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ABSTRACT

Surimi-like prepared from chicken breast muscle (Pectoralis major); (BM) and
flake boneless meat trimming; (FT) was based on the process for surimi production. The effects
of washing solutions: tap water (WAT), 0.IM sodium chloride (SALT) or sodium phosphate
buffer pH 7.2 (BUF) on chemical compositions of meat raw materials were studied. Washing
increased moisture, total collagen and myofibrillar protein contents and pH (P<0.05) but
decreased protein, fat and ash contents of samples (P<0.05), compared to those found in
unwashed sample. The SDS-PAGE protein pattern of washed samples with SALT and BUF
solutions showed a decreased in protein molecular weight of 36 kDa compared to unwashed and
WAT washed samples. Washing with BUF solution yielded surimi-like from BM and FT with the
highest L* value (BM; 76.6 and FT; 66.8) but the lowest a*, b* value (BM; 4.1 and FT; 3.4),
(BM; 18.9 and FT; 18.3). Surimi-like gel prepared from BM and FT washed with SALT solution
had the highest breaking force (BM; 582.4 g and FT; 422.5 g, respectively) while those washed
with BUF processed the lowest breaking force (BM; 370.9 g and FT; 285.3 g) and the highest
deformation of surimi-like gel (BM; 11.5 mm and FT; 13.3 mm). Microstructure of surimi-like
gel washed with WAT and SALT solutions had the regular aggregated structure and more fibrous
matrix.

The effect of gel setting temperatures 30°C to 70°C and ratio of BM:FT (9:1, 8:2,
7:3, 5:5, 3.7, 2:8 and 1:9) on gel properties was investigated. Surimi-like gel set at 60°C for 30
min, followed by heating at 90°C for 20 min had the highest breaking force (BM; 792.5 g and FT;
533.5 g), compared with samples from other conditions. The effect of mixing ratio between BM
and FT surimi from 10:0 to 1:9 on quality of surimi-like gel were studied. Color L* and a* value

of surimi-like gel decreased but b* increased when the mixing ratio of BM:FT was decreased
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(P<0.05). The breaking force of surimi-like gel decreased from 683.5 g to 278.3 g while
deformation increased from 9.1 mm to 11.6 mm with decreasing FT ratio.

The utilization of mixed BM:FT surimi-like (at ratio 9:1, 7:3, 3:7 and 2:8) as a
binder in restructure chicken meat product at 5, 10 and 15% was investigated. Binding with
mixed BM:FT surimi-like resulted in higher cooking loss of restructure chicken meat as
compared to the control (P<0.05). However, cooking loss of product decreased when mixed
BM:FT was used at higher level (10-15%). At mixing ratio of 9:1 and 7:3 with 15%, higher shear
value of restructure chicken meat was obtained (1,426.7-1,345.2 g) as compared to the other
treatments. Texture profile analysis of the restructured product as affected by the binder was
determined. The decrease in hardness with an increase in springiness was found in the
restructured chicken meat bound with mixed BM:FT surimi-like. However, using mixed BM:FT
surimi-like at 10-15% showed no significant difference in hardness, springiness, cohesiveness and
adhesiveness of the restructured chicken meat. Mixing ratio and binding percentage of surimi-like
had no influence on L* and b* of the restructured chicken meat but resulted in decreased a* value
(P<0.05) as binding percentage increased. Sensory evaluations of the restructured chicken meat
bound with mixed BM:FT surimi-like at 10% and 15% were determined. The sensory score on
color, appearance, cohesiveness, separation, and overall liking for all treatments were not
significantly different (P>0.05). However, the restructured chicken meat bound with 15% BM:FT
surimi-like (2:8) showed the highest score for all sensory characteristics. Microstructure of the
restructured chicken meat was examined by using SEM. The results showed that surimi-like could
combine and cover the pieces of chicken meat, resulting in more strengthening structure of the

restructured meat.
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Table 1. Chemical compositions of different parts of chicken.

Percentage Skin White muscle  Dark muscle Entrail MSC
Water 44.37 74.01 72.47 69.64 69.12
Lipid 45.20 291 8.91 16.93 15.18
Protein 10.57 23.29 19.16 11.22 13.93
Ash 0.51 1.11 1.00 1.76 1.16

Source : Modified from Heerden et al. (2002)

Note : MSC : Mechanically Separated Chicken
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Figure 1. The amount and productions of chicken meat of Thailand during year 2545-2551.
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Figure 2. Quantity consuming of chicken meat in Thailand and quantity consuming per person
per year.
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Table 2. Quantity consuming of chicken meat in Thailand.

Chicken consumption 2001 2002 2003 2004 2005 2006 2007 2008

Total (100xTon/year) 673 790 859 731 872 982 883 935
Individual (kg/man/year)  12.20 13.06 14.13 10.60 143 149 142 147
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Table 3. The quantity and exported value of chicken meat of Thailand in year 1997-1998.

Quantity Value
Value

1997 1998 1997 1998 (million baht)
The value value
market  quantity  proportion  quantity  proportion  change  (Mil.  proportion  (Mil proportion
exports (ton) (%) (ton) (%) (%) USD) (%) USD) (%) 1997 1998
Japan 143,000 44.69 150,000 45.45 4.90 460 44.69 525.00 44.45 16.02  16.80
EU 150,000 46.88 155,000 46.97 3.33 483 46.88 543.00 46.97 16.80  17.36
Other 27,000 8.43 25,000 7.58 -7.41 87 8.44 88.00 7.58 3.02 2.80
Total 320,000 100.00 330,000 100.00 3.13 1,030 100.00 1,155 100.00 35.84  36.96
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Figure 3. Molecular structure of myosin.
Source : Xiong (1997)
Note : HMM : Heavy meromyosin; LMM : Light meromyosin

S1 : Subfragment-1; S2 : Subfragment-2

3.1.2 uanfiY (actin)

Y]

