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The objectives of this study were to examine the properties of soy protein isolate (SPI) gel prepared 

using microbial transglutaminase (MTGase) and application of SPI and MTGase in fish ball products. To study 

the effect of heating method on the quality of SPI, gel samples were prepared using two levels of SPI (12 and 

14%, w/w) and three levels of ACTIVNM TG-AK (an Ajinomoto's MTGase product) (0.2, 0.4 and 0.6%, w/w). 

Two different heating methods were used in this study. In heating method 1, SPI suspension was heated until 

° ° the temperature reached 50 C. MTGase was then added and the temperature was kept constant at 50 C 

for 30 more minutes. After that, the temperature was raised to 92°C and kept constant for 30 minutes. In 

heating method 2, SPI suspension was heated at 92°C for 30 minutes. The suspension was then cooled 

down to 50 DC, added with MTGase and kept constant at that temperature for 30 minutes. It was found that 

heating method 1 produced SPI gel higher in springiness and water holding capacity (WHC) than heating 

method 2. Meanwhile, the gel strength, hardness and cohesiveness of gels prepared by both methods were 

similar. Therefore, heating method 1 was selected to be used in future study. In the study of the effect of 

adding SPI and MTGase addition to fish ball products containing 1.25 or 1.50% (w/w) sodium chloride, 2% 

minced fish meat in the formula was substituted with binding agent (wheat flour, SPI or wheat flour-SPI mix) 

and with or without using 0.6% MTGase. SPI was found to help improve gel strength, hardness and WHC of 

the fish balls. On the other hand, MTGase helped improve gel strength, hardness, cohesiveness, springiness 

and WHC of the product. Using SPI and/or wheat flour together with MTGase produced fish balls with 

increased gel strength. Binding agent and MTGase were found to have no effect on the whiteness of the fish 

balls. From sensory study, the sample with added SPI and MTGase had higher score in hardness, 

cohesiveness and springiness while fishy flavor, beany flavor, whiteness, gloss, smoothness and saltiness 

were not significantly different among the samples (p>0.05). Finally, the fish ball samples with added SPI and 

MTGase were studied for quality while being kept at 4°C. It was found that texture of the fish ball was 

changed significantly at Day 7-9 of storage. Based on microbiological quality, the fish ball samples had shelf­

life up to 17-19 days. 
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...I 
'IJ 'VI 'VI 1 

o 
'IJ'VI'lJ1 

<i:1J~~'LJ5,)L"'~'tl-.l~n~ (soy protein isolate, SPI) LU'LJh.h~'LJ~LL[Jnfil1n5,)L"'~'tl-.l~~n~ 
" 1'11ar'LJ'tl'tlmL~,) i1hh~'LJLU'LJ'tl-.lrlU~::;n'tlU1h::;~1ru 90-92% t~m11wwnLL""-.l (Matthews, 1989) 

iflOllOlu'LJ1~il n1~tJ1 SPI ~11-if L ~'tl'lhmJfuuN~~~ L:n-.lW~J1~'1I'tl-.l e.J~ (;l.rl ru"m"'1n.h::;UlVl • • 
" " Ltl'tl~(;lr) t~mlJ'LJ1'LJn1~')[JufuuN~n'r!ru::;Ltl'tl~~er~LU'LJ"'~n (Endres, 2001) LIOl~'1I'tl-.l • 

, " " 
h.h~'LJti') L"'~'tl-.lIOl::; Ln ~~'LJ 1~ ~'tl-.l'tl1 ~[Jiffil4'[JYl'LJ ~1'LJ"'~ 1[J'tlth-.l 1~ LLTl 'PI ru"'l1ij n1 ~ 1 "" ~,)1 ~r'tl'LJ 

~ ~ ~ 

pH LL~::;~,)1~ LLN'1I'tl-.l~'tl'tl'LJ t~[J ~,)1~ LLN'1I'tl-.l~'tl'tl'LJ n'tl LU'LJiffil4'[J~~1 ~ cyl 'LJn1~Ln ~ LU'LJLIOl~'1I'tl-.l 

tU~~'LJ5') L"'~'tl-.l n1~Ln ~ Lfil~ ~')[J ~,)1~r'tl'LJ'1I'tl-.l h.h~'LJ5') L"'~'tl-.l LU'LJm::;U,)'LJn11~u~::;n'tlu ~')[J 
'" ," I 

~'tl-.l'1T'LJ(;l'tl'LJ ~'tln1~~CY L~[Jt~N~r1-.lIOlVJ~1Jij~')[J~,)1~r'tl'LJ ~-.lfil::;1~ progel 1Ol1mr'LJfil::;i3-~~r1-.l 

Lfil~ 1 'LJ111')::;~'rlru"'1Jij ~1~-.l (cooling) tth~'LJIOl::; iSm (;]') L~h"'1 n'LJLU'LJ t~ N~r1-.l~1~ij ~ LL~::;iln1~ 
" , 

n n LnutJ1 LL~::;~1~~::;~1[JU1-.l~,)'LJ1 ~111[J 1'LJ t~N~r1-.l n1 ~ l-if-.l1'LJ"lJ'tl-.l hh~'LJti') L~~'tl.:j 1 'LJ'tl1~1~ 

t~[Jm ~[J n~ 1nn1~Ln ~ LIOl~ ~1~1~b1tJ1~1u~::;[Jn (;l1-ifnu'tl1"'1 ~U~::;UlVl~i1 LL~~ Lon[J~~'tl'tl'LJ'tlul 'LJ . .. 

" LLfi)~ L~[J~~'tl'tl'LJ'tl~l 'LJ~::;uu L"J!'LJ e.J~ (;l.rl ru"fil1 mu'tl~ (;lr) ",1'tl e.J~ (;l.rl ru"fil1nYi'1!'tl1lOlu~::;~1Jif'1!"'1 
" , 

1 'LJn1~Ln~ Lfilrl1~m n ~-.l,r'LJ~.:jil LL'LJ')Vl1.:jYlIOl::;1-if LLVl~'LJ~n~Vl1ij L'LJ~fil1nlOl~'LJyi1U (microbial 
~ . 

transglutaminase, MTGase) ;-.lLU'LJL'tl'LJ1'1!,r~~1~1~b1ri'tll""Ln~n1~L~'tl~~h~'1I'tl.:jtu~~'LJ1~~[J 

hJ~'tl.:jn1~LL~~L~[J~~'tl'tl'LJ~11-if1'LJn1TLLnifCY~1~.:jn~1,) Lti'tl.:jfil1n MTGase LU'LJL'tl'LJ1sn,r~il 

~,)1~~1~1~b1 d.:j 1"" Ln ~~'LJfi::; t~,)1 L~'LJr;l~::;"'~1.:j t~ L~fl~'1I'tl-.l h.h~'LJ t~[J n1~L~~'tl'LJtJ1[J"'~ acyl 

" 
glutamyl) lysine isopeptide bond ;'LJ~::;"'~1.:jt~L~fl~ (Walsh et aI., 2003) ~.:je.J~lmtJ~~'LJ 

5') L~~'tl.:j~1~1~mn ~ LU'LJLIOl~ 1~~[JhJ ~'tl.:j'tl1 ~mL~~ L~[J~~'tl'tl'LJ ~.:j,r'LJ~.:j~1~1~[ltJ1 MTGase 

~11-ifn1~tJf1JtJNn1~Ln ~ LIOl~'1I'tl.:j ttJ~~'LJ5') m~'tl.:j1~ • 
I " II IJ I 

ifIOlIOlU'LJtJ~1tl~ nYlfUrl,)1~\l[J~ LYl'tll-if LU'LJi (;l bI ~ul 'LJn1~e.J~ (;l~n:n'LJtJ~1~1n;'LJ LU'tl.:j1Ol1n . . ~ 

" , 
-.l1'LJ~4'[Jn9-.l~'LJlfil~n'r!1~-.le.J~'1I'tl-.ln1~1-if MTGase (;]'tln1TLn~LIOl~'1I'tl.:jttJ~~'LJti')m~'tl.:j 

I I IJ I 

~n ~ L Yl'tl LU'LJif'tl~ ~~1",f1J n1~tJ~::;[J n (;l1-ifttJ~~'LJ1Ol1 n ti') m~'tl-.ll 'LJe.J~ (;l.rl ru" rl n:ni.\U~ 1~~ n LLrl::; ... .. 
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'" I 

rl'YUJ Lu'Whnr1l1 'Wn1HJ~[;1~n:n'Wl.l~nu~n L~ulojfLl.l~~'Wr.nmr') L~~'t.l-:JVl ~ LLVl'WLLil-:J~I~l'W~ [;1~ 
~ ~ 



...a 
'U'VI'VI 2 

,;)11~11tB~pfU 

~ .. 
2.1 Cl'l L 'W~'el~ 

~'lL~~tl~ (Glycine max) iltl~f'1U1:;ntlU~~miluhh~uU1:;~'lru 40% LLfl:;l'11,ju 
~ , 

U1:;~'lru 20% L(iltJ,j'l~l1mL~~ (Piper and Morse, 1923) ~'luu1:;ntlU~U11~LLri LL~fi'l~ (5%) 

LLfl:;rl'lfiUlt1L(il1(;] (35%) 1.u~'lU'1Itl~fil'lfiult1L(il1(;] U1:;ntlU~'lm"l!£'lfj Lfl~ LtlnL"l!£'lfj Lfl~ 
II I I I 

~(;]'l~Ltl~ LL1yJ~LU~ ~Lfil1~ LL£'l:;,j'l(;]'l£'l~U1 Lf;!tJtl'lL~~tl~'WiJ~(;]'lfntl~LfltJ l1lJl~~'ltl'lL~~tl~ 

LiluLL~~~ LU1~U~~'l1'i' '1J L~tl~'"l'l n ~'l L~~tl~iJm~'lru LU1~U~~ LLfl:;iJtl~ f'1U1:;ntllJ'lJtl~mf;!tl:;m U 
I II I I 

Vl~~ f;!fl ~'l~'l1ClYl f;! LL YlU LU1~Ut;nn L utli (;]1"LLfl:;c.J~ (;]Jiru.,]u~l~ 1. UU'"l'"lUUtl'l L"'~tl~Vl,j'l~'l H' • • 
I I " I 

u1tnfilLilum~'l1~'tmrLilum~'lruLYltJ~ 1 % 'lJtl~tl'lL~~tl~Vlc.J~(;]l~~~~~f;! tl'lL"'~ tl~~'lu1.",'kl 
· 1 II ,. .ct AI 0 ~.eII " ,. ~ .t 

U'l u1.·JlLilUm~'l1i (;]'l '"l~~ fil'l'l~'VimtJ'l~1. Un'l1U'lCl'l mfltl~~'l 1."l!U1:; LtJ"l!ULYUm'ln'lJU L(iltJ 

Knabben LLfl:; van Vliet (2001) 

.- ~ .. 
2.1.1 nl'i~~(;1Cl'lL"'~'el~ 

L~tl riu~'l ~'l L ~~tl~iJ~uii '1 L \If;!~ 'l'"l 'l nU1:; LYl fiI~U Lf;! tJ iJ n'l 1L 'Vi'l :;Ufl n~ 'l ~~ LLj;] 4,000-
" 

llnU1:;LYl filLLfl:;llntl'ln'l fiI'W m~'l:;~~ j;]tl n'l1L'"l1n I L~U L(;]'lJtl~ ~U~'l L ~~tl~ ~~Yh 1. t¥n'ln'Vi'l:;Ufln 
'\I \l -'" '\I 

~ , , 
1.U'lJru:;l1uu~~tlU;r'l~~'lrif;! (Liu, 1997) 1.ufil1~ (;]fiI(;]'l11~Vl 18 iJ~,j'ltl'l L~~tl~L;r'llUL'Vi'l:;ufln 

" " 

, 
Vl 19 ~~1~iln'l1,j'lfil'l'l~jLL£'l:;fil'l'l~ n'l'l~,J'lYl'l~ n'lnn~(;]1~'l 1. -n Un'l1~ [;J..JU'l n'ln'Vi'l:;U£'l n 

" " 
~'l L"'~tl~'"lu1.u~~(ill~iln'l1L'Vi'l:;Ufl n~'l L ~~tl~ riutlth~ ntJ'l~'lJ'l'l~ 1. UYl~Utl L~1n'l L",iltl (Liu, . " 
1997) 1.uU'"lt;pju~~1:tlL~1n'lLilu~c.J~(;]~'lL~~tl~1'ltJ1.~'kl~~f;!'lJtl~Lfln ;~U1:;2J'lru 4% 'lJtl~ 
~'l L"'~tl~~c.J~(;]l~'"l:;Cln~~tltln lU'1J'ltJu~(;]fl'lf;! L£'ln Lf;!tJ~f;!LiluU1:;~'lru 45 % 'lJtl~m2J'lru 

" 
~'l L~~tl~~~~2J f;!~~~tltln luu~ (;]£'l'l ~ Lfln U1:;LYl fiI~ c.J~ (;]~'l L"'~tl~1'ltJ1. ~'kl~'l ~U1tl~fl~2J'l l~LLri 
unonfl tl'lfL'"lU~U'l LL£'l:;~U ;~ilm~'lrun'l1~~tltlnlu'1I'ltJu~(;]£'l'lf;!L£'lnu1:;~'lCU 21, 15 LLfl:; 

9% (;1'l~~'l~lJ (American Soybean Association, 2001) 



L 
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~'l L~~'tl~~'lt.!L ~nJtJ~ n L~'tl uiu L'tl1 Ll-lfi (;l L(;ltJL t.!tJ~:;LYl PlYl1~1JijIl1 r1 L'tl L;tJ j;]:;1't.!'tl'tln L~ 
, , ., 

,J 1 el'l L ~~'tl~~.J1 LLtJ~~tJ L Yi'tl LUt.!~ ~ j;]Jl ruOY]'fl1~1 ~Yit.!Lij'tl~~fl1 n~ fl1tJ'JIi)(;l L"lIt.! L~ 1""'lI'tl~th:;L Yl PI 
" " 

~t.! LYll-l Lil'll'tl~tJ~:;LYl PI~t.! L(;lUL;tJ ,rj;] Lj;]:;'lI'fl~tJ~:;LYl PI~~t.! ~'ll-lLtJ~~t.!l-l~'l L~~'fl-l ~'lt.!L ~nJL t.! 
I " '" I 

tJ~:;LYl Plj;]:;1't.!j;]n L~,J1 el'l m~'fl~l-l1~'Hl (;l,J1~t.!L~~fl ~ ~ j;]LUt.!,J1~t.!el'l L ~~'tl~ LLfl::mnel'l L~~'tl~ 
., , 

t.!'tlnr,;nnU~~~1l-l1nl,J1el'lL~~'tl~l-l1LLtJ~ltJLUt.! soy flour, soy protein concentrate, soy 

protein isolate LLfl:;~~ j;]Jlru"YlLtJ~~t.!~'l L~~'tl~~t.!1 L(;ltJL ""~l-l~ L;~~U1~ (;h~1 Lt.!~~j;].tiruoy] 
., 

m~1~ L~LLri mnut.!~~fl;Yhm'tl'tlf ~1~'ltJL""Ln(;lL~l-l ~1~tJfutJN~n~ru:;Liltl~l-ltr~ ~'ll-lLtJ • 

2.1.2 'il~f'hJr.:n'iltl'll'il~ t'I.J~;i'U t1L\'Ii'il~ 

~'l L~~'fl~tJ~:;n'flu ~'ltJ LtJ~~t.!tJ~:;~nru 40% L(;ltJ~1~,rmL""~ ~1l-l1~{l~1 LLt.!n LtJ1~t.! 
~'lL~~'tl~L~LUt.! 2 'JIi)(;l ~'fl nfl'flUu~t.! ;~~1l-l1nlfl:;fl1tJLt.!~1~fl:;fl1mn~'flL~'fl'"l1~ ~t.rhnru 

" 
II I ," 

l-l1nCi~ 90% 'lI'tl~LtJ~~t.!vl~~l-l(;l Y1L~~'tl~n 1 0% ~'fl ~flUijt.! ;--l~1l-l1~tlfl:;fl1tJ,J1 (Fukushima, 
" 

1991) nfl'tlUu~t.!Lt.!~'lL~~'fl~tJ1:;n'flU~'ltJ 4 ~'lt.! ~'fl 28, 78, 118 LLfl:; 158 L(;ltJiltlhnruLUt.! 
" ., 

15, 34, 42 LLfl:; 9% 'lI'fl~nfl'flU\!~t.!vl~~l-l(;lj;]1l-l~1~U (Koshiyama, 1969) nfl'fltJ\l~t.!'JIi)(;l 118 

LLfl:; 158 LUt.!LtJ~~t.!tJ1~Ylt ~'fl Lnfl;i)t.! LLfl:; Yi'tl~L~'flf,j'tl~Lnfl;i)t.! j;]1~~1~tJ (Wolf, 1970) • ., 
~'lt.!n fl'flUtJ~t.!'JIij(;l 78 tJ1:;n'fltJ ~'l mu ~1-r1'flt.! Lnfl;i)t.!LUt.!'tl~ rltJ~:;n'flU~~ n t.!'fl nr.n nil~~ ~ 

" 
~fl~1-r1'flt.!Lnfl;i)t.! LflYi'tln;~Lt.!~ 'tifl~1-'fl:;1l-lLfl~ LLfl:;Lflr1~t.! (Nielson, 1985) Lt.!~'lt.!'lI'fl~ 

nfl'flU\l~t.!'JIi)(;l 28 tJ~:;n'tlu~'ltJ Yl1tJ;t.!~t.!'5ULj;]'flf L'JILj;]Lr1~l-l-; LLfl:; LLnl-ll-lI-r1'tlt.!Lnfl;i)t.! 

(Catsimpoolas and Ekenstam, 1969; Wolf, 1970) 

Lnfl;i)t.!LLfl:;LU~1-r1'flt.!Lnfl;i)t.!LUt.! LtJ1~t.!~ilm~1ru~1n~~ (;l L t.!~'l L~~'tl~ ~fl~1-• 
r1'tlt.! Ln fl;i)t.!LLfl :;LLn~l-l1-r1'flt.! Lnfl;i)t.!LUt.! L tJ1~t.!~ :;~~;~~ 1 LUt.!(;]'fl mN 'tl n'll'fl~ L~ fi (;l ~'lt.! 

LtJ~~t.!'JIi)(;l~t.!1 il~l-l~ ~1t.!Ll-lLLYlU'tl~n (metabolic) Ll-lfi (;l~'l m~'fl~ ~utJ~:;n'fltJ~'ltJ~1~~fl1tJ 
'JIi)(;l~il~fl L t.!L;~flU (;]'tlr1rurhYl1~m~11 (anti-nutritional factor) LLfl:;'fl1fOl LUt.!;;'tl~1n (;l'll'tl~m~ • ., 
,J1l-l1HtJ~:;LtJ'JI1l' ~1~L~f'hUL~LLri Yl1tJ;t.!-~t.!'5ULj;]'tlf Lll~LL'tlnnfl~i)t.! n'fltJLYlnfOlt.! LLfl:;L'tlt.!L'JI~ 

" ., 
tJ1L 'tl~ 'tl[h~ 11ri j;]1~ ~11L ~fhUtl nYi 1fl1tJ L~ ~'l tJ r1'l1~ ~'tlt.! 
" " 

Lnil:Uu'U 

Lnfl;i)t.!tJ1:;n'flU~'ltJ acidic polypeptide LLfl:; basic polypeptide 'fl[h~fl:;~~~~tbtJ 

L~'fl~(;]'tlnt.!'tl~~'ltJ~t.!fi:;L(;loFfll~~ tJm~t.! acidic polypeptide 'JIi)(;l A4 (8taswick, Hermodson 

and Nielson, 1984) Lnfl;i)t.!il acidic polypeptide 'tl~'tl!.h~U'fltJ 6 'JIi)(;l ~'fl A'a' ~a' ~, ~, 
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, _ _ d )-

A4 LL~:; As LL~:;2-J basic polypeptide 5 'l!'U11l fil'tl 8 la , 82a , 83, 84 LL~:; 8s (Nielson, 1984 VI 

'tlru~Jlij~'tl~LL~~ pH 7.6 Ln~;\l'U~~'tl,i't'UnJLlIn'l!~UJ'tlf (11 S) 't'U'l!ru~~~ pH 3.8 Ln~;\l",~:; 
~ ~ ~ ~ 

'tltJ't'UnJLV11UJ'tlf (7S) n11~~ro1'lfil,)'l2-JLLN~'tl~~'tl'tl'U~'ln 0.5 M hJLiJ'Uro1'l~~'tltJn~'1 0.1 M ~~";'l 
" " 

't-xtn~:n\l'U 11 S LLV1n~,)LtI'U 7S (Wolf et aI. , 1958; Lakemond et aI., 2000) '1(;lL'tlL'l!~L~n"'i~'n 

~'tl~Ln~:nij'U~'tl 4.90 (Koshiyama, 1983) lU~ 2.1 (a) LL~~~LLUU~'l~'tl~~'tl~'i:2-JL~~~Ln~;nij", 

LL~~ Lfil N~1'l~ L:n~-n'tl"'''1I'tl~ Ln ~;ij'U 

A = acidic polypeptide 

8 = basic polypeptide 

~ trimer 

~ hexamer 

a 

a A.. a 

• 
, 

b 

1~~~'l~ A LL~~ B LL~~~~'Ufi~L~-n~LvJ~ LL~~ (b) LLUU~'l~'tl~~'tl~L2-JL~~~LuI1i'1-fil'tl"'Ln~:m"''l!ij~ 

~aa' (Renkema et aI., 2001) 

L 1.J ;1-Fl'il'Ulnjl~il'U 

LuI1i'1-fil'tl'ULn~;ij'ULtI'ULn~ Lfil LU1~'U~~U1~n'tlU~,)rJ~tl,)rJtJ'tlrJ 3 ~tl,)rJ (trimeric 

" 
glycoprotein) ~tl,)rJtJ'tlrJl1~ 3 ~tl,)rJL~LLri a' (57-72 kDa), a (57-68 kDa) LL~~ ~ (45-52 

kDa) (Yamauchi, Yamagishi and Iwabuchi, 1991) ~~~~iJlULLUUn114'(;)~m~')~r;i1~ri'" ~'tl 

~~~ , ~~a', ~~a, ~aa', ~aa, aaa', aaa (Sykes and Gayler, 1981; Yamauchi et aI., 1981) 

lU~ 2.1 (b) LL~~~LLUU~1~'tl~~'tl~L2-JL~~~LuI1i'1-fil'tl"'Ln~~ij'U'l!\l(;) ~aa' ~tl,)rJtJ'tlm~'tl2-Jr;i'tlri'" 
~,)rJ~'Ufi~LlIL(;)1L~'ULL~:;tfl"'V11mmLlIL(;)1LyJunL(;)rJhliJ~'Ufi~L(;)-n~LyJ~ (Thanh and Shibasaki, 

1978) ~ pH ~~n~1~-;''tlL.,.hriu 5.0 LuI1i'1-fil'tl'ULn~:nij'U~~'tltJ't'U1U~'tl~LV11UJ'tlf (7S) uj'tlro11 
" " " 

fil,)12-JLLN"1I'tl~~'tl'tl'UL.,.hriu 0.5 M LLr;i'hro1'lm12-JLLN~'tl~~'tl'tl'U~1n~1 0.1 M Lul1i''1-fil'tl'''Ln~;ij", 
~:;LU~rJ'ULU'tl~'t"'lULlIn'l!~L2-J'tlf (9S) ~ pH 2-5 LuI1i'1-fil'tl'ULn~;ij'U LU~rJ'Ulun~uhJ2-J1L~LtI'" 
2-3S LL~~ 5-6S ~ro11fil,)12-JLLN"1I'tl~~'tl'tl"'~1n~1 0.1 M (Wolf, 1972) ~(;)L'tlL'l!~L~nVl1-n"1l'tl~LuI1i'1-• 
fil'tl"'Ln~;ij", ~'tl 4.46 (Koshiyama, 1983) 
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2.1.3 c.Iifln~'fI1tl~ii'Ut~L~iil./l 
5'J L ~~tl,nr U~'l LtlUYl'll11l1~Q ~ 5'J~ij m'll-J~ 'l ~ 'k)l-J'l n'lln~mn.:l ~ 'll-J'l1tl.j 'll-J'l ~ ri (;\ LtlU 

"I I " I 

.j'l21Ut1'J m~tl.:l~.:Iih.I1l-J'ln.ln'l1~~ 111 ~ (;\ LtlU~ (;\~'Ju~.:I 52% "1I'tl.:lm1~~ I1lU'l21uYl'll~'J L~n (Yada, 

2004) u'tln'"l'lnm1~ ri (;\~'l21ULL~'J 5'J L~~tl.:lU.:l~'ll-J'l1tl.j'll-J'l ~~ I1lLtlU~~ I1lJiru']~iJL1.J1~U~.:I 
LL~~n~l'l~n L"liU soy flour, textured soy protein, soy protein concentrate LL~~ soy protein 

isolate ;.:I~~ I1lJiru,]mfhtlijn1~U'Jum1~~ I1l~LLl1ln 1J1'l.:l riu m'"l~ m1 'l-if fil'J'l2J1'flu1.J'lUn~'l.:l 

'"lU~.:I~.:I L ~tl~'"l ~~ (;\1.J1~~V1fifl'l~ mn1 'l.:l'lU"1Itl.:l LtlU 1 'Ill! ~1-tl L ~tll1 'l~ 'ltl n'"l m1l-J"1Itl.:l Ltlu1 'Ill! LL~ ~ 
" 

"li'Jtl1.Jfu1.JNn~U1~"1I'tl.:l~~I1lJiru'Vl1,x~~u (Egbert, 2004) • , ., , 
Full-fat soy flour ~~I1l'"l'lnt1'J L~~tl.:l~.:ILl-J~ (;\Vl~'flm1.J~'fln'tl'flmL~'J ijL1.J1~U1.J1~2J'lru 

, , ., 
40% ~'Ju defatted soy flour 1~'"l'lnm1U(;\t1'JL~~'tl.:lVl~'lUm1~ri(;\.j'l21u'tltln11.JLL~'J ijL1.J1~U 

1.J1~l-J'lru 50% soy flour 21n"1l'ltl'lul1.J"lJ'fl.:l fine powder ~1-'fl grits L(;\t1-i'JhHltll-JL-n soy flour 'lu 

.1 "".!II "J ... v 0-llJ grits L~tlLlJU'C'l'JU~~l-J"1I'tl.:l~~l1lflru'Vl"1lUl-J'flU 

Textured soy protein ~1-tl restructured soy protein Ltlu~~I1lJiru']~~~11l1~'"l'ln soy 

flour, soy protein concentrate ~1tl soy protein isolate U'l2J'l~'lUn1~ U'JUn'l1 extrusion 

cooking ~'l~fu TVP'" ;.:ILtlu~'flm1Fl'l"1ltl.:l textured soy protein ~~~I1lL(;\t1 Archer Daniels 

Midland (Decatur, Illinois) 'l-ifn1~U'Jum1~~I1lLLUU thermoplastic extrusion fl'ltl'lr1i'fl'l'J~~L-n 
v " J' <j' 'l" .1'1 v ... "'<j'. I ... • I ... • I ' 

m'll-J(;\ULL~~fil'J'll-J1'flU'l!U~.:I~(;\t1 'l! soy flour LlJU'JI1l'l(;\U 2J~lJ1I1lUlJ1~l-J'lru 50% 2Jlun.:l '1lU'l(;\ 
., , 

LL~~~~~'ln~~'lti utln'"l'lnil textured soy protein tl'l'"l~~I1lL(;\t1'l-ifL1.J1~Ut1'JL~~'tl.:l~~l-Jriu 

n~ L~U;r'l'J~'l~~1-'tl L1.J1~U'"l'lmL~fi.:lfil'lfLuL!1L(;\111l~U1 textured soy protein iltll-J.j'l2J'l'l-if'l U 

~~I1lJiru,]m~'l1~~'ltl'l!n(;\ L"liU ~~I1lJiru,]L~tl~ul1.J LL~~m~'l121.:1~'i)ffi LUUr1i'U ('i)1~fl1l~ 
... ... v 

l-JruL~tltl11I1lU'l, 2535) 

Soy protein concentrate (SPC) ijL1.J1~U1.J1~l-J'lru 70% 'lun1~U'Jum1~~I1l'"l~ijn'l1L-n 
, ., 

aqueous alcohol LYltln'l4'(;\.j'lI1l'l~tltln'"l'ln defatted soy flake LL~'Jl1lnl1l~ntlUL1.J1~U~'JtI 
, ., 

~'l1~~~'ltlm(;\L~tl'"l'l.:lVl pH 4.5 ~i.:l'"l'lmrULLtlnl1l~n'flUL1.J1~Utltln l1'l 'l,xLtlun~'l.:lLL~'Jl1'l 'l,x 
., , 

LL,x.:l ~'l~fu SPC ~m1.j'll-J'l 'l-if'l U~ 11l~'l~m1l-Jm~'l11.J1~LflVl Lijtl~ I1lf'flth.:l LL ~~~~'lmYltl"li'JtI 

L~l-J fil'J'll-J~'ll-J'l1tl 'l Um1~l-J~'l LL~~Ltlu~21~;~'lmtltlf utlnr.n n~ SPC U.:l 'l-if'l Um1L~2J fil'J'l2J 

... ... v 

l-JruL~tltl11I1lU'l, 2535) 

Soy protein isolate (SPI) Ltlu~~I1lJiru']~1~'"l'ln5'JL~~'fl.:l~~ri(;\1'1l21u'fltln~l-J(;\LL~'J 
I I "I" 

LL~ ~~'lUn1~U'Jum1LLtin L1.J1~Ut1'J L ~~tl.:ltl'fln'"l'l n~'JuVl LtlUfil'lfLUL!I L(;\111l~.:IVi~~~'ltl.j'l LL~~hJ 
"I I I I 

~~~'ltlU'l '"lU1~~~I1lJiru']VlijL1.J1~U~.:I~.:I 90% ~~LL~~n~UL~~'l~~'J hJijn~U1fl'1ltl.:lt1'JL~~'tl.:l 
" 
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~, ~ 

(beany flavor) 1'l~11'lU'li1 n1~'il~m UVl~1 LtlUf'11U tl'lUL .,hJL~m nu LU1~U'"l1 nL il'ili j;lrf~1t:(l"1i i1 

ili~lruL"lI,rULL~~f'11fLULlIL~1j;l~1 (United Soybean Board, 2004) SPI d:J~CJ~j;l,nru"]~i1 

f'1'lI~~1~11ClL;'l~~I~~~ln~~IEJ~'l~IH1U'ilI~11~~IEJ"1l\l~ ~1~fU~~~L;'l~~I~~L~~L~U 
"lI'il'l SPI ~'il n11Ln~L'"l~1~CJ~j;l,nru,,1~nT'iln n11Ln~LvI~1uCJ~j;l,nru.,j"1lU~'ilU n11LtlU~,r~;­

vii EJ L'il'il fL UCJ ~ j;l,n ru.,j,u 1J\1'l1 LL~ ~nl1L ~~ f'1'lI~~il~ 1 ~nu CJ~ j;l,n ru.,j'ilI~I1L 'lluLf'11'il'l ~~ 
~ , , 

U'iln'"llnUU'li1n11H' sPI1uCJ~j;l,nru"]L~1~'il1~11LYl'ilL~~Yl~'l'lIULL~~~11'il1~I~n~'lEJ 

~ , 
SPI L~'"llnn11in defatted soy flour ~1~~~IEJ~1 LL~'lufu pH 1~LtlU~I'lVl pH 8.0-

~ 

8.5 ~'lEJ~11~~~IEJ~I'lL~'il'"lI'l '"lln~u1~f'1'lI~~'ilU'"luti'l'ilru~J1iju1~~lru 50-55°C LLEJmbu . " 
I " I I 

Vlhl~~~IEJ~I~'lL~LLri Yl'il~LL'1In f'11 h~LL~~UI'l~'lU"1l'il'l LU1~U'il'iln ~1~'lUYlnT'il'lL~~IUfu pH 

~ 

~1 ~ln~Ij;l~n'ilULU'ilULL~'ll1UVl'"l~L~ isoelectric protein LL1J\~ln~I~IUfu~J11Yl1~Ltlun~I'l 
, ,~ 

ri'ilU'ilULL~'l'"l~L~ proteinate ~'lLtlUCJ~j;l,nru.,jVl~~~IEJ~IL~~n~ILL~~~IEJ1J\'iln11~ILUH1u 

'il1~11 (Wolf, 1997) LU1~u5'lL~~'il'l~n~~L~mU1~U~lnn~1 90% L~mLCJUJ1ijn11CJ~j;l SPI 
" 

'" • 1...J 
LL~~'l~'lllJY1 2.2 

~ , ~ 

'll'lEJ~11~CJ~ j;l,nru"]i1n11~~~IVl~ U'iln'"llnnU'li1n11f'11~n1HU~11U'ilUI f'1j;l SPI '"l~i1UY1UIY1 

1~n11~1~ILLY1U~L~'ilij;lrf L~'il'l'"lln SPI LtlUCJ~j;l,nru"]~i1f'1ruf'iIYlI'lLn"1lUIn11~'l 'ilth'lL1n . " 
j;l1~LL~~1 SPI '"l~i1f'1'lI~~I~'1JnU~j;l~I~nT1~'ilI~I1LtlU'ilth'l~lnLL~~L~i1'llu~4'EJ~L~m~'il'l 

nu SPI 'ilth'l~ln~IEJ LL1J\1utI'"l'"lUULf'11\l~~I'l'1l'il'lL'"l~'1I'il'l SPI U'l'Wi1f'1'lI~i~L'"lU~n • 
(Renkema and van Vliet, 2002) 
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White flakes 

l 
Water ~ Extraction ~ Alkali 

l 
Pulp +-- Separation ---+ Extract 

+ Washing 

+. Separation ----------.t 

+ Residue Acid ---+ Precipitation 

+ Curd ~ + Separation 

+ 
Washing 

+ Separation 
1 

---+ Whey 

+ 
Alkali Washed curd 

+ + Neutralization .- Resuspension +-- Water 

+ + Spray drying Spray drying 

+ + Proteinate Isoelectric SPI 

, " 
ltJVi 2.2 i\.l(;lt1\.1m~~~(;l soy protein isolate (SPI) (Berk,1992) 

'tI~Fl,j~n'tltJ~'tI~ SPI 

SPI tJ~~nt1lJ~,)£Jt1~tiltJ~~nt1lJ\Hrn 2 "l!tll')~t1 LlJ~1-f01t1\.1Ln~;tl\.l LL~~ Ln~;tl\.l ~1t1 

n~t1lJlJ~\.I"l!U~ 7S LL~~ 11 S (;l1)J~1~lJ ~1~flJ LlJ~1-f01t1\.1Ln~:nU\.l~1)J1~(lYl\.lf01,)1)J~t1\.1L~,Jt1U 
" 

fi1~)J"l!1~~t1ru~l1ijtJ~~)J1ru 80 °c L~t1'fltJl\.1111')~~dj\.ln~1-:lLL~~hJi1Ln~t1 (Hermansson, . " " 
1978; Utsumi, Matsumura and Mori, 1997) m~L~U~111'Yifi~~)J"l!1~~-:ln~1,) L~t1tJ1LtI\.I~~ 

~1~t1.J'ti\.l~lJLLml\.1m~Lii~L"~'1It1~ SPI tl')um~1,xf01,)1)J~t1\.1 (Renkema and van Vliet, 
" ... I I .. 

2002) ~-:l ,j'\.ILlJ ~1-f01t1\.1Ln~:nij\.llJ1~Vl fi~-:liit1 ru~l1ijl \.1m ~Ln I') L"~V1 ~1 ntJ1Ln ~;ij\.llJ1~Vlfi 
II ~" II 

(Nagano, Akasaka and Nishinari, 1994) 
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n1'iLnj;lL~~'II'il~ SPI 

~ ~ (;In ru,,1tJ~~tJ~'J L ~~'tl~"lIiI"1(;h~1 fl1~'l~tl\l 'l~ 'ltJ~~~ n IJi" n u 'tl'lW1 nu'l 'lutJ ~~ LllYl L'lltJ 

'1ItJ~'tlU tJ~ L~'tl~(;I1" fiqj~"lI'tl'l~'l~L-n'l Lfii~'tl~~~ LLfl~~~(;Inru.,]~~(;lLLtJfW"l'ln~n~'l'J~'l;r'l~r1itJ 

iln'l~'l-nLtJ~~tJ~'J L~~'tl~ L~'tl L~~m~'l ruLtJ~~tJ'l tJ'tl'l~'l~~1'tl L ~'tl 'l t\fl~Ui L;~~i.h~ (;I'l~~ 
r1i'tl~n'l~'ltJLL(;)fl~~~(;Inru.,] fl~~L;-:l~~'l~'1I'tl~LtJ~~tJ~'J L~~'tl~~~'l ~qj L~LLri n'WLnl'1 L'"lfl n'l~ 

., ., 
Ln(;lLutJ~,rfl;.,.htlL'tl'tlf n'l~~~\l'l n'l~~(;liUL"1I,rtJ~1'tl\l'l,rtJ (Liu, 2000) 

, ., 
L'"lfl ~'tl LfilNfl1'l~fl'l~ij~Vlilm~n n\l'l~1'tl'1l'tl~ L~fl'J L.rL tJ LfilNfl1'l~ 'l tJ~~ (;In ruorl'tl'l~'l~ 

., , , 
L'"lfl'll'JU'l t\ Lnl'1 LfilNflh~LLfl~fil'J'l~ fil~ (;)'J tJ'tln'"l'lnnLfilNfl1'l~'1I'tl~ L'"lflti-:lil~ Lfl nfl~tJ~~tJ'tln L~l1'tl • 
'"l'ln~'l~'J~'tltJ ~'JU L'lltJ ~'l(;l'lfl fl'lm(;)~n~tJ~fl ~'l,rtJ L'"lfl~ Ln(;l~tJ'ltJm~'l~~fil'J'l~U(;l~tJtJ 

~ . , ., ., 
(;)'J'tltJ'l~"1I'tl~n'l~Ln(;lL'"lfl'ltJ'tl'l~'l~ L'lltJ LtJtlLL;~ L'llr1i~ LUfl~ Yl(;l~~ Lr1i'lt\ L'"lfl'ltJm~'l~,rtJfl'l~'l~tl . ~ 

Ln(;lL~'"l'ln-"l'tl~L~'tlf"llll(;l~tJtJ'tlm~~'tl'"l'lnLtJ~~tJ L'lltJ mJ~ fil'ln~LLtJl.! LYln~tJ 'tifl~LtJYl LUtJr1itJ 

L'"lfl hJ~~tJfl'l~'l~mLtJ~ m~"lIll(;l"1l'tl~ LtJ~~tJ~ Ln (;l L '"lflL~ LUtJ 2 tJ~~LllYl ~'tl L'"l fl"1l'tl~ 
, 

protein aggregate LLfl~L'"lfl'1l'tl~ cross-linked flexible protein L-ntJ L'"lfl'l~tJ Lfil~'l~tJ ~~Ln(;l'"l'ln 

Yl'Jn globular protein (L-ntJL'tl.rfl\jijtJ L'Ju1tJ~~tJ LtJ~~tJ~'Jm~'tl~) ~1'tlYl'Jn low-structured 

, ... 
protein (L"lItJ Lfil"lltJ) 

SPI 

~~ LU r1i'l-fil'tltJLn fl;lltJLLfl~ Ln fl;lltJilLfil Nfl1'l~ LLfl ~fl~U~~ LL(;I n (;)'l~ ntJ;~'"l ~~~ ~ fl (;)'tl n'l ~Ln (;l L '"l fl~ 
" .J' ..... ........ --. I .... 

LL(;In(;)'l~ntJ ~~,rtJYl~~m~~m~Ln(;lL'"lfl'1l'tl~ SPI '"l~"1ItJ'tlf.!num~Ln(;l'tltJ(;Im~m~'J~ntJ"1I'tl~ 

LtJ~~tJi~fl'tl~"lIlll'1 '"l'lnn'l~~n~'lfl'l~fl~fl'lU"1I'tl~ SPI ~ill"i'lfil'J'l~LLN'1I'tl~~'tl'tltJLYhnu 0.5 M 
, 

LLfl~'lt\ fil'J'l~1'tltJVl 100 0 C YlU~'l 'l tJn'l~Ln (;lL'"lfli'J~ ntJ~fl'1l'tl~ Lnfl;lltJ'"l~tl nU(;l,j~ L(;ltlLUr1i'l-
~ 

fil'tltJLnfl;lltJ (;)'J'tltJ'l~ L'lltJfil'J'l~ L;r~;rtJ"1I'tl~ LtJ~~tJLL(;)fl~"lIll(;l 'll.!m~'lru~'lfl (;l~fl'l~'l~tl Ln l'1 L'"lflL~ • , ., 
~'tl Lnfl;lltJ 2.5% LLfl~Lur1i'l-fil'tltJLnfl;lltJ 7.5% LL(;)Lij'tl LtJ~~tJvi~fl'tl~"lIll(;l\l'l~'l~fl~'ltJ 

.. 
7.5% '"l~'"l~ 

fl'l~'l~mn (;lL'"lflL~ (Utsumi et aI., 1997) 

Renkema LLfl~filru~ (2000) ~n~'l~fl"1l'tl~ pH (;)'tln'l~L~Uflfl'lYlfi~~~'l!'l~'1I'tl~LtJ~~tJ 

~'JL~~'tl~~'JUfil'J'l~1'tltJLLfl~fl~U~"1Itl-:lL'"lflLnfl;lltJLLfl~ SPI ~ pH 3.8 LLfl~ 7.6 L~'tl~n~n'l~ 
L~m~fl'lYlfi~~~"lI'l~'1I'tl~ LtJ~~tJ~'J L~~'tl~~l'JU fil'J'l~1'tltJ~'Ju~fi Differential Scanni ng 

Calorimetry (DSC) YlU~'l~ pH 7.6 Lnfl;lltJu1flYltilm~LtJ~utJLLtJfl~'1I'tl~I"i'ln'l~(;l(;lfilrn~1'tltJ . " 

(endothermic transition) ~'tlru~flijtJ~~~'lru 88 ° C '"ltJLtJ~~tJLn (;lm~L~Uflfl'lYi'tltJ'l~fl~U~nr . " " 
~'JtJ~ pH 3.8 Lnfl;lltJilm~LtJ~UtJLLtJfl~'1I'tl~I"i'ln'l~~(;lfil'J'l~1'tltJ 2 'll'J~~'tl ~~ru~1JijtJ~~~'lru 

., ., , 
68 °c LLfl:; 82 °c vi~t1Ll1'tl-:l'"l'lnLnfl;lltJtJ~:;n'tlU~'JuLtJ~~tJ"lIll(;l 11 S (hexameric form) LLfl:; 



10 

7S (trimeric form) L(;ltJ~Ltl~~\,I"ll\l(;l 11 S ":;1'1~1mn~m"ll'tl.:l~1tJLtl~~\,I~~ru~1J~~1n~1 7S 

..J I ....J I '" ::'..J 
1.\,I"llru:;'Vl SPI ~U,)1) . .m1~Ltl~tI\,ILLtl~.:l"ll'fl.:l1'11n1~(;l(;l1'1,)1l.J~'fl\,l 2 "ll').:l'Vl.:l'Vl pH 3.8 LL~:; 7.6 

" 
L~'tl.:l"1n SPI tl~:;n'tlurJi'')mu~h-I'1'fl\,l'ln~'Hhm~:;'ln~:nil\,l ~.:lLu~h-I'1'tl\,l'ln~:n\l\,lL~tI~ln~~ 
~ru~1J~~1n~1 'ln~:n\l\,l L(;ltJ~ pH 3.8 iln1~Ltl~tI\,ILLtl~.:l"ll'tl.:lfihn1~~(;l1'1,)1l.J1'tl\,l~~ru~1J~~1 

I ....... I 

n~1Vl pH 7.6 i.:ltlLil'tl.:ll.J1"1mtlLLUUn1m~:;"1t1~,)"1I'tl.:ltl~:;" (charge distribution) "1I'tl.:l " . 
Ltl~~\,1~ pH 3.8 LL~:; 7.6 LL[;ln~1.:ln\,l ~.:l'4'l.:l~~~ 'tlLI'1N~11.:l"~~1JijLL~:;L~Cltl~ln~"ll'tl.:lLtl~~\,I 

L~'fl~n~~~"1l'tl.:l pH ~'flLI'1N~11.:l"1l'tl.:lL"~~U~1LU~h-I'1'tl\,l'ln~:nil\,lill'1,)1l.J~1f'1t1.J~'fln1~Ln(;l 

LI'1N~11.:l"1l'fl.:lL"~1.\,I SPI ~ pH ~1LL~:;":;~(;lU'VlU1'Vl~.:lL~'tl pH ~.:l~\,I LI'1N~11.:l"1l'tl.:lL,,~'ln~:nil\,l 
LL~:; SPI ~ pH 7.6 Ltl~~\,Iiln1~4'(;lL1t1.:l~,)LLUU fine-stranded network L"~~'lrJi'il~n~ru:;~\,I 
.." J' ... .... 1...,J..,J 'i'tl ....... ....... ... 

L~n\,l'tltl L\,I'flL"~L\,ItJ\,I~:;L'tltl(;l \,I"1Iru:;'Vl'Vl pH 3.8 ~ ~[;l\,ll.Jn1~"(;lL~tI.:l[;l,)LLUU coarse 

..,J~ ".... ... ,J' .. ,,~ _! .... .... 'i' .. 
aggregated network L"~'Vl ~(;l)..J~n~ru:;,\,I L\,I'tlL"~LL"1l.:lm:;(;l1.:l ~L\,ItI\,I~:;L'tltl(;l ~(;ltlf'1')1)..JLL"1I.:l 

"ll'tl.:lL"~~LL[;ln~1.:ln\,l'tl1"L~'tl.:l"1n~ pH 3.8 L"~"1l'fl.:l'ln~:nil\,lLL~:; SPI ":;~l.JLn(;lLU\,IL,,~'lrJi'L1') 
, ," 

Ln\,l'ltl 'flti1.:l hri [;l1l.Jill'1,)1l.J LU\,I'ltl'lrJi'YlI'1')1l.J LL;j.:l"ll'tl.:l L"~Yl LL[;ln ~1.:ln\,lilLn (;l"1 nn1~~11.:l LI'1N11.:l 

[;l1~1t1~LL[;ln~1.:ln\,l ~.:lil~~~'tl~l.JU~n1~'l~~"ll'tl.:lL"~ 

.¥ 
2.2 LU'iltl~1 

2.2.1 ttl'i;jUtl~1 
" , 

Ltl~~\,In~1l.JLil'tltl~1LLU.:l'tl'tln'lrJi'LU\,I 3 ,il(;l~'tl Ltl~~\,I'll.JL'fl'l~u1-~~1~.:lilWl.J1ru 40-
" " , 

60% "ll'fl.:l Ltl~~\,Ii.:l~l.J (;l Ltl~~\,I'1fll'1~~1~~ nilml.J1 ru 30% "ll'fl.:l Ltl~~\,Ii.:l~l.J (;l LL~:;Yl m~'tl~'tl 

Ltl~~\,I~L[;l~)..J1 

Ltl~~\,I'll.J L'tl 'l ~U1-~~1 f~1l.J1Hl~:;~ 1t1 'lrJi'1. \,I~1 ~~:;~1t1 Ln ~'fl\.{1'fl ~1~~ :;~'ltl~il fih 1'1,)1l.J 

" LLN"1l'tl.:l~'tl'tl\,ltl~:;l.J1ru 0.5 M Ltl~~\,I'll.JL'tl'l~u1-~~1fl\,ln~1l.JLtl'tltl~1 'lrJi'LLn 'l)..JL'fl:n\,l LL'tln~\,I 

L'Vl~Ltl'l)..JL'tl:n\,l LL~:;L'Vl~Ltlil\,l (Suzuki, 1981) L(;ltl'l)..JL'tl:n\,lLU\,ILtl~~\,I~il)..J1n~~(;l ilWl.J1ru 50-• " , 
60% "1I'fl.:l Ltl~~\,I'll.JL'tl 'l~u1-~~1fi.:l~l.J (;l Ltl~~\,IYlil)..J1n~'fl.:l~.:ll.J1 'lrJi' LLn LL'tln ~\,I ilWl.J1ru 20% 

" "1l'tl.:lLtl~~\,I'l)..JL'tl'l~u1~~1fi.:l~l.J(;l (4'n1 'Vl'tl.:l~'tl.:l, 2544) 
" , , 

Ltl~~\,I"ll1fll'1~~1~ij n~:;~1t1'lrJi'U1'V11'tl~1~~:;~1t1Ylil f'l1f'1')1l.J LLN"ll'fl.:l~'fl!l\,l~1n~1 0.15 

" 
M Ltl~~\,I1.\,In~l.Jil 'lrJi'LLn 'tl.JL'tl Ln~ij\,l L'tl\,l'l,,J LL~:;tr~\!ij\,l Ltl~~\,I"ll1fll'1~~'l~ijmrn~u1.\,I 

Wl.J1ru~.:l 1. \,I~,) ntl~1 ~,)~1 L"J!\,I LLl.J 1'1 LI'1'tl L~~ ~.:lilLtl~~\,I"ll1fll'1~~1~ijn 1. \,Im)..J1rul.J1n,,:; 

LU\,I~~ L~tI ~'tl n1 nn (;l L" ~"ll'tl.:l Ltl~~\,In~ 1l.J L ;1'tltl~ 1 L ~'tl.:l"1 n Ltl~~\,1'1 fll'1~ ~ 1 ~ ~ n,,:; 'ltli (;l"1l,)1.:l 
, 

n1~L~'tll.J;r1l.J (cross-linking) ~:;'VI~1.:l Ll.J L~ n~"1l'tl.:l LL'tl n L[;l 'l)..J L'tl:n\,lVi'l 1. ~1'1,)1l.J LL;j.:lLLN"ll'tl.:l L"~~(;l • , . 
[;l1~.:l 
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" , " 
Li1'tltJ~1 L~LLfi Pl'tl~~1L'"l'W LL~:;~~1~~'W tl?lrJ~'JLtJn~1~L.w'tltJ~1tJ~:;n'tlU~'JrJr1'tl~~1L'"l'W L'W 

m~1ru 0.2-2.2% (~n'~ 'Vl'tl,u1-'tl\l, 2544) 

2.2.2 'tl-:Jfltl'i~n'tltJ'VI1-:J Lflij-JI'tl-:J L ;f'tltl~1 

'tl\lrhh:;n'tlU'Vl1\1LPlii"il'tl\lLC'tltJ~1 ~'WIiU"il'W11?l m~ LL~:;L'J~1~iJ~1~n~u mh'J~'tl 
" " 

~:;rJ:;ri'tl'W,,"~'tl~~\lm~'J1\1L ~ tl?lrJ~'J l1JiJ~1ih~'J'WYlu1ln PlL~tJ~:;~1ru 40-45% "il'tl\lU1~t!mJ~1 

15-24% L"il,r'W 0.1-2.2% 
I II "I 

Pl1fi:1JLml?l~[;I 1.3% ~1~~'W'Vl1-ml'W1 0-2% LL~::U1 66-84% 'tl\lr1tJ~:;n'tluL~~hildj'Wi1'"l~rJ;\I 
" " 

n1~'WI?l'1ru1l1~"il'tl\lLU'tltJ~1 L"1l'W L"il,r'W'tl1'"lYhL'lXLnl?ln~'W~'W (rancidity) LUtl\l'"l1ntJ5rnm 
I I I" 

'tl'tln~ Ll?li'WL~ Ln'tl Lri1JtJ~1L ~ LU'WL 'J~1'W1'W m~1ru ttJ~~'WVI~:;~1rJL~ 'WU1 Ln~'tlii r1'J1~~1 ~ ry I'l'tl 
" " ~n'rtru:;Li1'tl~~er~"il'tl\l~~[;IJlru"''"l1mi1'tltJ~1 (Suzuki, 1981) 

2.2.3 t1'n1~~n 
, , 

........ ,. I • • • ell.... dI 

~"l!'tl'Vl1\1'J'VlmPl1~[;I~'J1 Probarbus ju'lient Sauvage "l!'tl1l1'rt1'tl\ln~'rt Pl'tl Jullien's 

golden carp ~1-'tl Isok barb ~1~fuL'WtJ~:;L'VlPlL'VlrJ~'tl~H'~rJntJ~1~~mL[;InI'l1\1ri'W'tl'tlnLtJ[;I1~ 
I I I " I 

ti'WVI'tl~m~rJ L"1l'W V1LLlJu1 t"il\l~\I~rrl?l~'W'tl\lPl1rJ ~rJntJ~1 L~'W~1-'tliJ~1 L'tl'Wm\l~l;j L'WYl'tl\lVl1J1\1 

" , " 
LL~\I ~rJntJ~1"l!ill?li1~1tJ~1U~n'Vl'tl\l n:;~n ~1'tl~~ n 1J1L'J ruLLlJUTW1'WL"1rJ niJ~1"l!:;L~'W 

, 
~:;L~tI~ti'fllJ fj~ 

~1~1 ~(lU1~1tJ~::n'tl1Jm~1~L~~~1rJ"l!ill?l (n~~~\1 L~1~m~Ln'rt[;l~, 2549) i1'"l'"l,r'WiJ~1~~n~f1J , 
" ", 

Pl'J1~ilrJ~U1~1H'Lu'Wrr[;l(l~1JL'Wm~~~[;I~n:n'WtJ~1~1n;'W Li1'tl\l'"l1nii~1m(ln ~\lH''VlI?lLL'Vl'W ." .. 

2.2.4 'nn~'UtI'n1 
" 

~ n~'WtJ ~1 LU'W~ ~ [;IJl ru"'"l!ill?l~ii\l'"l1 m C'tltJ ~11J I?l ii ~"il1'J'W 'J ~ LlJ ii n ~'WPl1'JtJ ~ 1~1 n 
" " , 

\l n:n'WtJ~1Yl ~ ~ [;IL 'WiJ~:; L'Vl PlL 'VlrJ ~ n ~ ~ [;IL 'W~::vl1J 
, " 

~[;I~1~m~~"il'W1I?ltJ'tl~ tJ~1YlL-ifLU'Wrr[;l'l~1J~1~f1J~~[;I~n:n'WtJ~1LLU\lL~ 2 tJ~::Ul'VlL~'1l1 ~'tl 

tJ~1~iJ~1Pl1~n L"1l'W tJ~1L~~'Vl::L~ iJ~1'U~1~ tJ~1LLI?l\lmt(;] iJ~1J11?l'tlnL,j' tJ~1-ii1\1 
L~~'tl\l iJ~1'VlnmLI?l\l tJ~1'Vl~1rJ"il1'JLL~::tJ~1iJ1nPl~ LL~::tJ~1~ii~1rl1LL~\I L"1l'W tJ~1 

~'W'Vl"1u tJ~1m1J~1'J tJ~1~1\1L~~'tl\l tJ~1m1rJ ~~1~~11?l (m~iJ~::'N, 2550) m~~';)fim~ 
" , 

~~[;I~n:n'WtJ~1LL~I?l\lL'WltJYl 2.3 
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,... " 
ltlVl 2.3 '~\..II;),fl\.,ln1~r.J~(;1~n;\.,ltlrl1 (~~LLtlrl\l1ij1m"/~1~'Vltl1~tlLn~(;1~fil1~ (;1f rlru::tl~::a.J\l, 

2545) 

~ ~ ~ ~ 

m~a.J~fin1~r.J~ (;1~ n;\.,ltlrl1 L \.,lU~::L'Vl filL 'VltILLU\I'fl'flmU\.,l-E'\.,l(;1'fl\.,lL ~'ki1 L~~\ltl -E'\.,lLLmlJ~ 
J' q.J "J' I.... _ 11 J' " .. !:. 

