'U1~uuu\91 1 'U1~V111.:1111wu 
'1~vi11111aauVii'l'Vl1.:tal..l'Vlfl 15 i11iJ.:i Lviei 1 ~m1ii1'ei'Um~'11t.1vi'1~.:i~ai;l11micl1.:iatl1Lal..lei 11'lt.11ll~ei.:iil 

' 
m1'Vlaflflaui;\'11m VJiiei'U~eiuLL uum~u~ zj.:i'!l1t.1al'l1111Ln~~ai;\'11t.1uu'1Jei.:i~al'lilru'1 <1iil'l1, 2548) 

'IJ ' 

~eiu 1eitl1V1~ei ~eiuLL uuaii1ei'Uu~a'VI~ il"liei~~ei L U'ULl'l1eiuvtl meitl1'11flV1:i!ei ~iitl1~iiYl'UL uu 
'IJ 'IJ ' 

L .;ff ei L 'Vla.:i ~.:tW'UL um :Sm 'Vla.:i~il ~'U'Vl'U ~1 Lrn~u'1mrui;l11t.1a~~H1. 'U1111eiu LLl?ia~ Rf .:im fl fl11 Lm eiu 
' 

LLUUm~u~ 1li~1fll1 5 L vi1 1'Ufl11€lULLl?ia~rif.:i1ll~ei.:i 1 otll"l'U'11'Ul.J1fl ~al'lilru'fii;l11t.1~1~iiflru.rn'Vl~~fl11 
' 
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~BU 1mJ1'11ll1'H1BUW'llt:J'1f11'Hf1~mB£i1~~'U 1~ a1u"li'm~ti~B l'i''U'Vl'U'IJB~~BU 1mJ1i111R1a~mn u.m:~B~ 
'U q 'U 'U 

1 i~ b ~tl1'1J1f11mv]1 f111~ 'ii~~ Bf1~~1'i'B~i1R'W~1'UyjijR11llb oU11"il1 'Wf111vl1~1'U'IJB~ ~BU bb'1~ f111BU~1 ti ~BU 
'U o~ 'U 'U 

Lmud~B~ 1 i L~'W'1~'Vl'W~B~a~ll1 n L~B~"il1n~Bt1a1lJ11'1t111"ila11t1a'll 1~ L llu'<i\'1mumn m1Bu L'llti 1lJ L~ll 
'I 'U\J 'U q 

'\.J-s~~'VlGf11YiR11U\l'IJB~~BU"il~vl11 ~~'U'Vl'Uf11-St:Jai'li;l11m:iULL ~~a~:ff u ( ru~rnt11u, 2548) 
.. 'U , \I ~ 

1.3 11R1a11£Ja'il 

11R1a11t1a'll (t11'Vl/kg) Ylnzjmn~i'l-smvi1ei~t:J~ i'l-!t1'8ei 1u~'ll\;)1~1 ij11ri1 LLi'ln \;)1~nu~~ 
m11~Yl 4 L'iltl".i1R1a11tia'llvlbbi'lf1~1~tl'W"il~~~(:.J'1\;)eil'i'u'Vl'Wf11".it:J~i'la11£JBtJLL ~~~~b'l.J~ein 

' 

.,l 
"il'llVJ 2 "il'llVJ 3 

.,l 
bf1".i'il "il'il'Vl 1 "il'il'Vl 4 

' ' ' ' 
AA 11 12 12 10 

A 5 7 7 5 

B 3 5 3 2 

AA 10 12 12 8 

A 5 7 7 4 

B 3 5 3 2 

AA 9 12 12 11 

tl'Wtl1EJ'W A 4 7 7 5 

B 2 5 3 3 



1. 4 ~ m.~ru::: rn~'l.h::: n ert.mT~ 

'11nnT~~Tn"ilcJe.J~\Jl~11m1tJLL~-:in~n~ru:::m1'1.h:::ml'unTHthmi.J-:iLtl'U 2 LLtJtJ ~el 
" 
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- Ln~mm-rti~1'leltJ zj'lci1'U hiaj L llm\Jl1eru LL 'U'\Jm:::'\J::: 1\91 tivi'1m1el'\J LL '\J'\J ~\91 Lm\9lzj'l11fl1el'\J 
v v 

"iJ:::LL\Jlfl~1'lfl'U<fi'Un'\Jb~1"llel'lL\Jl1 "il1flfl11'1111"iln)1fl1eltJ 2 bb'\JtJvl'lU 

1. Lfl1\91 AA 3.50 '\J1'Vl/kg 

2. Lm\91 AA 4.00 '\J1'Vl/kg 

Lm\91 A 3.25 '\J1'Vl/kg 

Lm\91 A 3.50 '\J1'V1/kg 

Lm\91 B 3.00 '\J1'Vl/kg 

Lm\91 B 3.00 '\J1'Vl/kg 

i;\'11ti~'lb 'l.J~elfl~ bfl~\Jl1fl1vl1 fl'U~'lii'Vlmti15 zj'l b U'U15~1~'11fl fl11'\11\91" el'l vl\91 Lb 'l.J"'l'V!~elvl1\Jl1l.1~1 Lb 'U:::l11 

"llel'l~~ii'l.J1:::'1'\Jfl11ru ~'liie.mvi'11 ~'111tieltJLL ~'l~'lL '\.J~eln~1~iirtru.n1V'lLL\Jln~1'ln'U 1 'l.J\Jl1l.115m1e.i~\Jl 1\91ti~ " , 

Lnel'U 1 'VllJ n~'W"llel'l'111tiii~'lLL~n~'W'V!ell.l'V!11'U"llel'l'111ti'1'W'1'ln~ml'1m" 1 'VllJ 

"il1flfl11~fl~1~'U\Jlel'U fl11e.J~\Jli;\'11tiel'\J Lb ~'l~'l b 'l.J~ el fl"llel'l bfl~\Jl1ii~'U\Jlel'U'V!i;r fl~el 
.c:il Q.I .IQ I tJ' 

fl11 b\Jl1tll.J1\Jl'1\91'\J flel'Ufl11el'\J Lb 'V!'l , 
n11 L\Jl ~ti l.11' \Jl '1~'\J '11V!-r'\J L\Jl1eltJ LL 'IJ'U m:::'\J::: Ld el Lfl~\Jl 1m-r'\J~ele.i"i;\'11ti '1\91"il:::vi'1m1 • 

~\9lbfl1\911\9lmLtJflbll'ULfl1\91 AA, A, B Lb"::: c b~el'1:::\911flL'Ufl1)eltJLV'l11:::e.J"'111mL~":::"lJ'U1\9l"il:::Lin"1el'U 

LL\Jln~1'ln'U LL":::~wM11ti~Ln~\Jl1mtitil.1'11meltJLL~'l~el ~'UTI\91el • • 
fl1)b\Jl~tJl.J1\Jl'1~'1.J'11V!-rmi'el'Uh1tl1 vl1fl1)~\9lbfl1\91 (Lm\91 AA, A, B LL"::: C) '11'111mm\91 . " 

' .,j 'l ' 'l ' •I ., 
\Jl1'l1 b'Vl"'l\Jl:::bbfl1'lb'V!m.ll.lb\9ltlbbtlflbb\Jl":::Lm\91"'lb'Ubb\Jl":::\Jl:::Lbfl1'l u1:::mru\Jl:::Lbfl1'l"::: 6 - 8 \Jl:::fl11 

(1 \Jl:::n-r1 ii'111ti'1\91'1.J1:::mru 27 - 30 kg) 

m1'11L~tJ'le.J"'111meU'1el'\J 

fl11'11L~ tl'le.J"i;\'11ti b eU1b\Jl1el'\J Lb '\J'\Jfl1:::'\J::: bfl~\Jl1fl1~ij b\Jl1el'\Jb\Jl1 b~tJ1"il:::vl1fl11b~tJ'l'111tJ 

"ll'W1\91 L 'Vlaj11'11'l~\91LYle:i1~~11E.J1m9m1ii~e:imnn~~\91 ml.1~1 E.J'tl'W1\9lnm'lLL'1:::'tl'W1\91L~n L\91 E.JL oO\Jl1-ci1E.JV1~a 

\Jl::: LLm'l1fl'1l.ILL u'li'W1:::V111'l'111mL~'1:::'tl'W1\91 L Yla'1:::mn L 'Wfl11V'l~nni;l'\J~11E.J '11V!-r'U Lfl~\Jl1m~iiL\Jl1B'\J 
" 