SuTusAuiiddaueaflanuusing (hin filamen) Huszinadovas 20 ves
TosauluTe llusa dluTusAumisedesiifisdsansanan ile3-uendu feudefuaue
wuinailu fibrous actin - 130 tovl-uendau uag wyl-uenAudeuduvailundsrfuisoni
super helix (Foegeding et al., 1996) uaﬂﬁuﬁﬁymﬂfﬂimaqaﬂizmm 42,000-48,000 A10AU
Uszneudtensaozii Tulszuim 374375 @1 JuegnuIns Tldunaz Tns Ta luTedu
30 Douasnsenuaiuived luTeduuazeanusaanald lagl¥arsazaremnae (Suzuki,
1981; gnsiand wayana, 2548) (Figure 4)
3.1.3 Inslflaledu (tropomyosin)
HuTdsAuifisnsasiuuma (od like molecule) Hszunmdosas 5 vos
Tds@u fszaqe Uszneudrensaezi Turiaidunsauazaiasanmn fea isoclectric
point 111171 5.1 TwanavesIng 11/ luTeguilszneudaoTaweanllIng 2 aeudedulate
aodanonaidlwduinen uendulanuudiszneudiodulng 1uluTeduiu luamAuen
vosmeTsgnvadundervewerl-uendu TuTns 1o luTeFuudazidulsznoudae 3-uenfiu
7 Twanaluuenduflanuug (Xiong, 1997)
3.1.4 Inslyfiu (troponin)
WluTisAunsanan (globular protein) Hi1lzaAoutnags Fosdinusosues
aelgguoned-uenau uazgasonumduIni 1 lulesu nseerveglnddiullatoves

TuanavesIns 1 luTedu InsTddumuisanvegiluszozqaiunnuerivesuonau



Wauwud Tlszanadesas 8-10 voalusau lule Iusa mwsadusunaa@euaziunuim
ﬁ1ﬁﬂg¢i6ﬂ1’iﬂﬂ§f’)ﬂlmﬂ§1mﬁyﬂ (McCormick, 1994; Xiong, 1997)
o  TnsTuiiu-d (roponin ) UszneudiensaesiiTuiifunsauazil
unumlumsIuduuAaFeudooULasUNanAD calcium  sensitivity
(ﬁ”mﬁﬂimaqa 17,000-18,000 A1)
e Insluiiu-Te (troponin 1) AMNIDEUEIRINTINIDS ATPase (‘151‘Hﬁﬂ
Turana 20,000-24,000 a1ady) UndunyIns liu-Suazuenauegl
uiuru uavzd Uy Ins 1) luTedunse Tns TUiu-A nuunaiue
o  TnsTlilu-f (troponin T) ¥rhisusnInsT1d luTedFuAnSioe 1-band
(£1wﬁﬂTMLaqa 37,000-40,000 A1AAU) (Foegeding er al., 1996;

ansiant lwayana, 2548)

TR AR
C >

S R

Figure 4. Composition structure of thin filament.

Source : Foegeding et al. (1996)

[ a
3.2 lsauansianaradin (sacroplasmic protein)
a Y} a o 2 A A
vegiszunmiosas 30 voelUsAunanua awnsaazaiviomsazaleninm
o' a 3 J a a 4 $ A [

n59v04 looaudld Tusausiailldun TuleTnatiu 3luTnatuuaziou lainnerdeany
a v @ Aa A [ " ad

Inalnlaga Iginsnsadainuazgnlsmsvuddianasou (Suzuki, 1981; Foegeding ef al.,

1996)

3.3 ldsaualasin (stoma protein)
I~ 1 ~ % 4 a a 4
Wudrunmasonmsanaldsauas lanaraiinuaz TdseuluTe lWusariiosnn
' o Yy J A ' A A g .
lyennsaaialddiein nsanseasazatsarauazasazatanasniilunald (Suzuki, 1981)
= Y = oaj T dy A A @ . . Y 1
tlszanmdesaz 15 voslUsAunanuanuegluiilo@oneaiu (connective tissue) lALA

E4 Y ]
Avaa Iy danaAuLazisAnIaY Tlsausialidawanonuniniie Tngasuileanguauiia
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Tﬂﬂﬁﬁﬁﬂ%?ﬂﬂlﬂﬂjﬂiﬂuu‘ﬂgllllﬁ%ﬁ?ﬂlﬂ mlnanvesolumsinasiasudi onnalodn?

= £ . y & £ o q9a & g &
UDWYUINVYUNIT cross-link  VDINAIWIUDIEHINUYY ﬂ?iﬁ!ﬂﬂﬂ??ﬂghlﬂ@@? UASIHUBDIVIN

Y
o_o

[ Y v 1 [
Tlsauidszguazryord Tuivouihd vei ldanuamnsalumsduiiid e ldsaunny
A A
WINAgA Ao ABAAIY (Zayas, 1997)
AMANUANAIAYUDINDAANIU (Pearson and Young, 1989)
A 1 A A ' ' o
o foaglunsaniominan noaanIuy iazaeuAIz HOIA)
v v 9 A 4 0 4
®  MIANMUTNTUVDINTAKITOLUANINTUIZHIA1OTLNIULTOUUD
Y Y o Y BZ A d? J v d
apaanau lating Mldauauialumsazaremiuiu wunludaiony
9 A A A 4
uegvzllsuaneaansunazarslunsauinnidadeiguin
®  APAANIUITUAGIAY 13 109AINEINAN LilpgnANTousTIm
1 Y
60 0IF I AITod FITzAUgUglilAeguuiluNI1THAAY (shrink
temperature) 3z44/aguIasunpenuyiiavesneaaIY

¥ ¥ ¥ ' A o v o v 0 )
® mclwmmﬁ@uqqqumwg m%1“lwﬂaaauw1mm"lmzm“lw

e &)

£ 9
14

A 3 a Ny Ao ' 9 v
ﬂi’)aﬁTLQULﬂaﬂulﬂulﬂﬁ']ﬁuu@ \11!@]i’)\iﬂJH]@gﬂ?ﬂiummgiwﬂjqﬂJjﬂu

=

o v A

o TawsinlineaanaulsznoudlensaesiilundAn fe lnaduiooas
33 laasond Inausdooaz 10 Iwsaudovaz 12-15 laasond laduiies