L\.,l'fltlrl1 (mincing) l.\.,ln~ru'Vl1.'ll L\.,l'flUrl1LLrlLU\.,l'l(;1Q~lJ(;1'fl\llJ~L\.,l'flUrl1 L~tl1.'llLrl~'fl\llJ~ 3-6 rlN 
... , 

"1l ru::lJ ~ L~a.J,J1 LL;\I L~'fl rl'llJ rla.J'fl ru~l1ijhJ1. ~~\l n~ 1 
~ ~ ~ ~ 

"I • I 

L~a.J,J1 LL;\l L~'fl rl'llJ fila.J~ru~1Jij Lrl1'fl\l ij'fl VlL-n'\.,l'l ~r.J~a.Jil~n~ru::LU\.,lti\lil LLn\.,l 2 ~\.,l'fl~ (;1Nnrl1\l 

........ J' ... ~.r .J'.J .,,,.J,, 
L'Yi'fl LU\.,l(;1'l (;1 L\.,l'flUrl1 ~rl\l1ij1n\.,l\.,lLU\.,ln1f"1l\.,llU (molding) L\.,l'flUrl1Vl\.,l'l ~r.J~a.JIij\.,l ~~'Vl LLrl'llij:: 

o J' .I~.I ' ~ ~ ......... ..; J' .1 ...... o~... ..... ~ 
\.,l1a.J1"1l\.,lllJLlJ\.,lllJ'VlNt;11\l1 ~~tl ~'lla.J'fl~~'flLrl~'fl\l"1l\.,lllJLLrl'lIij\l'Vl1 ~~LlijrlLL"1l\l(;1'l (setting) ~~tln1~ 
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'W1Yl ;'Wnu"l!tl(;)"1Itl~tl~1 "1mr'W~~~~ (cooking) 't'W~11tl'W 90 °c tlT:;~1ru 5-10 'W1Yl LL~'lYh 
" " " I 

't~LU'W (cooling) L(;)uH,j1 ,j1LL~~~1tl-W(;)~~Lth 't'WtlT:;LVlfil~~r1Ltlfijn1T~~~fjn;'Wn'W~1n ~..:! 

mnl';jfin1T~~ ~n r1~1Ur1~..:! nu't 'WtlT:;L Vl fill VlU LLJ;)~ n H L~tltl~1U(;)~1..:!~1 Ln~tl~ffi·n'~·n LlI'W 

tj~n~u (~~1';jVlmimm~t~Tfil1~~f r1ru:;tlT:;~..:!, 2545) • 

1. fI~1~"'IFI'lI'iI~tl'il1 

m~1ru"1ltl..:! LtlT~'Wl~ Ltll~ul~~1f~~ n (;) Ui'''1 n L~tltl~1":;~(;)~..:! L~tlT:;U:;L'l~1n1TLnU 
fn~'W1'W;'W ~~LlI'W~~~1"1nn1TL~u~fl1V'j"1ltl..:!LtlT~'Wl~Ltll~ul~~1f (~riu L~"lI1';j~~T, 2547) 

L(;)U ~ L~ n~"1Itl..:! LtlT~'W~ r1~1U ~'l LL~:;tltl'tn~ n'W Ln (;)t1'W~Tmmn'W~'lu-w'Wfi:;l(;).r~ 1 ~ ~LL~:;-W'Wfi:; . " , , " 
LI"1'l1 L~'Wj;f ~..:!ij~~ J;)tlr1'l1~~1~11n 't 'Wn11~:;~1U"1Itl..:! LtlT~'WYl~:;~1ul~ 'W,j1 Ln~tl 1"1'l1~~1~11n 

" 't'Wn1nn(;)L"~ LL~:;r1'l1~~1~11n't'Wn11~~,j1"11tl..:!L"~ (Haad, 1992) 

2. 'IlillFl'll'il~tl'il1 

tl~1~ijl"11~'W~1n (m~1rul"11~'W~..:!n~1 5%) LLfl:;tl~1~~l"11~'W~tlU (m~1ru~1n~1 
" 

2%) ,,:;'t~~~~.nru.n~~r1'l1~LL~~LLNLL~nJ;)1..:!n'W (rorn1 Vltl~JStl..:!, 2544) L~tl~"1nL~tlLn(;)LI"1N 

i1~ ~1~1U"1Itl..:! L"~ l"11~'W't 'Wtlfl1":;LLVlmtltlT:;~~1..:! L~ Lflnfl Ltl1~'Wv11 't mr1N~11..:! L"fl LL~ntltln l~ " . 
" " ~1U (Tanikawa, 1985) 'Wtln"1nil Bayliss (1996) U~n~1'l~1tlfl1~'l,j1m"1l~'WLlI'Wtl~rltl1:;ntlU 

~..:! L'll'Wtl~1 LL~ r1 Lr1tl L1flijl "1I~'WLlI'W'tl..:! rltlT:;ntlU~1 nn~1 35% 't 'W"1I ru:;~tl~1~~1 ~'Wijl "1I~'WLlI'W 
" 

formaldehyde LLfl:; dimethylamine formaldehyde LlI'W~11~..:!Li..:!tlnmm't'Wn11L~tl~~~1U 
I " 

"1I'tl~Ltl1~'W (Laird, Mackie and Hattula, 1980) n1T~1..:!LlI'Wn11ihror(;)L~tl(;)LLfl:;~..:!tl'WLU'tl'W't'W 

L~tltl~1 LL~:;'ll'lU't ~ L"fl Ltl1~'W~1~ij r1'l1~ LL~..:! LLN"1Itl..:! L"~~~~'W 'Wtln,,1 n~u~'ll'luihror (;) n~'W~l~ 
" 

s.- J' • I ~ I , ~.. s.- J'. I ... s.- • '" "" ... 'i'. I ... ..I 
~'tl~n11~1nL'Wtlu~1 ~~~(;) tlm~ ~m~1~n11~1..:!L'Wtlu~1~"1Itl"1n(;)r1'tln11~'k!L~H~u1~'WVl 

" , 
fl:;fl1U,j1 ~~1n'W Ln~'tlLLi LL~:;Yh't~m~1ru~~~~~~(;)~1~..:! (Lee, 1987) 

4. n1'iU~IFI~'I~ (kneading) 

n11'W'l (;)~~~ L~tltl~1iji'W~'tl'W~..:!e i'WLLm ~~'W'l (;)~~~ L~tltl~1 LYlU~tltl1..:! L~U'l r1tl'W L~'tl 
II I I I 

v11 't ~ L'l!~~"1Itl..:! L~'tl LUtlLLUn ~'l ~..:!,,:;v11 't ~~:;(;)'l n J;)tln11Yl Ln~tlL;h ltlv11t1'W~1mmnu Ltl1~'W 

i'WJ;)'tlltl L~~ Ln~tlL~tl~ n (;) LtlT~'W~~:;~1U't 'W~1 Ln~tl"1 n L~tltl~1 Ltl1~'W~~:;~1Utl'tln~1,,:;ij 
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" , 
f"LJ~(11Vf1UL~2.J~11UNLL(;],m~"LJ1~ • • 

~1 j;]1fl LLfl::~11LL(;]'m~"LJ1~~"LJ1 "LJ'J (11eJ~2.JL "" L;J1 n"LJ t:l1'"l L~2.J LLi1~ L~'tl L~2.Jm2.J1rueJ~ ~Jiru"LLfl:: 
" "" UfuUN~m~tru::LUt:l~2.J~~L"LJf"LJ~t:l"LJ~~'JU (Lee, 1987) • 

5. 1I1'l~'VI1~Lflij"ll'iH ttl'1ii'U"I. 'UL if'atl'i11J c;t 

" .c 
LU1;]"LJL "LJLUt:lUfl1U1::nt:lU ~'JU LU1;]"LJ'l!1flr1Yifl1~ijn LLfl::Lu1;]"LJ12.J Lt:ll ~U1flfl1f 'l!~ 

, " 
LU1;]"LJ'l!1flr1Yifl1~ijn U1::nt:lU ~'JU LU1;]"LJYlfl::fl1u~11~ (water soluble protein) LLfl:: LU1;]"LJ 

," , 
12.JL'tllvlu1flfl1fu1::nt:lu~'JuLU1;]"LJYlfl::fl1ul~"LJ~1 Ln~t:l (salt soluble protein) ~~i:im2.J1ru 

, " 
LL~ n (;]1~ n"LJ L "LJUfl1 LL(;]fl ::"l!'l(11 L(11U~'J luu fl1 ~'J ~ 1'"l ::i:i m2.J 1 ru LU1;1"LJ'l!1 flr1Yifl1~ij n~~ n~ 1 L"LJ 

" 
Ufl1 '\.nJ1 ~"LJ L(11UL'UYl1::m2.J1 ru"1Jt:l~ ~L2.J Lnflij"LJLLfl::l'l!L~ Lr112.J~L "LJn~12.J L~'tl LL(11~ ~~";1 L ""Ufl1 

" " ~'J~1 'W L~2.J1::(;]t:ln11~12.J1 Lon eJ~ ~11ij (4'n'1 Ylt:l~ Llt:l~, 2544) "LJt:ln'"l1 n~n11fl::fl1U"1Jt:l~ LU1;]"LJU~ 
-" ,.... -".I.~ J' .... 
"1l"LJ'tl~nu pH "1Jt:l~L"LJt:llJfl1LLfl::lJ12.J1rur1'J12.J"l!"LJ (11~nU~1"LJ"1Jt:l~ Cofrades, Careche LLfl:: 

Colmenero (1997) YlU~1 pH "1Jt:l~L~t:lUfl1~L""rh gel strength ~~~~(11t:l~L"LJ'jh:j pH 6.3 LLfl:: 

" 6.0 ~1~fuUfl1 r11fuLLfl::Ufl1 r1t:l (11 ~12.J~1 ~U LLfl::m2.J1rur1'J12.J;"LJ~~'"l::Yh L"" r1'J12.J L;J2.J;J"LJ"1lt:l~ 
" 

LU1;1"LJ12.JLt:llvlu1flfl1fL~t:l'"l1~fl~ 1~ L(11U.,r'J lu rh gel strength ~~2.J1'"l1 m'"lfl~i:i r1'J12.J~"LJt:l~ 
L"LJ"J!'J~ 72-82% Lnt:lrl1r1'J12.J~"LJL~2.J;"LJ rl1 gel strength '"l::fl(11fl~ L"LJ"1Jru::~rl1 expressible 

..: -" 
water '"l::LYl2.J2.J1n"1J"LJ (Ofstad, Grahl-Madsen and Solberg, 1992) 

6. t'liLii!l~fl'i'ah~ 

m2.J1 ruLn~'tl~ L~2.J;:J eJfl (;]!l n11Ln (11 L'"lfl LLfl::r1ruJ)1Yi"1lt:l~ L'"lfl L(11U Ln~!l"ll'JUL "LJn11~ n (;\ • 
hJ1;1"LJ12.J Lt:ll vlu1flfl1f ~~ Lil"LJ LU1;]"LJ~~12.J11Clfl::fl1ul~ "LJ~11fl::fl1U Ln~t:l L~'tl'"l1~ L ""t:lt:ln2.J1 

J'.I " ........ ~ ~ ~.s -- • ~"J'.I'" ... -- ~I 1" '"l1 m"LJ!llJfl1 LLfl'J1'J2.J mn"LJLlJ"LJLL!l n ~~ IJ.J ~t:l"l!"LJ Yl1 ~ ~ L"LJt:llJfl12.J~1l1Yl L~"LJm LLfl:;Ln (11 LlJ"LJL'"lfl (11 

(Shimizu, Shimidu and Ikeuchi, 1954) L(11uLu1;]"LJ12.JLt:llvlu1flfl1fLn(11Lr1N~~1~L'"lfll~~r1'J12.J 
I II I I I 

L;J2.J;J"LJLn~t:l~11 L-D"LJ 0.5% LL(;]Lm~11~~1"lhu~'"l:;i:ir1'J12.JLL~~LLN~1 m2.J1ruLn~t:lYlL~2.J1:;~2.JYl 

yh L""eJ~~Jiru"i:ir1'J12.JL~llm2.J1n~~ (11,r"LJ;"LJt:l~nutr'"l4'uu1~U1::n11 (4'n'1 Yl!l.:j Llt:l~, 2544) 

~.:jn11~m~t1"1lt:l~Yl11ru'J~ t:lii~Jl::L"l!r1, ~fi1.rfltJ ~fl~L'"l1'kl LLfl::~1l1f~u fi111~1UYlt:l~ (2545) 

'" , 
~.:j~ ~"LJ1 eJ~ ~Ji ru"fln;"LJUfl1'"l1nUfl1 (11nt:lU LYl fil YlU~1m2.J1ru"1l!l~ L'l! L~U2.J r1fl!l L1~Yl L~2.J1::~2.J " . . 
.. ~ .... J' .. I .........1 .... 
r1t:l 4% "1Jt:l~"LJ1~"LJm"LJt:llJfl1 LLfl::n11eJfl~112.J'"l1nlJfl1'l!11(;\"LJ"1Jt:l~ Alvarez, Causa LLfl:; Tejada 

(1995) YlU~1L'"lfl'"l::;:Jrl1 gel strength ~~~(11L~!lHL"l!L~U2.Jr1flt:lh~L;J2.J;J"LJ 2.44-2.80% t:lth~hri 

~12.Jn1n~2.J L"l!L~U2.J r1flt:l h(111 "LJm2.J1ru~~~ Ln"LJLU'"l::Ln(11 salting out ~t:l LU1;]"LJ~n ~::nt:l"LJt:lt:ln2.J1 
, " , 

L Ut:l~'"l1 n Ln~t:lLU LLU~4' U~1~~ fl ::fl1U LU1;1"LJt:lu .,; 1 L lliu 1;] "LJfl ::fl1U 1~U!lU fl~ LLfl:; hi Ln (11 Lil"LJL '"l fl 
" 

(Price et aI., 1975) 



l4!~L~t-BJtlnIJH,~~tLU l4!f1L~~B~'t-L~;:~"L~~B~'~"tLUnB~n~~"Jtlt UBBUt;~L~M.~1fLIro 

n~t~l;:~'m~r.,[l~'B~'Bt:'l4!~L~B~' Lt-L!flnB~n~~CS-tL~~l':ItLun~ Llu~l~n~t~l;:~" Ut;~L~M. I I" I " 

-~1fLlron~t~l .fL~~-tf1tJ.tBll11.n~t~l B~ l4!t:1ro £ n~t~l[lr.,Jtlf1Bu;:t~L~~B~HtL~u 

nS,t~Ltl!l!\ VLUIil41 L~~ 

sn,n' nl4.&m~SIt.~Ml4U''&LUIlU~Slt.tliu,~~gnM.~~''~Ml4U''&LU~mRU~ sozoZ JI' I. .. I-,!, ..,..,.,.,.,.. .. ,.. 

rt~I':Il4!r.,n 

" . " ;:~"l4! l1;:ml£.n ~CSL1~m Bl4! ~B~' l4! [l!!';:~f1~~t-~" L~Bt~n~' L~~tn~ L~rt~' u~ULrt[ll4!l ~tn~' 
I I" 11 " 

t-~ ";:~,, t-~ ".lhm y~ ~I':I ~ ~fttnll t-B[lB~ m~rtLr.,~m LrtWrt~ ULU~U~n~U~L~tLUn ~ 

~1l."Ln °v ", A 

(lu8B8 BU!pU!q) rtBIro'tL~nIJU4.Ln~LlA;:~" nlT.l4!~LIro~t~~LlA ~~l':ItLunt4.n~l4!~[lr.,1ro r' r=' '" 0 ,rprsr.., 1'1 0" II I 

t-~l4!~Ul\~L~[l~' m~tLU~~L~ l4!t:~rtLr.,~ rt~' [ll4!1 n~~n*~~~t-BIT.M.LL1t[l~~'~~[lr.,!1-

~~" o£ 

(££Sl ·rtttU~L~~G,t-r.,tlA;:tU) IAomL1~~1':I ., '" ... 
Ul\~L~t-BIT. %SooO n~'ftt B~n~U~.lhmY~~l':In~rt~I1r.,~~mLrtW r.,~l4!~.lhmy~~I':I;:~"L~ Hd 

" 11 I I 

~~L~;:I!. 8l84dsOl.jd P!88 ULI!.t-Bt:' 8l84ds04dAIOd 8U!l8)j18 ;:LM.~'H;:I!.[ll4!l JtltL~l1lll1~;:I!.~ 
. " . 

l1~nr.,nLl!.rtM.ml4!l nl£.l4!LnrtG,tLUn~UtLrtL~rtLr.,~rt;:I!.l4!' lAnlroU~ nlT.t-~~~ Hd f1t~[lr.,1ro I 0:-,ffil='::" ... "k~ ~ ,f" .... I 

ale4dsol.jdAIOd aU!le)!!'v' °Z 

(SL6 ~ '°18 l8 88!Jd) LrtUBB[lL~;:~ 

B~um ~[lL~;:~~n~t~1» ~ B~' rt~;:Lrt~'~ ~nBB~t-BIT.t-t" rtLr.,~f1~~[lr.,!1-t-9t:U LI!.UBn ~Bt~~ LIro~t 
. . " 

nLJtl t-LlAL~m~l4! ~,~ ~ L~ftt t-BJtl ,H~B~U' [lr.,Jtlrtr.,f~L~L~~\U~t-~~tn~'ULrtrt~'~t~;:~"t-~" 
" 

~;:m~u~t:Jtlt~.lhm y~ ~I':I~ ~ L~;:I!.W~' t-LraBB~U',q.VLU!fl" U ~ rtl~BBn~rtLr.,~t-~~'m[l~~' [ll4!1 
. . . 
9tlAn~~t-BlT.m-tI!.'tLunllt-B[l[lr.,!1-~Lt'-~L~t-9B~U't:ULI!.UBn (vS6 ~ '°18 l8 nZ!W!4S) Jtlt~l!.mlJ' 

. " 
l4!U';:~"Wn~'M.LL1~rtL~f1Bn'~' LlA nlroBlrt' ~luB'mn.mur.,~rtr.,tr.,~"L~I'1BmULI!.LrtuBB~' t-LI!. ......... .r"l.o ... k 1.;'",,,, "I"f' ,,10 

B~'B~U' L~n ~t[lL~;:~UtLrtL~~n~t~l nlJ' t-~ .fL~~-tI1tJ. t Bll11.n~t~ll4!ll ~tLUn ~[lr.,!1-
" .. l4'&\S~I!I~Ii~'lLl o~ 

'" n~U~L~'&Lun~~~~~nt~~SIl.~L~~ 

(vS6 ~ 'pJ8M8lS pU8 )j8Jv-J) rt~I':Il4!r.,ntLU 

t-L~~;:tn ~nLl).l4! [l~' t-t" U LI!.Lrtt-B? m~n~t~l t-BI£.M.LL1~[l~'tLunll t-B[lB~' 80 0 ~ L~U L~;:btr.,~ 

" " . [ll4!1 l4!l4!t ~b' ~ U';:I!.t-bBM.L~ t-B~nIroU~rt[lt~'tLUn ~rt~l':Il4! r.,nlA;:mIT.L~~Bn' t-BlT.rtL1~mB 
,.." .. .. ~ "~,., r-,r .. 

'" . t!lI~ms °L 

S~ 
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" I '" ... I 

LiJ1~UL~fh\l LUtl~~1n LiJ1~uL~fhnhlij~~~L Un'l1Ln Vl L~fl Utl n~1 n\ltl~ l"1iJ1::ntltJ~u1 L'lIU 

L~tlVl Ltlul"l!~ LLfl::l"l1~u~~m~i Vl"ll'l1~ n'l1LnVl L~fl n cmihr.i Vltltln liJ ~'ltJ ":h L t\'"l!121~1~ 
~ ~ 

iJ1::ntltJ ~'ltJ LiJ1~U 1~ L tlLvhJ1fl fl1fLiJU~lbu L ~ ell LiJ 1~ul~ Ltll.,.hJ1fl fl1 f~ ijtJV1U 1V1~11'1 C\J t;ltl 
...:::. ,: ... &of ... 11 .J 

n1 1Ln Vl L ~fl ~tl 1~ L tl:nULLfl ::LLtl n ~U LiJ1(;1UV1~ ~tl~U~ ::1'l~ (;1'l nULilu~ 11iJ1::ntltJ L "l!~"l!tlUV1 
... , ~ ~_ s - ~ ... .t., oJ..J... J' . I .,.. ~ ~ ., 
Lffin'l1LLtln ~(;1 UJ ~tl"l!U ~VlmnVl"llU ~lJlI'l~V1~n'l1tJVlLUtllJfl1tJ~~ntJLnfltl 2-3% ~VltJU1~un 

(Shahidi, 1994) An, Peter LLfl:: Seymour (1996) 11m1u~1 ~Ltl:nULillJLiJ1~U~ijtJV1tJ1V1t;ltl 

n'l1Ln Vl L~fl).J1n~q Vl LVltJ~ Ltl:nuiJ1::ntltJ ~'ltJmVltl::m U~ LilultlLVl1YJ~ milU~'lUL ~rU LLfl:: 

iJ1::~1CU 80% "lItl-1n1Vltl::mULilu acidic amino acid LLfl:: basic amino acid ~ pH iJn~"lItl~ 

1121 (pH iJ1::~1CU 6.5-7 .0) L~Lfl~fl LiJ1mU~::ijmVltl::mu~;jiJ1::'11'l~Liluu'ln~1~flU~u1L'lCU 

(COO") L U"lIcu::~~~tl::m U"lItl~ lfl;uLLfl::tl1~nu~::i:jiJ1::'1tJ'ln (N H3 +) -r11L~\nVl LLN ~~ ~ Vl 

1::~~1-1iJ1::~~ LL[;ln t;l1-1nU Ln Vl LiluLL1-1U Vl L ~titJ'l~ L1tJn~1 LLN ~-1Vl VlV11-1tl1::~ (intermolecular . ~ . 
salt-linkage ~1tl ionic linkage) ~U ijtJfl-r11Lmtl1mul~Ltll~tJ1flfl1f1'l~~'lnu (aggregation) 

L u~n~cu::~ Ln Vl'tiU(;11mm 1::~~1-1 Lth~u ~1n111'l::~-1 mh'l-r11L t\'"l!121hl~1~11Clfl::fl1tJ~1 Hi' 
~ 

~ ~ , 
~11fl::fl1tJ Ln~tl ~~eJUn'l1L~lJ Ln~~ L UiU(;1tlUn'l1L(;11tJ~ L~fl"l!121-r11L t\' Ln Vln'l1LiJ~tJULLiJfl~"lItl~ 

~ 

llJL~1~u1flfl1ffl.:l ":hLt\' M-line LLfl:: Z-line LlJLiJ1~ul~Ltll~u1flfl1fLLtJntltln~1nnu -r11Lt\' 

LiJ 1~Ul"lfl1tJ ~'ltltl n ~~U~~~ ~ 1~11Cl Ln Vl'tiU(;11mm HiL t\'iJ 11 n{]~uuu~'l~~ 1"l1tl-1 L~ Lfl ~ fl 
LiJ1mu Ln Vl LUU LI"lN~11~ [;l1'/1tJ"lItl-1 LL~n L[;l ~ Ltl:nlJ~;j n'l1r.i Vl ~tJ-1 ~'l"ll~~~1tJ L'lILiJiJl V1 ~LLUU~~ • 

~tJn~1 viscous sol (Pan 1990; Pigott and Tucker, 1990; Lee, 1994) 

n11L t\' 1"l'l1lJ1tlULLn sol -r11L t\'Ln Vln'l1LiJ~tJULLiJfl~ n'l1r.i Vl L1tJ~ ~'l"lltl~~1tJ 'L'll LiJiJ1V1 ~LLUU 
~un~tJ'Wl~ (irreversible transition) Lilu~mu::~;jn'l1r.iVl~tJ~~'l~LUU1::LijmJ (ordered 

" II I I 

state) ~tJnnflln\l~1 setting n'l1 setting ;jiU(;1tllJViLL(;1nt;l1~nU 3 LLtJtJ ~tl cold setting LnVlYl 
I I I .... 

~CU~l121Pi1 (0-4 °C) ~1tltlcu~l121t\'tl-1 (22-25 °C) LUtl-1~1n'W;j1"l'l1~1~U~1Lnm.;rtl-1 ~-1eJu~~ 
~ ~ ~ ~ 

, ~ 

r1itl-1n'l1L'lfl1LUn11 setting YlU1U n'l1 setting LLtJtJnhl;jn'l1L~tJ~111~fi11~"ll1~"lI~-1LiJ1mu 

1011 1"l'l1lJ LL;~ LLN"lItl~ L ~fl~l~~~Utlu nu L 'lfl1 LLfl::"lIijVl"lltl~ LLNU Vl L ~tim~ L~ tJ 'l.;rtl-1 L U LI"lN 11~ ~~ 
~ 

LLNuVlL~tim~mh'l~-1~'lUL~rU~tl~ufi::ltlLVl1L~U ~-1tJflLt\'~n~cu::L~fl~1~ij~n~cu::~U'l1'l 
(glossy) LLfl::LiJ1-1LL~-1 (translucent) Ltlul"l!~ transglutaminase (TGase) ;jtJV1U1V1~1nt;ltln'l1 

~ , 
setting iJ1::Ll1V1i1 ~1~~tJ partial-heat setting LnVlYl'll'l~tlCU~l121 40-50 °c LVlmnVln'l1L~tJ . ~ 

fl111~"lI~-1 'LiJ1~U1J 1-1~'lU ~-1~Un'l 1 setti ng ~ ::~UtlU nUtlCU~l121 LLfl::L 'l fl1L um::tJ'lUn'l 1tJ~ (;1 
~ . ~ 
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LLNU f1l mtitJ,)~ L~m;rtl~ L~ LLri 'tl'l.!lm'mtJ 1LlILf1l1 L ~un \Jtl n" 1 ne~~iJ~\Jfi~ Lf1lo]~ L ~ ~LL~~~\Jfi~ 
LlILf1lTL,,\J L,,~~L~,,~iJ~m~ttl.l~~\J (turbid) LL~~YiULL~~ (opaque) ~,)\J full-heat setting Lnf1l~\J 

I I '" '" .. 'I" ".... - O.!"l .... 'I'" .... ~. I .... ~ 
Ll-Jtl ~~fil,)1l-J1tl\JYltltl.l"IUll-J 80-90 C Lu\JL,)~1 20-40 \J1Yl ~\J'1J\Jl1ltl\J\J~u111l\J"~L~tJ~1l1Yi . " 

Luo LL~~filtl.l~ (2001) ntJ~1\J~1L,)~1~L-n~1~fu full-heat setting UJL"J!if"4'tJ~~n~iJ~~(;]tlrh 

fil'.l1l-JLL;~LLN'1Jtl~~1i1"1nu~1fil1fu n~1,)~tln11L~fil,)1l-J1tl\JL\J"J!')~ 70-90 °c \J1\J 15-45 \J1Y1 

L~r11fil,)1l-J LL;~LLN'1J!l~L"~ UJLLl1ln (;]1~n\Jtlth~iJ,rtJ~1~'1!Yl1~~Ci~ (Lee, 1994) 
II I I I 

tlth~hii 11l1l-J n11LI1l~tJl-J L"~ L(;)tJUJ ~1\JoE'\Jl1ltl\JYliJn11L ~fil,)1l-J1tl\JYlf.ltl.l~JJi1~1ritl\J 

(setting step) ~~~~L~L,,~iJfil'.l1l-JLL;~LLN~1 n~1')~tl L"~~~1\Jn11L~fil,)1l-J1tl\JLLUU full-heat 

setting ~1tln11L ~ fil,)1l-J1tl\JLLri L"~~tltl.l~Ili1~~ Lf1ltJ-r1\JYI v'h L ~ Ln f1ln111,)l-J ~') n\Jl1ln l1l~ntl\J'1J!l~ . "" 
Ll-J L~n~ LU1~\J~ L~')n~1n11L~tJ~1l1Yifi11l-J"ll1~LL~~n11fil~1tJ~,)'1Jtl~ Ll-J L~n~ LU1~\J ~~ ~~ L ~Lnf1l • • 

'" I I II 

L,,~iJ fil,)1l-J~1l-J11Cl L \Jn11~l-J,J1 ~1 LL~~Lijtl LiiuL"~ H"~Ln f1lU11 n!l n11nJn11oE'U,J1 (syneresis) 
I I "I 

~~ ~~ L ~filtl.lJ11Yi'1Jtl~ L"~Y1L~ ~1 ~~,r\JL~tl L ~ L,,~iJ r11 fil,)1l-J LL;~ LLN'1Jtl~ L"~ LL~~fil,)1l-JU ~mj\J • • 
L~l-J~\J ~~tltJl-JL~fil'.l1l-J1tl\JLLUU partial-heat setting L\J,1'\Jl1ltl\JLL1n (setting step) LL~~LLUU 

~ , ~ 

full-heat setting L\JoE'\Jl1ltl\JYI~tl~ (heating step) L1tJnn11L~fil'.l1l-J1tl\JLLUUtJ~1n11L~fil,)1l-J1tl\J 
II I I" 

LLlJU 2 oE'\Jl1ltl\J (2-step heating) n11LI1l~tJl-JL"~ L~tJn11L~fil,)1l-J1tl\JYltltl.l~lli1 ~1 L\Jfilf~LL1n . " 

(U1~l-J1tl.1 25-50 DC) L~tlL~Ln~ LfilN~11~~dj\J1~LiltJlJ (ordered network) ritl'l.!,J1LUL~fil,)1l-J 
" I I I 

~!l\Jfilf~Y1~tl~ L~tl"'1 L mU1~'l.!Ln ~ n111,)l-J ~')n\Jtlth~-n11 ~tl LYltJunUn11Ln ~ n1n~tJ~1l1Yi 
- .... ..JL ".... "..J .... J' fi11l-J"ll111l'1Jtl~LU111l\J L"~Yl ~"~l-JLM~~11~YlLtI\J1~LUtJlJl-J1n'1J\J (Luo et aI., 2001; de Jong 

, " 
and Koppelman, 2002) ;~iJn11L-nn1~U,)\Jn11tJL\Jn11~~I1lL"~~1i1"1nu~1 Alaska pollock 

~ 

(Fukuda et aI., 2001) U~1fil1fu (Luo et aI., 2001) LL~~U~1U1nfill-JtJni\J (Iizardfish) 

(Benjakul, Visessanguan and Tueksuban, 2003) 
" ~ 

~~,r\J~1l-J11Cln~1,)L~~1n11Lnf1lL"~ LU1~\JU1~ntllJ~')tJn~ Ln~1~'1! 2 i'l.!l1ltl\J~tl n11 

L~tJ~1l1Yifi11l-J"ll1~'1Jtl~LU1~\J LL~~n111,)l-J~')n\Jl1lnl1l~ntl\J (Stone and Stanley, 1992; 
~ , , 

Matsumura and Mori, 1997) Lf1ltJn11L~tJ~1l1Yifi11l-J"ll1~ dj\JoE'\Jl1ltl\JYliJn11LU~tJ\JLLU~~'1Jtl~ 

Lfil N ~~1~'1Jtl~ LU1~\J" 1 n n11L~fu fil,)1l-J~tl\J Ll-J L~ n~'1Jtl~ LU1~'l.!" ~L~tJ ~1l1Yifi11l-J'l!1 ~LUU1~~,)'l.! • 
~" , 

(partial denaturation) L \JoE'\Jl1ltl\JtJLLtln LI1lLl-J Ltl;\J;~iJUYlU1Yl~1 ~'1! (;]tln11Ln (;1 L"~ Ln ~n11 

fil~1tJ ~') n11fil~1tJ ~,)'1Jtl~ LLtln LI1lLl-J Ltl;\JLn ~~"J!')~tltl.l~Ili1~ LLl1ln "h~n\J ~\JtltlriU"llil~'1Jtl~U~1 . " " 
(Ogawa et aI., 1995) 
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n11L~tit]';nj1 L~Ln~L"fi L~Un'l1L~f'l'J1~1'tl\l~'ll'J~'tlru'l.u121~11.J1~~J1ru 25-50 °c l11 L~ . " 
LL'tln Lj;]UJ L'tl=i\l~1'tl UJ L'tl=i\lLl~ f'lfi1U ~'J'tl'tl n LLfi~L~'tl L~~'tlruWl21L ~~~~\l~ L'tl=i\l"~f'lfi1U Ln~m . " " 
'tlth~~~\l1nr l11 L~~~'W'JI'tl1.J~1~'tl~ ~1\lL \l Lf'lN~11~"1l'tl.:l L~ Lfi ~fi L1.J1~\l1.J11 n{)~\l1.J1L 'Jru 

Ej'J~~1"1l'tl~~LfinfiL1.J1~\lLn~LLNu~mtimu1~L1lVltl\lj;]1mm111L~1L~UnLLfi~~\lD~1~-nfi1~~1~ • 
L~Lfi~fi LU1;\\l1'J~~'Jn\l'tlth~-n11 Ln~LlI\lLf'l1~11~m,)1u~1~21~'flth.:lLlI\l1~LUU1.J (Nakai and 

Li-Chan, 1989) "1m1U.:l1\l~1.J~1n11Ln~L"fi~'tlru~fl21~1 (40-50 °C) Ln~"1n~\lj;]1mm~ . " 
fl'J\l~1.:l"1l'tl~L~Lfi~fi~L'tl=i'l.l ~.:l~L'tl'l.l1·nr endogenous transglutaminase ~1L~m;J'tl~ UNU~ 

L~tim~~1.J~'tl ~\lfi~1~-nfi1~~LLfi~~'I.Ifi~Lf'l'J1Lfi\l[;] L~'tl'tlru~fl21~~Ln'l.ln~1 40 °c "~Ln~ . "" 
I ... I I 

tl'l.lj;]1mU11~~~1~m~'tl~m'l.lVi'W'JI'tl1.J'Il1 (hydrophobic amino acid) L\ltN"1nn11ViLn~n11 

f'lfi1U ~'J"1l'tl~ LU1~'I.I~fl'J\l~'J"1l'tl.:l~ L'tl=i\ll11 L ~ Ln ~ LlI\lL"fi~\l n11Ln ~ L"fi L 'I.Ii\lj;]'tl\l~~'tl.:l 
I " " I 

LnU'J;J'fl.:l n1.J~'I.Ij;]1mm 1l!L~1 L ~un1~~~1~fl'J\l~'J"1l'tl~ L~ Lfinfi UJ L'tl=i'l.l l1~t1L il'fl~"1 n n11Ln ~n11 • 
I I I I II I 

LU~U\lLLUfi~ Lf'lN11~"1l'tl~ LU1~'I.Itl\lLil'tl~~1"1 nf'l'J1~1'tl\l ;~":h L ~n1~'tl:;m \lVi'W'JI'tl1.J'Il1;~~1.J 

~1nL'I.Ifl'J'I.I~'J'!I'tl~~Lfi~fi~L'tl=i\lUnn{)'tl~~Ej'J~~1"1l'tl~L~Lfi~fi LU1~\l (An et aI., 1996) Niwa 
~ , 

(1992) 11U~1\l~111~fl'J'I.I~'J LLfi~~1~"1l'tl~ 1~ L'tl=i\l ~1~11mn ~tl'l.lj;]1mU1VihJL'llLfi1'J1 Lfi\l[;]LLfi~ 

~'I.Ifi:;~~n~L~m;J'tl~n1.Jnfi'tnn11Ln~L"fiL\l11ijH\LLri ~\lfi~1l!L~1L"\l tl\lmmm 

1l!L~1L~Un LLfi~~'I.ID~1~-nfi't~~ (Zayas, 1997) ~\lfi~1l!L~1L"\l ~f'l'J1~~1~C\JL'I.In11U~r.t1.Jn1.J 
" ... I " 

'Il1fl1U L \lL" fi L~U L~ Lfi ~ fi"1l'tl~'Il1fl1U L 'I.IL" fi Ln ~~\lfi~ 1l!L~1L ,,\ln1.J m~'fl:;m \l Vini'J (polar 

amino acid) ;.:l'tl~~1.J1L'JruEj'J~~1"1l'tl~L~ Lfi~fi LU1~\lL\l1:;~~1.:ln11L ~f'l'J1~1'fl'l.l ~1~f1.J 
,~ , 

tl'l.lj;]1mU1111L~1L~UnLn~"1nLLN~~~~1~~~1.:lm~'fl:;m\lVi1~'JI'tl1.J'Il1":;Ln~H\~L~'tl'tltJL\lfl1'J~ " ". 
I " " I I 

Vin~ru~1Jij~~ 11~~Lil'tl.:l"1n LlI\lunii1m LL1.J1.J ~ ~m1~1'tl\l L~Un11m1\l~1 L 'I.ILU1~'I.IVi~m~ 
I " I I 

'fl~m 'l.lVi'W'JI'tl1.J'Il1~1n n~1 31 .5% "~Ln ~tl\lj;]1mm 111L~1 L ~u n;~ Lnm;J'tl~ Lj;]U j;]N n1.Jn11Ln ~ 

L"fi'JIll~ coagulum (Shimada and Matsushita, 1980) ~'I.Ifi:;1j;]-nfi1~~LlI\l~'I.Ifi:;Lf'l'J1Lfi'l.l~ 

'JIllj;]~il.:l ~f'l'J1~LL;~LLN~1nn~1tl'l.lj;]1mU1'tllLj;]1L~Un Lnj;]1~~L~'ElL""f'l'J1~1'tl\l~1nn~1 40°C 

LC;)U~\lfi:;'1.c;)-nfi '1. ~ v1~ f'l'J1~~1 ~C\J j;]'Eln11Ln j;] L"fi"lJ'tl~ LU1~\l n1j;]'tl:;m 'I.I~~1~11mn j;]~'I.Ifi:;~~'tl 
, ~ , 

n1~'tl:;m 'l.lVi~~~-nfi-m.l! j;]1'fi L'll'l.l =i~ Lj;]~\l ~~,r\lm"~1U f'l'J1~i~~\lfi1:;~~1~~\lj;]1mmVi " . , 
LnU'J;J'tl~ n1.J n 11Ln j;] L" fi fl1'J :;n11 L'IX f'l'J 1~1'tl\ll11 L mU1~'I.ILn c;) n11L~U~fl1~fi11~'JI1 ~1.J1.:l fl'J'I.I 
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., ., 
n~"lmtllJL"~ L~tJfl"ll-J"l~mLtJ~~~mtllJ 3 oilJ~~lJ oilJLL1n~~mnn~ spherical aggregate L~tJ 

.... .....,.. ~ l.I.dI.J....elI I .t ~ _ 
(stiffening) L~tJYilJfi~lc;1'l1~ ~YJ c;1 'tJlJ~~lJ~ "'Yl"ltJfil~m ~Yl L"~l-J f'l')"ll-JtJ ~~~lJ~~'lllJ ~~tJmnn ~ 

~lJfi~111Lc;1~L"lJLil~Yi"l1~\iilJ~'l~~ (Mine, 1995) 

tl~"lil~~LntJ~n'lfi~~ru~1Jij 4 °c ll"ltJ1~1l"l'l~~ryry"lm~1lJ~~ high density polyethylene ~ 

~"ltJmnntJ~m~nlJ"llJ 181lJ mru"l ,J~m1Yi LL~~lJ~U'll ~nfln~lYltJ (2539) Ylc;1~~~mnntJ~n'lfi • • • ., , 
~~~Jiru,)~n:nutl~"l~fll-Jtl~"l~~nlU1l"l'l~~h~1 YitJrJ"lm~LritJ~~~Jiru')Yl~ru~lln 4-6 °c L~tJ 

" . " 
., tl- ., .... ..~" ... -J ......... ..1 

tJ~~, ~UIl"l'l~tJ~~mm~ n~LL~~ ~UIl"l'l~~ryry"lm~ l-Jm~mnntJ ~c;1 7 'lU O1'lU~~~llru'VlYl 
., .. 

LfitJ1U1l"l'l~tl~tJtJ~~tJ"lm~ (60% CO!40% N2) ii~"l~m~LritJ 11 1lJ tlnt1l~"l L:n'e)LYifi~n, 

U~~'11 ~nfl~~lYltJ LL~~1UitJ 'l~1~lJLl-Jfi~~ (2543) ~n'lfim~LritJ~n~"l~~~Jiru'Vl1~n~~ntl~"l 

YitJrJ"ln1~LritJ~ 4-6 °c ll"ltJ1~1l"l'l~tl~tJtJ~~tJ"lm~L~tJ1-ifm'l!llJL~~L"U 1 00% LtllJL'l~"l 12 

1lJ YitJrJ"lml-J"l ru"~lJYl1U~'ll-J~t11lJ~~j;)tJ~tl~'e) ~JitJ nrJ"l m ~LritJ~n'lfi 1 UIl"l'l~tJ~~m n1 ~tln~ . " ., 
~1~~ryry"lm~ Yi~~ru'l~ ~i1~Il~L'l!fil LL~~filru~ (2545) ~n'lfim~LritJ~n'lfi~~~Jiru,)~n;lJtl~"l 

~n~mYl~~~ru~1Jij 4 °c lu~~ polyethylene YitJrJ"lfl"ll-J"l~mritJ~n~"l~~~Jiru'Vl1~~lJ"llJ 11 

1lJ 

II.., II " 

l-J"l~~~"llJ~~~Jiru')~~fl"l~m~l-J~n;ULn~rj'l ~n;u~2ol LL~~~n;ulri (l-J~n.1 009-2533) 
., 

(m~Yl~'l~?I~fl"l~n~~l-J, 2533) n"l~u~l-J"l~~~"lUfilCWl"lYi~"lU"~;'l~Ylm 11 j;)~il ml-J"lru,,~uYl1u 
~ ~ ~ ~ ~ ., , , 

~~~l-Jc;1V1~ru~llij 37 °c LtlUL'l~"l 48 i'l'i:l-J~ YitJhhnu 1X106 LfilL~il(;]~~'l~t1"l~ 1 n~l-J . " 
Escherichia coli L~~Ylc;1fl~tJ~'ltJ~fi MPN ~lrNij,J~tJnrJ"l 3 1lJ~'l'e)t1"l~ 1 n~2-J LL~~~'e)~hJYitJ 

Salmonella spp., Staphylococcus aureus LL~~ Clostridium perfringens 1U~'l~t1"l~ 25, 
., ., 

0.1 LL~:; 0.01 n~l-Jm2-J~"lj;)tJ ~~il1lJif.,.,uutl~~LYl~lYlmr~hiii2-J"l~~~"lUCJ~~Jiru,)~~fl"l~m~2-J . ~ . ., 
fln;lJtlfl"l 
" 
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2.3 n1'Ln~L~jI'!IiHlt1.hii1J 

n1~Ln~L'"I~LtlUiUJ1J~L;'n~U1~~~1~t1Jtlth'n~~~~tl~hj~~U1Un1~ritl1"'\n(;lin~ru:: 
~ , 

LilYn::~,)'tl~ ~~ j;lJiru.,]tl1\n~,ru1 ~~U; L:n~~U1Vl~tl~ hl1~u ~~1t1~~ ~~~vn~ mtlJl1Yi LL~:: 
, ,~ 

LfilijVlij ~~ ~tlYi ~ ~ n1~~~tl~ Ltl~~U 1 Utl1 ~1 ~ ~ ~1J~ L;~~U1Vl~tl~ Ltl~~uLtlu~')tl~;i~~Yi ~ ~ n1~~ 
~ 

'tl~Ltl~~u1utl1~1~ 1U~::~~1~n1::1J')um~~~j;l m~Ln1Jfn~ ~')~~~iUj;ltlU~1~1 1un1~ 

LLth~tltl1~1~ 1.~LLri ~~U;vn~tl~::~1V1i~~~ L-nU ~ n~u ~~ L~tli~~~ ~~~~L~t1')ri1Jn1~ .. 
~ 

n1::'"I1t1~,) n'U~::~1t1 LL~::n'WYitl~~,) L-nU n1~4'1Jib ~~~~1U surface activity L-nU m~Ln(;l 

~,r~iu n11Ln(;lL~~ ~~~~1Un1~1.~~ L-nU m~Ln(;lL'"I~ LL~::~~~~U1 L'llU n1~Ln~L(;l 
~~U; L:n~~U1~~tl~ hl1~u1 Utl1~1m~~::'lI~(;lijl"l,)1~ LLj;ln ~1~riU L ~tl~~1n fil,)1~ LLj;ln 

~1~'tl~i~~,)u~tl~n1(;ltl::mu ~U1(;l L~ L~n~'tl~ Ltl~~U LI"IN~~1~ Ltl~~U LL~::'"I~1.tl L'l!~L~nV11n • • 
.: ".J, .., U.J "" .- .... ~.J ~tl'" ''1tl'' ..J Utln'"l1nU Jl1,)::LL,)~~'fl~V1 LLj;lnj;l1~nUnt'i~~~ ~~~~1Jj;lL'lI~~U1V1~tl~ ~ ~j;lULLj;lnj;l1~ ~ ~,)t1 L-DU 

n1~~::~1t1 fil,)1~~U~ m~Ln(;lL'"I~ m~Ln(;lL~~ m~Ln~~,r~-nu LtlU~U (Barbut, 1996) 

, ~ 

LtJ~~U~1~'lI~(;lriuill"l,)1~fl1~1~tl1 um~Ln (;l L'"I~Vl LLj;ln ~1~ riu U'fln'"l1 nili n~ru::~tl~ 
~ " .J _ J' ..,.t ''''."1''' ''I'" -"... • I'!: 
~filNM1~L'"I~V1Ln(;l~Um'Utl~nU1J'"Ir,W~~1t1tlm~ ~(;lLLn ~ru~1J~ ~Un1~Lj;l~t1~L'"I~ pH 1J~~1ru 

.. - ... .., .J ... J' ''1~ tl .. 
~tl~Ln~tlLL~::tltltlUtlM:: ~n~ru::L'"I~V1Ln(;l~U~1~1~mL1J~ ~(;l 2 ~::LJlV1fil'fl fine-stranded gel 

LL~:: coarse-aggregated gel (Hermansson, 1994) L(;lm'"l~LL1JU fine-stranded gel '"I::ij 

in~ru::1~ LL~::tJ~::ntl1J~')t1~1t1LtJ~~u~il'U1(;l tn~ L~t1~ri1JL~ L~~~ LtJ~~UL~m1 ~')U coarse­

aggregated gel tl~::n'fl1J~')t1'fl'tll1fil~U1(;lt~qJn~1L~L~~~ Ltl~~uL~m1 ~~ 100-1000 LVI1 

L"i~ilin~ru::~1JLLfl~ ~,)tlth~~tl~L"i~ coarse-aggregated gel U1LLri L"i~U~LL~::L"i~~Ln~tu 
, ~, 

~~j;lJiru"]VlH1,] (Zayas, 1997) utln"i1nil~~~1~1~tlYi1JL'"I~VlilLf"W~fl~1~~::~~1-lLI"IN~~1~~tl~ 

fine-stranded gel LL~:: coarse-aggregated gel 1.~L-nUriU 'lIU~~tl~L"i~~Utl~riUJl1,)::~::~~1~ 
... ~.I ... "~,, J' .J , ....: J' 

n1~Ln(;lL"i~ ~(;ltl1Jnj;lLL~,) ~filNM1~~tl~L"i~~m1J'UL~tlfil1fil,)1~LLN~tl~tltltlULYi~~U LL~:: pH 

L'1tn~"i(;l1.tlL'lI~L~nV11n (Doi, 1993) (~tJ~ 2.4) . .. 
~ 

LfilNfl~1~'tl~L"i~~~~~~tlfil,)1~~1~1~tltum~.fl~U1 m~t1tl~t""~11LLYi1~1U LL~::~~1J~ • 
~ ~ 

~hum~1.~~ L-nU stiffness, fracture strain LL~:: fracture stress ";~ilfil')1~fl1~1~tl1Un1~t1tl~ 
~ , 

1 ""~1~LL Yi1c.hu~'fl~ L '"I~ LL~::fil,)1~~1~1 ~tl1 Un1~~~u1"i::il fOl1 ~ (;l~~ Lijtl L '"I ~ ilLfilN ~r1~ LL1JU~mU • 
tlf.h~hnm~Yi1J~1hjijl"l,)1~i~~ufiL~t1j;lN~::~~1~1"I,)1~~m1J'tl~L"i~ri1J~~U~~hum~1.~~ 

(Stading and Hermansson, 1991) 
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pH approaching pi 
Increasing ionic strength ---------------.... 
Increasing gel strength ----.- 4 Increasing gel strength 

Sol Transparent gel Opaque gel Turbid gel 

1993) 

2.3.2 n1'iL t1i!J'U Utlfi~ tFl'i~~i1~'lIil~ t t1'iii'UvI Ln l1In1'i'i'UJ ~'ln'U 

1 \In'lrrrm r;i") n\l'1l'il~'iltf1l11") hJr~\I hl~1":;r:;vd1~~1'il~~~"1n Ln Ifl n'lrr'l~r;i") n\l m" 

Lnlfln'lrL'1u~r;i") 1~l-l'1l'il~ Ltlr~\I~\I ~~'ilWl11") Lllr~\lm"iln'lrLll~U\l~1LL~t.l~n\l L"J!\I m"ilmr • 
LI")~'il\l~"\lm:;~~'ilWl11") Lllr~\I~,,)\l1 ~n i Ln 1fl~\lD:;nU'il'Wll11").;r1~ L~U~ 2 'ilWl11")~1'il~1 n n~1 .. -t1 .. .. 

nr:;u")\ln'lr;lm"..111 '-"n~~n'il\l'1l'il~ Lllr~\lill"),,)1~~\l1 LLt.l\lL~~~\lLL~:;il'1l\l11fl1 ~nJ~\l1~ ~~'il1" 
• w 

Ln Ifln'l rr")~ r;i") n\l~1 n~\I"\lLn Ifl LI")N~~1~ L"~ 1~ LLr;\~1 n Ln IflmrL'1m r;i") 1 ~l-l~\I~1nm"~~ tJ~"'1 
1~LnlflmrJ;lnJ;l:;n'il\lLllr~\lLL'VI\ln'lrLnIflL,,~1~ (Bremer, Walstra and van Vliet, 1995) ~1'il'il1" 
• .,,,-~ ".J....... X1" 'VI1 ~~Lnlfl ~I")N~r1~'VI~~m~tru:;~mU'1I'W Ifl (van Vliet et aI., 1997) 

~~~"1 n~ Ln Ifl LU\lL"~ LL~,,) n'l rL'1u~ r;i") 1 ~l-l'1l'il~ Lm~i1~ J;l1'jhum" Ln 1fl~\l1~\lnutr"4'u 
r;\1~1 L"J!\I fJru~1Jij pH 1"),,)1~~'il\l n'lrilLn~'il~1'il~'il'il\lU1~'JI\l1fl 'iltt111I")Lllr~\I'il1"~1r")~r;i")n\l 

Q cal... I J' J ... ..,.... I od.... ... ~ J' 
"'WLn Ifl LU\I~1U'VI~ 1"),,)1~~\l1 LL\I\I~1 n"jJ\I L\I'il~"1 n ~'il\lJ;lrmU1r:;~,,)1~ LllrJ;l\lmJ Lllr(;l\lL ~~'1I\I 

.,,11'-"Lnlfln'lrL'1u~r;i")1~l-l~\l1\1r:;~u~1uL"J!'1I'il~Lllr~\I LlflmnlflmrLL(;ln~1'il~'iln"jJ'tl~~1uL"J! ..111'-" 
I I II I 

Ln Ifl LU\lU"1L") ruVlil m1~~\l1 LL t.l\l~~ LL~:;I")") 1~~\l1 LL t.l\l~1 mrLLJ;l n'il'ilnn'il1" Ln 1fl1~ \I~1U L"J!Vl 
" " ., 

u1~~1'tlL;j'tlm~Llflm~~U'1l'il~~\I(;lrmmr:;~~1~Lllr~\lnuLllr~\li\l (van Vliet et aI., 1991; 
., , 

van Vliet et aI., 1997; van Vliet et aI., 2000) n'lrL1u~r;i")1~l-lL~~1niltJ~yh1~LnIflLu\lL,,~Vlil 
., , 

~n~ru:;~mu ill~~\I'1I\l11fl'l~qj LL~dJI")")1~~1~1rCl1\1n'lr~~in~Ifl~~ 'l\l"jJru:;VlI"),,)1~~1~1rCl 

'I. I J I I J' .- ... :: 1'" X 
'WmrLL~r'1l'tl~~1r'il\lLL~rtJ1\1L"~~~"jJ\lLL~:;L"~Lnlflmr'1lU\l1 (syneresis) 1fl~1tJ'1I\I (v.an Vliet 

et aI., 1997) 
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d8 1lo'~LU M.1I.~b't'(!'II.t'~"~I1M'~~"C,LII.I1Lc,l!!Ll!!~~ra~' ra(!'M.U~'t'raM'~I':It'~,~b 8s881~ 1lo'~LU 
I'I",r rc;, :-I ~"J:t... 'f' "I. 

L~f1M~b't'(!'II.~L~f1::k1.L~ JfV~f1I1k1.(!'~1ULb~b' SS8U!M8Lj::> ~~" sS8u!5upds 'SS8U8A!S8L10:::> 
. ~ 

M.L~~I1~Mf1f1::f1~LUM.\rac,iJ.M.c,~~~b 8S881~ rac,Jf[l(!, d8 ~!:!~C,LLm\ 8S881~ ~\(!,~, 
, , 

L~f1MM.!\ 8s881~ ~\~LUf1::k1.L~ rac,JfU~~L~f1,~ru~u~~Jft!:!~b'~\L!:4.t',Llt'~U~ SS8U!5updS 
" , " 

~~" SS8U8A!S8L10:::> M.LJf~b't'(!,(J.~I1~t'~f1f1::f1rac,iJ.U~LI1L~rt1. N88 ~~" d8 H~LU~" M.,VI1C,f 

N88 ~~" d8 H(!,~m~ULI1I1~'~bt'~f1~LUt'L~k1.~~ra~'IU~~LU~~~LUM.\MLLJ~I).~~~f1~~" t'~~b' 

t'(!,(J. (SSOI 5u!>100:::» t'~f1~LUt'L~k1.~~ra~'IU~~LU~~~LUM.\MLLJ~I).~~~f1~ N88 ~~" d8 H~LU 

LC,f1M ('Vdl) S!SAI8U'V 81!JOJd 8JnlX81 gc,ra~' 11k1.(!'M.'~b't'(!'II.~I':II1~'(!'M.mL~t'LI).~f1I1~~UI.I~LU I ,..,... ~,f .... :.f",f "..... ., 

ULb M/M %8'0 ~~" 17'0 '0 f1ULI).' N88 ~~" M/M %9'0 ~~" £'0 '0 f1ULI).' 8S881~ M/M %e: ~ I .... I 

~~" ~ '0 f1ULlA' d8 M.lI.l1lI.mLc,l!!lA (N88) U8U8858JJ8:::>-)l ~~" (8S881~) 8S8ulw8lnl5sU8Jl ,.. I '" 1'1 r-. 
18!qOJ:::>!W '(d8) 8WS81d poolq !l.\ra~l ~f1I1k1.(!'M.1ULb~b't'(!'IJ.~Ll!!~~" ~1':I111(!,m~ru~u~ LM.I1G 

" ,f ~I""',f ,.~" 

~LUM.\ U~LI1L~I1LC,l!!M.LJfM.\!:!Lttk1.t'~'~I1~f1(!'~~1). (e:OOe:) >1!S8Jl8!d ~~" >1nlOwJ8r , 

(vooe: "18 l8 !lS8Jn) 

(!'M~rtU't L!tf1}M.!\~b' t'(!'1I.M.~~f11 L~t'~ ~'1ULI1L~ ~L~ M.~~f11 ~b't'(!'II.~I1~f1(!'~bC,~~~LUM.\ 

" " , ~ 

~\UlC M.~~f11ra~l¥tf1}UUJft[1t!:!L!truLI1W(!,tk1.~b'ULbLI1U(!'(!'f1joU~LI1L~~L!truLI1Wt'~raLI1k1. 
I II I .... 

J8l8M 8Iq!SS8JdX8 (!,l!! M.UM.iJ.'~' LM.f1b~LUM.tM.~~f11t'(!'IJ.U~LI1L~I1Lc,l!!t'~~'m~LI1L~lAt'M.k1.L1!I IP .... Ilk,;"'" P' r--r I 

U~~t',Ll c,~" Lttf1}~LUM. \M.~~f11 NUU~LI1L~I1LC,l!! t'~U (!'f1t'f1!:!L~M.!:' ~ 8HM L~ U LbU(!,M. 
" , , 

M.~~f11 t'(!'II.~U~, 111 M.\f1(!,u~~f11' t'(!' 

M.!:, ~M.1t!~ (!,~~ U t'(!,II.M.C,M.L ~~ ~" ~t:Ilof1,V ~(!'M.~t'~M.~~ f11 t'(!,(J.L rl1~~ L U M. t U~ LI1L ~ I1L c,l!!M.~t'~ 

M.~~f11 t'(!,(J.c,~~[1t~k1.~ ~" c,~~~k1.M.C,M.L ~f1,V ~(!'M.~t'~ M.~~f11 t'(!'II.~ u~, 111 M.f1 Lt'L~ ~k1.ra~~tH f1} 

U~LI1L~M.~~f11!:!L!truLI1W t'~raLI1k1. M.~~f11t'(!'1J. [(88M) AlP8d8:::> 5u!pu!q J8l8M (!,tk1. (8HM) 
, " 

Al!:::>8d8:::> 5u!PIOLl J8l8M] L!tf1}~LUM.t U~LI1L~I1LC,l!!(!,tk1.L!tI1~~LUM.\U~LI1L~I1LC,l!! 
" " 

(6v9e: '~M.M.f1LM.~~ Lra~t:) ~~tL!tI1~U~LI1L~M.~~f11 
" 

~ t L!:4. ~t L!t~U~' 111 t'(!'IJ.M.b'~~ll:tl1(!'~~(!'f1,VM.b'~~ll:t~gM.~~~' U~LI1L~t'~ 'j lAtf1f1,;:gM.~M. \ 
" 

-HN-~k1.~~'m1ts~(!'~k1.t'(!'IJ.t'Ttk1."L~!:!t'~~(!'(!'~k1.'~~~~~M.(!'~~u~'~~!:!M.b'~U(!'(!'~~" M.b'~~1M.t , " , 
• 11(!'~~(!'!:M.~~f11 t'(!,(J.~U~' 111 ULbt'(!,t:' 

, ~tL!tf1,Vf1}U~LI1L~(!,~~!II'~~I1~!:M.~~f11 
" • n.~t.m~I!II.Ln.ttlULU £'£'l ... I-,!, ~,. 

Ge: 
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2.4 L'a'Ul'll,JLL~'1'U"n!~1ijL 'U. (transglutaminase, TGase) 

LLYI~t.!in~Y11ijLt.!~ (EC 2.3.2.13, protein-glutamine y-glutamyltransferase) 4'(;l'fl~'tt.! 

mhJ'1J'fl~L'flt.!L,~ transferase li1~ih~Li~n1~U1tJ'\UJ acyl '1J'fl'l y-carboxyamide group '1J'fl~ 
• ti 

~oJ'ltJtl'fltJn~(;l1;jt.!hJu~ primary amine L~U~~t.!~;j~1tJm'l~t.! (polymerization) ~~lU~ 2.5 

(a) ~1n primary amine djt.! E-amino group "11'fl~~oJ'ltJtl'fltJL'(l;t.! '"i~Ln(;ln1n~tl2J;h2J~~~~1~ 

~oJ'ltJtl'fltJn'(l (;l1;jt.!LL'(l~L'(l;t.!~'ltJ~t.!fi:; Lf'l'l1 L'(lt.![;]~ L1tJ n~1 E-(y-glutamyl) lysine isopeptide 
ti 

bond (Ha and Luchi, 2003) ~'1LL~(;l~'tt.!lU 2.5 (b) ~1~ftJ't\Ul1'l~~bJ;j~1rU~:;n'fltJL'fli1t.! 

TGase '"i:;Li~unmmLlIL(;l~L'(l;~"11'fl~~~ y-carboxyamine group "11'fl~n~(;l1;jt.!L~djt.!'fl't~'(l 

'1J'fl~n~(;l n~(;l1nf'lLL'(l:;LL'fl2JL2JLiltJ LrtJnUnmm;l~1 deamination ~~LL~(;l'l'ttJlU~2 . 5 (c) 

(Segura, Nio and Motogi, 1996) 

a 0 0 
I I 
C-N~ + H~-R -+ C- NH-R + NH, 
I I 

- Glu- - Glu-

b 0 0 - Lys-
I I 
C-NH2 + - Lys - -+ C-NH J + NH, 
I I I 

- Glu - NH2 - Glu -

c 0 0 
I I 
C-NH2 + H2O -+ C-OH + NH, 
I I 

- Glu- - Glu-

lU~ 2.5 unmm~Li~L(;lm'flt.!L'~ transglutaminase (a) acyl-transferase reaction (b) 

crosslinking reaction LL'(l~ (c) deamination (Seguro et ai., 1996) 

, 
't t.!~(;l~1~m~2J'fl1~1~;jn1~,j1 L'flt.!L,~ TGase 2J1 Hf~1t.!'fltl1~nt)1~"11'l1'1 Lil'fl~'"i1n 

TGase 'Jl'ltJ Li~ n1 nn (;lUnmm n1~L~'fl2J;r 12J ~:;~~ 1~ n ~ (;l1;jt.!LL'(l:; L'(l;t.! 't t.! L2J L'(l ~ '(l LU~~t.! 't t.! 
'fl1~1~~'(l1tJ,ij(;l vh 't ~ Ln (;ln1~L~'fl2J;r12J"11'fl~ LU~~t.!LL'(l :;vh 't ~ Ln (;l n1~LU~tJt.!LLU'(l'lYl1~n1tJ111'Yi~ 

;1;t.! ;jn1~H' TGase L~'flUftJut~~2Jm;L:n~~,J1~'1J'fl~LU~~t.! L'llt.! n1~Ln(;lL'"i'(l n1~Ln(;l~~'(l-nt.! 
., , 

f'l'l12J~il(;l f'l'l12J L~ t1tJr~'fl f'l'l12Jffit.! LL'(l:;f'l'l12J~12J1HI 't t.!n1~~2J,j1 djt.!~t.! ;~~~~'(l ~'fl f'ltlUl1'Yi 
• • 

~~ (;lJiru"]'fl1~1~ LU~;]t.!~~ 't t.!~1t.!Lt1'fli2J ~~ n~t.! ~~ LL'(l:;~ n~ru:;U~1n!) t.!'fln'"l1 n;lu'I'll'ltJu (;l 

cr .., "I ... J' 
'fl1tln1~LnlJ~n~1'fl1~1~ ~~m'lt.!1t.!'1Jt.! (Zhu et ai., 1995) 
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~1t:lt)') LL~:;Lnt:ltJ~1 ~-lVh~,J1~Li-ltJ~rntJ1;hLji)il~L~m;rt:l-lnur:;uu~h-l1 'l\li1-lmtJ L-rl\l n1r 

ji),)U I"J~ n 1 rL 1il1ClJ L~U L~ LL~:;mrL ~~~ 1 \1')\1 L 'jj ~ ~ L~il ji)') 1~Ylmm ~~1 LL ~fl-l"1lt:l-l L t:lU L 'jj~L ~t:l ~ ~ ~ 

'l~~\lm~1ru~1n mr~~~ TGase 1il1nlil~\lyi1~LU\lLL\I,)Yl1-l~il~ntJJ11Yl~-l L~t:l-l1il1nH . " 
LYlji)L\lL~ti~'W~-lmmL~:;~1~1rCl~~~Lt:l\lL'jj~1~\lm~1ru~1n LlntJL1tJn TGase ~L~1il1nmr 

~~~"1lt:l-l"~\lYl1~~1 microbial transglutaminase (MTGase) (Seguro et aI., 1996) 

MTGase 'l\lYl1-lmrA'1~,)\I'l~'1l~~~LlntJ Streptovercil/ium mobaraense ~-l"~UYi1~ 
.. ~ .. ~",J .. ... ... ~ d....... .... 