V1'11 E.J Lm'1:::vi'1m1a'U'111E.J LLE.Jnml.l'tl'W1\911 'WLL~'1::: Lm 

m1'11L~ E.J'le.J'1~11ti L .U1~a'\J 1atl1 Lda L 'V1'111E.J 1'1\Jl::: LLfl1'l'1'Wfl1'1.J"'i11'W1'W\Jl::: LLm'l"lJB'l LL~"::: 
" 

~B'le:J'\J Ln~mm'1:::vi'1m1tin\Jl:::LLm'l1\9ltiLi forklift 1'1.J11'lL'U~B'lB'U zj'liii'U11'l~'l'V!l.l\91 4 i'U1 '1::: 

20 \Jl:::Lbfl1'l 

tia'U~'lii'Vlmn'V!'11E.J16\Jl1l.Jn11'\11\91'1a'lvi'\91LL'l.J"'l'tlmLn~\J\1m 

m1a'U~11E.J~1m\J\1a'IJLL'\J'\Jm:::'\J::: 1iaruV1.niJ1'Um1arnL~'l'111E.JaE.Ji.'U"li1'l 70 - 80 °c 
' " " 

1::: E.J::: L 1"1~'Ua ~ n'Um1l.l~'U ~'UTI 'tl'U1\9l'tlv'le.i"'111E.J LL'1::: m1m'U rtl.lvru'V!.niJ"l.l~B'U ~1aruV1.niJ"l.l-ra'U 
\I , , , " " \I 
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~1n-h 70 - 80 °c "il~vht~1~t1~L1'111'UnTrntJLL~.:J'U1'Umn~'U (Le:infii'n~ LL'1~ ~h. 2547) 1~t1ci'1~'U 
fl11LL ~.:J"Utl.:Jt.rnci'11t1"il~'Vl tltltl LL ~.:J"il1n~1'U~1.:J~'U~1'U'U'U ~.:it!'Ufl11tl'U LL ~.:ici'11t1~1 ti L\911tl'U LL 'U'U m~'U~~.:iii 
fl11ii~1 L lJ'U c;\ e:i.:ivi1 n11Yl~ nn~'U ~ '1~11t11~V111.:in11e:i'U LL ~.:i tJ n ~ Lfl~\911n1"il~vi1n11Yl~ n n~'U ~'1ci'11t1 

tJ1~mru 2 fl~.:i fl~.:JLL1nvhm1n~'U~11mde:ie:i'U1tJ1~ 16 -B'11ii.:i fat1~~'ULtl1i'Uu'Ui;w~'U~1.:i Bn 16 -B'11ii.:i 

1Jitil.J1Yl~ flfl~'U Lti1i'U n'11.:iii111i'U~1.:J LL'1~.a:'U~ 1-:J~'U 1 ii'U'U'U LL'1~vi1fl11tl'U~tl1 D"il'U~11t1ii1"1UJfl1Yl 

LL'1~vi1m1~~'U~f'l'V11.:!'1l.J"lfl 15 i1 LlN LL 'Vl'Ufl11fl~'U~'1~11t1zj.:i-d1 tl'1~D~'V!1~'1 LL\91 n"Uru~vi1fl11Yl~f)f)~'U 

~11t1 

rlti'Uvi1fl11'U11"il Lfl~\911fl1"il~vi1fl11fl~"U'l.J1~~11t1ti'ULL~.:J~.:JLD~tlfl (l.Jnti"lJ. 10-2549) 
' 

1~mfl~tl.:!fl~"U'U1~LLtl.:JLU'U 4 "U'U1~~.:i.Q' 
Lm~ AA 

Lf\1~ A 

Lm~ B 

Lm~ ( 

>2.5 cm 

>2.2 '1.:i 2.5 cm 

> 1.9 '1.:i 2.2 cm 

1.5 '1.:i 1. 9 cm 

Lii e:i fl ~"U'U 1 ~ LL~1 cJl e:i .:ivi1 n11fl~~r;:i~11t1 LL\91nLL'1~~'1~11t1viLlJ'U1ti ti L ~ ti'Utl 1V1ii1 n e:i e:i n 

"il1nt!'Uvi1m1'U11~~11t1ti'ULL~.:i'1.:i1'U~.:JYlm~~n "U'U1~'U11~~.:ir;:i~ 10 kg ~ntJ1n~.:i1~LL'Ll'U LL'1~~m1.:i 
1 'UviLL~.:immf'lci1t1 L'Vl~~m n Lde:iiim1~1V1-tl1t1~.:ii11m'U11-o;ir;:i.:i 1 'U n~e:i.:i m~~1~r;:i nV'lnll~~\1 n~1 ti L 'VltJ1~ 

' " " 

1.6 D~'Vl11 'Ufl1)~~\91~11t1ti'ULL~.:J~.:JLD~tlf) 

~1'1.JL~'U'Vl'U m1ilL~'U'Vl'U 1lJL ~t1.:iYle:iV11e:iiiL~'U'Vl'U'Vlii'Ub1 t1'Uti'e:it1 Lde:ie:i'U L ll'U~~1J1nru'1~11t1 , , , , 
e:J'U LL~.:!~.:! L tJ ~ tl n LL~11lJ~ 1lJ 11'1Ltl'U1tl11m1~ c)l tl .:! ~'U"U 1 ti L ~e:ii.11L~'UlJ1'1.:J'Vl'U \;] e:J f) 1 )viii L~'U 'Vl'U ' , 
'VllJm1 t1t1iJm.1 Ln~911m-o;i~ L ~-:im..J~11t1 L Ylei~u'll1t1vi11 ~flru111Y1~11t1hJ LL ~-:i LRu111mlJ'U1'ULn~ L ~m1 

' ' 
t1ein-o;i1n-d'm1viii L~'U'Vl'U 1lJ L~t1-:iY1e:i~-:i'1-:i~r;:i\Jie:im1e:i'U L 'Ufl~-:i\Jie:i 1 tJ~e:i 1lJ~1ii11ci~e:i~11m1~L oU1L\911e:J'U 1~L~ii 