"9 a2 g
0713080 1 LagasatuusIoya 11

Y A

4. aua@arinnvealisiundnile

1 a

va A 9 A S A CZ s = A
ﬁuum%wummaﬂﬂmu o ﬁmmmﬂmfmquazmmmTﬂmumwamwmﬂﬁm
= 1 a S o = 1 a a CZ
"’U’E)QIﬂﬁﬁujui‘)TWTﬁﬁ%W'}W\iﬂWﬁwaﬂ NIINUVINHEN ﬂ13L@]iﬂmﬂﬂuﬂiiﬂﬂlmzﬂ'ﬁ‘ﬂijﬂﬂ auya
a Y AR 3 wva A a 1 [ o v
L“IN1’i1!1‘1/]ﬁ]\‘1L‘]Juﬁﬂﬂ@]ﬂﬂﬂa@@ﬂmﬂ"lwuﬁgigﬂ‘]Jﬂ"lifl@iJi‘]JVITQ‘]J?%?T”IVI?HJWE’TT@Q@TW”I?

(Kinsella, 1976)

[} Y

a a I3 g vAa A Y A = a
mimmﬁ]amaﬂﬂimumﬂuaumwmum%ﬂﬂmuwuﬂu Tﬂmﬂmmimaqamm

v
aad g

= v o 9 [ 1 a 3 1 1 g} A A A A
T‘]Jmui]uﬂumawuﬁzmm Lﬂﬂl‘]Juiﬂ3\15NG]TEIJ"IEJE‘THHJG]‘VIﬁ"lll”liﬂi]lluﬁfiii’)ﬁﬁﬂuo]‘I/IEJ
g’ @ o 4 & dy v [ e’g/ A A a I
WmiinTuanad1 1imelu e luormsidsznmilodainazdani ldsauiawnsonaiu

Tasene IdiunilungullsauluTe 1nuSa (Myofibril protein) (Sikorski, 2001) taziwaf

a dg’ A o J Y dg’ "o Y = o Y & 1
!ﬂﬂ"llui]gﬂﬁﬂ'ielf,llglmﬂﬁ'Nﬂu"llu@Qﬂﬂﬂﬂﬂﬂﬂaﬁlﬂigﬂ?i‘;]f\‘]ﬁ"m'liﬂi]'llluﬂhlﬂlﬂu 3 nay
v

(Table 4) 1duniladvanqaautianieluveslisaues Taommz TaseadraTuanaiaiidiu
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TaseadeausssuaaAnio lnseas umenasmsgadedn msssuna fetedunadon

Y
FIWNANIZY8INTEUIUMILl331 (Kinsella, 1976)

Table 4. Effect of some factors on gelation property of protein.

Intrinsic factors Environmental factors Processing treatments

Composition of proteins pH Heating

Conformation of proteins Redox status pH

Mono or Multicomponent Salt, Ions Ionic strength

Homogeneity-Heterogeneity Water Reducing agents
Carbohydrate Storage conditions
Lipids Drying
Surfactants Physical, Chemical
Flavors Enzymatic modification

Source : Kinsella (1976)
5. wavesanzmanlsziaelisan

TassadTuanaves TdsAunia I8 Tnssadunuilyugd navgl adegiivas wsgil

o

1 9
Falaseaseved Tuanaaies mafimaonnmssuiudieiuserategluuunazunas Wuse

9
v v 1 1 Y 1 [
HulaNuAIdfean1Iza19q lauana19i (Table 5)

% J 4 U =S
51 WaveInNNIounalnssaIamaziuszmeluvesll)sfu
= a = 9 9 =~ [ 9 =~
na lnmsgadeanmsisumavesllsauareanudoudinnududeunn Tasiing
1 o o A Aa [ 4 % [ an o
aoaNuAFIveBius N lsTuse Tadnaud 1duaiuss lalasau duasnsesanizni

1 P [ an A 9 a o 09; = 1
izmNﬂz@uazuﬁqmummwm FUYUOUATNTNMEANNS U IUTITUIA muum"lnm

=

ffguugigaazasdifgurnial ed1elsAauiusznlInd laTasnuluTdsdwily

a & L E'i
Yy =K o ) 1 ad Y =
3’]\1%\‘]ﬁ’]ll”lﬁf]ﬂ\i@jﬂgulﬂﬁlusb'jﬂQﬂlﬁﬂuﬂﬂ?’]\j 6114?)ﬂ“|/1N

U

5 d' 1 1
Wusznudsegludiunaravelnsad

A

& o an a I [ an A Y [V ugj =2 v A
ﬁu\‘]@uﬁiﬂiﬂ']llﬁjﬂﬁIwﬂﬂ!ﬂu@uﬁiﬂﬁﬂﬂ’lﬂﬂﬂ')"lllﬁ’ﬂu ANUUITINITOAIAINGUN YN

U

v

Il o A A o 1 v [ aa a A 1 o w =
uaz"lmm’mqmwgum Lmﬂ’Nllﬂ\i@]’Jﬂlﬂ\iﬂu@]’iﬂiﬂﬁl@\ﬂajﬂiiwuﬂ Hedg1dina laeiiniw

ufausanniigafigumngil 60-70 eerusaEoa (Damodaran, 1996)
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Table 5. Properties of interactions stabilizing the secondary, tertiary and quaternary structures of

proteins.
Type of Energy Functional Group Destabilizing Stabilizing
interaction (ki.mol_l) involved conditions conditions
Covalent and 330-400 -NH-CO-(peptide bond)  Reducing agents: Increased
Semi-covalent  (peptide Cystine S-S B-mercaptoethanol,  reactivity of SH
bond) dithiothreitol (S-S group above
200 (S-S bonds) pH7
bond)
Electrostatic 42-48 Amino acid residues Salt solutions, high
with carboxyl COO (e.g or low pH values,
Asp,Glu) and amino pressure
HN4+ (e.g His,Arg,Lys)
group
Hydrogen 8-40 H atom of OH or NH Solutions with Cooling
bonds (proton donor) group guanidine HCI, urea
shared with CO (proton  or detergents,
acceptor) group, €.g heating
-N-H----O=C
-O-H----0=C
Hydrophobic 4-12 Amino acid residues Detergents, pressure  Moderate
with aliphatic (e.g. Leu,  (aliphatic side heating,
Ite, Val) or aromatic chains), heating at pressure
(e.g. Phe, Try) side high temperatures (stacking of