"l!\lIn\lIil:;~~~Lt:l\lL'jj~t:lt:ln'C'lJ11tJ\lt:lm'jj~~LL~:;~ur~1ru~-lL~t:lLYltJunumr~nln TGase 1il1n 
" " ,., ., 

LL~fl-l~\I MTGase iltJr:;nt:lU~')tJnrlnt:l:;m\l331 ~ti')tJ iltl1mrn~L~n~tJr:;~1ru 40 kDa LL~:; • 
LU\lLt:l\lL'jj~~ihYitJ-l~~-l~ti,)tJtJt:ltJ (subunit) illillnLt:lL'jj~L~nYl1ntJr:;~1ru 8.9 ~1~fun1n11-l1\1 • ., , 
'lun1ni-ltJ~mm't:l-l MTGase t!\I ~1~1rm11-l1\1L~~'l\l-rl,)-l pH 5-8 LL~:;~ru~1Ji1~L~~1:;~~ 

~t:lmrLi-ltJiirnm~1n~~In~t:l 50 °c LL~Iil:;~n'L~tJmrVi1-l1\1t:ltJ1-lr,)lnL~,)~t:lru~J1~ 70°C ~ ~ ~.~ ~ ~ 

J11tJ'l\lL,)~1 2-3 \l1Vl (Seguro et aI., 1996) MTGase ilji),)1~~1~1rCl'l\lmrLi-ltJnrnmn1~Lnln 

E-(y-glutamyl) lysine isopeptide bond "1lt:l-lLtJr~\I~~1tJ"l!illn L~LLri LtJr~\l5')m~t:l-l LtJ~~u 

flClJYl"l! LtJr~\I\I~ LtJr~\lL' LtJr~\lLnt:li~1' LL~:;LtJr~\ltJ~1 LU\I!Ii'\I im~tru:;L(;\U"1lt:l-l MTGase 

~-lLL~n~1-l"'l1n TGase 1il1mL~fl-l~\l1 ~t:l MTGase hJ!Ii't:l-lmr Ca
2

+ 'l\lmrLi-ltJnrnm 'l\l"1lru:; 

~ TGase "*,)LtJ~1LU\I!Ii't:l-l;:j Ca
2
+ LU\lLji)LLYlm~t:lf (Motoki and Seguro, 1998) 

;:jn1r~m~nmr'l-nLtJr~\l5,)L~~t:l-li')~nu MTGase 'l\lt:l1~1r~~1tJ"l!illn~-l~,)\I'l~'1l 
, "'l"'" ., J' %.., 'i'.I .... 'l ... ., ".1 J' % "~,, , 

~-lL\I\I ~Lnln~m~tru:;Yl1-lL\lt:l'C'l~~~"1It:l-l ~ur~\I \I~~~J1ru'Ylur:;LJ1Yl L\I'f)'C'l[;l') LlnLLn • 
Tsao LL~:;ji)ru:; (2002) ~m~nmrH soy protein isolate (SPI) LL~:; MTGase 'lu 

L~~1:;~~'l\ln1rH SPI LL~:; NaHS03 'l\l~~~.rirumt:l 5.0% LL~:; 0.2% [;l1~~1~U ~-l'l~rh 

tensile strength (TS) 54.94 g.cm LL~:; cooking yield 91.1 % LL~:;L~t:lL~~ MTGase ~r:;~u 
., 

~1-l1 ~-lLL~ 0-24 unitlg soy protein ~-l'l\l~~~.riruryf LlntJ 1 unit "1lt:l-l MTGase ~t:lml-:J1ru"1lt:l-l 
..J , .1"'- " 'l .... ..J ... MTGase Yl~1~1rmNu!JnrmmrM1-l hydroxamic acid 17 Jlmol \lL,)~1 1 \l1YlYlf.Jru~1J~ 

. . _ ......J' J' .:. J' ...; "'... ..1 
cooking Yield "1It:l-l~~~J1ru"L\lt:l~2.JUIn"1l\lltJLYl~'tI\lL~t:l'l~~ru~1J~'l\lmr setting Yl 40°C LU\I 

L,)~1 60 \l1Vl LL~l'h TS LL~:; cooking yield 1il:;~In~-l~t:l'l~t:lru~J1i1'l\lmr setting ~ 50°C LUU . " , ., 
.... ~ ...... ~ "., " • I • I ' 

L,)~1 60 \l1Yl t:l1IilLu\lLYlr1:;L~t:lL\lt:l~2.J LlnrUji),)1~rt:l\lIil:;u~lnu~t:ltJ alkaline protea:se LL~:; 

cathepsins t:lt:ln~1~-lLU\lmnln"1l,)1-lmrL~'fl~';;1~"'l1nmrVi1-l1\1"1lt:l-l MTGase 
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Ramirez-Suarez LLfl:: Xiong (2003) ~m~n~fl"ll'tl~n'l1H' MTGase L'\..!n11Lnj;lL'"Ifl"ll'tl~ 

<L1J1~"LJ~~)J1::wh~LU1~"LJhJL'tlLyJu1flfl11LLfl::hh~"LJti''lL~~'tl~ (MPI/SP mixture) Lj;lUL-n 

MTGase "li'lUL\\'Lnj;ln11L~'tl)Ji1)JJl1UL"LJ MPI/SP mixture L(;lmLU1~(;I11~'l"LJ"ll'tl~ MPI LLfl:: SP 

LU"LJ 1:1 , 3:1 LLfl:: 1:3 LLU11'l'l1)JL;])J;]"LJ NaCI LU"LJ 0, 0.15, 0 .30, 0.45 LLfl:: 0.60 M L"LJ'1Jru::~ 

l'l'lUI'l)J pH Ll'htiu 6.5 LLfl::I'l'l1)JL;])J;]"LJ'1J'tl~ MTGase Lorhtiu 0.5% w/v h!n11~m~t1~fl"ll'tl~n11 • , 
"ri1 pre-incubation "lI'tl~ MPI, SP LLfl:: MPI/SP mixture LU"LJL'lfl1 0, 0.5 LLfl:: 4 .0 -n'lL)J~ i'l)Jtiu 

n11L-n MTGase 0.5% w/v 'WU~1n11"ri1 pre-incubation hli:lI'l'l1)J~1LU'\.,!I;i'tl~)JU~~1"LJ,;)~LI'l-
, 

.... .Q, • 41 .Q, ... 

'tlfl1~(;In LLfl:: cohesiveness '1J'tl~L'"Ifl MPI, SPI LLfl:: MPI/SP mixture L)J'tl'W'"I11ru1'tl(;l11n11 

, " 
LLfl:: MPI/SP mixture Lj;lUn11Li~~'lu MTGase 'tlciL"LJ'll'l~ 60-65 °c :n~'tlru~Jlijtl~~n~1 

.,. 41 " " 

, " 
'tlru~Jlm1L~)J1::~)JL"LJn11"ri1~1"LJ'1J'tl~ MTGase L~mJ'tlU (Ajinomoto, 1998) "LJ'tln'"l1ntlu~'Wu~1 . " 

"'... ..... 0 ~" -1.- I J' .. 
n11L"J! MTGase nu MPI/SP mixture L"LJl'Jn'tl(;l11~'l"LJl'I1L~ ~(;lL'"Ifll'l)J1'l1 springiness )J1n'1J"LJL)J'tl 

LmuuL~uutiuL'"Ifl~UJL~)J MTGase LLfl::hli:ln11"ri1 pre-incubation ~~L~"LJL~'"I1nl'h 

springiness ~L~)J~"LJ'"I1n 1.5 LU"LJ 2.5 kPa "ll'tl~ MPI/SP mixture ~~;l'tl1'"1Lil'tl~)J1'"11n 
MTGase "ri1 L \\' Ln (;ln11L~'tl)J;]1)J1::~~1~ LU1~"LJ'tlJ L'tl L yJU1flfl11LLfl::LU1~"LJti''l L~~'tl~ 

"LJ'tln'"l1 n n11U1::U n (;I1-ntU1~"LJti''l L ~~'tl~ L "LJ~~ (;IJl ru'Yl'tl1~11~fl1U"J!tjj;l LL~'l u~i:l11U~1"LJ • 
n11~n~n11U1::~n(;l1-ntU1~"LJ"J!tjj;l~'\.,!1 i'l)Jtiu MTGase ~'lm"1l"LJti"LJ L~LLfi 

Uresti LLfl::l'lru:: (2004) ~m~nn11L-ntU1~"LJ'"I1n"LJ)J 2 "J!tjj;lfo)'tl sodium caseinate 

~. I.... "" . " - ., .. Ji • I J' • I LLfl::L'lU~u1(;1"LJL"ll)J"lI"LJ (whey protein concentrate, WPC) 1 % ~"LJ~fl(;lJlt1.l"VlL"LJ'tlufl1"ll"LJlu'"l1n 

Ufl1 silver carp Lj;lmLUnR)J1t1.lL"J!L~U)Jl'lfl'tlL1l'l3 1::~Ufo)'tl 0,1 LLfl:: 2% LL~'l1'j;ll'h breaking 

force (BF) 'WU~1~~(;IJlruovl~L~)JLIJ!L~U)Jl'lfl'tlhl'l 2% L~m'tlci1~L~U'lLj;lUL~L~)JL'lu1U1~"LJ 

L;])J;]"LJL\\'1'11 BF ~~~j;l LLfl::~~(;IJlt1.lovl~L~)J sodium caseinate L\\'1'11 BF ~~n~1~~(;IJlt1.lovl~L~)J 
" . " 

L'lu1U1~"LJL;])Ji"LJ~l'Jnl'l'l1)JL;])J;]"LJ"ll'tl~LIJ!L~U)Jl'lfl'tlhl'l L~'tl"ri1 Texture Profile Analysis (TPA) 

L~LLri hardness, springiness LLfl:: cohesiveness 'WU~11'11 hardness '1J'tl~L'"Ifl~L~)JL'lu1U1~"LJ 

, , " " , " . ~ " " ~ ...... ,,"" ... , ~~1'l1 hardness ~~~j;l ~"LJl'Jnu1)J1t1.l1'l'l1)JL'1J)J'1J"LJ'1J'tl~l'lfl'tl ~1j;ll'l~"J! ~"LJ'1Jt1.l::'Vl1'l1 springiness '"I:: 

L~)J~"LJ'tlci1~iiuu~1..rcy (p~0 . 05) L~'W1::L"LJ~~(;IJlruovl~L~)JLIJ! L~U)Jl'lfl'tl L1l'l 2% Ll'h,!"LJ ~1~fu 
I'll cohesiveness i:l1'111::~~1~ 0.1 09-0.157 ~~UJLL(;In(;h~ti"LJ'tlci1~i:lUU~1..rcy (p>0.05) LL(;] 

L~'tli:ln1n~)J L'lu1U1~"LJL;])J;]"LJi'l)Jtiu MTGase 0.3% fl~ L"LJ~~ (;JJlt1.l'Yl 'WU~1 ~~ (;JJlt1.lovl~UJ L~)J 
LIJ!L~U)Jl'lfl'tl L1j;l1~1'11 hardness ~~~"LJn~1L~)J~~ 50% L"LJ'1Jt1.l::~~~(;I.tit1.loyJ~ L~)JL'l! L~m.jl'lfl'tlhl'l 

" " , J'. ~ 'i'''' ~ .. ..J,," " 0." '"I:: ~~1'l1 hardness ~~"ll"LJ(;J1)Ju1)J1t1.l ~IJ!Lj;lU)Jl'lfl'tl ~~j;ll'l ~"J!j;l'lU ~1~1UI'l1 springiness LLfl:: 



26 

L ,)tl1tl1~'lJL;r~;r'IJi,)~JfitJ MTGase ~L~L.nL"lI L~tl~ f'lrl'ilL1(;)LLrl~L;r~ f'l,)1l-J L ;rl-J;r'IJ 1 % 

Ramirez LLrl~f'ltl.l~ (2007) ~m~nn11~~j;JL~'iltlrl1~'lJ1tl'"l1mP1~rl1 MugU cepha/us 
" 

L"'tlL;J MTGase ''';T'ilL')tl1tl1~'lJL;r~;r'IJ (whey protein concentration, WPC) LLfi~LLtl11.J1~1tl.1 

L"lIL~tJ~f'lrl'ilhr;)~L;J 2 1~~tJ~'iI 10 LLrl~ 20 g/kg YltJ~1~1~~tJn11L.nL"lIL~tJ~f'lrlt)L1r;) 10 g/kg 

... oJ ""... ., .. J' tl J' tl-' . . h . . n11Lj;J~ MTGase '"l~lI')tJ ~~~rlj;Jfltl.l"YlL'IJ'iI rl1"11'IJl ~f'l1 spnnglness, co eSlveness LLrl~ 

chewiness ~.:J;'IJ L'IJ"IItl.I~~n11L~~ WPC rl.:JL'IJ~~j;J1itl.l"Yl"1~'ll')m~~Fh springiness, 
" " 

cohesiveness LLrl~ chewiness tlm1.:JU.:J~.:J~rlL"" springiness rl~rl.:J'iI!.h.:JiioJtJ~1~'1J (p~0.05) 

LLvln11L.nL"lIL~tJ~f'lrl'ilhr;) 20 g/kg '"l~"'1L""~~j;J1itl.lorl~L~l-J MTGase ~'T'iI WPC iif'11 

springiness LLrl~ chewiness ~~.:Jn~1~j;J1f'l')tJFJ~ ~1~¥tJf'11 hardness "1I'iI.:JLlilrl~L.nL"lIL~tJ~ 
f'lrl'ilL1(;) 20 g/kg i')~ritJn11L;r MTGase ~'T'iI WPC '"l~"'1L""~~j;J1itl.lorl~Lj;J1tJ~L~iif'11 

hardness ~.:Jn~1n11L.nL"lIL~tJ~f'lrl'ilhr;) 10 g/kg ~.:JL""~rlL'IJ"'1'IJ'iI.:JL~mritJf'11 force, distance 
" , 

LLrl~ gel strength "II'iI.:JL'"lrl~')tJ 'IJ'iln'"l1nllf'11~Vlrl~~')m~tJtJ CIE LAB YltJ~1n11L~~ WPC "'1 

L""f'11 a* L~~~'IJ L'IJ"IItl.I~~f'11 hue angle rl~rl.:J ~1niin11L~l-J MTGase ~'T'iI WPC '"l~"'1L""f'11 
b* LLrl~ chroma L~~~'lJLLvlL~ii~rlvl'iln11Ltl~tJ'lJLLtlrl.:J"II'iI.:Jf'11 L * 'iltJ1.:JL1n~1~n11L;Jm~1tl.1 
L"lIL~tJ~ f'lrl'il L1r;)~LL~n vl1.:Jri'IJ~ii ~rl vl'iln11Ltl~tJ'lJLLtlrl.:J"II'iI.:J f'11~L 'lJt.J~ ~1itl.lorl '"l1n~rl n11'Vl "'rl'il.:J 

;r1.:J ~'lJLL~ "'.:J L "" L~'IJ~1~~Ui L=n~nrl"ll'il.:J ~~ ~1itl.lorl~H'm~1tl.1 L"lI L~tJl-J f'lrl'il L1(;) 20 g/kg 2:Jf'11~~ 
n~1~1~~tJ 10 g/kg LLrl~n11L~~ MTGase '"l~'ll')tJtl¥tJtl~.:J~l-JUi L=n~~U1~"II'tJ~ L~'iltlrl1~'lJltlL~~ 
L'lJn11L.nL"lIL~tJ~f'lrl'ilL1(;)~.:J 2 1~~tJ L'IJ"IItl.I~~n11L~~ WPC '"l~'ll,)tJtl¥tJtlN~l-J~L=n~~U1~"1I'iI.:J • 

Wang LLrl~f'ltl.l~ (2007) 

" 
'"l1 noJ'lJrl ~'iltl.I~flijrl.:J LtI'IJ . " 

40 °c ~.:JL~~ MTGase 10 unitlg protein L(;ltJ MTGase ~L;riiLL'ilnm~"II'iI~ TGase 100 unitlg 

YltJ~1 n11L ~~ L ,)rl1L 'lJn11L "" f'l,)1~ r'il'IJ~ 1~11tl L ~~~ 1'IJ,)'IJ'iI~~ rl"ll'tJ~ n ~ j;J 12:J'lJLLrl ~ Lrl ~'IJ L ""tl n n!) 

tJ'lJtj')~U1"11'i1.:J~LrlnrlnrlL~'lJL~~.:J LtI'lJn11~~L~1~L "" MTGase ~1l-J11m~'iI~;r1~Ll-JLrlnrl Ltl1~'IJ . " . 
~')tJ E-(y-glutamyl) lysine isopeptide bond L~~1n;'IJ L(;ltJYltJ~1n11L~L""f'l,)1~1'i1'IJLLrin~L~'IJ 
;r1,)~1~'"l:::2:Jn11~11~ E-(y-glutamyl) lysine isopeptide bond 1.35 J..lmol/g protein LLvlL~'ilL~~ 

" " "'.!"l _....., .!"l 
L,)rl1n11 ~~f'l,)1~1'i1'IJLLI'IJ 120 'lJ1'Vl '"l:::~n11~11.:J E-(y-glutamyl) lysine isopeptide bond LLI'IJ 

5.92 J..lmol/g protein LL~~.:J L"" L ~'IJ~1 n11L "" f'l')1l-J1'i1'IJLLrin ~ L~'lJLtI'lJn11'll')tJ~~ L~1~ n11Li~ 

tl~mtJ1 L~'iI~;r1~"1I'iI.:J MTGase L ~'iI~'"l1n f'l,)1~1'i1'IJ'"l:::"'1L m~ Lrl~rl Ltl1~'IJ"1I'iI~n~ L~'lJLn "'n11 
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LtJ~tJ'WLLtJ~N ~~n1~LtJ~tJ'WLI"1N~11~~~nfh,)!l1~L1j'Wn1~~~L~1-~n1~~11~LI"1N11~Vl1~1tJ'tl!l~L~fl 

!l£h~hnIJl1~n1~~m~t1~1m1~L~~~'W~~1~~~~nflL~'W~::Ln~L~flL~~,)tJm~L~m1~1!l'Wi')~ . " 
~ , 

nlJn1~H MTGase ~::LLtJ~I"1,)1~ L;r~;r'W'jj!l~~1~fl::fl1tJnfl L~'W~~LLj;J 5-24% LLfl::L~I"1,)1~1!l'WYI 
" 

n~1n1~Ln~L~fl'tl!l~LtJ~~'Wtf,)L~~!l~ 'W!ln~1nn~m~tru::L~!l~~~~'jj!l~L~fl~'WL~I"1,)1~1!l'WLLj;Ji1 
.. ",~~.r.:...r ...... . II 

n11L~~ MTGase ~::~1"1,)1~~1~1 ~Cl L'Wn1~!l~'W1 Ly/~'jj'WLLfl::Ly/~'jj'WLtI'W~!l~ LYI1 L~!l~n1~L ~ • 

'" ... I ~ .r .:. .r I ..... '" II.J L'tl MTGase ~1"11 hardness 'jj!l~L~flLy/~'1l'WLLfl::Ly/~'jj'WLtI'W 1.69 LVl1L~!l~n11L~I"1'l1~~'fl'WVl 

100°C 'W1'W 120 'W1Y1 LL~~'1L~L~'W~1n1~L~I"1'l1~1!l'WLLrinflL~'Wri!l'WL~~ MTGase ~::~1~1~Cl 
" 



3.1 1j;JfI~h.Ju.~~~1~Lr-1ij • 
3.1.1 -rj;JfI~tJ • 
- soy protein isolate (SPI) 

....; 
UVI'VI 3 

, ", 
LtI~~'t.!tl,)L~~'tl~t'ln~ (SPI) r.nnu1-~ 1~y]~ ~'t.!L1Jl'tlfL't.!i't.!LL't.!~ 91n~ (nNL'Yl'Yi"1) L~U~ • 

" 'fl~rltl~:;n'tlUm~L'tlnt'lI~LLt'l~~~m~tCW:;L'tl'Yil:;~'tl~C.J~1Jl.n,wyf (product specification) v1~i1 
" LtI~~'t.! 90% 1~,r't.! 4% LL~:;I"l,)I~~'t.! 6% 

" , ... tI .... - L't.!'tl ~IUt'ln 

", " 
L'il'tltl~IUt'lnt'l~U~ ~'tl91n1Jl~1~,.r,)~Cll~Ul~n'tlmJ'tlU (m~L'Yl'Yi"1) 'Lll~I~~,x'tl~'Yl~f'l'tl\l • 
"I I I 

L~uun91't.!'LllLL;~ on~un91't.!n~'tl~L~~L~'tlI"l,)UI"l~'tlCW~llijhll,xLfi't.! 4 °c L~'tl'Lll~I~\l 
.. 'II 'I 'II 'lJ 

,x'tl~tlii~ n 1~'Lll Lil'tltl~IU ~~1 LL-rl LU'tlnLL;~~'tl CW~llij -40 ° C ~')ml"li'tl~ LL-rl LU'tl nLL;~ L~uH d..J • .. 

1't.!L1Jl~L9't.!L~~')~T:lCW~.1Jij -196 °c LL~:;Lriul't.!1l1,):;LL-rlLU'tlmL;~~T:lcwV!.1Jij 20±2 °c 9lm~19:; 

'Lll~I'Yl ~~'fl~ LL~:;nl~'t.!~~:;u:;m~Lriufn'l!tlhl Ln't.! 4 ~tI~ltfL~'tl91 n ~ C.J~~'tl\lnln~Ut'l1l1'Yi 

Dn~"l!I~~'tl~LtI~~'t.!l't.!~:;~~I~n1nL-rlLU'tlnLL;~ 

- Microbial transglutaminase (MTGase) 

ACTIVA™ TG-AK 1~ful"l,)I~'tl't.!Lml:;tf91n u1-,;''Yl mm't.!:;L~:;L~:; 91n~ (nNL'Yl'Yi"1) • • 

" C.J~1J1.ncwoy] (product specification) ~~i1 MTGase (transglutaminase activity 50-84 units/g), 

Trisodium phosphate LL~:;~'t.!1 ill~ICWn1~H~LL't.!:;'Lll~'tl 0.4-0.6% ~'tl~C.J~1Jl.nCWoy]11ij "lI't.!I~ 
.... 

u~~~ 1 kg (~IU~:;L'tlU~1l11"lC.J't.!')n n.1) 

" 
- t'l1~tlNLL~~'tl1~I~~I~fuC.J~1Jl~n'D't.!tI~11~LLri . .. 
LLiJ~t'lI~ 1Jl~1~1,) 

'Yi1-nl'Ylutl't.!1Jl~11i~'YiU 

L~L't.!L"l!L~U~n~1JllL~1Jl .. 

u1,;''Yl ~l't.!L~~~~I')ij~~ 91n~ (~V!I"l!'t.!)(n~~L'Yl'Yi"1) 

lJ1,;''Yll'Ylu~L~'U~~L~~r;l91n~ (nNL'Yl'Yi"1) • 
u1-,;''Yl 'tl1m't.!:;L~:;L~:; 91n~ (m~L'Yl'Yi"1) • 
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3.1.2 .'7LAil 

- Boric acid Merck AR. Grade 

- Copper sulfate anhydrous (CuS04) Ajax Fine Chemical AR. Grade 

- Hydrochloric acid (HCI) 37% Carlo Erba AR. Grade 

- Methanol (CH30H) Carlo Erba AR. Grade 

- Methyl red Merck AR. Grade 

- Petroleum ether (bp. 40-60 °C) Carlo Erba AR. Grade 

- Sodium hydroxide anhydrous (NaOH) Carlo Erba AR. Grade 

- Potassium sulfate (~S04) Carlo Erba AR. Grade 

- Sulfuric acid (H2S04) 96% Carlo Erba AR. Grade 

~11L~i1~1~fu7)L~11:;\hE~1ruLtJ1~tlL~U Modified Lowry's Method 

- Bovine serum albumin (BSA) 

- Copper sulfate anhydrous (CuS04) 

- Folin-Ciocalteu phenol 

- Potassium sodium tartrate 

- Sodium carbonate 

- Sodium dodecyl sulfate (SDS) 

(C,2H2s0S03Na) 

- Sodium deoxycholate (DOC) 

Sigma 

Ajax Fine Chemical AR. Grade 

Carlo Erba AR. Grade 

Merck AR. Grade 

Ajax Fine Chemical AR. Grade 

Ajax Fine Chemical AR. Grade 

Hi Media Laboratories AR. Grade 

- Sodium hydroxide anhydrous (NaOH) Carlo Erba AR. Grade 

- Tricholoroacetic acid (TCA) Carlo Erba AR. Grade 

- Acrylamide gel, 40% solution 

Pulsone ®Pharmacia Biotech AR. Grade 

Amersham International AR. Grade 

- Bromophenol blue Merck AR. Grade 

- Coomassie blue R-250 Fluka AR. Grade 

- Glacial acetic acid (CH3COOH) Carlo Erba AR. Grade 
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- Glycerol Carlo Erba AR. Grade 

- Glycine (H2NCH2C02H), pure Fisher Scientific AR. Grade 

- Hydrochloric acid (HCI) 37% Fisher Scientific AR. Grade 

- 2-mercaptoethanol 

(HSCH2CHPH) 

- Methanol (CHPH) 

Pulsone ®Pharmacia Biotech AR. Grade 

Carlo Erba AR. Grade 

- N,N,N',N'-tetramethylethylenediamine (TEMED) 

Pulsone ®Pharmacia Biotech AR. Grade 

- Sigma molecular weight marker 

(wide molecular range, M 4038) 

- Sodium dodecyl sulfate (SDS) 

(C12H2S0S03Na) 

Tris (hydroxymethyl) amino methane 

Sigma 

Ajax Fine Chemical AR. Grade 

Carlo Erba AR. Grade 

3.2 'iltln'icU 
~ 

Japan) 

MA) 

n~tl..:J'~V1~~PI'W~L~nmtl'W (JSM-541 OLV Scanning Microscope, JEOL, Tokyo, 

, .. 
L~~tl..:J Differential Scanning Calorimeter (DSC) (DSC7, Perkin Elmer, Waltham, 

...; 
L~~tl..:J homogenizer (X1 0/20, Ystral, Ballrechten-Dottingen, Germany) 

...; 
L~~tl..:J Instron Universal Materials Testing Machine (Model 5565, Instron, 

Norwood, MA) 
, .. 

L~~'M microcentrifuge (Mikco 22R, Hettich, Ramsey, MN) 
, ... 

Lmtl..:J spectrophotometer (Lambda 25, PerkinElmer, Waltham, MA) 
, .. 

L~~tl..:J spectrophotometer with water bath circulation (Genesis 10 UV, 

Thermospectronic, Rochester, NY) 
, , 

L~1tl..:J-r..:JVlPlilm-l 4 vllLL'WW..:J (Precisa Balance series XT, Precisa, Dietikon, 

Switzerland) 
, ... 

L~~tl..:Je.J~).Jm~l~ (KM800, Kenwood, Havant, United Kingdom) 
...: 

Lmtl..:J~:;Lm.J~'1!'1!lmPl (rotary evaporator) (N-1 N, Eyela, Tokyo, Japan) 



31 

Lr1i'fl--11'~~~:;uu CIE LAB (A60-1 01 0-615, ColorFlex, Reston, VA) 

Lr1i'fl--1~Lm1:;~1~~'W (Model EV6A 11/16, Gerhardt, Konigswinter, Germany) 

Lr1i'fl--1m~u,mun (OM8464 Multi(RF) Series, Thermo IEC, Waltham, MA) 

'l!~n1r.r~1'flm~1'Wn1~~Lr1~1:;~11h~'W (B-414 Buchi Scrubber, Buchi, Flawil, , 

Switzerland) 

- 'l!~Lr1i'fl--1n-i'W1'Wn1~~Lr1n:;~11h~'W (K-242 Kjeldahl line, Buchi, Flawil, • 
Switzerland) 

- ~LL"J!LU'flmL;--1'E1ru\Ulij -18°C (WCF-95L, Whirlpool, Bangkok, Thailand) 
~ ,~ 

- ~LU'W ~ru~1Jij 4±1 °c (SR-F152B, Sanyo, Bangkok, Thailand) 

- ~'flUgUJ1'fl'W (Model 600, Memmert, Schwabach, Germany) 
~ 

- ~~'EI~~1~.yh (IP 137, Imarflex, Bangkok, Thailand) 
., 

- 'ei1--1~1r1')Ur1~'Elru~flij (0-91126, Memmert, Schwabach, Germany) ., ~ 

~ 0'- _IV 
3.3 "lI'Uj;J'£l'U11I1 L 'U'U.:J1'U1~tI 

3.3.1 ~JJ1J"i"ll'£l.:JLtJ~~'U51L'VI~'£l.:J~nj;J (soy protein isolate, SPI) LL~::Lif'£ltJ~1 

., 
<if'fl~~'fl--1rflh:;n'flUYl1--1Lr1i:l~'fl'l SPI 1~LLri m~1rur1':l1~~'W hh~'W LL~:;1-n~'W 

'II ., , 
1~"1m'fln~1~LL~~'l~n'l!tru:;L1lYn:;"ll'El'l&.J~~Jlruovl~'fl'lu1~Yl 1~vl~ ~'WL~'flfL'W-n'WLL'W~ ~1n~ 

(m'lLYl~"') n1~f)Lm1:;,x'Elru~flijn1n~U~fl1~n~~~'l!1~"ll'fl'ltlh~'W1'W SPI t~u~fi differential 
• • 'II 

scanning calorimetry (OSC) ;'l~fin1~Yl~~'fl'l~~LLtl~'l"1n Renkema LL~:;r1ru:; (2000) 

(fl1 r1 &.J'W':l n n .2) 

., , 
3.3.1.2 ~~~~'EI'lLtl'fltl~1u~n~~u~ 

., , ., 
f) Lr1~1:;,x'fl'l rftl~:;n'ElU'Vl1'l Lr1i:l~'fl'l L il'fltl~1u~n~~u ~ t~u~~ ~':l'fltJ1'l Ltl'Eltl~1 • ., 

U~ LL~:;~1~1f)Lm1:;,x'El'll"1tl~:;n'flU(;]1'l1 Yl1'lLr1i:l 1~LLri m~1rur1':l1~~'W ttl~~'W LL~:;1~~'W ~1~ 

~fi~'EI'l A. O. A. c. (1995) (fl1r1&.J'W':ln n.3-n.5) 
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~ ~., .,... ..... 
3.3.2 n1't'ln1!t1~'iI'!I'!l~n,:a..J1un1·h~fl11)J''!lUj;l'!ln1'LnflL~'iI"JI'!l~ SPI \1Lj;I'tJ)J 

tfltJ1.i LL'VI,u-in'il'Vl1ih ut~1n~iu'VI1!l (MTGase) u • 

3.3.2.1 n11L(;i1mJL'"l~ SPI L(;l1miL(;lu1-if ACTIVA™ TG-AK (MTGase) L{;lu1-if 

" " "..J '''' m~tJ'J\.!n11 ~Vlm1~1tlUYlLL(;ln (;l1-:lnU 
~ I ~ I 

~~~1U SPI 1u"LJ'1niu1,n~~'J1~L.;r~.;ru 12 VI'1tl14% w/w L{;lULLU-:l"LJ1niu 

ml '"l1nn11~~~1U SPI ~1L~tl~~~1U ACTIVA™ TG-AK (MTGase) tJ11'"l'Zl11~~~1U SPI • ... 
m~1(;l1 40 ml ~-:l1UUmntlnU1{;l 50 ml tl(;l~nnumntlf~'JUtl~nL~U~vltlU; '"l1mrUL(;l1U~ 

..o/"~,, "" "" 'Zl11~~~1U MTGase LYitl ~VI ~(;lfOl'J1~L"1J~"1JU'Zl(;lYl1U ~U'Zl11~~~1U~'Zl~"1J!l-:l SPI LL~~ MTGase • 

Lvi1ntJ 0.2, 0.4 LL~~ 0.6 % w/w LntJH~tlruVlJln 4+1 °c LUUL'J~1 1 .r'JL~-:l "LJ1'Zl11~~~1U SPI . " -, ... ... 

VlL(;l1U~L~tl1~m1~1tlULLtJtJ'Zl!l-:liU(;ltlU (two-step heating) 1U'ti1-:l"LJ1~'JtJfiJlJ~ruVl1Jij L{;lU 

~m~nm~tJ'J"m111~fOl'J1~1tlU 2 ~fi L~LLri 

~fi~ 1 "LJ1'Zl11~~~1U SPI L.;r~.;rU 12 VI'1fl 14% w/w Ltl1~~'J1~1flU~flruVlJlij 50°c . " 
... ... 

1u'ti1-:l"LJ1fOl'JUfOl~t;)ruVlJln '"l1mrUL~~ MTGase L.;r~.;rU 0.2,0.4 VI'1tl 0.6% w/w fOl'JU~~flruVlJln 
iii '"( '-I iii iii '-I 

, I " I 

1"'~-:lVlVl 50+1 °c LUUL'J~1 30 U1Vl IinmrUL~~flruVlJlijLUU 92 °c LL~~1~fOl'J1~1!lU(;\flL(;lU - . " . 

, , ... 
fOl'JtJ~~tlruVlJlij1~~-:lVlVl 92+1 °c LUUL'J~1 30 U1Vl '"l1mrU~{;ltlruVlJlij~-:l'"lU~-:lflruVlJlij"'fl-:l 

iii iii '\I - iii '\I .. '" 

(25 DC) "LJ1LtlLntJH~~ruVl1Jn 4±1 °c LUUL'J~1 18 .r'JL~-:l ~-:lltl~ 3.1a 

~fi~ 2 "LJ1'Zl11~~~1U SPI L.;r~.;rU 12 VI'1fl 14% w/w Ltl1"'~'J1~1flU~tlruVlJlij 92°C . " ... , , 
1U'ti1-:l"LJ1~'JtJfiJ~~ruVl1Jij ~'JtJfiJlJ~ruVl1Jij1~~-:lVlVi 92±1 °c (;\!lLtl~mUUL'J~1 30 U1Vi 

... 
'"l1mrU~(;lflruVlJln~-:lLUU 50 °c ~-:lL~~ MTGase L.;r~.;rU 0.2, 0.4 Vl1fl 0.6% w/w fOl'JtJ~~ . " . 
~ruVl1Jn1~fOl-:l~~ 50±1 °c (;\flLtl~n 30 U1Yl ~-:l~(;l~ruVl1Jn~-:l'"lun-:l~ruVl1Jij~tl-:l (25°C) "LJ1Ltl 

LnuH~tlruVlJln 4+1 °c LUUL'J~1 18 .r'J~-:l ~-:l1tl~ 3.1 b 
iii " - " 
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., , ." , 
~::~1tJ SPI tU~1niutmrJifil"J1l-J 

I 0.., ... 

LL1NU1n~U1 ml LYi'il~::~1U MTGase 

., ., .. 
L"1Il-J"1IU 12 "1~'il14% w/w t mrJi fil"J1l-J dfl-J;ru~ ~Yf1tJ t U~1~~::~1tJ ~~l-J • 

"1I'il~ SPI LL~:: MTGase LVl1nlJ 

0.2, 0.4, 0.6% w/w 

1 

., 
~1~1~~::~1tJ SPI hJt~fil"J1l-Jr'ilt.!tu'th~~1 

fil'llJfJl-J~n.I"11Jij~ 50°C 

L~l-J~1~~::~1tJ MTGase ~~Lt.!LL~~:: 

+-- ;jmn'ilft.j{LLvi~LLri'lfilUL~L;r1nu 
, 

... , 0 

n~::'"l1tJ(;1'l'f)m~~l-J1L~l-J'il 

., 
UflJ~n.I~1Jij'tl1~U1r'ilt.!Ltlt.! 92 °c LL~::t~fil'l1l-J 

r'ilULLri"1l'il~~~l-J~'il1.u~n 30 t.!1V1 

., ., 
~1'f)'iln'"l1n'tl1~~1 fil'llJ fill-J'f) n.I~l1ij li~ t ~ LUt.!~~ .. .. 
'"lU~~~n.I~1Jij~'il~ (25 °C) LL~'l~11.uLnlJH~ 

'f)n.I~l1ij 4+1 °c Ltlt.!L'l~118 -i'lLl-J~ . .. -

, ., , 
lUV1 3.1 a iU(;1'ilt.!L(;11tJl-JL'"l~ SPI V1L(;11tJl-JL~ltJL-if MTGase LL~::L.j{m::lJ'lUn1~t~fil"J1l-Jr'ilu';jfi 
, ... 

'VI 1 
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" , ", , 
fl~fl1U SPI tt.lU1n~t.lt,n~f'l'l1l-J 

to.... .. 
LLtJ~t.l1nflt.l1 ml LVitlfl~fl1U MTGase 

" " ~ L'l-J"1It.l12 ~1tl 14% w/w t,n~ f'l'l1l-J L ;rl-J;rt.l~ ~yhU t t.I~11fl~fl1U ~~l-J . . 

"1Itl~ SPI LLfl~ MTGase LvhntJ 

0.2, 0.4, 0.6% w/w 

CI~"..J .... 0 ~ ~~ 
LmJ ~'lVltlru~lll-J 4+1 C LlJt.lL'lfl1 1 "ll'l ~l-J~ . " -

" U1~11fl~fl1U SPI LtJt~f'l'l1l-J1tlt.ltt.l'ih~U1 

f'l'ltJrll-Jtlru~llij~ 92 °c Ltlt.lL'lfl1 30 t.l1Yi .. " 

" , 
tJ ftJtlru~llijth~U11tlt.lL YJtlfl ~'il ru~llij 

III '" III '" 

L~l-J~11fl~fl1U MTGase fl~tt.lLLt;\fl~ 

..J 
V12 

~ umntlf t-IfLLvl~LLn'lf'lt.lL ~L;r1 fit.l 
, 

n1~~1U~'ltlth~~ihL~l-Jtl 

" " U1'il'iln~1n'fh~U1f'l'ltJf'll-J'ilru~llij ~~t~LUt.lfl~ .. " 
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" , 
3.3.2.2 m~rr(;1~m~ru:;L\l'el~2.Jer~"lJ'el'lL"'lrl SPI YlL(;i~'rmL(;1u1-if MTGase L(;1U1-if 

m:;u'JUn1~ 1,xfl'J12.Jr'elU~ LL(;]n (;]1'l nu 

n1~rr(;1rl1 gel strength r;1(;1LLtJrl'l"'l1n~fi"lJ'el'l Andres LLrl:;f1ru:: (2006) L(;1U 

1-ifLfl1'el'l Instron Universal Materials Testing Machine ~1Url:;L~U(;1(;]12.J~fi1'WJl1f1e.1u'Jn n .6 

L(;1u1-if,.r'Jrr(;1LLuu,.r'Jn(;1V1Nnrl2.J (ball probe) L~ue,hu~utJnrl1'l"lJU1(;1 6 mm ri1V1U(;1Jl1'J:;~1-if 
" " , 

1um~rr(;1r;1'lt1~'el -w1'1 . .n1n"lJ'el'l load cell 5 kg ~:;U:;V11'lYl,.r'Jrr(;1n(;1rl'lUUL"'lrlLVhnu 75% "lJ'el'l 

f1'J12.J~'l ~2.J ~U"lJ'el'l L "'lrl ,.r'Jrr (;1 LfI~'elU~ ~hUtl (;]~1 L~'J ri'elULLrl:;VI~'l~2.J er~ (;]'J'elri1'l L'"lrl LVl1nu .. 
" , 

mm/s r'i1U'Jrurl1(;]'elltJt1"'l1nn~1~Yll~(;1u1-ifLtJnLn~2.J Merlin l~LLri I'll force ~'el~1LLN~1UYl1U 
, 

"lJ'el'l L"'lrl(;]'eln1m (;1"lJ'el'l,.r'Jrr (;1iJml'Jmuu g I'll distance ~'el~:;U :;Yl1'lYl,.r'Jrr (;1 n ~rl'lUUL"'lrl LL~'J 
, 

vi11,xL"'lrlLL(;]n'el'elniJw.,\'Ju cm LLrl:; gel strength ~'elm12.JLL.;j'lLLN"lJ'el'lL"'lrlYlYlk\(;]'elLL~'ln(;1"lJ'el'l 

,.r'Jrr(;1iJml'Jmuu g.cm ;'lrl1 gel strength ~12.J1Hl~1u'Jrul~"'l1nm~-W1rl1 force ~runtJrl1 

distance (;]'J'elri1'lm1~m~rr(;1rl1 gel strength L(;1U Instron Universal Materials Testing 

Machine LL~(;1'l1ultJ~ 3.2 

I .. .?f 30 ~ _______________ ~I~i-+ ____________ +-__________ -1 
.' I 

15;20 -

~ 
ci. 
§ 10----· 

<-> 

i 
,:' 

o 

, 
I 

.. .. ·I-----l---r-'I - I 
\ ./""1, , , , 

\ 
\ ...... --x ---_· - -.-- ---- ----

20 Time (sec) 40 Ie 

ltJ~ 3 .2 m1~LL~(;1'le.lrlm~rr(;1rl1 gel strength L(;1U Instron Universal Materials Testing 

Machine 

~1V1~U Texture Profile Analysis (TPA) "lJ'el'lL"'lrl SPI rr(;11~(;1u1-if,.r'Jrr(;1LLtJtJ,.r'Jn(;1 
, "" 

V1Nm:;tJ'eln"lJU1(;1L~ue.hu~utJnrl1'l"lJU1(;1 5,6 cm ri1V1U(;1Jl1'J:;Yl1-if1um~rr(;1r;1'lil~'el -w1V1l1n 
, , 

.... .., .... I .... ClIo. '" ......... 

"lJ'el'l load cell 5 kg ~:;U::Yl1'lYlVl'J'J(;1n(;1rl'ltJUL'"lrlLYl1ntJ 50% "lJ'el'lfl'J1l-J~'lLJ'2.J(;]k\"lJ'el'lL"'lrl VI'J'J(;1 .. 
LfI~'elU~ ~'JUtl (;]J'1 L~'J ri'elULLrl:;VI~'l~2.J er~(;]'J'elri1'l L"'lrl Lvhnu 1 mm/s ~1Url:;L~U (;1n1J'V1 (;1rl'el'l 

" " LL~(;1'l1UJl1f1e.1U'Jn n.7 ~1u'Jru~mfru:;Li1'el~2.Jer~(;]'elltJt1"'l1nn~1~L(;1u1-ifLtJnLm~ Merlin l~LLri 
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Fl1 hardness ~1'fl1'1'l1lJLL;\l ~'tlFl1LLN~\l~~~t~'"I1nn1m~l'1f\l~ 1 ~~ti'lmtltJ g Fl1 " . 
.. ... ... J' .. ... J' ..J " ::. ..I 

cohesiveness ~ffin11Ln1~mntJ'tI'fl\lLtJ'fl'fl1~11 1'1'fl'fl(;111~'ltJnl\lYitJ'VI't(;1n11yj'tlt:l\ln1m(;lI'1N'VI 

2 (;\'fl~tJ~L~n11yj'tl'fl\ln1m~l'1f\l~ 1 LL~~Fl1 springiness ~1'tl1'1'l1lJU(;l~~tJ ~t:ltl(;111~'ltJ'1I'fl\l 
L'l~1LtJn1m(;ll'1f\l~ 2 (;\'flL'l~1LtJn1m(;ll'1f\l~ 1 ~'l'flth:m11yjn11t)~Fl1 TPA Lt1ltJ Instron 

Universal Materials Testing Machine LL~~\lLtJlU~ 3.3 

Texture Profile analysis (fPA) 
F ree T ..... I'IImI~ ......... flrT.- r..enSeftlrue 

• Tefl.... •• I'MtT ....... 

1st Compt-esslon Ut Withdrawal Wait 2nd COmpI9sSIon 2nd Withdrawal 11------.... 
• 

• 

HaI'4lJwu u the JaUimwn fOrce 
, / oftM Utpoetntion(Force 2 
I in tM softwue'slPAFRAC.RES 
I renlts &Ie) 
I 

I 
Area 1 

I 
Area4 ! 

I 

LeJlIfhl 

Springiness = Lene42JLength 1 

lU~ 3.3 m1yjLL~t1l\l~~n11t)t1lFl1 TPA L~tJ Instron Universal Materials Testing Machine 

(Bourne, 1982) 

~ , 
3.3.2.3 n11~m~nl'1'l1lJ~1lJ1H1LtJn11~lJU1't1'tl\lL'"I~ SPI ~L(;11m.JL~tJH{ 

MTGase Lt1ltJH'n1~1J'ltJn11L,""I'1'l1lJ~'fltJ~LL(;1n(;\1\lritJ 
~ 

n11t) ~1'1'l1lJ~1lJ11Cl L tJn11~lJU1 ~ t1l LLU~\l'"l1 n~fi'tl'fl\l Martins LL~::: Netto 
~ . 

1 x 1 x2 cm
3 L~;tJ~'l'fltJ1\l~\lluLtJ 

Whatman 

2 ...J ~:: .., '" 0 I '" 0 I '" I 

No.1 'tItJ1~ 3x3 cm 'VI"Jf\ltJ1~tJmL~'l'"l1tJ'ltJ 2 LL~tJt1l1tJ1JtJ"1lt:l\lL'"IfHL~~'"I1tJ'ltJ 3 LL~tJt1l1tJ~1\l 

'tIt:l\lL'"I~ '"I1mrtJu11um~mLLtJn~ 1500xg LtltJL'l~1 5 tJ1Yl i\l~1~,rnn1~t1l1~n1t:l\l~fi\lL~~m 
~ 

'" 0 .... GIl 
LLtJmL~'l1'11tJ'ltl..l~1 % expressible water (;11lJ~(;11 (1) t1l\ltJ 

" 

% expressible water = WI - Wi X 100 (1 ) 
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" , o .... ..... ... 

= 'l..l1'wwn m:: IPlI~m'tl\l~~\l n1 n W)t.I\l LLtJ n 

= 
" = oWl~,rn~,)'tl£h\l 

~1~1lJ 3.3.2.2-3.3.2.3 'tl'tlmLlJlJn11VlIPl~'tl\lLLlJlJ Completely Randomized Design 

" " (CRD) "f11n11VlIPl~'tl\l 3 '.01 ~1~1lJn1mI1rJlPl~h gel strength LL~:: 2 ani ~1~1lJn111'1Pl TPA 
" , , 

LlPltJ"f11n11VlIPl~'tl\lanl~:: 1 0 ~,)'tlrJl\l LL~::~IPl~hYl~\l~1'tl~ILn'l..!hJ'tl'tlnL"'\~~'tllh::~J1ru S f011 oWl .. 
e.J~~1~2-JIf)Lrt11::oJrt,)I2-JLLUnh,)'l..!VlI\l~(i~~')tJ Analysis of Variance (ANOVA) ~1::~lJml2-J 

L~'tl,r'l..! 95% LmtJlJLYltJlJf011L'U~tJLlPltJ7j'fi Duncan's New Multiple Range Test I"1IPlL~'tln 

m::lJ,)'l..!n1mI1L~rt,)I2-J~'tl'l..!~m2-JI::~2-JL'l..!n1n[;i~tJ2-JL"'l~ SPI LlPltJL-if MTGase ;\l1~f011~n~ru:: 
'" • I I '" 

L~'tl~Wr~Y1~Y1~IPl2-JIL~'tlHl'l..!n11e.J~l'l~n~'l..!U~li,)2-JnlJn111-if SPI LL~::/~1'tl MTGase ~'tl1u . .. 

3.3.2.4 n11~1Pll'l12-Jn111,)2-J~')n'l..!"1J'tl\lLU1~'l..!L'l..! SPI ~Ll'l1-tJ2-JLlPltJl-if MTGase 

LlPltJL -ifm::lJ,)'l..!n11 L ~rt,)I2-J~'tl'l..!~ LLl'l n ~1\ln'l..! 

MTGase 
, " 

spectrophotometer ;\l mlJ rt2-J'tlru~llmlPltJ~'tln1J'ell\loWl mlJ rt2-J'tlnmllij LlPltJn11rJ IPl 
.." \I .." 'lJ 

I I I '" I 

f011LL~\l~'tl\l~I'l..! (% transmittance, T) Y1rt,)l2-Jm')rt~'l..! 600 nm ;\ll-ifoWln~'l..!LnW blank LlPltJH 

~11~::~ltJ SPI L;]2-J;]'l..! 0.001 % w/w l-if1l1,)::n111~rt,)I2-J~'tl'l..!L"1l'l..!L~tJ')nlJn1nl'l1-tJ2-JL"'l~ SPI ~ 
" , 

Ll'l1-tJ2-JLlPltJH MTGase (3.2.2.1) ~\lil 7j'fiYl1 ~'tlL~rt,)I2-J~'tl'l..!LLri~11~::~ltJ SPI m2-JIl'l1 2.0 ml 

, " 
Y1mU~llij 50 °c "'lln,r'l..!L~2-J MTGase m2-JIl'l1 0.5 ml Hl~fI,)I2-JLif2-Jif'l..!~"l'YhtJl'l..!~11~:::~ltJ . .. . 

" I I I 

'l..!1Y1 "'lln,r'l..!L~2-J'tlru~llijLU'l..! 92 °c fI,)lJrt2-J'tlru~llijL~fI\lVlVl 92 °c ~'tl1u~n 30 'l..!IVll1'l..!Vin 
, ... "" \I 

" LiI'l..!L,)~1 30 'l..!1Y1 "'lln,r'l..!~IPl~ruWJij~\lLU'l..! 50 °c L~2-J MTGase m2-JIl'l1 0.5 ml lm~rt,)l2-J 

Lif2-J;]'l..!~IPlYlltJL'l..!~11~:::~ltJe.J~2-J"1J'tl\l SPI LL~::: MTGase L'VhnlJ 0.6% w/w fI,)lJfl2-J'tlru~llm~ 
" 'I III \I 

fI\l~~ 50 °c ~'tl1u~n 30 'l..!IVl U'l..!Vinf011 %T 'YJn11 'l..!1Y1 ~~I\lml~~If1,)I2-Jl2-J~'l..!fi1:::~~I\l 
L,)~1 LL~:: %T ntJ~:::L~tJIPlLL~IPl\ll'l..UlIf1e.J'l..!')n n.S 
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, 
L{;irm,J~,)'tlth\lL'"lrl SPI L-n~-n'W 14% w/w VlL{;11tmL(;1uH' MTGase L-n~-n'W 

0.6% w/w ~')um:;tJ,)'Wn1~t'IX~,)1~~'tl'W 2 i)fi (3.2.2.1) LLrl:;~1~')'e)U1\1LL-riLL;~~')ul'WL{;1~L'"l'W 

(cryogenic 

, " vii t 'IX ~,)'tlU1\1Yl~'tl\l n1~i) L~~1:;oJLil'W~1 LL;\I'e)U1\1~,) (;1 L~,) ~')ui)fi ice-em bedd ing (Nishioka, 

2007) ~1Url:;L~U(;1t'Wfl1~eJ'W')n n.9 

3.3.2 .6 n1~{;1~,)'"l~'e)tJlULLtJtJ~'e)\lLmtJhJ~~'W (protein pattern) tJ'W SDS-PAGE 

~'e)\lL'"lrl SPI ~L{;11U~L(;1uH' MTGase L(;1uHfm:;tJ,)'Wn1~t'IX~,)1~~'e)'W~LL{;1n{;]1\1n'W 

~(;1{;11~n1~L~'e)~-n1~L~LrlnrlLU~~'W~'e)\I SPI '"l1nn1~~1\11'W~'e)\I MTGase ~')u , 

SDS-PAGE L(;1U~,)1~L-n~-n'W~'e)\I separating gel LLrl:; stacking gel LVl1ntJ 10 % LLrl:; 4 % 

{;11~~1~tJ m~1ruLu~~'W~H1'Wn1~i)Lm1:;oJ (protein loading) LVl1ntJ 10±1 IJg nUrl:;L~U(;1 

LL~(;1\1t'Wfl1~eJ'W')n n .10 

" " 
t 'Wn 1 ~eJ~ {;1rl n;'WUrl1 ~ {;1 ~~')tJ ~ ~ H' ~ {;1 ~rl n;'Wu rl1~'e)\I ~ ru:;u ~:;~~ ~'\..n i)Y1 m ~u 

" " It'll" 

Lm=t{;1~f'\1~{;1f (2545) 

" rln;'WUrl1~{;1~~')tJ~~ 
" " , 

" eJ~ (;1rln;'WUrl1~{;1~~')tJ ~~ L(;1U LLu~m1~ L-n~-n'W~'e)\I L'11 L~U~ ~rl'e) h(;) 5 " " , 
" ~:;~tJ~'e) 1.00, 1.25, 1.50, 1.75 LLrl:; 2.00 % w/w L(;1ut-nrh gel strength ~'e)\I~n;'WUrl1Lil'W 

" , 
U'"lr.rut'Wn1~~(;1 L~'tln i)fin1~eJ~{;1rln;'WUrl1 LL~ (;1\1 t 'W~uYl 3.4 

" " 



I J' tI..I ..J" I LlJtl fi"lU~mJ(;lLLlILL"1I'I 

., ., 
fi~fl"lU,j"lLL~'1L(;lmL'll,j"lLiilJfJru\.uJ~ 1 0±5 °c 

.. ':tI ,., ° 
"'llJtlru~JUJLlJtl fi"lLVnnlJ 4+2 C . " -

CJ~~~'lm~i1tl'lCJ~~tl"l~"l1 Kenwood t.jf,r'lCJ~~ltltlJi.~ 

~'lWil'l"l~L1'l1~~lJ 2 Lth.IL'lfi"l 5 "!"'IVl 

., 
'" t; ... 0 cr 

L"1I~"1It.! 1.00, 1.25, 1.50, 1.75 ~1tl 2.00 % LLfi~lJ"lLL"1I'IlJ(;l 

50% "1Itl'lm~"lru~~~l1fi"l~t.!(;l 
" 

., 
~Lt.!L"l!L~U~nfjmL~~ LLfi~,j"lLL~'1lJ(;lt)n 50% 

"1Itl'lm).J"lru~~~1ri"l~lJ(;l 

.,., , 
Ut.!L ~tltl fl"lVli.~ Lilt.!ltlVlNn fi~"1It.!"l (;l 

L~t.!~"llJ~t.!unfi"l'l 3 em 
" 

, ., 
4±1 °c Lilt.!L'lfi"l18 ;'lL~'1 ritllJ,j"li.mLf'l1"l~~1t.!it.!~tllJj;jtli.tI 

39 
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0-

hIn11~m~t1n11tl1~~n{;11' SPI i'Jl-Jnu MTGase LklCJ~{;1Jiru,r~n:nkltl~1 ri1~kI"'L\\' 

~j;J1 1 Lijkl~j;J11'l,)UI'll-J LL~~LLtl1ml-J1ruLLtl~~1~LL~~/~1tl SPI (~j;J1 2-~j;J1 4) m)J1ru 2% w/w 
~ " .. " " 

.: 
L'l!L~tJl-J 

Ll-JLkI 
Yi'1nLvltl Lkltltl~1 0-

LLtl~~1~ SPI 
0 .. L'l!L~tJ)J 

I'lfitlL1c;\ 
kl1LL"1I~U(;l 

~{;11 U(;I tiki 
" nfi {;11 Ll-J {;1 

" 
(g) (g) (g) (g) (g) (g) (g) 

A1 1030 0 0 16.5 266 2 4 

A2 1000 30 0 16.5 266 2 4 

A3 1000 15 15 16.5 266 2 4 

A4 1000 0 30 16.5 266 2 4 

A5 1000 30 0 16.5 266 2 4 

A6 1000 15 15 16.5 266 2 4 

A7 1000 0 30 16.5 266 2 4 

.: 
L'lIL~tJl-J 

Ll-lLkI 
Yi'1nLYltJ Lkltltl~1 

LLtl~~1~ 
0-

L'lI L~tJ)J SPI 
0 .. 

I'lfitlL1c;\ 
kl1LL"1I~U(;I 

~{;11 U(;I tiki 
" nfi{;11L)J{;1 

" 
(g) (g) (g) (g) (g) (g) (g) 

B1 1030 0 0 19.8 266 2 4 

B2 1000 30 0 19.8 266 2 4 

B3 1000 15 15 19.8 266 2 4 

B4 1000 0 30 19.8 266 2 4 

B5 1000 30 0 19.8 266 2 4 

B6 1000 15 15 19.8 266 2 4 

B7 1000 0 30 19.8 266 2 4 



., ., 
~~~1mj1LL;j~L~mL'llu'·lLihJf.lru\u.1ij 10±5 °c 

