
d 
b'Hl.:I 

n11~~t.nt:J~l91.n'ru'16li'11~.:iba~~bbfl~b~fJ~cu1nn1~~ncu~1a~1~ 
'U 

Product Development of Khao-Tang Supplemented with Calcium 

from Grey Feather Back Fish bone 

ii 

11fJ.:11cwtll~i'uV1cwa.Uuacwcwcu1n~'Vl11'Vlf116l'fJ115lf.n'Il-Wu~a.:ifl11~ , , dJ 'U 

'W.A.2557 



fl 

..:i1'1J1~E.J\luu01~-rtJ'Yl'IJCJ~Vl'IJ'IJnTa1~E.Jlil1n11V111'YlE.J1"'E.J11'!f.ti'n'WtJ"a..:iri1111 u·rn'11i'.J..:itJu1:::111w • • • 6-J \J 

2556 LL":::..:i1'1J1~E.J'11L~lilm=b..:i1u~ .. m~~a..:i"1Jam1tJ"1JatJw1:::riw ~131.~1.51'!1-a'E.J l3!111Vi111-W'~'IJ1 ~u~n~1..:i1'1J1~E.J • • • 
LL":::ej''\111..:Jl"IW'J~ vi'l~ri1111~LL":::i"\'1LL'IJ:::U1 L'IJn11R'IJl"l111~E.J \1l"Cl~lil'IJn111111'JlilLLm"IJ lil'IJn1:::~..:i..:i1'1J1~E.J\lUU0 \J 1 • \J 

d '~ tN L'11'.il'11J'IJ1WE.J..:J"IJ'IJ v 

mn!J1ri11 Wl3!.2557 



.,., QG.14 

\111'UiNl1\.11'~aL 'ail.:! 

~i)~~" 
f1ru::1a.:infl 
11'M11V1a1aa 

f11'S~\JlJ'U1~al'l.n'ru'1i11~.:iLG'l~1JLLPlrtL~E.11J1il1f1fli"t~f1tJrt1ar11~ 

~f111~ L~E.11Jtl1LL'V'l-!I 'U1-!lb'1~1il T~"q1J a'ULf1l'l 

1'VlE.11fl11'1l'liLLrttL'Vlf'l b 'Ubrtfl 'V!i;i'f1G'll'l1Pl'Vlfli"11lfl11'1l'li 
'U 

2557 

i11~.:i LLPlrtL~E.111 fli"t~f1Drt1G'lrt1~ 
'U 

"ll 

m1~1J1J'U1~al'lnru'1-V11~.:iLa~11LLPlrtL~E.1111i11nmt~ntJmar11~P1~.:iil ij1il~~.:iV1111E.JLvlei~\JlJ'U1~al'lnru'1 
'U •• 

1 ~ijf'lru~1'Vl1-!! ln"!!'U1f11'S L vi11~'U b~E.J L1l'V'l1t LLP1'1L~E.11J~ij111n1 'Umt~ntJr11 1il1f1 f11'S LG'l~1J~-!I LL Pl rt L~E.11J1il1f1fli"t~f1 
• 'U 'U 

'Lirt1'1'11~ ~eJE.Jrtt 20 '!JeJ-!ID~1J1t'\.l~LL'UttJ1~e:J1'U ~e:J'Vl~-!l'Vlt.bm.J~b.f1Pl (30 f1~1J) ~al'lnru'1i11~-!ILG'l~1JLLP1'1L~E.11J 

1i11nmt~ntJmam~ 'Vl~-!IV1i..i1E.J'U~lnP11 ~Plru~1V11.:i ln"ll'U1m1~.:id 1 tJ1~'U 4.48 n~11 P11ib 'ULHL~1l'l 19 .05 
'U • 

n~111'!Jl!'U 3.11 n~11 L'11 0.61 n~11 1~E.Jij LLPlrtL~E.111 114 i3r1an~11 LLrttvJe:iavJe:i~a 114 i3r1an~11 ~r1m-s 

1 LP111t~Plru.f11'V'l'Vl1.:i m E.J.f11'V'l'!J e:i.:i~a l'lnru'1i11~.:i L'1~11 LL Pl rt L~E.1111i11 nn-st~ntJr11ar11~ 'V'l'U11 ij~ 1 water 
• 'U 

activity e:JE.JL'U'!i1.:i 0.34 - 0.55 ~1~ L *a* b* Lvi1n'U 35.01 11.21 LLrtt 17.10 l'l111~1~'U Lde:ivi1m1~n~1mE.J 
'U • 

m-sLn'U~n~1'!Je:i.:i~al'lnru'1-V11~.:iLa~11 bLPlrt b~E.1111i11nmt~ntJr11ar11~ 'U-s-s1i1~1e:i~1.:i 1~E.J1-Hf;1.:i'V'lr11a~n 1 'V'la Le:i 
'U • • 

~a'U (polyethylene) Ln'U~tjt1.l'VliJi3 30 e:J'lfl11L'1!rtL~E.JG'I ~al'lnru'1a1111-smn'UL~'U1'U 6 atJ~1~ b~E.JL~'V'l'Uf11'S 



Research Title Product Development of Khao-Tang Supplement ed with 

Calcium from Grey Feather Back Fish bone 

Author Pakawadee lamkampang Soraj Varachum lnget 

Faculty Science and Technology home economics 

Institute Pibulsongkram Rajabhat University 

Year 2557 

Keywords Khao-Tang, Calcium, Grey Feather back Fish bone 

ABSTRACT 

The objectives of this study were to develop Khao-Tang Supplement ed with Calcium 

from Grey Feather back Fish bone well as to add value to raw material in the form of fish bone 

powder in order to increase content of calcium. Calcium supplementation by using fish bone 

powder could provide 20 percent of the recommended daily intake. For one serving (30 grams). 

Product of Khao-Tang Supplement ed with Calcium from Grey Feather back Fish bone in one 

serving. Contained 4.48 g. protein, 19.05g. Carbohydrates, 3.71 g. fat, 0.61 g. ash, 174 mg. Calcium 

and 114 mg. Phosphorus, respectively. Physical quality analysis of Khao-Tang Supplement ed 

with Calcium from Grey Feather back Fish bone. Found that water activity values ranged from 

0.34 to 0.55 and L* a* b* volume were 35.0111.21and17.10, respectively. Studies on the shelf 

Life of the product of Khao-Tang Supplemented with Calcium from Grey Feather back Fish bone 

by packing in a plastic bag at a temperature of 30 degree Celsius. Found that shelf Life was 6 

weeks and there were no growth of bacteria, yeast and mold. 
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mvi1i11.:i'lli::L.fl'Vl~.:i v1.:i Lll'Umivi'11 '\.1 El1V11i'1n 1~t11-ffm1~~EJ'ULL'1.:1L "!i'UL~t11n'U L "li'U Vl~'1:: L~:: 

' 'IJ 

., . ., 
n1'a;Jf1LL \J.:JPl111it0"1NZD1\'11'a 

mvi1i11.:i'lli::L.fl'Vltl1 ilt1~LaivJ LiJ'UmV11i11.:it11t1 vi~amvi1i11.:ina'U'Ue.J'U '1::..ij~ 1 'U'll~~1t1.1i1at1 L "!i'U 

"li11~~Ll°l~El.:I m::LV11::'llri1 L~m~lil\21 l°liEJ.:ILLl°li.:Jtl1 LiJ'U~'U 

El1Vl1i11.:i'l.Ji:: L.fl'Vl LL '\.1.:i ij~.:IEJ1Vl1il°111 LLrl:: El1Vl1iVl'J1'U iltJ~ Lai'VJ~.:JEJ1V11i11.:J L oU1 LLrl:: El1Vl1i11.:JU1tl 
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'li'11~..:ib i'.hJtnV11111..:i bb uu 1 vm '1 ~ihnoff1'U1'U b~1rVi b lJ'UtnV111~ b lJ'U~~wGre:iEJ l~'\11n m1'1..:i'li'11 b~EJ..:Jl°l'U 
'11'U1'Ul.J1n b 'li'U b 'U1..:i 'Vl~tll'l111 h..:ib~tlEJ h..:ia ~i'.ll°l'U'11'U1'U111n~..:ii'.lm1V1..:i'!i11~1EJntV1tb ~tl 1 m~tl~111ru111n • 
~..:im1V1..:ibb 'l.JU 1l.Jb ~~J1 b~ti~n'li'11titimnnntV1t '1t b V1~ti'li'11~~n'UntV1t bn~EJ11 i'.lab 'Vl~ti..:Jbb~tbb ~..:i b~Ein11 • 
"'li'11~..:i" 1-ffl'ltV1~1bb81!ttitin1 tll'l1mb~..:i bth.J 1a'1l1~ 1'VI~111''Utl1tV11'U (~flfil6, 2553) ~ti111 l~i'.lm1~~l'l'li'11~..:i 

titin'11V1i.11EJ bb~ti'.lan~rutm1i.l1ltl1''Utl1tV11'UV1~1nV1~1EJ1tlbb'U'U l~bbn 'li'11~..:iV1ti~ 'li'11~..:itl..:i 'li'11~..:ib~EJ..:i~11 
\I 

'li'11~..:iba1EJ i11~..:iV1-U1~..:i btl'U~'U (flf~a111, 2534) 

i11~..:Jb ll'Utn'Vl1111..:J~'111111'1'll11tl1''UtlitV11'U1~'Vl~1EJ bb 'U'U ~..:J~1tl~1..:J~tl 1 tJ-d' 

f11i.:i'Vl~.:Jbfl~e>.:i'Vl'ie>•th1i.:iih11!1 b tl'U~~l'lilru'1w~ti11'U~Lfll°l L~EJi.l1bb~'Ui11~..:i1tlVlti~1 'Utl11J'U bb"'1 

11EJV1u1~1ml°l~ti..:itl1..:i1aV1~1 n'Vl~1EJ"l!-U~ b ll'U~~l'l.ii'ru'1"1!11"1!'U~m 'U'VlmEJ 'l~'U~ • • 
f11i.:iJ1-w~ne1fl biJ'UmV11111..:i~i.l1'1i'11~..:iltlV1ti~n'Utl11J'U~ti'U :ij'~biH'V'lti'Utl1w~ncr~~vi'1,-i1n11t'1J11 

bUEJn J1m~~'U bb~ttl1tl~1t~bll'Um..:i11tl'l11 bb"'11an..:ibb~..:i mtbViEJ11 w~n tl1..:i1at~i'.l1a:ij'~ ~ti m111i.l1 1'1111 
\I • • 

., ~ Q ~ ~ .., 

mml°l11 b~~ bb~tbtliEJ1b~n'UtiEJ 

f11i.:itl.:i b iJ'UmV11111..:i L~EJi.l1 bb~'U'!i11~..:itl..:i1 'V'Jwm 'Vl~ti..:inwrnb"'1"q'Utl1ntVi~~a11tl11'11~ -UEJ11 

1''Utl1tV11'Ut'UalTEJnti'U 

f 11i .:i'Vlu 1l.:i b iJ 'U ti 1V11111..:i~ i.l1'1i'11~..:i 1 tlVl ti~ n'Utl11T 'U~ti'U bb"'1 :ij'~ bM'V'l n'UV1u1~..:i~vi'1,-i 1 n'Vll.J a'U 

bb~t~..:i'U~ i.l1 ltJcr~n'Un1tbViEJ11 w~n 1 VlEJ bb~t-H1ntVi tl~..:i1at ~i'.l1am1'Ubb~tb~11b~n-UtiEJ 

f 11i.:i ula.:igi11 b ll'U t11V11111..:i~i.l 1'1i'11~..:i1 tlVJ ti~ n'Utl11T 'U~ ti'U bb"'1:ij' ~ bM'V'l n'UV1u1 b~ EJ..:i~11~vi'1'\11 n 

t 'Ucrnm~~ti..:i~~biJ'U~'U~b'Vl~a11-ifo 1~~~'UbiJ'Unti'Un~11 1~EJi'.la1'U~a11'1Jti..:iV111a'U n..:i'U~ mtbViEJ11 w~n 1 VlEJ J1 
\I • 

f11i.:iLa1a b lJ'U'!i11~..:i~~ti..:im~EJm111~~~i\''U111nn11i11~..:i~11 tJ b ~ti..:i'\11ni'.lan~rut bb~'U'U1..:i bUEJ'U 

Wl'VIU1~1EJa1'U~'111'1Jti..:Jtl11'11~ bn~ti nitbViEJ11 crn"li bb~t n..:Jbb~..:Je.ltiEJ • 

ft1'UNi!11'tlil.:lf11i.:I 

'li'11 b~1~1'Vl1''Uvi'1 bb u..:ii11~..:i bb~ b~11b -ffi11'1J11 b W11::1°l'U 1 VlEJ L 'U11ru-UEJ11t off'li'11'1J111 'UD'1'\IU'Ui'.lm1 • 
~~'U1 b -ffi11n"'ti..:i b ~ m ~11~ruf'11 1~EJnti'Ui.l11111 m ~bb '1itl1nti'U 1111~..:Jtl1'1i'.l m1~a11i11 b~1 3 a'J'U 'li'11 

b 'VlilEJ1 1 a'J'Ub ~tit mn bb~'U'!i11~..:i~i'.l 1°11111 b 'Vlilm bm::~1 n'U~ 'Vl~ti~a11l°l~ml°l"'1 nrnb tt..:ilT'U~1tJ::V1a..:i~::~1 El • 



.cil CLI .Q d' 

\11111: Vlflf'UEJ, 2553 

0 I II CLI 

n1'S\'11UN'U'U11fHI 

"li'11b~1"lJ11 3 '1TU "li'11b'VliJEn 1 '1TU 

' l ' 
~~b~e:im1J~~i11Via~m~ 1l.li'.i1Je:i~ ll.li'.ii;-!!am.hn 

. , .. , .. ! , ... 
'l'',~. ,,qn "" ••11"1"'",'"., ,""",,,",.,' 

., ,, 111 .Cl! 4 '1 1111 -=ii 
\Jl-!l"lJ11an 1 20 'U1Vl b~e:i b'Vl"ll1Trne:i~ . , 

cl QQ 0 I fl ~Q 
111~\'I 1 1lin1'm1UN'U'U11fHlfltJ 

14 

1 'U~flbb -an 'l m-svi'1 bb~'Ui11~-!11-H'm-svi-!!"li'111 m~i11~-!!~~n'UV1~e:i bb~1bb6!1~'111 tll111mb~~ L 'Uth1~i.J'U 
m11J~e:J-!ln1'Sbb~'Ui11~-!!1J1n bn~b U'U5'Sn'1 L 'Un1'se.J~\Jl bu~1~ bb~'Ui11~-!l~tlb ~e:i~1V1t.i1EJ1 ~~tl-s~ne:ium-s°Ll11 tJ 

• 'U 

'01b tl'Ue.J~l11Jiru'1i11~-!l~e:i 1 tJ 
~1-!!"li'111~a~e:i1~ V1-!!"1i'111~an b~e:ii11amb~1 ~-!!1~i11-s~e:i 15-20 'U1Vi °Ll1i11an1J1m~b1J~~ . . , . . 

i11 bb\11 n bb~1l.lifo nub~~ °Ll11J1n~r1u1 ~ bb u'U~1 EJ~ nn~-!!'Vl~e:i 1-H'Lfl~e:i-!1-01 bb~'U 1~ EJ 1-H bb~'U~~1a~ nme:i-!!~1'Uci1-!1 
'U 

bb~~~1'UtJ'Ub ~e:itle:i-!!n'U 11l"l ~i11~~~ nn~-!l'Vl~mfl~e:J-!l-01 bb~'U bfl~e:J-!l-01 bb~'Ui'.i~ n~ru~ b U'Ubb~'U fo'VI~ bb tJ'U 2 bb~'U 
'U 

tl-s~nu~~n'U 1~EJi'.i~'U LEJn b ~ m~e:i'Ubb~'U 1~'Vl~~1'UtJ'U~'U b~e:i~m1-!!"li'11an L 'Utl~1J1ru~~m V11J1~ntJ"lJ'U1~"lle:J-!I • 
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'li11~.!JL \1L~E.JU 'Vl~EJ 1 i-W11~~~LL~tJ'!i11~.!JL \1i'.i"!J'U1~ L vl1ntJ tl1LL~tJ'!i11~.!J~1~mmL~~1 \1LL \1.!Jth~111ru 2 1tJ 

1~ L lJtJLL~tJ'li11~.!l~U 

0 " ti n11\111'U1 1.:i 
ri1tJ~'11J"!JEJ.!JtlTt.J ~.!J a1V1fovn LL~tJ'!i11 ~.!J LL\Jl n ~1-!J ntJ L tJ~tJ ~~ nau m~ LL~"~ m~11 

• 'U • 

ri1tJ111niiri1tJtJ~~nauV1irn'l l'l~1E.JntJ ~a ii~aV111tJtl1 tJ1.!l~at\1n"11n~a11~1mnamanuaE.J LL"~~a11 

Ll'l~EJ.!J L VI fit L ~ a'!l1 E.J L \1ij n~tJ'VIEJ1J LL"~iil'l111J'!itJL 'Vlilm L ~El L \1 Ln1~ ~~nu LL~tJ'!i11 ~.!l'11111~1J~U nu ri1tJ~'11J"!JEJ.!J 
V1u1'li11~.!J1~ ~.!Jd 

L\Jl~E.J11ri1tJ~'111"1Ja.!ltl1tJ1.!l 1~LLti ~1n~n:S 50 n~11 m~LViE.111 100 n~11 ~~n1VJE.JUtJ 2 -tlatJ1~~ tl11Jl1" 

V1~1E.J 500 n~11 tl11Jl1"~u 500 n~11 J1~~m~1 500 n~11 J1a~m~ 2 ti1E.Jm.!l LnaatltJ 2 -tlatJ1~~ L~m 
ri1tJ~'111~1E.J1vJ~atJ'1'lJffJ1tl1tJ1.!J'1~'1itJLL"~L'Vlilm 1 otlL1"1L~mtJ~~111ru 30 tJ1Vi E.Jn".!l~.!J111 \1L~'lJtlEJ'lJtJ11 tJV11 

II I II Q.I 

'Vl'LJ1 LL~'LJ"!J11\Jl.!l 

I II Q.I 4. 

LL~'LJ"!J11\Jl.!l~U 

V1a~LL~tJ'!i11~.!J t tJJ121tJ~atJ t \1L 'Vlaa.!l 

u l u 

~.!J 111 \1a~L~~tJ1l!tJ 

tJ~aE.J 1 \1L~tJtiatJ~'1~V11V1u1~1E.Jtl1tJ~.!l l 1 

hE.JV1u1~1ml'l~a.!J h.!JV1u1 L '!ltJ Vl2JVIE.la.!l L11a~trqiVl6!! 

""' ., ... ' \llS.11: Vlfif'LJE.J' 2553 
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n11'Vlel~LL~'Uoii11~-:i tJ1LL~'Uoii11~-:i111'VleJ~ 1 'Utl1~'U L~EJ1 m wtJ1'Urn:n-:i LL~tl1~'Ufil'l1~el'U~~ L~el 1ri'll11 

~-:ia-:i 1 tJ oii11~-:J'1t'Wel-:!Vl'UVi L 1a1'Vlel~~111-i!mt"lleJ'Un~ LL~'Uoii11~-:i 11111'1 'H'LL~'Uoii11~-:i~1'U~1 L oii1vi1n'U L~mL~'U 

i11~-:iij~L vi~ei-:ieiei'ULLi;\'1~ n~'U~ n 11!. 'H'atL~~J1~'U 

'V11VIU1 LL~'Uoii11~-:i 1-if LL tJi-:l"ll1.Jtl1tJ1-:i~ L\;l~EJ1.J 11'V11'1..J'ULL~'Uoli'11~-:l~'Vlel~ LLi;\'1 n11'V11~11'V11 L~el LL~'Uoii11 • • 
cvd II 111 CV 

\;l-:I LEJ'U Vl1n'V11'!JUJt1el-:ILLe.J'U'!J11 \;l-:l'1t LL\;ln 

hEJVIU1LL~'Uoii11~-:i~1EJri1'Ue.J"11.J~~ei-:im1 L"li'U Vl1.JVIEJel-:I L1.J~~'V11'U\;lt1'U L1.J~~Yln'Vlel-:I L1.J~~1.Jt~1-:l~'U 
" 

' 4 0 QI 'Vl1'U\;l -:!1'!111 Vliel-:11~1~1 

el'ULL~'Uoii11~-:i~LL~-:!VIU1LLi;\'1~eiruV1.nli 250 el-:!Pl1W1L1'U1H~ (Vi~el 120 el-:!Pl1L'lmL~EJa) tJ1t111ru 20 . " 
'U1Vi Lvleia~tJ~111ruJ1~'U 1 'ULL~'Uoii11~-:i v111 'H'LL~'Uoii11~-:imeitJ'U1'U 

n11'1..J11~ '11 LL~'Uoii11~-:i~ L~'ULLi;\'1tJ11~ 1 'U~-:1 

f1Nfl1\111.:J tn'tf'l.11n11'!1£Hl~11~.:J 

i11 ~-:i L ll'UmV11111-:i~tJ1t neitJ ~1EJoii11;-:iijri1'UtJ1t neitJ'!Jei-:i~1fl tJ 1m~1\;lLll'Uri1'U1 viqj Lrntij m 1 

'111 tJ'Vlei~~-:ii!'U'Vla-:i-:i1'U~-:i~ei'Uoii1-:ia-:i ri1'U L'lf L~EJ11-tl1'1t 1~'11nri1'Ue.Ja11'!lei-:iJ1tJ1-:im-il'V11vi-U1 LL~'Ui11~-:i1111~-:i " . 
L~~ei-:im-i!'V11VIU1 L "!i'U V11.JVIEJel-:I L ll'U~'U tJ~111ru111ni!eiEJ ~1-:ltl'U~'Utl'UtJ~111ruri1'Ue.J"11.J'!Jel-:l~e.J~\;l LL~at LL °vi-:i 

" " 
'11nm11 L~11t~'V11-:i L~ij'VltJ11 ~ru~1'!Jei-:ii11~-:i'!Jei-:i~e.J~\;l LL~at11 EJ LL\;l n~1-:i n'U(;l111ri1'Ue.Ja11m-if i11 . " 

~-:i'!J'U1~..t11tJijtl1wun 11-19 n~11~mL~'U LL~at11EJij'!l'U1~LLat1tJ~1-:i~1-:in'U ri1'U1 V1f1iLll'U1tJ1-:ina11 (VliatiM, " ·~ " 
2553) 
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.. ' tn ~ ~ Pl1'a1.:l\ll 1 LLfl'1.:lf!Wfl1\111.:I 'UU1n1'a'Utl.:l'U11Pl.:I 

°lRiJ1rufit1 100 ni'iJ 

ioiru~1vi1-:i Li1"11'U1mi i11\ii'~ i11\ii'~ .if 11\ii'~,,,,r,,,,lJ i11\ii'~ i11\ii'~ .. 
L~~W 

'Vl1'!J~d'U ,,,,r,,,,1.1,,,aEJ~ "" .. "" .. 
~ 

'11£JEl~ '\1'!J11ity'Vi'l1 '\1'U11iq)W!J 

~-<'!Vi\{~ ~-<'!Vi\{~ ~.'Ufl'itl~1J ~.'!Jfl'itl!1J ~.'i1'11\{~ 

1. rn11J"11'U (n~1J) 2.69 3.53 3.10 3.14 3.39 3.57 

2. L51 (n~1J) 1.96 0.99 2.01 2.16 2.12 1.85 

3. "t'j~,:i-:i1'U (nLaLLl'laei~) 593.35 548.87 494.56 553.90 545.86 547.31 

4. 1'11TI u1m~i\Jl (n1'1J) 42.36 57.34 64.25 54.93 53.26 54.43 

5. 1'1l21'U (n~1J) 42.79 33.39 23.00 31.02 33.58 32.76 

6. hh~'U (n~1J) 10.20 4.75 7.64 8.75 7.65 7.80 

7. i11ma (n~1J) 11.23 16.33 26.67 18.77 18.63 18.33 

8. L'l1L~EJ1J (ija~n~1J) 234.20 299.20 645.90 370.80 443.80 398.78 

.. ., .. ' \113J1: VIP!'UEJ, 2553 

II 
'tl11 

(Oryza) '11LL'Un1J111J~'U LLa:::l'l111JUEJ1JL'Un1i'U~LJll'l1~ 2 "llil~ ~a Oryza glaberrima. zj,:iij~'Utl1Lil~LLa:::H' 

'U~LJll'l L 'U'U1-:Jtli:::L VIP!L 'UVl1tl LLB~~m LLa::: Oryza sativa. zj,:iij~'Utl1 L ii~ L 'UVlitlLm =iimLa:::tl~noX11 tJ1 'UVl1tl 

Lm =iiEJ LL'1'U \JI :::1'UeJeJ nna1-:J"l.lel-:I ~ btl m1J~ n1 LL a::: a eiGH\Jli L~ El i11~ij n1itl ~ nLLa::: 1 off L U'U el1Vl1i n'U a~ 1-:1 

n11-:i'!l11-:i1'Uih1~i1'U~a Oryza sativa. zj-:JLLtl-:iaamll'U"11il~~aEJ1~ 3 n~1J ~a i11a'U~n1 (lndica) i'.jL1J~~m1 

L~m i11~1tlailn1 (Japonica) i'.jL1J~~uei1J~'U LLa:::i11~111iln1 (Javanica) ij~n~ru:::atji:::V111-:ii11a'U~n1 
nuoiJ11~1tJailn1 '11Vl1''U~'UBi11 L 'Utli::: L VIPl1 VIEJ~Vl1-:li1"11n1i1~1''Uiel-:I LLa:::a-:JL6'1~1JL i1Ln~mmtlann'UB~1-:I 

' " 
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lfl-a.:ia~1.:i'l1t1.:iL11a.i-th-:i 

i11Ltl'l.Jr11~11'1Jvl'liL~em L1la~i11 (Rice fruit, rice grain, vi~a rice seed)~.::1V11.::i'l"4~ni;1111~l1li'1::: 
vi111eii1.::i c.Jfl (Fruit) ~ii~ni;ni:::dJ'l.Jc.Jf!L~EJ1 (Single fruit) Ln~'11n.Y.::i1'!leY'l.JL~m"!lii~'1e.JEJ~1 (Superior 

ovary) "!Je.J.::l~e.J m~EJ1 L 'l.JLLi;i'1:::~amJaei ~ Ln~~11l n'l.Je.J tj L tl'l.J'!ie.J~e.Jn c.Jfl L~EJ1'Q'1::: ~~LL 'Li'l.Jatj n'Uc.JU.:J"!Je.J.:J.Y.::i 1 '!l 

Vl~e.J L~e.J~1Jc.J'1 (Pericarp) ~.::IL~e.Jc.Jfl~nVl~e.JLLn'1:::LU'l.Jc.J'1LLi1.::i (Dry fruit) mliLLlJln (lndehiscent fruit) L~Eln'l1 
L1la~ (Caryopsis grain) ~iiL~e.J~1lc.J'1 LL'1:::L'IJ~an~11L11a~ (Seed coat vi~a Testa) L~a11~111n'l.Ja~1.::1LL'l.J'U 
LL'Li'l.J 1~eil11'1e.J~c.J'1V1~m11a~i11'1:::ii~ni;ni:::LLl1lni;l1.::il11111w'l.J€l 'l.J~1'1.J"!l'l.J1~ ~'IJ~1.::i ~ m~iivi1.::i (Awn) vi~a 1llii 

• 'IJ 

Vl1.:J LLfl:::"!J'l.J (Pubescence) Vl~abJii"ll'l.J'U'l.JL'IJ~amL~.::i (Hull Vl~e.J Husk) 

L1Ja~i11'\.J~:::ne.J'U~1EJ 2 a1'1.JVl~nfla 1. a1'1.J~'\4ai111L11a~i11 (Vl~e.Jc.Jfl) L~ein-J1 LLnf!'U (Hull Vl~e.J • 
Husk) LL'1::: 2.a1'1.JL-d'ac.Jf!Vl~e.Jc.Jf!LLVJ (True fruit Vl~e.J Caryopsis grain) V1~ai11n~a.:i (Caryopsis Vl~e.J Brown 

rice) 1~eiii~1EJ'1:::LBEJ~"lle.J.::ILLi;i'1:::a1'1.J ~.:;i.Q' 

r .... __...._.,, -

.... 