' 

- ~~~\91~11tle:J'ULL ~-:i'11'UL m1)LU'Ubfl~mm viL~-:Jb~lJvi1fl1)e:J'ULL ~-:i~11mL'1~vi1fl11'V1~'1e:J-:J 

tJ-ru L tJ~ tl'U m~u1'U m1~ ~ \91~1 t1 \91'1.J L e:i.:i 1~ t1 L~ tl'U ~15m1~ ~ \91'11 n Ln~m m ~vi Lfl t1vi1ii1 ri e:J'U '11 n m1vi 
" " 

L ~.:JL~l.Jvi1fl11e:J'U LL ~.:!'11'1.J 1 myD~'V!1.yjYl'U~e:J~11t1 e:J'U LL ~-:im~iJ~ruml'l 1lJ911-:J\911lJfl11lJ~e:J.:J fl11'1le:J.:J~'U1lflfl 
- ~1'ULL1-:J-:J1'U 

L 'U'li1.:in11~~91~11t1e:iu LL~.:iL lJ'Unr;:i1viLn~911m'11'U1 myvi1m1Ln'U LMt11~11t1 vi11 ~Ln~ 

fl11LL~.:JLL 1.:J.:11'U1~'V!rJ1.:Jfl1flLfl~IJl)fl1tl'U.fl1flfl1)~~\91~11t1e:J'U LL ~-:J~-:Jb tJ~e:Jfl vi11 ~ij LL 1-:J.:11'1.J\:iJ b ~tl.:!Yle:J 

~e:J.:l'V!1LL 1.:1.:11'1.J'Ue:Jfl~'U.yj '1.:i~r;:i 1~~1~1-:ILL1.:1.:11'1.JL ~lJ~'U 
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fl11ffU~'lVL1'11ffU bb'U'Uf11~'U~~€l.:Jvl1fl11fl~'U~'1"111ti zj,:i~ti.:J 1otlbb1.:J.:J1'Ul.J1fl bfl~l'11m~,:iij 

ri11l.J'1'U hvi'1~L\J~ti'U 1tJ1i~ti'U1tiJ1zj,:i hJ~ti.:iv11rn1fl"''U~mh 1ti LLl"l L irn1'1"''U~l31V11.:i"'l.J LL Vl'Ubb'1~'111111ci 
" 

ti'U~11ti 11'11'1~.:i"'~tJ~111ru111fl 
~1'U11'1'1~'\J rn1ti'U LL ~.:i~11ti~.:i L \J~ti fllJ fl 1 off "111t1~1.:i L ut11' 1'1'1~'\J LL~ Ldtii1 rn1~~1P1"111ti 

' ' 
B'UbL ~.:i~.:i L \J~ti fll.11 fl~'Uvl11~l1'1'1~'Ui111fl1'1 .:J~'Uzj.:J~ .:J ~"' ~ B~'UVl'U f111~ ~ l'1 'U1.:J 1'1~ .:J~ ti.:J~ti~ 11ti '1 ~ l°l'~ Lm~ 

' " ' 
111vi1m1e.J~1P1~11ti B'U bb ~.:ivi11~IJi''UVl'Uf111e.J~l'1'1.:J~'Umm1m1'1P1 ci~'U'1~ 'LI tifl'OJ1fldtJ~111rue.J"'~~1'11 'Ubb~"' ~ti , " ' 
11.l bb tJ'Uti'Uvi11~111'1111'1'1~'\J11.ll'1.:ivi 

' 
1'11'Ui'1t\.lfl1V'l~11tiei'U LL ~.:i 

' 
f111 bii~ L ~B11 L ~B.:J'OJ1 fle.J~l"l.ii' ru'1~11tiei'U LL ~.:i~.:i L tJ~ el fli11'111lJ~'U '1.:J L V'l11~ 1 otl1~ tl~ b 1"' 1 

" 
1 'Uf111B'ULL ~.:JUBtJ Ln'U1 tJ vh1 ~L dei~11mr.:ihJLL~.:iLdmn'U-rfl~1111~tJ~ L1"'1"1~.:J'OJ~ Lfl~L~ei1111'1'LI1'U 
'U€lfl'OJ1fldtJ~lJ1t\.l'l.J€l.:Je.J"'ITT1tiviv'U 1 'LI LL~"'~ 1'1~.:ivim fl Lfl'Ui'111l.1'11l.111'\'l.JB.:J Ll'11ti'U'OJ~i1e.J"' ~ti f111f11~\11 tJ 
i'11111~ti'U 1 'LILl'11 hJ'1li1 L'111e:i Bfl~.:i fl11ti'U~11ti 1~tihJl"l'~ bfl1~nne.J"'~tifl11 LL ~.:i'l.Jti.:ie.J"'~ 11ti~ti e.J"' L~ fl 

... 'l .J 1 ,.,1, ... 
'OJ~LL"v1.:JlJ1flb'U'l.Jt\.l~Vle.J"' mlJtl.:J lJLL'\-1.:J 

m1Ln~1tim~ti'U "1~mfl~mmL~tJfll1 1tim~timl1"1l.11fl i1~fl~ru~dJ'Ui'111'U~~1 
Ln~-o;i1ml1~11tivi1 "1"'titlfllJ1'0J1fle.J"'vii11eitJ LLl"l fl"v1~Be.J"'vii1~vi~1 LL"'~m~'OJ1tl L~ti'Ue.J"'~11ti~'U 11 'U'l.Jru~ 
eirnL ~.:i vh 1 ~ Ln~ L U'Ul'111'U ~1'\J'UL tJ~ tifl~11ti ei'U LL ~,:izj,:i b U'U~ fl~ru~vi~'U~fo 1'111.l titi11fo 

" 
m1bn~fl~'U11.lii.:itJ1~"'.:ir1'l.Jti.:i~11titi'U bb ~.:i -o;i 1 fl m1ti'Ul'11 ti b1'11ti'U bb 'U'U m~'U~m iJ 1l!'U 

1'1lci1bU'Ub~m V'l~.:i e.J~1P1.ilru'1~11titi'U bb~.:iffil'1'U1.:ii'1~.:ii1fl~'Utl1l!'U~~e.J"'~11ti '11b "11'1b~e:i.:i-o;i1mn~m1bm1 "1lJ , 

- 'l~m"' 'l~m1Ln'U L~m LL"'~ti'U LL ~.:i~11m utJ-d1.:i(]~e.J'U c11e.J'U1P1fl1 'U1~"111.:i m1tirnL ~.:i LL"'~ 
Ln~tky"v111 Yl~'U v111 ~e.J"'e.J~l'1'1~ Lfl~i'111lJ L~ tJ"v11tJ LdtivJ1f111ti'U 11.l~m ~ ei.:i LL"'~ EJ.:J~.:Je.J"'~ti'111ti'1~vi1titi'U 

1 'Ul'1~.:J ~ti 1 \J 'Uti fl'OJ1fl.a~"'~11ti'1~vi '1fle.J'U1 'U1~"1l1.:Jf11) Ln'U L~ m 'OJ~ L '11L~tJ11'1~1 tlzj.:J'OJ~~.:i ~"' ~tii'1t\.lfl1V'l 
" ' 

-o;i1flm1'1111-o;i-Uei11"' LtJei.:i\ll'UV'l'U11 ~e.J~1P1~11tiei'ULL ~.:il'11m1P11tirnL 'U'Um~'U~ (n1~.:im1e.J~l"l 1-2 {;)'LI) 
" " 

l1' fl 11.ltJ1~'1'UD qj"v111'11'Ufl rufl1V'l'l.Jti.:i e.J ~ 1'1.ii' ru'1 L ~ ei.:i -o;i 1 fl f111B'U bL ~.:i bL~"' ~ 1'1~.:ivh 1 'LI\J~111ruuti ti '111111 ci 

i'11'Ui'1l.lf11~'U1'U f111e.J~l"l LL"'~'1fl11 ~f111B'U LL ~.:i11'1~1 'U1~~'U"v1~.:J ~1'U~e.J~l'1~11titi'U LL ~.:i1'11ti\Jlti'U1titl1 
' " " 

<n1~.:im1e.J~l"l 10 - 14 {;)tJ) zj,:ii1n1~.:im1e.J~l"lmfl 1 'UbL~"'~i'1~.:il1'fltJ1~"''U'llqi"v11l'11'Uflrun1V'l'l.Jei.:ie.J~l"l.ilru'1 
~ti e.J"'~11tie:irnb ~.:iL utJ1tim~ti'Utl1"1mfl ~11tie:i'U LL ~.:ii1m111~'U 11.l'1tl1L'111ti 'U1.:i~1'UbL ~.:i111fl'OJ'Ubnti'U 1 "1lJ 

'U1.:i~1m!.:i11.lLL ~.:i ~.:ie.J"' 1 ~Ln~L~ti11vi11 ~bn'U-rfl~111'111.l'U1'U ~.:ii!'Ui5.:ivi1m1L~tiflfl'111Lfl~mm~11ti 
' 