Vander Waals 1-9

chains
Permanent, induced and

instantaneous dipoles

aromatic side

chains)

Source : Messen et al. (1997)
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iefims A deusuTusiu Tusauimsdsuntas dufumeladmdhaves
T‘]J'i?mﬁagjmﬂ“luiﬂsqﬁ%ﬁﬂﬂi‘ﬁuﬁmiﬂmﬂﬁ’amﬂﬁﬁuﬁﬂﬁ’lﬁﬂmﬁzﬂ‘éﬂuuﬂmizﬁ’mm
Tasead1aTsiu fusuanegsgiifuafogd vinnasgiidedmsnaediveslaseadie
lwdng udaiuss Tnnuaudazgniateuas lufigaiusznld Indvesnsaez i Tufigniiarely

A18AU50U (Finley, 1989) (Figure 5)

WS W ALLEHE SROTEm - 05 ACEACASED WYL TMON SOME Fo-Ac+C iUl FDE SPLUITTiNG
";"_pni ST LA D LOSS OF CATYSTALLING STALKTURL LIRS OF TERTMRT 37T
-

@Q«

PO S TE
EHRh PO s ‘T"F“ll L]

=
- ‘ . FOE-IL0SC FTAOLT KIS OF
1 ALL EMilels ATTT MESOUL L
. ¥
.
-
:

OO ST S LY SanE AMD EERIMD 130-FO0™ FEPTIDNTATIOM 88D
LOSS IOFCETIDE FONS A TI0N RATLE TROWER THE e O A TR0

Figure 5. Changes of protein structure during heat treatment.

Source : Finley (1989)

k4 ' a = Y ‘g
5.2 naveInNu3auAeMsNAaldsAundie

Taen 1 TasevremaveaTsduilsznoudlesiuse laTasiau duasnserlalag

a Y] aa o l @ [ 4 0911 dy [
Tlin @u@iﬂiﬂnﬁ\‘lﬂigﬁﬂ]ﬁSW'J"N‘]JigﬁJ‘LLﬁSWH‘ﬁgnlﬂ‘ﬂfﬁan\lﬂ NMIUNTTINTSITNYAIVDILLIN
Y Y
~ =R S

wianauegiusiavedllsau an1zlunslianudou msqadean I nsIsusIA0E19

u U g

aolloazanzInasuYed 1UsAY (Damodaran, 1996)

1 Y 1
Tassitoman luiawisodunduldvesldsdundrmideosesdrulvajinan

a

@ an a = 3 ~ 1 nszl a I
ouasnaon lalas Tldnuaziinnuuidwsengungige eunsontsiuaoulumsinamaiiu 2

U

Y Y
JUADU (Ziegler and Aton, 1984) AvtuasumsiandvedllsauluTelvusa Taananisuiu

(swelling) ¥04 luTo IusanifannusawansenielszaneluduleTsdu msuonesnain
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[ 9 = a ) A a
fuveuduleTisauuazmitenesnvaaanauan luTodu nsomsusnveausn Ia luTodu
1nTaseadelule IWusa (Table 6) Fwaasdamsgapdeaninsssumnariioninanuiou

= a a 09/' A A 091} a a A S
"’U@\1I‘]Ji@]“L!LL’(’)ﬂiﬁqmiﬂ“ﬁu‘ﬁﬁiﬂ%'lmmgﬂluG]@‘LW]ﬁ@\i ADVYUABDUNITINALIA Tﬂmquﬂgmﬂ

o

A A a AAa [IEY o 9 ] l = ~
ansssumnasunanuse NN lsuse Tannaudlumsasialasevie Tuanasealisziey

Tuszranamslianudou

Table 6. Conformational changes which may occur during the thermal denaturation of nature.

Temperature  Protein (s) or segment Description of events
involved

30-35 Native tropomyosin Thermally dissociate from the F-actin backbone
38 F-actin Super helix dissociate into single chains
40-45 Myosin Dissociate into light and heavy chains

Head Possibly some conformational chains

Hinge Helix torandom coil transformation
45-50 Actin, myosin Actin-myosin complex dissociate
50-55 Light meromyosin Helix to coil transformation and rapid aggregation
>170 Actin Major conformational changes in the G-actin monomer

Source : Ziegler and Aton (1984)

Y v
Tuesndsznouiavuavesldsaululelusa  TuleSwidluesnilsznoundni

d1fy NIHaAonSINANE (Asghar ef al., 1985) MItHAI00n1n TATIa319 Iy Tesuuana 19 Y
Y

9
1 v

Yuegiugungiinegerdsvesdaiiueg TagluTeFunnlailinnuasdinegamngil (thermal

U

Qe

v W 4

J 9 Jd A ' = Y [ A a
stability) uaem*nammmqumuumiL‘]Jaﬂuuﬂaﬂmqainaumamm1ﬂqm‘wguqa

. Ao . =X a d? Y A= 1
(thermal denaturation) HALYUNHUAT (Freeze denaturation) mmmu"lmwmmmgaa@qu

4 1
=2 ~

9 a a (% 1 a a
ﬂ'li’g’iyLﬁ‘(’liﬂi\1ﬁ'i1\1G]'IiJ‘ﬁﬁiiJ“]ﬂ@l"ll’t’]\ihllliﬂclfuﬁﬂﬂﬁ]'lﬂﬂigﬂﬁﬂﬂﬂﬂl NYUNNY 62

Q U
a =

=~ A~ a 4 = 9 A
psruadod Tuvazh luToFunindamsigadeTasadnigungil 52 osruwaiFoa

£

(Akahane et al, 1985) dwmsumsgadelaseadisnusssunavesuenauiiullly

[
=

@ Y a 1 J a 4 a
aﬂ‘Hﬂ!Z!ﬁﬂﬁﬂuﬁﬂuﬂﬂﬁuﬂl@ﬂﬂﬁ%ﬁWﬂ!La%ﬂﬁWﬂWiwLﬂﬂﬁuﬂﬂﬂ!‘ﬁ{]ﬂ 82  euAAITYAILAS