... T II d II 
ll1'W\ll 3 Lfl'a.:lft'a1.:l'lltl.:1Wilfl'll11 

... ' \113.11: e.J~e.J'l.J.:Jfil, 2547 

umt'l.l 'IJ~:::na'U~1ei L'IJ~an1viqj (Lemma), L'IJ~aman (Palea) "ll'l.J vi1.::i .ff1L11a~ (Rachilla) LL'1::: 

n~'U~a.::1L11a~ (Sterile lemmas) ~.::iL~a11i;lantJti1'1.J (Pedicel) 

L'IJ~an 1 viqj L U'l.JL 'IJ~an~11 L -d'ac.J'1~1'1.JVJe.J.:J (Dorsal side) ii"ll'l.J1~ 1viqjm'1iivi1.::ivi~a1lliifi1~ 
~ni;ni:::"!Je.J.:JL'IJ~an1viqj'1:::LD'l.J~e.Jm~'l.J (Nerves) 1'111lfil1111El11"lle.J.:JL'IJ~an'IJ~:::111ni 5 L~'l.J L'IJ~an1viqj'1:::'14a~11 
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btl~e:im~n b thJbtl~e:in'1~b Um.m~1'UVl~.:i (Ventral side) ~ii"ll'U1~b~fiffl1btl~e:in1 vrqjtl-st~1ru 
1/3 "lle:J.:Jbtl~e:in~.:ivr~~ '1t"ll'l.Je:J~L~btl~e:in1vrqj1111~bb'U1v11 vl11-H'btl~e:in~.:i 2 ~~n'Uail'Vl'U'U~1btl~e:im~n'1tbU'U 
-se:iv b~'U1111~f1111~m1"lle:i.:ib tl~e:intl-stmru 3 b~'U-se:iv ba'U'U'Ubtl~e:in 1 vrqjbb~t b tl~e:im~n m'1vl11 t1i11n~e:i.:i bD'U 

-se:imatJ1111~ 1 tJ ~1EJ L 'Ui11u1.:iw'Ut5'1.:i bbl1'1t ~1'U n-st'U1'Um-si~"ll11 (Polishina) bb~1ei'.:im'1ii-se:imatJ1'11.:ie:i~u'U • ~ v 

i11a1-s (Milled rice) b~vn11 a1bbvr-sni11 

"ll'U '1t~'U'U'Ub tl~e:in 1 vrqj bb~tb tl~e:im~m utJG'i1'U1 vrqj m'1iiu1.:iw'U~m~ii"ll'Ubb~b tltJG'i1tJi!e:iv 

"ll'Utl~e:i '11'U"lle:JW~m~~1'Ue:in (Epidermal cell) ~b'1~qin~1mtl'U"ll'U b~e:ivl1vri!1~~~m-s-stbVIEJ"lle:i.:itl1 -Ue:i.:in'U 

a'U111-s1v~m~~~'11nam1tfl1EJ'Ue:im~~~ bb~tb ~e:im-smt'11v~'Ut51111~5-s-s~"!l1~ t~v·tbv 1-H'b~~~~~1 tln'Ufl'U • 
a1111 vr~e:i~.:i"lle:i.:i~1.:i1 ~ffie:imaa~~ab~~~ '1'Uvl11t1b~~~vr~~~~1tl~1v 

vr1.:i b tl'UG'i1'Utl~1v"lle:i.:i btl~e:in 1 vrqj~m1e:ie:inm bn'U~1bb wt.i.:ive:i~~e:in (Apiculus) L 'U'U1.:JW'U~ 
m'1~'U vr~e:im1 vr~e:il~ii vl1vri!1m'Um-smt'11v~'U~ f11~1v"ll'U 

.ff 1b~~~ b tl'Utl1'U~'U e:l~'StV111.:in~'U'Se:l.:Jb~~~n'Ub tl~e:in 1 V!f1 i bb~teJ.:J~~e:i~ nrn~~~i11 b tl~e:in v "!: v 

n~u-se:i.:ib~~~ btl'Un~rn~n 2 n~u e:i~111-s.:ii1~n'U1~a~"lle:i.:ib~~~ v • 

;J11naeN'Vl~m;iil~a tl-stne:iu~1m~e:i'1~~rn b~e:i'1~b~~~ il1b811~~a (Nucellus) b~e:ii'Ubbe:J~1 h'U 

) ., Jt "' (Aleurone layer fl~flt bb~tb'Um~~~ 

b~e:i'1~i:..i~ btl'UbUm~e:ii'U'Ue:Jn iifl11~vr'U1tl-stmru 10 l~fl'Se:J'U i.1e:i'1~i:..i~e:itjmv1'U ii~n'tirut 
btl'Ub811~~~iii:..ii!.:ib811~~ba'U1v 6 i'U iia1-savr~e:i-s.:if111'111'1tl'Ue:i~ vl1tt1i11mie:i.:iiia~1.:isi b"!i'U J11111~eie:i'U-bbn • v I 

tl11111~bb~.:i '311111~~1.:i vr~e:itl11111~'1'Ubne:iu~1 'Ue:Jn'11nil ei'.:iiiLtJ-s~'U bHih811~~faa bb~t b811~~1~a btl'U v v 

e:i.:if'itl-stne:iu~1~qi L'Ub~e:i'1~i:..i~tlbbu.:i~e:ivl~bD'U 3 i'U~e:i 

- be:J~f111i~ vr~e:i be:JfiL811f111i~ (Epicarp vr~e:i Exocarp) btl'U~1Vl~e:ii:..ii!.:ibtl~e:in~e:itj'Ue:in~~ ii 

~n'tirutb~vu bvrilm bbatbtl'Ul!'U tl-stne:iu~1m811~ai'Ub~m 

- b~L811fl1i~ vr~e:i 1H~m~H~ (Mesocarp vr~e:i Hypoderm) btl'Ut:-1i!.:ii:..i~i'Un~1.:i 

- be:J'UL~f111i~ (Endocarp) bU'Ub~e:ii'UL'U 

b~e:i-H'~b~~~ e:i~'1~'11m~e:it1~i:..1~bi1~1 tl-stne:iu~1m811~a 2 itJ-stlm1 b~v.:i1111~"ll11.:i bb~tii 
1 \I II \I 

i:..iu.:i'U1.:iN'U <vr'U1tl-st~1ru o.s 1~f11-se:i'U) mv 1 'Ub811~~m"lll1'Ubb~ta1-sab"!i'Ub~mnrn~e:it1~i:..1~ vl11 t1i11n~e:i.:iiia • 
il1b811~~a (Nucellus) bU'Ub811~~i'U~~~nrn~e:it1'~b~~~ bb~W'Utit-Stvr11.:i il1b811~~anrn~e:it1~ • • 

b~~~l~~~bbil'U ~.:ibmn'11nn'Ul~~1v iim1~vr'U1tl-st~1ru o.a - 2.s l~fl-se:i'U 
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L~a-&'\JLLeJ~1 h'IJ (Aleurone layer) LU'\JL~a-&'IJ'1i;i'11m~ai1'1J L1J~i;i tl-s:mm.J~1m'if'1~ 1 - 7 

-&'\J LL'1 til ~ m3rut"ll a~ L~ai11J ~1'\J'VI~ ~"lla~ L1J ~ i;i'1 t'Vl'\J1 n-:11 L~a i11J L1J ~ i;i~1 'IJVf a~~~ f'l111J'Vl'\J TU '1 t LLl'l n ~1~ 1tJ1'111J • • 
~'IJ~-U11 L '!i'IJ -U11L1J~i;iua1J&l'IJ '1tili'IJL~mLa~1 h'IJV1'1J1n-:l1-U11L1J~i;im1 L U'IJ~'IJ L'lf'1~ LLa~1 h'IJ'1t hJ L ~a~i;i 
nu~'l'U)t L '1Jri1'1J"lleJ~L rniEJ~~1'\JVleJ~"lleJ~ L1J~i;i'1~1J1i1~'1i;iL ~eJ1J'St'V111~1 rniEJ~nu L~t1i1'1J-s1neia'IJ ~~a~l~1'\JL '\J 

• • ';j 

"lleJ~L1J~i;i ~~LLtl~~m~rut"lleJ~L'if'1~LLt1~1h'IJ LU'\J 2 ~n~rut ~a L'if'1~ri1'1J~viai11J-sarnda"llt1~L1J~i;i'1til-stl~1~ • v 

LU'\J~nu1f'!n LL'1til1'lf 1 'Vlvrn1;1J (Cytoplasm) atj'Vl'IJ1LL'll'IJ L '\JL'if'1~EY~iln~1JL tJ-s~'IJ~tJ~1~ (Protein bodies) 

n~1J1"llli'IJ (lipid bodies) LL'1t'11'S~'\J~L'li'IJ {i1Lf'l~EJ'1 (Nucleus)11JLf'l'StJeJ~ (Microbodies) 11JL'Vlf'leJ'\JLi;i~EJ 

(Mitochomdria) Lt1'1Jli;ivrn1'1i1n L'S~~1~1J (Endoplasmic reticulum) L1aL~'1 (Vesicles ) LL'1t ~'11'1~i;i 

(Plastids) L U'\J~'\J ri1'1JL'if'1~ LLt1~1 h'IJ~viai11J~~.flt'1ttJ1~ il1'lf-L 'Vl~'11'1;1JiJaEJ -stl~1~m1 il n~1J1 "llli'IJLL'1t • v • 

n~1J 1 tl-s~'IJ'!JaEJ ilnaL~'11J1n LU'\J~'IJ ri1'1Je.J'11Je.Jt!~L'if'1~'1tffi tl-s~'IJ LHi1L'lf'1'1 L'1'1 LL'1tL'if'1'1 L'1'1tJ-stne:iua~ 
411 \I \I \I 

~~.flt'Vl~m ~a;i11'1 '1teJ~L '\J Lf'l'\JL1J~i;i~1'\J'\Jt1m tl~an 1 Vlql ri1'1JVf t1~"lleJ~L1J~i;iilri1'1Jtl-stne:irn U'\J 

-s1neia'IJ (Radical) ~'\JeJeJ'\J (Plumule) L~t1i1'1J-s1neia'IJ (Coleorhiza) L~ai11J~'\JeJeJ'\J (Coleoptiles) vlatlTvla • • 
eJ1'Vl1'S (Epiblast) LL'1tL rniEJ~ (Scutellum) ~~ L U'\JL rniEJ~ L~EJ1 ~~.flt L tl'IJLL 'Vl~~'1t'11JeJ1'Vl1-Sa1V11'um-s 
L'1~'lJL~tJ L\Jl"lleJ~~'\JeleJ'\J ~~~i;i1J~1EJ 1U'S~'\JLL'1t1 "llli'IJ 

.r "' .. .r ., .. .,I ., "' ., .1 .1 '"' ' l;' QI "' L '\JeJL1J'1i;i 'Vl'SeJL '\JeJ"ll11 1J1J1 n'Vl'1i;i b '\JL1J'1i;i"lJ11 ( u'St1J1W 80 L ueJ'S L'if'\J\Jl"lleJ~'\J1'Vl'\JnL1J'1 i;i • 
~~V11Ji;i) LLtl~LU'\J 2 ri1'1J ~ari1'1J-&'IJitJLLt1~1h'IJ (Subaleurone layer) LU'\JL'if'1~ 2 -&'\J atj'1i;i'11ni'\JLLt1~1h'IJ 
LL'1tri1'1J~ L U'\J'11Pni"!!L '\JL da"lla~ L1J~i;i (Starchy endosperm) L '\Ji'IJ-a'U LLeJ~1 L 'S'\J'1til n~1J 1 tJ-s~'IJeJtj.fl1EJL '\J 3 

~n~rut ~a ~n~rutn'11JLV1ql("ll'IJ1i;i 1-211Jf'l-sa'IJ) n'11JL~n ("ll'IJ1i;i o.5 - o.7511Jf'l-Sa'IJ) LL'1tLtl'IJe.Jan~i;in'IJ 

"ll'\J1i;i 2-3.5 11Jf'l'SeJ'\J LLl'li. '1Jri1'1JL da"lla~ L1J~i;i'1til n~1J~ila~1J1nai;i LL'll'IJ-s11JL tl'IJn~1JLlli;i'11P11i"!l (Compound • v • 

0 ranules) eJ~.fl1EJL '\JL'if'1~~1L -s~1f'l1J1 (Parenchyma cells) ~ile.Jt!~L'if'1~U1~ il-stl~1~~ 'Vl~eJ~L'Vl~EJ1JLi1'1L'1 :::> \I \I \I 

Q ~ II Q ..:al I II ~ Q 
n'11~ L1J'1i;i bi;i EJi;i1'\J'\Jt1 n"l!a~ L1J '1i;i '1 t'S m11J1 n m1 i;i1'\J b '\J"lleJ~ L1J '1i;i 

il-:ifttl~:meJ\J\111-:!Lflii'llil-:l-«11 

a~f'ltJ-stne:iuV1~nV11~Lf'lil~a1~qi1 'IJL1J~i;i-U11'11-s 1~LLn LLU~LL'1t 1 tl-s~'IJ LL u~L tl'IJ f'l1i1u1mi;iil'l~il 
tl~1J1ru1J1n~~i;i L 'IJL1J~i;i-U11 it1~'1~1J1 L tl'IJ1 tJi~'IJ '1Jt1n'11nm 'IJL1J~i;i-U11EY~tlitne:iu~1EJ 1 "llli'IJ 11P11i1'1JLL'1tLL ~ 
51~~1~ ~ ~n~1EJ a~f'ltJitne:iuV11~Lf'lil"lla~-U11'11ioX11tJ 

LLU-:1 

LL -u~ L ll'\Jf'l1i1'U1mi;ii\Jl"!l{ii;i'Vl'0~ 'I.lit nau~1 EJ~ a~ L1JeJi"lla~n'1 Lf'l'1 il'Vl'l11EJ"lleJ~ LLeJ'IJ-1H 1i;i-sn'1 Lf'l'1 v v 

(Anhydroglucose Unit) L~eJ1J~an'IJ~1EJ~'\Jtitn~1f'la~n (Glucosidic Lindage) ~mfoa'IJ~1LL'VltJ~~'VI~~ 
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"111.:J ~1'lJtla1 V"ll CJ .:ia1 vw CJ~ L1rn{ih1il1vna1ri a~ij'VllJ bbCJa~1H~ (Aldehyde Group) b~ v n11V1ll~~h~.:i 
" " " 

(Reducing End Group) bLu.:itl1:mmJ~1v WCJ~Lirni"llCJ.:Jn~1ria 2 "!Jil~fiCJ WCJ~LirniL:a.:iba'lJ (m~h.11aa 

Amylose) bbfltWCJ~blrniL:a.:i~.:i (CJtb.11aLwn~'lJ Amylopectin) (CJ1CJ'lJ.!l~, 2547) 

W~.!l.!l1'lJ (nL'1bbfl'1CJ~) 

m1l.l~'lJ (n-rl.J) 

L'11 (n-rl.J) 

1 tl1~'lJ (n-rl.J) 

1"ll~'lJ (n-rl.l) 

mftu1m~1i;i (n-rl.J) 

bVCJ1Vl11 (n-rl.J) 

.al ., .... 
'V13J1: 'Vlf'f'lJV, 2553 

e:i:wtita 

350.85 

11.714 

0.41 

4.78 

0.45 

81.92 

0.73 

CJ:1l.J 1aa CJt1l.J 1aab lJ'lJWCJ~bl.JCJiL:a.:iba'lJ"llCJ.:ina 1ria tl1:mCJu~1vna 1riatl1tl.J1ru 6,ooo V1il1vl.l1 
" " 

b ~CJl.J~CJn'lJ~1Vi'lJtitbbCJ'1Yh-1,4-na 1ria~n (0-1,4-Glucosidic Linkage) (Swinkels, 1985) 1ri1.:ia~1.:J"lJCJ.:JCJt 
" 

b.J 1aa b~CJCJ~L 'lJa11ata1m1tijV1a1v~tl bb uufiCJij~m"rut b lJ'lJLnav1lJ1'lJ (Helix) bnam~ria1v~1 (Interrupted 

Helix) bb'1tlJ1'lJaa1t(Random CoiL)1ri1.:ia~1.:i"lJCJ.:JCJt 1l.J 1aa1 'lJa11ata1v~CJruV111ij~CJ.:JCJVL 'lJ~n""rut b lJ'lJLnam . " " 
~1'lJV1~mnam~ria1v~1 b~CJ~CJl.J~fot 1l.J 1aa~1va11ata1v 1CJ 1CJ~'lJlilt 1~atl1L~'lJ ~.:itiL lJ'lJ~n""rutb'lW1t~tJ.:i~ 
ii.:iLbu.:i~ijCJ.:i~tl1tnCJtJ"llCJ.:JCJt 1l.J 1aa b~CJ'Vl1t ~an 1 'lJtl1L~CJ~bbatvT1 t ~b~'lJ li!tbn~m1fi'lJ~1b lJ'lJ "llCJ.:Jbb ~.:i~'lJ v\'1 • 
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·~-

al ~ 
'Vlll1: tl~tl'U.:Jfil, 254 7 

e>::wlaLcwn~'U 

m~ 1~ 1~ LVrn~'UL U'lJ"tjtJ~ L~Eli L ;i.:iM.:i"tm.:in~ Lfil'1 a'J'U~ LU'UL~'Ul'l~.:J'tltl.:Jn~ Lfil'1L ~tl~~tl n'U~1 E.J~'Ui)~ 

LLt1~w1-1,4-n~ Lfila~n LL~~a1'U~ L ll'U M.:in1'U£11"tJ1"tJt1.:i"tj t1~ L~t1in~ Lfil'1'11E.J~'Uij~~~u'tlt1.:i"tjt1~ L~ t1i1 ~L'll-B''U v v 

(Degree of Polymerization) t1~L'U"ti1.:i 10-60 'HtJ1E.J 1~mu~E.Jt1tj~'lh~~1w 20 "Hil1m~t1~~t1n'U~1E.J~'Ui5~ 

LLt1~w1-1,6-n~ Lfila~n "Hil1E.Jn~Lfil£1~ij~'Ui5~LLt1~w1-1,6-n~ Lf"la~n ijt1~tl~~mw{t1E.J~~ 5 "tJt1.:itl~~1w"Htl1E.J 
~ ~ ~ ~ 

n~Lfil'1L'U t1~~1m"tjn~'U~.:J'H~~ (.:i1~~'U, 2545) v 
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Qf1~:<Wf o ~CH,OH o 1 ~~ o ,ff a-(H6)1inkage 
HO 911 0 I ff 0 / 

. . ~.~·.~&-
ff OH ~ 

""' ' 'M111: eJ1eJ'U.:Jl'I, 2547 

lth;l'U 

L '1.h~'Ub ll'Ua11'1.h:matJ~ii1l1mll'UB'U~'lJaa.:i1 'Ub1J~~i111 'lh~'W1 'Ub1J~~i11~teJtjb ll'Un~1J bbV11n~1 
atj1tV111.:ia.:ifii'1.htnm.J'lleJ.:Jbb tl.:i hh~'UL 'Ui11tbtneJ'lJ~1£JB'1\jii'U (Albumin) Ln'1\j~'U (Globulin) L 'Vi11.=nii'U 

(Prolamin) bb'1tn'1Vi~'U (Glutelin) i11iihb~'U n'1Vi~'Ua~i'1.ht1J1fil~eJ£J'1t 80 'lleJ.:J hh~'U~.:J'Vl1J~ 1n'1'lJU'U 
\I \I ~ \I 

'1.ht1J1fil~eJ£J'1t 10 B'1\jii'U'l.ht1J1fil~eJ£J'1t s bb'1t L 'Vi1'11ii'Whlbn'U~eJ£J'1t s (~.:i Stenvert bb'1t Kingswood 

( 1977) 'V'ltJ11 l tl1~'U~.:in~11~t b ~1ll'l111l bb ~.:ibb 1-:i 1 ~bbnb1l~~i11 1~£im1v~b V1~ma.:il'itl1tnatJm£J 1'W11 

fl11llfl1flqj'tlil.:itlfl1 

tl'11 l~mu'Vi1ttl'11tl1~~ b ll'UmV111~~1~qJ'lleJ.:Jl'l'U 1 VJ£J1J1'U1'U b ll'UmV111 l tl1~'U~ii111'11~n~ ~~ b~eJ 
bVi£J'lJn'lJmV111"il1'V'l1nb ilaa1J11~'W1 m11l~a.:im11 tl1~'Ub vlam1tJ~lnl'I av1.:i~n'Vl~n 1.n'!!'U1m1'lJa.:il'l'U1 vi£Jt!'U 

b ll'Uu qiV11~iJn L.fl'!!'U1m1~a.:ifi~anmn~1n~11~111 'Utl1iitl'111 'W'W1iii11 ~.:i b ll'U~1vi~~~~tl1nl'l'U 1 VJ£J b ll'U~ 
\I 

vi11tJn'Ubb'9111 mV111"il1'Vi1n 1 tl1~'U~.:ib tJ'UmV111m offtJ~lnl'I b -rla 1 ~~1£Jmmb ~.:i bb 1-:i b ~~'l!b~'lJ 11J1a1J\l1rut!'U"1'U 

1 I .f U ' I I .f .f U .f .f !"1 .f 1 ' !"1 ., I .. .f U ' ~ .. 
'Vlqj1J1~1nb'UeJ"1\Jl1\Jl1.:11 b'!!'U b'Uel'VllJ b'Uel11 b'UeJl'l11£J b'Uelbu~ b'UeJ n bu'U\Jl'Ubb\Jln11i:J'1\Jlb'UeJ"1\Jl1'Vi1n'U1J111'11 

bb'Vi.:J LL'1tiitln1V11L'Um1Li£J.:i~ ~a.:iiim1&NV1'U~a.:i1J1n ~.:i12.Jm~vi'11~btlaa1J11'V'l1ndiitJ~1.nl'lav1.:ib'tfo.:i'V'lmL'1tii -~ \I • \I 

111'11~n 'Vi a~~t 1 ~l'l'U~ii!1'Ut mn~'U ~.:i L ll'Ul'l'U"1'U1 V1qj'lla.:itl1t L viP1~aV111l1tJ~1.nl'l 1~av1.:ia~1 b"11la ~.:id ., ., 
II ..:ii IV ' ..:Iii I II 

L 'Vi11t \Jl'UV1'Um1 L'1 £J.:i~a \Jl1'Vi1 n'Ul'I eJ'U'll1.:ia.:i 
• \I \I 

tl'11b ll'Ua1J11tl1~iia~iav1.:i1J1n1J1£J a11J11mi£i.:i1~41£J 12.l~a.:i'1.:ivi'Ua.:i b tlatl'11ii11m'1n l'l'W~11 tl 
;; • \I \I 

a1m1'1~aV111J11J1tJ~lnl'l 1m tl1~'U'lla.:ib tlatl'11ii b vhnrn ilaa1J11~'W 1 ii~ruf'i1vi1.:imV111bb'1t1a'!!1~~l'l'U~11 tl 
£JeJ1Jfo b'Vl1J1teJV1.:J~,:j~~t°Ll11J1b ll'UeJ1'V111tl1tb.flVI 1 tl1~'U L 'U"1.fl1'Vil'l111J bll'UeJV bb'1t~1'Ut'lleJ.:Jl'l'U1 Vl£J tl'11b ll'U 

\I ... 

a1J11~bi£i.:i41£J 'llm£J~'Wifl~~ 12.l~a.:im1'1.:ivi'Ua.:i tofftJ~lnl'l1~vin~1'Ut am'W.niitl1tbV1fll'lla.:i1 vi£J bV11l1tav1.:i~.:i 
• \I • "" \I 
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~e.im1L~v.:n_Jm L11iiLLV1~.:nl1e.i~LthJ'11'U1'Ui.nn ii~.:iLLV1~·:nl151111"l!1~ ~1filae.i.:i 'Vl'Ue.J.:J ti.:iLLmrn.V1~.:iJ1~11'U~6 
\J • 

ai1.:i;1'U L"li'U L~e.J'ULLata1.:iLnuJ1 1111ii.:ivf'U~~11~a11111'1"!l~tlm~v.:iuml~e.i~1.:i111n111v ('Un11a, 2550) • • ·1 

lfll~.:ifli1.:i'tlei.:itlil1 

L~t1~111'lJLL~1 L11a11111mLtJ.:i~1.:imt1"!Je.J.:J'lJa1e.ie.imU'U 3 a1'U fle.J a1'U\11 a1'U~1~1 LL'1t'11'U'Vl1'1 

LL~ata1'U'1tLU'U~i.:i"lle.J'lfflv1t~1'1 1 ~.:iU fle.J 

fl1\lcK1 L ll'Ua'J'UV1t!1a~"!Je.J.:J~1.:i mvua1 vf 'U~ri1'U\11'1t L~1Ji!'U'11n'lJa1va~"!Je.J.:J'lJ1n1 'lJ'1'U5.:J"!Je.J'U • • 
a~V11v"lle.i.:i LLe.i'UtJ ~ L 'Vl~e.i n L 'U'lJa1n1t ~mL ~.:i V1~e.J'1'Uii.:i"!Je.iua~V11v"!le.i.:i"lie.i.:i L tJ~L V1~e.in"lie.i.:ia~V11v L 'U'lJa1mt~n 