i'11'U1.:i-o;i1 1'1. iJ1'Ufl"'1.:i ti. G1'Uu11P1ei.:i -o;i. L ;eti.:i 1 "11.l zj.:iL U'U flci11~e.J~1P1~11ti B'ULL ~.:il'11ti\llti'U1titl1 1~tiV11.:i flcil.I 
"' '\J '\J "' 
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2. nT~~ mn m~'U1'Um1t:-J~l'11 'U~'U~'1~\161Je:J\lncilJLn~l'11m., LL'1~ Ln'U-U'e:ilJ'11'111lJ~'U61Jv\lt:-J~ \J1D ru41 , " 

t-1'1'\1'11 n~~~ L~vnncilJ Ln~l'11m~11CJ A1'U1 \1'11 \J1. u1'U n'11\I e:i. ~'UD1l'1e:J\I '1. L :S CJ\11 mJ L i1~1lJ , 

1'Un11'V1~'1€l\ILL~11vi'vhm1~n~1~'U\J1€l'Un1~'1J1'Un11e.J~(J161Je:J\lncilJLn~l'11n1"11~CJ'1~LBCJ~L~e:i1iLU'UoU€llJ'1 . " 
' ... ... 

1'Um1tl-r'Utl1\lm~'U1'Um1t:-J~l'1~11CJe:i'ULL~\I ~\ln<U''Ul'1e:i'Um1t:-J~l'1vl\lu , 

2.1.1 rn1L(;)~m.J1'(;1t:1~tJnt1'Urn1e:irnL~\I rnh.1Ln~mm"1 -rtJ~e:ie..1mh1m1~'11mn1'11'U~11CJ . , 
1~mll~'1~-r'IJ~BLL'1~~~Lm~ (Lm~ AA Lm~ A LL'1~Lm~ B) 1'U~'U~e.J~(;161JB\lncil.JLn~mm"1 ('IJ~Ldru , , 

vl1'UWU11'i' B'IJ) zj\1'1!11'11'UrA'11CJ'1 ~'IJ11'1~11CJ '1~ 1'1 m~'1B'IJ LL'1~t11l.J1'11wtl1CJ1 ~ LLrl ncil.J Ln~(;11n1., LL'1~ " . , 
vl1m1~~Lm~1~m'Vle.J'1~11CJ'1~'1\11mA~e:i-:i~~Lm~L~mLCJn61J't.n~1'1l'1~n~11 '1~ 27 - 30 kg '11n~'Ut111tl 

L'V1'1\l\J1~LLm\IL\.1~n \J1~LLn1\1'1~ 6 - 8 \J1~n~1 L~€l~1L~CJ\ILoU1~€l'IJ zj\ln11t:-J~l'11'U~'U\J1€l'U~1\ll ~1LlJ'U1tle:i~1\I 
ci1-tl'1 Ltie:i-:i'11nn~'U~'11n~LL'1~l'i'mvl1\11'ULL~\ln'U nmL'Yi11~ 1 'U·1h-:in~m'1 t:-J~\Jlncil.J Ln~l'11m., vl1m1-rtJ~e:i 

·1 " , 

~11CJ'1~L ll'U'11'U1'Ul.J1n L ~v 1 ~L ~CJ-:i'Yie:i 1 ~ntJtl~l.J1rum1e:itJ61Je:i-:i LL~'1~1'i' e:itJ 1 'UtJ1\IA~-:itl~lJ1ru~11CJ~-rtJ~e:i 
" 

lJ1n Ln'U n11n1'1'\16lle:J\ll'i'e:J'Uvl11 ~iM11CJ'1~ L \-1~8\Jl nl'11-:ie:i ~fl1CJ'Ue:Jnl'i' e:J'IJ 
" " " 

1'U~'U\J1€l'Un11Ll'11CJlJl\J1~~'1J6lle:J\ln~lJLn~mm"1 ij~~in~l'1~LU'U'11Lt-1~6ll€l\ln11e.J~\J1~11CJ 
e:J'IJLL~\l~\ILtl~Bn ~B 

- n11LlJ~'1~-r'IJ~€l~11CJ'1~ 1 'U~'U~t:-J~\Jl vl11~f111vl1\11'U1lJAcie:J\1~1 nW'IJ1'Uf111t:-J~\J1 , 

~1LiJ'U1 tle:i ~1-:i 1lJ~ m ti e:i-:i '1-:ie..1'1 ~ e:i~11CJ'1~~'1~ L oU1e:J\J 1'LIA~-:i~e:i1tlci1-ff1 'U e:in'11 n-d rn1-rtJ~e:i~ 11CJ'1 ~ L ll'U 

'11'U1'UlJ1nLn'U n11n1'1'-:im1t:-J~(J161Je:J\ll'i'e:J'IJ '1~vl11 ~n~11CJ'1~ L \.1~€l\J1nl'11-:ie:i~fl1CJ'U€l nl'i' e:J'U L U'U L 1'11oU1lJ~'U 
" " " 

vl11~1l'1t:1~tJ1lJ'1~ 1 t-1lJ L ll'U'11 L t-1l'11 ~Ln~m1L t.h L~CJ Lde:ii.111 tle:itJ LL ~-:i'1~ Ln~ L ll'U1e:i CJ L ~e:iml1t-1lJ1 n~ L tl~e:in • • 

- m1'U11'1~11CJ'1~'1\ll'1~LLm-:im~ n ncil.JLn~l'11m"1 1lJvl1m1Ln~ CJ 1 ~i'UA11lJt-1'U161Je:J\I , , 

t:-J'1~11CJ'1~ 1 'Ul'1~ LLm-:in1~vltJ L vh I tl'U G1-:ie.J'1~B~rufl1'Yivl1'Ul'111lJ~'U61J€l\1~11CJe:i'U LL ~-:i 1lJ'1~1 L'1l.J€lvl11 ~ 
LntJ~n~1 U1bJ'U1'U '11m1CJ-:i1'U61JB\ll31m!n~ (2544) nci11-.i1m1l.Jt-1'U161Je:i-:ii'UrA'11CJ~1lJ Lv11n'Uvl11 ~rA'11CJ • 
€l'IJLL~\li1Arum'YiA11l.J~'U1lJmJ1L'1l.JB , 

2.1.2 m1~1L~CJ\le.J'1~11m-U1e:itJ 

Ld B n~l.J Ln~\J11n1., L 'VlrA' 11CJ '1~ 1'1l'1~ LLn 1\1'1'UA1'1.J '11'U1'U (J1~LLn1\l"lJ e:J\I LL~ '1 ~~B\le:J'IJ 

Ln~\J11m'1~vl1rn1CJnl'1~LLm-:i1~CJ1.ff forklift 1tJ11-:i1'U~B\1€ltJ 1~mn~mm~1L~CJ\ll'1~LLm-:i~11m-U11'1 
" 

LL 'IJ'IJA'1 ~ Lm~ tl'U rn1£A' 1 L~ CJ\IVI ~ LLm -:irA'11CJ L oU1B'IJ LL 'IJ'IJ A'1 ~ Lm~ nm U'U'1 ~ L~ CJ -:i~i1 e.J '1vl11 ~rA'11CJ B'IJ LL ~\I , 
1 'ULL~'1~VI~ LLn1\li1A11l.J~'U 1lJ'1~1 L'1l.JB tl'U 

2.1.3 n11B'IJ~11CJ 

ncil.J Ln~\J11n1 "1 1-ff191 vtJ1 e:itl1t-1~vl'i' e:J'ULL tJtJ 1~'1.J'U '1l.J ~B'UtJ~'1'Vl~ i1'1' n~ru~A~1 CJ 
, 'U 'U 'I 

~Av'UL'Vl'UL'Uvi61J'U1~1m~ i1n1'1'-:irn1e..1~\J1 10 - 16 ~'U 1-ffrn1'1'1'uVii31'V11-:i'1l.JLL'Vl'Uf111n"'tJe..1'1rA'11CJ vl11~ 
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1lJvleJ\l'Vl~n n~'Ui:.J~~11tJ "1i1 tJ~ ~U'ljl-111!-J~ LL\;ln'lJru~vhfl11Yl~n n~'U~11tJ fam:ffl11 ~vtt m Ufl11eJ'U LL ~\l~eJ 

eiruw1ihh~mru 70 °c LL~~v11m1'1"''UVil"l'V11-:im.J'Vlfl 15 i1h1-:i Lllm1~1i.h~mru 65-73 i11l.J-:i ~-:i1~L~u 
• 'IJ • 

1 U~1'1.l'lleJ\li.'1fl11~ fl11eJ'U LL ~\l'Vl1\lm'll.J Lffl~\;J1fl1., ~eJ\lfl111 ~"1i1vi.J-r'Ui.'1.fl11~fl11eJ'U LL ~\I • 
L~ei~m~v~L 1~1 L ~ei\1'11m~v~ L 1~1m1ei'U LL ~\l~u1mnu 1 i.J1i1~iii:.J~~e:iflrun1Yl'llmi:.J~\;].nrurfim~ Bfl,,r\l~\I • 
vl11~fl11tl'Ufl~\l~tl1 tJv11 \~ci1-tl11 tlBfl ~'11~fkl1~CJ~ L 1~1fl11B'U LL ~\1'1~61\le.i~IJiB~'U'VfU fl11i:.J~\;J'111CJe:J'U LL ~\I 