.. J'.I ,.. ° 
"Utlru'UnJLUtlu~1LVl1ntJ 4+2 C 

• OJ -

c.J~lJ ~'ltJ L,"i~tl~ c.J~lJtl1~11 Kenwood t -ifi'l c.J~lJluttJ1.2J 

~'lWil'l1lJLr'l1~~tJ 2 LtlUL'l~1 5 U1Yl 

., , 
~1tl 1.25% LL~~U1LL;j~tJ~ 50% "1Jtl~mlJ1ruYl~~1ri1~U~ 

., , 
LlJLUL"1iL~tJlJn~~1LlJ~ LL~~U"lLL;j~tJ~iin 50% "1Jtl~mlJ1ruYl~~1ri1~U~* 

1 ., ., 
u1~n;u1.ut""I"l'l1lJ1tlUL~tJt-ifu1tlru~llij 50 °c LtlUL'l~1 20 U1Yl 

OJ • OJ 

., ., 
u1~n;u1.ut""I"l'l1lJ1tlUL~tJt-ifU1f.lru~1Jij 90 °c LtlUL'l~1 10 U1Vl 

~ 

, ., 
4±1 °c LtlUL'l~1 18 i'lLlJ~ ritlUu11.mLI"l11~~1uiU~tlulJltl1.u 

, ., ., 
* 'tu~~1V1ijn11L~lJ MTGase fl1lJ11m~lJ'tuiu~tlu;j 

41 

ltl~ 3.5 n1~tJ'lUn11c.J~~~n~utl~1~L~1tJlJL~tJ't-ifLL1J~fl1~LL~~/~1tl SPI LLfl~H~ffi'WH 
MTGase 
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" " 
3.3.3.2 ~n~ru:;Ln'fl~l-J~~"IJ'fl~'Cln:n'WU'Cl1 .. 
m1tl~,"h gel strength ~~LLU'Cl~'"lln~fi"IJ'fl~ Andres LL'Cl:;l"lru:; (2006) L~tlH' 

Ll"li'fl~ Instron Universal Materials Testing Machine ntl'Cl:;L~tI~ml-J~fi1'W1l1I"leJ'W")n n.6 L~tI 

H',x')tl~LLtJtJ,x')n~'VlNn'Cll-J (ball probe) L~'W~h'WP1'Wun'Cl1~"IJ'W1~ 6 mm fh\.~'W~J11"):;~H1.'W .. 
" " , .... ........... 0 ..., _..... ..... I .... 

m1,)~~~'WI"l'fl 'W1"''Wn''IJ'fl~ load cell 5 kg 1:;tJ:;'Vl1~'Vl"'')')~n~'Cl~tJ'WL'"l'ClL'Vl1ntJ 75% "IJ'fl~1"l,)1l-J 

~~ dl-J~'W"IJ'fl~ L'"l~ ,x')tl ~ LI"l~'fl'W~~')tJ'ei'[;ln L~,,) ri'fl'WLL'Cl:;"'~~~l-J ~~[;],)'flrh~ L'"lm."hrltJ 1 mm/s .. 
" , 

~1'W')ru,"h~'fllutJ.'"llnnnyJVll~~tJ1fLunLn1l-J Merlin l~LLri 1"11 force, distance LL~:; gel 

strength 

" ~l",t'tJ T extu re Profile Analysis (TPA) "IJ'fl~\l n:n'WU~1 tl ~ 1~~tJ1.jf,x')tl ~ LLtJtJ 
, " 

,x')n~'VlNm:;tJ'fln"IJ'W1~L~'W~1'WPl'Wun'Cl1~"IJ'W1~ 5.6 cm n1"''W~1l1,):;VlH'1'Wn11tl~~~il~'fl .. 
" , , 
o ..... .o=aI.... .... I .... .. II 

'W1"''Wn''IJ'fl~ load cell 5 kg 1:;tJ:;'Yl1~'Yl"'')')~n~'Cl~tJ'WL'"l~L'Vl1ntJ 50% "IJ'fl~m1l-J~-.lL1l-J[;l'W"IJ'fl~L'"l'Cl 

" " 'Vl~'Cl'fl~ LL~~~1'W1l11"lc.J'W')n n. 7 ~1'W')ru~n~ru:;Ln'fl~l-J ~~~'fllui1'"l1nnnyJL~tJ1fLu1LLml-J 

Merlin 1~LLri1"11 hardness, cohesiveness LL'Cl:; springiness 

" " 3.3.3.3 m1~n~I"l,)1l-J~1l-J11(l1'Wm1~l-JU1"IJ'fl~'Cln=n'WU'Cl1 . .. 
" m1tl~I"l,)1l-J~1l-J11(l1'Wm1~l-JU1~~LLU'Cl~'"lln~fi"IJ'fl~ Martins LL'Cl:; Netto 

, " 
(2006) L~tJ[;]~[;],)'flrh~L'"l'ClVl~'fl~m1~LI"l11:;",1m~"IJ'W1~ 1 x1 x2 cm 3 1~=n'W[;]')m.h~'Cl~lu1'W 

Whatman 

'" t I I 11 I 

"IJ'fl~L'"l'Cl '"l1mr'Wu11uL"'~tJ~LLtJnVl 1500xg LU'WL,)'Cl1 5 'W1Vl O]~U1wwnm:;m~n1'fl~"'~'lL"'~tJ'l 

LLtJmL~,)~1'W')ru"'1 % expressible water [;l1l-J~[;l1 (1) (,x');J'fl 3.3.2.3) .. 

" 3.3.3.4 1"111"l,)1l-J"IJ1,)"IJ'fl~'Cln=n'WU~1 .. 
" , 

tl~1"11~"IJ'fl'l\ln=n'WU'Cl11'W1:;tJtJ CIE LAB L~ml"l1-'fl'ltl~~ ColorFlex 11tJ'Cl:;L~tJ~ 

LL~~~1'W1l11"lc.J'W")n n.11 ~1'W')ruI"111"l,)1l-J"IJ1,) (whiteness) L~tJ1.jf~[;l1 (2) (Lanier, 1992) .. 

Whiteness = 100-[(100-L*)2 +a*2 + b*2]112 (2) 
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L* = rl1rl,)1l-J~~1~ (lightness) rJrl1~:;~~1~ 0-100 

I &Ill ... I &Ill ... 

a* = rl1 (+) ~LLIM ~~'tlrl1 (-) ~L~m 

" b* = rl1 (+) ~L~~'tl~ ~1'tlrl1 (-) ~U1L~'W 

" ~1~fu 3.3.3.1-3.3.3.4 'tl'tlmLUUn1~Yl(;l~'tl..:lLLUU CRO ~1m~Yl(;l~'tl..:l 2 ~1 L(;ltJ~1n1~ 
" I I I 

Yl(;l~'tl..:l~1~:; 10 j;]')'tlth..:l LL~:;j;](;lI·hl1~..:I~1'tl~1Ln'WhJ'tl'tln1'IXm~'tl1h:;l-J1ru 8 f11 u1~~Vll~l-J1 
" 

, " , 
95% LmtJuLl1tJufl1L'U~tJL(;ltJi)fi Duncan's New Multiple Range Test I"l(;lL~'tln~(;l~\ln:n'Wtl~1Vl 

1'IXfl1 gel strength ~..:I~~(;l~'tl..:lLL~~:;~:;;Url,)1l-JL;rl-J;r'W~'tl..:lt'llL~tJl-Jrl~'tlh~ L~'tl~n'l!t1n1~ 
, " , 

Ltl~tJ'WLLtl~..:I rlCWl1Yi~'tl..:l~n:n'Wtl~1~ru:;Lnufn'l!t1Vl'tlruwli3 4 0 C 
~ ~ , ~ 

" 
3.3.3.5 tm..:l~~1..:1iOl~!l1rl~'tl..:l~n:n'Wtl~1 . " 

" L(;lrtJl-J~')'tlth..:l\ln:n'Wtl~1 (3.3.3.1) ~(;l~ A 1 ~(;l~ A2 ~(;l~ A4 LL~:;~(;l~ 

A 7 LL~:;U1l-J1~n'l!t1 Lm..:l~~1..:1'~!l1 rl~')tJn~'tl..:l'~Yl~~P1~ L~ n (;l~'tl'WLLUU~'tl..:l m1(;l (cryogenic 

scanning electron microscopy, cryo-SEM) L~'tlLmtJULVltJU~~~'tl..:ln1~H~1'tlhn-if SPI 

i'Jl-Jnun1~H~1'tlhn-if MTGase ~1tJ~:;L~tJI;J1'W!l1rl~'W')n n.9 

" 
3.3 .3.6 n1~(;l~,)iOl~'tlUltlLLUU~'tl..:lLLriUttl~~'W (protein pattern) ~'tl..:l\ln:n'Wtl~1 

U'W SOS-PAGE 
, " 

~(;lml-Jmn~'tll-J;r1l-Jtl-J L~n~ ttl~~'W~n:n'Wtl~1~')tJ SOS-PAGE t~tJ rl,)1l-J . " 
L;rl-J;r'W~'tl..:l separating gel LL~:; stacking gel L'Yl1nu 10 %, 7.5% LL~:; 4 % ml-Jfh;u ml-J1ru 

ttl~~'W~H1'WmT'3Lm1:;-J (protein loading) L'Yl1nu 10±1 ~g ~1tJ~:;L~tJ(;lLL~(;l..:l1'W!l1rl~'W')n 

n.10 

rlru:;~Yl(;l~'tlutlT:;n'tlU~')tJ ~Yl (;l~'tlU~..:I1J n ~'W (semi-trained panelists) ;..:1 LU'WD.~ (;l LL~:; 
Urlrl~1nTiOl1n!l1 rli)'ll1 LYlrl t 'W t~UYl1..:1'tl1~1nL~:;~~n~ (;lnYlrl t 'W t~u=ih!l1Yi iOl"ri1~..:I nnw . ". 

" , 
l-J~1'3YltJ1~tJ 91'W,)'W 15 rl'W ~Yl~~'tluvl..:l~l-J~hJ~U'lJ~~LL~:;rJr1'J1l-J~'WLrltJnU~~(;lJlruoy] 

... , 
\In:n'Wtl~1 Yl(;l~'tlu~'JtJ'3fi descriptive test LLUU scaling method tv1tJ1-ifLLUUtlT:;Li3'W (ballot) l1 

LU'W structured scale ~n'l!tru:;Yl1..:1tl~:;~1Yliwr~~tl~:;Li3'W l~LLfi n~'W~~rl1')tl~1 (fishy flavor) 

n~'W~~tf') (beany flavor) ~~1,) (whiteness) rl,)1l-JLU'W2J'W,)1')~'tl..:l~,)'W'tln (gloss) r1'J1l-JLiltJ'W 
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'1Jtl..:l~~j;J.riru"Yl (smoothness) 1"I'J1),1U~~~"LJ (springiness) 1"I'J1),1Lm:;~'Jn"LJ (cohesiveness) 

1"I'J1),1LL;..:l (hardness) LLfi:;~~LIii),l (saltiness) LLUUU~:;Lij"LJLL~~..:l1Wl11"1~"LJ'Jn n.12 m~Yl~M1U 

LLti..:ltltlmU"LJ 2 'li'J..:l H1LLrl 'li'J..:lm~1Jn~"LJ (training period) LLfi:;m~Yl~~'elu~'Jmh..:l (sample 

tasting) 
~ , ~ 

~1~fu'li'J..:lm~1Jn~"LJ l11m~1Jn~tJl"lf..:lfi:;U~:;),I1ru 1 -D'J L),I..:l 91tJ'JtJ 3 I"If..:l~'el~U~1oJ 
~ , , 

Lil"LJL'Jfi1 3 ~u m"lX ~r.rtJ 1"1 ~ L~'eln ~'J'eltJ1..:lfj n=B"LJVl;J ~n'l!tru:;Yl1..:lU~:;~1Yl~Wr~Vl~tl..:l m~Yl ~~'elU 
t I I " 

1 tJ~:;~UVl),l1nYl~ ~ LLfi:;iitltJVl~~ (extremes) '111 ~'J'eltJ1..:l1U1 ~1"I'J1),1~'eltJ L~tJ1'ihj1~ruVl1Jij 

90 0 C LU"LJL 'Jfi1 10 "LJ1Vl rltltJ~tOi:;U1 L~"LJ'el ~'J'eltJ1..:l LLrl eJYl ~~'elu1 "LJli''JtJYifi1~ ~n~'1J1'J;..:ltl (?l~U 
" 

~'JmL~"LJYifi1~~n~1~fulA'elT.l1~1~ (plastic wrap) ~m"LJ~Yl~~'elULU"LJ~'el..:lufutl1n1f1\~ruVl1Jij 

U1:;),I1ru 25 0 C ~;J LL~..:l~~1..:l'1J'el..:lVlfi'el~ 1 ~"1!-n~~fi'el'elL1~ L"1!"LJ~LLfi:;;Jm11Um"LJtOi1nihr.rtJ 
" 

111tJ"LJtlniitltJ~ ~ ~ eJYl ~~'elu=B),I LLfi:; 1 ~1"I:;LL"LJ"LJYl1..:lU~:;~1Yl~),I er~ LL~fi:;~ n'l!tru:; L~tlYl ~~'elU LL~fi:; , " 
tI "" 11 I I" I 

~'J'eltJ1..:l L~1tOi~"LJ 1 ~ eJYl ~~tlun~'Jthn ~'JtJU1~:;T.l1 ~ ('111 ~),IU~~tOi'1J'J (?len..:l LU"LJU1Vl ~1"LJmm1'el..:l) " , 
LLfi:;~tlU1:;),I1ru 5 "LJ1Yl rltl"LJYl ~~tlU~'JtltJ1..:l ~'el1u ~1~fum~1Jn ~"LJ1 "LJ'li'J..:l LLm ~r.rtJtOi:;'elfiU1tJ 

" 

~~L~tJ1~ L~mU"LJ~n'l!tru:;'1J'el..:lm1U1:;"1!),IL~:;nfi),l (round-table discussion) L~tl1~eJYl~~'elU;J , " 
1"I'J1),1 L;r11tOi~t:ln I'l'el..:l j;JN n"LJLLfi:;;J),I1 j;J1fJ1"LJ1 "LJm~ 1 ~ I"I:;LL "LJ"LJ~ m~'el"LJn"LJ l11 n1~1Jn ~tJ L~tJ 1-if 

" ~ 
~ 

tOi1nu"LJ1"LJ-rl'J..:l~1tJ'1J'el..:ln1~ 

~ 

Yl~~tlU~'J'eltJ1..:l1 "LJ,r"LJj;J'el"LJ~'el1u 

~1~fu m ~Yl ~ ~'elU ~'JtltJ 1'1 1 ~ eJYl ~ ~'elUU~:; Lij"LJ1"I ruJl1YiYl1..:lU ~:;~1Yl~),I er~'1Jtl..:l ~'J 'el tJ1..:l " , 
tI " " " 

fin=BtJUfi1~..:l~),I~ 14 ~j;J~ l11m~Yl~~'elu1,.]Ln"LJ.r"LJfi:; 1 I"If..:l I"If..:lfi:;1,.]LntJ 6 ~'J'eltJ1..:l 
" " ~ 

'J1..:lLL~tJm~Yl~fi'el..:lLLUU Randomized Completely Block Design (RCBD) l11n11Yl~fi'el..:l 2 ..n1 

U1~fi~1~),I1~Lm1:;oJl"I'J1),1LLU~U~'J"LJYl1..:l~n~~'JtJ Analysis of Variance (ANOVA) ~1:;~U 

1"I'J1),1L~'el,r"LJ 95% LmtJULYltJu~hL'il~tJL~tJ~fi Duncan's New Multiple Range Test 



45 

t1 .a1 tI -5 tI "cv.al .... 0 
3.3.5 n1'IL ~!I'ULL ~.:Jflru1l1'n".ll'il.:J~n'1l'U ~1".11ru~Lm..J'Im~1'V1'ilru\UUJ 4 C 'II" .. ... " , , 
rl ~ L~'tln~j;l~\in=n'UtJfilVlL ~1"11 gel strength ~~Vl~~"1J'tl~ LL(;]fi:;1:;(;)tJ Pl'JllJ L;rlJ;r'W'll'tl~ 

I I " " 

L"l!L~tmPlfi'tlh~ L~'tl~m~lm1LtJ~Ut.mtJfi~~m~ru:;Lil'tl~lJer~"1J'tl~fin=E'Wufil"1Jru:;LritJfn~ILU'W 
" 

Lr;}~1 11 t)'W ~~ru~.1:Jn 4±1 °c L~tJH'1"11 gel strength, hardness, cohesiveness LLfi:; 

" " springiness LU'W~r;}U~:n L~tJ'tl'tlmLtJtJmn1~fi'tl~LLtJtJ CRD .yhm1'Vl~fi'tl~ 2 ~1 L~tJ.yhm~ 
" I I I 

'Vl~~'tl~~I~:; 1 0 ~r;}'tlth~ LLfi:;~~1"11Vl~~~1'tl~ILii'Wlu'tl'tlnL~L~~'tlU~:;lJlru 8 1"11 in!:-J~Vll~lJl 
" 

1 LPln:;\fPlr;}llJ LLU1U1r;}'W'Vll~~t1~~r;}tJ Analysis of Variance (AN OVA) ~~:;~tJPlr;}llJ L~'enr'W 

95% LmtJtJLVltJtJrhL'fl~tJL~tJ1fi Duncan's New Multiple Range Test LL~:;~n~1'tl1~m~LritJ 
" , 

fn~~r;}tJm1j;l1r;}'"l~'tltJmlJlru'~'W'Vl1Ul1~~lJ~ (total plate count) UlJVl~ruWJ~ 37 °c ~r;}tJ 
" , 

1fi A. O. A. C. (1995) (~ltJ~:;L~tJ~1l1Pl!:-J'Wr;}n n. 13) ~n=E'WufilVltJ11"L'Wt;l~i"lfil~~n " . . 
""" " 

fin=E'WLil'tlt)r;} ~n=E'W~lJ LLfi:;~n=E'Wlri (lJ'tln .1 009-2533) LU'WLnruovl " .,,,,, 



"'" 'UVIVI 4 

0..- ttl- ~ - ...... -ktl "'" 4.11UJ'UfI'!J'iI..:J 'iUl1.U11LWiI'iI..:J'InUi (soy protein isolate, SPI) LL~::L1.J'iI ~1!1'1n'lUl'UUI 

4.1.1. 'IJJU;'!J'iI..:Jttl'iii1.Jt1L~;'iI..:J'InUi (SPI) 
• I Sf II I 

LtJ1;]Uc1'lL~~~~~nln (SPI) Y\H1um1V11n~~~~~lJ1~1nlJ1~ l~m\ ~ULI;j~fLU;ULL'U~ 
, '" 

~'1nln il~~f'1th":;n~lJVl1~Lrlil ~~l~LLri m~'1ruLU1;]U l"1J~U LL~:;rl'l1~~U ~~LL~In~1u[;n11~Y\4.1 

.. u ... ~~rl 1:;n~lJVl1'1Lrl~ * m~1ru (%, wb) 

LU1;]U 90 

l"1J~U 4 

f'l'l1~~U 6 

" I 

~'1u~4'tJ~~n~~ru~JlSjY\ln~;muLL~:;LlJ~1-rl~uln~;uu1u SPI . " 
fi11~'l!1~Llntl~fi differential scanning calorimetry (DSC) lU~ 4.1 LL~In~ DSC thermogram 

I ., 0 I ..... 0'" 
onset temperature (To) LVl1nlJ 89.6 C LL~:; peak temperature (Tp) LVl1nlJ 90.4 C ~f'lm1 

.., I I II 

In In rl'l1~1~'U~L U~~~1~1 n n11L~ tI~Jl '1''''ifi11~'l! '1 ~"1J~~ In ~;UU LUUY\tl '1 i~ Ln [;l~ 11 'U~1'U~4'tI~~lJ 
" 

II II I I I 

fi11~'l!1 ~'Jl~~ LlJ ~'1-f'l~U In ~;uu l1~~m~ L il~~ ~'1~ 1 n LlJ ~1-rl~U ln~;UU~~V1Ufi1'l1~1~U 1~ ~1 
" " n~'1Ln(;ln1n~tI~Jl1Yifi11~'l!1~lULL~'l1'U-iU[;l~Un11~~[;l SPI U1'1n!Jn11nrL"lluL~mn'U~1~ 

11t1~1UL(;ltl Chronakis (1996) ~~~(;l[;11~n1n~tI~Jl1~"1J~~ln~;uuLL~:;LlJ~1-f'l'tluln~;il'ULu 

SPI V1'1~n11A''1 ~~~4'tll~'tlfilJ1t1~'1m1~~lJYlf'l"1J~~ln~;uuLYltl~Y1rlL~mLrt'tl~~1~'1n SPI ~ 
~'1~1 H1 Un11V11n~~~ LUU'l!i!(;l~ L~tI~Jl'1~fi11~'l!1 ~lJ1'1~'lU (partially denatured) 1 U"1Jru:;~ 
Chronakis LL~:; Kasapis (1993) Lon' SPI 'l!U(;lL~tI~Jl1~L(;ltl~~\!1nr (completely denatured) 

" 1'1t1~1U~'1'W~uYlrlm1L~tI~Jl1~fi11~'l!'1~"1J'tl~11~ln~;i!uLL~:;LlJ~1-rl~uln~;UU 

'tlu'1~11ri[;11~ Renkema LL~:; van Vliet (2002) 11t1~'1u~'11n~;uuLL~:;LU~1-

rl'tluln~;ilu1u SPI ~L[;l1t1~;UL'tl~1u~~~u~~n1nn(;lm1L~tI~Jl1~fi11~'l!1~~~ru~IJSj 88 

LL~:; 68 °c [;l1~~1~U ~'lU Liu LL~:;f'lru:; (2004) 11t1~1u~11n~;uuLL~:;LlJ~1-f'l'tluln~;ilu'tu 
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\UJtf'lL~~tNL~tJ~J11'Yifi11l-J"lI1~~~ru~JJn 92 LLf'l~ 71 °c ml-J~1~U LtJ'1Iru~~ Utsumi LLf'l~ 
rlru~ (1997) ~1 SPI l-J1LLtJn~nc;)tl~f'1U1~ntlu~in~tlLnf'l;'ltJLLf'l~LU~h-rltl\JLnf'l;utJ LL~'l 

, ., 
~Lrln~i~ru~1Jn~LU1~tJl1~~tl~L~tJ~J11'Yifi11l-J"lI1~ LLf'l~ntJ~1tJ~1Lnf'l;'l\JL~tJ~Jl1'Yifinl-J'l!1~ 

~tl ru~J1nU1~l-J1 ru 80°C L tJ'1I ru~~ LU rJh-rltltJLnf'l;'l\J~~Yl\'!rl'l1l-J ~tl\'!L~ ~1n~1 L~ tJ~J11'Yi . .. 
I II I I 

fial-J"lI1~Yitlru~J1ijU1~l-J1ru 70 °c \.!tlnr.nn~nfil-J~{tJ~tJ1 ntJ~1\.!tlruW1nYiLnf'l;U\'! 
.. " II II W.J 

LLf'l~LUr;h-rltl\'!Lnf'l;U\'!Lnc;)n11L~tJ~J11'Yifi11l-J"lI1~L~\.!"ll'l~ 85-95 LLf'l~ 65-75 °c ~1l-J~1~U 

(Hermansson, 1978; Wright and Boulter, 1980; German, Damodaran and Kinsella, 

1982; Kitabatake, Tahara and Doi, 1990; Nagano et aI., 1992; Zhang, Takenaka and 

Isobe, 2004) tlru~J1ij n11L~tJ~J11'Yifi11l-J"lI1~~(;h~n\'!L \'!LLr;lf'l~~1\.!~{tJ'tl11il L~tl~l-J11il1 n"lluC;)'lltl~ . .. 
I I" I I 

t;l'l tlth~ LU1~\'!ci 'l L ~ ~ tl~ Yi r;l 1 ~ n\.! ~1tl i\'!~tl\.! n 1 n~1tJ l-J LU 1;i\.! ci'l L ~ ~ tl~~ LL~ n r;i1~ n\.! 

(Chronakis, 1996) 

21 

20 

~ 19 glycinin 
g-
o 18 
" t:: 
II 

\ 
~ 17 

;;::: 

1i T. = 89.6 
II 16 
~ T, = 90.4 

15 

14 

20 30 40 50 60 70 80 90 95 
Temperature (0 C) 

lU~ 4.1 DSC thermogram '1Itl~LU1;i\.!tf'lL~~tl~~nc;) (SPI) 

., 
~~\!\.! L\'!n11~m~n~f'l'l1tl~n1~U'l\'!n11L,xrl'l1l-J~tl\,!r;ltln1nnC;)LIilf'l'1l'tl~ SPI i'll-JnUn11 

H'Ltl\'!L'l!~LLYl1\.!;n~Yl1nL\'!~1il1n'~\'!Yl1~ (microbial transglutaminase, MTGase) l\.!i\.!~tl\.! 

r;ltlLtJ ~~L~tlnH'n111,xrl'l1l-J~tl\'!LLri SPI ~tlru~J1ij 92 °c ~~~ .. ~'Yitl~lil~vi11,nnf'l;'l\'!LnC;)n11 . .. 
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.r ..I.J ...... ~ J'..I. I" .ell U 

L t.I!lUfl1U~ nVl H1 t.I~1t.1,)1il Ut.lLUt.lL t.I!lUfl1~ t'lVl C.J1t.1m::U')t.lm ~LLfl U t'l LLfl,) LL"ll LU!l n LL "1J~ 

,~l'JULt.lL~nlilt.lL~fl,) LLfl::Lfiufn~1 H~!lru~l1n -18 °c Iilt.ln~11il::~1lJ1t-n~1t.1 ~~;1L~!lUfl1Ut'l . " 
~~ mh,)Iil::Lfiufn~ L t.I~111~ LL"ll LU!lmL;j~ LUt.lL,)fl1 'W Lnt.l 4 iUC;)1lf L~!l~1 n C;)~fl"1J!l~n1~L~U 

~111~fi~~lJ"ll1 ~"1J!l~ LU~~t.lUfl1L t.I~::~~1~ m~Lriufn~1L t.I~111~ LL"ll LU!l n LL ;j~~!l11il ~~ C.J fl [;]!l~lJ~ 

.. U AI 
!l~1'l ~::n!lUVl1~Ll'llJ * mlJ1ru (%, wb) 

LU~~t.I 19.14 ± 2.00 

'l"1Il!t.I 2.39 ± 0.10 

J' 
76.92 ± 5.43 1'l,)1lJ"llt.l 

...I . 

... .- .. ~ 
't'I1~Lt.I~~1n~'i1J't'I'i!l (MTGase) • 

... 'i' 'It.- " 'i'.1 AI ~ ... :"1 J 
mnnt'l Llilfl ~t'lU ~"ll1'l,)1lJ~!lt.l (thermal gelation) "1J!l~ ~l.J~J;lt.lm L~fl'fl~ Ll.Jt.lm::U'lt.ln1~VI 

" " , 
u~::n!lu ~')U 2 it.l~!lt.l it.lJ;l!lt.lLLm ~'fln1~~ cy L~ULI'lN ~j1~ ~ ~UJJ n ~')U 1'l,)1lJj!lt.l ~~Iil::L~ 

"I .... I I I 

progel 1il1mrt.l~~ iJlJ~h~ Llil flL t.lit.l~!lt.lYi~!l~ L t.l111,)::Yi~ ru~JJnfl t'l ~1fl~ (cooling) ~1U LU~~t.I 
" 1il::~U~;') L;h~1 nt.lLUt.I LI'lN11~ m~1U~1lJn~ij m~n n LriU~1 LLfl ::~1 ~fl::fl1UU1~~')t.lHI11UL t.I 

Lf<1N ~j1~ LI'lN~h~~ Ln t'l~t.lhuJ;1L n!l~lJ11il1n'fit.l~~mU1V11~ Lf<1ij~fl1U~U LLUU L~LLri ~t.lfi:: 
" 

[;]1~1 Ut.I~1U~!l~ L~UL VI ~"1J'fl~ LU~~t.I~ Ln t'lm~f<1fl1U;,) (unfold) Lt'lu'fit.l~~mtJ1 LL[;]fl::"llijc;)~ 
... X AI ,~ J~t.-
Lnt'l"1Jt.llJC.Jfl~!lfln~ru::"ll!l~ LlilflVl ~t'l (Chronakis, 1996) 

L!lt.li.'lI~LLVI~t.lin~Vl1n Lt.I~ (transglutaminase, TGase) LUt.lL'flt.lL'lI~~ Li~m~L~!llJ;r1lJ 

"ll!l~ LU~~t.lcJ1t.1V11~n1~Ln c;) E-(y-glutamyl)lysine isopeptide bond Lt'luij f<1,)1lJ~1lJ1~tlL t.ln1~ 

thu~~ acyl "ll!l~~\butJ'flUnflJ;l1ijt.lL",\;r14'unu~~ E-amino "ll!l~~kbutJ!lUi.fl;t.lUU~1U"1J!l~ 
" " " 

LU~~t.I ijn1~~n~m~L-nLU~~t.I~,)L~~tN1,)lJnu TGase Lt.I!l1~1~~fl1U"llijt'l (Babiker et aI., 

1996; Babiker, 2000; Mariniello et aI., 2003; Ramirez-Suarez and Xiong, 2003; Walsh et 

aI., 2003; Tang et aI., 2005; Jiang et aI., 2006; Tang and Jiang, 2006; Tang et aI., 2006a, 
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b; Bin Md Yasir et al.. 2007; Schafer et al.. 2007; Pietrasik. Jarmoluk and Shand. 2007) 

"',J 'I •• "'I"'" ... J' %.... ~. I -' 'I ... ... r. I J' %. r 
'li~ralJ ~~ru~,:jLtJtJ ~~Ln"'~nM'ru:;'Vn~ LtJ'fl~lJ~~'J1'fl~ ~lJ5'(;ltJ ~tJ~~(;lJlru'V1lJ5':;LJl'V1LtJtl'C'l (;l'l 

djtJ~'VlntJntJ~~1 L tJn1riml1 L ~ Ln '" L"'l~ LtJ5'~tJ~'ltJfil'l1lJ1'fltJ n15' L~fil'l1lJ1'fltJLUtJ 
~~~1 LUtJL~'fl~ ~tJL~'fl L ~ Ln", n15'L~tJ~Jl1'Y'Hj5'5'lJ'li1 ~'J1'fl~ LtJ5'~tJ L~'fl n15'~11~ LfilN~11~'J1'fl~ L"'l~ 

• ., .. 'I"" J' " . 
(Lee and Rha. 1978; Liu et al.. 2004) 'fltJ1~ ~m(;l1lJ ~~'J1'fl~n15' ~~fil'l1lJ1'fl'ULtJ'fl~(;ltJLLn 

~15'~:;~1tJ LtJ5'~'U~tJtl~ntJ~~1m1"'l4'tJ L'lI'U ~fin15' L ~fil'l1lJ1'fltJ ~ (;l5'1n15'L ~ fil'l1lJr'fl'U t:lru~1Ji1~ 
H LL~:;5':;tJ:;L'lfl1LtJn15'L~fil'l1lJ1'fl'U (Foegeding. Allen and Dayton 1986; Tang. 2007) 

" . . 
~1'U~4'tJ\l~~ ~nM'1m:;tJ'l'Un15'L ~ fil'l1lJffi'Uvh~lJ1:;~lJ j;j'fl n15'Ln '" L"'lfl'J1'fl~ SPI ~ L(;l1tJlJ Lc;)tJH 

ACTIVA™ TG-AK (MTGase) L"'tJLfrlfin15'L~fil'l1lJ1'fltJ~LL(;lnj;j1~n'U 2 ~fi 't~LLfi 
. ." 

~fiVl 1 ,j1~1nL'J1'ltJ~'fltJ SPlltJL~fil'l1lJ1'fl'U~'flru~Jlij 50 °c "'l1mrtJL~lJ MTGase fil'ltJfillJ . " . . " . 
'flru~Jlm~fil,:jV1j;j'flltJ~mu'UL'l~1 30 'U1V1 "'l1mr'ULYilJ'flru~Jli1LU'U92 °c LLfl:; fnM'1 

tI " 41 " 

." " 
H~'flru~Jli1UtJLU'UL'lfl1 30 'U1V1 "'l1nutJfl (;l'flru~Jlijfl,:j"'l'Un~'flru~Jli1~'fl~ (25°C) 

41 " 41" «II" 

LL~'lLritJ~'l'fltl1,:jL"'l~L'U~Lij'U (4 °C) LUtJL'l~118 i'l'LlJ~ (5'U~ 3.1 a) ri'fltJ,j1lJ1~nM'1 
" " 

~lJ~'J1'tNL"'lflj;j'flltJ 

~fi~ 2 ,j1~1nL'J1'ltJ~'fltJ SPlltJL~fil')1lJ1'fl'U~t:lru~1Ji1 92°C LUtJL'lfl1 30 'U1V1 "'l1n~tJfl'" 

t:lru~1Jij~~LUtJ 50 °c ~,:jL~lJ MTGase fil'ltJrJlJt:lru~1JijL~fil~~~ 50 °c j;j'flltJ~n 

30 tJ1Vl ~~fl(;l'flru~Jlij~~"'l'Un~'flru~Jlij~'fl~ (25 °C) LL~'lLritJ~'l'fltl1,:jL"'lfl L'U~LijtJ 
'I" 41" " 

(4°C) LUtJL'l~118 i'lLlJ~ (5'tJ~ 3.1 b) ri'fl'U,j1lJ1~nM'1~lJ~'J1'fl~L"'lflj;j'flhJ 
" 

~lJ1tJL~(;l ~1~~,:j"'l1m'fln~1nL~(;l~inM'ru:;L'UYl1:;'J1'fl~~~(;lJiruoyJ'J1'fl~tJ1';'" mmtJ:;LlJ:;L~:; • 
o ... TM.......J 'I • .,J ° 
"'l1nc;) (nNL'VlYl'1) ACTIVA TG-AK lJ'flru~JllJ'VlL~lJ1:;~lJ ~'Un15''Vl1~1'U'V1 50 C . . " 

~., .,.., ,''' 
n~tJ1'Un1' ~~fl11)J''il'U'VILLgJnlJnm'U 

~nM'1~lJ~~1tJn1nn(;lL"'l~'J1'fl~~'WLL'J1'l'U~'fltJ SPI fil'l1lJL.;JlJ.;J'U 12 LL~:; 14% w/w 

i'llJntJ ACTIVA™ TG-AK (MTGase) L.;JlJ.;J'U 0.2. 0.4 LL~:; 0.6 % w/w YltJ~1~nM'ru:;tJ5'1n!J 

'J1'fl~ L"'l~ SPI ~Lf;i1tJlJt(;ltJ MTGase "'l1nn15'i~Ln (;l~'ltJ~1tJ(;l1'J1'fl~Wj4'tJYltJ~1n111~fil'l1lJ1'fl'Ui)fi 
" 

.oJ -I., ~ ... ~... I ... .... J' ... ....... "'.: .J 
'V1 1 L"'lfl'Vl ~C;)lJ~L~~'fl~tl'fl'U lJfil'l1lJlJtJ'l1'l LtJ'flL"'l~LtJtJ'U~:;L'fltJ(;l flnM'ru:;filfl1tJViC;)"'~ ~'l'UL"'l~'V1 • 
Lj;i~tJlJt(;ltJ~fin15'L~fil'l1lJffitJi)fi~ 2 L"'l~~l~i'J~L~~'fl,:j'tl'fltJ i'Jfil'l1lJ~'U'l1'l,J'fltJn~1 L~'flL"'l~~tJ1tJ 

" " 
Lftn,J'fltJ LLj;ju~fil~~nM'ru:;fil~1tJ't1(;l~~ 'U'fln"'l1n\lu~~ Lfil11:;,.r~lJ~'J1'fl~L"'lfl l~LLri gel strength 

LLfl:;inM'ru:;L~'fl~lJ~~ (texture profile analysis. TPA) l~LLri hardness. springiness LL~:; 
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, 
__ ....... II '" I 

flfWlfi Yl1~(;lUl'l'l1),JL'1I),J'1I\I'1Ifl-.3 SPI LL~~ MTGase (;11-.31 

" " Fl'l1).JL~).J~'U m::u'l'U Fl'l1).JL;r).J;r'U~~~ MTGase (% w/w) t'l).J~ 
~~~ SPI n11L1X 

L;~n~ 
" 0.2 0.4 0.6 (% w/w) Fl'l1).J1~'U 

, 
~~Vi 1 38.33 8± 3.20 32.32 8± 3.70 90.24 b± 9.85 

Gel 
12 , ........ 

40.39
8 
± 4.98 42.46

8 
± 3.62 43.29

8 
± 5.02 'lfiYl 2 

strength , ........ 
194.49

c
± 16.66 241 .19

d
±24.54 253.74

e
±21 .18 

(g.cm) 
'lfiYl 1 

14 , ......... 
196.25

c
± 19.70 246.41 de ± 23.98 252.87 de ± 24.97 'lfiYl 2 

_ ... ..1 
'lfiYl 1 1.49

8
±0.16 1.25

8
± 0.13 5.29

b
± 0.59 

12 , _ ...... 
1.53 8±0.18 1.59 8±0.17 1.59 8±0.14 Force 'lfiYl 2 

(g) 
, ......... 

8.69 d± 0.92 15.25 g± 1.05 10.16 f± 0.95 'lfiYl 1 
14 , ......... 

8.04 c± 0.81 9.23 e± 0.91 10.26
f
± 0.94 'lfiYl 2 

, ......... 
'lfiYl 1 24.98

c
± 1.72 25.12

c
± 0.93 18.09

b
± 1.80 

12 , ........ 
24.81 c± 1.05 24.83 c± 1.74 25.66

c± 0.71 Distance 'lfiYl 2 

(cm) 
, 

~~Vi 1 24.67 c± 1.73 17.57
b
± 2.03 15.17 8± 0.96 

14 
..... ..1 
'lfiYl 2 24.66 c±2.76 25.71 c± 2.67 25.88 c± 0.67 

... ..I....... • .... I ....... I __ ....... I ... I ........... 

'IUJJtJl}!11j a, b,c ... IIl'lLfl'IJ'Yll.JtlnmmnlJ~l1~m.J~1'\1ruf'l1tUJlJI1IL'II~nflLflltJ'ln\.lUllln~l1~n\.ltltJ1~l.J\.IU~1f'1C\j (p S 0.05) 

Totosaus LL~~l'Iru~ (2002) nfh'l~11\1n11Lii(;lL'"l~ LU1;\\I'"l~~fl-.3iJm),J1rul'l'l1),JL;r),J;r\l 

"jJfl-.3LU1;\\I~),J1n~fl L~fl-.3'"l1n~1~~Ul'l'l1~L.;r),J;r\l'1lfl-.3LU1;\\I~1'"l~iJflj1-.3Ll'IN11-.3m'hufl1),Jij~ 

"1Ifl-.3L'"l~~bJ(;\flL~fl-.3 Fl1 gel strength LL~~ distance '1Ifl-.3L'"l~'"l~fl-.3~\lm~l'I'l1~L.;r).J;r\l"1lfl-.3LU1;\\I 
" 

~Hf L"J!\lL~U'lriUn11~r.rU'1lfl-.3n\ln';n~ Ll'I'l~nriu, ~"1!~\lfi ~'l\l~\I LL~~~N1fl-.3 iu),J-.3l'1~ (2547) 

~m~t1n11Lii(;lL'"l~'1Ifl-.3 SPI 1'l~riu MTGase L.;r),J.;r\l 1 % w/w L(;lmLtl11~~Ul'l'l1),JL;r),J;r\l'1lfl-.3 SPI 
, , ....... . ... ., "''' 0-. 

4 1~(;lUl'lfl 5.0, 6.5, 8.0, 10.0% w/v ~U'l1 Yl1~(;lUl'l'l1~L"1I),J"1I\I"1Ifl-.3 SPI (;11 l'Ifl 5.0 LL~~ 6.5% 
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w/v SPI hJ~1~1rmn~Lrh.lL"fl1~ ~~t1L;jfl~""mJhJ1ru~fl~Lur~t.!u.hYJtJ~~fl~fln1rLn(;lL"fl LL~ 
~..! "" '" J' I J' 1 ... .,0... ~~ LlJflL~~FI,)1~L·nJ'1It.!'1Ifl~ SPI L~~~~t.!Fl1 gel strength ~~~t.!flm~~t.!tJ~1F1CU (p ~ 0.05) Vl~t.! 

fl1"L;jfl~~"""mE~"ru'1lfl~LL;j~L(;ltJr')~ (total solids) ~L~~~t.! ritJ~~n1r~ijm~1ruhJr~t.! 
L~~ft.!"ll')m~~~1t.!')t.!~~ LFlij~~1~1rmn ~~t.!fi::L~fl~;h~L(;ltJ MTGase ~~ ~fl L ~rl1 gel 

~ J' J ".,.,J., " _.,~.,J,.,J., " " 
strength L~~~1n'1lt.! ':D~~fl(;l Flflfl~ntJ~flVl ~(;l""n~"t.!')"tJt.!Vl~tJ,)"Vlr::(;ltJ FI,)1)J L"1I~"1It.! MTGase 

~LVl1rit.! LLfl::~fin1rL~FI,)1)J1flt.!L~mrit.! n1rL~)JFI,)1)JL;J)J;Jt.!~fl~ SPI VhL~fOh gel strength 

J' I ...... 0 ... 

~~"1It.!flm~)Jt.!tJ~1F1CU (p ~ 0.05) (1l1F1~t.!')n ~.1) 

Lt.!n1r~mt1~fl'1lfl~n1rL;J MTGase ~fln1rLn(;lL"fl"1lfl~ SPI L(;lmLUrFl,)1)JL;J~;Jt.!'1Ifl~ 

MTGase Ltlt.! 3 r::~tJ~fl 0.2, 0.4 LLfl:: 0.6% w/w ~tJ~1~r::~tJFI,)1)JL;J)J;Jt.!~fl~ SPI ~Lvhrit.! 
.... "I" " .. ., "" .,J J' 0"1'" 

LLfl::')fimr ~~FI,)1)Jrflt.!L(;lmnt.! FI,)1)JL"1I)J"1It.!"1Ifl~ MTGase Vl~~~t.!Vl1 ~VlFl1 gel strength 

L~)Jfl.l L;jfl~"" nmrL~~ FI,)1)J L;J)J;Jl.l"1lfl~ MTGase ,,::vh L ~ Ln ~ n1rL1~UDmmn11L~fl)J;r1)J 

r::VI~1~ ~ Lfl nfl~fl~ Lur~wJi'')tJ~t.!fi:: LFI,)1 Lfll.lVl1~)J1 n~l.l flt11~ 1rn f;l1)JYitJ~ 1~ fil') 1)J L ;J)J;Jl.l"1lfl~ • 
SPI 12% w/w LLfl::~fim1L ~fil,)1)J1fll.l~fi~ 2 L"fl~L;Jfil,)1)JL;J)J;Jl.l"1lfl~ MTGase ~1~ril.lijrh gel 

strength hJLLVln~1~ril.lflt11~ij,rtJ~1~CU (p>0.05) LLfl::""nm1~4'tJ~'fl~ Bin Md Yasir LLfl::Flru:: 

(2007) L(;lmmtJtJLVltJlJfOl1 force ~fl~L~h~~LVl1tJ)JL(;ltJt;r MTGase L;J)J;Jl.l 1000 LLfl:: 5000 .. 
., , , 

ppm L(;lm~)J MTGase Ll.l;l.lVl'fll.lrifll.lL~FI,)1)J1'fll.l~1flVli~L~FI,)1)J1'flt.!LLril.l)Jn,)L~~fl~Vl97 °c 
I I " . 

~tJ~ 1 m rL~)J FI,)1)J L ;J)J;Jl.l'1l'fl~ MTGase Vl L~)J L l.lil.lVl'fll.lri'fll.l L ~ fil,)1 ~ 1'fll.lLLfl::~tr~ L ~ f'l')1)J1t:ll.l 

LLril.l)J5,)LVI~fl~ ~1L~L~h~~LVl1tJ)J1~ijI"l1 force ~~n~1L~h~~1~L~)J MTGase LL2J~11"l1 force 
01 " .. 

I " I I 

"1It:l~ L~h~Vl L~)J MTGase L l.l;l.lf;lt:ll.lVltr~ L ~ FI,)1~1'fll.l"::~1n~1rit:ll.lL ~ Fl'J1)J1t:ll.lLLnl.l)Jn') L~~t:l~n 
" 

II " I I I 

f;l1)J ";~il~4'tJt:lfitJ1tJ~1fl1" L\lt:l~)J""" n Lilt:ll.l)Jn') L~~t:l~ 1~ftJ FI,)1)J1fll.l"'l::~1 LmtJr~l.l 

5') L ~~t:l~~)J Ln ~ Ltll.lL"fl LLt\'')tJ1~~,)l.l vh L ~ijm)J1ru LU1~l.l~ Ltll.litJ~ Lf;lrVl~t:l~ MTGase fl (;lfl~ 
, ." 

~~~fl L~1"l1 force ~t:l~ L~1~Vl LVl1tJ)J1~fl ~fl~ l.l'fln""ni1u~YitJ~"n"rL~)Jfil,)")J L;J~;Jl.l'1lfl~ .. 
MTGase ~1L~L"fl SPI ijl"l1 gel strength L~)J~l.l L;jt:l~""nijm)J"ru"1l'fl~ E-(y-glutamyl) lysine 

bond L~~~1nfl.l (Takahiko, 2003) L"lll.lL~mritJm1~tilJl.l1~~f;lJiru.,rL\1t:ltJ(;l;U1U~fl~ Tsao .. 
.,J .. ~ "I" .!"I...I ~ "I" " " LLfl::filru:: (2002) VlLVlrtJ)J ~~tJmr ~':D SPI LLfl:: MTGase Lul.l~1rL':D'fl)J ~~tJ ~"lI MTGase L~WtlU 0-

24 unitlg soy protein (1 unit "1I'fl~ MTGase ~t:lm)J1ru"1lfl~ MTGase ~~1)J1H1L1~unmmn1r 

~11~ 1 IImol "lIt:l~ hydroxamic acid Ll.lL,)fl1 1 l.l1Vl~flruVlllij 37°C) LLt\'')t) (;l1"l1 tensile r • .. 

strength (TS) ~tJ~11"l1 TS L~)Jfl.l""n 51.17 g.cm Ll.l~~V1Jiru.,r~L~L~)J MTGase Ltll.l 

102.31 g.cm 1l.l~~V1Jiru.,r~L~)J MTGase fil,)1)JL;J)J;Jl.l 24 unitlg soy protein ~~fl""Ln(;l""n 

mr~ijm1~11~ E-(y-glutamyl) lysine bond ""nn11L1~UDmtJ"n"1L~t:l)J;J")JL(;ltJ MTGase 

(Kuraishi et aI., 1997; Tseng, Liu and Chen, 2000) t:lt11~Lrnf;l1)Jn1r~h~ E-(y-gjutamyl) 
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lysine bond ~~J1n~l.Itl1"'li~"ll'l1,m11Ln~ LfilNi1-:)1;],1'hUfl'UJij~~r;\tlL~tl-:)"lltl-:)L"'lfl L~U Hsieh, 

Tsai LLfl:; Jiang (2002) 11u-:)1l.1~1m1H' MTGase ~fil'l1~L;r~;rl.l~-:)~1nLtJ"'l:;~-:)~flr;\tlfl~~ 

L=n-:)~tJ1~"lltl-:)LtJ1~l.I L~u~m~n~fl"1ltl-:)m1H' MTGase L~tltJf1JtJ'-:)flNJl1"r'1~1ijtJfl1 mackerel 

(Scomber australasicus) L~mLtJnfi'~1n.1"1ltl-:) MTGase ~L~~Lill.l 0 - 0.6 unitlg surimi (1 

unit "1ltl-:) MTGase ~tlm~1n.1"lltl-:) MTGase ~fl1~11ClLi-:)tJ~mU1m1fl11-:) 1 )lmol "lltl-:) 

hydroxamic acid 'tl.lL'lfl1 1 l.I1Yl~~n.I~lJij 37 °C) "'l1n,rl.l,j1~1ijhhi1't"'\n~Lill.lL"'lfl~ 30 LLfl:; 

45 °c l.I1l.1 60 l.I1Yl LLi\''l't,xfil'l1~1tll.l~ 90 °c l.I1l.1 30 l.I1YlL~tl't,xL"'lflLL;-:)~'l .r~fln.lfl1"r'1L"'lfl 
__ I I .:..r I ... .., 0 .... I ~ ... 