1 \I 1 • "U 

ele.J'U ri1'U\11LU'U~i.:i"!Je.J.:Je.J1t1'11~qj 1 L"li'U \J11 U1n '1~n a1Je.J'I fl'U i~utl1 'Vl'U1~ vJe.J'Vl1.:JL~'Ue.J1'Vl11 e.i1't11tfo 

a11~afo131~ LLflt Ln~~ L U'U~'U 'U1'1~111e.J1'1'1tn~111111'11'U\11 L tl'Ua1'U~ L U'U~i.:i"!Je.J.:Je.J1t11tfo1'11111f~mne.iu 
'Vln-u~ • 

fl1t1ihi1 e.itj5~'11 nri1'U\11 vf 'U~"lle.J.:Jri1'U~1~1iJ'U'11 mLeJ'UtJ~ L 'Vl~e.J n 1'lJ'1'U5.:J'U~L1WLa'Ui.:Ju1n'11ni 
tl'U ri1'UUL U'U~ i.:i"lle.J'lfil ~'ULfle.J'U'Vlnfil~'U vm 1'Uf'l~'U'Vl1'1 LL'1tfil~'U n'U 'Ue.J n'11ndri1'U~1~1 L U'U~ i.:i"!Je.J'I Ln~ ~ ~e.J1J • 
Liie.in LLate.i1'mtmt11'Uan~1v 

fl1\l\'11oll vr'U~a1'UUi!u'11n1n'U 1 u'1'Ua~'lJ'11£J'Vl1'1 L tl'U~i'l"lle.J'lfil~'Un'ULL'1t fil~'U'Vl1'1 L~ e.J~'111W1 
\J • 

~n~wtmt1'Ue.Jn"!Je.i.:iua11.1.~1wu11'1tiiri1'U'lJ1tne.iu~fil~1vf'l~.:in'U1ll11'1tLtl'Uua1mt~nae.i'UV1~e.imt~nLL~.:i 
\J \J 

;.:i~n~wtm tl'Ue.Jn"!J e.J'IU'11 '1 t L U'U ~"l!il'l. 'Un11'Ue.J nii.:i~ n~wtil av m1n'Ue.J1'Vl11 LL'1t~'U~ e.itjm~ ti 1~~w e.J a11 fil11 

ft'n'l!fw::111f!t1iln'tlei.:itlil1 

tl1n L tl'Ue.i1mt L 'Um1~ue.i1V111 ~n~Wt"!Je.i.:iu1nua1;1'Ue.i ~numV111~n'ULLat~n~wtila'vm1n'U 
\J 

mV111L tl'U'11~qi ~.:iii~avh 1~ua11.1.~"lfil~iiiu'Vl1.:i~1 LL V1t.i.:i~i.:i"lle.i.:iu1n~LL~in~1.:in'U L "!i'U ua1~iiilavm1n'U 

e.J1'V111\J111lvf 'U~'U L~tl1 'lJ1nii~1LL 'VltJ'le.J~'Vl1'1~1'U~1'1"lle.J'lri1'U\11 (Inferior month) U'11~n'Ue.J1'Vl11'U~L 1W~1tl1 
\J 

u1nii~1 LL V1t.i.:ie.itjV11.:i~1'UU'U"!Je.i.:ia1'U\11 (Superior mouth) '11V1foua1~V11n'Uu~ L 1wna1.:itl1ii~1 LL 'VltJ.:J"lle.J.:i 

'lJ1n'Vl1'1~1'UV1i.!1 (Terminal mouth) 

fl1 t~vun~1111ua1'1ti.:ie.i~u~nw'11'U\11 '11V1fo"lJ'U1~"!le.i.:i1111ua1'1tLL111n~1.:in'U111111"l!il~"lle.i.:iua1 LL~ 
\J 

'11'1.11V1qjmua1'1tna111111 vm 1'Uua1~m~vu~L 1wtl1~n 'Vl~e.iu~L 1wmlliiLLa.:ia11.:i 1111'lJm'1tii"ll'U1~L~n 'Vl~e.i 
u1.:i"lfil~m'1lliii1111Lavti1~ 1111ua1a11111'1fomwa1~ t~v'1tL~'UaLL~.:iLLataL'Vl~e.i.:i1~<H'~L'1'U~a~ LL~'1tLLvna • 
L~m atl1L~'U l.l.'1tai;1°1e.ie.Jn'11nn'Ul~t11n (amw1, 2542) • 
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;iim 'lJ~n hl1~ih1~n Hb vlaV11EJh bb~'1tih1~m vlanTs~~n~'lJ b ~a.:i'11n 1'lJ1 w-s.:i'1~f1'1tij b"''lJ'lJ·rnaTv1 
" \I \I \I 

fon~'lJ vi'11°lX'lJma1~1-s£ifon~'lJ1~~ 1~muw1t'lJa1ua1~a1~1-s£i~un~'lJ1mna 'l V1a1EJii1m~\Jl'S 
fl';t1iln'M';ilfll';t1'M 'lJa1ijf'l~uanbvlam-s--J1ml1bbatV1EJ~bvlaiJ.:i~u~131vrnm-s--J1mi'1 "ll'lJ1~bbat-s'lJ~1.:i v • v 

"llB.:Jf'l~'U'1t bb\Jln~1.:in'lJ~'lJatjnu"!!il~"lla.:i'lJm b "!i'lJ 'lJa1'lJn mt'1Bmbat'lJa1'lJn~n'1tijf'l~uan~"ll mEJ1 Vlqjb vi a 
"1l1EJ1'lJn1-s~a'lJ1'lJ1'lJa1n1!311~i1f'l-s11 

flW'Mil.:i -:5'~bll'lJf'l~'Ub~EJ1 ~~.:iatju~rnuri1'lJV1~.:J"lla.:i~1~1 'lJn~'lJa1'1tijf'l~'UV1~.:i 1 eJ'lJ bb~ij'lJa1u1.:i 
"llil~ b "!i'lJ 'lJa11 'lJ\Jl'St~a'lJa1V1~.:i C Catfish) '1tijf'l~'UVl~.:i 2 a'lJV1i!1~~a1~qi"lla.:if'l~'UV1~.:i fia "1l1EJ1 'lJm-s11mi'1 

'lJa1u 1.:i"!!il~f'l ~'UVl~.:i b 'lJ ~EJ'lJbb 'lJa.:i 1 'lJ biJ'lJf'l~u1 "ll~'lJ ( n ~~'lJa1~ n) b 'lJ ~ EJ'lJ b tl'lJf'l ~u ~ aEJ ( n~~'lJ aTv1) Vl~a 
• • • \I 

b'lJ~EJ'lJbb 'lJa.:i1 'lJ btl'lJbb Via~ C'lJmmtb 'U'lJ) Ha1V1~uua.:in'lJ~1 Vl~m'lJ~EJ'lJbb'lJa.:i1 'lJ btl'lJB'JEJ1t~~bf11t C'lJa1 b V1~1 
ua1~) Vl~m'lJ~EJ'lJbb'lJa.:i1 'lJbtl'lJa1EJ1ta~1.:ibba.:i C'lJa1V1tba~n) V1~m'lJ~EJ'lJbU'lJa1EJm1 ('lJa1V1-s1mb~.:i 'lJa1 

1u~.:i1~ V1~a'lJa1mt~) b U'lJ~'lJ 'lJBn'11nUij'lJa1u1.:i"!!il~ b"ll'lJ 'lJa11 V1a 'lJa1~~ bbat'lJa1~'lJV1~1 f'l~'UV1~.:im1b'li1 
1ub~a~~~nuf'l~'UV11.:i 

fl;tJ~il.:i btl'lJf'l~uf'l vi'1V1iJ1m 'lJm-sV1-s.:i~1brnt"!l1EJ1 'lJm-s11EJtl11 'lJ'lJa1u1.:i"llil~ b "!i'lJ 'lJa1tJ ~'~ '1tij v v v 

f'l~uVf a.:i~ b 'lJ~EJ'lJbb 'lJa.:i 1 'lJ b tl'Uv1aa1V1~uri.:itl1b ~a (Priapium) b vla"!l1EJ 1 'lJm-sri.:iJ1b~m-ff1tj~1 bij EJ bbatvi'1V1iJ1~ 
1 'lJm-s'liud1EJtlaa11t ~1bb V1i..l.:i~~.:i"11a.:if'l~uVf a.:i'1tb tl'lJ~1uan5.:i11\J!.J'lJ1 m-s"11a.:i'lJa11~an~1EJ b "!i'lJ 'lJa1~ijf'l~'U 
Vf a.:i 1n~nu-sn'lJ -:5'~11b tl'lJ'lJa1~f'la'lJoff 1.:i'1t 1 u-s1ru ri1'lJ'lJa1~ijf'l~uVf a.:ia~u~ b 1ruanV1~a 1~f'l~uan-:5'~11 b tl'lJ'lJa1 v v 

.ff 'lJa.:i a1V1~u'lJ a1~ijf'l ~uVI a.:ia ~u~ b 1ru 1~m.:i-:5'~11 b tl'lJ'lJ m~m1\J!.J'lJ1 m-s~ a.:i~ a~ 
\I \I \I , 

fl';t1n'U b tl'lJf'l~ub~ma~~~nu-sn'lJ vi'1V1iJ1~"ll1EJ1 'lJm-s11EJtl1 'lJa1u1.:i"llil~ b"!l'lJ 'lJa1V11.:i~1rnbat v v 

'lJa1ii'lJ~.:i ~1~'1tijm-sb 'lJ~ EJ'lJbb 'lJa.:i"lla.:if'l~un'lJ 1 u b tl'lJv1aa1V1~uri.:iJ1 b ~a 

(Gonopodium Vl~a Intermittent) L~EJ'lJn~bb~1'lJa1ijf'l~'Un'lJbViEJ.:ia'lJb~El1 EJm1'lJ'lJa1u1.:iil~ b"!l'lJ 'lJa1~1bbn1 

ijf'l~un'lJ 2 a'lJ 'lJBn'11nUV'.:iij'lJa1~hJijf'l~un'lJ b"!l'lJ 'lJa1mtb'U'lJ bll'lJ~'lJ 
fl';t1'M1.:i b tl'lJf'l~'Ub~EJ1~ij"ll'lJ1~ 1 Vlqj ~'lJ~1.:i'1t bb\Jl n~1.:in'lJ\Jl1~"!!il~"lla.:i'lJmV1i!1~V1~n"11a.:if'l~'UV11.:ifia 

"ll1EJiJ.:i~u~l31'Vl1.:i 1 'lJm-sbf'l~a'lJ~ 

fll';t1lt1ij''U b U'lJf'l~'U b~EJ1~ij n1'lJf'l~'U ~1 bb Vli..l.:J~W'U~.:JB~Vl~.:Jf'l~'UVl~.:J b 'lJUa1'U1.:J"llil~ L~EJ btlW1t'lJa1 v 

1'lJn~~'lJmn~ 'lJmbb"llEJ.:i • 
fl';t1e.Jm1 ij' nwua~ b tl'lJfOl n'St'11 EJ€l~'Vl1.:J~1'lJVl1 EJ"lltl.:Jf'l~'UVl~.:J bbatf'l~'U n'lJij~ n~rut b tl'lJb"''lJ 'l ijfi1'lJ v v v 

f'l~'UeJB'lJ~1n~1EJ ~u1'lJn~~ 'lJa1V1 'lJa1~'lJ'Vl~V 'lJa11a bbat'lJa1~n'lJ bU'lJ~'lJ • v • 

111EJ1'lJb"''lJoff1.:i~1~1'1tijri1'lJ"llB.:J'St'U'U~'Uf'111~i~n b vlauan 1 °lX'lJa1V1-s1uii.:ia111w bb 1~~a~~atj-sau~1 b "li'lJ 

aruV111i1tl1 m1~~'lJ 'Li-st LEJ"lltl"11a.:iba'lJoff1.:i~1~1 fia"!l1EJ1 'lJm-sV11mV11-s V11f'l Vl~m~a'lJ.ti'EJ 1 °lXbbn'lJm • v v 
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Lnafl\Ja1 tl'11t11-!!"11il~iiLn~~ LL~iit11-!!"11il~ 1iJiiLn~~ (n~~tl'11 Catfish) Ln~~tl'11V11-!!thvtl tJm1 • 
ua-!ln'LJeY'LJ\Jl11EJ1i1'nt1~1t1"1 ('l.l'J~"' 2550) 

~3.11 : tJ1:;VitJ, 2556 

tlfl1iffl1fl 

zja1VIEJ : '1'11~ u'11~ \JleJ-!I '\111-!ILL"fj'LJ 11-!leleJ'LJ zjaa1ircy : GREY FEATHER BACK 

zja1VIEl1flf1'11Jli : Notopterus notopterus ~'LJm~EJ'rjtJ\Jl1~LLiJtl1 ri11°1'1eN 'Vl'LJeJ-!IU-!ILL'1:;eJ1-!IL~tJtl1vi'1tJ1:;LV1iat 
~LU'LJLL'Vl~-!!tl1U-!!LL'1:;a:;m~ irnatj11~ntJLU'LJ~-!IL'Vlqj 'l iizjm~EJmL1J1n~1-!lntJ1tlm~~a-!l~'LJ~yjtJ L'litJ ml°lL'Vlila 

L~Eln "'\111-!!LL"fj'LJ" LL~"1111LLiJHeJ-!1'1eJ'LJL~ElffJ1 "tl'1111-!!" fl11°la'11'LJiizjffl1 "tl'11\Jlel-!!" 

an~::~1l\J 

L U'LJtl'11tl1~~zj-!!ii~tJ~1-!IL 'VliiatJtl'11n11EJ LL~ii'!l'LJ1~L~nn-)1 ~n~ru:; LL1J1n~1-!I~ L~'l.li~ ~a tl'11'1'11~ 1iJ 

ii~~a~h L 'Vlilal°l~tJ ntJL V1iiatJa~1-!!tl'11m1EJ tl'11a'11~iiri1~1 L utJa<tn1 L~tJtlm V11 tJ1nn1'1-!! 1iJ LntJ'!JeJtJ'Vl~-!l'!.la-!I 

~n\J11 l°l~tl'\11~-!I LL'1:;f01~tJanii'!J'LJ1~ 1n~L~EJ-!I n'LJ l°l~tJ~eJ-!!ii'!J'LJ1~L~n~1n l°l~tl rl'LJLL'1:;f01~tl'\111-!I L zjel~~~n'LJL U'LJLL~'LJ 

L~mntJ 1~EJvi'11tlii'!JtJ1~1°111~m1 15 - 20 L'1l'LJ~L~1J11 tl'11a"1~LutJtlm~iil°l11~ri1A'cyV11-!!Lm~1n~"11il~'Vl~-!I 
LL'1:;ilEJ~tl1L ila 1 tlv11V1a~ir'LJLL Vl'LJL ilatl'11n11EJzj-!!ii111°11 LL yj-!Jn11 tJan~1ndei'-!! LL tl1~tl L utJmV111~tJ 'l 1~an L -dtJ 

'1nitJatJ'LJn '\ll~eJ1~1°11'LJ LU'LJ~'LJ (tl1:;VitJ, 2556) €11'\1111\J11~tl11~"111~1~LLn '1nn-!I '1ntlm a1J11tl1'!J'LJ1~L~n 
\I \I • \I 
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Yu1~m';iiJ, i:Jtlilaa 
~mv ~'W(;ln1'1~1v 6lleiueitj·rn.1n'WLU'W~.:iL~n 'l LL"::vi"u~n(;l11J(;)CJ1~vi~ei'!leini1'W 1lJ"llei'ULL&'l.:i&'l11.:i 

1.11 n ei einvi1n'W t 'W L '.m1 n"1.:i~'W li;iv6lleiu~i;i~'U1.11Huei1mflfvh L~v.:i~~'.htl1 LL"::~1'W~1 n"'u t ~L-H'W~1'Wi1.:i"1.111 • • 
R~1V~L~'W 

n-a:;~ntlft1~.:i 

tl"1u'W (Fish Protein Concentrate: FPC) vi1.11v~.:i ~~(J)Ji'ruttim~"il1nm';i';itLV1ml1li;ivm';iU'Utl1 
eieinvi~eieiu~1vR111.1~eJ'W';i11J~.:Jn1';i(;l1nLL~.:i LL"::iim';i&'lni;i1"1.12J'Ueiein"i11n-t.J"1 u1.:iRf.:iL~vn11 Fish flour ii 2 

'\.J';itLfl'Vl 1~LLn FPC Type A ~Cl iin1';i&'lni;i1"1.12J'WeJCJn"iJ'ULVl~eJ1lJLn'U~eJV":: 0.3 LL":: FPC Type B ~Cl tl"1U'W~ 

~~(;lei~1.:i'1n&'l"1J"'n~ru::~1vi~rn U'WmV11';i1J'W~6 (m1.1tl';i::1.1.:i, 2541) " . . 
m11'\.J';i::11.:i (2541) ii n1';iPin~1n1';i t itl';i:: 1v6llu"i!1ntl"1~ii~1'W1'U111mL"::ii';i1R1'1n 1i;ivm';i~\J!.J'W1 

" 
LU'Wtl"1~.:ivi~eitl"1u'W1i;ivtitl"1vimv'"]6lli'.li;i L"li'W tJ"1tl'W"i11ntl"1vi"'.:iL~v1 tJ"1tl'W"i11ntJ"1tl1nR11 tl"1u'U"il1n 

n';i::i;intJ"1~i;i L ~ei"!.lei.:i L ';i.:i.:i1'W"lf~il ~.:i~1'Wtl';i::neiu'V11.:i LRii"il::LL(;ln~1.:in'W1 '\.J(;l11J';itl LL uu"1Jei.:i6lli'.li;i1'(;)'1~u m';i 
~ ~ ~ 1 

L(;l~f.11J1(;l~~'U ~tl mclm m 'Wn1';i';it L VIVtl1"i!1n~1tl"1 LL"::15m';iU'W ~.:iiif'i1~1'Wtl';i::neiu'V11.:!LRii"!Jei.:itl"1U'W 
li;ivtJ"1tl'W"i!1nm::i;in~i;iL ~ei"!.lei.:i L ';i.:J.:J1'W'!l~il iiRru"'n~ru::'V11.:iLRii ~.:iil " " . 

.8 
R111J6ll'W 

LLRm~f.111 

a1utl';i::nt11.J 

50-55 

3.5-7 

34-43 

1-2 

'\.J';i::111ru 14,500 il"~n~1.1L'W 100 n~11 
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l\J'a;)'U 

1 tl-s~'U 1 tl-s~'U~m 'Umt~ntla1i:.i.:i'11lJ1-smLtl.:iLll'Ui'U"1Ja.:i 1tl-s~'U1~~.:id1 tl-s~'Ui'U~ (Complete 

Protein) vr~a 1 tl-s~'U'1lJ'Uicl~ijl"lrum'Vl'1.!lL 'Um-s'1ialJ LL'lllJ LLat'1~1.!lL -d'a L~a L~a.:i"il1nijm~rnti11 'U~~1L ll'ULLri v • v 

~1.!ln1E.lVJ n"!lil~ LLatij~~'11'U~'Vlm V1lJ1tti''U~~1.:in1E.J"ilttl11 tl1 -tl'tl-st LE.J"ll'U1~ L~lJ~ 1 tl-s~'Utl-st L.nviifij atj1 'U 

el1Vl1itlitL.f)Vl tla1 L-d'a 'UlJ 1~ 51LV1~el.!l Lll'U~'U Ltli~'Ui'Una1.:i (Partially complete protein) m~"il1n'rl"!l 
L'li'U ~n LLatVl"!l1J1itQa51~1.:i'l (E.Jm1'U51Lvr~a.:i) ;.:i"ilt'!l1E.J1 'U~1'\Jn1-SL"il~t1JL~'U LIJlLLat'lialJ LL'lllJ611'U~~nvr-sa"1Ja.:i 

~1.!ln1E.J1~LLIJ11lJLv:iE.J.:i'Vla L~'1.!l"il1n'!J1~n-s~ati11'U'U1.!l"llil~ 1tl-s~'Ui'U~1 (Totally incomplete protein) 1lJ 

'11lJ1i'1'1i1E.J L 'U~1'Un1-SL"il~t1JL~'U LIJl 1~ 1lJ'11lJ1i'1'1ialJ LL'lllJ LLat'1~1.:i L -d'm~a 1~ ~~ L ll'U 1tl-s~'U1lJ'1lJ\!"SN L 'Umvr1-s 

L'li'W L"ila1~'U '1n~"il1m~'W"1Ja.:i~1J11 vr~m'lla'U~Lll'Wltl-s~'U"il1niti111'Vl~ Lll'U~'U (L'111ile1, 2535) 

... 
LLfUU 1121'13' 

LLl"laL~E.JlJ L ll'ULL ~i511J1~'Vl'UlJ1n L 'U~1.:imE.J LLl"laL~E.JlJtl-stmru~aE.Jat 99 L 'U~1.!ln1E.J"ilta~i~mt~mLat • \j v 

W'UL 'Uitl'!Ja.:iLLl"la L~E.JlJ'WaG'IL 'W 1J1 ~ L vr~a"ilta~L 'UL-d'm~a LLat'!Ja.:i L vra1"1Ja.:i~1.:i mE.J ~m'Ul"llJn1-SLi:.i1i:.ia1£ll 
" " • liillj 

LLl"laL~E.JlJL'UL~a~~nm'U~lJL~E.J 'Vl1i1GE.JielE.J~@rnfi:lJ'U (Parathyroid hormone) ~~'11'\J'!JB.!lLLl"laL~E.JlJ~a 

'Wa'1'Wa1''11 'Wmt~nRa 2: 1 LLl"laL~E.JlJ Lll'ULL ~i511Jl~ij!"l11lJa1~tyL'Vli1tLtl'U611'Utl-stna'U"1Ja.:imt~n ~1L ll'W1 'Um-s 

'1~1.:imt~n 1 'W1m~n 1E.J~'U LLat1E.JvrtllJ'111 '!l1E.J-Smm-d'amt~n L 'U1'E.Jv11.:i1'U -s1lJ~.:ia~n1i'1fl IL~m -d'amt~n 
\J • • " ,.·~ '\J 

L~amE.JlJ1n~'U 1 'W1E.J L~na1J1-s1m-s~~i!ilJ LLl"la L~E.JlJ L ~atl11 tl'1~1.:imt~ n"ilt'1.!lffJ1eJ1J1-S1m-s~~i!ilJ LLl"la L~E.JlJ"il1n 
• \I 'U \I \I 

mt~mi1'1mtLL'1L~el~ LLIJlL'U1E.J'1.!lel1E.J"iltijm-s~~;glJ'!J'1.!lLLl"laL~E.JlJ"il1nmt~mi1'1mtLL'1L~B~lJ1nn11 v\'11~ 
\I \I \I , " \I " 



'V11'rn 

" L~n 

., I 

1E.J1'U • 
t!l "v1qj 

.. ¥ "" ., 
°v1ty.:l~.:IR11.f1 

"v1qj.:i1~'U~lJ~~ 

vl111: ne:i.:i 1.n"!l'U1m~, 2546 

6-11 L~el'U 

1-3 u 

9-18 u 

19-50 u 

51-~11u 

s:18u 

19-50 u 

s:18u 

19-50 u 

270 

500 

1000 

800 

1000 

1000 

800 

1000 

800 

29 

'11 m..1~~1NLLRa L~E.J~~ LL 'U:::°Ll1~e:ii'U ~u~1.nReJ1'1'1::: 1~-ru 1lJ L v; E.J.:l'l"i el°v1~el 1~fo LLRa L~E.J~~i!e:iE.J ffl1~ 

n1°v1'U~ L~e:i.:i'11n-rut.11:::'V11'Umm11~E.JiJ1~fl'1il.:iii.:iLLRaL~E.J~ zj.:im11~-rrnLRaL~E.J~1'Ua::: 1200 iJa~n-r~~e:ii'U 

m'1Lll'U 1 tJ1~mn ~.:1R11La~~'11ni:.J~~.nru'fim~'11nm~LL tJ11tJ 1~E.J 1.ff n1:::~ntJa1'11n 11.:i.:i1'U'IJ~iJoJ1~1Lll'UtJa1 
'U 'U 'U 

i:.J.:i ~.:im11.fftJa1i:.J.:1Lll'U"'1'UtJ1:::ne:iu1'Umm~LfjE.J.:i1'Ua::: 2.5 n-r~ (2 effe:i'U"!11) '1:::1~LLRaL~E.J~L'UtJ~~1ru 362 

iJa~n-r~ (n1~tJ1:::~.:i. 2541) 

16n1nii1n~~~nua1~~ 

n1~tJ1:::~.:i 1~oJ1Le:i1m:::~ntJa1'11n11.:i.:i1'U'IJ~iJ~1'Vl~ae:i.:ii:..i~~ L ll'UtJa1i:..i.:i 1~dfou 2520 ii'1~tJ1:::a.:if'i 
'U 'U • 

fle:i LLnUty°v11n11"!J1~LLRaL~E.J~L 'UL~n (Sada, 1984) L~el.:1'11ni:.J~~.nru'fitJmtl'Uffi tJ~~'U V'i~.:l.:11'U 1e:i 1e:i~'U 

LLRaL~E.J~ LL a::: 1 "!JlJ'Uzj.:I L ll'U&'111el1°v111~'11flqi~e:im1L'1~qjL~'U 1~LLa:::'lle:i~ Ll.'IJ~"'1'U~~n°v11el zj.:1Uty°v11L 'Un1~vl1 

tJa1tl'U'11nm:::~ntJa1f!e:i 1lJa1~11'1vi'1tJa1tl'U'11ntJa1~ii"ll'U1~1"v1qj°v1~e:iLL~.:i1~ 1~E.J.:11'U1~E.J"!le:i.:iLe:ineffE.J (2543) 

n~11ii.:i15m1v111~n1:::~ntJa1ti~ 315~.:id 
'U 

m1~~~1ml1 Lshikawa et. al. (1987) 1~Pin~1i:..iam~~~m:::~ntJa1LL~RLRm1a1'Utl1ie:i'U~ii~e:i 
'U 

m1eie:i'U~1LLa:::n1~a:::a1E.J"1Je:i.:ia11~'U'Vl~~ 1~E.J°Ll11E.J1.:if'i"'1'Uu'U"1Je:i.:im:::~ntJa1~~~1E.Jtl1n~'UL'U°v1ae:i~'Vl~ae:i.:i~ 
'U 
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mu.nij 80-140 a-:if'l1L'll"L~E.Ja wt111Ldamu.nija-:i~'Uiii:rnt\1n1t~m.J"1t1a'U~'lb~l.l~'U LL~iii:rnvh1\1t1~111w • \I • \I \I \I 

1 U1~'U h12!'U bb"tn~'U"!JB-:IU"1"~"-:I 

m11\1f'l1111~a'U~1E.J1aJ1 ~-:im~ 1~mJnm 'Um1i:.Ja1J1mt~mY1J11u'Uif 'U:ut:W m11 matl1mE.J L~f'l1111~'U 
L~a1\1n1t~mn~m1Ltl11tLL1J1nv111\1~1E.J~am1t1~LU'Ui:.J-:1 ~-:ii!'U Lshikawa et. al. (1990) ~-:i1~Pin~1m1 
L u~E.J'ULL tl"-:im111 LL ~-:i"!Ja-:i mt~ nt1"1 LL"t i:.Ja\Jl i:.J ""ll a-:i L -d'au"1~~1'U 1atl1~a'U~-:i E.J1~~m111~'U~ 1-:i ~ 1~ E.J ~ia ~ 1-:i 