'U e:i fllil 1 ndl.'1 m1~ m1e:i'U'll B\I ncil.l Lfl~\;)1fl1., 1~i:.J~ \;)ii' ru'fl'111CJ e:i'U LL ~\l~iim 1l.J;ff u hJi.'1~1 Li.'1l.JB zj\lii'U1\1611u • 

2.2 m1l.l;ff U"Ue:J\li:.J~\;]ilrurfi~ 11CJe:i'U LL ~\1'11fl m~'U1Ui:.J~\;J'lltl\I ncil.J Lfl~\;J 1fl1., 
' 

l-1"'\1'11 n?i n~1~u \;) e:iu m1 i:.J~ \;1'111CJ e:i'U LL ~\l'lle:J\I ncil.l Lfl~\;)1 m., 1~v11 m1 Ln'U ~1e:i~1\li:.J ~\;)ii' rurfi 
' 

L~e:i1Lfl11~~m1l.J~u 1~CJv11n11Ln'U~1e:i~1\11u~hLLwtl\1~1\I ~ 12 ~1LLwtl\I (n1Yl~ 3) n1CJ1u~e:i'U'Vl'U11 
~11tJe:J'ULL~\liifl11l.J~Ue:JCJLU"li1\I 10-50% 1~v.&u~ 1 iim1l.J~Ue:JCJLU"li1\I 10-23% .&u~ 3 iifl11l.J~'l.ltl~ 

'IJ 'IJ 'IJ 

1u"li1\I 32-50% zj\11u.ffu~ 3 iim1l.l~Ui.'1\lfl11.ffu~ 1 LLi.'1~\111e:irul-1.fliJ'U~L1ru.ffu~ 3 ~1n11.ffu~ 1 
'IJ • 'IJ 

1 11 1 11 

(1) 2 (4) 12 (7) 2 (10) 12 

3 13 3 13 

4 14 4 14 

5 (5) 15 (8) 5 15 

(2) 6 16 6 (11) 16 

7 17 7 17 

8 18 8 18 

(3) 9 (6) 19 (9) 9 (12) 19 

10 20 10 20 
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3. fl1':i'V1~'1eJ.:!~~\9la11c.iei'UbL ~.:JL ~eJR~ b~e.Jm1.fl11~fl1jeJ'LJLb ~.:ivtl j.:J.:J1'U~'Ubb'U'U 
'11flfl1j'V1~'1eJ.:!€l'Ubb ~.:ia11c.1~1mtfl11~fl1jeJ'l.JU. ~.:im "li'eiru'Vl.nila.:i 1 mh.:i u. jfl U.'1~'1~~1'1.:J 1 'LI'li1.:i'Vli;r.:i ' .., .., 

(611tl'm1tJw~tJ1m'li~t.1fl1'lbfl~m, ii.tl.tl.) bba~i°jeiruV1.nileic.i"l'U'li1.:i 70 - 80 °c (Lein13in~ LLa~ ah, 
'I 'U 'U 'I 

254 7) 1~m~:u~tJ~eiruV1.niJa.:i 15 eff11:u.:i LLa~tJ-rrn U'UvruV1.niJ~1'1'U~'Ua~m~'U1'Uf11'leJ'UU. ~.:J'Vi'U11 
, 'U 'U 'I 'U , 

'111t.1~€l'ULL~.:J ~.:ia1iiam1~i°jf111lJ~'U€ltlb 'ULflUJanlJ1\9l'Hi1'U (fl11lJ~'U < 17%) ~.:J\9l1'l1.:!~ 5 .., ... 

fl11lJ~'U (%) 

0 ' 
80 c 15 i11m 

0 ' 
75 c 33 i11m 

13.69 

0 ' 
80 c 15 i11ii.:i 

0 ' 
70 c 33 i11m 

15.07 

16.65 

'11n'li'eiiiam1:w~mLa~i;rn~ru~tl'1 fli1'1JeJ.:ia11vei'Uu. ~.:i 1~!9~ Laeinam1~m'lei'U~eiruV1.niJ 15 ° c 
'\J d.J 'I 'U 

15 i11m LLa~a~a.:iLU'U 70 °c 33 i11m LU'Uam1~~LtJei'111vij~J1m'1 L'Vll'l~hlLaeinam1~~eiruV1.niJ 
' ' .., 

80 ° c L ~€l.:!'11flL deia11tieJ'UbL ~.:iij~L 'li'iin11 zj,:i'1~ij~al'iei~'IJ€l.:J'111tiei'ULL ~.:i ~mn'Ua11ti€l'ULL ~.:JLU'UL 1'11'U1'U 

(4-5 L~eJ'U) ~eJUJ'Vl.fliJ~ei.:i L deia11ti'1~L tl~ tl'UL U'U~tl1mm 'li'ii~m ~€l.:J'11flfl1'lbn~tl nn~c.11~J1ma 
' 'U :;.J 

't.J!i fi~ t11~tl1 \;11'1 Lfil'l'11 flfl1'fi1lJ~1'1J€l.:Jfl11'1€l~iJ1 'Un'Utl1Wl1'11 'Ui;J'1~11t.i U. ~,:i 1i;ititJ!jfi1t11-d'1~ Lil~ 1~L 11vl 

eiru'Vl.nil 25 °c ~'Uhl ~.:ivh1~a11vei'Uu.~.:i~Ln'U1'Ueiru'Vl.nil~ei.:iij~L'll~v'U1tl c-r\9l'U1, ii.ti.ti.) ~.:i'1'U 
'I 'U 'I '\J 

l11 L -deia11v el'U LL ~,:iij~J 1 ma L 'li'l.l ~.:i LLl'i L~l.J Ln'Ufo~1'1~vl11 ~Lill'! ~J1 \911 a L 'li'l.lm f1~'U'1'Uii.:itl1 \911avi1 

1 m~V111.:iLnu-rn~1 
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CV .J 4 ~II J" .i:::t.CV 'CV II 

4. fl1':iD':i'U L D'1tJ'lJn':i~'U1'Ufl1':i~'1\91 LL'1~ Ln'U'1.JffiJ'1 fl11l.J'll'U'1.JB~~'1 \91.f1 UJ'1'Vl'1~ fl1':iB'U LL 'VI~ 
" 

4.1 fl1':iD-r'ULD~tJ'Un':i~'U1'Ufl1':i~~\91~11tiB'ULL'iX~ 

'11 nfl1':iPlff\~1~'U\91B'Ufl1':i~~ \91~11tJ B'U LL ..x~'l.JB~ Ln~m Vi'Ufl11l.J L~ tl~~ L ll'U'11L'Vl~'Vh1..X~11ti 

v'U LL ..x~ 1l.l 1~flru.f11Vi ~~vhm':itlfo L tJ~ ti'U m~'U1'Um':i~~\9i'U1~~'U\9IB'UL ~-v L ll'Llm':i'1~fl11l.l L~ ti~~~u • ., 
CV Cl! CV Clo I 

4.1.1 '1.l'U\91B'Ufl1':ib\91':itJl.l1\91'1~'\J'1.JB~n"1l.lLn~mm"1 • • 
- fl1':ibll~lil~1'u~eii;i11ti'1~ i.J1rni.J~tJ'U 1~v1 ..Xmil.lbn~mm"1 1 i.J1'u~-vi;i11v'1~~ . , 

'11'Ui;i11ti bb"1~vhm':i~~ Lm~ 1'1\91~n~1Vi~Bl.l~lil~'l.hn~ul.l1'\J':i':ilil"1~\9i~ Lbm~ b 'VI~ n vh 1 'IX"1~'1J~l.l1ru~"1i;i11ti 
' 

bb\91nb ti-v~lil1n'1~~'U\91B'Ufl1':i'1.J'UG'1~ 1~tl'U':i':ililn':i~'1B'U fl1':iBBn 1tJfo~B~11tJ'1~Vh1..Xii~'U~vl1~1'U ('Vli!1~B'U) 
' " 

l.l1n;'U fl1':i~1 b~ v~i;i11ti b oLJ1~eiu'11lJ1':iffvJ11~'1~~1n bb"1~':i1~ b ~1 'lrnnlil1 nffi 'Ufl1':i~bb"1'<il~ fl1':i~"1i;i11ti'1~ 
" " 

1'IXiiflrumVi1~'1.JBfl11l.l~1l.llJB'll11'11'U~11v 1..X~~b~ -vn~'1i;i11ti bb\91 n ~15n'1.l1~-v-vn b ~B"1~'1J~l.l1ru~"1~11ti • 

~"1~11ti 1 'U\91~ bbm~1..Xii':i~~'Ub v111 n'U bb"1~ rl1'Vl'U~-&'Um1l.l'Vl'U1'1.lei~i;i11ti1 'U\91~ bbn':i~ 20 cm b ti-v~lil1n 