Q

=~ o w Yy 1 A [ ' :’ < d? a
75 DNANULAUFYN ATNAIAU uaz"l@mmii1&mmnJam'amaagiuwmmwumﬂw lluiacvu

wlinnuasdinennuiouiosadlasanain Idannsgaudes ATPase activity FaAIDNINS
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{ 1 @ a a o 1
nasuntasinseadndriivesluToFunazninmsgade lassadsearusdng ludiu
NN (Ogawa et al., 1993 )

4 A o 1 a a A a 9

padlszneuniunumdragaomsinawavesTuana luTedu Ao luTeFudu

YN (Myosin heavy chain; MHC) Tag Samejima sazAMe (1984) Chan tazaale (1992a, b)
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[ a A J =S a d A 0o [ a
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Y
paprAFea VTN HMM  1agmmzaiuiii (gobular  head) WuiAIZAIIINAUAY
1] an a A a o 1 =\ a ~ [ oy [IR{ o
suasnaenlelas IWdn ieennuinuainaniiniaezd Tui liveuihegduswivuunnuaz
Y
gniaeeszninamsliauiou (Sano e al., 1990b) UBNIINT Sano azANE (1990b) WU
] a Y A a v A v g ' £ Y v
HMM liansanawald luvazi LMM aunsamnanmsdasesdndusiamdsaeandeany
Ao { [ 1 I
NUIVBVDY Samejima tazAME (1981) NNA1IY19AU 9819 15AM Y Taguchi azAMT (1987)

9 a ~ 1 A v A (4 v
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1 a o o J 1 = 1 .
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[} Aaov { 1 Iy Jd a H 1 IR}
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lada lanarusmlumsnaneawe lssuaesluToguduniin

Je» J0-44"C " o 51-80°C
121} -—b—
" z-»,:".z{’ﬂ

i G

o = 0-55C
..Ej" 10-40°C >Erd'—§ =% -
: L}ﬂ ="

Figure 6. Myosin gelation induced by heating.
Source : Sano et al. (1990a) and Chan ef al. (1993)



17

= a a oy X
6. MIgYABTMNEIINTIAVEsAundnite

]
A o

= a g Y a d‘ Y
Msgadganinsssummiunszurumsnildiinanisilasunilaslaseadiaves
TuanavesTsau Taglihareiusy Inuaud wse siusznhl IndneluTuanavesTisdu

Y H
e waz i ldiiamsnlasunasmssasssdrvesnsaosi TuluTuanaTusau uaily

= 9 A o o Y a A a a a Aa A
fﬂilﬂaEJ‘L!LLIJﬁ\iiﬂiﬂﬁi'NWﬁaﬂcﬁﬂcﬁ@uﬂlﬂﬂiﬂmf]ai]'lﬂﬂﬂiﬂhﬂiﬁ]@]ﬁﬂgﬂlﬂuﬂ@ﬁl{]mﬂi@

U Q

1 o

Aa aa [ 14 a o Y
Ygugl (151 Saunduun, 2539) Tasnaainusansgisgriaiuszveslassaillsau
o o Y . { a o 1w
9118189119 O-helix  11aZB-sheet AADDN AAGNHULNIITINNGUAUUATANALNOUVDI

Y
a [
T1s@u (Ophardt, 2003) Aurgmsgaudoannsssuaves Tlsaundunilodumauioin

6.1 ANNIoU

Y
=< [

tﬂl a o d! = U a
iegurgigadu wuse laTasnuswaunilaluTuanallsduazeouawazinans

uendate 117 luanaves Tdsaud Inseaduisousuazilaoen dimslianuioungaas

[

Lﬁ'aiﬂsauagﬂufmnzﬁyﬂz1/1ﬂ‘v’ﬁmqa%’wwaﬂﬂiﬁuﬂﬁ’u"lﬂagﬂuamwLﬁu usiiie 1A
owituiy use laTasnuiisuduniuiiuTasiafiummnien (elical) wzuoneen iams
idoanmvesTsannuuAundy'li’ld (ireversible denaturation) (FST 605, 2005)
diolanudeusuTusauluTe usamlfiRanswdsuudaslassadadoziina
@ieﬂ’nmg'mffa TaoflolanudeuduluTedulugie 45-50 esrmmaifea msazaives
TsAuroranasoufegamgil 55 osmuwaden TdsduluTeduaz hiazats Falus

a = iy o Y = J a ' =
QUNYI 40-60 DRIy Ui 1v l)sAums Ianaraiin azaleuazAosanadanli)sau

'
a ~ a A

H ) 9
gquideanmnguugl 62 esrmuwaded uazile iguuglimudulurieguugl  60-75

U v £ u

a a 1 2 ; A A v A A a 1 ~ o Y
RN GIG TG uwamaiﬂmummﬂammwu ﬂ@ﬂqmﬁﬂmﬁiﬂ’ﬂ 60 DI UYALYIE ‘Vﬂcl,‘ﬂ

£ £

a LY 1 v A o 9 2’ [l a dy = d?} ~ 1
ADAAUIUNANITUAAIBINNUN ‘1/]1611’1u1ﬂﬁ)ﬂ%1ﬂ‘i1\‘lll°ﬁ]’lﬂ\11’617‘m'§a IHDITIUUHYIVULIINI

=

collagen shrinkage HN@uniNLszu18L 60-70 DIFUTAITE ADAAUIUILITUAZABILAZALAY

q U

=

A d? A a ~ I~ a 1 [ < 9
ANVULNDRUH NIV esnneaaIulasudunaiau LLG]f]mﬂ'iﬂ@]nJlLiJ'ﬂﬂWia%ﬁWU

e

A3

~

v Y 1 b4
mmﬂaammu%mﬁwﬁu (ﬂ@mﬁﬂﬂﬂi%NTm 98 oI IAITYE ) Lﬁmzﬁmmmummﬁu

Q U

a S a =

] [ Y 9 v
iiesnnTdsanluTe lWuSagaudoanin famssaunguiniudouTysduiuisiu 8adisd

LT

9 4
Y 1A

gauvnl 70 esruwadea i ilduenlalulesunaisoen uadguugiganiiiazilding

[

Y
nuselagalia (disulfide bond) sevidaaiIndveaonlalylodu vildfiiemiion

A 4 g ' a a o A a v v =
INUUYURNIY ’muTﬂiﬁuLL@ﬂﬁu%qq}mﬂmiazmﬂmaqmwguﬂlumﬂﬂﬂmmauqmd