Lll'U~'Utl"1LLl.lf'lLf'lm1"~:Wmt~na~1J11-:in"1-:i"!J'U1~ 40x7x7 ij"aL111J11 ~1'U1aJ1~a'U~-:im~aw.nij 120 a-:if'l1 
\I \I • \I 

L'll"L~E.Ja f'l'l1l.J~'U 1.2 1.6 bL"t 1.9 Ua'Ui;l LL"taw.nij 130 B-:lf'l1L'llm~E.Ja f'l'l1l.J~'U 1.6 2.0 LL"t 2. 7 tla'Ui;l 
• 'U 

wt1111atl1iii:.J"v111\1tl1vi-J'n1~E.J1111"!Ja-:ii:.Ja1J1i:.J" 1 'U~'U~1a~1-:i L ~11~'U LL"tiif'l1111~'UL ~11a-:i~'U:ut:Wi:.J"~aa1J111 
'U 

' 
n11U11"!Ja-:1~1a~1-:i~1E.J 

m11in1~ Lshikawa et. al. (1989) 1~v11m1Pin~1i:.J""!Ja-:im~at~~n~:W~am1U11LL"tm1"t"1E.J 

"!Ja-:ia11f1'U'Vl~E.J1 'U1m-:iroia1'Ut1'U"!lan1t~nu"1LL11f'l Lf'lm 1" 1~ml1mt~ nu"1LL11f'lLf'lm1"1111 \11"l1111~a'U1 'U 
'U 'U 

a11"t"1E.Jm~at~~n~f'l1111Li11i'U~a'U"t o.oo 0.04 0.75 1.50 LL"t3.00 ~aw.nij 80 100 120 LL"t 140 
' 'U 

Cll I QJ' I 4. II II .at. oQ ell I Q.I oQ 

a-:im L 'II" L '!If.la LL"t L1"1 \Jl1-:1 n'U'V'l tl11 BW.tll.J L '"1 bL"tf'l11lJ b "!Jl.J "!J'U"!JB-:1n1 ~Bt'll\Jl1 n:u tlJ i:.J" \JIB B\Jl11 n11'Ul.J LL"t n11 • 'U 

"t"1E.J"!la-:ia11f1'U'Vl~m 'Un1t~num~-:i~'U;-:i:Wm111aa~f'l~a-:inrn1'U1~E.J Watanabe et. al. ( 1985) 

u. 'Ll'l\111·m11t ftl-a: L!l'UU1il1nn-ia:flm..lfl1t:H 
'I.I 

1t11~'Ui:.J-:i:u1ntlmV11ni:.Ja1J11 \1iif'l1111~'U~1n11~aE.J"t 8 a11111mnt11~'U1'U111nn11 1 i'.J V11ni:.Ja1J1:u1n 

11Jl~~:W1 "ll2!'U~-:I ~a-:iiim1tJ B-:1n'Un11~'U"!JB-:I1 "ll2!'U b VllJ1t'11Vli'tJLntJ'111B-:I 111. iL lJ'UB1Vl11L~l.J1 U1~'U LL"t 

LLf'l" L~f.111 L 'Un11L\Jl~f.ll.Ja1Vl11b ~at1~1.nf'l LL"tEJ-:IL ll'Un11La~l.JU~l.J1W 1 u1~'ULL"tLLf'l"L~f.llJL \1wm vfo-:int1m111 

~B-:ln11"!JB-:1~1-:ln1f.IL 'ULL~"t1'U 1111~-:it iL D'Ua1Vl11'V'l~Bl.JtJ~1.n f'l LL"t"ll'UlJ"!JtJ L~f.11~1-:I ~ m11 ii:.Ja!Jl.fi'W'11 'U 

tl~111w~L vi111ta11:utv111\1mvi11~:W1a"111~a~amL"t:Wtl1t1E.J"!ltl~a~1-:imE.J (f)~m, 2544) -:i1'U1~E.J L 'Um1~~'U1 
' " " - Q.I .. &:::JI 0 Q.I ' 0 Cll Q.I Cll 

i:.J"\Jl.f1W'1'Vl'Vl1:u1na1J11'U111~-:i'U 

U~w-:iiil (2543) Pin~1m1i:.Ja1J1LLf'l"L~E.J11:u1n'\Jm'Vl11mL~-:i wt111 J1vi°L1mL\1-:1LLf'lm~E.J11~an~1~Fi~ 

~aE.J"t 14.21 "!la-:11'1J1~~t1m-tt 1~E.Jiit1~111wLLf'l"L~E.J11~aE.J"t 28.85 yjaayjai'a~aE.J"t 30.77 ;-:i15m1 

arnL\1-:1LLf'l"L~E.J11:u1mf'l~LV1~a'\Jm'Vl11mL~-:i 1~E.Jm1arnL\1-:i:u1nm11J11mL~~ 2 1'U LL~1at1L'U~at1"11~a'U~ 

awvi.nij 10 a-:if'l1L'll"L~E.Ja 'U1'U 3-B-1111-:i1~E.JLLf'lm~E.J11m~iif'l1111~'U~aE.J"t 6.67 Lt1'1~aE.J"t 60.751"ll21'U • 'U 

~af.l"t 3.22 1 tl1~'U~Bf.J"t 15.52 ;,:i:Wm1'Vl~aat1'V11-:!tl1ta1'V1~l.Jt:ra1~E.J1 iLL 'Vl'Uf'l~l.JL ViE.Jl.JL 'ULf'l~B-:l~lJlJB~\Jl 
an~1a~an 1n LL"\JlLL"tn1 LL yj '11nn11'Vl~aat1t:rt1~1.flf'liin11f.IB11i'tJ LLf'l"L~f.ll.J'11nU"1'Vl11f.I LL~-:! 

'U 
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fi~tn (2544) Pin~1nTH.J~(;lf'lnflL'1~111 tl1~'ULLrltLLf'lm~t111'11nGl'(;l1tl1 1~mm1L~111 tl1~'U~N~L(;l~t111 • 
'11ntlri1LLU'ULLn1 tlri11~~'U tlm~mrn -X1n.:inri1~1 Lrnttlri1~Nn111tl1t11.:i Y'l'u111 tl1~'Uc.i.:i~c.i~(;l'11ntlri1 • • • • 

':it~'l..J~eltlrlt 10 ·1m.:itlT111i!mLu.:i ~.:i~tJ~lnf'l'11'ULVlqJL~n1':itlell.J~'l..J 
"lielc.Jn1 (2546) 'Vl~rlel.:!Yhtl1tna~nmJL'1~l.JLLf'lr!L~tll.J'11nn1.:itJr11 Y-ltJ11 n1.:itlri1"l!U~c.J.:iii15m1c.J~(;l 

L~tl~.:!~f'l11l.J~'U 15 Uel'U~ 'U1'U 90 'U1Vi LLrltel'l..JLL ~.:!~elWVli1ij 60 el.:!f'11L'11r!L~tl'1 L1rl1 5 i1111.:i tl~l.J1W 
• \I 

n1.:itlr11~LaUL'Utl1t11nel'U Flel~eltlrlt 5 "!Jel.:itl1vri!na1'Uc.J'1l.J~.:!Vll.J~ iiel.:il°ltl1tneltJ'Vl1.:!Lf'lii 1~LLn f'l11l.J~'U 
1tl1~'U 1"1ll1'U L'11 L~elLEJ mfl:tJ1m~':i(;l ~eltJrlt 8.24 39.36 1.89 16.34 0.16 LLrit 34.01 iiLLf'lr!L~t111 960.51 

ijr1~ni'1111 oo ni'11 m1t1el11i'tJertJ~lnf'lelt1L 'ULnw"ri"l!eltJtl1'Unr11.:i 
\I \I 

'1~l.J1f'1 (2550) 'Vl~rlel.:i'Vi1"!J'U11u.:i n':ieltJ'11 mL i.'1.:iaii11vrel11ilri L ~11 LLf'lm~t111'11 nmt~ntlm Y-ltJ11 LL i.'1.:i 
• \I 

aii11vrel11ilri'111111'1'Vl~LL 'Vl'ULLU.:i'11fil 'U"!J'Ul.JU.:!n':ieltJ ~eltJrlt 20 "!Jel.:itl1vri!mL u.:i'11~ LLrlt'111111m'1~11n1t~n 
tlri1c.i.:i1 'U"!J'Ul.Ju.:in1eltJ'11nLL u.:iaii11vrel11ilri ~eltlrlt 2 "!Jel.:itl1vri!n~.:ivr11~ "!J'Ul.JU.:!n':ieltJ'11nLL i.'1.:iaii11vrel11ilm~11 
LLf'lr!L~t111'11nmt~ntlri1 vr~.:ivri.i1t1tJ~Lnf'l (30 ni'11) L~f'lwr11'Vl1.:i111"l!'U1m1~.:i-d' 1tl1~'U 3.89 n~11 

\I • 

f'l1fl: tJ1m~':i(;l 17 .51 n~11 1"1ll1'U 6.45 ni'11 LtelLEJ 0.35 n~11 L'11 0.89 ni'11 1 ~y.i~.:i.:i1'U~.:ivr11~ 143.64 ii1ri 

LLf'lrlel~ 1~t1ii LLf'lr!L~tll.J 37.20 ijri~n~l.JLLrlt51~LVl~n 0.53 ijri~n~l.J 1~t1tl~l.J1WLLf'lr!L~tll.JLLritfi1~LVl~n fi~Ltl'U 
~eltlrlt 4.65 LLrlt 3.53 "!Jel.:!f'l11l.J~el.:!n11U~l.J1WLLf'lr!L~tll.JLLrltfi1(;)LVl~n~el-J'U • 

Chuapoehuk.et al (2001) Pin~1m1'Vl~rlel.:itl1LLf'lm~t1l.J'11mf'!~LVl~ela1'U~Ltl'Un1t~n"!Jel.:!tlri1 

1111~.:itl12J'Utlr11~ c.i~(;l'11mf'l~L vr~eltlri1'Vli.i1 oJ1111c.i'1111'U1~melntlm ~.:ier'Vl~'1eltJ 1 ~m1t1ell.J~tJ L 'Uc.J~(;)Ji'wefi 
\I \I 

'!: QI 

'U13J'U'Vlilflil1\11"i 

1 "!Jl!'Uvr~eltl1l!'Um aff '11vri'tJ'Vlel~el1vr11~ilt111 n'U111n F!el il12!'Uvr11 LLrittl1l!'UVi"ll"llil~~1.:i .,~'Uel ~ntJ 
" I " 

f'l11l.JUtJl.J"!Jel.:! ertJ~lnf'l L 'Un1':i'Vlel~eJ1Vl111 "!Jl!'UVl~el,j1lJ'U'1t L U'U~1oJ1m111~el'U'Vi11 ~'11Vl11'1n '111'1..J"i"!Jel.:! 1 "!JlJ'U 
\I • 

Vl~eltl1lJ'U'Vlel~eJ1V111~~~el.:!iif'l11l.Jf'l.:!~1 ii'1~Vlrlell.JLVlrl1~1 'Vl'U'V11'U~elf'l11l.J~el'U1~5.:ielWVli1ijtJ':itl.J1W 325-
• • \I 

3 7 5 el.:!f'11~1L':i'U1~~ LLrlt~el.:iii'1l.JtJ"iGll.J~'UBntJmVl11~'Vlel~ L Y-l':i1tn~'ULLrlt1'1"111~"!Jel.:! 1"!JlJ'UVl~eltl1lJ'U'1t~~1 tl 
ntJmvr11~'Vlel~LLa1~1t1 (il5m, 2548) 

tl1l!'Um atl'VI el~mvr11iivrmt1"l!il~~'Uel ~ntJ f'l11l.JUtJl.J"!J el.:! ertJ~ln f'l L 'Un11'VI el~ el1V111tl12J'U'1 t L U'U ~1tl1 
\I \I 

f'l1111~el'U'Vi11 ~el1vr11'ln "li1t1vr~el~'UhJ1 ~el1vr11~~ntJ111"l!'Ut~1aff'Vlel~ 'Vi11 ~mvr11mhLritL ~111'1"111~ 
f'lW'1l.J~"!Jel.:!1"!JlJ'UVl~eltl1lJ'U'Vlel~eJ1V11':i~~~el.:!iif'l11l.J'l..J~'1'VI~ LLrltf'l.:!~1 ij:;i~Vlrlell.JLVlr11~1 'Vl'U'V11'Uf'l11l.J~el'U~ . . ; 

elwvrnij"'.:i 1~~ 1~t1 bl Ln~m1'1ri1t1~1 elwvrnijm i'Vlel~~el.:i 11J'1.:in11'1~f'l'l'U"!Jel.:itl1l!'Ui!'U L Y-l11t'1t'Vi11 ~ Ln~m1 • \I \I 1 \I \I • 
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"'"1 EJ ~1'!Je:i.:itl1~u e:i~1.:i-ni;i L ~1 LLflt\lt ~e:i.:iij Pl rua1nr~~11~ufinu mV11"Svi't ivmi;i L Vfi1t n~u"Sa'!Je:i.:i 1 'll~'l..l'Vl~e:i • 
J1~u'1t~i;ili.JnumV11"S~1t1 Ca"ll1m, 2540) , 

1 '!J~'l.JLLflttl1~'1.JLL~flt"lliii;i'1tijf'lrua11mi'Vl1.:iw~mfaflt'V11.:I Lf'lij Lil'V'11t LLflt LL\Jl n~1.:i tl'l..l~.:Jiji.J':it 1EJ"ll'l..l1 'l..l , 
m"SL iRrua11u"i~.:in~11 L uu~1ti.:iil 'l..lm"S1Lf'l':i1t\1V11"lliii;i V1~e:iPin~1Rru111'V'l'!le:i.:i1 '!l~'l..lLLflttl1~ui!u L 'liu l"i1 , , 
1e:i 1e:i~'l..l (Iodine value) \ltLll'l..ll°iTu.:i:ff111'!l~'l..lVl~e:Jtl1~'1..lijmi;i 1'!1~'1..l"lliii;i 1~~11~1L llu"111..li.J':itne:iue:i~1u111Lfl~fl 
111nt!e:it1 L-rl t1.:i1i;i t.i11"i11e:i 1e:i~ua.:iLLai;i.:i11i.J~mru mi;i 1'll~'l..l"lliii;i1~~11~1e:i~ L Dui.J~111ru111ni!u ei'.:i Lll'l..l~1ti.:i:ff v v 

f1Wl°i1'Vl1.:I 1i1"ll'l..l1n1':i'!JEJ.:J1 '!J~'l.JVl~e:Jtl1~'1..l"lliii;ii!u1~1E.1 l"i11e:i le:i~'l..l'!JEJ.:11 '!J~'l.JVl~e:Jtl1~'1.JLL~flt"llili;i\ltf'l.:I~ EJn L1'1..l 

Lde:i 1 '!l~'l..lVl~e:iJ1~1..lLni;im"SL Vl~'l..loH'l..lLL uui.Jijn~me:ie:in~iLi;i-B'u (Oxidative rancidity) \ltv\'11\11"i11e:i1e:i~'l.Jfli;')fl.:J 
l"i1m111 L llumi;i (Acid value) L uu~1ti.:i:ff 11 l1J1':in~ L'l!El 1"S~~ije:iEJ1u1 '!l~'l..lVl~e:iJ1~minv\'1mt1 ~1EJ LEJ'l..l 1'lll1 v v 

1'1 Li.JaL llumi;i 1 'll~'l..laa"St111nt!e:im 'rlt1.:i1i;i t.i1l°i1R1111 L uumi;ia.:i LLai;i.:i1111J1"Sn~ L'l!El 1 "S~t'lnv11'11t11~ L uumi;i v v 

1 'll~'l..laa':it111n l"i1Li.Je:i{e:ie:in1'11~ (Peroxide value) Lll'l..lm"S1'i;ii.J~111ruL i.Je:i{e:ie:in 1'll~~ije:JEJL u 1 '!l~'l..lVl~e:iJ1~'1..l v 

Lde:itl1~'1..l~n Lti'IJ 111 \1'111 eranum n1ial\lt Lfli;')n1':ioH'l..leJ'l.JL ~El.:1'11ni.Jijn~E.11tltl n~ L\;li'l.J .ff u~~'l..ltit~'!Jtl.:ln':i\;l 1 '!J~'l..l 
"lliii;i 1~~11~1 ~.:ii!u 1'!l~'l..l'Vl~t1tl1~u~mi;i1'll~'l..l"lliii;i1~~11~1LDu"11ui.J"Stne:iue:i~1u111Lfl~fl111nV1~e:iijf"i11e:i1e:i~'l..l 
~.:i \ltLni;im"SoH'l..lLL'U'Ui.Jijn~me:ie:in~Li;i-B'u1~41t1 (Oxidative rancidity) 

J1~ui.J1~11 L -lluJ1~u~ijf1ru111'V'I~ ijn~uLLflt':ia~~ irn ~.:iLL~aL Viae:i.:ieie:iu1 i.J\lu'1.:iaa11 Li11 l"i1 

f'11111rl1.:i"ii1L'V'l':i1t (~ 250 tl.:lial1L'l!flL~EJa) ijf"i1LvJ1tl'IJ 0.921-0.925 \l\;1Vlfltl11LVl'11~ 27-50 tl.:lial1L'l!flL~EJa n1':i • 
~nLVl'!Jtl.:ILLa.:i (~ 25 tl.:lial1L'l!flL~EJa) LvJ1tl'IJ 1.453-1.456 l"i11e:i1e:i~'l.JLvJ1tl'U 44-54 l°i1Li.Je:i1e:ie:in1'll~LvJ1tl'IJ 

0.2-0.3 i.J~111ru 1'VI1i;iL'VJe:J':itlfl~tlE.lflt 0.03-0.05 1'VI1i;iL 'VJt1':itlflVl~t111Jl1i1'1..lafltfl1EJ1~m 'l..l1'!J~'l.JLLflttl1~'1..l ij 
i.J"St 1EJ"lltl'li1t1v\'1V1t!1~ L tJua1"S~1ue:ie:in~Li;iiu'!le:i.:itl1~u 1~ J1~u~~1umtu1um"Sv\'11 \1u~a'Vl3 11J11i1ua\ltt'ln , v 

v11'11t1i.J"St111ru~t1E.1flt 6 Lv11i!u Cii5m, 2529) 

'I .., ... " .., 
L~~u~1nu1~u~n~n1~11 

l'!J~'l.JVl~e:iJ1~uvi'lia1V1fo'Vle:ii;imV11"S~iit1111e&'nu1.11n ~e:i J1~1..lV1lJLLflttl1~u-rl"ll"lliii;i~1.:i1 ~ue:itjnu 
f'11111UE.111'!Jtl.:l'U~fof'l J1~'1.J-rl"ll~'IJ':i':i~'!J1i;')"ii1Vlii1EJ 'IJ1.:i~\1mtJ'l..ltl1~'1.JYl"ll"llii\;lL~E.11 L'li'l..ltl1~'1..li111 'V'li;i J1~uti'1 
L'Vlae:i.:i Vl~t1tl1~'1..l.:!1 'IJ1.:i~\1m tl'l..ltl1~'1..l-rl"lle.Ja11 El1'1L U'l.Jtl1~'1..ltY1L Vlat1.:ie.Ja11 nutl1~'1..li1i11 Vi~EJ~a11 nutl1~'1..l 
L11~i;')i.i'l.J L U'l..l~'l..l , 

L 'l..ln1':i'Vlt1i;imV11':i 1 'll~'l..l'Vl~t1tl1~1..l'1t L U'l..l~Tu1m111~e:iuv\'11 \1mV11"San '!11t1V1~t1~'1..l 1111 \1mV11':i~i;inu , 
m"ll'l..lt'!lrut'Vle:ii;i v\'11\1mV11"SijaLLfltL~11"Sa"ll1~ a11u°i'!Jt1.:il'!J~'l..lV1~e:iJ1~uV1e:ii;imV11"S~~~e:i.:iijR1111R.:1~1 ij~i;i 
Vifltl11LVl'11~1 'Vl'l..l'Vl1'1..l~tlf'11111~tl'l..l1~5.:ie:iru'Vl.f1i1i.J"St1.J1ru 325 - 375 e:i.:iiai1'VJ1L ':i'l..l1Hi;l LLflt~e:i.:iija11u"i'111~'1.JB , v 

tl'IJEJ1Vl1':ivi'li'Vlt1\;l L'V'l':i1tn~'l..lLLflt':ia"ll1~'!Jtl.:J1'!J~'l.JVl~tltl1~'1..l\lt~i;')1\Jn'UEJ1V11':i~'Vltl\;'ILL~1~1E.I 
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n11'Vlilflil1V111 

1'll~'U'Vl~t1tl1~'U~ffi111 'U- 'Vl~t11i;in~Lazm 11il 'Vl~t1mi;i 1 'll~'UB'11t~'111tJ'Ut1tj~'"rn ~t'Vi'11 '!.1Lni;i~1'U1~41EJ 
LLrtt'Vi'11 '!.1t11V111~'Vltli;)n n~'Umllfi.:itJ1t'1.:il°i~i;i 1 tJ 1 'll~'U'Vl~tltl1~'U~~1'Umt'lJ1'U n11L~l.J1H L\;11 L~'U~tn~1111~.:i 
~1L ~11~'\J u.~'Vi'11 '\.1-.ii;i'Vfrttl11 L 'Vlrt1'1.:J~'U~1EJ L 'U 111Lrtnrt'IJtl.:J1 'll~'U'Vl~tltl1~'Um "!i'VJtJi;)tl1'Vl11~11'U1tntl'lJ~1EJ mi;i ; v • 

1 'll~'U'!Jili;i~11~1~n'11'U1'U~1fot1'Ui!t1EJ L ~tl t '!.1n~i;iV1r1t111 L V1r11~1nm111~.:i ~1mi;i El 1ll ~t1.:i~1'U mt'lJ1'U m1L~11 • 
1H1i;i1L~'U LL~nn"lim~fo Flt1 '111111mni;im1ifo L ~t1.:i~1ntJ5n~m 1H1i;i1L~'U1rt~'11~41mLrit'Vi'11'!.1n~'Ui1'U~i;i1 tJ 

cu C11 II II 

n'lJtl1'Vl11VIVltl\;l LLr\1\;l'J El 

J1~'Uw'!Ja1'U t V1qi~tntJ~1111n1i;i 1'll~'U'!Jili;i1ll~11~1111n ;.:i~t 11~ t1m1Lni;itJ5n~EJ1t1t111J1t1 t1n~Li;ii'U 
'Vl1n1iJn n11 L~l.J '111 ~1'\Jtltl n~ L\;li'Urt.:i1 tJ1'Utl1~'Ut!'U1 t1~1.:i11nm111 'Utl1~'UW'!JIJ1111t51111'!J1~~tij'111~t1.:i 
t1t1n~Li;ii'Ut51111'!J1~ L'li'U 11J11i1'Ua 'Vl~tl LVI 1~~1tlrtLLrtt tocotrienols zj,:i~t'Vi'1V1i!1~LU'U'111~1'Ut1t1n~Li;ii'U 

1'!.1LLnmi;i1 'll~'U'!Jili;i hJ~11 ~11~ ~1t1~1.:i'llt1.:i'111tJ1tnt1'lJ~Lni;i~1ntJ5n~mt1t111J1t1t1n~Li;ii'U ~.:i LL'1i;i.:i L 'U1J1111.:i~ s 

m1VJt1i;)t11V111tJ1tL.flVl~~t1.:i1"li'tl1~'U111n1 L~EJn11 deep-fat frying V11n L"li'~1111~t1'U~.:i111nV1~t11 i 
II II II 1 

i.11~'\JVJ t1i;it11V111'111V1r11EJ6l ~ -S.:i 11J11i1'U Ei~t'1 n'Vi'1r11 EJV111i;i 'Vi'11'\.1mi;i1'll~'U'!Jili;i1liB11~1'1 nt1t1n~1i;ia LLrtt I v v 

Lni;itJ5n~EJ1~t1~ L11t111L'lli'U 1~41EJ 1i;iEJ Lo~ 1tm1VJt1i;)t11V111~nJ1111n L "!i'Um1V1t1i;i 1n~r1'1Jt1.:itJ5n~m~tn 

'111tJ1tnt1'lJ'!Jili;i 1 'VlliLni;)~'IJ ;.:i'111~ Lni;i~'Ut 'Vlli L 'V1~1il'L tl'U'111vi~~t1~1.:imEJ LLrtt'lJ1.:i"tlili;inL tl'U'111nt111tb ~.:i~1EJ 
~.:it!'Utl1~'U~L~EJtiVJt1i;)tl1'Vf11111LL~1 2 - 3 ~~.:i 'Vl~tl~1'Um111~t1'U~.:J1111LL~1 'Vl1nL'Vl~t1Li~11~.:i 1lJ~11 
i.11111n~'lJ 1 iVJt1i;)t11V111az11 u.~1az11Ein L ~11t~t'Vi'11 '!.1'111nt111t L ~.:i ~i;itJ'Ut1EJ"l 'Ut11V111~V1t1i;i zj.:i~t'Vi'11 '!.1~'lJ~1.fl~n v v 

1t1m'1L~EJ.:i~t1m1Lni;i11tb~.:i1~ 
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fl1,-1.:i;1 5 'tfilfl'tlD.:ia1,-th:mouA1fuo;Ja;1Lnfl~'U'11nt1W1'iEJ100 t"oon~Lfli'U'tlo.:in,-fll'tl~'U 
'tfilfl lijii11i1 cW lA,-ni'111ni'11) 

n,-flloLailn n,-flitl'ULailn mflitl'ULailn .. 
m1.nru 

.. 
'lfo.nru 

.. 
'lJ~inru "!!€1'11~ "limn~ "limn~ 

Heptanal 50 Pentanal 55 Propanal LU'Ul'l1~~vMnn 

Octanal 320 Hexanal 5,100 1-Penten-3-one 30 

Nonanal 370 Heptanal 50 2tr-Butenal 10 

2tr-Decenal 70 2 tr-Heptanal 450 2tr-Pentanal 35 

2tr- 85 Octanal 45 2e-Pentenal 45 

Undecenal 1-0cten-3-one 2 2tr-Hexanal 10 

2e-Octenal 990 3tr-Hexanal 15 

2tr-Octenal 420 3e-Hexenal 90 

3e-Nonenal 30 2tr-Heptenal 5 

3tr-Nonenal 30 2tr,4e- 320 

2tr-Nonenal 30 Heptadienal 70 

2e-Decenal 20 2tr,4tr- 20 

2tr,4tr- 30 Heptadienal 30 

Nonadienal 250 2e,5e-Octadienal 10 

2tr,4e- 150 3,5-0ctadien-2- 85 

Decadienal one 

2tr,4tr- 2tr,6e-Nonadienal 

Decadienal 2,4, 7-Decadienal 

* m~l'll~'IJ"l!u~UJ~~~1'1Tu1'1J 1 n~~ Ln~e:ie:i1i;ie:ie:in~1~~~e:iru,,mi1 20e:i.:iP11L"1!~Liiiem1-He:ie:in~L'1'1J 0.5 l~~~e:i . " 
1~~'!.1t1.:im~l'll~'IJ 