~~~"r'I1J'l1fl1 for ce LLfl:; distance "lltl-:)L"'lflL"r'I~"1ll.ltlm-:)~l.IUfl1fil'1J (p:s0.05) LLfl:;filTV1-:)fltl-:)~ 
I I II I 

f'l1fl-lfl~LijtlL~~ MTGase 0.5 unitlg surimi ;~f'l1 force LLfl:; distance ilfl-:)n~1'1f1ijYlbJL~~ 
tI 1 " G 

MTGase 2.5 LLfl:; 1.5 Lyh (;11~~1~1J tlth~hn(;11~ Hsieh LLfl:;filn.l:; (2002) 11m1l.1~1L~tlL~~ 

MTGase ~1nn~1 0.5 unitlg surimi f'l1 force LLfl:; distance fl~fl~tltl1-:)iJ-JU~11'1'1J (P.:s0 .05) 
::..:.. " ..J J'., _~, 
Yl-:)l.Itl1"'lLl.Itl-l~1"'l1nn11M1~ E-(y-glutamyl) lysine bond Yl~1n"lll.l"'l:;"ll~"ll'l1-:)m1Ln~ ~filN11-:) 

(;11'hufl1~ij~~ r;\tlL~tl-l"lltl-l L"'lfl li1 't,x L"'lfl LL(;1n~1U 

, ,., 
MTGase "r'I1J~1Yl~:;~1Jfil'l1~L;r~;rl.l"lltl~ SPI LLfl:; MTGase VlLyhnl.l m1't,xfil'l1~1tll.li-:) 2 ~fi't,x 

f'l1 gel strength ~bJLL(;1nr;\1-:)nl.l'tltl1-:)iJ-JU~11'1'1J (p>0.05) LL~~1f'l1 gel strength "lltl-:) 

" '" .... .J 1 ... ..1..; ..... "" m:;1J'll.lmm11't~fil'l1~1tll.l'lfiYl 1 "'l:;~~m1'lfiYl 2 Yl~:;~1Jfil'l1~L"ll~"lll.l"lltl~ SPI 12% w/w LLfl:; 

fil'l1~L;r~;rl.l"lltl~ MTGase 0.6% w/w n(;11~ (;11~~Yl111Jnl.l~~1'tl.lmrin,j1't,xLn~L"'l·flLtJ~~l.I 

~'lU fil'l1~ 1tll.l m~ 't,x fil'l1~ 1tll.lLill.l~-:)41 Lill.lLntl-l ~l.IL ~tl 't,x Ln ~m1L~UflIl1"r'1 fin~'lI1 ~"lltl-:) 

, 
"., 'I"" ...... '1" 'I 'I " " fil'l1~1tll.l tl(;111m~ ~~fil'l1~ffil.l ~n.I~IJ~Yl ~'11 LLfl:;1:;U:;L'lfl1 ~l.Im1 ~~fil'l1~1'tll.l (Foegeding et 

al. 1986; Tang, 2007) L~umrimJ1't,xLn{;lL"'lflLtJ1~l.I~'lU MTGase 41Lill.l~tl-:)'t,xm1L~tl~;r1~ 

L~U MTGase iJtfl'(;1~1 L1'l~-ln~1m1(;1 n (;1:;ntll.l"lltl-:) Llb~l.I~'lU fil'l1~1tll.l~-:)"'l:;Ln (;l LfilNfl11-l L"'lfl L~ 

~LLfl:;L"'lfliJ f'l1 gel strength ~-:) 't l.IYl1-:)n~1J nl.l~1 ntfl' (;111 m1(;1n(;1:;ntll.l"1ltl-:) LtJ1~l.IiJtfl'(;1n L1'l~~ 

n~1m1L~tl~;r1~L~U MTGase "'l:;vh 't ,xm1fl 11-lLfilNfl 11-l L"'lfl Ln~ L~;hfl~ LLfl:;L"'lfliJf'l1 gel 

strength fl~fl-l (Tang et aI., 2006a, b, 2007) "'l1nm1~m~n~fl"lltl~m1't,xfil'l1~ffil.lLLril.l~ 
, , . 

ci'lL~~tl-lr;\tlf'l1 gel strength LLfl:;LfilNfl11~"lltl-:)L"'lflL(~h~vh(;i1U~L{;lU't;r MTGase "ll'tl-l Tang 

(2007) L~U'toj{tfl'(;111L1'l'tl.lm1't,xfil'l1~1tlULLriu~tf'lL~~tl~ 3 1:;~1J~tl 1.6,6.3 LLfl:; 23.8 °C/l.I1Yl 

"r'I1J~1m~'t,xfil'l1~1tlU'tl.ltfl'(;111L1'l 1.6 LLfl:; 6.3 °c/u1Ylli11mfilNfl11~"lltl-lLtJ~~uLn~m1filfl1u 
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-' t- ~., ~.I" '.1"'- .J 'It- "J ... ~ 'It-
L"J!!l2.J"lI12.J"lI!l~ u.J Lfl~fl uJ1j;J'W'"l1nn11LN1J!Jn1tJ1'lJ!l~ MTGase 'Ci~tJfl ~~L'"lflYlLj;J1t12.J ~~t1n11 ~~ 

rl,)12.J1!l'W1'Wtij;J11L~')~~ijrh gel strength fl~fl~m2.Jtij;J11n111~rl,)12.J1!l'W~L~2.J~'W L~m'f')1u 
L'"lfl LU1~'W'"l::ijn11~11~ LrlNi1~ j;J1~1t1~12.Jij~~~2.J\l1ruL~!l1 ~rl,)12.Jffi'W!lth~-if11 (Camou, 

Sebranek and Olson, 1989) 

1 'Wn11Yl ~~!ltJinMnJ::Yl1~ L n!l~2.J ~~ I'll gel strength !l1'"l 'W~12.J11tltl~tJ!lni nMnJ:: 

" " fII'l12.JL"lI2.J"lI\J m::U'l\J fII'l12.JL;r2.J;r\J"lI~" MTGase (% w/w) 

i'l2.J~L~,m~ "lI~"SPI n1111X 

(% w/w) " 0.2 0.4 0.6 
fII'l12.J1~\J 

_..J 
'lfiYl 1 69.24 ab ± 9.29 95.26 c ± 10.45 93.29 be ± 8.07 

12 

Hardness ijfi~ 2 60.61 a ± 5.91 81 .07
abe 

± 10.54 70.10
ab 

± 9.41 

(g) 
_..J 
'lfiYl 1 375.29 d ± 44.69 412.58

1 
±44.75 486.92

g 
± 47.39 

14 _..J 
'lfiYl 2 386.43 de ± 45.88 406.84 et ± 37.04 396.99 del ± 45.88 

_..J 
'lfiYl 1 0.24 a ± 0.02 be 

0.42 ± 0.06 
b 

0.39 ± 0.05 
12 

ijfi~ 2 b b 
0.46

c 
± 0.04 Cohesive 0.39 ± 0.04 0.41 ± 0.05 

ness 
_..J 
'lfiYl 1 d 

0.52 ± 0.06 0.60
e 

± 0.04 O:77
g 

± 0.07 
14 _..J 

'lfiYl 2 d 
0.54 ± 0.07 

f 
0.69 ± 0.10 

t 
0.71 ± 0.08 

_..J 
'lfiYl 1 0.14 b ± 0.01 0.18

c
±0.02 0.18

c 
± 0.01 

12 _..J 
'lfiYl 2 0.12

a 
± 0.01 0.14 b ± 0.01 0.13 ab ± 0.02 

Springiness _..J 
'lfiYl 1 0.38

d 
± 0.05 0.40

e 
± 0.02 0;44

g 
± 0.03 

14 _..J et 
0.43

1g 
± 0.02 

fg 
'lfiYl 2 0.42 ± 0.03 0.42 ± 0.03 

... ..J...... . ... ,....... . __ ..,... t .... , ........... 

'\llJJfJL\oI1!j a, b,c .. . mLflll'Yl~~n~n1n1J(J11~nU~1\o1ruI'l1tUJ1JI1lL'l!~nflL"'U'lnUUl1ln(Jnlnu~tnnJutJ~1I'Ity (P S 0.05) 
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..:.r.. __ .. " ~ ~" .l''' " " 
Lym,'\..! L'\..!~~tOi1mnt'ln1~L"J!~2-J'12-J ~t'ltl MTGase ~t'l2-J1n''\..!L2-J~fil'J12-JL"lJ2-J''\..!"ll~~ SPI LL~::: 

MTGase ~L~2-J;'\..! (Imm, Lian and Lee, 2000) ";11mfil1~~11~"ll~~LtOi~ilPl'J12-J~~1L~2-J~ 
(uniform) (Sakamoto, Kumasawa and Motoki, 1994) uj~~'"I1~ru1CJ~"ll~~n1~1\Xfil'J12-J1~'\..!(;\~ 

, , ., 
n1~Lnt'lL'"I~ SPI Vlfil'J12-JLi2-Ji'\..!"lJ~~ SPI LL~::: MTGase VlLvhn'\..!~u~1~fin1~1~fil'l12-J1~'\..!";~~~~ 

~fi1\XLtOi~~ilf'l1 hardness 'WLLl;Jn(;\1~n'\..!~th~il,rtl~1~C\J (p>0 .05) (!11filCJ'\..!'Jn "lJ.4) ~Fl'l12-J 
"" ,... 'I" " .... ..1 'I" ..I 

L'2-J"ll'\..!"lJ~~ SPI LYl1nU 14% w/w LL~::: MTGase 0.6% w/w n1~ ~~Fl'J12-J~~'\..!'JfiYl 1 ~~LtOifl SPI Yl 

... , ..I~ ".: "... 'I " 'I" " 2-JFl1 hardness ~~~t'l CJflYl ~t'l'\..!~~t'lfilfl~~num~~"J! MTGase ~'\..!L'"IfHm~ (Tang, 2007; Tang et 

.. II ~J''' "" ai., 2007) LLfl:::LtOifl~1~'\..!2-JCJ~ (lmm et ai., 2000) "J!~~U'J1Fl1 hardness L~2-J''\..!L2-J~ Fl'J12-JL'2-J''\..! 

..:.r' , 
"lJ~~ MTGase L~2-J''\..! Lil~~tOi1mnt'ln1~L=n~2-Ji12-J~:::~~1~~1t1L"1iLu~;i'\..!tOi1nn1~d~unrmJ1'~~ 

MTGase 

~1~ro cohesiveness '"I1n n1~Yl t'lfl~~~U~1 L~~ 1-iMfin1~1 ~ fil'J12-J1~'\..!L~t1'Jn'\..! Fl'J12-J 

"" ..I":.l' -J. 'I'" . ...~" ":.l' , 
L'2-J''\..!'~~ SPI LLfl::: MTGase YlL~2-J"lJ'\..! 'Ci~CJ~ ~~Fl1 cohesiveness 2-JLL'\..!'J ~'\..!2-JL"r'i2-J''\..! LL[;nnn 

., 
~tOi1~ru1CJfl"lJ~~n1~1\XFl'J12-J1~'\..!(;\~n1~Lnt'lLtOifl SPI ~u~1~fim~1~FI'J12-J1~'\..!~~~~~~fil\Xf'l1 

cohesiveness 'WLL[;1n(;\1~n'\..!~th~il,rtl~1~C\J (p>0 .05) (!11F1CJ'\..!'Jn "ll.5) L"1i'\..!L~mnUf'l1 gel 

strength LLfl::: hardness 

~1~ro springiness il~1t1~1'\..!~1LtOi~'~~~1~'\..!2-JCJ~ (Imm et aI., 2000) LtOi~"lJ~~lnfl;tl'\..! 

~~n~tOi1mr'lL~~~~ (Chanyongvorakul et ai., 1994, 1995) LL~:::L'"Ifl"lJ~~LU~h-LLflFl L[;1Ln~\!~'\..! 

(Dickinson and Yamamoto, 1996) ~LI;J1t12-JL~t11-DFl'J12-J1~'\..!i'J2-Jnu MTGase ilf'l1 gel 

strength LLfl::: springiness 2-J1nn~1LtOifl~L[;11t12-JL~t1n1~1~FI'J12-J1~'\..!LYltl~~th~L~~'J tOi1n 

~1'\..!~4't1e~U~1n1n~2-JFl'J12-JL'2-Ji'\..! SPI ~~CJfll~f'l1 springiness ilLL'\..!'JL,J2-JL~2-J;'\..!L"1i'\..!L~mnlJ 
, , 

.- "''' "' .... IIlI ,... "" n1~L~2-JFI'J12-JL'2-J''\..!"ll~~ MTGase LL2-J'J1YlFl'J12-JL"ll2-J"lJ'\..!"lJ~~ SPI LYl1nU 14% w/w Fl'l12-JL'JI2-J''\..! 
, , 

, ... 'I "'... 'I " "... ... , ... ~ • ! 
"lJ~~ MTGase LYl1nlJ 0.6% w/w LLfl::: ~'1I'Jfim~ ~~Fl'J12-J~~'\..!Yl 2 tOi:::2-JFl1 springiness Yl UJ 

LL[;1n(;\1~~th~il,rtl~1~C\J (p>0.05) (!11FlCJ'\..!'Jn "lJ.6) tOi1n~fin1~1~m12-J1~'\..!~ 1 nm2-J LLfl:::uj~ 

~tOi1~ru1CJfl,~~nn1~1\XFl'J12-Jffi'\..! ~lJ~1n1~1\XFI'J12-J1~'\..!~fi~ 1 '"I:::l~f'l1 springiness ~~n~1 .. 
~fi~ 2 ;~L~'\..!CJfli~L'"I'\..!1.'\..!~'J~th~~Hf SPI L'2-Ji'\..! 12 % w/w l.'\..!"lJru:::~n1~Hf SPI L'2-J''\..! 14 % 

w/w ~fin1~1\XFl'J12-J1~'\..!~fi~ 2 '"I:::1\Xf'l1 springiness ~~n~1~fi~ 1 LL~~1f'11~r)t'llr11tOi:::ilFl'J12-J 
LL[;1n(;\1~~th~il,rtl~1~C\J (P.s.0.05) LL(;\~'JL~"lJf'l1 springiness LLl;Jn(;\1~n'\..!'W2-J1n,rn CJfln1~ 

,., , 
~LFl~1:::,J TPA Vllr11tOi1n~1'\..!~4't1\l~~t'lfil~~~nU~1t1~1'\..!"ll~~ Wang LL~:::Flru::: (2007) ;~~m~nCJfl 

"lJ~~ MTGase (;\~f'l1 hardness, cohesiveness, adhesiveness LL~::: chewiness '~~LtOiflnflL~'\..! .. 
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~1nLLil~~1~ Lc;)t1YiU~1L~flnflL~tI~LI;i1mlLc;)t11-n MTGase i:l~1 hardness, cohesiveness, 
OJ , , 

I ... ., - !1" 1 '" II I cr'" adhesiveness LLfl::: chewiness ~~m'1L~fl'Vl ~ "JI MTGase LLfl:::m1 '\I1fi1'l'1lJ1tltlLLnnflLlJltl'Vl 
OJ OJ 

100°C LtltlL'lfl'1 30, 60 LLfl::: 120 tI'1Yl ri'tltlL~lJ MTGase ~~~fl1~~'1 hardness L~lJ~tI'tlth~i:l 
,rtl~'1~'kJ Lii'tl~~'1nfil'l1lJr'tltlvh 1 ~ Lfl~fl Lth~tl1 tln~ L~tlfilfl'1t1 ~'l ~~ ~fl 1 ~'\I1'l.l'lmJ'tltl 

'i' il" ~""..I, ..... 
~fl!J ~n~\J~'Un1~ ~~FI~1JJ~'!I'U~ LL~nPl1·:m'U 

~1nLfilN~r'1~'JJ'tl~L~fl~djtlLfilNi'1~PI'1'htl ~lJu"i~~'1~'kJ~m.h:::m1'\11~~'JJ'tl~L~fl ~tl 
" " fiI'l'1lJ~'1lJ11tl1'l.1m1~lJ~'1 Lc;)t1~'1~:::tlnLriunnBltlLfilNi'1~IJl'1~'1t11~ i:l1'1t1~'1t1~'1 L~fl SPI ~ 

• OJ 

" " , 
~lJu"i1t1m~lJ~'11~~Lc;)t1~'1lJ11tl~lJ~'11~lJ'1nn~'1 L~fl~1n Lth~tI~tl1 L"lltl L,j1~'l.ItllJ LLfl:::~'ltl 

~lJu"i~vh1~iltJlJ'l-D SPI LtltI~'ltl~~lJ1t1'tl'1'\11'11(;h~1 L"ll'l.l LmnflJl L~'tl~tll,j Lii'tl~linn"ll'ltl~lJ~'1 
~ ".... .J 1" J' %..., ....., ....... J' 'i'''.J ' 
~c;)c;) ri~~fl '\I1L'l.ItlrilJ~~'JJ'tl~~fllJlllru'VlC;)'JJtI (Zayas, 1997) ~filNM'1~'JJtl~L~~ri~~~lJltl 

" , 
fiI'l'1lJ~'1lJ'11tl 1 'l.Im1~lJ~1 L~~Yli:lmN c;) ~t1~~'l LLUU particulate network ~:::i:l fiI'l'1lJ~'1lJ11tl 1 'l.I 

"I I I 

m1~lJ~'1fJl'1 Uj'tlLmtlULYltlUnU fine-stranded network (Foegeding, 2007) 1Jl1n~Yl 4.5 

" LL~C;)~fiI'l'1lJ~'1lJ'11tl1t1m1~lJ~'1'JJ'tl~L~fl SPI 1t1l,j'JJ'f)~~'1 expressible water · Lc;)tJ~1 
" I I I I 

expressible water LL~c;)~mlJ'1ru~'1YlLLtln'tl'tlnlJ'11~Uj'tl~'1~'l'tlth~ L~~ 1,j L'\I1~mLLtJn ~~~'l'tlth~ 
, " , 

Yl~~'1 expressible water ~~ LL~C;)~~'1L~fl~fiI'l'1lJ~'1lJ'11tl1t1m1~lJ~'1~'1 
OJ • 

.J I .. '" '" .: J' I • 

~'1nmn~Vl 4.5 YiU'l'1LlJ'tlfil'l'1lJL'JJlJ'JJtI'JJ'tl~ SPI LYilJ'JJtI fiI'1 expressible water 'JJ'tl~L~fl 

" , , 
~nl'i~m1L~lJfiI'l'1lJL;rlJ;rtl'JJ'tl~ SPI Ltltlm1L~lJmlJ'1ru'\l1tl'ltltl'tltJ'JJtl~ 

.... ~.... 1" J' 0 1" ..... ~ %. J' • 1"'" ~ 
n~IJl'1lJ'l.ILL~::: ~fl'lltl '\I1~~'JJtI 'Vl'1 '\I1lJlJrlJ'1ruriU~LlJlr'Vl'JJ'f)~ MTGase lJ'1n'JJtI'Vl'1 mnc;)mrL'JJ'tllJ 

OJ OJ 

;r1lJr:::'\I1~'1~~'1tJL"llL,jr~tll~lJ'1n~tI~'ltl ~fiI'l'1lJL;rlJ;rtl'JJ'tl~ SPI '\11~~1 ~'1 expressible water 

..I... 'i' 1" 1"" ........... .., ... , " " 'JJtl~ L~fl SPI 'Vl LlJlrtllJ ~C;)t1 'lInr:::U'ltlmr '\11 fiI'l'1lJ1'tltl'lDLc;)mn'l.llJ fiI'1fl C;)fl~IJl'1lJ fiI'l'1lJ L'JJlJ'JJ'l.I'JJtl~ 

-J~J' SI,'" '" "'''' " MTGase 'VlLYilJ'JJ'l.I LLlJ'l1 mrLlJlrtllJ L~fl Lc;)t1'l'l1 fiI'l'1lJL'JJlJ'JJtI'JJ'tl~ SPI 14% w/w LL~:::nr:::u'l'l.lmr1'\11 

fiI'l'1lJr'tltl'lfi~ 2 YiU~'1~'l'tltl'1~~1-nfil'l'1lJL;rlJ;rtl'JJ'tl~ MTGase (;)'1~1 i:l~1 expressible water ~ 
"" , 

'WLLlJln(;)'1~n'l.l'tltl1~i:l,rtl~'1 ~'kJri lJl'1lJ (p>0.05) (ll'1fi1~tI'ln 'JJ. 7) li~\lm~ LU'tl~lJ'1~'1nmr'l-D 
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..J J'. "cr ., ::~!'"I ~, ~" ... 
E-(y-glutamyl) lysine bond YllJ'ln"llU'Vl1L~Lnunm .. n ~') ~U~filN1'l.:J"lltl.:JLtOi~ ~c;,c;, (Imm et aI., 

2000; Wang et al. 2007) 

1'l'l1).J 1'l'l1).JL;J).J;JU'lltl\l MTGase (% w/w) m'::1J'lU 

~).J~ 
L;J).J;JU 

m11~ 
'lltl\l SPI ... 0.2 0.4 0.6 1'l'l1).J1tlU 
(% w/w) 

-..I 
'lfiVl 1 41 .06 f± 5.08 41.99 f±4.84 32.01 d± 3.96 

12 
-..I 

Expressible 'lfiVl 2 40.89 f ± 3.54 36.06 e± 3.22 35.45 e ± 2.50 

water (%) -..I 
'lfiVl 1 22.22 b ± 2.38 18.50 8± 2.16 20.14 abo ± 2.27 

14 
-..I 
'lfiVl 2 29.53 c± 2.61 28.54 c ± 3.12 28.33 c ± 1.61 

... , 
1 . lJfiI'l 

expressible water ~'ln~1LtOi~~LI;i~tJlJt(;ltJHfn1:::U,)Un'l1L~fiI,)'llJ1tluijfi~ 2 ~.:JL~U-n(;lLtOiULU 

~')tlth.:J~Hf SPI fiI,)'llJLilJ;]U 14% w/w 

, 
~'l1~:::fl'ltJ SPI LilJiu 0.001 % w/w L~tliJ MTGase L;]lJiu 0.6% w/w t(;ltJL;]n1:::U,)Un'l1L~ 

fiI,)'llJ1tlU~.:J~tl.:J~fi ~(;lj;)'llJ t(;ltJ n'l11' (;l foh LL~.:J~tl.:J ~'lU (transmittance) ~ fiI,)'llJtJ'l,) fiI~U 600 nm 

~LtJ~tJULLtJ~.:JhJYln 1 U'lYl (1tJ~ 4.2) t(;ltJn'l1~m~nm:::U,)Un'l1L~fiI,)'llJ1tlU~fi~ 1 LtlUn'l1L~ . " 
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I I I " 

Yl(;lfl~.:l LLfl::L~f'l'l1lJ1~'ULLri~11fl::fl1tJ SPI Yl~ru~[)nf'l.:lYlVl 92°C 'U1'U 30 'U1Yl '"I1m!'Ufl(;l . " 

'ilru~[)nfl.:lL~~1~~11fl::fl1tJ21~ru~[)nLYhrilJ 50 °c ;.:l~11fl::fl1tJ SPI 21~ru~[)nLYhrilJ 
'"C ~ " " tj " 

50 °c ~~'U1V1~ 33 ~.:lL~lJ MTGase L'U'U1Yl~ 34 L~f'l'l1lJ1~'U~~ru~1Jn 50 °c ~~1.u~n 30 

L~)') MTGase 'U1Yi~ 34 

100 
(l) 

95 ~ -~ (,) 
c 
co 
~ 90 L11l)') MTGase 'U1Y1Y1 2 ·E 
(/) 

c 
85 co .... -

~ 80 

75 

70 

o 5 10 15 20 25 30 35 40 45 50 55 60 65 70 

Time (minutes) 

1U~ 4.2 m1LU~tJ'ULLUfl.:l1'11LL~.:l~~.:l~1'U"jJ~.:l~11fl::fl1tJ SPI f'l'l1lJLilJi'U 0.001 % w/w ~.:l21 
" I I I 

... .... 'i' 'I '" 'I '" '" ......... MTGase 0.6% w/w 'Vlf'l'l1lJtJ1'lf'lfl'U 600 nm ~(;ltJ ~"lIm::lJ'l'Um1 ~~f'l'l1lJ1'tl'U'lfi'Vl 1 (-) LLfl:: 
I .......... 

'lfiYl 2 (~) 

'"I1m.Jflm1'Vl(;lfl'tl.:l~lJ~1m1L~f'l'l1lJ1~'U~fi~ 1 L~'tlL~f'l'l1lJ1'tl'U~ 50 °c LLfl::L~lJ 
... I .r I I .... I ::. ~ .. 

MTGase ~11fl::fl1tJ'"I::lJf'l'l1lJ"jJ'UlJ1n"jJ'U L(;ltJ f'l1 LL~~~~.:l C.J1'UlJ f'l1fl (;lfl.:l 'Vl.:l 'U'tl 1'"1 L'U~.:llJ1'"11 nm1 . . 

Vi1.:l1'U"jJ'tl.:l MTGase L'Um1L~'tllJi1lJ~1tJLU1~'UL'U"jJru::L~f'l'l1lJ1~'U~ 50 °c Vi11~'tl"¥l1f'l"jJ~.:l 
... ... ,J' ..... I I ..I .:. 

LU1(;l'UlJ"jJ'U1(;lL~'k!"jJ'U~11fl::fl1tJ'"I.:llJf'l1LL~.:l~~.:lC.J1'Ufl(;lfl.:l (Tang et al., 2006b) LLfl::LlJ~L~lJ 

1Jru~1JnLtI'U 92 °c 1'11LL~.:l~~.:l~1'Un~lJ211'11L~lJ~'U ;.:lmr.ilLn(;l'"l1nm1~LU1~'U1'U~11fl::fl1tJ 
SPI 1'llJ ~'l ri'U(;ln(;l::n~'U ;.:l (;l::n'tl'U LU1~'U1'llJri'U~~~~1'Ufh~"jJ~.:l ~'l L~ (;l (;l~~'tl~L'U1::~lJ~~1 

I .J ,J I • 'I '" "'... 'I":.r 'I ..J 'I '" ", ...... 
n'l111~.:l LL~.:l~~.:l C.J1'ULLfl::'Vl1 ~~~11fl::fl1tJ (;l1'UlJ'UlJ f'l'l1lJ ~~ L~lJ"tI'U ~'U"jJru::Ylm1 L~ f'l'l1lJ1~'U'lfi 

I "" I I 

2 I'll LL~~~~.:l ~1'U'W21m1LU~tJ'ULLUfl.:l (;lfl~(;lm1'Vl (;lfl~~ V1.:lil~1r.il Li'l~.:llJ1r.il1 n m1L ~ f'l'l1lJ1~'UVI 
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~1\'!~1-.l'JJtl-.l ~'l L1 (;1 (;1~-.ltl~'l \.!~::~tJ~ ~1n~1"1ltl,mt'l-.l~tl-.l ~1\'! ~tl L~~ MTGase ~~nJVI.1Jij 50 0 C 

MTGase iii:: L1-.l uljfi'ffi 1 L~tl~'1~t'l1U L"1lLU~~\'!~ Ln c;)m~(;1::ntl\.!tl~ ~1\'!~1-.l~\'! ~~ ~fi 'l ~rh LLt'l~ 
~tl~ ~1\.!'JJtl~t'l1 ~fi ::fi1U ~1\.!tJ\.!~t) c;) i.~ij m ~LU~U\'!LLU fi~ (;1fitl c;) m~Vl (;1fitl~ 

4.2.4 LAi~tlfl~"'il1l1A'!I'iI~L"'iI SPI ;tLPI'i!J~LC;)!It,r MTGase LPI!ltinr.:'U11Jn1i • 
.. ., .,..1 ,.., 
~~A11~i'il1JVlLL"n"1~n1J 

~fi"1ltl-.lm~'l ~fil(n~1tl\.!~tlm~Lnc;) Llilfi'JJtl~ SPI i.~1tJ fil'l1~t'l\.!'l1il ~n~tltl1-.lntj1~'JJ'l1-.l ij 

nU-.l1\'!~1m~'l~fil'l'm1tl\'!LLri SPI ~~ruVllJij 75-85 °c L~tl'l~Ln(;1m~L~Ut'lI11'''ifi~~~'111~'JJtl~ 
LtJ~h-filtl\.! i.n fi~il\.! ~~ LtI\.!m1L~Ut'l111Yi fi~~~'111 ~ L YiU~tJ1~ ~'l\'!IiI:: L VI~1::t'l~ ~tln 1~vi1-.l1\.!'JJtl~ 

MTGase ~1nn~1m~L~Ut'l111Yifin~'111~tltl1~t'l~\!~ru (Tang and Jiang, 2006; Tang et aI., 

2007) ~tl ~ n ~ Lfil Nt'l11~liIfiI11 fil'JJtl~ (;j''ltltl1~ LL"ll LUtl n LL;~ ~'l U n~tl~liIfiVl~~PI~ L~ n (;1~tl\'!LLtJtJ • • 
.J.. ~ 

~tl~n~1C;) (cryogenic scanning electron microscopy, cryo-SEM) Llilfi SPI VlL(;1~U~ ~C;)U 

.,J., ..l'l"" " " " ~ .. tuVl 4.3 finM-nJ::LlilfiVl 'II SPI L'JJ~'JJ\.! 14% w/w LLfi:: MTGase L'JJ~"1I\'! 0.6% w/w 'lI~L(;1ffi~LC;)U 
, , 

n~::tJ'l\.!m~'l~fil'l1~1tl\.!%Vl 1 (ri1~~'JJU1U 1,000 Lyh) (a) LLfi::~fiVl 2 (ri1~~'JJU1U 350 Lyh) 

(b) 

1i11ntu~ 4.3 YitJ~1 n~::tJ'l\.!m~'l ~ fil'l1~1tl\.!~ LL(;1n ~1~ri\.!ij ~fi ~tl LfilNt'l11~'JJtl~ Llilfi L(;\U 

n~::tJ'l\.!m~'l~fil'l1~1tl\.!~fi~ 1 (~U~ 4.3 a) 'l"'Llilfi~ij~nM-ru::LtI\'!LfilN11~(;11'hu~L!-un~1 fine-.. 
~.. ,,:;".J "" _ .. ..l ..l 

stranded gel 'lI~~fil'l1~t'l1~1~Cl'l\.!m~~~\'!1~~ 'l\'!"1Iru::Vlm::tJ'l\.!m~'lVifil'l1~~tl\'!'lfiVl 2 (lUVl 

4.3b) 'l,""Llilfi~ijLfilNt'l11~LLtJtJ coarse-aggregated network ~tic;)(;j''lri\.!LL\l\.! 1i11nLfilNt'l11-.l 

'1fi111 fil'JJtl~ Llilfi SPI ~~n~1'lt'l,rtJt'l~\'!~fim~~ c;)(;11~ m~~'l~(;j''lri\.!'JJtl~ LU~~\'!'l \.! SPI L'~'\'! 

0.001 % w/w ~'lU MTGase L'~'\'! 0.6% w/w L(;\Um~t)(;\1"l1LLt'l~~t:l~~1\'! (4.2.3) ~tl 
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m::U'l\lm1t ,"fil'l1~1~\1%~ 1 ";1 t mtl1~\lLn (;ln11fil~1tJ Ln~mLL~::Ln (;l1ij1nm1Ln (;l1'l~ ~'ln\l 

(;1n (;1::n~\I'!I~~ Ltl1~\lt \I~11~::~1tJ SPI ~th~'11 ~~tl(;111 L1'l'!l~~m11'l~ ~'l n\l'l!~~ Ltl1~\lL(;ltJ 
" " ,..... .I" 'i'. 1 ... 'i' 0 "I " ..I... ~ " ... 

fil'l1~"~\I'l!1m1~(;111L1'l'l!~~m1L'l!~~'!I1~~1tJ ~lJ1(;1\1~(;ltJ MTGase Vl1 ~\H"l~VlL(;1ffi~ ~(;l~ 

<i' ",..J... ~ ... I 

~filNM1~Vl~::L~tJ(;lLL~::~~1L~~~LL~::~fil1 gel strength ~~ (Tang et aI., 2006a,b, 2007) 

t\l'!lru::~m1t,"fil'l1~1~\l1fi~ 2 ijtl(;111L1'l"1J~~m11'l~~'ln\l'!l~~Ltl1~\lL(;ltJfil'l1~ffi\lL1'ln~1 

tl(;111L1'l'!l~~m1L~~~;J1~~1tJLtl"~\lL(;ltJ MTGase ";1t,"LIij~~L(;11tJ~L~ijLfilN~11~~~mULL~:: 
, .. 

I'll gel strength ~1 \I~nIij1nil~1\114'tJ"1J~~ Tang (2007) ";1t,"VlnU~1m1t,"fil'l1~1tJ\lLLri\l~ 

t'lL~~~~fl~~~c;l~~h gel strength LL~::LfilN~11~'!I~~LIij~Lclh~~L(;11tJ~L(;ltJt' MTGase L;J)J;J\I 

100 unitl100 ml '!I~~\I~t'lL~~~~ L(;ltJt'n1::U'l\lm1t,"fil'l1~ffi\l 2 1fi~~t,"fil'l1)Jffi\l~~~ 
.. ..' O]\I(;1~\I (95°C \11\1 5 \l1YlIij1m!\I";1t,"LU\l~~Yl~ruWJij 37 °c ~~L~~ MTGase) LL~::m1t'" 

.. , .. 
fil'l1~1~\I~~~O]\I(;1~\I (75°C \11\1 5 \l1Yl LL~'lL~~~ru~l1ijL1~J\I 95°C \11\1 5 \l1YlIij1m!\I";1 . " 

t,"LU\I~~~~ru~l1ij 37 °c ~~L~~ MTGase) ~U~1m1t,"fil'l1~1~\lLLUui\l(;1~\lL~mlij::t,"LIij~~ . " 
L~LlI\lLLUU particulate network ij~n~ru::~L~L~~~'!I~~Ltl"~\I(;1n(;1::n~\lLL~::"'l~n\lLlI\lLfilN 

, .., 
11~(;11~1tJ Lll~~1ij1 nm,.t '" fil'l1~1~\1,.::~uil";1 t mtl"~\lt\l\l~t1'l L~~~~ L~tJ~111~fi1"~'l!1~~!h~ 

I I" I 

~)J\l,.nr ~~ Ltl"~\lYl L~tJ~111Yiil'W L~Clm Iij::Ln (;ln11Ltl~tJ\lLLtl~~ c;l~ Ltl ~~m"1'l)J ~'ln\lL~~~ffi 
...... ".1 .I '-:"1 .I 'i'.1 ... ..I ~ ... ,..I ~ ~ 'i' 'i' •• I-

"'l~(;1'lnu~~ fillJ,.::n~U~\l1 (L'l!\I ~lJ(;l) L\I~~1ij1n ~lJ"(;1\1VlLfltJ~111YiIij::)J~2olVlLlJ\I ~1I ~(;l"mun 

tlnn!J;\I~~'l~,J1 ";11,"Ln(;ltl\l(;11mmLlIL(;l"L~un fl~~~1,"Ln(;lLlI\lLfilN~h~'!I\l1(;l1~'1i~Ln(;l 
I I" I 

1ij1nm"1'l~~'ln\lYlijfil'l1~L~CltJ"I'I~\I;J1~~~ ~~LfilN~11~illij::ij~~YlLlI\lLlIL(;l1L~Un~~~h\l1\1 

LL~::~~~LlI\lLlIL(;l~~n~~~~h\l~n ~1nLfilN~11~~Ln(;lm"1'l~~'ln\l~ijfil'l1~'W~J1L~~~ 
(inhomogeneity) LL~::ijfil'l1~~1~1,.tlt\lmnLYi1 (diffusivity) ~~1";11,"ij~~Ltl~1n(;lm"L~~~ 

I " I I 

;;1~~1tJ Ltl"~\lL(;ltJ MTGase L(;ltJij LVitJ~~~Vl~~ ;h\l\l~n Lyh'l!\lVl~1~1,.tl Ln (;ln11L;~~;;1)JL~ 
,.. ~ .... ..J . "",.J 

L(;ltJ MTGase 'l!~~1L~~\I~fiU1tJ~n~ru::VlLlI\I particulate network "1J~~L(;11\1VlIij1n\l~ 

t'lL~~~~~t,"fil'l1~1~\I~ 95 °c LlI\lL'l~1 5 \l1Vl ,.::~um1"'l~~'l'!l~~Ltl1~\lt\l\l~t'lL~~~~~ .. , 
Ln(;l1ij1n m1L~tJ~111Yifi""~'!I1~ij~~ c;l~~~U"i'!l~~ ~~ (;1n ru"]L~1,"~ (;lVl1tJ t\ln1ruilLfilN~h~Yl " . 
Ln(;l1ij1nm11'l~~'ln\lIij::L1:I\lWU'ltJ~\ll1\1 (~~t\lltlLLUU thread LL~:: particulate) '!I~~ 
'i''' ... ~... - ~ 'i' 'i' •• I- ..I ... .l' "I 'i' "..I ..... -
~~NM1~LIij~ (;l~\I\I~\I(;1m,.m ~1I ~(;l"munVl Ln(;l'!l\l111tJ ~\I~~N~"1~Vl"'l)J (;1'ln\lLL~::;m1Ln ~ 

"1tJ~1\1"1J~~ Liu LL~::filru:: (2004) 
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'il1n~~n11tj~~m~tru:;L~tlil-J~fl'ntl~L'il~ SPI ~Lj;i1tJl-JL~tJ MTGase (4.2.1) LLfl~~1~L~'L.I 

~1n11H' MTGase Lil-Ji'L.I 0.6% w/w 1~~1 gel strength, hardness, cohesiveness, 
~ , 

1 "" 0 .. .. 1'" "" '" -springiness LL~:;fil'l1l-Jfl1l-J11(l 'L.In11T.ll-J'L.I1~~~{;) 'il~L~tln "lIfil'l1l-JL"Jll-J"Jl'L.I MTGase Yl 0.6% w/w 

1 ~ .1 !'I" 1 .. .., ,. ':.1 .; .. 
'L.In11f'1n';-1n11lJ1:;!JnJ;] ~"lI MTGase 'L.I~~J;]Jlru'Fl~n"ll'L.IlJ~1 Ll-Jtl'Vi'il11ru1~~"Jlt)~n1:;tJ'l'L.In11 

1 ~fil'l1l-J1tl'L.I 'VitJ~1 n11tj ~~ n,;-ru:;L~tlil-J ~fl"Jltl~ L'il~ SPI 'Wfl1l-J11(l1:;1.Jfil'l1l-J LLJ;]n~1~'ntl~%n11 
't~fil'l1l-J1tl'L.I~~ 2 ~fi1~ LLJ;]ujtl~~J;]1l-Jn111'll-JIii'ln'L.I'ntl~LtJ1;i'L.I'nru:;LJ;]1tJl-JL'il~ SPI ~'ltJ 

MTGase L~tJn11tj~~1LLfl~fltl~th'L.I~fil'l1l-Jm'lfil~'L.I 600 nm LL~:;~n,;-ru:;LfilNfl11~'il~Jl1fil'ntl~ • 
L'il~~'ltJ cryo-SEM v'h1~YlntJ~1~fin11't~fil'l1l-J1tl'L.I~fi~ 1 L~l-J1:;fll-JJ;]tln11LJ;]1mJL'il~ SPI L~tJ 

1 ~ .; .I... ~ 1--'" 1" " ..... .1 ... , .. 
"lI MTGase L'L.Itl~'il1m'il~ SPI YlLJ;]1tJl-J ~{;)tJ "lI'lfin11 ~fil'l1l-J1tl'L.I'lfiYl 1 l-Jfil1 spnnglness LL~:; 

"I I I 

~1fil'l1l-Jfl1l-J11(l 1'L.1n11t1l-J,j1fl~n~1 L'il~ SPI ~ LJ;]1tJl-J Lc;)tJ1-n:3fin111 ~ fil'l1l-J1tl'L.I~fi~ 2 1 'L.I"Jlru:;~ . " 

" I" I 

'il:;~n~1'L.1'l-T'litlnc;)1tJ 'L.Itln'il1n\ln111~fil'l1l-J1tl'L.I~fi~ 1 iJi'L.IJ;]'fl'L.In11LJ;]1tJl-J~fltl~i'l~t)~ntJ 
~ , 

n1:;tJ'l'L.In11~~ J;]~n:n'L.ItJ~1 L{;)tJ"ti'l1tJ~n ~'ltJ 
" 

4.2.5 nJLLtltI'!I'il~LLCl1.lCtJ'i;j'U (protein pattern) tI'U SOS-PAGE '!I'!l~L~iI SPI ;t 
" 

Lj;]~!I~t{;)!IL,r MTGase t{;)!IL,rn~tl1'Un1'iL~A11~;'il'U;tLLj;]n~hHr'U 

'il1nn11~{;)J;]1l-Jn11L~tll-Ji1l-JLl-JL~n~LtJ1;i'L.I"Jltl~ SPI 'il1nn1n11~1'L.1"Jltl~ MTGase ~'ltJ • 
SDS-PAGE ~~ LLfl {;)~1 'L.IltJ~ 4.4 1'L.1LtJ1;i'L.I"Jltl~ SPI 'il:;'VitJml'lmjtltJ'ntl~ LtJ"h-filtl'L.I1n~;'l'L.I 

1~LLri a:, a LL~:; ~ ~~iJ~1~t!nLl-JL~~~tJ1:;l-J1ru 84, 66 LL~:; 50 kDa ml-J~1~tJ 1'L.1"Jlru:;~ 
1n~;'l'L.ItJ1:;ntltJ~'ltJ acidic subunit (AS) (36 kOa) LL~:; basic subunit (BS) (14.5 kOa) L~tl 

• 1 ~. 1 ... .I... ~ 1 " " ..... , J;]1'l'ilfltltJllJLLtJtJLL(ltJ ~lJ1J;]'L.I"Jltl~ L'il~ SPI YlLj;]1tJl-J ~c;)tJ "lI MTGase ~'ltJ'lfi SOS-PAGE 'VitJ'l1 

m:;tJ'l'L.In111 ~ fil'l1l-J1tl'L.I~ LLJ;] n J;]1~ n 'L.IhJiJ ~ ~ J;]tln11LtJ~tJ 'L.ILLtJ~~'Jltl~~ti'ltJtJtltJ'Jl!i~ LtJ ~1-
~ , 

~~'il:; L ~'L.I1~'il1 n LL(ltJ'Jltl~~ti'l tJ tJ tltJ L ~fi 1i1hJ LLJ;] n J;]1~ Liltl H' 

m:;tJ'l'L.In 111 ~ fil'l1l-J1tl'L.I~ J;]1~ n'L.I LLJ;]n 1:;tJ'l'L.In 111 ~ fil'l1l-J 1tl 'L.Ifl~ ~ ~ J;]tl n114' (;) L1tJ~ Iii'l 'Jltl~ 
~ ,,~. 1 ... ..... 1"" ..... .1 1 " ..l ... .., ~ 
~filNfl11~ ~lJ1J;]'L.I'Jltl~ SPI 'Jlru:;LnC;)L'il~filtln1:;tJ'l'L.In11 ~fil'l1l-Jffi'L.I'lfiYl 1 ~L'il~Yll-J~n,;-ru:;LlJ'L.I 

LfilNi1~J;]1'!l1tJ~L1tJn~1 fine-stranded gel ;~iJfil'l1l-Jfl1l-J11(l1'L.1n11t1l-J~1fl~ (1tJ~ 4.3a) . " " 
't'L.I"Jlcu:;~n1:;tJ'l'L.In111~fil'l1l-Jffi'L.I%~ 2 (1tJ~ 4.3b) 't~L'il~~i1LfilNfl11~LLtJtJ ·coarse-

" 
aggregated network ~ti{;)Iii'ln'L.ILLti'L.I ~~fl1l-J11(ltlfitJ1tJ1~~'ltJLfilNfl11~'il~Jl1fil~~n~~'ltJ • 
cryo-SEM LL~:;fil'l1l-Jfl1l-J11(l 't 'L.In11~l-J~1~ LLJ;]n J;]1~n'L.I ;~n114' (;) L1m 1ii'l'Jltl~ LtJ1;i'L.I~LLJ;]n J;]1~n'L.I 
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I 

'!l~~LIiI~ SPI ~'1~'11Cl~fitJ'1u'1.~~'lUn11~~m~n111'nJ~'lri'l.l'!l~~LtJ1~'I.It'l.l SPI ~Lj;iffi~L~uH' 

MTGase ~'lUn11t)~f'i'1LL~'1~~'1~'1'1.1~~'l'1~U'1'l~~'I.I 600 nm 

a 

kDa 

a 66 _ 

55 _ 

13-45 _ 

SPI (% wlw) 

MTGase (% wlw) 

b 

kDa 

205 _ 

116 _ 97 _ 

a' 84 _ 

a 66 _ 

55 _ 

13-45 _ 

AS
36---=: 
29 -

SPI (%wlw) 

MTGase (% wlw) 

o 0.6 0 0.2 0.4 0.6 

o 0.2 0.4 0.6 0 0.2 0.4 0.6 

ltl~ 4.4 ltlLLtJtJLLCltJLtl1~'I.I'!l~'1LIil~ SPI ~LIJl1U~L~UH' MTGase ~'l'1~L;r~;r'l.l[;J'1'11 L~uH' 

m~tJ'l'l.ln111~~'l'1~1~'I.I~fi~ 1 (a) LL~~'.)fi~ 2 (b) ~'l'1~L;r~;r'l.l'jJtl'l SPI LL~~ MTGase LL~~'11'1.1 

tnJ'lU % w/w 
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, 
Ujtl~'"I11ru1~-lm1Yi'N1t.l'Dtl-l MTGase (;]tlm1Ln(;lL'"I~'Dtl-l SPI L(;lmmmJLYltJULL(lU 

L1.J1~t.l'Dtl-lL'"I~ SPI ~'WL~~ MTGase riULLClUL1.J1~t.l'Dtl-lL'"I~ SPI ~L~i1tJ~L(;ltJ MTGase 1:;~U 

(;]1-l1 YiU~1m1L~~fil,)1~L{~;rt.l'Dtl-l MTGase L~~-l~~ijm1L1.J~tJt.lLL1.J~-l'Dtl-l~U')tJUtltJ'Dtl-l 
"" I '" 

'ti-l iltl 1 '"I L Utl-l'"l1 n'ti-l L1.J1~t.lLU ~1-filtlU Ln~~iluLL~:; 
I II I I 

Ln~~iluLtlU L1.J1~t.lYl ~ 1~ 11Cl~ ::~1tJ L~ t.l~ 11~:;~1tJ Ln ~tl L~tl'"l1-l ~ n'ti-l L~;!t.l;-l Ltlun1(;ltl:;m t.lYl 

Ltlt.liU~L~1Yl'Dtl-l MTGase ilrh pKa Lvhriu 1 0.5 ~-l~1~11mLf;)nc;i,)LtMi~ pH ~-l LL~1t.l 
II II I I 

-l1t.l~4'tJfilf-lil~m~nm1Ln(;lL'"I~'Dtl-l SPI Ylrh pH YlLtlt.ln~1-l (pH Lvhriu 7.42) ~-l~~1~tl'tlo!~ 
~ ... • I ..l' .. II 'i'. . 'i'. I ... ~ II , 0., II , ~ II II 

"lltl-l ~~'1lU1J11nil'Dt.lUt.l~,)~U1'Dtl-l ~L~~~ ~1J1f;)t.l ~(;ltltJ1-lm'"l (;l LL~,)1n1::U')t.lm1 ~~fil,)1~1tlU'"l:: 

LLf;) n ~1-l riu ii'W ~-l ~~ (;]tlm~1 rutl'tlo!~'Dtl-l L~;!t.lLL~tlU1-l1(;l ~-l ~~ 1 ~ L ~um 1L1.J~ tJt.lLL1.J~-l'Dtl-l 

m1L~tl~{1~ ~ L~ ~~ L1.J1~t.l'"l1nm1Li-l1.J~mtJ1"lltl-l MTGase 'Wi (;l L'"It.lUn 

ilm1~m~nm1L~tl~;r1~"lltl-lL1.J1~t.l1t.l SPI L(;ltJm1Yi1-l1t.l"lltl-l MTGase tlU1-l 

nrl1-l'D,)1-lL(;ltJ Chanyongvorkul LL~:;filru:; (1994) ~m~nm1Ln(;lL'"I~'Dtl-lLn~~ilu~Lf;)ffi~L(;ltJH' 
, 

~II "'" 0 ... ., MTGase LL~:; ~~fil,)1~ffit.lYl 37 C t.l1t.l 0, 5, 10, 20, 40, 50, 60, 90 LL~:; 120 U1Yl ~~-l'"l1n 
So' I I I 

UULiiuHYl~ru~1Jij 20 °c t.l1t.l 20 i,)L~-l ritlU~1~1~Lfil11:;~~')tJ SOS-PAGE YiU~1n11L~~ 

L,)~1L Un11L ~fil,)1~1tlU'"l::Yi1L ~ Ln (;l n11L~tl~{1~'Dtl-l L~ L~ ~~ L1.J1~t.l1 ~ij'Dt.l1 (;lL~qj~t.l'"l1nn11Li-l 

... II I I 

basic subunit 'Dtl-l Ln~;ilt.l 'ti-liltl1'"1 LUtl-l'"l1n LfilN~11-l'"l f;)1f]i1'Dtl-l Ln~;iluYlilLfilN~h-l LLUU . " , ~ 

LlIn'1l:;L~tl~-lil acidic subunit tlUJl1tJt.ltln~L~n~ ~-lUt.l MTGase ~-l~1~11m{1Yi11.JnmtJ1 
". 4.J 

riu acidic subunit L~~1tJn~1 basic subunit ~tlUJl1tJ1t.lL~L~n~ t.ltln'"l1n~~~n11~n~n11 " . 
Tang et a/. (2006b) 

LlIL(;l1L~Un~1nn~1~U')tJUtltJ a ' LL~:; a Yi11~ active site "lltl-l MTGase 4'uriu~U,)tJUtltJ p L~ 

~n~1~U,)tJUtltJ a ' LL~:; a tlU1-lhiif;)1~04'tJ11tJ-l1t.l~1~U,)tJU'fltJ~U'1t.l (basic subunit) 

"lltl-l Ln~;iluu-l fil-lil1.J1:;~YlfiJl1Yi L t.ln11L~tl~;r1~'"I1 n n 11Yi 1-l1t.l"lltl-l MTGase L~~ n~1~U')tJ 
~ 

UtltJ P 'Dtl-lLU~1-filtlt.lLn~~ilt.l t.ltln'"l1nil Basman, Kbksel LL~:; Ng (2002) u-l~n~~~'Dtl-lm1 
~ II ~...I II 'i'. I'" ~ ...l .. 0 ~ 
~'D MTGase ~Un11L'IItl~'D1~ ~1J1f;)t.lmL~~tl~Yltlru~Jl~ 35 C L1Jt.lL,)~1 0, 30, 60, 120 LL~:: . " 

... II , ...I 'I II II ~ ... 'i'. I ... .l 
240 t.l1Y1 (;l')tJ SOS-PAGE YiU,)1~tl ~~fil,)1~ffit.lL1Jt.lL,)~1 30 LL~:: 60 U1Yl '"I::YiULLClU ~1J1f;)UYl 

il~1~un~L~~~tl~1u"ll,)-l 205-116 kOa L~~~t.l ~-ltl1'"1Ln(;l'"l1nn11L~tl~;r1~LLuuq~'Dtl~ 
tltl~Ln ~tlntl~ L1.J1~U'"I1n ~') L~fltl-l 1 t.l'Dru::~n111 ~ m1~ffit.lLtlt.lL,)~1 240 t.l1Yl 'WYiULLClU 
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I ., " II I I 

Lth-~'-I~~U1\nrn bJL~~~tl~L'-I"lh'l 205-116 kOa l1'lULUtl'llil1n L)JL~~~ L1.h-~'-ILnCiln11L;tl)J'1)J 

LU'-IL,j1~'-I~ijbJ L~~~'Jl'-l1Cil L~qjlil'-lLlJfl1)J11mh~ stacking gel ~'l)J1 i.~ 

4.3 n1,1.i SPI LL'iI:; MTGase 1.'UrJilJlslWorl'iln;'UtI'il1 .. 
~ ~ 

~ n;'-I,j~1 fl (;111"1')1.1 1"1)J ~ ~ (;1 Ll1lU Hfl (;11~ n;'-I,j~1'Jltl'll"1 ru:;,j1:;)J'l 
... ... til ... " 

fil1fl(;1f (2545) 

~ .. .,., 'i''' It .. ..a .. ~ .. 
4.3.1 rJ'iln1H'IJIL'iI'ilnFl'l1)JL'!I~'!I'U'!I'iI'h'llLIJI!I~Fl'il'il ~'IJI'YI'"I:; ~'!I ~'Un1'rJillJI 

'iI n;'Utlil1. (;WFl'ltJ Fl ~ .. .. . 
~ 

~ :;~1U i.~ '-Ifl11~:;fl1U Ln~tl L~tllil1'l L ~tltl n)J11il1 n L Utl,j fl1 LL~,) 1'))J r;i') n'-lLU'-ILL tl n LlJI i.)J L tl;'-I v'h 

L""L~tl,j~1ijflI11Yi L~umLL~:;LU'-ILIil~~tl i.~fl.Jl"1,)1)J1tl~ (Shimizu et ai., 1954 )1iI1nn11 

~ LI"111:;~1I"1Nfl11'l'Jltl'l LIil~ L,j1~'-I,j~1~L(;11u)J LCilUH' Ln~tl~1R)J1 ruLL(;1n (;]1'ln'-l~')tJ SEM LLfl Cil'l 

L"" L ~'-I~1 L iii ~~i.~1iI1 n n11 L fL "l! L~tJ)J I"1fltl L1~m)J1 ru~1ijLI"1N fl11'l~4'1.1 n'-lLL ~'-ILL~:; LlJ (;]tl L ~tl'l ~'l 

i'l Ln (;1 i.~1iI1 n'Jl'-l1 Cil'lltl'l~1'l1:;~~1'l LI"1N fl11'l i1'l LLWlltl'l L iii ~~ Ln Cillil1 n n1 ~1.J n'-l'Jltl'l L,j1~'-lij'll'-l1 Cil 

I I I " 

(;]~ LUtl'l 'll~'l~1'lL ~LI"1Nfl11'lil'Jl'-l1 CilLL~:;n11n1:;Iil1U r;i,)~fl,J1 Lfl)Jtl '-I~nIil1 nUU'lYil.J~1 ~1 gel 
, ~ 

strength ij 1"1') 1)J i )J~'-Ifinl.Jm)J1 ru L "l! L~U)J l"1~tl h(;)~H1 ~i'-l(;1~'-In 11L(;11tJ)J L "l!~'Jl~'l n11 

~~ (;111ij Rtl~1 gel strength L~)J~'-I(;11)J 1"1,)1)J L')J''-I'Jltl'l L"l! L~U)J l"1~tl L1(;)~H' (4' n1 Yltl'l Lffi'l, 

2544) Chan, Gill LL~:; Paulson (1992) Yil.J~1L"l!L~U)Jl"1fltli.1(;)tl1li1ij~,)'-I'll')tJL~~1Lm~'l~ 

fl1)J11tl ~ n n1:;~'-I~ Ln Ciln11L~tl)J' 1)J1iI1 n n11Li'l,j~mu 1'Jltl'l MTGase L ~,j11 n!)l.J'-I~,):"~1'Jltl'l 
L,j1~'-li.~n ~')U ~'l,r'-lL ~tl~11"1,) 1)J L ;t)J;t'-l'Jltl'l L "l! L~U)J I"1fltl L1(;)~ L ~)J1 :;fl)J L '-In11~~ (;1fl n~'-I,j~1 .. 