18

= = a 1 =S = 1 1 Ay = 1 a tﬂ'
80 eeAusalted Tagldsautenauediufer ilinanennujuilonalinanensinanalile
5930 1 To% U (Cross, ef al., 1986)

[

v ¥y A A o A& o < v o A °
M3 lanusouimnzanlumsulsgUnaadusiiiedadnazdadtn danudidy
] A Y [ a [ N Y ¥ = A
pd1unnlugaamnssie ldensasnumguanvesnansua 1314 dansnlasunlaa
sUnupTsAudeldanuiouaunsodanumsasumlasimsgadeaninsssumnaves
1 a 4
T1l5A'1421A71 denaturation temperature; Td 18 total enthalpy; AH AN AATIZHAY

1504 Differential Scanning Colorimeter; DSC

| A
6.2 aamzanuiunsavsea
[ (=) ' ) < ' A g
TsAuTaedrulunll pH ogmile pl i lndszyTaesaunduay uat luanziilu
o a \ = 4
nsai1d Tds@unamalasunilas o pH anaudn1nd pi TosAuidelidszysaumdrIndgud
MInllsauswnguinnazanaznou 01 pH @101 pl wng TusAugapdedszyay Hiseq
dl 1 ) Y a dld 1 a [
vanfauin I luusnananunumiuyeslszyuinszinausanannieluTuananin
A R % @ o Y 1A ' 2’ a
TisAudenatedoon manatearoonuIniii vy luroniin (hydrophobic)  ooNNIAA
. . . = a v o d‘ 1 v A a =
hydrophobic interaction 11/5Auvzinamasaudrnuluanimi linduau iManmsgadeanin

54919 (FST 605, 2005)

6.3 USIUANHEITTHII19900H (ionic strength)

a A A dgl = ~ o Yo, . 42’ &£ = 1
Mo NUINUNIUDIgANHINZaNi1 1WA ionic  strength 93U Feaziinane
' v 2
msaza1evedlisau Taena I TUsAuszazaelumsazaanaodonannnilniniqns
iaelinnuinetesnulszyueslisiulas lldl¥dsgquuluanaTdsaunlasulide 1o

A A £ = Y 9 a = o q U A Vo o w a A '
naslnIUIUTANUTLTUgURNYa itz auvzii liindeudsduihnu Tusau Genin

J ] a Y o [~ Y 2
1351nN150l salting-out T1lsAuvIgauFeimnlassasiuazmsazatedraauiunali lsau

UASTNINTIINIIA (FST 605, 2005)



19

Table 7. Thermal transition temperature (T1, T2, T3) and total enthalpy of transition (AH) of

chicken breast muscle treated with phosphates.

Type of phosphate % Breast muscle
T1 (peakl) T2 (peak2-3) T3 (peak5) AH

0 58.7¢ 67.6a 78.6a 11.1b

0.25 58.6¢ 62.5¢ 77.5a 13.4a

Pyrophosphate 0.50 59.9b 62.9¢ 77.7a 14.2a
0.75 59.9b 64.7b 75.5b 12.5ab

1.00 60.8a 65.3b 74.3b 13.0a

0 58.7ab 67.6a 78.6a 11.1b

0.25 59.1ab 63.4c 77.3a 13.6a

Tripolyphosphate 0.50 58.4b 64.2bc 77.5a 12.5ab
0.75 59.6a 64.7b 75.0b 12.1ab

1.00 59.4a 65.3b 75.0b 12.3ab

Source : Modified from Kijowski and Mast (1988)

Note : a,b,c Means with different letters in the same colum are significant difference (P<0.05).
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Figure 7. Thermal transition of chicken breast muscle treated with 2.0% NaCl 0.25% sodium
pyrophosphate and 0.50% sodium tripolyphosphate.

Source : Kijowski and Mast (1988)
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10. szauanuiunsa-as (pH) AeANNEINsBlUMIFNIN

a I 1 A (= 9 g AAAa 1A Y Ao
Glﬁlﬂﬂ@]?ﬂﬂ’ﬂmL‘]JL!ﬂiﬂ-@]N‘Vii@ﬂTWLEJ%ﬂJENﬂﬁWm‘L!ﬂiuﬂlmzu%ﬂﬁfﬂgﬂgﬂi%ﬂﬂ 7 396
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~