;1111 : HADZIYEV ( 1987) 
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ni-aL ti~ ti'l.lu ti fl.:l'tlil .:i l 'tlsj'l.lufl~tl1sju1~,.,;1.:in11\'lv fl 
f1111'!J~'l.JVl~mhr'l.J1 'l.J f111Vltl~ tl1V111 1tV111-!lm '!J~'l.J LL"ttl1~ 'lJ 1~fo R1111-rti'l.J LL"t'!J Wt VI tl~ '1tii f111 

L tl~EJ'l.JLL U"-!1 Lfl~~'l.J n'U 111 L"~"'!Jti-!11~1 Ltl~"f1~ L'iftl'Stl" vl11~Ln~m1aameJ~1~ii R1111.a''U'!iti'l.JLfl~~'l.J L ~tl-!1'11 f1 

Thermolytic LL"t Oxidative reaction ~-!1'1tii~.mmtVl'U~tl 

f1. R Wfl 1VI 1-!l 1!1'!1'1.J1f111'!Jti-!l1 '!J~'l.JLL"ttl1~'1.J 1 '!J~'l.JLL"ttl1~'1.J~ ~1'1.JR1111-rti'l.Ja-!I tl 1'\Jvl11 ~ Ln ~ • 'IJ 

R1111Lll'l.J~1"1~ (Toxic effect) 

'!J. fl Wfl1YlVl1-!1~1'1.JU1ta1VJ a11e7a'!Jti-!!tl1~'1.J LL"t tnVl11~VI ti~ 1 'l.Jtl1~'1.J 

f111L tl~EJ'l.JLL tl"-!!~Ln~~'l.Jn'U 1'!J~'l.JLL"ttl1~'1.J1 '1.J'!JWtVltl~tnVl11~ L ~'l.J 1~-a-~ L'\J'l.J fiti J1~'1.Jii~RJ1 
111f1~'1.J iim111V1ti~L~1l~'l.J smoke point "~"-!! LL"tLn~'VJti-!1111f1~'1.J 'l.Jtlf1'11f1deJ-!!iitJ~n~EJ1'!Jtl-!ILRiiLn~~'l.Jn'U 
1'!J~'l.JLL"ttl1~'1.JL~tl1~1''UR1111-rti'l.J fiti 

1'll~'l.JLL"ttl1~'1.J'1n1H 1~11"'lf1~L tl'l.Jn1~ 1'll~'l.J~a1t1111'l.J-LL"t1~ Lti~"n~ -L'ifti1ti" 'IJ 

1'll~'l.J~ntitin~1~~ 1~LU'l.Ja11tl1tnti'U'!ltl~1 vilJ 1~LLn 1H1~1Lviti1titin 1'lf~ (Hydroperoxides) 

~Yltif11'lf~ (Epoxides) 1H~1tif11'lf~ (Hydroxides) m~'l.J LL"t conjugated dienoic acid a11U1tf1tl'ULV1~1;i 

tn'\J Ln~ fission 1~L ll'1.J'11'1.J'!JtJ-!l 111 L"~"~ii'!J'l.J1~L~f1"-!I Vl~tltn'\JeJ-!IR-!ltitjLll'l.J'11'1.JVl~-!11'l.J111L"~"1~1Lti~"f1~L'if 
ti1ti" Vl~titn'1111~'U~11111n'l.J (Cross-link) v111~Ln~Lll'1.J1~L11ti~ (Dimefic) LL"tviti~L11ti1 (Polymeric 

tfiacylglycefols) 

a11tl1tf1ti'U~Ln~'11f1tl~n~EJ1tltif1~L~i'l.J~-!lf1~11 a1111'1LLD-!ltitin1~Lll'l.J 3 f1~11 fiti 

(n) a11U1tf1tl'U~1tLVIEJ1~ 

('!J) a11tl1tnti'U~Ltl'l.J1111'1.JL11ti{ 

(R) a11U1tf1tl'U~Ltl'l.JYltl~L11ti{ 

1 '!J~'l.JLL"ttl1~'1.Ja11111'1Ln~~'l.Jtit1vilJ1tV111-!IR1foti'l.J-R1foti'l.J1 'l.Jfl11tmlJiititif1~L '1'1.J 1~~-!ltl1 
Ln~~'l.Jtit 1VllJ1tV111-!IR1foti'l.J-R1foti'l.Jfl1eJ1'l.J111 L" ~"'!Jtl-!I f11~ 1 '!J~'l.JL~ mn'l.J'\Jtvl11 ~ Lfl~1-!I LL Vl1'1.J (cyclic fatty 

acid) tl1Ln~~'l.Jtit1VllJ1tV111-!!R1foti'l.J-R1foti'l.J'11f1f11~1'!J~'l.J~1-!!111 L"n"n'l.J'\Jtvl11~Ln~1~L11ti{ Vl~tltl1'1 • 
Ln~~'l.J1~1tV111-!lf11~ 1'!J~'l.J~tleJL'l.J111L"f1"'!Jti-!11~1n~L'iftl11~L~EJ'ln'l.JVl~tl~1-!l 111L"n"n'l.Jn1~ ~-!1'1tvl11 ~Ln~L tl'l.J 

'IJ • • 



l 
'11'.iU'.i:mtli.J~'.it L VIEi 1~ 

-1H L~'.ifinfot1'U 

-LLm~mH~ LL"tRLIJl'U 

-~LL'.i'U (furan) 
" 

.,j .... 
\113.11: 'U5eJ1, 2548 

• ., ... ., ti 
£>1~01"JLO'U"Jfl~1'tl£>{1Nfl~l1N'1£>1'Yl1"J 

,, 
min~kil'U m111~t1'U tl1 

1 
'11'.iU'.itntli.J~'.itL'V!eJ11.J1~ 

~.,:iij~..:i~L U'U 1 Vl"TS LL"t UJffi Vl"1i 

-111 L'UL11t1i~L U'U'NLL 'V!1'U 

-L1l L 'UL1lt1iiithJ L ll'U1..:ILL 'V!1'U 

-1~L1Jtl{ Lmt 11J1'.iL1lt1i 

-Vlt1~L11t1i'Vl~t1'11'.i'll'.itnt1i.J~ijtl1V1i!n 

111L"n"'1..:i . " 
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tl1 eJ n1 '.i Lni.J1' n'\~1 'V!1l 1 eJfi..:i "!l1..:i '.it eJt L 1"1'll ti..:! n 1'.iLni.J1'mfl 11~..:i LL~c.J~\JIIl ru'1'1'U'1n c.J~\Jltltl n111 . " 
~'Un'.it~..:ic.J~tJ1Ii'ru'1'1'Ut1eJ L 'U'1mVl~~i.J~Lflfil UJ eJt1111'i.J f'11111ri1~n 14lJt1..:im'.iPi mnmeJm'.i Lni.J1'm~n '11111'.iciv111 ~ 

"' \I ·~ • 

~c.J~\JI tl1'V!'U~1'U'Vl1l~ tl1eJ'lltl..:ltl1'V!1'.i L vJ ti L ~~i.J~Lfl filVl '.i1i.JLL"tU'.it n'U11c.J~\JIIl ru'11'U"ll1..:!'.iteJtL1"1if ijfil N.f11Vl \I • \I • 

tJ1'.i..:im11~LL~..:il1l'Uo"1n il~~eJ~ijc.J"~t1meJm'.iLni.J1'm~n ~t1 il~:5'eJm..:imeJmvi LL"tLf'lij 1~eJ~11'1.lmeJm'.iLni.J • • 
1'n~1'llt1..:imV11'.i'll'.itLflVl'llrn~m~v11~1n5'f1J~'!lLL"tfo'l.l'.itV11'U1~"1'UVi ijm~m'.iLni.J1'n~1'.itV111..:i 6-8 L~tl'U 
(q'!l1~1. 2541) ~..:i1n~LfieJ..:ini.J~ Labuza ( 1982) '.i1eJ..:11'UH11mm'.i'll'.itLflV15'f1J~'!lVl~t1111'i.J'l.l'.itV11'U 1~"1'UVi'1'U 



... 
'l.J'Vl'VI 3 

- "li11L~1Vlel11 ~'Llcy~mn11t~ 105 (Khao Dawk Mali 105) 

- "li11LV1ilmL~EJ1~ ~'Liq m16 (Kiaw Ngu glutinouse rice RD6) 

- mt~n-tJina~n~ (Grey Feather Back Fish Bone) 

- aTHf"lih:i1V1~tm1'H1J1~EJ11~..:iLLl"mL~EJ11~il1nmt~ntl~1a~n~ 1~LLn L'llL~EJ111H~·rnn1'111'i° 
'U 

3 ~ Cit. Clll'.1 ., 
- Cl1V11'H~EJ..:IL'!lel'1~'1.JV11EJ u1tneJ'lJmEJ • 

Cl1V111ri1V1~'lJL~EJ..:IL~Cl~~'lJV1~6'1ff..:iV111~ ~Cl Plate Count Agar (PCA) (HiMedia) 

mV111ri1V1~'lJL~EJ..:IL~ei~a~ 11 ~ei Potato Dextrose Agar (PDA) (HiMedia) 

- ~tlmruri1V1~um1L1J1~EJ111'1J1~~u 1~LLn eh..:i~a11 Vl'w~ \JltLLm..:i m~ Lfil~ei..:i-B'..:i~iil1J1ei~ 

- eitJn1rua1V1fom1~~1J1"1i11~..:i 1~LLn ntVJt Lfil~Cl..:l~'l.J ~1J~V11..:ln~1J • 
- ~tlmruri1V1~'lJn111Lfil11t"1Vl1..:!Lfilii ~~'l.JVJ~6 LL~tn1Eli11'W 1~LLn 

-q~1Lfil11t'Vl1tl1~'1.J 1~LLn -q~~eiEJLtl1~'1.J (DK 6, Velp S/N 50826) LL~t-q~n~'l.J 1t11~'1.J (Vep 

20, Gerhardt, Germany) 

-q~1Lfil11t'V11"lll1'1.J LL'lJ'lJ Soxhlet (MoDEl ser 148, Germany) 

L\J11L~1 (EF 11/8, Lenton, Germany) 

Lfil~ei..:i1~\il1 pH (pH meter) (ORION 420A, USA) 

Lfil~Cl..:l~'l.J~a11~1ei~1..:i (Homogenizer) (IKA, T25basic, Germany) 

~i..J11 (Incubator) (BE 500, Memmert, Germany), 111Lfil1tlLtl\Jl (Gilson) 

Lfil~ei..:i-B'..:i1vJvh (V1flfilEJ11 4 ~1LL'Vli.i..:i) (ER214C, Explorer Pro, Switzerland) 

~eiu1vJvh (Hot air Oven) (FD 115, WTB binder, Germany) 

Lfil~ei..:iil..:i~1L~Cl (Autoclave) (LS-2D, HIRAKAWA SEISAKUSHO, Taiwan) 

Lfil~ei..:i1~1"11a Hunterlab, Lfil~ei..:i1~1"11 Water activity 

~tlmruri1V1~um1VJ~aeiuV11..:itl1ta1V1a11~a 
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L\Jl~EJl.Ji:.J~LL~aLi8EJl.Jlil1nn~~~n-tJ~na~n~ 1~v~~LL'lla~lil1n15m~i:,.i~IJl'lleNlil~l.J1P! (2550) 1~vt11n~~~n 
'U • 'U 

'llfl1'1G'l1~l.J1~1~vl1~11l.J'1~e:n~ LL~'J~l.JL 'Utl1 L~eJ~ L-rimLEJf1L i!eJtJa1aTU~L 'Vl~eHHlf1 ~'JEJeJW'VlfliJ 100 eJ~P!1 
• 'U 

L'!lmiiiva 'U1'U 25-30 'UTVi 1i11n'1'ULa1~L i!eJtla1~L 'Vl~eJeJeJn t11m~~ntla1aa1~vfl~LL '!la1~a~a1v~1~ L'!IL~EJl.J1©" 
'U 

~~eJn1'!1~ -reJva~ 0.8 1-tt~~EJ~na1 2 .a-1 Ll.J~ ~1~~1vJ1a~e:n~V1a1EJ .,~~~ 1i11nt!'U~l.JL 'Utl1L~eJ~~1EleJW'VlfliJ 
I ' "' 

100 eJ~Pl1L'!IG'!Li8EJ'1 'U1'U 1 .a-1Ll.J~ ~l.Jel1tJ~~l.J1W 2-3 ~~~ t11n·rn~ntJa1vh~~1~~1EJtl1'1~eJ1~ ~f1L~'1~L~~J1 
'U 

1i11nt!'Ut111 'llmJ~1EJeJWV1fliJ 1 oo eJ~P11L'!laLiiiva 'U1'U 30 'U1Vi t11n~~~ntJa1~~1'Um~eJtJl.J1~'UL ~a~LaEJ~~1v • 'U 'U 

1.2.1 LL~aLiiiEJl.J \Jl1l.J1fi'lleJ~ AOAC (2000) 

1.2.2 eJ~fitJ~~neJtJ'V11~L~ii (m1l.J~'U, 1'1..l~~'U, Lli'1, 1'tll!'U, ~1fi:u1m~~\Jl) 
ml.J1fi'lleJ~ AOAC (2000) 

~~L~eJf1i:.J~\JlJlW,;~'ULL'\..JtJ'lleJ~"!i11~~ lil1f1'1\Jl~~'U~1'U 3 '1\Jl~ 1~LLn '1\Jl~~ 1 ~~LLUG'l~lil1f1P!~ 
\I cQ \I \I 

'1l.J~ (2534), '1\Jl~~ 2 ~~LL'lla~lil1nl1ia1il~ (2553), '1\Jl~~ 3 ~~LL'lla~lil1f1'1'!11m (2541), 1~EJ'Vl~aeJ~i:.J~1J16!i11~~ 
'U 'U • 

1J11l.J15m~'tleJ~i:.J~1J1Ji'w,;~'ULLtJtJ~~n~11 1~EJ~~'11l.J~\Jl~f11~'Vl~aeJ~1i"!i11L~1V1eJl.Ji'U~~eJnl.J~~ 105 LLa~"!i11 

2.1.2 f11~'V1~'1eJtJ~Wfl1'W'V11~tJ~~'11'Vlal.J~'1 

lil1f1'1'UtJ1i:.J~\JlJlW,;"!i11~~'1\Jl~~'U~1'U~~ 3 '1\Jl~ l.J1'V1~'1eJtJ~Wfl1'W'lleJ~i:.J~\JlJlW,;'V11~tJ~~'11'Vl 
\I " \I • 

al.J~'1 ~1EJ1fif11~'V1~'1eJtJLLtJtJ Hedonic Scaling (9 Scales) ~lil1~W1'V11~~1'U~f1~W~'ll~1f1!) ~ f1~'U ~'1'111~ 

Li!eJal.J~'1 LLa~m1l.J'!1eJtJ~1l.J 1~v1 i~'Vl~aeJu..t11 tJ'11'U1'U 30 ~'U 1 ~~~LL 'U'Um~EJeJl.Ji'tJi:.J~1J1Ji'w,;1i11nrh 1-9 ( 1 
'U 
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= 1~'!1au~1n~a~ 5 = bu£J 61 9 = '!IB'U~1n~a~) (Chamber and Wolf, 1996) b-rla~~b~ana1Jl~"l.IB~"ln1~~~ 
• I • "" 

2.2.1 m~~~IJl"li11~~ b'1~~ bbRrt b~£1~~1nm~~mJri1ari1~ 1~£J~9'J'U1alJl~~~IJlfiru'11 '\.1ij bbRrtb~£J~ v v 

1~~1n-;h ~a£Jri~ 20 "l.la~tJ~~1ru~bb'U~tl1~a1'U ~a'V!~~V1't.i1£Ju~foR (30 n1'~) btl'U'11'U1'U 3 ~1a~1~ '11 

~~IJlfiru't'i"li11~~~1~1'uR~ bb 'U'Un1~£Ja~1'ua~a~~1n"lia 2.1.2 ~1'Vl~aau 1~ £Jn1~ba~~~~ bbRrtb~£1~~1nn~~~n v • v 

2.2.2 m~'Vl~aau~rumw'V11~tJ~~a1'Vla~~a 

tl1~~1Jlfi ru't'i"li11~~ b'1~~ bbR ri b~£J~ ~1n m~~ ntJri1 ari1~~~ 3 alJl~ ~1'Vl ~aauR rufl1W"l.IB~ v v • 

~~IJlfiru't'i'V11~tJ~~a1'Vla~~a ~1£J15m~'V1~'1el'Ubb'U'U Hedonic Scaling (9 Scales) -W~1~ru1'V11~~1'U~m~ru~ 

U~1fl!J a n~'U ~'1'!11~ bi1'aa~~a bbrt~R11~'llel'U~1~ L~£J1eff~'V1~'1el'U'11'U1'U 30 R'U 1i.1R~bb'U'Un1~£Ja~-ru 
~~IJlJi'ru't'i~1nR1 1-9 (1 = 1~'llaumn~a~ 5 = bu£! 6'I 9 = '!IB'U~1n~a~) (Chamber and Wolf, 1996) 

' I ' 

b-rjel 1 m~~~ IJlJl ru't'i"li11 ~~ b'1~~ bbRrt b ~£!~ ~1 nm~~ ntJmam~~ b lJ'U~ £Jel~1''U"l.lel~ eru~LflR v v 

"l.lel~ AOAC (2000) 

vl1m~Pin~1a1~m~bi~u1'n~1 u~~~~1a~1~ 1~£J1eff~~wri1a~n 1 W~bBVl~'U (Polyethylene) diufo~1~ 

el'1J'V![lij'\.1a~ vl1n1~1Jl~1~'1el'UR'1Jfl1W"l.lel~~~(;lJl'1J't'i'Vln 2 atJm'l-i btl'U~~£J~b1rt1 2 b~el'U L~£Jijn1~'V1~'1el'U~~.a • '\I • • 

3.1 R'1Jfl1W'V11~n1£Jfl1W • 
3.1.1 m~1~R1 Water activity (aw) 

3.1.2 m~1~R1a (L *, a*, b*) 



3.2.1 fl1i'Vll'lat1tJ'11'U1'U~~'U'Vl~ei,X~'Vl~l'l m~1fi"!Je:J~ AOAC (2000) 

3.2.2 fl1i'Vll'lat1tJ'11'U1'U~a1Jfaa~i1 1Jl1~15"1Je:J~ AOAC (2000) 

4. fl1i1Lfli1~,.;'V11~a'1~ (Statistical analysis) 

40 

tl1"1ia~a~1~~11 Lfli1~,.;~a'V11~a'1~ L"1E.Ja'1~m m 'Ufl1itli~ Lij'U 11~ LL~'U fl1i'Vll'latJ~ LL 'U'U Completely 

Randomized Desion (CRD) LLa~fl1i'Vll'lat1tJFirumw'V11~'lh~a1'Vl~~~a1LFii1~,.;-rra~a'V11~a'1~1111E.11-a'LL~'Ufl1i 
:. ' 'II 

'Vll'lat1~LL'U'U~~tJ~t1na~iJiWRandomized Complete Block Design (RCBD) 'Vi'1fl1iLL'lh~a-Ua~a~1~111E.1 

1Lfli1~,.;fihfl11~LLtlitli1'ULL'U'U'V11~L~E.11 (One way ANOVA) LLa~m1~LL1J1Mh~"!Jt1~fii1Lu~E.l'V11~a'1~1111E.115 

Duncan's Multiple Range Test (Steel and Torrie, 1980) ~1E.1LtliLLni~flt1~Vl1L1J1t1i'11L~~~tl'V11~a'1~ 



.... 
'U'Vl\11 4 

1. ~am-s1J1·n-;iiLl"l'S1t"1l"lfilmwvn.:iLl"lij~.:iu1"1aL~E.J1Jli!1nm:::~m.Ja1'1a1~ . ,, 
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L\Jl~E.J1J~.:I LLl"lG'l L~E.J1Jlil1nn'St~m.Ja1'1a1~ L~E.J'IJ1n'St~ nUG'l1'1'11 ~1J1~1.:lvl11"1111J'1ttn~ LL~1~1J L 'Utl1 ,, ,, 
4 4 ,,f .~ .. ., Q .QI .r:iil ~ ,,f .. 
L~tl~L'V'ltlLLE.Jm'UeJUG'l1'11'UV1LVIG'ltlffe:Jn ~1E.Jtlfi!Vl.f)1J 100 tl.:11311L'11'1L'11E.J'1 '1..11'1.J 25-30 'U1Vl lil1n'U'ULG'l1tL'UtJUG'l1Vl . ,, 
LV1at1t1t1n il1m:::~nua1'1a1~m~LL'li'11-sa:::a1E.J~1.:i 1'11L~E.J1l1H~-st1n1'11~ it1E.Ja::: o.8 t-H-s:::E.J:::L1a1 2 i111l.:i ~1.:i 
~1E.Jtl1'1ttn~V1a1E.J.,l"l~.:i lil1mYtJ~1JL tJtl1L~t1~~1E.Jt1filV1.f1ii 100 t1.:il311L'11aL~E.J'1 '1..11'1.J 1 i111J.:i ~1l~1U'St1l1fil 

I ' " 

2-3 l"l~.:i il1m:::~nua1~1~~1.:i~1E.Jtl1'1:::en~ -Knt'IX'1tL~~i.11 'l1mYtJ'll11ut1u~1E.Jt1fi!V1.f1ii 100 t1.:il311L'1lm~E.J'1 ,, . ,, 
'1..11'1.J 30 'U1Vl '111 n'St~nUG'l1~~1'1.J n1'Stl'U1J1~'1.J L '\XatLeE.J~~1E.JLl"l~tl.:l~'Utl1Vl1'S LL '!X.:!li!'UG'lt LeE.J~ ~€1'1..1~1'1.J\JltLLn'S.:I ,, 
~tl'ULLU.:l"ll'U1~ 30 LL1J'!l 'lt1~~.:ILLl"lG'lL~E.J1J-;J1nn-s:::~nua1'1a1~~ij~n~filtLtl'U~.:IG'ltLBE.J~ a"tl11'1.J1'1 L~E.Jij ,, 
u~1J1fil m11J:fftJit1E.Ja::: 6.93 1u-s~tJ it1E.Jat 21.84 1"t12!tJit1E.Ja::: 1.56 L51it1E.Ja::: 65.81 1"1Tflu1HL~'S\Jl it1E.J 

a::: 3.86 ~t1'1~t1~'1 it1E.Jat 10,130 iia~n~1J LLG'ltLLl"laL~E.J1J 28,330 iia~n~1J L'U 100 n~1J 

2. ~am-s-K1J1JtJ1~~1J1i1U11fi'!i11~.:iL'1~1lLLl"laL~E.J1Jlil1nm:::~nua1'1a1~ ,, 
2.1 ~am-s-K1J1JtJ1-!i11~.:1'11J1-s~tJ~1tJua:::m-svi~'1t1'Ul"lfilmwvi1.:iu-s:::'11via1l~'1 ,, ... . 
lil1nm-svi~at1.:i~~1J1~~1J1i1U11fi-!i11~.:i'11J1'S~'U~1'1.J 3 '1\Jl'S 1~E.J'1\Jl'S~ 1 ~~LL ua.:ili11n15m-s"t1t1.:i 131~'11l'S 

'\I 411 '\I '\I 

(2534), '1\Jl'S~ 2 ~~uua.:i-;i1n~P1ii6 (2553), '1\Jl'S~ 3 ~~LL'Lia.:ili11n'1'!11~1 (2541), lil1mYtJvi'1m-svi~'1t1'U ,, ,, . 
fjfil.f11'V'IV11.:IU'St'11Vla1J~'1 L~E.JfjliJ1'Sfil1V11.:1~1'1.J~n~filtU'S1n~ a n~'U 'S'16l!1~ Lilt1a1J~'1 LLG'ltl"l111J'l!tl'U'S11J 

"lltl.:l~~(Jli)fil'fii11~.:i~'ULL 'U'U~.:in~11 'V'l'U11 ~~1Jli1fil'fii11~.:i~'ULL 'U'U'1\Jl'S~ 2 1~1"lt LL 'U'Un1'SE.Jt11J~'Ulil1n~V1~'1tl'U ,, ,, 
'1.:1'1~ LL'1~.:l~.:1\Jl1'S1.:I~ 6 ~~1J1i1U1'fi'!i11~.:i~'ULL'U'U'1\Jl'S~ 21~~'Ul"ltLL'U'Ul"l111J'!Jtl'U~1'1.J~n~filtU'S1nn a n~'U '\I ~ '\I d-.1 

'S'1'!11~ Lilt1a1J~'1 LLG'ltl"l111J'!Jtl'U'S11J1J1fl~'1~L~tlLU~E.J'ULVJE.J'Utl'U-!i11~.:1'1\Jl'S~ 1 LLG'lt-!i'11~.:1'11J1'S~ 3 (p<0.05) . ,, ,, 
t1~1.:ihn1J111Jl"ltLL'U'Ul"l111J'!Jtl'U~1'1.Jn~'U"lltl.:l-!i'11~.:i'1\Jl'S~ 2 LLG'lt'!i11~.:1'1\Jl'S~ 31~LL\Jln~h.:in'U (p>0.05) ,, ,, 



., J{ ., ., 
rini;ru:m..1m11Ji:.J'1 

rn11l'!le:it11~E.1~11l 

u~:::'11'Vla1J~'1 

KT-01 
b 

6.33 ± .154 
b 

6.53 ± .157 
b 

6.30 ± .215 
b 

6.30 ± .160 
b 

6.00 ± .152 
b 

6.37 ± .182 

KT-02 

7.50 ± .125 

7.70 ± .119 

7.07 ± .209 

7.57 ± .177 

7.57 ± .104 

7.90 ± .100 

a 

a 

a 

a 

a 

a 

KT-03 
b 

6.70 ± .193 
b 

6.70 ± .167 

6.67 ± .221 
ab 

b 
6.40 ± .163 

b 
6.37 ± .131 

b 
6.30 ± .187 
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-;i1nn1~'VI~ rie:i.:i i:..iii ~i:..iii ~ii' ru'1"li11 ~.:i L'1~1J LLl°'lrt L ~EJ1J-;J1 n n~ :::~ ntl ri1'1ri1~ 1~EJ~ ~'IJ1'1~~i:..iii ~ii' ru'ti~ v v 

1~~tl Pl::: LL 'IJ'IJ m~ El eJ1J ·rti~.:i'l~-;i1 n-ifo 2.1 1J1'Vl~'1eJtl 1~ Elm~ L'1~1J i:..i.:i LLl°'l rt L~EJ1J -;i1 n n~::: ~ ntlri1'1ri1~ri.:i1 'IJ 

i:..iii~ii'ru'1'1i11~.:i 1 \12j LLl°'lr!L~E.11JL~~1ffl1 ~eJEJrtt 5 '!JeJ.:IU~1J1W~LL'IJ:::tl1i;le:i1''1J i;lm.1~.:ivril1E.1t1~lnl°'I (30 n~1J) 