~ ".1 "" 'i'''' i. r ..,..,.,. iii 'I LLlJ11"1,)1)J L'Jl)J'Jl'-l'Jltl'l ~"l!LCilU)Jl"1fltl 1Cil 5 1:;Cill.Jl1l'l'-l 1.00, 1.25, 1.50, 1.75 LL~:; 2.00% w/w 

LCilUH~1 gel strength LU'-Itrlil4'UL'-In11~CilL~tln ~'lLLfll1l'l~~~'lL'-IlU~ 4.5 

.... .; .J 0 II.. ... ,... .... J' .... ....J ::..r I .... .. 

lli)J 1 ruLn ~tlYl L ~)J1 :;fl)JYlYl1 L ~ ~~ (;111 ru")J~ n~ru:; L '-Itli)J ~fl CilYl ~ Cil'-l'-l'Jl'-ltl~ nl.J"l!'-ICil 
~ 

'Jl~'l,j~1 Yi11ru')~ tln ~11:;L "l!I"1LL~:;l"1ru:; (2545) ~ ~'-11~~(;1Ji ruor1~n;'-I,j~11i11 n,j~1 ~D~ULYlfil 
~ ~ ~ 

Yil.J~1 n11'tfL"l! L~U)J l"1~tl L1(;)L;t)J;t'-l 4 % 'Jltl'lin~,rnLUtl,j~1 't ~ ~1 springiness 'II~'1~n;~fl'lfl l1l .. ... 
~ .,J ~ 

~1~f1.J'l1'-1~4'UtlYil.J~11"1,)1)J L;t)J;t'-l L"l! L~U)J l"1~tl L1~Yl 1 .25% w/w 1iI:;v'h L ~~n;'-I,j~1fl (;111"1')1.1 1"1)J .. " . 
ij~1 gel strength ~'1~~ Cil tlU1'111r'1 (;11)Jn11~~ (;1~n~'-I,jfl1 Ll1lUvY') l,j,j'n 'tfL"JI L~U)J l"1~tll1(;) 
,~ , 

L;t)J''-I 1.5% w/w ;'1'-1tlnIil1nlil:;v'hL~~n;'-lij~1 gel strength ~'lLL~')U'l't~1flL~)J't'-l1:;~1.J~ 
~ 

L~)J1:;fl)J~')U ()J~1~YlU1iULn~(;11fi11fl(;1f 1"1 ru:;,j 1:;)J 'I , 2545) ~'l,r'-l't'-ln11~n~n11't, SPI 
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" 
LLfl:; MTGase tU~~(;lJiru,r~n;utlfl1~~L~'ilntfL"JIL~tJ~f'lfl'ilhti1L;r~;ru 1.25% w/w (~(;l1 A) 

LLfl:; 1.50% w/w (~(;l1 B) tUn11~~(;l .. 
4500 

4300 

4100 

E 3900 
<.l 3700 
~ 
.c 3500 c;, 
c: 3300 ~ 
iii 3100 
Qi 
(') 2900 

2700 

2500 

1.00 

b 

1.25 

a 
'I'----tp--_...I. 

a a 

1.50 1.75 2.00 

NaCI concentration (% Yiw) 

, " , 
ltlYl 4.5 Gel strength ~'il~~n;utlfl1~ (;l1f'l')tJ ~~Yl L(;l1tJ~ L{;ltJtfL"JI L~tJ~ f'lfl'il hti1L;r2-J;ru(;h~1 

" , 
u'ilnIil1nilu~il11m1U~1n11L~~:n,)Vi'il~L~'ilfi)u1 L"JlULtl1~U LLfl:; ~11i.!lL{;l1f'l'ilflfl'iltJ~ 

~1~11Cl"Jl')tJtlftJtlNf'l,)1~~1~11CltUn11Ln {;lLlilfl tu~~ (;lJiru.,rL~'ili(;lrfl~ (Ikeuchi, 1964) ~~t!u • 
" LUn11~nM'1n11H' SPI LLfl:; MTGase tU~~j;JJiru,rfln;utlfl1 ~~LLtlnl1~1run11H' SPI LLfl:;/ .. 

... .'1 ....,," ,... 'I " ... ~ ''I'' " " . f.!! .... 
'U'flLLlJ~~1fl L~~~U 2% w/w 1')~ntJn11 ~'ll~1'il ~~ ~'ll MTGase L~~~U 0.6% w/w LlJ1tJtJLVltJtJ 

" , 
ritJ~ j;J1f'l')tJf'l~ L{;ltJ,j1fl n;uYl L(;l1tJ2-Ji.~lJ1~ Lf'ln:;\f I'll gel strength, hardness, cohesiveness, .. . .. 

~ ~ ~ I 

springi ness, f'l,)1~~1~11ClL Un11~~,j1LLfl:;~1~ (;]'il i.tl 1il1mrUL~'il n~ j;J1~ n;UYlL "'~1 gel 

strength 

" ~1~ LUn11tlftJtlNf'lCWl1Vi~'il~fln;utlfl1 ~12-J'l1Cl~Iil'l1ru'li.~Iil'ln~fln11V1{;l~'il~LU~j;J1 2-~j;J1 
~ III '" '" 'U 

4 ~LLtl1t112-J1ru~'l~,)Vi'il~L~'ilf~L' L{;ltJ~j;J1 2 H'LLi1~~'l~ 2% ~(;l1 3 H'mJ~~1~ 1 % i')~ritJ .. .. . 

SPI 1 % LLfl:;~j;J1 4 H' SPI 2% j;J'l~~'l~tJ ~'lU~4'tJ~YitJ~'l~'l gel strength iiLLU,)L-W~~~;U 

LUU~'l~tJtuh~ill!tJ~1~t1J (P.:s0.05) (ll'lf'l~u')n ~ . 13 LL~:; ~.23) ~~LL~{;l~L"'L~U~'ln11L' SPI 

" ~'l~'l1ClVl {;lLLVlUn11L' LLi1~~'l~ LL~:;U~"Jl')tJL Un'l1tlftJtlt~ ~1 gel strength ~'il~~n;utlfl'l i.~ 



a 

b 

c 

5500 

E 
() 

~ 4500 
.s:: 
C, 
c 
~ 
iii 
Q; 

3500 (!J 

2500 

1500 

400 

350 

300 

§ 
Q) 

~ 
.Z' 250 

200 

150 

17 

16 

15 

E 
~ 14 
Q) 
() 
c 
~ 13 
is 

12 

11 

2 

2 

cd 

2 

65 

e 

d 

3 4 5 6 7 
Formula 

c 

3 4 5 6 7 
Formula 

be 

d d 
be 

3 4 5 6 7 
Formula 

ltJ~ 4.6 Gel strength (a) force (b) LL~:: distance (c) "Dt:l'l~ni'WtJ~1~1Jl1~U;i1U~L(;lu't-nL"lIL~mJ 
'1 ... '" " I'l~t:l ~1(;lL"D~"D'W 1.25% w/w (00) LL~:: 1.50% w/w ( ) 
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Utlnr,'l1n~ SPI u.:JL~tJ~111Vifi11lJ"JI1~L~tJ1nn~1Ltl1~u~1mdtl~[;11" ~.:JLtlUn11L~lJfil1 
gel strength LU~~[;1Jin.!,)Ldtl~[;11'l"D,jU~1~fl1tJ"JIilc;) (Ensor et aI., 1987; Lin and Mei, 2000; 

" ....... ... "'., 
Shand, 2000; Pietrasik et aI., 2007) ~1n~fln11~~tJU~tlC;)filfltl.:JmJ11m1U"Dtl.:J Tsao 

" _ ..... J' .l tl":'.l , ...... 0 ... 

LLfl:::filn.!:: (2002) ViU~1 fil1 tensile strength "Dtl.:Je.Jfl[;1I1n.!'V1 LUtl~~"DUl LVilJ"DUtlm.:JlJUtJ~1fil'1l 

(P.:s0.05) ~tl~~V1Jin.!,)Ldtl~~~Ultl~'WL~lJ SPI Sj~1 tensile strength Ll'l1nll 16.62 g.cm 

., ..; .. ... ... J' J' tl.J.. " '" .... I . I ... 

~U"Dn.!:::l'I~fl[;1I1n.!'V1LUtl~~'!IUl l'IL[;1lJ SPI L'!IlJ"DU 1 0% w/w lJfil1 tensile strength L1'I1nll 44.94 
"'.., I I 

g.cm ~.:Jiltl1~L~tl.:JlJ1~1mnc;)tlU[;11mtJ11:::~~1.:JLtl1~uti~L~~tl.:JnULLtlnL[;11lJLtl;U Lc;)tJ Su, 

Bowers LLfl::: Zayas (2000) 11m1U~1n11L~lJ SPI fl.:JLU~~[;1Jin.!,) frankfurters L"D,jU~1'lhtJL~ 
tlUl11 filL "D,jUCln [;11.:JLt)111tJL ULfilN~11.:J1:::~1I~flI11 fil ~.:J ~flL ~ Lilun11L~lJ L~Cim~111Vi"Dtl.:Jn11 

• OJ • 

" " ~1~1U.:J1U~4'tJil~fl"Dtl.:Jn11H MTGase LUn11tlfutlNfilCUll1Vi"Dtl.:Jfln;utlfl1 ~1lJ11C1 
• • OJ 

" ~~11n.!1LllitJ1JLYltJu~fln111'1~fltl.:JLilu~L~~.:Ju ~'!I'tl.:J~[;11 2 LLfl:::~[;11 5, ~[;11 3 LLfl:::~[;11 6, ... ...... ... ... ... 
I ,: ..;.... II II I ~ J' I 

~[;11 4 LLfl:::~[;11 7 Vill~1fln"JIutlfl11'1L[;11tJlJL~tJL"JI MTGase ~:::L~fil1 gel strength LVilJ"DUtlm.:J 
" OJ " 

GIl... 0 ..... .. II II....... ..... ... J' J' .J.... ... ~ 
lJUtJ~1fil'1l (p.:s0.05) "JI.:JL~~fl~tl~filfltl.:JnuLU~fl[;1I1n.!'V1LUtl~~'!IUltll'llJL"JIL~tJlJ[;11 (Tsao et aI., 

2002) ~.:JLL~~.:JL~L\1U~1n11H' MTGase ~1lJ11C1"J!~tJLUn11tl1utlt.:J~nhn.!:::Ldtl~lJ~~~1U gel 
" , 

strength "Dtl.:J~ n;utlfl1L~ ~~tJ n11L;tllJ;r 1lJ 'LlJ Lfl fJ fl"Dtl.:J Ltl1~U~~ tJ~Ufi::: Lfil~1 LflUc;l~ 1 n n1 1L1.:J 

tlljmm"Dtl.:J MTGase (Cohen et aI., 1979; Kahn and Cohen, 1981; Tseng et aI., 2000) 

~tl~~11n.!1C1.:J~fl"Dtl.:Jn11H' SPI 1~lJnUn11H' MTGase LUn11tl1Utlt.:JfiJCUll1Vi"Dtl.:J 

" ~n;utlfl1~1lJ11C1~~11n.!1L~~1n~fln111'1C;)fltl.:JLU~[;11 5-~[;11 7 Vill~1~[;11 7 L~~1 gel 

strength ~.:J~C;) ffi.:Jfl.:JlJ1~tl ~[;11 6 LLfl:::~[;11 5 [;11lJ~1~U ~.:J~1lJ11C1~ttlL~~1 n11L-nLLi1.:J~1~ 
" LLfl:::~ffi SPI 1~lJnU MTGase ~1lJ11C1tl1utlt.:J~1 gel strength "Dtl.:J~n=nuL~ LLfl:::~1 gel 

..:.: .r..l II I..... ~ ..... 
strength ~:::mLVilJlJ1n'!lU LlJtlL"JI SPI 1~lJn1J MTGase Utln~1nULlJtlVi~11ru1~fl"Dtl.:Jfil~1lJ 

L;rlJ;rUL"JIL~tJlJfilfltlh~ 2 1:::~1J~tl 1.25 LLfl::: 1.50% w/w ViU~1n11L-DL'l!L~tJlJfilfltlh~L;rlJ;rU 
" , 

1.25% w/w L~L~fl~n=nutlfl1Ylil~1 gel strength ~.:Jn~1n11HL'l!L~tJlJfilfltlL1~L;rlJ;rU 1.50% 

w/w LU"Dn.!:::~ Ramirez LLfl:::filn.!::: (2002) ntJ.:J1U~1n11L~lJfil~1lJL;rlJ;rUL'l!L~tJlJfil~tlh~ 3 

1:::~11 ~tl 0-2% L Un11~~ [;1 LLlIlJ~1 mdtltlfl1~1lJ11C1"J!~m~lJ ~1 gel strength "Dtl.:J ~~ [;1Jin.!'V11~ 
LLfl:::~:::~.:J~.:J~U~tlSjn111-nL'l!L~tJlJfilfltll1~1~lJnun111-n MTGase LLt;\n11L~lJfil'l1lJL;rlJ;rU'Dtl.:J 

" 
MTGase ~.:JLLt;\ 0-0.6% (1 % '!Itl.:J MTGase ilLL'tlnm;iLl'l1nu TGase 100 unit/g) n~1J'WSj~fl 

t;\tl~1 gel strength "Dtl.:J~~[;1Jin.!,)LLlllJ~1m~tltlfl1 
, " .. 0... I ...... ... II . 

LlJtlU1[;1~tlm.:J~n"JIUlJ1~Lfiln:::~ TPA ~1U hardness, cohesiveness LLfl:: springiness 

("'" I~ 4. 7) ViU~1~[;11 B2-B4 Sj~1 hardness LLfl::: springiness L~lJ~UujtlLYltJlInUfln~utlfl1 
t

U 
" " 
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::, ~.01 , 11.01 .'1.... ... ....,.... J' 
£qj;]11'1'JUI'1~ Yl-:jt.lfl1';Ht.lfl-:j~11il1nn11 ~"ll£q11L"llfl~ (LLU-:j£q1~ LL~~/~1fl SPI) ~eJ~(;Jfl~n~CU~Lt.lfl " . 
i~~£q"llfl-:jeJ~j;]Jicu.,r~LLj;]nj;)1-:jrit.l ~flin~cu~n11Ylfl-:j~'J'tIfl-:j;hr~fl~~flfYlLLYlm~~1~~~1-:jLI'1N 

I I .J I"'''' ... ... 

11-:jm"ll1[J'tIfl-:jLIil~YlLLj;]nj;]1-:jnt.l (1iln1 Ylfl-:jL1fl-:j, 2544) 

a 

b 

c 
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:§ 7000 
II) 
II) 

'" -E 6000 
as 
J: 

II) 
II) 
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4000 

3000 

0.50 

0.40 

'" c 
.~ 0.30 
II) 

'" 8 0.20 

0 .10 

2 

0.00 -j-l ....... ""'-,JJ.l 

0.80 

II) 0.60 
II) 

'" c 
'OJ 
c 
"E. en 0 .40 

0.20 

0.00 

2 

2 

3 4 
Formula 

e 

3 4 
Formula 

3 4 
Formula 

5 

c 

5 

5 

..J 
ltJYl 4.7 Hardness (a) cohesiveness (b) LL~~ springiness (c) 

~ ... ~""" ~'l!L~[J~I'1~fl ~1~L'1J~'tIt.l1.25% w/w (l1li) LL~~ 1.50% w/w (II) 

e 

6 7 

d 

6 7 

6 7 

... , 
'1Jfl-:j~n;t.ltJ~1~Lj;]1tJ~L~[JH' 
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" 
n11H SPI 'Vl~LL'VltJn11'l-D'LLil~~1~ 'ltJn1nJfu1.lNfilClU11~"1I'fl~fin:ntJtlfi1 ~1lJ11Cl . . ~ 

" " ~"11n.nl~r,nmJfin11'Vl~fi'fl~'ltJ~(;11 2-~(;114 ~U~11"11 hardness "JI'fl~fin:ntJ1.lfi1";~~(;11 A LLfi~ ., ., ., \I 

~(;11 B ~LLtJ'ltUlJ~~;tJLtltJth~U'flth~~hrtJ~"H~''1J (p~0.05) (fl1fil~tJ'ln "11.17 LLfi~ "1l.27)" 'ltJ"JInJ~ 
J 
'Vl1"11 cohesiveness (fl1fil~tJ'ln "1l .18 LLfi~ "11.28) LLfi~ springiness (fl1fil~tJ'ln "JI .19 LLfi~ "JI.29) 

II II I I 

"1I'fl~fin:ntJtlfi1";~~(;11 A LLfi~~(;11 B l~ijn11L1.l~tJtJLL1.lfi~ Lil'fl~"11nJ1LmtJULY1tJU~fi"1l'fl~n11'l-D' 
~ ~ ~ 

" 
MTGase 'ltJ~~(;1JinJ"]"1I'fl~~(;11~n:ntJLtltJ~1~LLri ~"1l'fl~~(;11 2 LLfi~~(;11 5, ~(;11 3 LLfi~~(;11 6, 

" , 
~(;11 4 LLfi:::~(;11 7 ~U~11"11 hardness, cohesiveness LLfi::: springiness "1l'fl~fin:ntJ1.lfi1Y1L~lJ 
~ ~ ~ 

"I~.r .. II..... • II ' 

MTGase lJfil1L~l.J"1ltJ 'J!~~'fl~filfi'fl~nU11tJ~1tJ"1l'fl~ Uresti LLfi~filnJ~ (2004) VnJ'l1fil1 hardness 

....... .Ji
tl 

X_I .~L.I ' ... ..., ' 
"1I'fl~~fi(;1flnJ'VlLtJ'fl fi1"11tJ~'lJ"1nLfiI~lJfi1 silver carp 1'llJnU MTGase 0.3% lJfil1~~m1 

~~(;1JinJ"]~~L~lJ MTGase vY~;lL~'fl~"1n MTGase "ll'ltJ'ltJn11L~'fll.Ji1lJt1.l1~tJ'ltJL~'fltlfi1 ~1 

" 
MTGase 'l tJn111.lfu1.lN fil(Wl1~"1I'fl~fin:ntJ1.lfi1~1l.J11Cl~"11nJ11~"1n ~fin11'Vl~fi'fl~'l tJ~ (;11 5-.. III ., ., 

" ., 
~(;11 7 ~U~1Fh hardness, cohesiveness LLfi::: springiness "1I'fl~~n;tJtlfi1";~ 3 ~(;11~1"11 

'ln~ L~tJ~ntJ LL~~1U~ fil~ijfil'l1lJ (;]1~ntJ'fltl1~ij~tJ~1 f01 '1J (p~O. 05) n (;11lJ 
" , 

tJ'fln"1nUL~'fl~"11nJ1~fi"1l'fl~fil'l1lJLilJitJt'J!L~tJlJfilfi'flh~ 2 1:::~U~'fl 1.25 LLfi~ 1.50% 
" , 

w/w ~U~1n11'l-nt'l!L~tJl.Jfilfi'flh~LilJitJ 1.25% w/w 'l~L"fifin:ntJ1.lfi1Y1ijI"11 hardness LLfi~ 
~ 

., , 
LilJitJ 1.50% w/w 'l~L"fifin;tJtlfi1Y1ijI"11 cohesiveness ~~n~1n11'l-nt'J!L~tJlJfilfi'flh~LilJitJ 

~ ~ 

~(Wl1~~1~'flijl"1127tJ~~ (8.95%) LLfi:::fil'l1lJ~tJ~1 (72%) 1'll.JnUm1L~lJ iota-carrageenan 

LLfi:::LLil~~1"11 hardness ~~n~1n11'l-nt'J!L~tJlJfilfi'flh~Lil.JitJ 2.5% w/w LL(;]1~fl~~fi(;]'fl1"11 
.,,, , 

springiness, cohesiveness LLfi~fil'l1lJ~1lJ11Cl 'l tJm1~l.J,j,1 ";~'fl1" Ltl'fl~"1n ~fi"1l'fl~n1n;1 'l ~ • 
L~'fl"1~ (diluting effect) "1nn11L~lJ~111.lt~LL(;]~~tJ1 fi~l1.l 'ltJ"1InJ:::~ Ramfrez LLfi~filnJ~ 

(2002) 11m1tJ~1m1L~l.Jfil'l1l.JLil.JitJt'J!L~tJl.Jfilfi'flh~i~LL(;] 0-2% 'ltJm1~~(;1LLlIl.J"1nL~'fl1.lfi1 
~1l.J11Cl"lhm~l.J 1"11 hardness "1I'fl~~~ (;1JinJ'Vl1~ LLfi~ijI"11~~~ ~ Ld'fl 'l-nt'J! L~tJl.J filfi'fl h~1'll.JnUn11 

~ . 
H MTGase 0.3% (1 % "1I'fl~ MTGase iiLL'flnM~L'Yhnu TGase 100 uniVg) 'ltJ"l!nJ~~1"11 

cohesiveness ,,:::ijI"11~~~~uj'fl'l-nt'J!L~tJl.Jfilfi'flhM'll.JnUm1'l-D' MTGase 0.6% ~~LL~~~'l~ 
L~tJ~1 n11'l-D' MTGase ~1l.J11m1~tlnmtJ1 'l tJn11L~'fll.Ji1l.J tl.J Lfi~fi ttl1~tJl~LL~~1,,:::ii 

t'J!L~tJl.Jfilfi'flh~'fl~'ltJ1~UUn(;11l.J 
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4.3.3 FI'l1)J'lt1)J1~(l"L 'Un1~i)JJ1'!1'iHliln€'U1.hl1 . .. 
"" , 

fil'.l11J~11J11(lt-Wn11t)1J~1'1lt:l\l~n;t.lU~1~(;l1 A LL~'MLt.lnJVl 4.8 Yi1J~1n11H SPI 
'J "" " 

" ' Vl~LL'Ylt.lLLil\l~1~ (~n;t.I~(;l1 2-~(;l1 4) ~11J11(l~(;lrh expressible water ~ffi"J!'.ltIL~lJ 
" " " fil'.l11J~11J11(lLt.ln1~1J~1't~t:lU1\lil~U~1~C\J (p~0.05) (fl1fil~t.I'.ln '1l.21 LL~:: '1l.31) 11\l1lt:l1"l 

Lii~"l1n'1l ru::~ SPI il n11~11\l LfilN~11\l'1lt:l\l L"l~"l::~11J11(lnn Lfi1J~1 't~ t.lLfilN11\l[;11"1i1U~11Jij;; 
'" I II 

~t.I~'.lU ;\lLUt.ln11L~lJfil'.l11J~11J11(lLt.ln1~1J~1't~;; (Pietrasik et aI., 2007) 

CD 
co 
~ 
Q) 

30 

25 

:0 20 
·iii 
II) 
Q) 

Ci. 
dj 
?ft. 15 

10 

5 

e 

2 3 4 

Formula 

, ", 

5 6 7 

1UVl 4.8 ~1 % Expressible water '1lt:l\l~n;t.lU~1~(;l1VlL(;l1UlJL(;lUL-ifL'1IL;;UlJfil~t:l't1~L;r1J;rt.l1 . 25% 
~ ~ ~ 

w/w (DO) LL~:: 1.50% w/w ( ) 

, " " 
Ujt:l~"l11ru1n11H' MTGase Lt.ln11~~(;l~n;t.lU~TVi\l~(;l1 A LL~::~(;l1 B (~"l11ru1Lt.I 

~ ~ ~ 

" ~(;l1~n;t.lU~1LUt.I~ ~t:l~(;l1 2 LL~::~(;l1 5, ~(;l1 3 LL~::~(;l1 6, ~(;l1 4 LL~::~(;l1 7) Yi1J~1 MTGase 
" " "" "" "" " 
~11J11(l"J!'.lU L~lJ fil'.l11J~11J11(l L t.ln11~1J~1 't~ LUt.lt:lU1\l;; L~t:l\l"l1 nn11 Hi' MTGase vh L ~L"l~il 
LfilN11\l(;l1"1i1u~~11J11(l~1J~1't~L~1J;t.I"'l1nn11~11\l E-(y-glutamyl)lysine isopeptide bond 

~1J1n~t.I ~1 L ~Lii ~n11L~t:l1J;r11J1::w;i1\l~1U L"J!LU1~t.I~1 L ~ Ln1Jn n~1 't~ t.I LfilN11\l'1lt:l\l L"'l~ 't~~ 
, " , 

(Imm et aI., 2000) ~~Vl't~1l~t:l(;lfil~t:l\ln1J11u\l1t.1'1lt:l\l Ramirez LL~::filru:: (2007) ;\lm'h'.l~1n11 

L~lJ MTGase Lt.ln1rof1JtJl\lL~t:ltJfll;t.lltJr.nntJfll Mugi/ cepha/us 'JhtIL~lJfil'l11J~11J1~(l1.t.I 
" n1ffilJ~I'1lt:l\lL"l~'t~ LLfl::~ln~"l11ru1~\l~fln11H' SPI LL~::/~1t:lLLil\l~1~1'.llJn1J MTGase (~(;l1 . ~ 

" " 5-~(;l17) Yi1J~1 n11L~t:l n L -n SPI ~1t:lLLil\l~1~hlil ~fl tJit:l fil'.l11J~11J11(l L t.ln11t)1J~1'1lt:l\l~n:nt.ltJ~1 
~ . ~ 
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., , 
YlU~1n111-ifL'1fL~mJf"l~tl'1.1{;)LilJiU 1.25% w/w 1~LIil~~n;uu~1V1;jFl1m1lJfl1lJ11(11Un11 .. ., , 
~lJ"Ll1~·:m~1n111-ifL'1fL~UlJf"l~tlh~L;rlJ;rU 1.50% w/w 1t.1'1Jt1J:;V1 Ramirez LLfl:;f"lru:; (2002) . .. 

, ,., 
nU~1u~1 n1 n ~lJ f"l'l1lJ L;r lJ;rU'1Itl~ L'1f L~UlJ f"l ~ tl L1{;)'ll'l U L ~lJ f"l 'l1lJ ~ 1lJ 11(11 un 11~lJ"Ll11 U 

.. ..... J'.I '1." ~ 'I" "" 'i'.... '1. .. 'I ~~ j;]J)ru"LLlIlJlil1 nLUtllJ~1 (;1 Utlnlil1nUn11 ~'1f f"l'l1lJ L'1IlJ'1IU ~'1f L(;1UlJ f"l~tl 1(;1 1 LLfl:; 2% ~Un11 

.... " I I 

fl (;1~~ vi~iJ.tl11il Liltl~lJ11il1nn11H' MTGase V1lJ1 nLnu'1.uvh 1 ~tiuj;]lmu11:;~~1~ LU1~UriU 
.. c:. J' cJ 0 '" .... _..... I ~..... Gil .. " 

LU1j;]ULYllJ'1IU 1 U'1I t1J:;'Vl'Vl11 ~tlUj;]1mU11:;~'l1~U1 nu LU 1j;]U~ (;1~~ Iil~~~ ~~ 1 ~f"l'l1lJ~1lJ11(11 U 

4.3.4 A1f1'l1"''!I1'l'!lil~~n~'UtI~1 
" 

~'1Itl~\ln~UU~1~ dju~ ~tl~ n11~tl~ FltlU;r1~'1I1'l n111 i SPI ~;j~ L~~tl~'tltlU'Vl~LL'VlULLiJ~ 
~1~1u~ j;]m11~~ j;] mlil~~~~ ~tl~ n~ru:;u11n!J'1Itl~~~ j;]Ji ru.,]~mlil;j~ L\-1~'tl~ L~lJ~U'1.~ 

~ ..i'i'. I ... J' % .. " 'I • ~ ..i, • 'I" , 
UtlnIil1nUn11LL'VlU'Vl~lJ1j;]UIil1nLU'tlrij;]'l(;1'lU SPI ~UlJ1lJ1t1J'VllJ1nn'l1 4% w/w 1il:;'Vl1 ~~f"l1 a* 

fl~fl~ (Decker, Conley and Richert, 1986) 1U'1It1J:;~Iil:;1~Fl1 b* L~lJ~U (Chin et aL, 1999) 

...." " I 

~~,ru1 U~1Ui)4'Ui1;jn1 1i) Lm1:;tfFl1~'1I'tN~n;uVI ~~ j;]'1.~ U1:;UU CI E LAB L(;1uH I'll f"l'l1lJ'1I1'l .. ., , 
Liluulil4' U 1 Un11U1:;LnUf"l t1JJ)1Y1'11tl~ ~ n;UUfl1 (1UVI 4.9) . .. .. 
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ns 

70 
ns ns 

68 
II) 
II) 

Ql 
c 
Ql 66 

~ 
64 

62 

60 

2 3 4 5 6 7 

Formula 

, ." 

lUVl 4.9 Fl1f"l'l1lJ'1I1'l'1ltl~\ln;Uu~1~j;]1V1Lj;]1UlJL~u1-ifL'1fL~UlJf"lfltlh~L;rlJ;rU 1.25% w/w (OD) 

LLfl:; 1.50% w/w ( ) 
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.,., 1 

"'l1nn11Yl ~fltl~VilJ'l1 'l Un11~~ ~fln;UtJfl1'Vi~~ ~1 A LLfl::~ ~1 B YlL-D' SPI Yl (;lLLYlULLil~ 
" " " 

~1~'lU~~1 2-~~1 4 ljf'l1rl'l1lJ~1'l'WLL~n(;h~riutlth~lj,rU~1A'C\J (p>0.05) (Jl1rl~U~n 'lJ.33 
". '" I 

LLfl:: 'lJ.38) 'Vi~tl1'"1Liltl~'"I1n~1u':)r.ruUL-D' SPI 'lumlJ1ruYl~tlmYiu~ 2% w/w ~~'W~~~fl(;]tln11 

LtJ~UULLtJfl~f'l1~'lJ1'l'lU~~~.riruorl 'lU'lJru::~ Chin LLfl::rlru:: (1999) 11U~1U~1n11L~lJ SPI 'lu 

m~J1ru~lJ1nnrl1 4% L~tlYl~LLYlULtJ1;\ULntli~1Lu~~~.riruorl bologna 1~,ru~1 ljf'l1~ a* 

(p>0.05) 

~tl~rl~tl~riunu~1U'lJtl~ Tseng LLfl::rlru:: (2000) ~~nU~1U~1n11L~lJ MTGase 'WiJ~fl(;]tlf'l1 
., 1 1 

rl'l1lJ~1'l'lJtl~fln;uLri 'lU'tIru::Yl Kilic (2003) nU~1u~fl'lU"'1Utl~L~U'lriU~1~~lJ kebabs Yl"'1 
" 

J' ~ 1 

'"I1mUtl~n 
., 

Utln'"l1nU~fl'lJtl~I'I'l1lJL;rlJ;rUL'l!L~UlJl'lfltlh~ 2 1::~U~tl 1.25 LLfl:: 1.50% w/w VilJrl1 
1 ., ., 

n11 L-D1 'l! L~UlJ rlfltl h~iJl'I'l1lJ L oj(lJ;rU(;]1~ riu 'Wlj ~ fl (;]tl f'l1 rl'l1lJ~1'l"1ltl~fl n;utJfl1'Vi~~tl~~ ~1 
" " 

4.3.5 tFlH ... i1.:J~~1l1Fl'!J'!I.:J~niutl~1 . " ., ., 1 

'l U~1u~r.ruu~n~ LI'IN~11~'"IflJl11'1~tl~ L'"Iflfl n;utJfl1 LYltl Lmuu LYlUU ~fl'tltl~ n11 'loj( SPI . " 
., 1 • 

Yl~LLYlULLil~~1~LLfl::n11'loj(~1tlhJL-D' MTGase 'lUn11~~~fln;utJfl1 ~~LL~~~'lu1tJYl4.1 0 L(;lU 
" " ., , 

A'~L~tln~n;utJfl1L~Vi1::~~1 A (t'l!L~UlJrlfltlh~L;rlJ;rU 1.25%) lJ1~n~1 Liltl~'"I1mtlu~~1n11 

~~~~'l~f'l1 gel strength ~~~~'"I1nn11~n~1'lu;rtl 4.3.1 L~u~n~1Lm~~11~'flJl1rl~'lUn~tl~ 
'flYl11fi1U~L~n~1tlULLUlJ~tl~nn(;l (cryogenic scanning electron microscopy, cryo-SEM) 

, ., , 
d~tlLmUULYlUlJLrlN~11~'"IflJl11'1"1ltl~ L'"Iflfln;utJfl1Ylljn11L~lJLLll~~1~'lu1tJ 4.10 (b) ." " 

LLfl::L~lJ SPI 'lultJ 4.10 (c) VilJrl1'"1::ljtl'tll1rl"1ltl~LLll~~1~~1tl SPI LLYl1n~'lt:l~lu'lltl~rl1~LrlN 
" I "I 

i1~~1,hu utln'"l1nuL~tlLmuuLYluuL'"Ifl~n;utJfl1Ylljn11L~lJLLll~~1~'lUltJ 4.10 (b) LLfl::L~lJ 
., 

SPI 'lU1tJ 4.10 (c) rilJL'"Iflfln;utJfl1~~11'1'lUrllJ'lU1tJ 4.10 (a) U~ViUrl1LI'INi1~Vl1"1i1U"1ltl~L'"Ifl 
~ ~ ~ 'I" , ,., 

YliJ n11L~lJLLll~~1~~1tl SPI iJn11r.r (;l iSu~ ~'lYl Ltlu1::LuUUlJ1nnrl1 L'"Iflfl n;utJfl1~ ~11'1'llJl'IlJ 
" " . 

i~~t:l1'"1 Lii ~'"I1 n Lrl N ~ 11~ "1ltl~ L'"I fl ~ C\J L~ U rl'l1lJ~U 'l ~ ri U LLll~ ~ LL Yl Tn ~ 'l tl~'l u'llt:l~ rl1~'lJtl~ 
'i' ", ",J 'l" 'i' ... , J' . 
~I'INM1~~1"ll1U"lltl~L'"Ifl "'I~¥'i~~fl ~1::UUL"'Ifl ~~U1'llJlJl'I'l1lJLLUU"llU (Kim and Lee, 1985) LLfl:: 
... ... , J' 
lJl'I'l1lJU~~!JUlJ1n~U (Hastings and Currall, 1989) 
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Wheat starch 

... .11 ... 
A2 : L(;1~LLu'H'l1~ 

A4 : L~~ SPI A7 : L~~ SPI+MTGase 
, ., , 

nJV1 4.10 tIilN~11~"~1111il'1J'fl~L"~~n:nt.lU~1~(;11 A1 (a), A2 (b), A4 (c) LL~::: A7 (d) ~~n~ 
~ ~ ~ ~ 

t~tJH' cryo-SEM (ri1~~'1JmtJ 350 L'Vl1) 

, 
dj'fl~"11ru1~~'1J'fl~n11L~~ MTGase ~1~11Cl~"11ru1LmmJLV1mlt~"1nlu 4.10 (c) 

., , 
LL~::: 4.10 (d) ~U~1L"~'1J'fl~~n:nt.lVli1n11L~~ MTGase mIilNi1~(;11'!i1tJ'1J'fl~LIil~ tU1~t.li1n11 .. 
.., ... .., ... J'!:oJ'''' J", 
"~L1m (;1'J Ltlt.l1:::LutJU~1n'1Jt.I 'Vl~t.I'fl1" Lt.I'fl~~1"1 nn11L"l!'fl~'1J1~1:::""''J1~'fl'\f1111il'1J'fl~ SPI LL~::: 

tU1~t.lhJt'fl1~ul~~1f~1n;t.I~'ltJ E-(y-glutamyl)lysine isopeptide bond vh1~L,,~i1n11 
..,.. .... ~... 'i' .. I" - ,!11 ~ • I ..I ... X .. ... ...,. .... 
"~Lffi~(;1'J'1J'fl~ ~ L~~~ ~u1(;1t.1Lnt;l Lut.l ~IilNn~ (;11'1J1tJ'Vl ~'1Jt.I "l!~~t.lU~~t.I~~ n11'J Lfl11::: ..... ~nM"ru::: 

., .. , 
Lil'fli~~~~'fl gel strength, hardness, cohesiveness LL~::: springiness 'Jl'fl~~n;t.lU~1Vli1n11 
... .. I J' .J1"''':'' .... 
L(;1~ MTGase ~fl1~~'1Jt.I (4.3.2.1) ~~'Vl t;lt.l~'flt;lfl~'fl~nU11tJ~1t.1'1J'fl~ Trespalacios LL~::: Pia 

(2007) ~'l-if MTGase i'J~riu1'!iLLt;l~~t;l (fresh egg yolk) LL~:::1'!i'Jl1'lLL~~ (dehydrated egg 

. " .1"'.1'" J' %. .., ~. I ... J' 1'..J ... ~ " ".., , white) ~\.In11uruu~~~nM"ru:::Lt.I'flrt~~~'1J'fl~L"~ ~u1(;1t.1"1mt.l'fl n'Vl~~ (;1 ~t;ltJ ~"l! LLNt;lt.l~~ ~U'J1 

n11L~~ MTGase 'Jl'JtJ1~l'h hardness, cohesiveness, springiness LL~::: chewiness i1 
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II " I I 

rh~-!l~ ~ "r1-!li1LU'tl-!l'"l1niln1~L~'tl~;r1~~~"'~1-!l Lth~'Wl ~ LL~~ Lth~'Wl~ L'tll yJtjr~~lf~l"JtJ f,-(y-
~ ~ 

glutamyl) lysine isopeptide bond "r1-!lfntJ1'WLL~:;fl1tJ'W'tln L~ L~~~ 'W'tlnr.nnilu-!liln1~ 
~ 

1.h~~n(;]1-n TGase 1'We.J~(;].nruey]~n:n'Wlri (Tseng et aI., 2000) LL~:;l~m'tlnlri (Muguruma et 
, ~ , 

aI., 2003) iD-!lYl1J~1n1n~~ TGase 'lil"JtJ1"'Lii~LrlNi1-!l(;]1~1tJl~~1n~'W y'h1m~L'"l~Yl~~\!~nr 

1'WlIru~~L'"l~~hJiln1~L~~ TGase "'l~mrlNi1-!l(;]1~1tJ~hJ~~1L~~'tl Lti'tl-!l"'l1nmrlNi1-!l(;]1~1tJ 
, ~ 

1~u'tltJn~1 ~-!lLL~"'l~il~m~ru:;YlLtI'WLil'tlL~mn'Wfim~ (Trespalacios and Pia, 2007) 

" ~ 

'i't~tJ~I"r11J~~ Yl1J~1m~lru MTGase Yl L~~~-!l~'Wil rlI"J1~~~~'Wfin1Jn1~~ ~~-!l1l'tl-!l LL~1Jrlr.n~ 
, ~ 

L;r~lI'tl-!lLtJ~~'Wl~L'tliD'WLL~:;LL'tln~'W L~mm~L~~ MTGase '"l~vi11"'Ln~m~LtJ~tJ'WLLtJ~-!l"r1-!l 
, ~ 

myosin heavy chain (MHC) LL~~LL'tln~'WYlil-w1WWn~I"J~L~L~~~ 205 LL~~ 45 kOa (;]1~~1~1J 

L~tJYl1J~1 L'"l~~1~'"llntJ~1111J~~ij rll"Jl~ L;r~lI'tl-!l Lm1J LtJ~~'W M HC ~ "'~-!l LtI'W~1 ~1J Lri'tliln1~L~~ 
~ ~ 

m~1run1n~~ MTGase '"l1n 0.1-0.3% ~-!lt!'W-!l1'W~r.rtJi1~-!l~"'mlJe.J~n1~1-n SPI 'Vl"'LL'Vl'WLLU-!l 
~ , 

~1~LL~~n1~1-n",1'tlhJH MTGase1'Wn1~e.J~(;]~niD'WtJ~1 ~l"JtJ SOS-PAGE 1~e.J~~-!lLL~"'-!l1'W~tJYl 
~ ~ 

4.11 
, ~ ~ 

Ln'tl(;]~I"J'"l~'tl1J~tJLL1J1JLm1JLtJ~~'W1I'tl-!l~n:n'WtJ~111-!l~(;]~ A LL~~~(;]~ B L"'tJ~"'(;]1lJn1~ 
" \I \I \I 

Lrl~'tl'W~1J'W SOS-PAGE 1'WZtJ 4.11 (a) LL~~ 4.11 (c) ~H separating gel 1 0% Yl1J~1n1~H 
" , 

SPI 'Vl"'LL'Vl'Wn1~HLLU-!l~1~1'Wm~tJf1JtJNrlrufl1Ylll'tl-!l~n:n'WtJ~1 ;-!l~1~1~~~'"l1~ru1 , , ~ 

" 
LmtJ1JLYltJ1J1'W~niD'WtJ~1~m 2-~m 4 rll"J1J~n1Jn1nmtJ1JLYltJ1JZtJLL1J1JLL~1JLtJ~~'WlI'tl-!lL'"l~ SPI 

, " , 
(ZtJYl 4.4) Yl1J~1U-!ltJnn!Jwl.hmJ'tltJlI'tl-!l SPI 1'WL'"l~1I'tl-!l~n:n'WtJ~1 ;-!lLL~"'-!l1~L~'W~1hJijn1~ 

, ~ 

Yl L~lJ1 'We.J~(;].nruey]~n:n'WtJ~1 
" ~ ~ 

~1"J'tlth-!l~niD'WlJ1~Lrl~1~~~I'W~m~ru~LU'tl~lJ~~ 
" 

(4.3.2) Instron Universal 
~ 

Materials Testing Machine Yl1J~In1~1-n SPI 1'We.J~(;].nruey]~n:n'WtJ~1~1~1~~~l"JtJtJf1JtJNrh " , 
~ 

gel strength, hardness LL~:;rlI"J1lJ~1lJ1~~1'Wn1~~lJ-W11~LtI'W'tlth-!l~ 
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a 
kDa 

24 

sid A1 A2 A3 A4 AS AS A7 

c d 
kDa kDa 

MHC205 _ 

116 _ 
MHC 205 _ 

97 _ 

a '64 -
a SS - 116 _ 

55 _ 

P -45 _ 
97 _ 

ASJ6--=* 
a '64 -29 _ 
a ss -

55 _ 

P -45 _ 

sid 81 82 83 B4 85 B6 87 

" LL~::~n:n\.lU~I~[;l~ B (t'1!L~t.J2.Jr1~'tlhC;)dr2.Jif\.l1 . 50% w/w) (c,d) .. .. 
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l'WnJ 4.11(b) LLf'l:: 4.11(d) ~H' .. 
" 

separating gel 7.5% (~'"I1~nnl'W~m~n:n'Wtlf'l1LtI'W~ ~~~(;l~ 2 LLf'l::~(;l~ 5, ~(;l~ 3 LLf'l::~m 6, 
" I 

~~~ 4 LLf'l::~(;l~ 7) YnJ~1LLmJttl~~'W"lJ~\l~n:n'Wtlf'l1YlL~~ MTGase ijm1~L.;r~"lJ~\lLLn'Uttl~~'W 
I I " 

MHC LLf'l::LL'iln~'Wf'l~f'l\l1'W"lJru::Yl'V'l'ULLt1'Uttl~~'WYlihhwwnt~Lf'lnf'l~1nn~1 205 kDa ijfl,)1~ • 
" I "I " 

L .;r~l-J1 n n~1 LLt1'U ttl~~'W"lJtl\l ~ n:n'Wtl f'l1YlhlL~~ MT<:;ase 'W~ n '"11 niJLLt'l'U ttl ~~'WYl ijtll'VItl'n 
, " I 

t~Lf'lnf'l~1n~1 66 kDa riiJfl,)1~L.;r~f'l~f'l\l~,)U ~ni\lLn~ijn1~lojf SPI i,)l-Jll'U MTGase • 
(~'"I1~ru11'Wfl(;l~ 5-fl(;l~ 7) y'i11,xfl,)1~L.;r~"lJ~\lLLt'l'Uttl~~'W MHC LLf'l::LL~n~'W~\lf'l~f'l\ln~1n1~H 

'II 'II 

'" '" I I I 

LLiJ\lfl1~LLf'l::/~1-tl SPI vi\l\1tl1'"1L\l~\l~1'"11n t~Lf'lnf'l ttl~~'WYlij"lJ'W1 ~ L~nt1n L:jj~~.;r1'-Jltl LtI'Whh~'W 
• 'II 

, " 
Ylij"lJ'W1~~,)f'lt~Lf'l~f'l1~'1l~'W'"I1nn1~Li\ltl~mm"lJ~\l MTGase (Tsai, Lin and Jiang, 1996; 

I .. ., 

Hsieh et aI., 2002; Ramirez-Suarez, Addo and Xiong, 2005) L'l!'WL~u')n'U~1U\l1'W"lJ~\l 
, " 

Ramirez LLf'l::flru:: (2002) Yl'V'l'U~1n1n~~ MTGase 0.3% LLf'l:: 0.6% f'l\l1'We.J~~nruoy]L\l~tJf'l1 
" I tJ " I 

~'W~tJl111,xfl,)1~ L.;r~"lJtl\l LLn'U ttJ~~'W MHC f'l~f'l\l Ln~ LYlU'Url'U e.J~ (;lnruOY]L\l~tJf'l1~'W~tJYlhJL~~ 
'II 'II 

I I '" " 

MTGase LLf'l::LLt1'UttJ~~'W MHC '"I::f'l~f'l\lm~m1~L.;r~.;r'W"lJ~\l MTGase YlL~~~'W 'W~n'"l1n\1 
'I. .. ... 'I - ..... .li' J'.I 

Tsao LLf'l::flru:: (2002) nU\l1'We.Jf'l ~'W'Vl1'W~\lL~mn'W ~'We.Jf'l(;lllru"YlL'W~~~"lJ'W~u 
'II 'II 

4.4 fl 'lUl1'W'VI1~tJ'i::~1'V1~ ~ ~~"lI'£l~~n~u tJ~1 . .. 
I " " 

L~~tJ~::Lii'W~m~ru::'VlI\ltJ~::fl1'Vl~~erfll'Wf'ln:n'WtJf'lli\l~~~ 14 fl(;l~ (fl~~ A 1-A7 LLf'l:: 
'II 'II .. 

" I 

t~mmU'ULYlu'U~n:n'WtJf'lIYlL~~ SPI LLf'l:: MTGase rl'U~(;I~fl'J'U~~1'WLL~f'l::fl'J1M.;r~.;r'W'1l~\l 
" , 

'V'l'U~1f'ln:n'WtJf'l1Ylijn1~lojf SPI .. 
springiness, cohesiveness LLf'l:: hardness ~~\l~'W~t.h\liJtl'mh~'k! (p>0.05) (lllfle.J'W'Jn "lJ. 

59-"lJ.61 LLf'l:: "lJ.69-"lJ.71) l'W"lJru::~~'Vl~fltl'Ul,xfl::LL'W'W fishy flavor, beany flavor, whiteness, 
" I 

gloss, smoothness LLf'l:: saltiness "lJ~\l~n:n'WtJf'l1'YJn~(;l~YlhJLL(;ln~1\lrl'W~tJ1\lijtl'U~1~'k! 
, ," 

(p>0.05) (1l1fle.J'W'Jn "lJ.64-"lJ.58, "lJ.62 LLf'l:: "lJ.64-"lJ.68, "lJ.72) ~\le.Jf'lYll~\lfl~~flft~\lrl'U~1m1'W 
I " , 

"lJtl\l Tseng LLf'l::flru:: (2000) YltJ~::Lii'W~m;-ru::'Vl1\ltJ~::fl1'Vl ~~ erfl"lJ~\lf'ln:n'WlriYl L(;I1-U~ t~mLtJ~ 
'II 

" 
~::I'i'Un1~H MTGase 5 ~::~'U ~\lLL~ 0-1.0% t~UHc.J'Vl~fl~'U 15 fl'W 'V'l'U~1fl::LL'W'W~1'W~n'l=tru:: 

'II 

" I 

'Vl~fltl'U'Vl1\ltl~::fl1'Vl~~erfl"lJ~\lf'ln:n'WtJf'l1flm A LLf'l:: B (;l'~~'~1J ~\lLLfl~\l1,xL~'W~1n1~H SPI 
'II .. 

" "'" I 

LLf'l:: MTGase fl1~1~t1"Jhul,x~n'l=tru::Lil~~~erfl"lJ~\lf'ln:n'Wtlf'l1~~'Wl~ t~m'U'V'l1::~tJ'\lU\l1'W~,'W 
'II 
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1"11 hardness, cohesiveness LL~::: springiness Lc;,u'W~~~{;]~~n~ru:::r;hu~lJ L~LLri fishy 

I ...... 0 .... 

flavor, beany flavor, whiteness, gloss, smoothness LL~::: saltiness ~tJ1..:12-JUUfl1filt1J 

(p>O.05) 

fishy flavor 

7.00 

6.00 

hardness whiteness ~A1 control 

--[]-A2 

- -b, - A3 

- -0 - A4 

---AS 

springiness smoothness -+-A7 

fishy flavor 

hardness whiteness 
~B1 control 

- -[] - 82 

- -b, - 83 

- -0 - B4 

---85 

-"-86 

springiness smoothness 
-+-87 
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tI ...J tI ~ tI c:J..,...J - 0 4.5 n1'iL 'iI!lULL 'iI.:JflCUIl1~'!I'il.:J'iln'llU 'il1'!1cu:antJ'in1!t1Y1'ilCU"'Il~ 4 C 
• u • u 

" I I I 

fj n;Uufl1 Ln (;lm1L~'tllJ L~U'1~ L il'tl-l'"l1 n m1L '"l1CU"Jl'tl-l, ~ UYlTU1 U'£l1~11 ;-lVh L,x Ln ",m1 

..I :'.. :, ., J' ., ..; '1 ~~ 4l1li ..I 
LUflUULLUfl-lYl-lYl1-:J Ll"llJ LLfl :;Yl1-:J mU1l1'Yi 1,)lJYl-:Jfl m~tcu:; L U'tlilJ C.Jfl LUflUU U U'tln'"l1 nu ~U1(;1UYl 

Ln(;lLtluL'"lflLL~,),£)1'"l~CUL~UI"l,)1lJ~u'1U"Jlcu:;Lfiufn~ (Andres et al. 2006) Ll.I-l1U~-4'Ul"lf-le 
~ , 

~C;)L~'£)n~(;11fjn;UUfl1 A7 LLfl:; B7 ;-l1,x~1 gel strength, hardness, cohesiveness, 

, 'I ,,:: ... .J'I ' ., ""~ ... '1'-springiness LLfl:;1"l11"l,)1lJfl1lJ11Cl ~Um1~lJU1"'Yl~ (;l ~ ULL(;1fl:;1:;"'U 1"l,)1lJ L"Jll.l"JlU ~"I L(;lUlJ I"lfl,£) 1'" 

I I"" 
LtnmuYi 4.14 LLfl:; 4.15 LLfl"'-:Jm1LU~UULLUfl-:J~n~cu:;Lil'£)ilJ~fl"Jl,£)-:Jfln;l.IUfl1fl(;11 A7 LLfl:; B7 

~ ~ ~ 

8500 

7500 

E "C 
~ 6500 <T"c---. -- . . ~ -- .. . ------ . . ~ 
.s::. -be be ', . 
C5> 
a5 5500 

ab 

1 
a 1a 

... 
ii5 b .. -.- ---- -- ... - 1 at: --.-- -.- .-

a ~ 4500 

3500 -

2500 +--------,1--------,-1-------.--------,-1------. 

3 5 7 9 11 

Storage time (days) 

ltJ~ 4.14 Gel strength "Jl'£)-:JL'"Iflfjn~UUfl1~(;11 A7 (--.-) LLfl:; B7 ( - -() - ) ~cu:;Lfiufn~ 
.J .. O.!'l ., 
Yl'tlru~lllJ 4 C LuUL,)fl1 11 ')U . ~ 

, ., , 
'"l1nluYi 4.14 'YiU~1 ~1 gel strength "Jl,£)-:Jfjn;UUfl1~ (;11 A7 LLfl:; B7 ~m1LU~Ul.ILLUfl-:J 

'WlJ1m!nLU"lI')-l 5 1'uLL1n"Jl,£)-ln11Lnufn~ LLfl:;'"l:;~lJfl"'fl-l~~-l'"l1n1'u~ 7 ~~-l'"l1mrU~ 

LLl.I,) LUlJfl "'fl-l'£)ti1-l r;1'£) Lri,£)-l ~-lfl,£)"'I"l~,£)-lriu C.Jflm1~ LI"l11:;~Yl1-l'"lfl~')~Ylt.J1~'Yi1J~1 ~lJ~m1 
- .. "'n".J .. ., .J 

L'"I1CU"Jl,£)-l,flUYl1U U')UYl 7 "Jl,£)-lm1Ln1Jm~ ((;1111-:JYl 4.8) 



a 

b 

C 

17000 

15500 

§ 14000 

'" '" CIl 
C 
"0 
(;; 
I 

12500 

11000 

9500 

8000 

6500 

1.0 

0.8 

'" ::l 0.6 
c 
CIl 
> 
'iii 
Q) 
~ 
0 
U 

II) 
II) 
Q) 
c 
'0> 
c 

~ 

0.4 

0.2 

0.0 

1.0 

0.8 

0.6 

b 
b b 
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pJ~ 4.15 Hardness (a) cohesiveness (b) Ll.i'l::: springiness (c) '!J~..:jL"'li'l~n~tJtli'l1~(;i1 A7 

.. ",..J - 0 ~ '" 
(~) LLi'l::: B7 ( - -0 - ) '!Jru:::LntJ1m~nV1~ru,.uUJ 4 C LutJL'Ji'l1 11 'JtJ . .. 
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Lilt1~1iij11ru1~1 hardness, cohesiveness LL~::: springiness '1Jt1-.l~n~1..IU~1~(;11 A7 

'I ~ I.J ,.! .1 .. , .. J' 
LL~:::~(;11 B7 ~1..I.·uVl 4.15 ~U'n~n'1J1..Iu~1~(;11 B7 lJfl1 hardness LL~::: spnnglness ~-.l'1J1..I .,., .,., ., 

I I I I I " I 

L1t1tJ1 LL~:::L1lJ~~~1~-.lL1..I1'1..IVl 9 '1Jt1-.ln11LnufnM'1 L'-I'JJru:::Vl~n;'-I~(;11 A7 'WLU~tJ'-ILLU~-.l'1Jt1-.l 

~1 hardness LL~::: springiness L'-I 5 1''-ILLm'1Jt1-.ln11Lnufn~1 LLj;JIiij:::~(;)~-.lt1t11-.l;(;)LIiij'-lL1..I1'1..I~ 7 
~ , 

'JJt1-.ln11LnufnM'1 -.l1'-1i)4'tJil~t1(;)fl~t1-.lriU11tJ-.l1'-1'1Jt1-.l Andres LL~:::flru::: (2006) VlViu~1fin~ru::: 

L~t1ilJ~~'1Jt1-.lLl\'n1t1nLriL'1Jl!'-I~1~LnufnM'1'-11'-1 45 1''-1 Ll\'n1t1nLriil~1 hardness ' lJ1n;'-I 
, ~ 

Lllt1-.l1iij1nn11~eyL~tJ,j1Lu'JJru:::LnufnM'1 Candogan LL~::: Kolsarici (2003) 11tJ-.l1'-1L'-IVi11..1t1-.l 

L~mri'-lL'-I~~(;1.nruerl frankfurters 1iij1m~t11'':lL'1Jl!'-I~1 i-.l~~U~1,"h gumminess LL~::: 
chewiness l!niln11Lu~tJ'-ILLU~-.lL'-ILL'-I':lLUlJL~mri'-lriu~1 hardness LLj;J~1 cohesiveness LL~::: 

, ~ ~ 

springiness l!n'Wiln11LU~tJ'-ILLU~-.l t1t11-.lL1n(;11lJL'-I-.l1'-1i)4'tJn~U~1 cohesiveness '1Jt1-.l~n;1..I 

~(;11 B7 il~1~~~-.lt1t11-.l;~LIiij'-lujt1LnufnM'1LiI'-IL':l~1 11 1''-1 L'-I'1Jru:::~~n~'-I~(;11 A7 ''Wiln11 
~ ~ ~ 

LU~tJ'-ILLU~-.l'1Jt1-.l~1 cohesiveness t1t11-.lil,rtJ~1~ey (p>0.05) (J11fl~'-I':ln '1J .68 LL~::: '1J .76) 
~ ~ , 

~1~ru~1 springiness 'JJt1-.l~n;'-IU~1Yi-.l 2 ~(;11'Wiln11LU~tJ'-ILLU~-.lt1t11-.lil,rtJ~1~ey (p>0.05) 

(1l1fl~'-I':ln '1J .69 LL~::: '1J.77) (;1~t1(;)n11LnufnM'1 
" " II " 

lJ1 (;11~1'-1~ ~ (;1.n ruerlfJ (;1~ 1~ n11lJ'1Jt1-.l ~~ (;1.n ruerl~ n;'-IL ~'fl1'':l ~ n;'-I~~ LL~:::~ n;'-I Lri 
~ , 

(lJt1n.1 009-2533) ri1~'-I (;)lJ1(;11~1\.1'JJ'fl-.lmlJ1ru'~'-IVl1uYi-.l~lJ(;)Vl~UL'-I~':lt1t11-.lhjLn~ 1 X1 0
6 

, ~ 

LFl L~il~t1~':lt1th-.l 1 nflJ L~mLUflVlL1tJY!ViUL'-IU~1,j1~~LiI'-IU1:::LJ1VlilL'1!L~~ (mesophile) L'll'-l 

Staphylococcus aureus, Salmonella (~U':ltJU~Uin1m~1-.l~~'-I1~t1n11~nM'1, 2550) 

t1~1-.lL1n (;11lJn11L~Fl':l1lJffi'-lL'-I1:::~UVi1~LIiijt1fhL'1!;'-I~t1ru~J1ij 72 ° C '-11'-1 15 i)'-I1Vl ~1t1~ . ~ 

, ~ 

t1ru~Jlij 65°C \.11\.1 30 '-I1Vl L YltJ-.l~'flj;Jt1n11Vi1~1mLU flVl L1tJY!Vi1L ~t11~11L U1 L~tJ1':llJYi-.l . ~ 

~ 

LLUFlVl L1tJ'1!tl(;)LiI'-I~~L '-It11~11L~ (mm i)\!~ULf'I1~!, 2543) -.l1'-1i)4'tJil~nM'1t11~n11LnufnM'1 
~ , 

'JJt1-.l~n;'-IU~1~(;11 A7 LL~::: B7 VlU11,L'-IQ-.l~~1~~n polypropylene (PP) LLuu~eyey1n1~L'-I 

J11':l:::LL'llLU'-I (4°C ) ~U~1~n~'-IU~1~-.l 2 ~(;11'WViUL~t1'~'-IVl1tJ1'-1 5 1''-ILLm (Ut1tJn~1 10 

LFlL~WnflJ) '1Jt1-.ln11LnufnM'1 i-.l~t11IiijL~t1-.llJ11iij1nn11L~fl':l1lJ1t1'-1~t1ru~llij 90°C '-11'-1 . ~ 

~ ,~ 

1 0 '-l1Y!L'-Ii\.l(;1t1\.1~lJL ~~ n (cooking) ~1lJ11C1Vi1~1tJ LLU flY! L1tJY!Vi1L ~t11~11L U1 L~tJ1':llJYi-.l 
, ~ 

LL~:::, ~'-IVl1uVl L ~~ t1U'-It11IiijlJ1 (;) L ~U~-.l41 LiI'-I~t1-.l 
o~s;.... CI ........ '11 ,: 

Vl1 ~~ 5 ':l'-lLL1n"'Jt1-.ln11LnUmM'1tJ-.l(;11':l1iij ~lJ~UL'1!t1 
, ~ ~ 

'~'-IVlffi ~ffit111iij L ilt1-.llJ11iij1 n L=nt1'~'-IVl1u,r\.lU-.l 'W L Iiijley~1t1il n 11L Iiij ley LLj;JilmlJ1 ruUt1 tJlJ 1 nliij'-l 
'I.! .,~~..:. J' .... ~.,.J .. ., ... . ~ ... ., 
1.#J~1lJ11Cl(;11':l1iij':l~ ~~ LL~:::Iiij:::L1lJ~UL'1!t1Iiij~'-IVl1tJ ~'-I':l'-lVl 7 'JJt1-.ln11LnU1nM'1 LlJt1Lu1tJULVltJunu • 

~ ~ 

lJ1 (;11~1'-1'1Jt1-.lmlJ1 ru'~'-IVl1uYi-.l~lJ ~'1Jt1-.llJ1 (;11~1'-1~~ (;1.n ruerlfJ (;1~1~ n11lJ'1Jt1-.l ~~ Vl.n ruerl~n;'-I 
"" " " I 

Lilt11'':l ~n;'-I~lJ LL~:::~n;'-ILri ~U~1~n;'-IU~1~(;11 A7 ilt11tJn11LnufnM'1L~ 17 1''-1 L\.I'1Jru:::Y! ., .,., .,., fI 
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II "II I " . 