fl1':iB'U'111ti~i'Ufl11lJ'Vl'U1 20 cm iifl1':i'1~"1~'1.JB~fl11lJ:ff'U'1.JB~~"1~11tJ 4 '1.J'U1~ (bm~ A bn':i~ B Ln':i~ c 

Lb'1~bn':i~fl"1~) "1~'1~BV1~':i1~b~1bb"1~1iL1"11i!vtiffJ1fl1':iB'U~i'\.Jfl11lJ'Vl'\.J1 40 cm bb"1~ 60 cm ('QlJ1Vi':i, 

2543) '\.JBn'11nUm':i'U':i':i'1~11ti~mrnn'U 1tJvh1 'IX\91~Lbm~L 'Vl~rnn~m':ibbeJ'\.J\111 '1~~"' 1..Xm':im~'11tJ"1l.l1'B'Ll 
' 

1lJ'1tl1 b'1l.JB fl11l.J:ff '\.J"1~"1~ 1lJ b vl1tl'\.J~B~1ib1"11'\.J1'\.J1 'l.J fl1':iB'U bb ,X~ 

4.1.2 m':i~1b~tJ~~"'~11m-U1-vu 

fl1':i'11b~ tJ~~"1'111ti L oLJ1B'Ulil1 m~l.lncil.l Ln~mm "1 v11 fl1':i~1 b~ tJ~~11ti b oLJ1~-vu Lb uu 
' " 

fl'1~ Lm~nm ll'\.Jlil~1 nn\9i~ii~"1v111..X~11ti-vu bb ..X~1 'l.Jbb~"1~\91~ bbm~iifl11l.l:ff '\.J 1lJ'1tl1b'1lJB n'U '11n-Uvl.l'1 
' ·1 " 

fl11l.l:ff 'U ( i'Llu'LliivruV1.f1il"1l.l~B'\.J'1~n-h-&'1.Jci1~) ~~v11m':itJ-ru b tJ~ tJ'\.Jfl1':i'11L~ v~'111ti b oLJ1~-vu 1~ti 1 'IXLm~ 
, 'U 'U 'U 
II II I SI II I 

AA bb"1~bm~ A -vvoff'\.J'U'\.J (-a''l.JVi 1 bL'1~ 2) '11mm~ B -vv-ff'Uci1~ (-a''UVi 3 bb"1~ 4) 
" " 

4.1.3 m':i-vu~11v v11m':ii.J1'rni.J~ti'\.J'1m1~mm '\.Jm':i-vrnL'IX~ 1~ti 1i-vru'Vl.f1il'1~1 '1.J'll1~bb ':in bb"1~ 
, " " 

J1~ b d eii;i11v':i~ L vrnei ei n 1 iJ L ~11 'U"llru~~J1.m v1 '\.JblJ~ ~EJ'~ b 'VI~ eiei ~i.J~lJ1rulJ1 n v111 ~~~ \91Jl ruefii;i11v 
" 

~B'UL'1~'11'VllJ1 ii~n~ru~bb'IX~~Lb~1bb~b~miiuH':i~tJ~b1"11'VI~~ (i.J':i~mru 141'1.J) tl1.f11v1mlJ~~lil~':i~b'VltJ 

BBnl.l1~LU-vv111..Xm1l.l:ff'\.J~b-d'm~l.l;'\.J':i1~b~1 (Phupaichitkun et al., 2005) ~~J'\.J~~v11m':itJ-ru-vru'Vl.f1il 
' " 

~!:"I .,~ 0 ~1 .... ~ 0 ~~ 
'Vlb'llb'\.Jfl1':iB'Ubb'Vl~biJ'\.J 75 C '\.J1'\.Jb1"11 15 '111 l.J~ bb"1~"1~BUJ'Vl.fllJbU'\.J 70 C lil'\.Jb'1':ilil'1'\.Jn':i~'U1'\.Jfl1':i . " 

1~v1 '\.J'l.Jru~-vubb ..x~v11m':i'1~uVil31'V11~"'lJ'Vln 8-1 o i11l.J~ v111'IX'11m':i'1"1~':i~ti~b1"11ffim 'Ufl1':i " eJ'ULb 'VI~ • 
eiuLL~~'11n 65-73 i11m L'Vl~mvfo~ 42-48 i11m 

4.2 ri11l.l:ff '\.J"llB~~~\9i.ilru'1i;i11ti-vu bb ..x~mti'VI~~ m':itlfo b tJ~ tJ'\.Jn':i~'U1'\.J fl1':i~~\91 
'11nm':ii.J1'u b tJ~ ti'\.Jvru'Vl.nil1 '\.Jm':i-vu bb ..x~ bb"1~ Lnu \111-vv1~~11ti-vu bb ..x~b ~-v1 Lm1~~m1l.l:ff '\.J , " 

Yiu11 ~~\9i.ilru'1~11ti-vrnL'IX~~1~iim1l.l:ff'\.JG1tl1b'1l.lBmn;'\.J (.f11Vi~ 4) 1~ti-&'U~ 1 iim1l.l:ff'\.JvtJL'U'1i1~ 
" 
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"il1nm11.:i~ 6 'IJ~ii1ru"iJ~'IJ'Vl~~~\lV!lJ~ (TPC) '1JeJ\l~11~eJ'lJLL Vl\l~\l L 'IJ~ei n~'U11"ilv1'W 
' ' 

mvrn1'1~ n"lltl~ HOPE rt.:i'11iJL 'IJ\Jl LL'1:::rt.:i'11iJL 'IJ\Jl~1iin'U m11-tl'111~~i'Ueiei n~L"il'IJ ~1:::m::m1Ln'U-rm~1 , , , "' 

12 L~el'IJ i1~1Lvl1tl'U 20 10 LL'1::: <10 CFU/g \Jl1l.J~1~'U zj.:ihJLn'\Jmm~1'\J (l.Je:Jn 919-2532 n1vt'IJ~LVf 

hJLn'IJ 1x10
4 

CFU/g) 'IJein"iJ1nd~11~eirnLVf.:i~.:iL'IJ~ein1'1JVJnLL'U'Um1'U11~~1:::~:::m1Ln'U-rmn 12 L~ei'IJ 
i1'1J~l.J1ru~'1WJLL'1:::11 (1YMC) <10 CFU/g (l.Je:Jn 919-2532 n1vt'IJ~LmllLO'IJ 1x10

2 
CFU/g) E. coli <3.0 

L'IJ~1el~1\l 1 n-rii (l.Jein . 919-2532 n1vt'IJ~1vr <3.0/~1el~1\l 1 n-rl.J) Clostridium perfringens LL'1::: 

Staphylococcus aureus m1"il 1ll'V'l'UL 'IJ~1el~1\l 0 .1 n-rii (iiein. 919-2532 n1vt'IJ~ 1Vf~eJ\l\Jl)1"il1ll'V'l'U 

1ul'i''H)El1.:I 0 .1 n-rlJ) LL~~ Salmonella sp. ~·n'1Ll.J'Vl'IJ1'Ll~TeJV1.:J 25 n-rlJ (lJeJn . 919-2532 n1vt'IJ~1Vf 

~eJ\l\Jl11"il 1lJ'V'l'UL 'IJ~1eiv1.:i 25 n-rii) zj.:iij~1ei~1 mnruer'iii1m\i1'\J LL'1~.:i11e..i~\Jlnruer'i~11~ei'ULL Vf .:i"il1n " .... 
m:::'U1'\J n1)e..J~\))~fln~eJ\l L V!l.J1:::'1l.J'11l.J1)fl'lJ))"iJ L '\Jfl\l'V'l'11'1~ n"l!tl~ HOPE \Jl1lJ LL 'U'U~ Ln'\~\)))n) 1 mv1 LL'1::: 

" ' ' 
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~ v 
1~EJ~fl11bfl'IJ'rn~1 

11EJf111!15 l.J11Jl1~1'U ... 0 b~B'U 6 b~B'U 12 b~B'U 

HD LM LO HD LM LO HD LM LO 

TPC (Modified 
4 

<lxlO CFU/g 
25 15 10 25 10 10 20 10 <10 

BAM, 1998) 

TYMC (APHA, 
2 

<lxlO CFU/g 
<10 <10 15 <10 <10 <10 <10 <10 <10 

1992) 

MPN of E. coli 
< 3.0 I 1 g <3.0 <3.0 <3.0 <3.0 <3.0 <3.0 <3.0 <3.0 <3.0 

(BAM, 2001) 

Clostridium 
~v.:im1'1 L1lV'l'IJ 

perfringens in 
b'UIJi'1B~1-!I 0.1 g 

ND ND ND ND ND ND ND ND ND 

(BAM, 1998) 