Lll'U:S1'1J1'1J 3 ~1e:i~1.:i ~1EJl°'l111JL'li1J'!i'IJ 3 ~:::~ti ~e:i L~1Ji:.J.:JLLl°'lrtL~EJ1J ~e:iEJri::: 20 30 LLrt::: 40 -;i1ni!'Uvi1m~ 
'Vl~'1e:it1~rum'l"j'VJ1.:itl~:::'11'Vla1J~'11~EJ~-;i1~ru1'Vl1.:i~1'1J~ni;ru:::tl~1n!J ~ n~'IJ ~'1'!11~ L'ilaa1J~'1 LLri:::m11J'!le:it1 

~11J 'lle:i.:ii:..iii~ii'ru'1'1i11~.:iL'1~1JLLl°'lrtL~EJ1J-;J1nn~:::~ntlri1'1ri1~ yjt1-J1 i:..i~~ii'ru'1'1i11~.:iL'1~1JLLl°'lrtL~EJ1J-;J1nm:::~n v v 

tlr11'1r11~~~~~ 1 (LLl°'lrtL~EJ1l~e:iEJri::: 20) L~P1tLL'IJ'Um~EJe:i1J~t1~1'1J~ni;ru:::tl~1n!J ~ n~'IJ ~'1'!11~ L.0e:ia1J~'1 
LLrtt1°'1111J'!leJtl~11J';l1n ~'VI ~'1eltl'1.:1'1~ L~ m 'l.l~EltlL Vi E.ltltlt1eii'11~.:i L'1~1J LLl°'lrt L~E.11J'1~~~ 2 (LLl°'lrt L~E.11J~eJEJrt::: 30) 

~ ~ . ~ 

LLrt:::'li11~.:JL'1~1JLLl°'lr!L~E.11J~~~~ 3 (LLl°'lr!L~E.11J~eJEJrt::: 40) (p<0.05) ~11J~1~tl LL'1~.:l~.:1~1~1.:I~ 7 
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Ca-20 Ca-30 Ca-40 

7.40± .113 
a 

6.23 ± .124 5.43 ± .124 
c 

7.30 ± .128 
a 

6.37 ± .102 
b 

5.60 ± .091 
c 

7.50 ± .093 
a 

6.53 ± .104 
b 

6.00 ± .152 
c 

7.67 ± .088 
a 

6.77 ± .092 
b 6.17 ± .084 c 

U ,K &I IV 

~n~WtL'Umu.1~a 7.63 ± .089 
a 

6.80 ± .088 
b 

6.20 ± .088 
c 

fl111J"lfEJ'l..J 1~e.1~111 7.83 ± .069 
a 

7.07 ± .095 
b 

6.77 ± .079 
c 

'MSJ1EIL 'MP! : • 
. . " 

-fi1Lil~£J ± a-;im\j£J~L'U'IJ1111'1~~1'1J ~1nm~'Vll'l~el'U 30 rJ1 ... 
***~1'1n~~~LLl'ln1Jh~n'IJU~l'l~ii~f'1111JU1'1Mh~ti''IJ'!Jel~fl1Lil~£Jt'IJLL'IJ1'1Jel'IJ'V11~~ii~eici1~1ii!mh~cy'V11~~ii~ (P.s: 0.05) 

2.3 ~~n1~\11~11il1Ll"l~1t"11"1Wfl1V'fVrnLl"liJ"lJe:i~i11~~La~1JLLl"l~L~e.llJ1i11nmt~m.J~1a~1~ • v 

1i11nm~i11~~\11Ji'w'fii11~~La~11LLl"l~L~e.1111i11nmt~m.J~1a~1~a\Jl~~ 1 (LLl"lm~e.111ie:iei~t 20) ~~1~fo v v 

m~e.1ei11-r'l..J1il1n~'l..J~1.nl"la~a~1111LR~1ti1Rw.nTvrv11~Ll"lii Yi'l..J11 i11~~La~11LLl"l~L~e.1111i11nn~t~m.J~1a~1~ 
\I \I • • \I 

tR111wvi~~vi'l.i1e.1'1..J~1.nR (30 n-r11) iJtJ~111w 1"11111~'\Jieiei~t 2.14 1 tl~~'Uieiei~t 4.48 L"ll~'Uieiei~t 3. 71 L'11 

ie:iei~t 0.61 l"l1ft'l..JLHL~~\Jl~Ele.l~t 19.05 vJeiawei-ratJ~t1J1W 114 ij~~n-r11 LrntLLl"l~L~eJ1Jtl~t1!1W 174 

ij~~n-r11 (l\1LLl"l~L~eJ1JiEJei~t 21.75 "lJEJ~tl~111w~LL'IJttJ11Jle:i1''1J) 

3. ~~m~Pin~1m~m~Ln'l..J-rn~1 

1i11nm~i11~~\Jl~~\11Ji'w'fioff11~~La~11LLl"l~L~e.1111i11nnw~ntl~1a~1~m~-r'l..Jl"ltLL'IJ'Um~e.1e:i11foa~a~~.n v v • 

v11m~Pin"°1m~m~Ln'l..J-rn~11~e.1m~Ln'U L 'IJ~tl LL 'l..J'l..J'U~~~~1ei~1~ 1~e.11 o&''l~fi ~1a~n 1 Vi~LeiVi~'IJ (Polyethylene) 

Ln'l..J-rn~1~EJWV1.fli1\1ei~ (30 El~Pl1L'!lm~eia) vl1n1~\11~11ilaEJ'Ul"lWfl1Vi"lJEl~~~\Jli1W'fi'Vln 2 atl~n'l1 (141''\J) LU'IJ 
• \I • • 

~te.ltL1~1 2 L~El'IJ (70 -J'IJ) L~eJiJ~~n1~Vl~aEJ'l..J~~;j 
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3.1 ~tl.!Jl1W'V11.:ln1C!Jl1W 

3.1.1 nT~11'lfl1 Water activity Caw) 

nT'Htl~m.JLLtl~Nf11 Water activity 'lleNi:,J~~.ti't1.1'1-ffT'l~.:iLa~1JLLl'lf!L~t11Pi11nm::~ntl~na~nl'l~ 
Lnt1i'mn~~tl.IV13Jn'l1e:i.:i1'U~.:iwa1a~n f11 Water activity 2jm~Ltl~t1'ULLtla.:iltl1'U'Vl1.:1L~t11n'U Fie:i 2jf11~.:i~'U 
Ll'lt1m~Lnt1i'n~1~t1t1.1V1.nn\1e:i.:i1'1Jf;l.:JWa1a~mnn~tll'l1'1~ o co 1'1.1) 5.:i~tll'l1'1~ 2 (14 1'1.1) 2jf11 Water • \I • 

activity L~1J~'UL~ni!e:ici LLfl::V1~.:i-;i1n~tll'l1'1~ 2 (14 1'1.1) -;i'U5.:i~tl1'11\1~ 10 (70 1'1.1) i:,J~~.ti't1.1'1-ff11~.:1La~1J 
LLl'lf!L~t11J-;i1nm::l'lntlmaa11'12j f11 Water activity a.:i~'Ut1~1.:i~m~e:i.:i LLal'l.:i~.:imw~ 9 f11 ~at11'l~::ci::L1a1~ \I \I 

Lnt1i'n~1i:,J~~.ti't1.1'1 wu11f11 Water activity e:i~"l'U'l11.:i 0.34 - 0.55 ;.:itl~1J1t1.1f11~.:in~112ji:,Ja~e:im~L-;i~ty'llt1.:i 
-;J~'IJ'Vl~V ~Lll'Ua1L'Vl~'lltl.:ln1~L~tl1JL~Cl'lltl.:ltl1'Vl1~ il5m(2549) ~1Cl.:11'U11 f11 water activity L~Cl'U~t111 aw • • 
Lll'Ufl1~LLal'l.:i~::~tJW~.:l.:11'U'lltl.:Jtl1 2jl'l111Ja'1~qj~tltl1~n1~Lnt1i'n~1 m~L~tl1JL~CI LLf1::1'1111Jtlf!t11'1JlCl'lltl.:I 

tl1'Vl1~ 2jf11~.:JLL~ O - 1 f11 water activity 'llt1.:lt11V11~t11.:i"11ill'l~t1t1"l'U'l11.:i 0.03 - 0.50 -;J~'IJ'Vl~eihla11J1~f;l 
\I ' 

0.65 
Room temperature 

0.60 

Z'0.55 

:_§ 0.50 
u 
n:J 0.45 
i... 

~ 0.40 
n:J 
~ 0.35 

0.30 

0.25 

0 2 4 6 8 10 
Time( week) 

""' • •""' • I I ... ., If .I! ., ... .. • I .t11'W~ 9 n11LuflB'LILLufl~f111 aw 'tlil~~fl'1.t1W91't111'1~Lfl13JLLfllflL8lfB3J;J1nn1:flnua1ftfl1fl 
'II 

u11~tuq~-wa1a~n 1-wiiu:i;iih.1 (Polyethylene) LntJ~~W'MIJD 30 ilUl1L8lfaL41aa 
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3.1.2 n1'~1'~fli1a (L * a* b*) 

fli1a L * a* b* LLa~\IF11111a11-rn"ta"lJeJ\l~a~.nru'1 L~E.J fll1 L * Ltl'!Jm-s1~fli1FJ1111a';h..:i L~11 

-;i1na"lJ11iifli1 *L LvJ1n'U 100 -;J'!Jfi\la~1~iJfli1 L * LvJ1n'U 0 fll1 a* LlJ'!Jm"S1~fli1"lleJ\laLL~\I fll1 a* LlJ'lJ'U'Jn LL"ta 

L;imfl11 a* LlJ'lJ"'U fll1 b* LlJ'!Jn1'S1~fli1"lleJ\lam~eJ\I fll1 b* LlJ'lJ'U'Jn LL"tatl1L~'IJ fll1 b* "'U 

~"~"el~'Stf.Jt L 1"1 L '!Jn1'Svl1n1-SP!n~1el1~n1'S Ln'U~n~1 L~E.Jn1'SLn'U L '!J~U LL 'U'U'U'S'S~~\l'V"m1a~ n 

~~t'\J'Vli;]ij 30 el\lf'11L'l1"L~E.Ja W'U11ilm"SLU~E.J'IJLLU"\l~el ilfli1 L * "~"" fll1 a* LL"tfll1 b* ilm"SLU~E.J'!JLLU"\11'\.J 
L'lJ'Vl1..:iL~E.J1n'lJ ~a ilfli1a..:i;1'!J -;i1nm-sLntJ~n~1~a~.nru'1 wtJ11 m-sLntJ~n~1~a~.nru'1eiruVJ.nij 30 ei..:if'11 v • v 

L'l1"L~E.Ja il~"~eln1'SL '\.J~E.J'IJLLU"\l"llel\la v\'11 \1~a~.nru'1iJaFJJ1"" ilaLL~\ILL"tL 'Vl~el\IL .U11;1'!J ~..:iilm-;iLlJ'lJ LW'S1t 

~ruV1JJij"llrutLntJ~n~1~a~.nru'1~~"-;itLtl'lJ~..:iL~..:i'\.Jijfi~E.J1m-sLfi~aJ1m""llei..:i~a~.nru'1el'm~ei..:i-;i1nel''lJ~-sfi~m 
(Interaction) -stVJ11..:iJ1~1"~~1~..:intJm~eim '!J~m '!JmV11-sv\'11 \1~a~.nru'1LL \1..:iilaL .U11;1'!J ( ~..:i'!J.n1, 2540) • 

50 Room temperature 

45 

40 
.....J 
r 35 

-g: 

30 

25 

20 

0 2 4 ' 8 10 
Time( week) 

.,j tl.,j ti ' .. "' II .If "' A !!! ti ll1'W'I 10 n11L fttlULL iHlfl1 L * 'tleHl~ftflllN91't111fHILil'UJLLflftL"Otl3J;J1nm::.-in ft1ilft1'1 
'II 

u1~~luq.:i-wa1a;jn 1-wihu~au (Polyethylene) Lnu~~N"MIJD 30 uu11L121aL-it1a 
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..i tl..i ti I Q ., </ ,, ., Q ... ti 
111-w'YI 11 n11L af!'ULL a~f'l1 a* 'tlt1~~aflllN'll'tl11•H1La111u;AaLsaf!11"1nn1::tin a1aa1fl 

t111~t'Uq~-wa1a;jnl-wiht1~a'U (Polyethylene) Lfltl~~N'VllJD 30 tiUl1L8lfaL~flif 

25 
Room temperature 

20 

..c 15 

r ·cc 10 

5 

0 

0 2 4 6 8 10 
Time( week) 

..i tl..i ti I Q ., </ ,, ., Q !'J ti ll1'W'YI 12 n11L af!'ULL a~f'l1 b* 'tlt1~~aftllN'll'tl11fl~Lit1JJLLf'laL"Of!JJ"1nn1::tin a1aa1fl 

t111~t'Uq~-wa1a~n 1-wihti~a'U (Polyethylene) Lfltl~~N'VllJD 30 tl~fl1L8lfaL~flif 
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,, 
3.2.1 m1i.Ju'11'1J1'1J~a·1..rv1~6Vi~l11J~ (Total viable count: TVC) LL~t'11'1J1'1J~'11Ji' (yeast) 

LL~t11 (mold) 1tw;h~m1Lnu-Sm~1 

n11 L tJ ~EJ'IJLL tJ~~'11'1J1'1J"a'IJYJ~6~~\11J~ LL~t ~'11Ji' LL~ t11 "ll€J~~a!Jl.ti' ruf1i11 ~~ L'1~1J LL!"I ~ L ~EJ1J • 
"1nmt~ntJ~1'1~1~1tl111~m1Lnu-Sm~n LL'1~~~~1J1111~~ 8 ~a1J1.ti'ru'1"1i11~~ij,J1'1J1'1J Total viable count ,, 
1tl111~m1Lnu-Smn«tJ~1\t1~ o - 6 ij:S1'1J1'1J"a'IJY1~6~~l11J~ ti€JEJn11 1.00x104 CFU/n-S'1J LL~t~a1J1.ti'ru'1 • 
i11~~ij'11'1J1'1J Total viable count L~1J;i'IJ€1~1~-&'1~1'1J1tl111~m1Lnu«tJ~1\t1~ 8 - 10 Faithong et al. 

(2010) 11EJ~1'1J11 n11L~1JLfl~€J~~L'IJ€11\111ij~~~€ln11eJ'U&~m1L"~'l!"ll€J~~a'IJY1~6mlJ~€J~n11 L~Eln11~~fl11€1 

L1J1€lfa€11"1~1~ CA,.) "ll€J~ml111 "1n~~m1Y1~~€J~~a1J1.ti'ru'1i11~~L'1~1JLLl"lm~EJ1J"1nmt~ntJ~1'1~1~ ~u11 ij 
'11'1J1'1J Total viable count L~1J;i'IJL~€11tEJtL1~1L'IJn11Lnu-Sm~1'1J1'1J;i'IJ m"L~€1~1J1"1nm1L~1J;i'IJ"ll€1~f111€1 
L1J1€lfa€11"1 ~1~ CAw) ~ij~~~€Jm1ei'u&~m1 L"~'lJ"ll€1~~a'IJYJ~6 LL~t'11'1J1'1J~'1l'i LL~t11"ll€J~~a1J1.ti'ru'1 L 'IJ1tl111~ 
n11 Lnu-rm~n 4 «tJ~1\t1LL 1n 1lJ~'Un11 L"~'lJ"ll€1~~'111iLL~t11 LL~tij'11'1J1'1J~'111i LL~t11 L ~1J;i'IJL~ nti€JEJL 'IJ1tl111~ 
m1Lnu-S'mfl«tJ~1\t1~ 6 -1 o 1~EJ"li11~~~v11m1 Lnu-Sm~1~€Jrui1.nih~'€J~ijm1L ~1J'11'1J1'1J"ll€1~~'1l'iLL~t111 'IJ . ,, 
1tl111~m1Lnu-S'mfl ~~U€11"L~€1~"1n1t~u~rul1IJii~Lnu-Smn~~Ltl'IJu"~EJ~ij~~~€Jn11L"~'l!"ll€J~~a'IJY1~6 
1~EJ"'1'1JL'i1qj~'111iLL~t11"tL"~'l!1~~~~rul1IJii 25 - 40 €J~fll1L'llm~EJ'1 (Maijala et al., 1993) 

"1n~~m1Y1~~€J~~u11 '111J11riLnu-Smn~a1J1.ti'ru'1i11~~L'1~1JLLl"l~L~EJ1J"1nmt~ntJ~1'1~1~~ 

~'1.ll1IJi:i'l-1€1~1~LU'IJ1tEJtL1~1'1J1'1J 6 atJ~1\t11~EJ1lJ~'Un11L"~'lJ"ll€l~~a'IJYJ~6 ~'111iLL~t11 ~~Um"LU'IJ.~~1J1"1n 
~a1J1.ti'ruf1ij f11 Water activity €J~L'IJ°!i1~ 0.34 - 0.43 ~~~1n111t~'U~~a'IJY1~6"tL"~'l!1~ fi1JWL~'l! (2556) 

n~1111 mm1~ijf11 Water activity €JEJL'IJ°!i1~ 0.03 - 0.50 "a'IJY1~6Y1n'!Jii~llJ'111J11m"~n11~ 
~ . . ·~ 



..i 0 ... ... .. ~ • 0 ... .. ) 
'11,-1.:i'VI 8 ;J1'U1'U~it'U'Vl1tl'Vl.:l'Vlllfl (Total viable count) ua::;i11.111.1t1i'l'1 (yeast ua::11 

(mold) 1::'Vl11.:im1Lnui'nYie..iaP1.fi'cuti4'J11~.:iLa'is.iuflaL.;t1s.i;i1nn1::tintla1aa1f! 
"I ... ,. ......... ( d..ld..1 ... !!! 

u,-,-~ L'Ll'J.:l'Wit1i'l'1n L'WitLil'Vlit'U Polyethylene) Ln\J'VILn\J'Vl~N'VllJll 30 il.:lfl1L"ifitL"Otli'I 

Fermentation time Room Temperature 

0 

2 

4 

6 

8 

10 

(week) Total Viable Count (CFU/g) 
4 0.07x10 ± 0.01 

0.16x104 
± 0.01 

4 0.43x10 ± 0.02 
4 0.57x10 ± 0.01 

1.03x104 
± 0.01 

2.15x104 
± 0.01 

Yeast and mold (CFU/g) 

0.00x10
4 

± 0.01 

0.00x10
4 

± 0.01 

0.00x104 
± 0.01 

4 0.06x10 ± 0.02 
4 0.59x10 ± 0.01 

1.00x104 
± 0.02 

48 
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n11W~'U1(:.J~IJlfit1J'1-u'11~-:iLa~~LLfil"L~eJ~'iil1nmti;in'tJ"1a"1i;i L~~~'U'iil1nn11L\Jl~eJ~i:.J.:JLLfil"L~eJ~'iil1n 
'IJ 

•I 1" .. d .. "' .!'! .. .. 'i ... I.. ~ 11 mti;inu"1a"1i;i 'ii!t i;Ji:.J.:JLLfil"L'l1eJ~'Vl~"m~tt1JtLu'Ui:.i-:i"tLt1e.ii;i a6ll11u1" ~i;ie.i~u1mw fil11~'!1'U1tleJ"t 6.93 'IJ 

1u1~u i't1e.i"t 21.84 L°lll1ui't1e.i"t 1.56 Lt11i't1e.i"t 65.81 f'l1flu1mi;i11J1 i't1e.i"t 3.86 1Jt1a1Jt1~a i't1e.i"t 

10,130 ij"~n~~ LL"tLLfil"L~e.i~'lJ1t~1w 28,330ij"~n~~1u 100 n~~ 'iil1ni!uvi1m1w~u1i:.i~1J1.fi'w'1-U11~-:i 

1i;ie.im1w~u1-U11~-:ia1J11vfu~1u 3 a1J11 w~u1a1J11li;ie.i~i;iLL'tJ"-:i'iil1n1fim16llt1-:i a1J11vi 1 P1~a~1 (2534), a1J11vi 2 
\I " \I \I \I \I 

~i;JLL'tJ"-:i'iil1n~P1iJei (2553), a1J11vi 3 ~i;JLL'tJ"-:i'iil1na'!11i;i1 (2541), LL"t'iil1ni!uvl1m1'Vli;iat1ufilw.111V"l'V11-:i 
'IJ • • 

'lJ1ta1'Vla~~a Li;JeJ~'iil11t1J1'V11-:1~1'U~n~wt'lJ11n!J a n~'U 1a'!11~ Lilt1a~~a LL"tfil11~'!1tl'IJ11~ 6lltl.:J(:.J~IJ1fit1J'1 

oU11~-:I ~'ULL 'IJ'IJ~-:1 na11 L .yj ti L m~i:.J~IJlfiW'1vi L U'U.yi eJt1~fo6llt1.:J~'IJ~1.flfil 'iil1n n11'V1 i;J"tl-:IV"l'IJ11 i:.J~IJlfiW'1oU11~-:I 
~'ULL'IJ'IJa1J11vi 21~f'ltLL'U'Um1e.it1~~'1J'iil1n~'Vli;iat1ua-:iai;i vi1m1'Vli;i"t1-:ii:.i~1J1i:.J~1J1.fi'w'1-U11~-:1La~~LLfil"L~e.i~'ii!1n \I \I \I • 

n1ti;in'tJ"1a"1i;i"-:i1 ui:.ii'l1J1.fi'w'1-U11~-:i 1 \1iiLLfil"L~e.i~12.l~1n11 i't1e.i"t 20 'tlt1-:i'lJ~mwviLL'Ut°Ll1~t11'U ~tl'Vl~-:i 'IJ 

V1tl1e.iu~1i1f'l (30 n~~) LU'U'11u1u 3 ~1t1~1-:i ~1eJfil11~Li~iu 3 1t~'IJ ~ti i't1e.i"t 20 30 LL"t 40 LL"tvi1m1 

'V1i;Jat1uf'lw.111V"l'V11-:i'lJ1ta1'Vla~~a V"lu11 i:.i~1J1.fi'w'1-U11~-:i La~~ LLl'l" L~eJ~'iil1n nwi;in'tJ"1a"1i;ia1J11vi 1 
• 'IJ 'IJ 

(LLl'l"L~e.i~i't1e.i"t 21. 7 5) 1~f'ltLL uum1e.it1~foa-:iai;i oJ1i:.i~1J1fiw'1m~~1vi1m1Pin~1t11e.im1Lnu~n~11i;ie.im1 
'IJ • • 

Ln'IJL 'U1U LL 'IJ'IJ'IJ11'ii!CMV"l"1a~ n Ln'IJ~n~1vit1t1J'V1Jlij\1t1-:i (30 tl.:JPl1L'l1" L~eJa) vi1 n11\J11d'ii!at1'1Jfilt1JJ11V"l'tltl-:I 
" • • • \I • 

(:.J~IJlfiW'1VJn 2 aui;i1'\.1(141'U) LU'U1teJtL1"1 2 L~tl'U (70 1'U) V"l'IJ11 m11'i;if11 Water activity (aw) °lltl-:1 

i:.J~1J1fit1J'1i11~-:i \Jl"tli;'l1teJtL1"1viLnu~n~1i:.J~1J1fit1J'1 V"l'IJ11f11 Water activity t1~'1u•tb-:i 0.34 - 0.55 u~mw 
fl1~.:J na11iii:.i"~t1m1 L ';ij~fl l°lJtl-:l'iil~'U'Vl~eivi L U'Ua1 L VI \Jl'tltl-:1 n11 L~tl~ LaeJ°lJ ti-:! tl1'Vl11 ~-:iat1i;Jfil~t1-:i tl'IJ n11'V1 i;i" tl.:J°ll ti-:! ·~ . . 
a'!11m a-:i't!W'U~ LL"tfilt1Jt (2541) vi'Vli;i"t1.:JW~'U1i:.J~IJ1fit1J'1i11~-:1V1-U'1~-:1~1L ~'iil1U'iil1m 'Vl~L u-U-11 t1~a-:i LL"t-:11 • ~ 'IJ 

L~t1'Vli;iat1u f11 water activity V"l'IJ11iif11 aw Lvl1tl'IJ 0.34 ilfie.11 (2549) 11e.i-:i1u11 f11 water activity LU'U 

f11viLLai;i-:i1t~'IJV"l~-:l-:!1'U6lltl.:Jtl1iif'l11~~1~qJ~tltl1~n11Ln'IJ~n~1 n11L~tl~Lae.i LL"tfil11~U"tli;J.fi'eJ'tltl-:ltl1'Vl11 ii 
f11~-:1LL~ O - 1 f11 water activity 'tlt1.:Jt11V111u1-:1'!1ili;ivit1~'1'U"lh-:i 0.03 - 0.50 ~~'U'Vl~e.i12.la1~11m'iil~'lJL~ 
f11a L * a* b* V"l'IJ11iim1LU~eJ'ULLU"-:!~tl iif11 L "i;i"-:i fl1 a LL"tfl1 b iif11a-:i~'U 'ii11nm1Lnu~n~1i:.ii'l1J1fit1J'1 

'IJ 

t1w'Vl.11ij 30 t1-:iP11L'11"L~e.ia iii:.i"~t1m1L u~e.i'ULL u"-:i6llt1-:ia vi11 \1i:.i~1J1.fi'w'1iiaf'lJ1"-:i iiaLLi;i-:i LL"tL 'Vl~t1-:iL -u~~u • 'IJ 
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~.:idm~ L tl'U L w ~1teiruvi.nij"!Jrut LntJ-rn~1~a1J1.ti'ru'1~a.:i~t L tl'U~.:i L ~.:itlnii~enm~Liii;iatl11J11a"llei.:i~a 1J1.ti' ru'1el''U • \I \I dJ 

L ~ei.:i~1nel''U1J1~ii~m (Interaction) ~tw;h.:itl11J11a~~1~.:intJ n~i;ieim 'U~m 'Umvi1~'V11 t '1~a1J1.ti'ru'1 LL '1.:iiiaL <iiiJ~'U 
<i.:i'U.n1, 2540) m~Ltl~V'ULLtla.:i'\i1'U1'U~a'UV1~6~.:iviiJi;i (Total viable count: "TVC) LLat'\i1'U1'U~a!Ji' (yeast) 

LLat~1 (mold) ~tw;h.:im~LntJ-rn~1 wtJ11 a1m~mntJ-rn~1~a1J1.ti'ru'1.U11~.:iLa~iJLLRaL~e.iiJ~1nn~t~ntla1 