~n;\ltlfl'l~(;11 B7 m~m1Lnl.Jfn~L~lJ'lnn~'l 19 rl\l l1'1ilm"Ltl~'1"'ln~n;\ltJfl'l~~fl\l~~lJ 
, " 

"ll~'1L"l!L~tJlJ~fl~hM'I'llflutTl.JtT'Im1L"1qr'I~'1'~\lvi1!f (Khalid and Kunihiko, 2004; James 

and Maha, 2007) ~'1vh 'l"'~n~\ltlfl'l~(;11 B7 ~'l.]f~fl'llJ L;rlJ;r\l"ll~'1 L"l!L~UlJ~~~ h~~~'1n~'l 
" fln;\ltlfl'l~ (;11 A ~~1um1Lnufn~\I'l\ln~'l 

OJ OJ • 

(;11n'l~ 4.8 Total plate count "ll~'1~n~\ltlfl'l~(;11 A7 LLfl:; B7 ~Lnl.Jfn~'l'l\lJl'lfl:;LL'llLU\l 

(4°C) 

~'l\lfl\lL~ Lflil~Ul.JL~ (t~ LflWnflJ) 
1:;U:;Lflfl'l'l\lm1LnU (rl\l) 

A7 B7 

0 <10 < 10 

5 <10 < 10 

7 3.80 X 101
_ 5.80 X 101 4.40 X 101

_ 8.40 X 101 

10 6.38 X 102
_ 6.74 X 102 1.78 X 102

_ 2.78 X 102 

15 6.16 X 104
_ 7.00 X 104 4.62 X 102

_ 5.52 X 102 

17 2.36 X 105
_ 2.68 X 105 

8.16 X 10
2
-1.06 X 10

3 

19 1.56 X 107
_ 2.24 X 107 

2.80 X 10
3 

- 4.80 X 10
3 



-'U'VI'VI 5 

.'ltJ I:.lfifi1'l'VIflfi'il.:l Ufi~,j'il L.'U'il U 'U~ • 

, 
1. fil'l12-JLoif2-Joift.l"JI'fl-l ACTIVA™ TG-AK (MTGase) ViL~2-J1::~2-J(;]'flm1L~~t12-JLlilfi SPI 

f1'fl 0.6% w/w ~-l1~fl1 gel strength, hardness, cohesiveness, springiness LLfi:: 

" fil'l12-J~12-J11~1t.1n11~2-J~1~-l~~ 

2. n11~~~12-Jn111'l2-J~'lnt.l"JI'fl-lLtl1;;t.I"JIru::L~~t12-JLlilfi SPI ~'ltl MTGase L~t1n111'~ 

I I I I 

.. ",.GiI 1.1 tt " ,,--- ~" .. .till! ..... ,!II ~ I 

Lt.I'fl-l,,1nLlilfi SPI 'V1 L~1t12-J(;l'ltlm::U'lt.lm1 ~~fil'l12-J1'flt.l'lD'V1 1 ~~Llilfi'Vl2-Jfin'};'ru::Lu,"hfilNn-l~1 

')1t1~~t1n~1 fine-stranded geI1t.1"J1ru::~m::U'lt.ln111~fil'l12-J1'fltJ~fi~ 2 1~Llilfi~ilL~N~h-l 
, 

...... .,.... I 

LLUU coarse-aggregated network 'V1'fl~j;]'lnt.lLLt.It.I 

3. m::u'lt.lm11~fil'l12-J1'fltJ~fi~ 1 L~2-J1::~2-J(;]'flm1Ln~L"fi"JI'fl-l SPI 

" " 
springiness LLfi ::fil'l12-Ji'l12-J11~ 1 t.lm 1~2-J~1~-l n~1 m::u'lt.lm11 ~ fil'l12-J1'fltJ~fiVi 2 1 t.I"JI ru::Vi fl1 

gel strength, hardness, cohesiveness llJLLj;]n(;]1-lnt.l'flu1-lij,rtl~1~'1l (p>0.05) 

4. n11j;]1'l"~'ilUltlLLUULL~uLtl1;;t.I (protein pattern) "JI'fl-lL"fi SPI ~Lj;]~t12-JL~t.l1oif 
MTGase ~'ltl~fi SDS-PAGE ViU~1m::U'lt.lm11 ~fil'l12-J1'flt.l~ LLj;]n (;]1-lnt.lLlJij ~fi(;]'flm1 

L tl ~ t1t.1LLtl fi-l"JI'fl-l~"h t1U'fl tI "JI'fl-l LU ~ 1-fil'flt.lLn fi:nilt.l LLfi:: In fi :nilt.l 

" 
5. n1110if SPI 'V1~LL'V1t.1m11-ifLLtl-l~1~ 1t.1n11tlfutlNfilruJl1Vi"JI'fl-lfin;t.ltlfi1 ~12-J11~ . . " 

" 
tlfutlt-l fl1 gel strength, hardness LLfi::fil'l12-Ji'l12-J11~ 1 t.lm1~2-J~11~'flu1-l ij,rtl~1~ '1l 

(p~0.05) 1 t.I"JIru::~llJij n11Ltl~t1t.1LLtlfi-l"JI'fl-l fl1 cohesiveness, springiness LLfi::fl1 fil'l12-J'1l1'l 

"JI'fl-l~~ j;]Jiru.,r'flU1-li1,rtl~1 ~'1l (p>0.05) LL~~-l1~L~t.I~1m11oif SPI ~12-J11~'V1~LL'V1t.1LLtl-l~1~1t.1 

" 
6. n11L-n MTGase 1tJm1tlfutlt-l~ruJ11Vi"JI'fl-l~n;t.ltlfi1~12-J11~tlfutlt-lfl1 gel 

" strength, hardness, cohesiveness, springiness LLfi::fil'l12-J~12-J11~1tJn11~2-J~11~'flU1-lij 

,r tI ~ 1 ~ '1l (p~0.05) 1 t.I"jJ ru::~llJ ij n 11 L tl ~ tI t.I LL tl fi -l"jJ 'il-l fl1 fil 'l12-J"jJ 1 'l"jJ 'fl-l eJ ~ ~Ji ru.,r 'il U 1-l ij 

,rtl~1~'1l (p>0.05) 
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~n~tJtJ~1t'l1l-J1~tltJfutJl:j~1 gel strength 't~mh\l~hrtJ~1riry (PSO.05) 1tJ'lJru:;~'tlJnn1~ 
LtJ~tltJLLtJ~\l"lltl\l~1 hardness, cohesiveness, springiness rl'l1l-Jt'l1l-J1~tl1tJn1~~l-J~1 LL~:; 
rl'l1l-J"lI1'l"lltl\l ~~ (;lJl ru-ntlU1\lntrtJ ~1 ri ry (p>O. 05) 

" , 
8. n1~1-D1'11L~tJl-Jrl~tlh~L;Jl-J;JtJ 1.25% w/w 1,xLIil~~n:ntJtJ~1'Vln~1 gel strength, 

" hardness, springiness LL~:;rl'l1l-Jt'l1l-J1~tl1 tJn1~~l-J1.l1~\l n~1 n1~ 1-D1 '11 L~ tll-J I'l~tl h~L ;Jl-J;JtJ 

1.50% w/w 'elU1\liltrtl~1riry (p:s.0.05) 1tJ"lIru:;~n1~1-D1'11L~tJl-Jrl~'elh~L;Jl-J;JtJ 1.50% w/w 1~ 
" , 

LIil~~n:ntJtJ~1Vln~1 cohesiveness t'l\ln~1n1~1-D1'11L~tJl-Jrl~'elh~L;Jl-J;JtJ 1.25% W/W'elU1\ln 
v v 

, " 
trtl~1riry (PSO.05) LL~:;n1~1-D1'11L~tll-Jrl~'el h~Yln rl'l1l-J L;Jl-J;Jw;h\lrltJ-w'tlJn ~~ ~'el ~1 rl'l1l-J'lJ1'.l 

"lI'el\l~~(;lJlru-n tlU1\lntrtl~1riry (p>O.05) 

" " 
9. n1~(;l~'lIilt'l'elUl'thLUULLtlULtJ~~tJ (protein pattern) "lI'el\l~n:ntJU~1'r1\l 14 

~U~1n1n~l-J MTGase -rl'ltJ1tJn1n~'ell-J;J1l-JLl-J L~n~ LU~~tJ~n"lltJ1~ L~n 1~ LUtJLth~tJ~n"lltJ1~ • 
" " , 

l-J'l~ Ll-J L~~~ 1'm·y;tJIil1nn1~Li\lulJmtl1"l1'el\l MTGase 't~~ LL~:;Iil:;nU~:;~'Vlfifl1Yil-J1n~tJLi1tl H 

MTGase 1'.ll-JrlU SPI 

" 
1 O. n1~P1n~1~n~ru:;LrlNt'lr1\l'~fl1rl"ll'el\l~n:ntJU~1~'ltJ cryo-SEM .yi11~'Vl~1U~1 

" . . 
LIil~"lItl\l~n:ntJU~1Vliln1n~l-J MTGase nLm\l11\l m"1l1t1"l1tl\l LIil~ LtJ~~tJYlnn1~4'~ ~tI\l ~'l LUtJ 

v 
" I I tJ 

~:; LUtlUl-J1 n;tJlil1 nn1n~tll-J;J1l-J~:;VI~1\l'elttfl1 rl"ll'el\l SPI LL~:; LU~~tJ'tl-J L'el 't ~U1~~1 fYll-J1 n~tJ 

~'ltl E-(y-glutamyl)lysine isopeptide bond 

" " 11. ~~n1~u~::;d3tJ~n~ru::;'Vl1\lU~::;t'l1'Vl~l-Jert'l1tJ~n:ntJtJ~1~\lVll-J~ 14 t'lj;]~ (t'lm A1-A7 
v .. v 

" . 
'Vl~t'ltlU1,xrl:;LLtJtJ~1 springiness, cohesiveness LL~:; hardness ~\l~tJ1tJ~~(;lJlru-nYlnn1~H 

SPI LL~::; MTGase tlU1\liltrtJ~1riry (pSO.05) 1tJ"lIru::;~~'Vl~t'l'elu1,xrl:;LLtJtJ fishy flavor, beany 
" , 

flavor, whiteness, gloss, smoothness LL~::; saltiness "lI'el\l~n:ntJU~1'Vlnt'l(;l~~'tlJLL(;ln[;h\lrltJ .. . .. 
I ....... 0 ..... 

'eltl1\ll-JtJtJt'l1rlry (p>0.05) 
I " '" I 

12. n1~LtJ~tltJLLU~\l~n~ru::;Ltl'el~l-Jert'l"ll'el\l~n:ntJU~1"l1ru:;Lriufn~1Vl'elruVlfln 4 0 C .. . .. 
" , 

"lItl\l~n:ntJU~1~(;l~ A7 'tlJiln1nU~tltJLLU~\l"lltl\l~1 hardness LL~::; springiness 1tJ 5 r)tJLLm'lJ'el\l 

n1nriufn~1 LL(;]Iil:;~~~\ltlU1\l-n~LliltJ1tJr)tJ~ 7 "lI'el\ln1nriufn~1 1tJ"lIru:;~~1 cohesiveness 

LL~:; springiness 'tlJiln1~LtJ~tJtJLLtJ~\l'elU1\lntrtl~1ritlJ (p>0.05) (;l~'el~n1nriufn~1 
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I " " I 

13. n'lntl~mJLLtl~~~m~tru:;L\l'tl~)Jcr~'lJ'tl~~n:nt.!tl~I'lJru:;LtiUt'n~V1'tlru'\.ulij 4 °c " , " 
.!' Qfl J'~.c! ~ .... J 

'lJ'tl~~n"l!t.!tl~I~I'l~ 87 )Jrll hardness LL~:; springiness ~~'lJt.!L~'tltl1 LL~:;L~)J~~I'lI~~1t.!')t.!Yl 9 

'lJ'tl~n'l~Ltiut'n~ ~1~t'UfOh cohesiveness nfOh~~~~'tlth~i~L'"lt.!L~'tlLtiut'm~t1Ltlt.!L,)~1 11 tS't.! 

1t.!'lJru:;~fOil springiness l~nn'l~Ltl~t1t.!LLtl~~'tlth~n,rtl~I~'k! (p~0 . 05) 1'l~'tl~n'l~Ltiut'n~ 
~ , ~ 

14. ~n:nt.!tl~I~I'l~ A7 n'tllt1n'l~Ltiut'n~l~ 17 tS't.! 1t.!'lJru:;V1~n:nt.!tl~I~I'l~ 87 nmtl 
cu cu iii cu cu C! 

~ 

n'lntiut'n~l~)Jlnn~1 19 tS't.! L~t1H'Lnru"'"l:;~t.!Yl1tJ~~~)J~1~Lnt.! 1 X1 0
6 

Lrl L~Wnt')J 

'" 'lJ 'eU ~ t.! '!l LL t.! ~ 
I " I I 

n'l~ 1 'IX ml)J1'tlt.!Ltlt.!~~~1 Ltlt.!LU'tl~ rJi't.!L~'tl1 'IX Ln ~n'l~L~t1~JllYiD~~)J"l!1 ~'lJ'tl~ Ltl~~t.! L~'tl 

~~lm1'"l4't1 L-nt.! ~fin'l~ 1 'IX rl,)I)J1'tlt.! ,g 1'l~1 n'l~ 1'IX rl,)I)J1'tlt.! 'tlru~Jlij~H' LL~:;~:;t1:;L,)~11 t.!n'l ~ 1 'IX , " , ~ , 
rl,)I)J1'tlt.! ~~ 1 t.!~It.!~4't1ll~n~ ~~'lJ'tl~ m:;u')t.!n'l ~ 1 'IX rl,)I)J1'tlt.!(;]'tln'lnn ~ L'"l~'lJ'tl~ SPI V1 LI'l1t1)J 

L~t1H' LL Yl~t.!~ n~Yllij L t.!~'"l1 n'"l~t.!Yl1tJ (MTGase) L~t11~ ~ltl~ ~~ ~~'lJ'tl~,g I'ln n'l ~1 'IX rl,)I)J1'tlt.! " , , ~ , 
~~m'"lLtlt.!~IL~1'l1'IX~n~ru:;L\l'tl~)Jcr~'lJ'tl~L'"l~ SPI V1LI'l1t1)JL~t1H' ACTIVA™ TG-AK (MTGase) • 

L~t11~fin'l~1'IXrl,)I)J1'tlt.!~LLl'ln (;]1~nt.! 2 ~fi 1'IX~~n'l~Yl~~'tl~~1~i~L'"lt.!,rn LL~:;1t.!n'lnLtl~ 
rl,)I)JL.;r)J.;rt.!"1I'tl~ MTGase 1t.!n'lnI'l1t1)JL'"l~ SPI rl')~nn'l~~n~1t.!rl,)I)JL.;r)J.;rt.!~~~n~1 0.6% 

" I I "I 

L~'tl~n~I~~"1I'tl~n'l~H' MTGase V1~~Lnt.!ltln~~(;]'tl~n~ru:;L\l'tl~)Jcr~'lJ'tl~L'"l~V1LI'l1t1)Jl~~1'tl1~ .. 
~ ~, 

t.!'tln'"llnll1t.!n'l~~n~~~'lJ'tl~n'l~H' MTGase 1t.!~~I'lJlru"~n:nt.!tl~lrl')~~n~ILYi)JL~)J 
" 

MTGase 
~ ~ , 

MTGase 1 t.!~~ I'lJl ru,,~ n:nt.!tl~11~~t1I'lN ~1~t'Un'l~~n~lmtl n'l~Ltiut'n~I'lJ'tl~~ n:nt.!tl~lV1 " , .. 
4 °c rl')n~)Jn'l~I'l~,)'"l~'tlum)Jlru,~t.!Yl1tJ~~I)Jl~m'"l1'k!1~~~ruWJij~1 (20-25 °C) L~'tlLtlt.! 

.;r'tl)J~tl~:;n'tlunl~~~I'l(;]'tlltl .. 



l.h:;~umnw 

~~1~'Vlm~u . 

r.rn'!- 'Vl'fl\l~'fl\l. 2544. 'ji'1il nNL'Vl'VUJ~1'WrI~: ~1un~~vrLLtA\I'"I'ti1~NndrW~~1~'Vlm~U. -v-- , , 

~1iu Lf'l'!J1~~~~. 2547. e.Jf'l'!J'fl\l1l1'J:;1'Wm~Ln(?lL'"If'l rI'J1~~(?l'!J'fl'lUf'l1 LLf'l:::~:::t1:::L'Jf'l1mnnU 

1mn'Ji'1nLL'J!LL;\lj;)'fl~~U1i'!J'fl\lL'"If'l'll~n'"l1nUf'l111U~~ Oreochromis nilotcus x O. u u 
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1l1F1~'U'Jn n 

n.1 'el.uhJ~n'el'U j;J1)J L'eln"'1'atl~n'en.J; m~HU~L';l'W1~'lI'eHleJi j;Jntu'" (product specification) 

'lI'eI~ ACTIVA™ TG-AK 

Activa TG-AK 

A) Ingredient : Enzyme transglutaminase, trisodium phosphate, other. 

B) Objective: Application for fried fish paste, imitation crab, fish sausage 

: For improving texture in fish ball and surimi products-Increase elasticity 

C) Specification 

Items Standard value Method/Remark 

Color Yellowish white powder Sensory test 

Odor Odorless Sensory test 

Foreign matter Not detectable Foreign matter analysis 

Loss of drying Not more than 4% At 105°C for 4 hrs 

pH 11 .0-13.0 At 2% solution 

Arsenic Not more than 2 micro gIg As ASP3 

Heavy metals Not more than 20 micro gIg As Pb 

Total bacterial count Not more than 3X10
3 

counts/g Standard method (A .0. A. C.) 

Coliform bacteria Negative Standard method (A .0 . A. C.) 

Transglutaminase activity 50-84 units/g Hydroxamate method 

D) Dosage : Surimi 0.4-0.6% 

Surimi base product 0.1-0.2% per surimi weight 

E) Direction : Adding as mixing as powder 

F) Packing: 1 kg X 10 per carton 

G) Shelf life : 1.5 years 

H) Standard price : 2,050 bath/kg 

~tJ~ n.1 L'eln~'WtJ~:;n'eltJ~n~ru:;L'ilYi1:;'iI'el'H.J~ (;lnru,.]'iI'el":! ACTIVA™ TG-AK 
" 

n.2 n1'a1LFl'a1~,,{'eltu1ll11ij.mtl'a;j'IJLnj;Jn1'aLi!l"'1l1'Wfi'a'a)J'Yf1mj;J!I Differential Scanning . " 
Calorimetry (DSC) (~j;JLLtI~~~1n Renkema et aI., 2000) 

"" .... ')fiVl "'~'el":! 

1. Lj;J1m.J~1~~:;~1tJ SPI L;r~;r'L.! 10 mg/ml LritJH~'tlru'VI1Jij 4 °c 'L.!1'L.! 4 i')L~..:! 

2. i..:!~1'V1t!n~,)'elth..:!tJ~:;2.J1ru 10 mg ~ll'L.! pan 'el:;\jijLiltJ2.J LL~:;tl",~\1n1.~~\lVl 
3. H pan 'el:;\jijLiltJ2.J~llJil~,)'eltl1..:! LU'L.!~,) LmtJtJLVitJtJ 

4. 1.~Fl')12.J~'el'L.!LLri~,)'eltl1..:!'"l1n'elru'VIJlij 20-95 °c l.'L.!~(;lnL~,)I"l..:!~ 1°C/'L.!1Vi , " 
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... 
5. ".,1 onset temperature (To) LL~::: peak temperature (T p) "1I'fl·ml~L~tJ~m'V1 

D~~WJ!I~"1I'fl~ 'i:th~'W'"llnnnyj DSC 

n.3 n1'i1LFl'il~\-h~~1t'UFl'J1~;'U (A. O. A. c, 1995) 

'flunmI , 

, , 
... ...... 0 I 

2. Lrl~'fl~'lf~YlI"I'WtJ~ 4 (;lILL""'W~ 
_ I __ ..r::.I 

3. '"l1'W(;l~'fltJl~'fl:::~~L'WtJ~ 
" 

" 4. LCl~~rl~I~~'W (desiccator) 

I II I I 

1. on~I'l~'fl~h~L~Yln1JUI".,,rnVlLL'll'W'fl'Wu~:::~lru 5 9 Lt'l~~L'W'"ll'WI'l'J'fl~h~'fl:::~ijLi1mJV1 

" " 'flU LL""~ LL~~ 

2. UII'l~'fl~h~lu'flUL'W~'flU~~¥'fl'W~'flruWlij 105 °c LU'WL~~11 0-12 i~L~~ " ." 
II '" II I 

3. ull'l~mh~'fl'fln'"ll n ~'flU LL~:::I'l~Vi~ 1 ~ ~ Ltj'WL 'W LCl ~ ~ rl~I~~'W (desiccator) LL~:::on~ 
" " 

, " , 
4. UI1u'flu[;]'fl~nu~:::~lru 1 on'J L~~".,1-'fl'"l'WUI".,,rnrl~V1 

" , " 
5. ~1'W~ruul".,,rnV1""ltJlu LL~'J~I'W'Jrum~lrurl~I~~'W (% wet basis) '"lln~(;l~ (1) 

"" " m~lruml~~'W (%, wb) = u1".,,rnl'l'J'fl~h~ri'fl'W'flU (g) - UI".,,rnl'l~'flrJl~""~~'flU (g )X 1 00 (1) 
" 
UI".,,rnl'l~'flrJl~ri'fli.J'flU (g) 

n.4 n1'i1LFl'il~\-h~~1t'ULU'i;i'U (A. O. A. c, 1995) 

'flunmI , 
, , 

dI ..... ~ 0 I 

1. Lm'fl~'lf~YlI"I'WtJ~ 4 mLL""'W~ 

2. ,~';jLml:::,xm~lruLu~~'W ~htJ';jfi Kjeldahl method 

3. yj~l~nn'Wn~~"1I'WI~ 250 ml 

1. rl:::(;l:::~~(;] (t'l'J'W~~~"1I'fl'l potassium sulfate 1.8 9 LL~::: copper sulfate 0.32 g) 

2. 4% Boric acid 

3. 0.1 N Hydrochloric acid 
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4. 50% Sodium hydroxide 

5. 96% Sulfuric acid 

, ." 

1. -n-.l~,)'flth~L""Vln1JU1V1,rnVlml'W'fl'Wi.h:;"nru 2 9 L~~NL'WVlrl'fl~tJ'fltJ 

2. L~:Jrl::(;1::~t'lI1i'i.h:;:J1ru 5 9 LLrl:;m~-nmpm~:J~'W 20 ml U11i.JtJ'fltJ1J'WL19l1tJ'fltJ L~tJ 

L~:J rl,)1:J~'fl'WL 'Wn1~tJ'fltJ'fltJ1-.l.jf11 tJ'fltJ ~,)'fltJ1-.l'"l'W"lJ'fl-.l CJt'l:JL 'WyJrl1t'lndj'W~ L~m 
., 

(i.h:::J1ru 30 'W1Vl) i.J~'fltJVi-.l1rn""Lij'W 
., , 

~ ~ 0 ~ 

3. L'"l'fl'"l1-.l"lJ'fl-.lCJt'l:J~')tJ'W1nrl'W 60 ml 

4. ni'W~,)'fltJ1-.l~tJ'fltJ1~~')mrli'fl-.l K-242 Kjeldahl line, Buchi L~iJL.jft'l1~rl:;rl1tJ 

L '1! L~tJ:J1eJ~~'fln 1 '1! ~ LiJ'W~')l11i.J~mtJ1 LLrl:;Lri1Jt'l1~~ ni'W1~ 'Wt'l1 ~rl:;rl1 tJm~1J'ei~n 

L&i:J methyl red ;-.lLiJ'W~'W~LrlL(;1'flf 2-3 VltJ~ 

5. 1(;1 L(;1~Vlt'l1~rl:;rl1tJ~ ni'W1~ ~')tJt'l1~rl:;rl1tJ1eJL~~rlrl'fl1n rl,)1:J L ;r:J;r'W 

., 
'"l1nt'l(;1~ (2) r;)-.lU 

" 

m:J1ruti.J~~'W (%, db) = A x B X 6.25 X 1.4 
C 

A ~'flm1:JL;r:J;r'W"lJ'fl-.lt'l1~rl:;rl1tJ1eJt~~rlrl'fl1n~L-n(;1L(;1~Vl (0.1 N) 

B ~'flm:J1(;1~"lJ'fl-.lt'l1~rl:;rl1tJ1eJt~~rlrl'fl1n~L-n(;1L(;1~Vl (ml) 
., , 

C ~'flU1V1,rn~,)'fltJ1-.lVlH (g) 

6. ~1'W')rum:J1ruti.J~~'WLiJ'W % wb 

0.1 N 

(2) 

n.5 n1'i1LFl'i1::~m)J1tul"Dar", (A. O. A. C, 1995) 

mJmru 
1 

1. m:;~1'jj'm'fl-.l Whatman No.1 

.. 
3. Lrl~'fl-.l~:;LVltJ~ry'1!1n1P1 (rotary evaporator) 

4. '~Lrl1-'fl-.lf)Lrl~1:;Vl1"1l,r'W EV6A 11/16 Gerhardt 

5. ~'fl1J'flruVlllij 100-110
o

C " , " ., 
6. t~~~rl,)1:J~'W (desiccator) .. 
7. thimble 
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8. Soxhlet flask 

1. Petroleum ether (bp. 40-60 °C) 

I I l.I I 

1. i--lr;l'Jtl~h.rVltl1JLL~--lLL~'Jl~Yln1J"hvI'l1nVlLL'\.h..ltl'Wlh:;~.nru 5 g 'lAtl~htJm':;{;n'rl' 

m'tl--l Whatman No.1 It'll'W thimble 

2. 1.11 thimble It'l~--ll'W'1!{;)~n{;)~tl--l'1!{;)fjL~n:;tfm~nru1-Inr'W~(;]'fl'fltin1J Soxhlet flask ,. " 
, " 

VlYl111J1.1Tvn1mL1...l'Wtl'W t{;)tJ1-if thimble holder 

3. L~l-J petroleum ether (b.p. 40-60 °C) l.h:;~nru 250 ml ~--l1'W1{;)~n{;) 1.1lhJl~ 
" ~'Jll-J~tl'W'"l1..lL~tl{;)Lb~:;nm1 reflux '"llm1'W1.1l Soxhlet flask hh:;L"vItJ petroleum 

, 
ether tltln'"l'W~l-J{;) ~'Jm~1tl--l1:;L~tJ~'1!'1!lml"l (rotary evaporator) 

4. 1.11 Soxhlet flask hJtl1J~ 100-105 ° C 'Wl'W 2 .ft''J tl-J--l 
" " SI I '" 

5. 1.1ltltlnl-Jl'"lln~tl1J r;l--l~--ll~~Lu'Wl'Wt(1{;){;)~'Jll-J~'W (desiccator) LL~:;i--l1.1l~"rn 
" " , " 

l~~'WYl~n{;)l~ LL~'J~I'W'Jruml-Jlrul~~'W '"lln~j;]1 (3) vi--loW 
" 

ilil-Jlrul~~'W (%, db) = ilil-Jlrul~~'W~~n{;)l~ (g) X100 (3) 
" , 
1.1l~"rnr;l'Jtltil--liSl-J~'W (g) 

n.6 n1~rUlfh gel strength LUltl Instron Universal Materials Testing Machine (~UlLLtl~.:I 

~1n Andres et aI., 2006) 

" 1. ~{;)r;l--ltr'Jr){;)YlNn~l-J (ball probe) 

~1'W1'fl--lf1J r;l'Jtltil--l L if'ln1J L~itl--ll ~ iStJ1J~tltJ 
oLf 

2. LtJ{;)L~itl--l~tll-JYi'Jj;]tlf LL~'JL;rlt'lttlnLm'l-J Merlin ~--lrh~tl--lJll'J:;~lfl'Wm1r){;)t{;)tJ 
" " , o 0..... -'_..... I ..... 

m~'W{;)'Wl~'Wn~'fl--l load cell 5 kg 1:;tJ:;Yll--lYl~'J'J{;)n{;)~--l1J'WL'"l~bYllmJ 75% ~'fl--l 

~'Jll-J~--l ~l-J ~'W~'fl--l L'"l~ tr'Jr) {;) b~~'fl'W~ ~'JtJrei j;] n Lr'J ri'fl'Wbb~:;~~--l~l-J ~~ r;l'J'fltil--l L'"l~ 
" 

L'Vl1n1J 1 mm/s 
" , 

3. ';hm1 calibrate tr'Jr){;) LL~:;r;l--l1:;tJ:;Yl1--l1:;~~I--ltr'Jr){;)n1J~I'W"1Jtl--l LLvl'Wr) {;)Vl 35 mm 
oLf 
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" 
4. 'l11:nkl(;]'J'tlt.h\lLIil~ SPI VlNm':;1J'tln L~kl~1kl~klcl'n~1\l 3 em ~\l 3 em vi~'tl 

" , 
~n:nklu~1VlNn~~"llkl1(;1 L~kl~1klp\klcl'n~1\l 3 em LU'J1\l1JklLLvlkl"ll'tl\lLrl1-'tl\l1' (;1 LL~:: 
~ ~ 

, 
~~1'(;1(;]'J'tlU1\lL(;1tJn(;1U~ test run , 

, ", 
5. n(;1(;]'J'tlU1\llilklnr:;l1\l ~'JVT~1 LL[;ln ~1kl'Jru.'l11VT~nYl1-ifn(;1 (force) 

Merlin 

~ ~ ~ 
n.? n1~'lLI'I'i1::VI Texture Profile Analysis LlJltl Instron Universal Materials Testing 

Machine (~IJlLLt1~H~1n Andres et aI., 2006) 

" 1. ~(;1(;]\l,x'J1'(;1VlNm':;1J'tln"llkl1(;1L~kl~1klp\klcl'n~1\l"llkl1(;1 5.6 em LL~:;~1kl~'El\lf1J 
'IJ d.9 

(;]'J'tlU1\l L;J1 rl1J Lrl~'El\l1 ~ LrtJ1J~'EltJ 

2. LU (;1 Lrl1'El\l rl'tl~~'J [;l'tlf LL~'J L ;J1~LunLm'~ Merlin ~\l ri1"ll'tl\lJl1'J::~H1 klmr1' (;1 L(;1tJ 
~ 

" , o 0.... CIiI .... ..... I cv 

mVTkl(;1kl1VTkln"ll'El\l load cell 5 kg ~:;tJ:;Vl1\lVlVT'J'J(;1nlJl~\l1JklLIil~LVl1n1J 50% "ll'El\l 

rl'J1~~\l Li~ ~kl"ll'tl\l L Iil~ ,x'J1' (;1 Lrl~'tlkl~ rJ)'JtJrel [;lr1 L~'J ri'tlklLL~:;VT~\ltr~ er~ (;]'J'ElU1\l LIil~ 
~ 

Lvl1rl1J 1 mm/s 
" , o • .... ......... I ......... , ..... CII 

3. Vl1m~ calibrate VT'J'J(;1 LL~:;[;l\l~:;tJ:;Vl1\l~::VT'J1\lVT'JnlJln1J~1kl"ll'tl\lLLVl'W'J(;1Vl 40 mm 

" 
4 . 'l11:nkl(;]'J'ElU1\lLIil~ SPI Vlr\lm':;1J'Eln L~kl~1klp\klcl'n~1\l 3 em ~\l 3 em ",1-'El 

~ 'IJ 

" , 
~n:nklu~1VlNn~~"llkl1IJlL~kl~1klp\klcl'n~1\l 3 em LU'J1\l1JklLLvlkl"ll'El\l Lrl1-'tl\l1'(;1 LL~:; 
~ ~ 

, 
~~1'(;1(;]'J'ElU1\lL(;1tJn(;1U~ test run , 

5. n(;1(;]'J'ElU1\l ~1kl'Jru.ri1 hardness, cohesiveness LL~:; springiness r.nnn~1~ TPA 

~L~(;1tJ1-ifLunLnr~ Merlin 

j;h-3 '1 L(;ltl'l,rn~::tI'l'Un1~'l ,r1'l'l1~;'iI'UV:LLlJlnj;h\ln'U 
..; 

LI'I~'iI-3 Spectrophotometer with water bath circulation 
-40/ 

'JfiVl(;1~'El\l 

1. LUIJlLrli'El\l Spectrophotometer 

, , 
2. 1'(;1 % transmittance (% T) Ylrl'J1~tJ1'Jrl~kl 600 nm 
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I I tI I 

3. -v11n11 calibrate Lri'4'tl,,:j~')tln1m(?l~~ 

blank 

calibrate Vl~,)L~1-'tl,,:j t(?luH'uln~'Wdj-w 

., , 
4 . LVluln~'W'tl'tln LL~,)L~~~11~:;~IU SPI L-ir~-ir'W 0.001 % w/w m~I(?11 2 ml ~\lhJ 

LLVlt.! 'th'Wrh~1~Yi~'tl~ut.!Vin~~n11rJ(?l'VJnl1 'W1Vl 

5. tJflJ'fJru~JJnm11,x~,)I~~'tlt.!L'llt.!L~mnlJn1n(?l1u~LiDl~ SPI 

.... I I '" 

MTGase r;),,:j~ ~fiVl1 ~'tl1,x~,)I~~'tlt.!LLri~11~:;~IU SPI Vl'tlru~lln 50°C iDllm!'W 
• 'lJ 

II I I I 

LUt.!L,)~1 30 'W1Vl iDllm!t.!LYi~'tlru~llnLUt.! 92 °c ~,)lJ~~'tlru~lln1,x~,,:jVlVl 92°C 
.. lIJ q q 'lJ 

r;l'tl1tJ~n 30 'W1Vl ~,,:j~tI(?ln11Vl(?l~'tl,,:j ~fi~ 2 ~'tl1,xml~~'tlt.!LLri~11~:;~IU SPI ~ • ., 
'tlru~lln 92 °c LU'WL,)~1 30 t.!IVl iDllnu'W~(?l'tlru~lln~,,:jLUt.! 50 °c L~~ MTGase 

<III 'U q " 

6. 'tllt.!r11 %T ~rJ(?l1~ 'Vi~'tl~ut.!Vin~~m1rJ(?l'VJnl 

~,)I~tr~~'Wfi1:;~~I,,:jL,)~1 LL~:::: % T 

(cryogenic scanning electron microscopy, cryo-SEM) 

., 
1. ~(?lLiDl~ SPI ~1-'tl~n:n'WtJ~I"l1t.!I(?l 3x 3x 20 mm

3 

" 2. Ul:nt.!~')'tltJl,,:j~'tl(?lL-irl1tJ1'W'),,:j LL~')t.!'llt.!1 (?lL~'W~It.!Plt.!Un~l,,:j 0.5 cm LL~')Ul1tJr.i~1t.! 
'lJ • 

o lillV ..., 

t.!1,),,:j LL~')'W(;l'tl L"lIlnlJ '"ilt.!'ll'tl\l1U 
d.9 .,., , 

~,)'tltJl,,:j iDllnu'Wul:n'W~,)'tltJl,,:j L-irl L~1-'tl,,:j SEM L~'tln11~m~l~n')j'ru:;tr1:N~~I\l 

'i:t.l'i;it.! (protein pattern) i"UJ SOS-PAGE 

mn(?l1~~~')'tltJl,,:j~I~fu~Lr1n:;,xm~lruttJ1~t.! (Wasson et ai., 1992) 

mJnmJ • 

...; . 
2. Lr11'tl,,:j homogenizer 
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1. 0.1 % 2-mercaptoethanol 

2. 5% Sodium dodecyl sulfate (SOS) _ .... 
'JD'Vl~~!l~ 

1. 1J~(;]'J!lth~1~~:::L~£J~ 

2. i~(;]'J!lth~ 3 g -W'U.J1 telt~~l'W~~'J£J~I~~:::~I£J 5% SOS + 0.1 % 2-

mercaptoethanol (95 °C) uh.nl'l~ 27 ml 

3. -WI homogenate ~1~~.J11~ml)J~!l'W~ 80 °c LU'WL'J~1 1 i'Jt)J~ ~1!l~'W(;]'J!l~1~ 

~:::mm~~~ 

4. -Wlhh~~£J~LL£Jn~ 17,500 X g LU'WL'J~1 20 'W1Vl ~~ru~JJ~~!l~ (25°C) 

5. Lri1Jfb'W1~ (supernatant) L~!l1-n'Wm~';jL~~I:::'If~lm~lruhh~'W LL~:::~I~flJH' 

LU'W(;]'J!lth~ 1'Wm~I'l~'J~~!l1J~tJ LL1J1J"IJ!l~ LLrl1J t1.h~'W .. 

m~';jL~~I:::'lfm~lrut1.h~'Wt~tJ Modified Lowry Method (Peterson, 1983) 

'flunmJ • 
..: 

1 . Lm!l~ spectrophotometer Lambda 25 

1. Bovine serum albumin (BSA) 

2. Copper sulfate anhydrous (CuS04 ) 

3. Copper-tartrate-carbonate (CTC) (0.1 % copper sulfate +0.2% potassium 

sodium tartrate +20% sodium carbonate) 

4. Folin-Ciocalteu phenol 

5. Potassium sodium tartrate 
" , 

6. Reagent A (CTC+0.8 N NaOH+1 0% SOS+-Wln~'W 1'W't11'l~1~'J'W 1:1) 
., , 

7. Reagent B (Folin-Ciocalteu phenol + -Wln~'W 1'W't11'l~1~'J'W 1 :5) 

8. Sodium carbonate 

9. 0.15% Sodium deoxycholate (OOC) 

10. 10% Sodium dodecyl sulfate (SOS) 

11. 0.8 N Sodium hydroxide (NaOH) 

12. 72% Tricholoroacetic acid (TCA) 
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--'JfiVl"'~'el'l 
1 . LI;)1-t1l-m nyb.J11;)~tj1'Whm 1 ~~11Jh.J 1 ru tU~~'Wl~h tI ~ 1 ~~ :;~1 tI hh~'\..nJ'wl ~Tl'W 

dot 0.9 
, ., , 

bovine serum albumin (BSA) t"'t1-n'l BSA 10 mg ~:;~1t1nlJtl1n~'W'"l'W~ml-J1 1'1J' 

10 ml 
., , 

2. tJLtJl;)~1~~:;~1t1 BSA ml-J11;)~~1'11 l!J~l-JnlJtl1n~'W'"l'W~ml-J1I;)ntl'W 1 ml L~l-J 
., , 

~1~~:;~1t1 DOC Lirl-Jir'W 0.15% ml-J11;)~ 0.1 ml L"lJrhl'lXdhn'W Vi'lHVl'elru~Jl5j 'lX'tl'l , .., 

(25 ° C) 'W1'W 10 'W1Vl 

3. L~l-J~1~~:;~1t1 TCA Lirl-Jir'W 72% ml-J11;)~ 0.1 ml L"lJrhl'lXL-n1n'W 

4. tl11uL~~t1'1LLtln~~'J1l-JL~'J 12,000 x g Ltl'WL'J~1 30 'W1Vl 
., 

5. LVl~'J'W1~Vi'l 

6. tl11;):;n'el'W~1~l-J1L~l-J~1~~:;~1t1 A ml-J11;)~ 1.0 ml L"lJrhl'lXL-ihn'W ~'1H~ 

'elru~Jlij'lX'el'l (25°C) 'W1'W 10 'W1Vl , .., 
., ., , 

7. r.nmr'WL~l-J~1~~:;~1t1 B ml-J11;)J' 0.5 ml L"lJrh1'lXL-n1n'W Vi'lHVl'elru~Jl5j'lX'tl'l 
• \J 

(25°C) 'W1'W 30 'W1Vl 
, , 

8 . ~c;)rhn1~c;)c;)n~'WLL~'1Vl~'J1l-JtI1'J~~'W 750 nm .., 

., , 

Jlg LLVl'W~1~~:;~1t1 BSA LL~'Jvi1n1~Vlc;)~'tl'lir1'1~'W~11'W'ir'elVl 2- 8 

n1~I;)~'J'"l~'ellJlULLlJlJ"lJ'el'lLLrllJttJ~~'W (protein pattern) ~'JtI SOS-PAGE (Laemmli, 1970) 

1. 2 M Tris-HCI (pH 8.8) 

2. 1 M Tris-HCI (pH 6.8) 

3. 10% Sodium dodecyl sulfate (SOS) 

4. 50% Glycerol 

5. 1 % Bromophenol blue 

6. 10% ammonium persulfate 

7. Electrophoresis buffer (25 mM Tris, 192 mM glycine, 0.1 % SOS) 

8. Sample buffer (60 mM Tris-HCI, 25% glycerol, 2% SOS, 14.4 mM 2-

mercaptoethanol, 0.1 % bromophenol blue) 
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9. Coomassie gel stain solution (Coomassie blue R-250, methanol, glacial 
" , 

acetic acid LL~:;~'1n~'W) 
" , 

10. Coomassie gel destain solution (methanol, glacial acetic acid LL~:;~'1n~'W) 

" .. " water LL~'JL"1!~~'Jm'elVll'W'el~ 

I I s,. I 

fl'Jl~~'W1 1 mm ~'WHYl"lJ'elU;1'1~'el'lJll'W u~:;n'elU LL~'Wm:;9m'ihnul'l'JLfl1'el'l t~tJ1 tX 

m:;9n LL~'W~ih'eltJ L~'ltX'WL-ih Jll'W1 'W"lJ'el'll'l'J Lfl1'el'l 

3. 1-n~tfl~tJLul1l~~ resolving gel solution L~~~'11'W"1l'el'l~:;~~I'1LL~'Wm:;9n'elrll'1.jfl1 

~:;1''1'elrl 11 tX Ln ~yJ'el'l'el1 n 1 PI 9'W~1~~ :;~ltJ'elrl ~1 n~ 1"lJ'elUU'W"lJ'el'l LL~'Wm:;9 n~ ~ ~'eltJ 
'IJ 

L~IU~:;~'lru 1.5- 2.0 cm 
'" II II I 

4. ~tJ'el~~I~~:;~ltJU'JVll'W'el~tJ~;1UWW1L9~ l'l'lVi'lHu'W~'WYlCrtJu ~'elltXL9~LL~'1 H 
, 

L'J~IU~:;~lru 2 -D'J t~'1 
" , 

5 . LVI"lJ'el'lL~~'JU'W~'Jw\~hL9~'el'eln ~1'1Jl'JtJ~ln~'WLL~'J1-n~tfl~tJLUI1l~~ stacking gel 

solution L~~~'11 'W"1l'el'l~:;~~I'1 LL~'Wm:;9n'elrll'1.jfl1 ~:;1''1'elrll1 tXLn~yJ'el'l'elln1P1 9'W 

, " 
6. ~'el~ comb ~'11'W"1l'el'l~:;~~I'1LL~'Wm:;9n L~'el1tXLn~"1l'el'l~I~~UU~~9l'l'J'elrll'1 LL~'Jl'l'l • 

.... II I I 

Vi'l1~tXL9~-D'WU'WLL~'1 HL'J~IU~:;~lru 1 -D'Jt~'1 ~'1tl'el~ comb 'el'eln 9:;lJlLL~'WL9~Yl 
11 0 IV .oI:Irt. ,..., I 

~~'el~~I~~Un1~'JLml:;~m'eltJ1'1 

7. tJLUI1l~I~~:;~ltJtu~~'W~~'el'ln1~';)Lml:;~u~:;~lru 0.3 ml L~~~'11'W sample 
, " 

buffer 1'W'fi'I1l~I~'J'W 1:3 Ylu~~,1'W eppendorf tube 91mr'We.J~~ltXL-ihn'W 1tXfl'Jl~ 
, " " 

~'el'WYl'elru~Jli1100 °c LtI'WL'J~'l 2 'W1Yl91mr'WVi'l1~tXLij'W . " 
8. [;\'el"lJ~ electrophoresis L-ihnuLfl1'el'lrhLil~lyJyhL~~ electrophoresis buffer ~'11'W 

chamber LL~:;~:;~~'l'l LL~'Wn ~:;9n9'W~I~~:;~ltJ'Vi'J~ LL~'WL9~ 

9. ~~~I~~:;~'ltJtu~~'W~~'el'ln1~';)Lfln:;~ 10 III ~'11'W"1l'el'lJll'WU'W"lJ'el'l stacking gel 

"1l'el'l~:; 1 l'l'J'elrll'1 
, 

1 O. rh~'W~m:;LL~l yJvh 20-30 mA n~t1~ start ~'el9'Wl'l'J'elrll'1';)'1~'l~19'WM1"lJ'elUf'lI'1 • • 
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11. UILL~UL'"l~LL"lilu staining solution LtlUL,)~1 15 UIVl LL~,)UI1tJLL"lilu destaining 
~ ~ 

solution '"lULLrlU"1J'tl~L1.h~uUJ'ln!Jl~L~U LVl~IJ'~:;~ltJi1~LL~:;~I~LL~UL'"l~~htJUI 

_col 

,)fiVlln~'tl~ 

1. LUlnLri;!'tl~I"1'tll-JYi,)Lln'tlf LL~,)Loih~LUJ'LLml-J Spectrophotometer Universal 
, ~ 

2. L~'tln"1JUllnLLvlUVli1"li'tl~LtllnrlJLL~~"1JUlln 0.5 ib 
,~ , 

3 . "'lmJ' calibrate LlntJmmlnLLrlULl-JU calibrate LI"11'tl~'"l:;~uoif'tlmll-JLYi'tll~,)I~LL~U 
" 

I • 1,1 I 

LL~')n In OK Vl~~I'"l'tlI"1'tll-JYi'J L~'tlf LI"11'tl~'"l:;~Uoif'tl mll-J LYi'tll~'JI~ LL~U4-J1 ~J'fjlU~ 
0.9 

"1J1'J LlntJ,)l~ 1 ~'"l ln~"1JI,)~'tlUUU"1J'tl~ LL~U'tlU~~n~l~ ~!hU~~I"1J'tl~ Ll"1i'tl~~ ln~ LL~'Jn In . .. " , 
... '" 4, ~ 

OK Vl~UI'"l'tlI"1'tll-JYi,)L~'tlJ' 
, 

4. Vlln~'tlUmJ' calibrate LI"11-'tl~rJ)')tJmJ'thu .. h~"1JI,)'"llmL~Ul-JI~J'.lIU (L * 93.35, a* 

-1 .15 LL~:; b* 1.54) LlntJnln LLriU Ll-JU read standard .. h~ Ll"1i'tl~thulrJ)'"l:;~'tl~i1 .. h 
" 

+ hiLnu 0.03 "1J'tl~rill-JI~J'fjIU~~Il-JIJ'nlnl~'"llmL~U~"1JI,)l-JI~J'fjIUL~tJurhriuH 
- 0.9 'lJ 0.9 

, ~ 

~lnriIVlthulrJ) ± Lnu 0 . 031~"'lmJ' calibrate ~1~Il-Joif'tl 3 

5 . "'lmJ'~ln(;],)'tlUI~ LlntJ(;]ln(;],)'tlUI~"1JUllnL~U~IU~UtJn~l~ 3 cm ~Ul 0.5 cm 'J1~ 

vlUUULLvlU J'ru LL~~ 1 ~ LL UU~~Vl 
" 

6. nlnLLrlULl-J\f read sample Ll"1i'tl~'"l:;~IU,)ru ril~ L* a* b* l~vluVl '"llm!UUI 

ril~l~u~IU')ru~lrill"1'JIl-J"1JI,) (whiteness) '"lln~~J' (2) (3.3.3.4) 
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" , 
LL1J1JU1:;LiJ'W~n~ru:;'Vl1'lU1:;~1'Vl~~ ~~"1I'el,a'l n=n'WU~1 LL~ !?I'lL 'W1UYl n.1 .. .. 