MPN of 
~t).:j\)))1'113.lV'l'IJ 

Staphylococcus ND ND ND ND ND ND ND ND 
b'UIJi'1B~1-!I 0.1 g 

aureus (BAM, 1998 

Salmonella (ISO ~v.:im1'1 L1lV'l'U 
ND ND ND ND ND ND ND ND 

6579, 2000) b'UIJi'1B~1-!I 25 g 

'Vll.11m'VI~ ND 'Vll.J1EJ'1.:i 1)111'113.lV'l'IJ 

HD 'Vll.J1EJ'1.:i mV'lmi.'1~fl'lJ-U~ HOPE 
' 

5.2 n1~fl fl~1flWfl1Yivi'1\JLflii LL"~ n1 tJfl1Yi • 
~ I.I .cit ~ I ' Cllt.Cllt.Cil I 3 

'11flf111f'lfl~1fltu.fl1V'l~1'Ubfll.J (fl11l.J'lJ'U) bb'1~fl1EJ.fl1V'I (fl11Bbl))B1bbBfl'Vl1\Jl) V'l'U11 fl11l.J'lJ'U 
' 

·1rn.:ici'1 LEJB'IJ bb ~-!!~-!! b 'IJ ~ B mm~ AA 'Vl m~ EJ ~fl11 bfl'IJ~ fl~1 bb'1 ~'Vl fl bb 'IJ'IJ fl11'\J11'1 L1lilfl11l.Jbb\Jl fl~1-!I n'U . ' . 
'Vl1-!!'1tl~ (p>0.05) '11'Ufl11l.J;ff'U'lleMci°1LEJB'Ubb~-!!~-!!b'IJ~eimmvi A ~1~EJ~fl11bfl'U~fl~1 3 b~B'U 'IJB-!!VJfl 

bb 'U'U fl11'\J11~ilfi1~.:i~'U B ~ 1.:iil'!!EJ ~1 fl ty'Vl1-!I '1tl~ (p~0 . 05) bb~111'1 .:i em~ B fl11 b 'IJ ~ EJ'U bb U'1-!I fl tu.fl 1V'l~1'U 
"ili1'U'Vl~V ~1vtf'Ufl11l.J;fi''U~1~EJ~fl11bn'Ufn~1 6 9 bb'1~ 12 b~B'U'IJB-!!bb~'1~bb'U'Ufl11'U11'1L1lilfl11l.Jbbl'lfl~1.:i • • 
n'U'Vl1-!!i.'1tl~ (p>0.05) (.fl1V'I~ 5) bbi.'1Vl-!!l1fl11'\J11'1~-!! 3 bb'IJ'IJ11Jil~'1~Bfl11l.J;ff'U'IJB-!!ci°1LEJB'Ubb~-!!~B1EJ 

' ' 

ND 

ND 
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30.00 30.00 

25.00 

-~ 25.00 

• • .. I 4 20.00 20.00 

15.00 15.00 ~HD 

10.00 10.00 _.LM 

500 i= 5.00 -+-LO 

0.00 .--- 0.00 I I I 

0 3 6 9 12 0 3 6 9 12 

ei1 t1m1 trhJ~n'l'.l 1 (b~ B'W) v1tln1"i bnU~ff\~11 (b~v'W) 
• ' 

.n1v.~ 5 m1ll;ff'l.J"ll8-:!'11\EJ8'Ubb~·n~-mJ~8rnmV1 AA (A) bb'1~ bff'.iVI A (B) 1'1.Jfl11'U11~ 3 bb'U'U 

(HD: tl-:i'Yi'11(;'f~n'1liiVI HOPE, LM: mmfa'l.J\Jl bb'1~ LO: ri-:imfa'l.J~~1lltl'Ufl111-ff(;'f11VIVl88n~k'il'1.J) 
, , , \J 

(;'f-:i~m~m~EJ~b 1'11rn1 bntJ-rrn.!l-1'1.J1'1.J~'l.J 1VJEJ'111EJe:irnb ~-:i~-:i b tJ~8rnmV1 AA 'VlmbtJtJrn1tJ11"il~WEJ~rn1 
'II ' ' 

bntJ-rrn~n 12 b~8'1.Jiiri11m~8'fo8n~i~~-:i~mb~n~1-:i"il1n~1~EJ~ o b~8'1.J (p~0.05) bb~Lllci-:ie.rn~8rn1 
btJ~EJ'l.JbbtJ'1-:i~1'1.J"iJ~'l.J'Vl~m ~bn'l.JFhmm~1'1.J 1 'l.J"llru~~rn1tJ11"il~1EJri-:imfa 'l.J~ bb'1~m'11l1 b 'l.J~~1llntJrn11 <ff , ~ , " , 
(;'f11<:JV161ltJ88 n~b"il'l.Jiiri118 b~ 8ibb8 n~i ~ bb~ n~1-:i8~1-:iiitl'm1'1~(\l'Vl1-:!(;'f i1~ (p~0.05) ntJ m1tJ11~~1 EJ 

ti-:i'Yi'11(;'f~n HOPE ~1~EJ~fl11bO'U-rm.~1 12 b~8'1.J 611vi-rtJri11m~e:ifo8n~i~"ll8-:!'11\EJ8'Ubb~-:lbff'.iVI A~ , 

1~EJ~rn1bntJ-rm~n o - 12 b~8'1.J "ll8-:lbb~'1~bbtJtJrn1tJ11~\lJiim1llbb~n~1-:in'l.J'Vl1-:i(;'fi)~ (p>0.05) rn1 

b ~ll~'l.J"ll€l-:iri11e:ib~8fo8 n~i~iie.J'1m"il1n rn1~n1EJ 1 'l.J~'l.J mvi11iiri11llvi''l.J L8~1 n-i1m rn iain1EJ'l.J8 n b ~ e:i-:i"iJ1 n 

ri11ll;ff 'l.J'1ll'W''Vl~"ll 8-:181miain1EJ'l.J8niiri1 (;'!-:! n11 81vt11~-:i VI VI ri11ll;ff '1.J "il 1n81mPln1EJ'l.J8 n ci-:i e.J '11 ~ 
I ' Clit..c:::t...::::.ld I " "" m1 e:i b~ e:i1 bb8 n'Vl1 ~ll m {;'f-:l"lJ'l.J 

'II 

1.00 ,---- -

0.80 

• • • 0.60 

0.40 F--0.20 

0.00 -.,.---, 

0 3 6 

'II 'II 

1.00 
(A) 

0.80 
liillll • .. 

0.60 

---- 0.40 

0.20 

0.00 

9 12 0 

• • a 

- --,- - I 

3 6 9 

(B) 

I 

12 

~HD 

-9-LM 

-+-LO 



- '111m1~ tl1~lJ1ru 300,000 nl'1n-rlJ 

- ri1tl1l!'U tl1~mru 24,000 ~1111 

- ri1hl 
,, 

- fi1'11 

' - l°nbb 1.:1 

btl'Ub~'U 2,199,999 '\J1'Vl 

btl'Ub~'U 427,200 '\J1'Vl 

tl1~l.l1ru 4 7 ,ooo u1'Vl 

tl1~mru 1,000 u1'Vl 

tl1~mru 150,000 u1'Vl 
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1'UH um~'U 2,825, 199 u1'Vl b~elel'\Jbb ~.:i bb~11~ b U'Ue.J~111il ru~'111vel'\Jbb ~.:i~.:i b tl~ el fl'lh~mru 
100,000 nfan-rlJ ~~bll'U~'U'Vl'UnL'1n-rlJ'1~tl1~lJ1ru 28.25 u1'Vl , 

1111 '1~'\J ri el'U fl11el'\Jbb ~.:i n11'11 b~ v .:i e.J'1 '111m-U1 el'\J n11 elu'111v bb'1~n11u11"il l~ v bb~ '1~.fr'U111el'Ui'.i , , 

fil11l.Jri1~'Yzj.:l~el.:Jtl~~1 ~~fl~el.:J .fr'U\11el'Ufl11 b\11~VlJ1111~~'\J ~el.:Jvl1fl11~~ bfl1~e.J'1'111V ~~e.J'1'111V~bb\11 fl 
bil1b~Velelfl bb'1~e.J'1'111vm m 'Ufl11e.J~\11~el.:Jb U'Ue.J'1'111v~'1~ 1 'VllJLlim11 i'111v'1~1'i'1.:ifi'U b ~el.:J"il1fle.J'1'111v~ 

bb\11flbb'1~b il1b~V bU'U'11b V1111v111 ~'111vel'\Jbb~.:JbU'U1elm~el'Utl1V1mn .fr'U111el'Um1'11 b~ v.:ie.J'1'111v b oU1el'\J 1 ~'11 