'1'11i;J~eJWVl.nih~eJ.:J1~LtJ'U~tE.ltL1'11'U1'U 6 atli;i1\11i;ie.ihJW'Un1~L~~ni"!JeJ.:J~a'UVJ~el ~a!Ji'LL'1t~1 ~.:idm~Ltl'U~a • \I v~ 1 

iJ1~1n~a1J1.ti'ru'1ii r11 Water activity ei~L'U'!i1.:i 0.34 - 0.43 ~.:i~1n11~t~'U~~a'Uvi~6~tL~~qJ1~ 

ftltl'-Jim1-ai~v 

tl~iJ1ru~.:JLLRaL~ViJ iim1iJri1~qJ~eim~e.ieiiJ-rtJ"llei.:i~a1J1.ti'ru'1.U11~.:iLa~iJLLRaL~ViJ~1nn~t~ntla1 

aa1i;i 1i;ivm~L~iJ~.:JLLRa L~ViJ~1n n~ti;intla1aa1i;i L 'U~a1J1.ti'ru'1.U11~.:i 1 '1iiLLRaL~ViJ hl~1n11i'eie.iat 5 "lleJ.:J 
"' 

tl~mru~LL 'Uti.11~eJ1'U ~eJVl~.:JV1'l.i1e.itJ~1.nR (30 n-riJ) n1~L~iJ~.!JLLR'1L~ViJ i'eie.iat 20 "!JeJ.:Jtl~iJ1W~LL 'Uti.l1~ei 
1'U Lll'U~a1J1.ti'ru'1.U11~.:i~l~-r'URtLL'U'Um~veiiJ-r'UiJ1n~ai;i 1i;iv~a1J1.ti'ru'1.U11~.:iiitl~iJ1ru R11iJ~'Ui'eie.iat 2.14 • 
1 tl~;i'Ui'eie.iat 4.48 1 "ll~'Ui'eie.iat 3. 71 Lll1i'eie.iat 0.61 mfl: tJ lmi;i~1J1i'eie.iat 19 .05 vJeiavJei-ra 114 ijaan-riJ 

LL'1tLLR'1L~E.liJ 17 4 ijaan-riJ <1 '1LLR'1L~ViJi'eie.iat 21. 7 5 "!JeJ.:Jtl~iJ1W~LL 'Uttl1~eJ1'U) vl1n1~Ln'U-rn~1LL'U'U'U~~~ 

L'U~.:iwa1a~n 1warnVi~'U (Polyethylene) LntJ~~ruviJJijl1'ei.:i (30ei.:iiat1L'IJaL~e.ia) Ltl'U~tVtL1a1 2 L~ei'U 
~tvi11.:im~Ln'U-rn~1~a1J1.ti'ru'1<1i11~.:iiir11 Water activity eJ~L'U'!i1.:i 0.34 - 0.55 a"!lei.:i~a1J1.ti'ru'1<1i11~.:iiiaRJ1 
a.:i iiaLLi;i.:i LL at L vi~ei.:i L<iiiJ~'U ~a 1J1.ti' ru'1.U11~.:i La~iJ LL Ra L~e.iiJ~1 n n~ti;intla1aa1 i;ia1iJ1~'1 LntJ-rn~1~ 

"' 
~WVIJ,1ij\1ei.:i1~LtJ'U~tE.ltL1'11'U1'U 6 atli;i1\11i;ie.i'hJW'Un1~L~~qJ"lleJ.!JLL'URViL~EJ ~a!Ji'LL'1t~1 

II 
ii t>Lft'Uil u. u:: 

~tvi11.:im~LntJ-rn~1~a1J1.ti'ru'1.U11~.:iLa~iJLLRaL~viJ~1nn~t~nt1a1aa1i;i m~iian~ruttl~1n!Jm~w.:i 
tl~ta.:if'l"llei.:i~tJ~1.nR L"li'U m~Liii;in~'U ~a LLatLileiaiJ~a~hlw.:itl~ta.:if'l ~.:im~iJ1~1nm~L~~fll"!JeJ.:i~a'Uvi~6 "' ·~ . 
~a!Ji'LLat~1 LL'1t'11LVl~~'U"JL'U~tvi11.:im~LntJ-rn~1 ~.:iif'U~.:im~i.l1LVJR fo1a~L~rniL~a (Hurdle Technology) 

L<ii1iJ1tl~te.in1J11intJm~LntJ-rn~1~a1J1.ti'ru'1.U11~.:iLa~iJLLRaL~e.iiJ~1nmti;int1a1aa1i;i Lvlei~i;imvm~LntJ-rn~1 . "' . 
~a1J1.ti'ru'1.U11~.:iLa~iJLLRm~e.iiJ~1nmti;intla1aa1i;i~ei 1 ti 

"' 
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., "'"" ti ' ua::wta11.11~Pii'f1'Mn-a-alli'f'11'Ll1. ni1J i::1J.:i m::V1n.:1Ln~11m~g:i::a\1mru, n1.:IL'Vlw "1. 

na.:iln"lltnmi. 2546. tfi3.11nia1-ail1"M11~1.:iii.:i~fl1-alllfuth::;i11'1.1a1"Mfufl1.1l<v1a w.A.2546. m1la'U12JEJ 

.. ., ' 
1J\111'Vlmflmn~1J1iP11a1J1i, n1.:IL'V1W "1 . 

.:i11J~'U fil.:!Lal 2545. "fln1111wil'11a1a" L 'Ufilrumw"li11~'1::mi1J1iT;Jaau"li11tl'UL 'U"!i11\1B1J1J::~L 'V1EJ ni1J • • .. ' 1"111miLn~1J1i ni::'Vln.:iLn~\JliLL'1::a\1mru. n1.:iL'VlW"1. 

\1~1J1P! ~e)'11J11J1ei. 2550. 'U'LlllU{ln'Ji)'lJ\11nu\l.:iil'11L~1'MilllUitL~llLLflaL4iall\11nn-a::.im..Ja1. 1'V1EJTUW'U5 • v 

tl~'lJ'lJ1 L 'V1, 1JV11i'Vlm~mn~1J1iP11a1J1{ 

-dai:.im a1J11W1J1itQ'1. 2546. J1a1nil1.1La';SJuflaL4iall\11nti1nla1. 1'VlEJTuw'U5tl~'lJ'l!1L'Vl, .. ., ' 
1J\111'V1El1'1EJLn~1J1iP11a1J1i. 

li'P!tlei ~1Ja1iiru. 2553. 11ilurum1il1'M11\11nil'11. ri1t!n.:i1'Ufilru::mi1lmii~mL'H.:1"111~, m.:iL'VlW"'I. • v .,·a:; • 
., ... ,,f ·' " ... 'i' .. ' .. ' 'U')1J'1 BP11LnP!1JN. 2550. n1'1Laa.:iua1'Ll1\lfl. ~i.:IW1JW fl1WW1JW n1.:IL'V1W"1. 

tJ"ll~ ~1JU1.:l\Jl'11~. 2556. il1'M1'111.:i. amU'Un1iPin~1'UBnh.:iL~EJ'Ufl1filn'11.:I. ~\1rt.:1~1J1: www.crnfe.ac.th. 

' 30 i1'U1fl1J 2556. 

"' U5EJ1 i'IJl'U1tl'U'Uvl. 2548. 1'Vl81f11i'l'1in1'ail1'M1'a'Uil{ll'UJj''LILLa::\l1Jj''L1. 

ri1t!nVi1JWLm~EJ'UaL1J1{ n1.:IL'V1W"1. 

tl~w.:ifli' ~1J1~11"lltl. 2543. m1NaPiuflaL4iallua::L\la1~1.1"1mf1~L'Mflil'Uil.:i l 1.:i.:i11.111";il. .. ., ' 
1JV111V1mflmn~1J1iP11a1J1i, n1.:IL'Vlw "1. 

ti '"'ti ., "· • " ... ' ..; ... it'Vl . 2556. w1.1qua1'Ll1\lfl. LL\1'1.:l'V11J1 : www.bestfish4c.com. , 25 1J'U1fil1J 2556. 

Vi1J~Ly;'l! WiLD~1Jw.:ifli'. 2557. Water activity. LL\1rt.:1~1l1:www.foodnetworksolution.com. , 15 

W')~.fl1fl1J 2557. 

w.:i,;tl, ~fl::EJ,'Vltla,'U'Vli. 254 7. Nit'Uil.:i;ini'M11iiua::fl113.1i1.1t1.1m'a'M.:iil'11fiilfln!ll1w'Uil.:iil'11'Milllll::aan. . " . . . 
1'V1El1UW'U5tl~'lJ'l!1 L 'Vl. 1J\111'Vlm~m 'Vlfl 1'W1'1~Wi::\IB1JLn~11l'UtJl n1.:IL'V1W"1. 
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il1flN'Ll'ln 



i11L~1'1n 3 '1Tu 

i11LV1Uf.Jd'1n 1 '1Tu 

i11n-~:::LVim.i 2.5 n-rl.l, w~nhm 2 n-rl.l, ~1n~n;i 2 n-rl.l, VleJl.lLL~M 

3.5 n-rl.l, V1t1l.l'i111V1qj 25 n-rl.l, L"!.l"n":::Laei~ ".:i~~~'LJV1t1l.l 

i 
11A'11 A' Cl.I I CLIQ.I 

mi.rnn.:iLL":::L'Ue:iVll.lau e:im.:i"::: 70 ml.l ~~~'I.Jan 
• v i . 

tl~.:i~a~bmhu"1 3 n-rl.l, tl11Jl1"'V1~1ei 5 n-rl.l, • 
tl1l.l:::"!.11l.lLtlein 5 n-rl.l 

i 
L~m~'LJL-ti1n'LJ ~nH 

... 
eJ\Jl~1'11'LJ~:::w;h.:ii11 : i11th.:i~a 1:1 • i 

er~t'1~l.l~ 

i 
1111tlmmL~~1 \1LL\1.:1V1~e:i 

el'ULL~'LJ-ti11~.:i~e:iwV1.flij 250 el.:lfil1~1L~'LJLH!Ji (120 eJ.:lflf1L'1mL~eia) • v 

tl~:::l.J1W 20-30 'LJ1Vi 
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II .. ' 'tl11L'\.1iJman 1 aiiJ • 

i11L'iia"1~~rnL"t~.:iu~ a~1.:i"t 75 n-r1J i11hJ~~nu 
mtLViEJ1JL'tl"n 2.5 n-r1J, w~n1'Vlm'.JiJ 2.5 n-r1J, ~~~iJ'\.1B1J 

i 
L~1J~1ntV1 50 n-r1J 

i 
tl~.:i~a~1EJ tl1m"'Vl~1EJ 20 n-r1J, tl11'11"~u 20 n-r1J • 

~ J' .. ... 
u~i:.ia1J Lum iJm~EJ1niJ 

Ln~m'.JiJ 2 n-r1J 

i 

a1'1~1a1iJ~tw;i1.:ii11 : ii'1t1~.:i~a 1:1 

i 
er~1a~1J~ 

i 
i111 tll'l1nLL~~1 i1LLi1.:J"17a 

BULL~iJi11~.:i~~ruwJij 250 f).!Jf'l1W1L~iJ1H~ (120 fl.!JPl1L'llm~foa) 
tl~t1J1ru 20-30 iJ1Vi 

i 

..i ... ti ..... ' "3.11: ~~LL ".!J~1n'VIPl1JEJ, 2553 
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" .. ' "1111LVl'UV1'1n 1 '11'U • 

Lfi~nn::Vi 150 ni'~ ~'ULL~mr'U 

i 
thri~nu.\1-:i 2.5 ni'~, m::LViv~ 5 ni'~, ~~nhm 2.5 ni'~, ·nn~n;i 2.5 ni'~ 

vie:i~LL~-:i 7.5 ni'~, L"lmnri::L~v~ ri-:i~~~'UVleJ~ 

=" x .. ., 
'll~~'1~Lu'UL'Um~mn'U 

eJ~'S1~1'U'StVl";h-:ii11 : tl1'U~-:l'S'1 1: 1 

i 
er~1~~~w-

i 
tJ1LU~1nLL~~1 \11.1.\1-:iVl~eJ 

eJ'ULL~'Ui11~-:i~~ruV1IJij 250 eJ-:if'f1~1L'S'ULH!Ji (120 eJ-:if'f1L'l!rtL~V'1) 
tJ-s::~1ru 20-30 'U1Vi 
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1. Plate Count Agar (PCA) 

'lh~m1u~1EJ 

Casein enzymic hydrolysate 

Yeast extract 

Dextrose 

Agar 

5.00 

2.50 

1.00 

15.00 
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i-:im'H1~ri1L ~"il~'ll 23.5 n-S11 a~a1EJnuil'1n~'U 1000 iia~~!Jl~ l '1f'l1111i'am ~al '11'Ua~a1EJ mhvh 
'IJ • 

1'1'l1~1fl!\11m~a~1EJm~il-:i~1L~a~ 121 a-:ifl!w1mL~EJa fil111l~'U 15 'lla'U~~a m~1-:i-d'1 Ltl'Una1 15 'U1Yi 

2. Potato Dextrose Agar (PDA) 

'll~~flf)tJ~'JEJ 

Potato infusion from 200.00 ... 
fl~11 

Dextrose 20.00 ... 
fl~11 

Agar 15.00 ... 
m11 

i-:ia1'H1~ri1L ~"il~'ll 39 .o n-S11 a~a1EJnuil'1n~'U 1 ooo iia~~!Jl~ l '1R1111i'a'UL vla l '11'Ua~a1EJ LL~1vi1 
'IJ • 

l °'al .KI' _JI .K.. .. ... al ' ' .: .f'I .. 
'Hu~1flf\11flL'!leJ~1Elfl1~'U-:lt.J1L'!leJ'Vl 121 B-:lflf1L'l!aL'l!EJa f1111l~'U 15 ueJ'U~!JleJ!J11~1-:l'U1 Lu'UL'Ja1 15 'U1'Vl LLa~ 

11-:i~-:i111'1Lel'U~~ru,,,iJii 55 B-:lflf1L'l!aL~EJa "il1nt!'UL~11a1~ a~a1EJ Tartaric acid ~'l1~1flf\11m~a 10 iia~~!Jl~ 
LL~1i:.ia111'1LeV1n'U 
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~- -~ .. ~ ( 1. 11m11'111;J\11-u1SJ1WLL'Ufl'VIL'nl'Vl~\llSJfl AOAC, 2000) 

1.1 n1~b\Jl~EJ11~1e:i~1.:iv11 Li;iei'8'.:i~1e:i~1.:i 25 n~11 Li;iei15tl~1PPinm~e:i (Aseptictechnicque) U.~1b~1J 
'11~"t"1EJ Normal saline (bn~eii'eiei"t 0.85) ~~1b~elbb~1".:iltJ 225 ij"~~\Jl~ ~'IJ~1ei~1.:il'1b'li1n'IJ~1mR~ei.:i 
~'IJ~1ei~1.:i (Stomacher) ~t1~'11~"t"1ei~1ei~1.:i~ij~t~'Url111Jb~eJ~1.:i 1: 10 

1.21-a' Pour plate technique Li;JEJn1~tlbtl1J11Jl~1ei~1.:i~~t~'UR111Jb~eJ~1.:i~1.:i~ n'IJ'l.1~111\Jl~ 1 
.. .. 'I .f .,j I .f V V I .. ~ .f 1• !'I ., .. o , .. 11"m111J1~ ".:lb'IJ~1'1JbW1tb"lleJ'VleJ'U~1b"lleJl.L"11.L"1 ReJEJ~ ~'IJ'11'V11~b"EJ.:lb"lleJ Plate count agar ".:i u b'Vl1J u~111\Jl~ 

tl~t111ru 18-20 ii"~~\Jl~ Re:iei~ b"il~1l'1~1ei~1.:ibb"tmV11~b~EJ.:ib~eir;.i'111n'IJv11.ff1~t~'UR1111b~ei~1.:i"t 2 .ff1 

n~u~1mw1tb~eiiJ1ltJtJ11~eiruV1.nii 30 ei.:iP11b'llm~ei'1 'IJ1'1J 24-48 '8'1L11.:i • \I 

1.3 l°i'i;ib~e:in~1'1JbW1tb~ei~ij,Y1'1J1'1JLR fail eitj~t'Vl11.:i 30 -300 LR L"il tl'u1ii'1'1J1'1J~1mR~ei.:itl'u LR L"il 

1.4 'Vl1R1bu~ei1ii'1'1J1'1J LR L"il~tl'ul~ 'IJbb~"t~t~'UR111lb~ei~1.:i~ru~1eiR1 Dilution fator"!Jei.:i~t~'U 
R111lb~ei~1.:i~tl'u 1~ fi'1mrub U'IJ1i11'1J1'1J LR 1"il~ei~1ei~1.:i 

2. 16m1P111;i\11tA111w~a'1ua::11 (AOAC, 2000) 

2.1 b\Jl~EJ1J ~1€1 ~1.:lel1'V11~ b -d'IJ b~ EJ1 tl'Un1~1 bR~1t'\.1tJ~1J1'1.lbb 'lJ RVi b~EJ~.:l'Vl1J i;i 

2.2 tlbtl1J11Jl~1ei~1.:i~b~ei~1.:ibb~1tl~1111J1~ 1 ii"~~\Jl~ (m111b~m:rn 10-1 
- 10-5) 1~".:il'IJ 

~ 0 ~ 4 t ,,: ~ cil 
~1'1JbW1tb"lleJ 'V11'111R111Jb~eJ~1'1.:l"t 2 ~1'1J "il1n'IJ'IJb'VlmV11~b"EJ.:lb"lleJ Potato dextrose ager 'Vltl~u rn111 

bU'IJn~i;i - b'U'1 Lv11nu 3.5 Li;ieili Tartaric acid i'e:iei"t 10 ~'Vl"eJ1J"t"1mb"t~ruV1.t;Jiitl~t111ru 45 ei.:iP11 

b'llm~EJ'1 ".:il'IJ~1'1JbW1tb~eJ~1'1J"ttl~t111ru 15 ij"~~\Jl~ r:.J'1111'1b'li1n'IJ~.:i~.:i11l'1bb~.:1~1 1~~ei.:in~'U~1'1JbW1t 
b~eiiJ1ltJtJ11~~ruV1.fJii 25 ei.:iP11b'llm~ei'1 'IJ1'1Jtl~t111ru 2-3 1'1J 

2.3 tl'u1ii'1'1J1'1JLR faffi 'IJ~1'1JbW1tb~eJ U'IJVinr:.J"bb~1Rru~1ei Dilution factor "ileJ.:lrl111Jb~eJ~1.:i~tl'u 
\I 

1ii'1'1J1'1J1~ l.L"t'Vl1R1bu~EJ~1mr'IJfi'1'1J1'1.lbU'IJLRL"il~ein~1J"ileJ.:Jtl1'Vltl'n~1ei~1.:i (CFU/n~11) 



1. 16m'S1Lfl'S1:'1\J'i111cufl1111~'1.1 (AOAC, 2000) 

~tlmru 

1. .f11'!1'U::t1::~ijLijm.J (Moisture can) 

2. ~t:J'l.Jlv~vh (Hot air oven) 

3. Lfl~~m111:ff'U (Desiccator) 
" 

4. Lfil~t1.:ii.:i1'V'Jvhv1fl!ilt111 4 1Ji'1LL'VIU.:I 
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1. V11tl1V1i!n~fi1.:l~'lltl.:l.f11'!1'U::t1::'1ijLilt111 1~m.11L6!i1~t1'1.J~tlnl'Vl.f1ij 105 tl.:lfl11L'11'1L~Ela 'U1'U 
~ ~ . ~ 

2-4 i1 l11.:i vi11iXL~'UL'U1ri~~fi11111:ff 'U i.:itl1V1i!nu~1t11L 6!i1~t1'1.J L 'VI~ ~1L il'Um-s L V1i'.it1'Ufi1~.:1LL "Sffiil'U 1~tl1V1'11nfi1.:i~ 
" " 

2. i.:i~1t1~1.:itl-s::111ni 2 n-r11 La'1.:!L 'U.f11'i!'U::t1::'1ijLilE.111 ~Vl'S1'1.Jtl1V1i!n~LLU'Utl'ULL~1 
" 

3. Ln~t1~1t1~1.:1LL~t1t1nt1~1.:ia~1La11t11 iXih if t1~111n~a~L vh~'\l::vi11~ • 
4. t11L6!i1~t1'1.J~~nl'Vl'Jij 105 t:l.:!fl11L'11'1L~EJa 'U1'U 2-4 i1111.:i vi11i.1L~'UL'Ulfl~~fi1111l:ff'U i.:i 

tl1V1i!n LL~1t11L6!i1~t1'1.J L 'VI~ ~1 L il'Um-sL V1i'.it1'Ufi1~.:ILL -sn'\l'U 1~tl1V1'11nfi1.:i~ 
" 

5. t.111~.mmm t1fl11'U1nim111nifi11111:ff'U~.:id 

n1'Sfll1'U1nl 

tl~111nim111:ff'U ( it1t1'1::) = Ctl1V1i!n~1t1~1.:int1'Ut1'1.J-tl1V1i!n~1t1~1.:iV1~.:it1'1.J)x 1 oo 

t11V1i!n~1t1~1.:i 



2. 150111Lfll11Z~\111tn111NLii1 (AOAC, 2000) 

~umru 

1. ~eru1'V'Jvh (Hot air oven) 

2. b1Jl1b~.J1~W'Vl1Jil~.:i (Muffle furnace) 

3. i;i1EJm:m'.fa.:1bl'lifou (Porcelain crucible) 

4. L'1~~1'1111J~'U (Desiccator) 
" 

5. bl'l~a.:ii.:i'VIP1ilm.1 4 ~1bb'Vlt.i.:i 
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bbaTrn\J"5~1J1w 30 -40 'U1Vi b via t ~~WV11Jil.n1EJt 'Ub'41~~~wfo'U bba1i.11aamnm1111 b'41tai.'U1'1~~1'1111J;f 'U 
\J~aEJL~b~'U~'U5.:1aw.nil~a.:1bba1i.:iil1V1tl'n . " 

2. b'41'51~nl'l~.:1~~\J"5~1J1w 30 'U1Vi l~EJv11bV1i'.la'U1cria 1 ~'U1~'4~\Jl1.:i•tm.:itl1V1tl'n~.:i 2 l'l~.:i 
~~\Jlan'U'Wbn'U 1-3 il~fin~1J 

3. i.:1~1m.h.:it m~tl1V1tl'n~bbt.i'Ua'U\J"5~1J1w 2 n~1J tai.'Ui;11EJn"5~df a.:ibl'l~au~'Vl"51Utl1V1tl'n 
bb t.i'Ua'Ubba1 i.111 u b'-J1t 'U~l'l1'U~'U'Vl1J~l'l1'U bba1~.:ii.11b-ii'1b1J11 b'41awV1.nil 550 a.:1P11b'l!~b~EJa bb~~vr1'51 " . " 

= ------- x 100 
~ Q/QI I I 

'l.ll'H'l.lfl'11 tltll.:lfltl'l.ll Nl 



3. 15m1iLfll11::\.fvr1miJ1wl'lh;iut"ai6L;ia\.f"1a (kjeldahl flask) (AOAC, 2000) 
e:iumcl 

1. "U1i;ive:iei1i.J1~'1J (Kjeldahl flask) "U'IJ1i;i 250 - 300 fa=iaa1J11 

2. -qi;in~'IJLU'J~'IJ (Semi-microdistillationn apparatus) 

3. "U1i;iu-ruu71111J11 (Volumetric flask) "U'IJ1i;i 100 iiaaa1J11 

4. "U1i;i~i.J·1n.J~ (Erlenmeyer flask) "U'IJ1i;i 500 iiaaa1J11 

5. llLi.JIJl~ (Pipette) "U'IJ1i;i 25 iiaaa1J11 

6. u1L11J1~ (Surette) "U'IJ1i;i 25 iiaaa1J11 

1. ~nu.n1 

8. m::i;i1~me:i.:i (Filter paper) 

1. mi;i'8'a~7mi11i'IJ (cone. H2S04) 

2. a11d.:ii.J~n7m 1-ff1°1t1ULUt1iaB'aL'W1J1 (Cu504) 1 a1'1J~eJL~LL'Vl&'fL.yjeiaaB'aL'W1J1(K2504) 9 a1'1J 
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3. a11~::a1ei1'11L~ei111Hi;i1e:in1'11i;iLi11i'IJ~e:ieia:: 32 i.:i1'11L~ei111Hi;i1e:in1'11i;l 32 n-r11 a::a1ei1'1J 
J1n~'Uu-rum1111J11L tl'IJ 100 iiaaa1J11 

4. a11a::a1eimi;iue:i7mi11i'IJ~e:ieia:: 2 a::a1eimi;iue:i7n 20 n-r11 ~1eitl1n~'Uu-ruu71111J11 
Ltl'IJ 1000 naaa1J11 

5. a11a::a1eimi;iLn~mi11i'IJ 0.1 'Ue:ii~a 

6. B'IJ~Ll°lLIJlt1ibaff fashiro indicator LIJl~fl1JLU'IJ stock solution i.:1L11Vi~'IJtJa 0.2 n-r11 
" 

ata1eJb'IJLtl'V11'1JeJa 200 ii~aa\Jl'J LLati.:!L1JBaL'Ji;) 0.05 n-r11 ata1eJb'IJLtlti1'1JeJa 50 iiaa\Jl'J 1i;iei'll11J1t:..i&'f1Jb'IJ 
,, ' 

el\Jl11a1'1J stock solution 1 a1'1J : LeJ'V11'1JeJ~ 1 a1'1J : '111n~'IJ 2 a1'1J 

..... 1tin11 

2. L~1J&'f1'JL~.:li.Jfin7ei1 1 n-r11 U.atn1i;iaB'avJ~mi11eff'IJ 25 ii~aa\Jl'J '1111i.Jve:ieJtJ'IJLIJ111WL'IJ~ 
'6J • " 

1°11'1J~'Um::'*.:i 1~a11a::a1ei 1a i.J~e:ieivi'.:i 111-H'L~'IJ 

3. 'll11i.Jn~'IJ 1i;im~11J1n~'IJ 30 iiaaa1J11 LLa::a11a::~1ei1'11L~ei111Hi;i1e:in1'11i;JLi11i'IJ~e:ieia:: 32 
u71111J11 100 naaa1J11 

4. 1e:i.:i-ru~.:i~n~'IJ1~~1eia11a::~1eimi;iue:i7mi11i'IJ~e:ieia:: 2 i.J71111J11 50 iiaaa1J11 



5. L~~a'!.J~LfllL!JlEli° 2-3 ~fl~ 

6. n~tJ 1~ fl 1 ~~1utJ~1fl"lJE1.:J~tJmclfll1ULL ilu~~~.:i L 1.J'11'rnt~1fln~~i.rn~n 
7. n~m1ul~a1~~t~1flLtJ'll1~~rnLtiatJ~t~1ru 250 ii~aai;i~ 
a. n~utJ~t~1ru 1 o u1Vi a1.:ii.J~1 fleii.Jmclfll1uu. ilu~1ml1n~u~.:i1 u'll1~~ei.:i-ru • 

" 10. v11 blank ~1fl15m~L~mnu~.:iu.~iei 2-10 

(a-b) x N x 14 x factor 
= 

w 

L~fl~ a = tJ~mW"lJEl.:J'11~~t~1fln~~Ln~eimmum~1'VIL'Vl~'1~1El~1.:J (ii~aai;i~) 
b = i.J~~1ru'llei.:ia1~~t~1flm~Ln~eimmum~1'VIL'Vl~a blank <ii~aai;i~) 