= 1 A a1 < 1 a 1
anasdnaol  Nyatvzlimfiesdszunm 5560  anmzanuiunia-a Inanons
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& o 1 ] a 1 {
pH Uszanm 5.0-5.5 denae pI veslsaudiulvg esuelanluannzadenn Tsau
{ o 0 o oy v o
ndwiited pH  Indifesdu pt  ild TuanaTusAuaziiseysrundugud lutinswaniu
1 = a [~ 9 Ao o 1 dgl o YA 1 ) 1% o_w g’ 9
serinlwana TdsAumnaiulaseadwnduduuuuiu mldniedmsumssnani 13lu
Y v
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] 1 { ' ) <3| °
2005) uan1 pH vos Isauegluanizuadouiigenii pl sz lilszgsauniuay wiod
1 ) [ a v o ) 1 1
npl g lndszgsaunduuan Jufausawaniunelulassadrei i ldsauiivesing
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Y v 4
anwamnso lumsguives llsAumnuiiuaae (Zayas, 1997; Ruusunen and Puolanne, 2005)
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A = o 1 = d! 1 1 9 3} di’
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A o 2 Vo A o o A v o A A A '
HIDNINDIA YUY pH VOUUDTAI &9 NaCl dztiiumsdutinie Ti)saull pH gandn pl
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. . A 2 1 a J ° A v + ]
(ionic strength) IWHUU AININTTNVDIUT (Aw) @183 1NA0ITUANANTY Na™ uag I %9
Meaeenumsi o lususudszquanvesTdsauluTelwusa Nvyjezii TuTusAudelitsey
42} o Y a v W Y 1 =3 = 1 9/3' 9
avu1nIY i lvnauswannu 1 Inseswvesldsautlaeen dewa lvihansatiunlu
' A Y 2 y 3 A Y L = 22
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p0nu1ld (Zayas, 1997; Ruusunen and Puolanne, 2005)
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a { 1 a % 1 1 J 09;
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Maki 11a¢ Froning (1987) nud1 m3l¥lmaeulasnedreamladosas 12 52ufy
4 1 Q' [ a Q'
Tyaounanlsasooas 7 lulnsnamnsamunsanalule liusa msagnindienunsom
[ ] -4 [ a 4 A [
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TeT1/5@u (myofilament) M3venveauduloTUsaunae msuentenavinluTedunsonsuen
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voauenIaluTeduainlaseasreluTe InuSa (depolymerization) lu ToFunazuonla'lyTodu
Y v
funumdnydemaianataziinanemaianavesnduiletanfitanaiai og1elsnau
v 1 Y
TuTegusailuTsAuidvaigarenaifana (Xiong, 1997) M3 lindenauluiiolaway
Y v Y [ v
wetlawanrmiumsaraihld Tdsaulule uSagadullsaunazaelundouaz T1lsau
[ 1 dy A 9 a % dy Y 9 [ a A Y
v ludlolamriumsaiunamsnaitedd uenantims manuseunuTlsauiinalv

TsAuAaMIgIEsTA NG TUMIATUNY

13.2 M3YUIS89R2v09)U5AYU (aggregation)
[ = o = =\ o w 1 a 9 an a
M3TuiFeearvedTuanaldsaulianudidgdenisina Inssaiaiuia nisina
[ Qa’l [ % § I~ { [ LY
RALANAINAINTUABUMIIUAIANALNOU (coagulation) FUDUNTLUIUMTNAMIIAGBIAD
1 [~ = v Ax [ a =\ 9y 1
voqluananvuguuazuuy liifluszadion fasediinadenisinamavesllsau laun
8a51m3Idanuiou viialysAu aAnududuaz it (Stone and Stanley, 1992) 3IUHIOAT
M3 hinnudeunazszeznaimslinnudeudidananssnuaensnaIefIuasdnYULYDY
I 4 v
TsAumaninavuiuny (Foegeding ef al., 1986) Taamslranusounuinnuldunlysau
o 1 a 4 ] <3 1
Ml Tdseu ldenuisanama ldweriunlinuduis o3 metasol  (Domodaran,  1989;
Y Y = 1 a = 9
Okenfull et al, 1997) WONIINATEUIUNT IHANNIDUTNAsMSINARAYDY5ALLAN
= A o a = 4 ! Y A~
ATTVIUMTMUATLazMennaITaiteniimsinanaved1lsanld uaernldnand
va 1 [ ] 9 [ ad = F2 v 9 4
AuANTALANA1IY 1Y 15 lFanuaugaazIsnsmuail laun msldnsa ou o
A = 9 = ~ an [ U =~ 1 [ an U =
mawonszauswmdimsldindenazyise 35N IAINa1INNAAREUATAIBITE NI T 3R Y-
= d' ] [ 1 1 A d' 1 % dy o d‘ = A wva
TsAuiuananeny denaneauiavesvaiuana1eny vennniidededus Inanoaulinves
' Yy 9 = = a = o A =
wa 130 ANwdudueeTlsau msgadean nsssunaved 1Usaudue N fitew
a a ] I
QNN ANUUTIVOIDDU HazAINAL 1T UAY (Totosaus ef al., 2002)
9 9 1 Qad‘ ad! c; 1 ad’d d! =
mMs IianuieunnysinguuNaidIngungininsanazneudaalszua
40-50 parualFee aamalil 1UsAuaINIana1dI1ed UL TUTINAIV A IUAITUTY
A A Ay 191w S a o ' A A ' . a4 =
wilaoun bilyiuse TnrwauainaluTnseinemaniinnudangu (elastic) uazliiionzidon
~ 1 a . 1 a ~Aq Y g v A 1
(39091 “94115” Benjakul tazAME (2003) WUIQUMQitazszezna i 15 lumsgadilnasne

a =

N g v W Aana < o {
auianuailodudduesaagsi TaemsidadiNguugil 25 oswaifod 55021021013
S @ 1 o o 1 . 1
1FAA15211319 0-8 $2 109 1A 59912 N2q (breaking force) 11AZILHZNNADUNTAIZNZ]
. ) an A 2 & < A4 2 g A £
(breaking deformation) YB3 MNVAUTIANULA T IVO IR VT URANININMTINNTY
@ A A [l [ [ L4 4 a
vouruszyiian luldiuse ladalid (non-disulfide bond) MIFeulszatuvedlyToduy

y ¢ ¢ A {
(&1 (myosin heavy chain; MHC) fiaunquineu lasinsudngandiueanielund il
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Y
(endogenous transglutaminase; TGase) UHON 9101 Kumazawa LAz (1996) NU 11530

o

. aa A A dgl A A 2 o A
NUDE € -(’Y-Glutamul) lysine 114"]‘ﬁ1]i]"Iﬂ‘lJa']i’)aWﬁﬂ’]Wﬂaa@ﬂﬂJﬂnWNﬂluLN@Nﬂ"lﬁl“])’@@?‘ﬂ
g

a [} :/l 4 4 a 9 4 o o
gaungil 30 oeraaiTed daiueu lsinsmdngadiueg melundwiilodealiunuimdn
1 < [ Aaa P o [ d' =) 9 dy
ApMIgaa1ve9yT N TasgarginmunzaudmiumsirentszaulUsanlunaiie

4
LANAAUTUBENUF¥HAUDILA1 (Benjakul and Visessanguan, 2003)

U

D.