' 

e.J'1'111mm~ AA bb'1~bm~ A Hi'Llu'U ~1'Ubm~ B el~-&'Uci1.:i .fr'U111el'Ufl11el'U'111v 1lim11-b'm1l.l~el'U'1.:J 
~ ~ 

bn'U1 tl1 'Um1e.J~111bVi11~"il~v111~b-del'111vii~f'lJ1V11elm"il1 'Vl~ m11 -b'elru'Vl.flm 'Ufl11el'Ubb~.:i 7 5 ° c nm 15 ' ~ 

"lJ'U1~ 10 kg bb'1~bnu1'U~mmi"1~1m'Vl 

n11t-i~ l'1~11E.J eJ'U bb ~.:i~.:i b tl~ ei n 1'11l.l n1~'U1'U n1':it-i~1'1-il 1.:i~'U '1~1Jl t-i~ 111il ru~~ 11E.J eJ'U bb ~.:i~1Jl 

lJ1\111~1'Uzj.:J'11lJ11'1'\J11'1l~v1 otl'1.:!Yi'11'1~ fl511l.lm bb '\J'\J~ bfl~\111fl11 m~ bb'1 ~'11lJ11(1 bnu-rn~11mliiJ el v n11 ... ' ' 
1 tJ l~v~n~ru~~~"llel.:i'111vel'Ubb~.:i~.:ibtl~elflfiel b'Ll~elnii~J11111i;iV11el~tl1mi;i~1ell.lbb~.:i 1liii~~11liii1elv 
1 'Vl~"llel.:Jb tl~ elfl'111v 1litJ11 nn b61''U 1m ~el11 b .ael~11vii~ fl~ru~ bb ~.:! 1li b 'Vliiv1~~iimb'1~1li~ ~bl.I~~ iifl~'U 
'Vlell.l'111v ih'1'Vl11'U 1liii1m tl~V1bb'1~1'1"lll.l 

~1V'Vlel~b'Vlfil l 'U 1'1ffi ~nu bfl~mmncilJ°Ll1~el.:J b~el 1 ~bfl~1111m°Ll11 tltl-rut m 'Ufl1~'\J1'Ufl11e.J~\11 zj,:i 
' 

v\'11 ~bn~1111miim1l.lb oV1h1 'Llm1~~m11111'1~u 111'1el~"il'U m1mufill.lfiltu.fl1Vi 1 'Llfl11e.J~l'lmn;fi'U an~.:ir!.:i 
' ' ' 

-d1v'1~b 1m 1'Um1t-i~111 Lb'1~v111 ~t-i~111ilru~ffiJliif'lrumVi~;ff 'U n11 b~l.l 
' 
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m::V111-:iY11ru"!l~ . ii.ti.ti . flil~m1A11::V111~tl1:m1A"tlv~lviv. (mru1m1). LoU1~\IL~e:i 20 ih.nflii 2556 

'11fl http://www2.ops3.moc.go.th/ 

ru~5tJ1tJ L~e:JB'U'Vlfo\I . 2548. fl11An'l11~'UVl'ULLt'l::e.Jt'l~v'ULLVl'Ufl11t'l~'Vl'U1::'Vl11~L~1v'll~1bVv'UbLl1~ 
d.I \I • • 

LL uum::u:: l~v l .Utl1i!u 1~~1 L U'UL ~m 'Vi~~LLt=1::L~1eiu~1 lvv'UbL l1~ LL uu 1eitl1 l~v l .UVJuL \Ju 

b~VL'Vi~~L 'Uel11J1v~11.i1 '1~'Vl1~L~~l 'Vlij, fl1':ifl'Ufll1LL 'U'UB'1':i::' lJVl11'VltJ1~ m ~tJ\I hnJ. 

lii\JI~ Lm11'1J1tl. 2548. Lfl~B\IBtJ'1lJ~ffu e:itJLL'IX\1~11ti~\ILtl~e:in. n~n1. tJ~ 78 ouu~ 6 Yl')Pl~fl1tJ'U 
t5'U11f1ii. VllJ1 89-92. 

1'1J1'U1 B\Jl\J\UqJLqJ. ii:1.J.i.J. m1w~'U1f'lWS11'Vi~1laeirnLl1~. (e:i-em1'1tl). L-U1'1-:iL~e:i 20 ii'W1fllJ 2556 

'11fl http://www.ndoae.doae.go.th/article2010/Longan/Longan _roast3.html 

'11tJ'111'Vl fl'1l~'U1Yl':i. 254 7. fl1':iLLtJ11tJ~1 \m ~e:i 1 m~flU.li11YI . 'ti11b 'Vlf\ 1 'U faa~1'Vl~'ll'r:l11'r:l'U'UVI. 
' " ' 

CV ..J CV II' 

O'U'UVl 89 \J\'11fllJ-5'U11fllJ 254 7 Vl'U1 97-104. 
' 

'11Ufl\11'U~~'U1fl111..ij'tJfl1':ibfl'M\Jl':i ( €l\lrlfl1':ilJV!1"ll'U). ii .ti. tl. e.Jt'l b~v'Ubb l1.:i (BB'U 1'1tJ). 

http://www.a rda. or. th/kasetinfo/north/ processing/ process _fruit_ dry. htm L 
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'11\Trn1'Uinm~1'U~'U1°11 Lm~~1LL~~tn'V!11LL \-1\1"1!1~. 254 9. 111(;1'Hi1'U~'Uf'11 Ln'l;(;l)LL~::V1Vl11LL \.1~'t11~ .. ... 
~11Vv\JLLl1~~.:JLtl~vn. lJffe:J"ll . 10-2549. m~'Vl11\1Lfl~~1LL~~'1vtmru, fn\IL'Vl'l'l"1. 11 vt-U'1. 

' 

~hlv\J 2545. t11~ml3! ru 1'U~ 12 mn~1flii 2545. 

20 ih..11fllJ 2556 '11fl http://www.oae.go.th/more _ news.php?cid=611&filename=index 

2556 '11fl http://www.oae.go.th/oae _report/export _import/export.php 

~ ~ 

ellJ1Yl1 ~1i;rEJ. 2543. ~~'llv~'tf'Ufl1111Vl'U1LL~::'ll'U1~'ll'1.:J~~~11t1~'1f1Wll1'WVl~~n11'1\JLL'U'U\1.:J~~. ' . 

AOAC. 1990. Official Method of Analysis of AOAC International. 15th Edn. 

Association of Official of Analytical Chemists. Washington D. C. 

Phupaichitkun, S., B. Mahayothee, M. Heawsungcharern, S. Janjai and J. Moller. 2005. Single

layer drying behavior of Longan. Conference on International Agricultural Research 

for Development. Deutscher Tropentag 2005, Stuttgart-Hohenheim, Oct. 11-13, 2005. 

Rangkadilok, N., L. Worasuttayangkum , R. N. Rennett and J. Satayavivad. 2005. Identification 

and quantification of polyphenolic compounds in Longan (Euphoria Longana Lam.) 

fruits. Journal of Agricultural and Food Chemistry. 53: 1387-1392. 
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111fil~'IJ1n 

~11l.J"l.l'U1~ (2) i11mL'V1Lci\9l~LLm-m11~f1 (3) i11L-il1~e:iu1~EJ forklift (4) 'Vl~.:le:!ULL~.:!tl1m 
'IJ 

l'i'~Lm~~1mfl~e:i.:1LLEJfl"l.l'U1~ (5) L~e:int:.1i;uh\mL\9lfl uu LU'U'rnm~e:i'Utl1V1mne:ie:in (6) 
' 