N = fll11~Li~i'l.J"IJEl.:J'11~~t~1flm'~Ln~ei (tJE1{2J~) 

w = J1wun~1ei~1.:i cn-r~) 
Factor = ~1L~"llViL~~1t'1~ = 6.25 

cJ1~'1nn-r~a~\j~cl"IJE1.:J 11.J L\Jl~L '11.JL vJ1tl'U 14.007) 
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4. 160111Lfl'J1::\11111mSJ1wl'tJJj''U (AOAC, 2000) 

'li.Jn1cl 

1. 'li.Jmcl-q~'1n~1'llJj''U (Soxhlet apparatus) i.J'J:mB'U~1f.lumnBi'11V1-r'Uta~1vl1"t"1f.liij 
BnL~\Jl (Soxhlet) Ll'l~B..:Jfn'ULLU'U (Condenser) LLmH\J11L~l'l1111~B'U 

2. 'Vl"B~ta~1B~1..:i (Extraction thimble) 

3. ~1~ 5. Ll'l~B..:i.ff..:i1vhhv1P1Uf.J1l 4 ~1LL'VIU..:J 

6. fo~~l'l111l~'U (Desiccator) 
" 

4. ~B'U 1 ww1 
" 

fo~~m111~'U LL"t.ff..:itl1V1t'rn~LL U'UB'U 
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2. i..:i~1B~1..:itJ'Umtm~mm~V111tJtl1V1t'Jni.J'Jtmw 1-2 n-r11 \1B t ~21~:a~LL~1 ta"..:it 'U'Vl"B~ 
ri1V1-r'U La~'JB~1..:J l'l~11~1f.Jri1~L i4B L ~'11'J"t"1f.Jiin1'Jn'Jt~1f.JB~1..:J'1~1L'111B 

3. tl1V1"B~~1B~1..:ita"..:it'UiijBm~1J1 (Soxhlet) 

4. L~1JUL\Jl'JL~f.J11BL 'VIBi"..:i t 'U'il1~'V11 L '!J3J'Ui.J~111w 50 ij"~~m LL~111..:J'U'UL\J11 t ~l'ld111~B'U 

5. vl1m'J'1n~l'll3J'ULll'Un"1 45 'U1Vi 1~f.li.J-r'Ul'l1111~B'UL ~'Vlf.J~'llB..:i'11'J~"t "1f.Jn~'U~1~1n 
'1Un'JWl'ld'ULLU'UB'U~1f.lel\Jl'J1 150 'Vlf.l~ IJJB'U1Vi 

6. 'JtL 'Vlf.J~'UL 'Vl~B'11'J"t"1f.J t 'U'il'd~n"11 L ~f.J..:JL~ni1Bf.J~1f.JLl'l~B..:J'JtL 'Vlf.J~1~"t"1f.J 

'Jt L 'Vlf.J~'UL 'Vl~B'11'J"t"1 f.J t 'U'il'd~ n"11 L ~ f.J..:J L~ ni1B f.J~'d f.J Ll'l~B..:J'Jt L 'Vlf.J ~'~"t"1 f.J 

7. tl1'!l1~1i.JB'UL'U~~BW'Vl.ni1 80-90 B..:JP11L'l1mtYif.J'1 ~'ULL~..:i ~..:iL~L~'UL'Ufo~~ 1'11111~'\J \I , \I \I 

8. i..:itl1V1t'JmL~'dB'U'511"1f ..:i"t 30 'U1Vi ~'Un'Jt~..:i~rn!Jl1..:i'!JB..:Jtl1V1t'rn'1B..:Jf'lf ..:i~~ IJJBn'ULlJLn'U 

n1'Jf'i1'U1W 

i.J~111wl'll3J'U (~Bf.J"t) = 
o CU QJ' I -. II 

'U1'Vl'Un\J11Bf.J1..:JL 'J11\Jl'U 
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., ., ., 
'U11fHl'M'L11'M2;j'Mtlil~ 

•. 'Uilt1'Ti1t1 
"' ' "' .i::tir. IV' .- II CV II .Ciiio II II I ILi 

Cil. Ci) 1J 1 ~~11i..11:..ia~.fl C\.1'1'q1J'll'U'Lll"l~€ltJ 1"1~1J LiJ'V-j1t'i.111 ~..:l'\ll'L.11'\ll\j'VI e.1€1..:l'Vl'Vl1 ~1 n'!.111 L ~1 L 'Vl1'Ll'LI 

m. t1viilt111J 

1"1111J'\111J1V'i.1€l..:1~1 film 'Ll1J1~~~1'U~a~firu'fi"!l1J"ll'Llif ii~..:i~B 1 tJ'if ... . 
l!>.Cil i11~..:l'\llU1'\111J'\llV€l..:1 '\111J1Vfi..:i €11'\111~11..:im~~1nm~t11 i11~..:11J1'VIB~1-HmBtJ 'Vl1~1V Ll"l~B..:itJ~..:iLL~..:i~a ~ " . 
L'Vl1J1ta11 he.iV11.!1~1e.iV111V1e.iB..:i1-H'*1 1.1.~11.111 tJBtJ~Bru'Vl.tiiiu.atme.i1 'LI ~te.itna1~n1V1'LI~ " . " 
l!l.I!> i11~..:i 'Vlme.ifi..:i i11~n~~~Lll'LILL~mn~v1lBtjn'Ll'Vl~B'Vl~Bmt'Vlt 'Vl~B~a~firu'fi~vh ~1nm~t11 i11L~11J1 
\1..:i~n LL~Tvi'1 1-HLll'L11.1.~'L.lu1..:i 1~vm~t11 1l1u~nB'Ll'Vl~B 1lJm~ v11 1-HLL-H..:i 1~v1-&'1"11111~B'Ll~1mLa..:ieJ1Vi~~'Vl~B 

I CV .. 

~1nu. V1a..:i'V-ja..:i..:i1'UB'LI 

l!l.m '\111J'\llV€l..:I '\111J1Vfi..:i ~a~firu'fi~v11 ~1miiB'V11JtJ~..:i~a ~1Jan vl1 1-HL ll'LIL~'LIL~n 61 LL~1~~'\11~€1~1~'LILL-H..:iii 
"" "' 1 1 I 

... :'1 "' "' .. f't "' .1 an~rutL u'L.ILa'L.ILan 1 'Vl~m u'ULa'L.ll'llBV 

m.Cil ~n~rut'*11tJ 

~€1..:IL ll'LILL~'LI €11~ u.~n-Hn 1~ L~nUBV n~€ltJ~1'LI '\111J'\llV€l..:!Ln1t~~ l.l.~'Lli11~..:i u.atmt~1V~1 PlB'Lli1..:ial11 
" 

La1JB 

m.I!> a 
iiaaJ1La11B Lll'Ll1tJm1J5~~1J"!l1~'!.IB..:ii11~..:i'VIB~1.1.atV111'Vle.iB..:ivi'l-tt 

" 
Q1.Q1 na'U~a 

ii n~'L.l~aLu'V-j1t'!.IB..:i&'i1'UtJ~t nBuvtl -&''Vl 1 1.1.attJ~1P1~1 nn~'L.l~a~'Ll~1lJ-W..:itJ~ta..:i~ L~B~~1~aBu 1~ v151-H 

l"ltU.'Ll'Llm1liB ~.Ci) LL~1 ~B..:i1~1"ltLL'Ll'LILu~e.i'!.IB..:i1.1.~at~n~rut~1ncr ~~1~aBtJ'Vlnl"l'LI 1lJt!Be.in11 m l"ltl.l.'Ll'LI " . 
LLat tlJii~n~rut 1~ 1~ Ci) l"ltu. 'Ll'LI ~1ncr~~1~aBtJl"l'LI 1~1"l'Ll'Vl~..:i 

" 
m.<i'. ~..:iu.tJantJaB1J 

~B..:ltlJV-jtJ~~u.tJantJaB1J~11l1'li&'i1'UtJ~tn€ltJ'!l€l..:!"1i11~..:i'VIU1'\111J'\llV€l..:I L'li'LI L~'Ll~1J l.l.1J'1..:I ~'UG'i1'U'i.1€l..:ll.l.1J'1..:I 
" 



.. .. ' m.<t ~a'IJ'Vl'rn 

m.<t.(i) '11'1Jd'IJ~~'IJ'Vl~el~.:l'VliJl'I ~e.J.:IUJLn'IJ (i) x (i)O <i:'.1R1ail~e.J~1mh.:i (i) ni'iJ 

m.<t.l!l ~e.i.:ihJii~1tJ·nn!]1°f1L~'IJ1~e.iv1.:i'!l1'1L"il'IJ 

.:. ift1in~w:: 
oc.(i) a'll~m~l'rut 1'Um~vi1-U11~.:ivri!1vriJvre.m.:i1 °f1L U'IJ 1 tlmiJf'l1LL 'Utt111J11iJmR~'IJ1n n . " 

~. fl1n.J"J"J~ 

68 

ir.(i) 1\1u~11i1-li'11~.:ivri!1vriJvreJe.i.:i1 '1Jm'!l'UttJ~~"il~atml'I LL°f1.:i ~tln1~L~fltJi'e.ieJ a1m~t'lt1e.i.:in'Um~ tl'UL~a'IJ . " . 
1il1n~.:iantl~nfi1EJ'Uan1~ 

it.I!> tl1vrt!na'Vl5'lle.i.:ii11~.:ivri!1vriJvreJe.i.:i 1 'IJLL~atm'!l'UttJ~~"il ~e.i.:i UJi!e.ieJn-)1~~ttJ 11'~ila1n 
• "U • • 

' ' 4111 llCVll I 111114 QI 4 4 11 .cit 
b.(i) 'Vlfi1'!l'UttJn"il'll111Jl.:l'Vl'IJ1'VliJ'VIEJa.:i'Vln'Vl'IJ1EJ e.im.:i'UaeJ1J1a.:iiJ La'll an~~ vr~mRw.:ivriJ1mL1i1.:i ~1flatLBEJl'I . " . 
~e.i1tJffi~L~'IJ1~~1fl 'lll'IL"il'IJ 

((i)) ~e.i~~1J1.t1ru'1 

(I!>) tl1vrt!na'Vl5 Lll'Uni'iJ • 

"vriJl'lmeJ" vr~e.i "R1~u~lfiRna'IJ <1'1J L~a'IJ u)" • 
(oc) ~e.i~vi1 vr~e.iam'IJ~vi1 'V'li'e.iiJam'IJ~~.:i vr~mR~e.i.:ivriJ1EJm~~1~1ill'l'VltLUEJ'IJ 

1'1Jn~rum-b'm~1~1.:itl~::L'Vlf'f ~e.i.:iiim1iJvriJ1EJ1J11.:inum~1l'VIEJ~n1vr'IJl'IH-li'1.:i~'IJ 
~. m1ini1iJej1~ua::Lnw,;iflih1 

lrl.(i) i'IJ 1 'IJ~d vriJ1EJfi.:i i11~.:ivri!1vr2.JV1fla.:i~iia1'1Jtl~::ne.iu LLa::m~iJ151 'Um~vi1 L vrile.i'Un'IJ~vr~e.ia.:iiJe.iuvr~e.i~e.i 
'll1fl 1'IJ~tfltL1a1L~fl1tl'IJ 

lrl.l!i m~'!ln~1e.iv1.:iLLatm~EJaiJfo 1°f1Ltl'IJ1tlmiJLL~'Um~'!ln~1e.iv1.:i~n1vr'IJl'l~e.ilt1-d' 

lrl.l!i.(i) m~'lln~1e.iv1.:iLLatm~EJe.iiJfo"1vri'um~'Vll'lae.iu~.:iLLtlantlae.iiJm~tJ~~~LLatLR~e.i.:ivriJ1mLat 

ila1n 1\1,Yn~1e.iv1.:i11'1fllGaiJ1il1n~'IJL~fl1n'IJ '11 'IJ1'1J <t vri11EJ .f11'!l'UttJ~~~Lda1J1~11ilaatJLLa1'Vln~1e.iv1.:i~eN • • 1 • 

L tl'IJ 1 tl1J11iJ-U'e.i m.oc off a ir. LLa::ie.i b. \i.:i1i1t~e.i11i11~.:ivri!1vr2.Jvrve.i.:ii'Ui!'IJLU'IJ 1ti1J11iJ 1 tl1J11iJ Lnru'1~n1vr'IJl'I 
lrl.l!l.l!l m~'lln~1e.iv1.:iLLatm~EJe.iiJfo "1 vrfo~n~ru::~11tl ~ LLatn~'IJ~a 1\1'!ln~1e.iv1.:i11'1EJ15aiJ"il1n • 

t II II II CV I 411 II II .tQ, 4 111 QJ II 1111111o QI 

me.im.:i'Vl~1'1Jn1~1J1n"ilaau1J11iJ'lle.J lrl.l!l.(i) LLa1 m'!l'UttJ~~~a:: (i) '!l'IJ LLatt'le.l11'll111Jl.:l'Vl'IJ1Vl2.JVlfle.J.:i (i) '!l'IJ'IJ'IJ 



69 

cri.l!i.m m~in~1a~1-:i1.La:m1~va11fo a1 vifom~'Vli;iG1au~~'U'Vl~eJ 1~in~1a~1-:i1i;iv1GG'i11 ~1n~u • • • 
L~v1nu ,J1u1u ct vii.11w11"l!utu~~~ tl1 111v11 LiJu~1a~1-:i~111 Lda ~~1~'1arnL~1~1a~1-:i~a-:iL iJu1 i.J~n11 ia 
m.ct ~-!l~t5a11i11~-!IVIU1Vl1JVIV€J-!l~'U,r'U L iJu 1 U~11J Lnru'1~n1Vl'Ui;l " . .. ., ... 
crl.m Lnru'1~i;l'1'1.J 

~1a~1-:ii11~-:ivii!1vi11viva-:i~t:J-!IL uu1 i.J~111ia cri.l!l.@ -ifo 91.l!i.l!J LL at.Va 91.l!i.m 'Vlnona ~-:i~t~a11-V11~-:i " . 
vii!1vi2;1viva-:i iui!'UL iJu 1 iJ m11111~~~1'U~~ ~fi ru'1-q11"llud 

~.@ n1~'Vli;1'1€JU~m~rut~'J1i.J a n~'l.1~'1 

~.(i).(i) 1 ~ LL~-!1~-!1Plrut~~~'J~'1€JU i.J~tn€JU~'JV~~iiPl'J11J°1i1'1.J1f1 'L 'Un1~~~'J~'1€JUi1'J~-!IVIU1V11JVIV€J-!I \I ,. gt: \I 

a~1-:ii!av ct Pl'U LL~atP1'U~tLLvnnu~~1~LLat1 ~Pit LL uu1i;ivB'1~t 

~.@.l!i 'J1-:i~1a~1-:ii11~-:ivii!1vi11viva-:i 1 u~1un~tL -d'a-:ia"l111 ~~1~'1au 1i;ivm~~~1~~tl~ 1.Latm~'a11 
" 

~.@.m vi~mnru'1m~1-HPitLL'U'U 1-HLiJu1i.Jm11~1~1-:i~ (i) 

'1111.:lvf e> vramnn.ttin11L~ftZLL'U'Ufl1 vri\Jan4'tn.t::ti1l\J fl O~'U1if 
(ia ~.@.m) 

~t:J-!ILU'ULL~'U m~LL~n-irn1~ L~ni!av n~au 

~'J'U Vl2;JVIV€J-!1Ln1t~i;i l.L~'Ui1'J~-!ll.Lflt 

iia'1~1LG111a LiJu1i.Jm115~~11"ll1~"lla-:i-V11~-:i 

'V1€Ji;lLLfltV11JVIV€J-!lm-if 
" 

iin~'U~'1L'l~1t"llt:J-!IG'i'J'U i.J~tnau~Hv11 

1.Lati.J~1~~1nn~'U~'1~'U~~*-:ii.J~t'1-!I~ 



~.I!> m~V1~"1t1tJ~.:iLLt1'1m.J'1m.J m'l!'UttJ~~~ 1J.'1tLfll~t1.:il13.J1mL'1tu'11n 1i.11J1~1"il~il"il 
~.m n1~'V1~"1tltJ~a'U'Vl~EJ1m~5'Vl~"1tltJIJ113.J AOAC l1~tl BAM l1~e:i15'Vl~"1tltJ~'U~LU'U~Eltl3.J~tJ 

~.a: n1~'V1~"1t!tJtl1l1Un'1'VIITTmiLfll~tl.:!oB'.:i~Ll13.J1t"13.J 

'II .. ., ... 
n.(i) "1fl1'UV11J1.:i1.1.'1tt11fll1~~'11J1 

111fls.1u1n n. 

if'tlan~w:: 

(-ile:i CJ:.@) 

70 

n.@.(i) "1t1TU~~.:i~1t11f111~LL'1tmn~LREJ.:i fll1~t!~L'U~~"ilthlvh1i.1-if11~.:il1U1l1~l1~t1.:i~~~1J1Lii~m~ 
t1m~e:it.11~41EJ 1~EJ 

n.@.(i).(i) "1m'U~~.:i~1mfll1~LL'1ttJ~L 1ru 1~EJ~e:iu "1ten~ UJijtl1oa.:iLLut1J.'1t"1ntJ~n 
n.@.@.l!l e:itj1 .. h.:i"i11nu~nrul1~t1"1fl1'U~~ij~'Umntl~tJn~ 

n.@.@.m 'We:i~1n~LREJ.:inu"1m'U~tl1~.:iLnEJ"il 

n.@.l!l t11fll1~~a1J1ij'tl'U1~Ll13.J1t"13.J iim~mmLLtJtJLL'1trit1"1~1.:i1t.1~m~rut~41EJ1.1.rim~tl1~.:i~n~1m~vh • 
fll113.J"1ten~ LL'1t"1t~1n1'Um~tJ~~.:i1t.11~EJ 

n.@.l!l.@ ~'U ~1~U.:1 IJ.'1tLVl~1'U'tltl.:ltl1fll1~"1fl1'U~~alJl rltl"1~1.:l~'W1"1~~fll.:l'Vl'U L~EltJvl1fll113.J 
"1tt11~1J.'1t'lit13.JLL'l13.J 1 i.1't1~L 'U"1.fl1Yl~~IJ1'1t1~ L 1'11 

n.@.l!l.l!l fll1~ LLEJntJ~L1ru~a1J1-iJ11~.:il1U1l13.Jl1Eltl.:ltltlnL U'Ua~a'l'U 1l.Je:i,iln~i.1e:i.:i "1'tl1 1l.lii v v • 
~.:i'lle:i.:i~"l iu.~1l1~e:i 'W L~EJ1-ile:i.:inum~~a1J1e:i~"l t.1u~L 1ru~a1J1 

tk•Q.Q.AIQ. Cll,q, Cll I d 
n.@.l!l.m Vl'U'Vltl!jtJIJl.:11'U fll1~3.JtJ~L1ruLY1EJ.:l°fltl 1J."1.:ia11.:i IJ.'1tn1~~ttJ1Eltl1n1Pl'VILl13.J1t"13.J 

n.l!l Lfll~e:i.:iiie:i Lfll~e:i.:i~n~ U.'1t~t1n~ru1 t.1m~~a1J1 

n.I!:>.@ .f11'l!'Utl1~t!t!tlmru1t.1m~~a1J1~a3.J~"1ntJ-iJ11~.:il1U1l13.Jl1Eltl.:I vl1 "i11n1a~ijtl1L~EltJ Ll-lLU'U"1il3.J • v • 

~1.:ivi'1 m13.Jatm~1~41EJ 

n.l!:>.I!:> Lfll~e:i.:iiie:i Lfll~tl.:l~m LL'1t~t1mclm-ff "1ttl1~ IJ.'1tLl13.J1t"13.JtltJn1~1i.:i1t.1 1l.lrie:i1i.1Lii~m~ 
tl'UL~tl'U~~~.:i L~41EJ iitJ~3.J1fi!L ~EJ.:l°fltl ~13.J.X.:ia13.J1~t1vl1 fll113.J"1ttl1~ L~41 EJIJ.'1tvi'1fi.:i 

n.m m~fll1tJ~3.Jn~ttJ1'Um~~a1J1 

n.m.(i) 1'1J1t1~tJU.'1ta1t.1~a3.J1t.1m~~a1J1-iJ11~.:il1u1l13.Jl1EJt1.:i atm~ ijfllrumw~ • v • 

n.m.l!l m~~a!Jl n1~LntJ~n~1 'tl'Uei'1EJ LL'1t'tlt.1a.:i~a1J1.flru'1-il11~.:il1U1l13.Jl1Eltl.:1 1'\.1ijm~ Utl.:ltl'Un1~ 
v 

tl'UL~tl'UIJ.'1tn1~L~tl3.JLifo'tlt1.:i-il11~.:iwu1\1~l1Eltl.:I 
n.a: m~a'll1iiu1'1 m~tl1~.:i~n~1 LL'1tm~v11 fll113.J"1tm~ • • 



71 

'1~tl1i;lLLa~iitJ~1J1'1JL~EJ.:l'V'ltl 

n.Ci'..l!> ii15n1'~UeJ'3tl'ULLa~n1 ,j'i;ii~1i11 L~eJ LL1Ja-3LLa~~'U~-3 bJ1~LoV1L'UtJ~L'Jru~~~m1Jf'l111JL'V11J1~'11J • 

... 
'Vl'U1'Vl1J'VIEJ el -3 

'U 

n.<i'..<i'. '11'Hf'liivl'laff~1'3v\'1 m11J'1~mi;i LLa~1-ffn1 ,j'i;ii~1i11 L~mLa~LL1la'3 1m'Utl~1J1ru~ L'Vl1J1~'11l 
LLa~ LntJLLEJ mn ntJ~ L 1ru~ ~~ ~oV11 ~'3'Vl°L11'Vl1J'VIE.JeJ-3 L vfo 11l L ~tl'UL ~eJ'Ua-361 oV11~'3'VIU1'Vl1J'VIE.JeJ-31~ 

'U 'U 'U 

n.cr t1f'la1n·rna~'1"ll~n~ru~~tl.fit1~'31'U ~v\'1 i11~-3vi°L!1V11J'VIE.JeJ'3'Vlnf'l'Uf'l1~~n~1f'l111J'1~mi;ia1'Ut1f'lf'la1~~ • • \.I 6,J ... ... • • 

L'li'U '111JL~eJ~1~'1~mi;i ii~1f'la1J~1JLvieJueJ'3n'UUJL~L~'U~1J'Vl~'Ua-3L'Ui11~'3V1°L!1V11J'VIE.JeJ'3 1iJHL~t1m1 ~1-32'.ieJ 
• 'U 

1~a~mi;ineJ'U i1l~ai11~-3vi°L!1vi1JV1E.JeJ'3'Vlnf'l~'3 
'U • 



1. ;a-'L112.1a11a (mi~n1'VIEJ) 

;a-'Ll12.1a11a (111~1er..:in(J~) 

2. 'M2.11,na'!luflnh::'!11'!f'LI 

3. Pi1LL'M'Li~ih1~u'LI 

.. .. . 
'U1..:ia11~m1lil rnm.JmLLm 

Pakawadee lamkampang 

18603 00022 639 

' €11';117EJ 

72 

4. 'M'Li1a~1'LILLa::am'L1~atj;jflfia l«a::f!1n "11"!l1f'l'Vlm71Jfl!1a1J1{ f'lru::1'Vlmfl!1a1J1famm'lf'l L 'ULa~ 

1J'V111'VIEJ1~EJ71"ll.n'!J'ri\Jaa..:if'l711J e:i. Lile:i..:i -;i. Yi~~1an 

65000 

L 'Vl7~wVi 055-267-106 1 'Vl'~~wViile:i5e:i 08-7088-4512 

E-mail : Pakawadee.OO@hotmail.com 

;latj;l;jflfia l«a::fl1n a1"!l1f'l'Vlm71lfl11"11J1{ f'lru::1'Vlmfl11a1J1i LLa:: L 'Vlf'l L 'Ufa~ 1JV111'Vlm~EJ71"llfi!J'ri\Ja 

' 1'Vl.'IJ. f'l'Vlm71Jfl11"11Jl7 

1'Vl.1J. €11Vl17LLa:: fo"ll'U1n17 

.. ..i.. 0 .. 'i 6. ft1'!111'!11\112Jfll112J'!f1'Ll1ty\1Lf1'!1 el1'V11'H~"t bl1'!l'U1n17 

if1'!111'!11 

' f'l'Vln771Jfl11"11Jl7 

mV117u.a:: Li1"ll'L11m7 

2550 

2553 

2553 ~1'VIU1 Lfl7.:Jn17 m7~n~17UU. 'IJ'IJn17~1iln17L7EJ'Un17"1Cl'U~L U'U~L7EJ'UL ll'U~1fi'n 11 'L11"ll1..:i1'Uf'l'Vlm71J " " ·~ 
1'Ll;i11J1tJ7::\J11''U (1l7wa.> 



i. ~v-u13Jflflit (m~11'V1£J) 

~il-'U13.lflflit (m~1a,mq~) 

2. '13.118Lit'!IUflnh:'U1'!f'U 

3. .11LL'1ti~iJ~;iuu 

4. '1U18~1'ULLit:flCl1'U~iJtj;}f1,jiJ\fifl:.i1n 

'l.11-!I Lai''\! 11'q11 B'ULfl(Jl 

Soraj Varachum lnget 

3539900253094 

' tn'\111£1 

73 

'11'!J1f11Vlf1111Jflf1'1(Jli f11'1J:1'V1£l1flf1'1(JliLLa:L 'Vlf"l L 'ULa~ 

1JV111'V1£J1~£J11'll.n!JW\!a'1.:Jf11111J Cl. Lijei.:i '\I. w~°'fan 

65000 

L'V11~wv1 055-267-106 L'V11~wv1ijei~ei 08-9461-0232 

E-mail : bsorat5@hotmail.com 

~iltj~;i.i,jil \fifl:fl1n a1'!l1f"IV1 n1111iat1a(Jli f11'1J:1'Vl £J1iat1'1(Jlfoa: L 'Vlf"l L 'Ula~ 11vr11'V1£J1~£J11·1ui'!JW\!a 

a.:if"l1111 a. Li'.lei.:i '\I. ~~°'1an 65000 

5. t11:-mm1RnYl 

1.Um1Rn'l!t1 
... 

fl1'!111'U1 il~~\J ~1nflmuu 

m1Rn'l!t1 
,, 

11vr11'Vlm~m =ii£J.:i1 vriJ 
,, 

2527 flfflf.'U 'U1'ULLa:"q1J'll'U 'U1'ULLa:"q1J'll'U 

' ... ... ' mvr11LLa: Lfl'l!'l.l1m1 2536 f"lfl!.11. f11Vlf1111Jflf1'1(;11 11vr11'Vlmamn~(Jl1flf1'1(;11 

"' col• o "' T 6. fl1'!111'!f1\'13Jfl11SJ'U1'U1ty'WLfl'l!t '11'V11~U.f'I~ b.fl"!!'U1n1~ 