~il .. .. .. ........... ................................ ... .. .. .............. ..... .. .. ....... .. t "''iA'rC~ ............... ... ... ............. ... .. ..... ............ REP .............. . 

fi1~U."I-1 1. hhlll.,,1II1H11Jffifltlth-lPl1~~1ffi1Jffi-ld control. xxx. XXX, xxx LLf\:: xxx j;J')~~1ffi1J 
2. hhlllyj1L';~fl-l1l~1tJLt\'U'!I'l1-l (Il f\-l1JULt\'U~ Lnf\ PIN ~1LLlIll-l~vi1U~ III':)') LL~ III-l~-l ~::ffi1J'!Ifl-l~nb'CU::'Vl1-l1h::~1'" 

~~~~LLvif\::ffi'lfltJ1-l 'Yiffi~vr-l1::1.Jffi~milflLt\'U'!l'l1-l~U 
3. ujfl."lII~fl1JLLvif\::ffi'lfltJ1-lL~1"lLLt\''l n1CU1n~'lu1nlil'ltJ~1LLf\::1fll.h::~1cu 5 U1Y1 riflU"'(/\~fl1Jffi'lfltJ1-lllifl1u 

ni\j'itl (flavor) : 

1) n~\j'''~tiln (fishy flavor) 

2) nfl\jci~ (beany flavor) 

I 
~o ..I 
\jtlUl'Il1" 

tin\!lnl::ti'i'lnD (appearance) : 

3) ~~1~ (whiteness) 

I 
o. 

~f'lfh 

4) f'I~1)')Li'lwj\j~1~~tl~il~\jtln (gloss) 

~O..l 
\jtlUl'I~" 

5) f'I~1)')Lilu\j~tl~L~tl~fl".nru'" (smoothness) 

I'I'l1).)iin'l\j\.hn (mouthfeel) : 

6) f'I~1).)ii,,""fj1J (springiness) 

7) f'I~1)')Ln1::.r~ri~tl~~fl".nru'" (cohesiveness) 

~o ..I 
\jtlUl'I~" 

8) "'~1)')LL;~n~~flMru'" (hardness) 

'1.'II1~ (taste) : 

9) filL;;).) (saltiness) 

, " 
1UYI n.2 LL1J1JU1:;LiJ'W~n~ru:;Yl1'lU1:;~1Yl~~ ~~"1I'el'l~n=n'WUrl1 .. .. 

10 
fl'll1~l.J1n 

10 
)')1niiql'l 
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_~ ....... .. l::. 
n.13 n1'i11l'i1~~'tI'l.J'LJ'i~1ru~'a'U'VI'itl'VI.:l\nJI1I (A. O. A. C, 1995) • 
'flumru 

1 

" 
2. tlLUI1lU~1PlIil1nL;'fl"iJ'1...n11l 1 ml 

, " 
11 11 ..... I .oc:tI 

3. t'l1~~::~1U peptone L"iJ~"iJ'W 0.1 % 'Vlu~1PlIil1nL"l!'fl 

II II I II 
.... .. ..... I.dj 

5. 'fl1~1n~U\lL"l!'fl nutrient agar 'VlunPlIil1nL"l!'fl 

6. stomacher 

" , , 
0.... I .... I lI' dI cJ 0 

1. 'W1111'J'flm\l~n"l!'W'Vl~1'WmnJI1II1I'Jmm'fl\l stomacher 'W1'W 2 'W1'Vl 1il1'W'J'W 5 g ~t'l~ 

n'IJt'l1~~::~1U peptone L-if~-if'W 1 % m~1111~ 45 ml ~t'l~1~L-if1nt..l 

2 . ';hmn~'fl1il1\1t'l1~~::~1ULVl'J'fltJ1\1LL'IJ'IJ serial dilution ~'JUt'l1~~::~1U peptone 

"" .dj. .dj ..., 2 3 4 5 6 
L"iJ~"iJ'W 1% ~'fl'Vl1mnlil'fl1il1\1I11'J'elm\l1:10, 1:10,1:10,1:10,1:10,1:10 

II , II I II 

3. I1II1IL;'flVl~::C;)'lJmn~'fl1il1\1 1: 1 0
4 tB~1111~ 1 ml 1~~\ll'W1il1'WLYn::L;'flVlU~1PlIil1m;'fl 

" 
2 1il1'W 

" , 
4. I1II1IL;'flVl~::C;)'lJmn~'fl1il1\1 1: 1 05 LL~:: 1: 1 0

6 Vi1L"li'WL~mn'IJ-if'fl 3 
" 

" " 
5. L'Vl'fl1"vn~ nutrient agar (unPlIil1m;'flLL~::~~'fl~L~~'JLL"li'eltJl'Wtl1\1-W1'flru'Mllj 

'II ''IJ 

50 'fl\lPl1L"l!~L=nUt'l) ~\ll'W1il1'W-if'fl 3 LL~:: 4 

. " 
6. ~~'W1il1t..l'fl1~1~11I1~Lii~'W1~m 5 ~'fl'IJ 'Vl'J'WLii~'W1~m 5 ~'fl'IJ L~~'el'W1il1'W~'W~\I 

1 

" " 
7 . LVl\ll1\1HIil'W'fl1~1nLii\lLVl'J 

, . 
~'J11il1'W~\I 

" , 
8. 11I~'Jlill1'IJ~1'W'J'WL~ L~U Ll1Iul1'IJL'UYn::1il1'WL'Y'l1::L;'flVlilL~ L~i1'eltJ~::~~1\1 30-300 

'IJ 

L~L~U il~'\.,bmtl'W CFU (Colony forming unit) [;]'fl ml 

= 
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ll1FH./1J'ln 'lI 

, , 
!Wl~1~V1 "lJ.1 m~1Lr1n:;\fr1'J1).JLLtJ~tJ~'J\l"lJt:l~f'h gel strength "lJt:l~LIil~ SPI V1L1;i~(t1).JL~ttL-n 

n~:;1J'J\lm~'l"" r1'J1).J~t:l\l~ LLj;]nj;h~ri\l~t:l~1fi ~~:;~1Jr1'J1).JL.;r).J.;r\l"lJt:l~ SPI LL~:; MTGase r;h~1 
SOY d.f. MS F Value 

Between Groups 11 154998.306 600.266" 

Within Groups 180 258.216 

Total 191 

j;]1n~~ 'jJ.2 m~1Lr1~1:;\fr1'J1).JLLtJ~tJ~'J\l"lJt:l~f'h force "lJt:l~LIil~ SPI ~Lj;]1t1).JL~t11-Dm:;1J'J\lm~ 

'l""r1'J1).J~t:l\l~LLj;]n~1~ri\l~t:l~1fi ~~:;~1Jm1).JL.;r).J.;r\l"lJt:l~ SPI LL~:; MTGase ~1~1 
SOY d.f. MS F Value 

Between Groups 11 356.544 752.689" 

Within Groups 180 0.474 

Total 191 

, , 
j;]1n~V1 "lJ.3 m~1Lr1~1:;\fr1'J1).JLLtJ~tJ~'J\l"lJt:l~~1 distance "lJt:l~LIil~ SPI V1Lj;]1t1).JL(1It1L-D 

n~:;1J'J\lm~'l""r1'J1).J~t:l\l~LLj;]n~1~ri\l~t:l~1fi ~~:;~1Jr1'J1l-JL.;r).J.;r\l"lJt:l~ SPI LL~:; MTGase ~1~1 
SOY d.f. MS F Value 

Between Groups 11 230.067 98.924" 

Within Groups 180 2.326 

Total 191 

, 
SPI V1Lj;]1t1l-JL~t1'l-n 

SOY d.f. MS FValue 

Between Groups 11 495528.670 457.360" 

Within Groups 180 1083.454 

Total 191 
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, ' 
f;l1~1~Vl "11.5 m~~Lrl~1:;irl'J1lJLLtJ~1.h'JU"1l'tl~rh cohesiveness "1I'tl~L"'i~ SPI ~Lf;l1tJlJL~tJHf 

m:;1.J'Jum~L~rl'J1lJ~'tlu~LLf;ln(;h~nui'l'tl~~fi ~~:;~1.Jrl'J1lJL;rlJ;rU"1l'tl~ SPI LL~:; MTGase (;\1~1 
SOY d.f. MS FValue 

Between Groups 11 0.393 108.215' 

Within Groups 180 0.004 

Total 191 

f;l1~1~~ "11.6 m~~Lrl~1:;irl'J1lJLLtJ~tJ~'JU"1l'tl~rh springiness "1I'tl~L"'i~ SPI ~L(;]1tJlJL~tJH' 
m:;1.J'Jum~L~rl')1lJ~'tlu~LL(;]n(;\1~nui'l'tl~~fi ~~:;~1.Jrl'J1lJL;rlJ;rU"1l'tl~ SPI LL~:; MTGase (;\1~1 

SOY d.f. MS F Value 

Between Groups 11 0.319 576.047' 

Within Groups 180 0.001 

Total 191 

" m~~ Lrl n:;i rl'J 1lJ LLtJ~tJ~'JU"1l 'tl~ rh rl'J 1lJ i'l1lJ1 HILum ~~lJtl1 

SOY dJ. MS F Value 

Between Groups 11 1065.032 99.409' 

Within Groups 180 10.714 

Total 191 

, " , 
f;l1~1~Vl '!l.S Gel strength "1I'tl~fjn~utJ~1~(;]~rl')1.J~lJVl Lf;l1tJlJL~tJLfl'1!L~tJlJrl~'tl h"'L;rlJ;rU(;\1~1 

!'IIL~!JlJl'lflfl11,r Gel strength (g.cm) Force (g) Distance(cm) 

1.00 3320.63' ± 271 .47 242.79' ±..19.64 13.69'" ±0.66 

1.25 3955.73 b ± 293.71 270.55 b ± 17.94 14.37" ± 0.87 

1.50 3451.68' ± 285.26 253.39' ± 22.02 14.19
b 

± 1.17 

1.75 3445.16' ± 342.85 147.31' ± 21 .02 13.8
ob

± 0.81 

2.00 3378.58' ± 245.28 256.63' ± 18.22 13.19' ± 0.91 
~ ... -~ ~ ~ ~ - ~ -~ ~ --

, " , 
(;]1~1~Vl '!l.g m~~Lrln:;irl'J1lJLLtJ~tJ~'JU'!l'tl~Fh gel strength '!l'tl~~n~utJ~1i'l(;]~rl'J1.JrllJVl " .. . 

SOY d.f. MS F Value 

Between Groups 4 1706771 .675 22.499' 

Within Groups 75 75859.244 

Total 79 
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, ", 
(;l1n..:lVl "11.1 0 n11~LFl1'1:;,rI"l':l'1lJLL1.J11.J1,)\,I"1Ifl..:lfOi'1 force "1I'tl..:l~n=.n'\.J1.J~'1~(;l1Fl,)1JFllJVlLl;]1t.llJL~tI 

" " . 
SOV dJ. MS F Value 

Between Groups 4 3191 .514 9.441' 

Wilhin Groups 75 338.052 

Total 79 

SOV dJ. MS FValue 

Between Groups 4 3.233 4.941' 

Within Groups 75 0.654 

Total 79 

" , ..,J 
(;l'11'1..:1Yl "11.12 Gel strength "1I'tl..:l~n=.n'\.J1.J~'1~(;l1V1L(;l1t1lJL~ltI1-iiL"1!L~tllJFl~'tlh~L;rlJ;r\,l 1.25% 

w/w 

1l11l1 Gel strength (g.cm) Force (g) Distance(cm) 

Al 2673.68' ± 694.89 217.20'±41 .36 12.83- ± 1.69 

A2 2913.17' ± 372.32 238.83 b ± 14.47 12.73'"±0.53 

A3 2868.37' ± 151.38 231 .52'" ± 13.15 12.42' ± 0.68 

A4 3430.25 b ± 305.84 270.93 < ± 23.53 12.50' ± 1.03 

A5 3723.05 < ± 261 .40 311.37 < ± 32.37 13.19- ±0.98 

A6 4006.94' ± 313.58 326.49< ± 31.49 15.51 be ± 1.08 

A7 4834.86' ± 411.84 309.68 < ± 25.85 13.57 <± 1.01 

~ ..... ~ ~ ~ ~ .. ~ .. ~ ~ --

, " , 
(;l'11'1..:1V1 "11.13 n11~LFl1'1:;,rFl,)'1lJLL1.J11.J1,)\,I"1Ifl..:lfOi'1 gel strength "1Ifl..:l~n=.n\,l1.J~'1~(;J1V1L(;l1t1lJL~tI 

HL"1!L~tllJFl~'tlh~L;rlJ;r'\.J 1.25% w/w 

SOV dJ. MS FValue 

Between Groups 6 7540025.850 79.363' 

Within Groups 105 95006.661 

Total 111 
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., , 
force 'Df)~~n;'l.!tJ~1~[;11~Ll;i1U2-Jt(;lUH' 

" " 
~ - ~ .. " " ~'llL(;lU2-JFl~f) ~1(;lL'1J2-J'1J'l.! 1.25% w/w 

SOY d.f. MS F Value 

Between Groups 6 21981.356 37.295-

Within Groups 105 589.387 

Total 111 

~- ~ .. "" ~'llL(;lU2-JFl~f) L1(;lL'D2-J'D'l.! 1.25% w/w 

SOY d.f. MS F Value 

Between Groups 6 7.783 10.098-

Within Groups 105 0.771 

Total 111 

~ ~ . 
[;11n~Y1 '1J.16 Hardness, cohesiveness LL~~ springiness 'Df)~~n;'l.!tJ~1~[;11~L[;11U2-Jt(;luH' 

t'llL~U2-JFl~f)h~L'ii2-J-if'l.! 1.25% w/w 

~I'" Hardness (g) Cohesiveness Springiness 

A1 5201 .94' ;t 395.43 0.35";t 0.02 0.55' ;to.03 

A2 5604.65" ;t 275.47 0.34' ;to.02 0.57' ;to.04 

A3 5565.00" ;t 300.72 0.34" ;to.02 0.56' ;to.03 

A4 7090.36 C ;t 260.76 0.33·;t0.02 0.60" ;t 0.02 

AS 8705.70' ;t 243.85 0.40 cd ;t 0.01 0.66";t 0 .03 

A6 8035.35" ;t 297.87 0.39 C ;t 0.02 0.63 C ;t 0.03 

A7 8729.31' ;t 470.79 0.40";t 0 .02 0.63C ;t 0.03 
~ oJ. ~ ~ ~ ~ . ~ .~ ~ --

SOY d.f. MS FValue 

Between Groups 6 37916334.840 348.926-

Within Groups 105 108665.988 

Total 111 
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, ., , 
~'l~'l\lYl "11.18 m~';j Lf"l~'l:;,r Fl'J'l~ LLunl~'ltJ"1Itl\l fOb cohesiveness "1I'tN~ n;tJu~'l~ ~~Yl L~1tJ~ L~tJ 

" " 

SOY d.f. MS FValue 

Between Groups 6 0.015 40.696* 

Within Groups 105 0.000 

Total 111 

,,~"" ~ .. "" ~'h"l!L~tJ~f"l~tl ~~~L"1I~"1ItJ 1.25% w/w 

SOY d.f. MS FValue 

Between Groups 6 0.028 32.465** 

Within Groups 105 0.001 

Total 111 

~'l~'l\l~ "11.20 fOb % Expressible water "1Itl\l~n~tJu~'l~~~~L~1tJ~L~tJL-ifL"l!L~tJ~f"l~tlh~L;r~;rtJ 
1.25% w/w 

131'11 %Expressible water 

A1 15.47
d 

± 2.03 

A2 13.52< ± 0.92 

A3 12.09 b ± 1.12 

A4 12.89 b< ± 1.08 

A5 10.50' ± 0.79 

A6 10.72'±0.72 

A7 10.09' ± 0.88 
v -'. v V V • V .v 

SOY d.f. MS FValue 

Between Groups 6 59.887 45.074" 

Within Groups 105 1.329 

Total 111 



117 

~ ~ I 

~1j'Wf1 'Jl.22 Gel strength 'Jl~~~n;l.!t.lfl1~~jVlL~1m,j'L~£Jt-nL'lIL~£J~filfl~hr;lL;r~;rl.! 1.50% 

w/w 

~1JI1 Gel strength (g.cm) Force (g) Distance(cm) 

81 2377.33' ± 444.27 171.75'± 10.19 11 .33'±0.75 

82 2610.41 b ± 197.57 173.96' ± 10.33 14.35 cd ± 0.78 

83 3284.73 d ± 350.84 231.92'±21.97 14.69
d
±0.95 

84 3084.1 8 cd ± 326.10 221 .39' ± 15.55 14.44 d ± 0.87 

85 2976.94 ' ± 290.72 204.51 b ±...17.31 13.58 b ± 1.32 

86 3739.19' ± 253.57 301 .95 d ± 29.87 13.75"' ± 1.08 

87 4644.53 f ± 210.71 324.68 ' ± 21.65 14.47
d 
±0.57 

~ -". ~ ~ ~ ~ . ~ .~ ~ --

I " I 

~1j1~Yl 'Jl.23 mj~ Lfiln:::i fil'J1~LLt.ljt.lj,)l.!'Jl~~fh gel strength 'Jl~'l~n;l.!t.lfl1~ ~jVl L~1£J~L~£J 

t-nL'lIL~£J~filfl~hr;lL;r~;rl.! 1.50% w/w 

SOY d.f. MS F Value 

Between Groups 6 9384614.516 61 .153" 

Within Groups 105 153460.217 

Total 111 

" I 

'Jl.24 force 'Jl~~fln;l.!t.lfl1~ ~jVl L~1£J~L~£JH' 
~ ~ . 

'i' .... ~ .. "" ~'lIL~£J~filfl~ ~j~L'Jl~'Jll.! 1.50% w/w 

SOY d.f. MS F Value 

Between Groups 6 56917.954 153.482" 

Within Groups 105 370.844 

Total 111 

'i' .... ~ .. "" ~'lIL(;l£J~filfl~ ~j~L'Jl~'Jll.! 1.50% w/w 

SOY d.f. MS FValue 

Between Groups 6 21 .528 24.788" 

Within Groups 105 .868 

Total 11 1 
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, ., , 
(;l111~Yl "tI.26 Hardness, cohesiveness LL~~ springiness "tJtl~~n;t.!1.l~1~(;l1YlL(;l1m/Ll'ltJ1-n 

t'l!L~m-lf'1~tlh~L;r~;rt.! 1.50% w/w 

~J/l1 Hardness (g) Cohesiveness Springiness 

B1 3610.88' ±256.89 0.27' ± 0.02 0.43' ± 0.03 

B2 3811 .5' ±341.85 0.44' ± 0.05 0.48" ±0.04 

B3 6942.47" ±571 .59 0.44' ±0.03 0.58 do ± 0.04 

B4 6128.63 < ± 383.21 0.37 < ± 0.03 0.57" ± 0.03 

B5 4394.15" ± 307.17 0.30" ±0.02 0.51 < ±0.03 

86 7035.29" ± 483.63 0.39" ±0.02 0.60" ±0.04 

B7 8565.07' ± 245.99 0.43' ± 0.03 0.62' ± 0.02 

~ "'. ~ ~ ~ ~ - ~ .~ ~ --

~ "" ~ ... s,. s,. 
~'l!Ll'ltJ~f'1~tl ~1l'lL"1I~"1It.! 1.50% w/w 

SOV dJ. MS F Value 

Between Groups 6 56815519.023 359.975" 

Within Groups 105 157831 .923 

Total 111 

, ., , 
(;l111~Yl "11.28 n11';jLf'111~if'1'J1~LL1.l11.l1'Jt.!"tJ'e:l~~1 cohesiveness "tJtl~~n;t.!1.l~1~ (;l1Yl L(;l1tJ~t~t1 

'OJ 'OJ 

SOV dJ. MS F Value 

Between Groups 6 7.455E-02 78.147" 

Within Groups 105 9.539E-04 

Total 111 

, ., , 
(;l111~Yl "11.29 n11';j Lf'111:;i f'1'J1~LL1.l11.l1'Jt.!"tItl~ ~1 spring ness "1Itl~~n;t.!1.l~1~ (;l1Yl L(;l1t1~ tl'ltIL-n 

t'l!L~tJ~f'1~tlh~L;r~;rt.! 1.50% w/w 

SOV dJ. MS F Value 

Between Groups 6 7.642E-02 61 .640" 

Within Groups 105 1.240E-03 

Total 111 
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~1~1'l~ '!I.30 1"11 % expressible water '!I~'l~n~utlfi1~~~~L~1mJ'L{;l~Lfl'l!L~~~filfi~'1.~~L;r~;rU 
1.50% w/w 

13l11rl1 %Expressible water 

B1 24.69' ± 1.24 

B2 20.63" ± 2.75 

B3 16.10
c 

± 1.40 

B4 16.27 c ± 1.74 

B5 13.48"± 1.13 

B6 12.56" ± 1.00 

B7 11 .27 a ± 0.63 
v 

_. v 

V V V • V .v 

SOV d.f. MS F Value 

Between Groups 6 363.661 151 .927" 

Within Groups 105 2.394 

Total 111 

131111 L" a" b" Whiteness 

A1 68.46 a ± 3.03 -1.46' ± 0.03 11.41' ± 0.76 66.37
n
·± 2.71 

A2 69.95" ± 0.86 .(l.33 c ± 0.03 11 .85" ± 0.34 67.69"'±0.79 

A3 68.73" ± 2.97 .(l.38 c ± 0.03 12.06 be ± 0.32 66.45 n. ± 2.74 

A4 70.23" ± 0.90 .(l.93 " ±0.06 12.57 c ± 0.78 67.66 no ± 0.92 

A5 69.96" ± 0.76 .(l.37 c ± 0.03 12.48
c 

± 0.76 67.47"' ± 0.60 

A6 70.46" ± 0.78 .(l.95 " ± 0.09 12.33 be ± 0.64 67.96"' ± 0.67 

A7 69.14" ± 2.48 .(l.43 c ± 0.02 12.56 c ± 0.39 66.66 n. ± 2.32 

v ..l. v v v • V .v V --a. b.c ... III'lLftllYllJtJn1:t1n1nUIll1~nu1uuu'lIll~~mnWllnIll1~flV1~IJUV~1"tyYl1~ftC1111 (p ~ 0.05) 

ns 'WLL'lnl'h~fl!h~ihrv~1IityYl1~ftriiii (p >0.05) 

o ., 0 

~1n'lVi '!I .33 n1~~Lfil~1~,rfil'J1~LLtl~tl~'JU'!l~'l1"11~ L * '!I~'lfin:nutlfi1~~~V1L~~~~L{;l~Lfl'l!L~~~ 
" " 

., ..." 11 
filfi~ ~~{;lL'!I~'l!U 1.25% w/w 

SOV d.f. MS F Value 

Between Groups 6 9.788 1.873** 

Within Groups 105 5.226 

Total 111 
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~ Ir' '" " Fl~~ ~11'lL~)J~\J 1.25% w/w 

SOY dJ. MS F Yalue 

Between Groups 6 2.961 30.22B" 

Within Groups 105 0.098 

Total 111 

I " I 

lW111'1Vl ~ .35 n11';) LFl11::'lf Fl'J1)J LLtJnJ1'J\J~~'1 ~1~ b* ~~'1~ n:n\JtJ~1~ J;l1Vl LJ;l1-tm 'll'ltiL-nL'l! L~t1)J 
" " 

SOY dJ. MS FYalue 

Between Groups 6 3.010 6.489" 

Within Groups 105 0.464 

Total 111 

" I .,J 
J;l111'1Vl ~.36 n 11';) LFl 11::'lf Fl'J12.J LLtJ1tJ1'J\J~~'1 ~1 m12.J~1'J~'tl'l~ n:n\JtJ~ 1~ J;l1Vl LJ;l1-t12.J 'll'ltiL-if 

" " 
?'" .,.-,," 
~'l!LI'ltl2.Jfil~'tl ~11'lL~2.J~\J 1.25% w/w 

SOY dJ. MS FYalue 

Between Groups 6 7.008 1.601-

Within Groups 105 4.376 

Total 111 

~1/1: L" a" b" Whiteness 

B1 69.22"' ± 3.01 .Q.64 < ± 0.05 11 .96 < ± 0.37 66.99"' ± 2.59 

B2 69.21"' ± 0.48 -1 .06' ± 0.09 11 .97 < ± 0.30 67.59 "' ± 0.50 

B3 69.89"' ± 0.82 .Q. 79 b ± 0.07 11 .79< ± 0.24 67.65 '" .± 0.82 

B4 69.31"' ± 0.85 .Q.61 < ± 0.05 11.29" ± 0.18 67.29"'±0.72 

B5 69.11 "' ±2.95 .Q.53 d ± 0.02 11 .51 b ± 0.26 67.06 "' ± 2.24 

B6 69.23"' ± 0.74 .Q.39 , ± 0.07 11 .26' ± 0.25 67.23'" ± 0.71 

B7 69.89 "' ± 1.04 .Q.49 d ± 0.03 11 .54 b ± 0.31 67.74"' ± 1.00 
v -'. v . v v v • v .v v --a. b.c ... "'lLfl'llYllJtln'tt1n1ntJ"1~nulULLu'l"'~LII!J'lnUll"'n"'1~tl!J1~IJU!J~1~CYYl'Hl\tll/1 (p ~ 0 .05) 

ns blLl"nIli1~tlth~il1l'!J~1~cym~I\Ci~ (p >0.05) 
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I ., I 

(;l11'NYl 'jJ. 38 n111 Lrtn:;,r rt'l12-J LLUl1J1'lt.!'jJ'il~ fih~ L * 'jJ'il~fln:nt.!ufl1~ (;l1Yl L(;l1tJ2-J L~FJ1-ifL"l! L~tJ2-J 
'" '" 

SOY d.f. MS F Value 

Between Groups 6 2.160 0.720-

Within Groups 105 3.000 

Total 111 

I ., I 

(;l1n~Yl 'jJ .39 n111 Lrt11:;,r rt'l12-J LLU1U1'lt.!'jJ'il~ 1'i1~ a* 'jJ'il~fl n:nt.!Ufl1~ (;l1Yl L(;l1FJ2-J L~FJ1-ifL"l! L~tJ2-J 
'" '" 

1 .. ., " 
rtfl'il 1~L'jJ2-J'jJt.! 1.50% w/w 

SOY d.f. MS F Value 

Between Groups 6 0.783 67.195" 

Within Groups 105 0.012 

Total 111 

1 .. " " rtfl'il 1~L'jJ2-J'jJt.! 1.50% w/w 

SOY d.f. MS F Value 

Between Groups 6 1.399 12.147" 

Within Groups 105 0.115 

Total 111 

~ .. 6" I .!' J q . 11 

(;l111~Yl 'jJ.41 n11'l Lrtn:;~rt'l12-J LLU1U1'lt.!'jJ'il~ rt1 rt'l12-J'jJ1'l'jJtN~ n"l!t.!Ufl1~ (;l1Yl L[;11FJ2-J L~FJ1"l! 

L"l!L~FJ2-Jrtfl'il't1(;)L.;r2-Jojft.! 1.50% w/w 

SOY d.f. MS FValue 

Between Groups 6 1.426 0.568-

Within Groups 105 2.509 

Total 111 
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, ." 
.... ... .1 ........ 'i' '1!:"i'.... ~ .. ., ., 

r;)'11'Wr'l "11.42 Gel strength "1I'tl~fj n"JlUufi'1~ r;)1'V1 Lr;)1tJl-J ~~tJ ~"Jl ~"Jl L~tJl-J Flfi'tl ~1~ L"1Il-J'lJU 1.25 LL~:; 

1.50% w/w 

Gel strength (g.cm) Force (g) Distance(cm) 
~"1 

1.25% NaCI 1.50% NaCI 1.25% NaCI 1.50% NaCI 1.25% NaCI 1.50% NaCI 

1 2673.68" ± 694.89 2377 .33' ± 444.27 217.20"±41 .36 171.75'± 10.19 12.83" ± 1.69 11 .33' ± 0.75 

2 2913.17" ± 372.32 2610.41' ± 197.57 238.83" ± 14.47 173.96' ± 10.33 12.73' ± 0.53 14.35" ± 0.78 

3 2868.37' ± 151.38 3284.73" ± 350.84 231 .52' ± 13.15 231 .92" ±21 .97 12.42'± 0.68 14.69"± 0.95 

4 3430.25" ± 305.84 3084.18' ± 326.10 270.93" ± 23.53 221 .39' ± 15.55 12.50' ± 1.03 14.44" ± 0.87 

5 3723.05" ± 261.40 2976.94' ± 290.72 311 .37" ± 32.37 204.51' ±.17.31 13.19' ± 0.98 13.58"± 1.32 

6 4006.94" ± 313.58 3739.19' ±253.57 326.49" ± 31 .49 301 .95' ±29.87 15.51' ± 1.08 13.75" ± 1.08 

7 4834.86" ± 411 .84 4844.53' ± 210.71 309.68' ± 25.85 324.68" ±21.65 13.57'± 1.01 14.47" ± 0.57 

~ ..j-~ . ~ ~ ~ - - ~ ~ -~ ~ 

.J _,. I ':..J 4:111 

r;)'1n~'Vl "11.43 n'11'l LFl1'1:;~ Fl'l'1l-J LLU1U1'lU"1I'tl~ Fl'1 gel strength "1I'El~fj n"JlUU~'1~ ~1'V1 L~1tJl-J L~tJ 

HL"JlL~tJl-JFlfi'tlh~L';;l-J';;U 1.25% w/w LLfi::: 1.50% w/w 

SOY dJ. MS FValue 

Between Groups 13 8851100.755 71 .49' 

Within Groups 210 123805.770 

Total 223 

, ., , 
r;)"W'1~~ "11.44 n'11~LFln:;,rFl'l'1l-JLLU1U1'lU"1I'tl~rh force "1I'tl~fin:nuU~'1~m~Lr;)1t.1l-JL~t.lHf 

" " 
'i'.... ~ ........ 
~"JlL~tJl-JFl~'tl ~1~L"1Il-J"1IU 1.25% w/w LLfi::: 1.50% w/w 

SOY dJ. MS F Value 

Between Groups 13 47335.652 82.36' 

Within Groups 210 574.728 

Total 223 

'i'.... ~ ........ 
~"JlL~tJl-JFl~'El ~1~L"1ll-J"1lU 1.25% w/w LL~::: 1.50% w/w 

SOY dJ. MS F Value 

Between Groups 13 14.562 14.89' 

Within Groups 210 0.992 

Total 223 
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.J .., I 

j;]1n~Yl 'n.46 Hardness, cohesiveness LLf'l:; springiness 'lJ'tl~~n:n'l..lUf'l1~f;1~~Lf;11u~Lf;1t.tL-n 

L'l!L~U~I'lf'l'tlh~L;r~;r'l..l1.25 LLf'l:; 1.50% w/w 

Hardness (9) Cohesiveness Springiness 
13"1 

1.25% NaCI 1.50% NaCI 1.25% NaCI 1.50% NaCI 1.25% NaCI 1.50% NaCI 

1 5201 .94" ± 395.43 3610.88 ' ± 256.89 0.35" ±0.02 0.27' ± 0.02 0.55" ±0.03 0.43' ± 0.03 

2 5604.65" ± 275.47 3811.5'±341 .85 0.34' ±0.02 0.44" ±0.05 0.57" ± 0.04 0.48' ± 0.04 

3 5565.00' ± 300.72 6942.47" ± 571 .59 0.34' ±0.02 0.44" ±0.03 0.56' ± 0.03 0.58" ± 0.04 

4 7090.36" ± 260.76 6128.63" ±383.21 0.33'±0.02 0.37" ±0.03 0.60" ±0.02 0.57' ±0.03 

5 8705.70" ± 243.85 4394.15" ± 307.17 0.40" ± 0.01 0.30' ± 0.02 0.66" ±0.03 0.51' ±0.03 

6 8035.35" ± 297.87 7035.29" ± 483.63 0.39' ±0.02 0.39" ±0.02 0.63" ±0.03 0.60' ± 0.04 

7 8729.31" ± 470.79 8565.07" ± 245.99 0.40' ±0.02 0.43" ± 0.03 0.63 "± 0.03 0.62' ± 0.02 

~ ..... ~ ~ ~ ~ -- .. ~ ~ .. ~ . ~ 

'i' .... 1""" ~'l!L"'U~I'lf'l'fl ~"'L'n~'lJ'I..I1.25% w/w LLf'l:; 1.50% w/w 

SOY d.f. MS F Value 

Between Groups 13 49991135.261 375.17' 

Within Groups 210 133248.956 

Total 223 

.,!I'i' .... 1""" ~"ll ~"llL"'U~I'lf'l'fl ~"'L'n~"n'l..l 1.25% w/w LLf'l:; 1.50% w/w 

SOY d.f. MS F Value 

Between Groups 13 0.042 63.17' 

Within Groups 210 0.001 

Total 223 

~ .., I 

f;11~1~Yl 'n.4g n1~~Ll'ln:;~1'l,)1~LLU~U~,)'I..I"n'tl~1'l1 springiness "n'tl~~n:n'l..lUf'l1~(;1~V1Lf;11u~L",U 

1-nL'l!L~U~I'lf'l'tlhr;\L;r~;r'l..l 1.25% w/w LLf'l:; 1.50% w/w 

SOY d.f. MS FValue 

Between Groups 13 0.063 59.42' 

Within Groups 210 0.001 

Total 223 
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~ ~ I 

mn~'Vl '.50 ~1 % expressible water LLf'l:;~1f'l'J1lJ'1'J~~~~n:hnJf'l1~(;1~~L(;i~m..JL(;ltJH' 

L~L~tJlJf'lf'l~h~L;rlJ;rU1.25 LLf'l:; 1.50% w/w 

%Expressible water Whiteness 
111111 

1.25% NaCI 1.50% NaCI 1.25% NaCI 1.50% NaCI 

1 15.47' ±2.03 24.69 b ± 1.24 66.37' ± 2.71 66.99 ob ± 2.59 

2 13.52' ± 0.92 2O.63
b 

± 2.75 67.69
ob

±0.79 67.59
ob

± 0.50 

3 12.09·± 1.12 16.lO
b 

± 1.40 66.45
ob 

± 2.74 67.65 ob ± 0.82 

4 12.89·± 1.08 16.27
b

± 1.74 67.66 ob ± 0.92 67.29
ob

±0.72 

5 10.50' ± 0.79 13.48
b

± 1.13 67.47
ob 

± 0.60 67.06 ob ± 2.24 

6 10.72' ± 0.72 12.56
b 

± 1.00 67.96
b 

± 0.67 67.23
ob

±0.71 

7 10.09' ± 0.88 11.27
b 

± 0.63 66.66 ob ± 2.32 67.74 ob ± 1.00 

r ";.r r r r • r .r r --
.J " I 

(;11~1~'Vl '.51 n1~~ Lf'l~1:;"ff'l'J1lJLLUll.l~'Ju~~'1~1 %expressible water ~~'1~n=Duuf'l1~j;1~Vi 

L(;11tJlJL(;ltJ1-ifi:'l!L~tJlJf'lf'l~h~L;rlJ;rU 1.25% w/w LLf'l:; 1.50% w/w 

SOV d.f. MS F Value 

Between Groups 13 273.099 146.74" 

Within Groups 210 1.861 

Total 223 

., I .J 
(;11n'l'Vl '.52 n1 ~~ Lf'ln:;"f f'l'J1lJ LLU~t1~'JU'~~ ~'1 f'l'J 1lJ~1'J~~'1 f'l n=DuUf'l1 ~ j;1 ~~ Lj;1'1tJlJ L(;ltJ 1-if .. .. 
~ .... 1'-"" ~'l!L(;ltJlJf'lf'l~ ~(;lL~lJ'U 1.25% w/w LLf'l:; 1.50% w/w 

SOV d.f. MS F Value 

Between Groups 13 4.039 1.173" 

Within Groups 210 3.442 

Total 223 



.,J • I ... ... • I%. ... 'I ~. I .,J... 'i' '1 ". ~ .. 
1W111~'V1 "11.53 ~~m11J1~L).J'W~n'l!tru~'V11~1J1~~1'V1~).J~~ ~'W\ln"1!'W1J~1~j;J1'V1Lj;J1[J).J ~(;)[J ~"1!1J1).J1ruLn~~ 1.25% 

n~u~1~tlln n~ucf~ ~'1~ 
~~1IJLilwru~1~'tl~ M1IJLiltJu,tl~Li1tl 

13 P11 Springiness 
Ei~Utln ~ii".ti'ru,r 

Al 4.13 "'±1.18 0.58 "'±1.19 S.92 ""'±0.78 S.28 "'±0.84 4.97 "'±0.80 4.03 ·±1.27 

A2 4.0S ·±1.02 0.90 "'±2.00 S.SS·±0.S3 S.30 "'±0.90 S.07 "'±0.7S 4.17 "'±0.98 

A3 4.38 "'±1.19 0.63 "'±1 .63 S.65 "'±0.78 S.22·±1.04 5.15 "'±0.76 4.60
b
± 1.01 

A4 4.2S "'±1.19 0.35 "'±O.SO 6.12 c±0.88 5.43 "'±0.52 5.1S "'±0.64 S.42 c±1.27 

AS 4.33 "'±O.SO 0.5S "'±1 .35 6.06 be±0.6S S.85
c
± 1.0S S.12 "'±1.02 S.S3

c
±1 .26 

A6 4.6S b±1.40 0.SO "'±0.94 5.93 ""'±0.73 5.67 be ±0.68 S.23 "'±0.77 S.SO c±1 .36 

A7 4.42 "'±1.08 0.4S "'±0.80 S.78 "'" ±0.99 S.33 "'±0.77 4.97 "'±0.88 S.S3
c
± 1.10 

a. b.c ... "'~Lft'Yijjtin111ri1ritJri1~riuluuu~~~Li\tJ1riuu"'n"h~tlth~ihrtJlh~ClJYI1~lIiiiii (p ~ 0.05) 

ns 'Wu"n'h~tlth~ihrtJlhiClJVI1~lIlijj (p >O.OS) 

Cohesiveness Hardness 

4.0S ·±1.02 3.1S ·±0.93 

4.33 ·±0.91 3.SS "'±0.89 

4.83
b
±0.SO 3.93 be ±0.92 

5.57
c
±1.04 4.43 cd ±1.S5 

6.20 '±1 .06 4.92
cd

±1.47 

6.14 d. ±O.SS 4.90
d
± 1.63 

S.69 cd ±1.0S 4.48
d
± 1.3S 

111UliIJ 

4.63 "'±0.74 

4.65 "±0.82 

4.90 "'±0.88 

4.S7"'±0.67 

5.08 "'±1 .01 

4.6S "'±0.71 

4.83 "'±0.86 

r-v 
(J1 

nkam
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, ", 
n111 L~ n:;\f ~'l'llJ LL tl1tl1'l'W'1J!l~ n ~'W~'l'l tl~'l'1J!l~ ~ n:n'Wtl~ 'l 'Zl [;]1~ L[;]1EJlJ L~EJ H 

" " 
~ ... ~ .. "" ~'jjL~EJlJ~~!l ~1~L'1JlJ'1J'W 1.25% w/w 

SOV d.f. MS F Value 

Corrected Model 20 3.760 3.659" 

Intercept 1 3930.344 3824.939" 

Block 14 4.826 4.697" 

Formula 6 1.272 1.238** 

Error 189 1.028 

Total 210 

Corrected Total 209 

, LUIInllh~tl!h~jj..r[)ri1rrl1Jm~~ii~ (p ~ 0.05) 

" b.iLUllnl'h~fI!h~jj..r[)ri1rrl1Jm~~ii~ (p >0.05) 

., ... II " 
~~!l L1~L'1JlJ'1J'W 1.25% w/w 

SOV d.f. MS FValue 

Corrected Model 20 5.198 3.905' 

Intercept 1 67.433 50.655" 

Block 14 7.038 5.287* 

Formula 6 0.906 0.680" 

Error 189 1.331 

Total 210 

Corrected Total 209 

, u.l'lnIli1~tl!h~jj..r[)ri1rrl1JYm~ii~ (p ~ 0.05) 

"" b.iu.l'lnIli1~tl!h~jj,r[)~1rrl1JYl1~lIii;! (p >0.05 ) 

, " , 
[;]'ln~~ '1J .56 n111 L~1'l :;\fm'llJ LLtl1tl1'l'W'1J!l~ 1"1'l m'llJ'1J'l'l'1J!l~~ n:n'Wtl~'l'Zl [;]1~ L[;]1EJlJ L~EJ1.jf 

" " 

SOV d.f. MS F Value 

Corrected Model 20 1.576 3.037* 

Intercept 1 7206.629 13885.773" 

Block 14 1.696 3.268' 

Formula 6 1.296 2.497** 

Error 189 0.519 

Total 210 

Corrected Total 209 

, u.l'lnIli1~tl!h~jj..r[)~1rrl1Jm~~ii~ (p ~ 0.05) 

" b.iLUllnllh~tl!h~jj..r[)~1rrl1Jm~tlii;! (p >0.05) 
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SOV d.f. MS F Value 

Corrected Model 20 2.589 4.363' 

Intercept 1 6213.568 10471.990' 

Block 14 2.998 5.052' 

Formula 6 1.635 2.756' 

Error 189 0.593 

Total 210 

Corrected Total 209 

I "" I 

l;Yln~Vi "iI.58 n11~LFl11:;oJ Fl'J1'-J LLtJnI1'Jt.!"iI'fl~ Fl'J1'-J Lntlt.!"ilt)~ L~'fl~~ (;1Ji'ru,,]"iI'fl~\in:nt.!tJf'l1~ (;l1Vi 

L(;l1t1'-JL~tlHL"l!L~tI'-JFlf'lt)hI'fLi'-Jit.! 1.25% w/w 

SOV d.f. MS F Value 

Corrected Model 20 10.718 11.408-

Intercept 1 5364.619 5709.805' 

Block 14 7.676 8.170' 

Formula 6 17.817 18.964" 

Error 189 0.940 

Total 210 

Corrected Total 209 

, LLfIInIli1~flth~ii,rfJIh~tyYl1~l\n~ (p 5. 0.05) 

" 'WLLfllnIli1~fl[h~ii,r!JIh~tyYl1~l\n~ (p >0.05) 

.J " I 

(;11n~Yl "iI.59 n11~LFl11:;oJFl'J1'-J LLtJ1tJ1'Jt.!"iI'fl~~1 springiness "iI'fl~\in:nt.!tJf'l1~(;l1Vi L(;l1t1'-JL~tI 

1.rl"l!L~tI'-JFlf'lt)hI'fL;r'-J;rt.! 1.25% w/w 

SOV d.f. MS F Value 

Corrected Model 20 10.718 11.408' 

Intercept 1 5364.619 5709.805' 

Block 14 7.676 8.170' 

Formula 6 17.817 18.964' 

Error 189 0.940 

Total 210 

Corrected Total 209 



128 

, ., , 
(;nT1'lVl "11.60 n11~LI'l11::il'l,)1l-JLLtlnJ1,)U"1Itl'l1'l1 cohesiveness "1Itl'l~n;utl~1~ (;11Vl L(;1'1tJl-JL(;ltJ 

" " 

SOY d.f. MS FValue 

Corrected Model 20 8.857 11 .341' 

Intercept 1 5810.1 96 7439.645' 

Block 14 3.116 3.990' 

Formula 6 22.253 28.493' 

Error 189 0.781 

Total 210 

Corrected Total 209 

'j'''' ~ .. "" ~'l!L{;ltJl-Jl'l~tl L1{;lL"1Il-J"1IU 1.25% w/w 

SOY dJ. MS F Value 

Corrected Model 20 9.008 7.189' 

Intercept 1 3696.005 2949.580' 

Block 14 7.010 5.594' 

Formula 6 13.671 10.910' 

Error 189 1.253 

Total 210 

Corrected Total 209 

, " , 
(;I1T1'lVl 'II. 62 n11~ LI'lT1::il'l,)1l-JLLtl1tl1,)U'IItl'l1~ L~l-J"1Itl'l~n;utl~1~ (;11Vl L(;1'1tJl-J L{;ltJ'l-ifl'l! L~tll-J 

" " 
'1 ... " " I'l~tl L1{;lL'IIl-J"1IU 1.25% w/w 

SOY dJ. MS FValue 

Corrected Model 20 1.462 2.452-

Intercept 1 4852.811 8138.168' 

Block 14 1.747 2.930' 

Formula 6 0.797 1.336-

Error 189 0.596 

Total 210 

Corrected Total 209 

, I(PIm'h~tlth~il,r!JIh~'1J'n1~l\li~ (P .:o 0.05) 

- 'Wl(Plnlloh~tlth~il,rtJ~1~'1Jm~l\li~ (P >0.05) 



J ... .... .....: J &l1li "I" elf 
(;)111..:JV1 '11.63 c.I~n1nh::;L~\U'm1!tru::;V11..:Jlh::;1:'\1V1~~c.lI:'\'l'U~'m"ll'UtI~1I:'\mV1Lmtl~Lc;)tI ~"lllli~1ruLn~'El 1.50% 

" " 
~'" nflu'I1~t1f11 nfluti~ ~'1~ rI~1J.Hj]U,rU~1~'!I~ rI~1J.JLi1tJU'!I~L~!1 Springiness 

A1 4.71 b±1.81 1.02'"±1 .64 4.39 "'±0.80 S.78 -±1.03 S.29°±1.11 4.4So±0.72 

A2 4.12'"±1.75 1.11 b±1 .63 4.31 ""±1.38 5.45°±1.45 5.57 "±1.25 5.69 b±1 .36 

A3 3.57°±1 .96 1.30 b±1 .73 4.29"'±1 .13 5.50"±1.07 5.S2 "±1.28 5.95 be ±1.49 

A4 3.85°±1 .14 1.17
b
±1 .96 3.99 "'±0.88 5.76 obc ±0.97 5.35°±1 .37 6.13 be ±0.99 

A5 4.25"±1.01 1.17
b
±1 .65 4.35 "'±1.15 6.18

c
±0.98 5.63-±1 .25 6.18

be
±1 .07 

A6 4.03 '"±1.31 0.43°±1 .04 4.10 "'±1 .15 6.17 c±0.99 6.10
be

±1 .12 6.30
c
±0.75 

A7 4.07"±1.51 0.70 " ±1 .18 3.94"'±1 .08 6.05 be ±1.07 6.22
c
±0.96 6.52

c
±0.61 

a. b.c ... pj"1LfI'lIfij:jtTn~fn1nuIli1~nuluuU1iK~L~tJ1nUU"'nllh~mh~iiutJti1I1Cllm~illiiii (p s 0.05) 

ns 'WuPln,h~!I!h~iiutJti1"'Cllm~t\Ci~ (p >0.05) 

Cohesiveness 

4.42°±1 .1S 

5.51 b±1.35 

5.64 be ±0.99 

5.65 be ±0.96 

5.80 be ±0.96 

6.1 5 cd ±O. 72 

6.35 d±0.71 

Hardness 

3.42°±1.17 

4.68
b
±0.93 

4.72
b
±1 .03 

4.87 be ±0.83 

5.08 be ±0.83 

5.15 be ±0.B4 

5.32
c
±0.89 

filLIliJ.J 

S.43 "'±0.79 

5.22 "'±0.93 

5.48"'±1 .13 

5.31 "'±1.02 

5.28 "'±1.13 

5.55 "'±0.77 

5.52 "'±0.61 

~ 
<0 

nkam
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I II I · 

n'W1 LfOl~1:;lf fOl'l1lJ LLtJnJ1'lt.!~'tl,m~t.!fOl1'ltJ~ 1~'tl-.1 ~ n:nt.!tJ~ 1 fl (;l~~ L(;l'1tJ lJ L(;1tJ H' 
OJ OJ 

SOV d.f. MS F Value 

Corrected Model 20 5.823 2.875· 

Intercept 1 3506.360 1731.426· 

Block 14 6.736 3.326· 

Formula 6 3.694 1.824" 

Error 189 2.025 

Total 210 

Corrected Total 209 

• LLl'In"h~!lth~jjuUlhliqJ'II1~l\n~ (p ~ 0.05) 

.. 'WLlll1n"h~!lth~jjutJ~1IiqJ'II1~l\n~ (p >0.05) 

SOV d.f. MS F Value 

Corrected Model 20 10.943 7.571· 

Intercept 1 203.846 141.035· 

Block 14 14.420 9.977· 

Formula 6 2.828 1.956" 

Error 189 1.445 

Total 210 

Corrected Total 209 

• LLl'In"h~!lth~jjutJ~1IiqJ'II1~l\n~ (p ~ 0.05) 

.. 'WLlll1n"h~!lth~jjutJ~1IiqJ'II1~l\n~ (p >0.05) 

, ., , 
(;l1n-.1~ ~.66 n1~1 LfOln:;lffOl'l1lJ LLtJ~tJ~'lt.!~'tl-.1 Iii 1 fOl'l1lJ~1'l~'tl-.1~ n=nt.!tJ~1fl (;l~~ L(;l'1tJlJ L(;1tJL on 

OJ OJ 

SOV d.f. MS F Value 

Corrected Model 20 2.750 2.674· 

Intercept 1 3696.844 3594.870· 

Block 14 3.498 3.401· 

Formula 6 1.006 0.978" 

Error 189 1.028 

Total 210 

Corrected Total 209 

• LLl'In"h~!lth~jjutJ~1IiqJ'II1~l\n;j (p ~ 0.05) 

.. 'WLLl'Im'h~!lth~jjutJ~1IiqJ'II1~l\n~ (p >0.05) 
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SOY d.f. MS F Value 

Corrected Model 20 3.033 2.896" 

Intercept 1 7169.186 6846.241" 

Block 14 3.174 3.031" 

Formula 6 2.70S 2.S83-

Error 189 1.047 

Total 210 

Corrected Total 209 

" LU'InI'h~!lth~ihrtJlh";C\I"1~l\ii~ (p ~ O.OS) 

.. 'WLLl1In'h~!lth~ihrtJIh";C\lm~l\ii~ (p >O.OS) 

SOY d.f. MS FValue 

Corrected Model 20 3.482 2.681 " 

Intercept 1 6749.001 S196.282" 

Block 14 3.320 2.SS6"" 

Formula 6 3.8S8 2.970" 

Error 189 1.299 

Total 210 

Corrected Total 209 

" LLI1InI'i1~!lth~ihrtJl'h";C\lm~l\ii~ (p ~ O.OS) 

"" 'WLLl1In'h~!lth~ihrtJti1";C\lm~l\ii~ (p >O.OS) 

~ ~ I 

~1~1'lYl ~. 69 n1~';j LfiW1:::,x rl'J1)J LLtJ~tJ~'J\.I~tl'l r11 springiness ~tl'l~ n=n\.ltJ~1~ ~~Y1 L~1tm L~t1 

1.jfL"1IL~t1)Jrl~tlh(;)L;r)J;r\.l1.50% w/w 

SOY d.f. MS FValue 

Corrected Model 20 S.623 S.47S" 

Intercept 1 7278.27S 7086.973" 

Block 14 1.987 1.93S" 

Formula 6 14.10S 13.734" 

Error 189 1.027 

Total 210 

Corrected Total 209 

" LLI1InI'i1~!lth~jjutJti1";C\lm~l\ii~ (p ~ O.OS) 

.. 'WLLI1Inllh~!l[h~jjutJti1";C\lm~l\ii~ (p >O.OS) 
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, ., , 
(;J111.:JVl '.70 m1~LI"l11::il"l,)1l-JLLt1nh,)'\J''fl.:J~h cohesiveness ~'tl.:J~n:n'\Jt1~1~(;J1VlL(;J1~mLlJ1tJ 

" " 

SOV d.f. MS F Value 

Corrected Model 20 5.377 6.178' 

Intercept 1 6692.430 7690.602' 

Block 14 2.744 3.153' 

Formula 6 11 .520 13.238' 

Error 189 0.870 

Total 210 

Corrected Total 209 

'j' .... ~ .. .,., 
~'l!LlJ1tJl-JI"l~'tl L1IJ1L'l-J~'\J 1.50% w/w 

SOV d.f. MS F Value 

Corrected Model 20 5.153 6.618' 

Intercept 1 4734.326 6079.788' 

Block 14 2.237 2.873' 

Formula 6 11 .957 15.356' 

Error 189 0.779 

Total 210 

Corrected Total 209 

., ... II' '" 
I"l~'tl L1IJ1L~l-J'lJ'\J 1.50% w/w 

SOV d.f. MS F Value 

Corrected Model 20 1.473 1.871" 

Intercept 1 6121 .332 7778.050' 

Block 14 1.890 2.401" 

Formula 6 0.499 0.635" 

Error 189 0.787 

Total 210 

Corrected Total 209 

, UJln"1~!I!h~i:hr!J~1~ty'l11~ftiiiii (p~0.05) 

" 'WWllnllh~!I!h~ii1l'!J~1~ty'l11~ftiiiii (p>0.05) 
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, " , 
(;]1n..:l~ ~.73 Gel strength, force LL~:; distance ~ru:;Lnufm~t1"l1'tl..:l~n;'\JtJ~1~(;l1 7 ~L(;l1mJ 

" " 
L~l£JHL'l!L~mJFl~'tlh~L;r)J;r'\J 1.25% w/w 

1'"u~Lriufnlfi Gel strength Force Distance 

1 6648.48 c ± 622.57 402.43" ±27.38 15.21' ±0.91 

3 6392.51 be ± 543.42 392.88 " ±35.80 16.00" ±1.10 

5 6350.03 be ±388.60 406.78" ±34.15 16.25 be ±0.86 

7 6014.89" ±625.32 365.23' ±32.53 16.79
cd 

±0.98 

9 5836.33' ±587.76 386.78" ±35.62 15.57" ±1.03 

11 5863.96' ±478.17 404.29" ±36.15 17.25" ±1 .34 
~ .j-~ ~ ~ 

~ - ~ -~ . ~ --

SOY d.t. MS F Value 

Between Groups 5 1723798.955 5.749' 

Within Groups 90 299840.668 

Total 95 

, " , 
(;]111..:l~ ~.75 n11~LFl11:;iFl'l1)JLLtJ1tJ1'l'\J"lI'tl..:l1'l1 force ~ru:;Lnufn~1~'tl..:l~n;'\JtJ~1~(;l1 7 ~ 

" " 

SOY d.f. MS F Value 

Between Groups 5 3896.712 3.422** 

Within Groups 90 1138.623 

Total 95 

SOY d.f. MS FValue 

Between Groups 5 9.148 8.350' 

Within Groups 90 1.096 

Total 95 
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, ~ 

P11n~Vi "n.77 Hardness, cohesiveness LLfl:; springiness "nru:;LntJ~m~n"1lt)~~n;\!tJfl1~ P11 7 
, 

........ 'i' 'I!I'i' .... ~..... ... 
Y1LPl1tJ~ ~"'tJ~"lI ~"1iL"'tJ~Flflt) L1"'L"1I~"1I\! 1.25% w/w 

7u~\/i1Jfmn Hardness (g) Cohesiveness Springiness 

1 14319.52< ± 915.71 0.53< ±0.02 0.67< ±0.03 

3 14504.57< ±1481 .79 0.53< ±0.01 0.67< ±0.02 

5 14531 .06< ±1119.69 0.53< ±0.03 0.67< ±0.03 

7 12868.29< ±1284.37 0.54< ±0.02 0.66< ±0.03 

9 12749.47< ±1200.92 0.53< ±0.01 0.65 < ±0.03 

11 12080.96< ±749.32 0.53< ±0.03 0.65< ±0.03 

v .... v v v v .. v .. V V --

, ~ 

P11n~Vl "11.78 n11~LM1:;~FI':l1~LLtJ1tJ1':l\!"1It)~rh hardness "1Iru:;LntJ~m~n"1lt)~fln;\!tJfl1~P11 7 
" " 

SOV d.f. MS F Value 

Between Groups 5 18302152.346 13.828* 

Within Groups 90 1323536.216 

Total 95 

, ... 
P11n~Vi "11.79 n11~LM1:;~FI':l1~LLtJ1tJ1':l\!"1It)~l"h cohesiveness "1Iru:;LntJ~n~"1It)~fln;\!tJfl1 

" 

SOV d.f. MS F Value 

Between Groups 5 0.000 0.674** 

Within Groups 90 0.001 

Total 95 

, ~ 

PI111~Vi "11.80 n11~LFl11:;~FI':l1~LLtJ1tJ1':l\!"1It)~l"h springiness "1Iru:;LntJ~n~"1It)~~n;\!tJfl1 

SOV d.f. MS F Value 

Between Groups 5 0.002 1.947** 

Within Groups 90 0.001 

Total 95 
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, ., , 
(;)111\l~ "Jl.81 Gel strength, force LLfl:; distance "Jlru:;Lfi1Jfm~t1"Jltl\lfln;t.lUfl1'Ml1 7 ~L(;)1m.J 

" " 
L(;ltJHL'jfL~tJ~~fltl'hI1lL;r~;rt.l 1.50% w/w 

1'u~Lliufnlfi Gel strength Force Distance 

1 6594.17· ±405.91 414.41 d ±36.48 16.51 " ±1 .31 

3 6501 .14 · ±345.18 351 .33 b ±30.83 17.14 b ±1.50 

5 647 1.91 · ±867.03 378.86 · ±74.18 15.64' ±1 .35 

7 5113.01 b ±574.89 375.07· ±32.17 15.97' ± 1.06 

9 4790.62 " ±609.85 352.41 b ±28.92 16.93
b

±1 .20 

11 4531.74' ±448.97 277.03' ±21 .18 15.67' ±1.33 

- "'- - - - -- - -- - --

SOV d.f. MS F Value 

Between Groups 5 1723798.955 5.749' 

Within Groups 90 299840.668 

Total 95 

, ., , 
(;)111\l~ "Jl.83 m1~L~11:;,r~'J1~LLunj1'Jt.I"Jl'fl\ll"h force "Jlru:;Ln1Jfm~t1"Jltl\lfln;t.ltlfll~(;)1 7 Vi 

" " 

SOV d.f. MS F Value 

Between Groups 5 3896.712 3.422" 

Within Groups 90 1138.623 

Total 95 

, ., 
(;)111\l~ "Jl.84 n11~L~11:;,r~'J1~LLU1U1'Jt.I"Jl'fl\lFh distance "Jlru:;Ln1Jfm~t1"Jltl\lfln;t.lUfl1~(;)1 7 

" " , 
...... ~ "!:"i'''' ~ ... " " 
VlL(;)1tJ~ ~(;ltJ ~'jj ~'jfL(;ltJ).J~fl'fl L1(;lL"Jl~"Jlt.l 1.50% w/w 

SOV d.f. MS F Value 

Between Groups 5 9.148 8.350' 

Within Groups 90 1.096 

Total 95 
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, ~ 

P1'W'l\l~ 'D.85 Hardness, cohesiveness LL~~ springiness 'Dru~Lriufm~n'Dtl\l~n;t.!U~'l~P11 7 

...I ... 'i' 'I!i'i'''' ~ .. " " 
'VlLP11t1'-J ~(;ltl ~"ll ~"llL"'t1'-Jf'l~tl ~1"'L'1JU'nt.! 1.50% w/w 

f\j~Lliufn~ Hardness (g) Cohesiveness Springiness 

1 9557.02' ±11D4.5 0.49" ±0.03 0.62' ±0.03 

3 9050.32' ±1083.29 0.50 be ±0.05 0.62' ±0.05 

5 10309.27" ±1221.60 0.45' ±0.D4 0.64' ±0.03 

7 12664.37" ±961 .52 0.50 be ±0.D4 0.67' ±0.03 

9 11979.91" ±1090.01 0.52" ±0.05 0.63' ±0.03 

11 8821.36' ±724.06 0.42' ±0.D4 0.63' ±0.D4 

~ .... -~ ~ ~ ~ - ~ -~ ~ --

, ~ 

P1'l1'l\l~ '1J.86 n'l1';j Lf'l1'l~,xf'l'J'l'-JLLU1U1'Jt.!'1Jfl\lFh hardness '1Jru~Lriufm~n'D'fl\l~n;t.!U~'l~(;11 7 
, 

...... 'i' 'I!i'i'''' ~ .. " " 
'VlL(;l1t1'-J ~(;ltl~"J! ~"llL"'t1'-Jf'l~tl ~1"'L'll'-J'1Jt.! 1.50% w/w 

SOY d.f. MS FValue 

Between Groups 5 18302152.346 13.828* 

Within Groups 90 1323536.216 

Total 95 

, ~ 

P1'l1'l\l~ 'D .87 n'l1';j Lf'l1'l~,x f'l'J'l'-JLLU1U1'Jt.!'1Jtl\lFh cohesiveness '1J ru~LriufnWl'Dtl\l~n;t.!u~'l 

SOY d.f. MS F Value 

Between Groups 5 0.000 0.674** 

Within Groups 90 0.001 

Total 95 

, ~ 

(;l'l1'l\l~ 'D .88 n'l11 Lf'l1'l~,x f'l'J'l'-J LLU1U1'Jt.!'Dtl\l ~'l springiness '1Jru~LriufnWl'Dtl\l~ n;t.!u~'l 
, 

...... 'i' 'I!i'i'''' ~ .. " " 
~(;11 7 'VlLP11t1'-J ~"'t1~"J! ~"llL(;ltl'-Jf'l~tl ~1"'L'D'-J'1Jt.! 1.50% w/w 

SOY d.f. MS F Value 

Between Groups 5 0.002 1.947** 

Within Groups 90 0.001 

Total 95 
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, , 
VlNri~mrur)1n1 Ln(;1r)U~ 28 riUtJ1tJU VUL 2523 ~4'''l~r)(;1 

, ~ 

~1n~1~nn"JLm~tIn1 l-J~1~Vlm~m;tJ"lL~l-l 4'''l~r)(;1L;tJ''lL~l-l Lij'tlU YUIL 2545 ~~-l"1mrU1~L;h 

vi1"l1U~Ul~ 1VltJ~'lYl ~1ri(;1 LU~1LL~ti"l~-rl'ltJ-X'l~U1~ti'ltJ~~1n djUL'l~1 2 U 1 L~'tlU 
" 

ri'tlU~"::L;h ~nM1LU1::~UmClJ ClJ1l-J~1Uru.;j In L U~~ n~ mLVlI"1 L U L~tl;'l1l1Vi I"1ru::~Vlm Pl1~ Inf 

'1"ri1~"lnmrl-J~1~Vlm~tJ LUU Vi.PI. 2548 
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