Y [

13.3 WUBZANLIVOINUMIDADAVDIYIN

o Y
dsuiuszinerdostumananavesTlsaulule luSannilelariegnae

9
[

a =}
Biagail
13.3.1 ussasgal alasinin
z:‘? a = 1 a d‘ ] oy
FUNANINUTIAIgATEHIeNTARH Tud liaza1e1ii (hydrophobic amino

4
acid) swiluesdilsznoudiulvgveslmana’lulodu ussdsga’l alasindnaziiauniu

k4
%

A a dg’ dy I %] 1 a ~ 1 oy a 9 ~
Woguugigediu Nethilumsiznsaatsarvesnguezd Tun luazareihvzinae lawing
QUNNGI (Howe ef al., 1994)

¥ (Y] d
13.3.2 vwusladalvla (disulfide linkage)
& J o 4 & A o o 1
FuTunuse Inauadsemnnnile Iamasnusiuse 1ueie 330-380 ki/mol
9 Y
AR @ < 1 a A
(Cheftel ef al., 1985) AaUNUTZHIITANUUTIWTWINNINTIAIgalaTas Tndn nsaeziiTu

A 9 [ dyd a A [ a 1 a A

Nensoaiiaiuseiine ninezil luiliviydalensa (sulfhydryl group, -SH) 13U Fe@ou
[ 1 A I

(cysteine) Samejima tazAME (1981) WU @IU globular head ¥0d luTo%u 3o S-1 11u
Vinuningudalaasanin M31¥oNaov0d globular  head  szWINTwiana luTodu
KX v A Y1 Aa 1Y) o s A ) ng; o < 3 A tg
wdutugldaiunannwuse ladga lva dioduvatiumiudu anuuisveswamuuniiu

A o £ a d? Sidd' Ao [ q’j o
L‘Lli’Nﬁ]"Iﬂ‘]J‘VI‘]JTVI“]J6Q‘W‘L!‘ﬁ$Ul6Iﬂ'§ﬁ]u°]ﬁlﬂﬂ"l]u]’lﬂﬂ%i’)ﬂlﬂﬂui\lﬂ"l PNUUNTTATIVIARUNTINNIN

a

dy v W A 9 ~ = o a 9 a s a gy
LuafmNﬁﬂjmmaiﬂﬂmwwmaiﬂum’i!ﬁﬂiEJ‘lJmEJiJﬂmmWi]1L1Juﬂammi”|$ﬁ‘ﬂqm1muwm

u

v
=

& 1 LK% a s a 9
a9 ¥ lagdruInaineziinsizingangined (NFI, 1991)
(Y d
13.3.3 HWuszlaaun
A a A [ [ o =) 4 .
MRanInMsFon To9521INNGUUNNUI-AITUONF10 10A (Y-carboxyamide)
Y9INIABL N 1UNgMINU (glutamine) HAZNGUIBWTADOU-0ZI Y (E-amino) VBINTABEH U
9y )
ladu (lysine) Hunumdifgaoiiioduiauesyiing (Kamath er al., 1992) 1HPINNNUE
= o o A A o a dyd = Y Ay YA <
TarnauAlmwasuiuseige mamuiuszaiativainalvman 1ddaund s waz

] 4 1 a Qs: a ya o 4
mm%wquqa ﬂ?il%@ﬂiﬁ]\‘]izﬁ’ﬂﬂﬂiﬂﬂgmIu%ﬂﬁ@ﬂ%uﬂﬁlﬂﬂﬂiﬂﬂﬁ%1Q1uﬁUfJQLE]uU1"]53J
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J a . & o A 1 dy a

NIUANGATIUE (transglutaminase)  Fudwou lwiitegluielaruanusssnana
a o 1 @ 1 a

(endogenous enzyme) Usuaneu lsiianuuanaadulullawsaz siia (Araki and Seki,

1993) MatWNWUBY E-( Y-glutamyl)-lysine #1503 18 TawrivgSiinguugiifningauneu

o o Y & A [ 1 1 . A a .
il ldgn FeSennszuaumsaena1nii setting n3o %13 (suwari)

13.4 Mslnanuien
Y 9 < LY 1 Y a o
M3 lIanusoulasasslasaannmagad nelminanmsnaledlivedluana
1 3 o v o [ < 1 { ]
Tis@ued1esaa57 Ml Tsauiivur TdusudInued1953a157 naz Tasavrowan 1d 1y
1 d' g‘ 1 1 . dy Y Y (%
aptpauaziignianilassoonainlniaviewa (Niwa, 1992) UenNINUMIIRANLTOUND
Aaa a (% 9 d‘ a o [} 1 =
wayFdunenu ) wasnuanudeuiunuwedsoiatewuszsznin luanallsau
1 <3
dawalifaalnnunUasIanad (Wu ez al., 1985; Niwa, 1992)
13.4.1 MsHan? (setting suwari)
d' 9 9 1 z Qd‘ c; 1 Qd‘ o Y =
woelnanuioudaiiiodaive a guugind1guuguniiln llsau
. d! s 1 =} =
ANMZNDU (coagulation temperature) FUAU T 40-50 PR UTAITed 1UsAuanTonaiy
] 1 v o o Y o A A A 1 [ Jd a I [l ~
frunadutazdudIfuateiuseriaoun luldiuse Taduaud inaluIasevisveusan
1 = A 1 = dy =S
TaJs e (translucent) UANNIANYU (elastic) LLazNIUDALIDYA (Lanier ef al., 1982; Liu et al.,
1982) luTeFuaiuneiinanemsina 1n39918839na13 (Samejima ez al., 1981) TABSUATNIEN
Aa A o v a 1 Jd o 1 = 1 . A
laTas Ivlin ldwddgylumanalassiievowusa Ysingnsaianana1n3enin setting 130
<3 o =3 1 % a
suwari MIFAAIVD9 1UTAULANA AU INFHLAvYeIUaT (Niwa e al., 1980; Taguchi et al.,
v Y
1987; Hasting et al., 1990) Matitnaa1nanuuana e luana’lyTosu (Niwa ef al., 1980;
Taguchi et al., 1987) uazANUUANAINIUANNEIIsD IUNsna InsevieveeTUsAY (cross-
link) (Gill and Conway, 1989; Lee et al., 1990)
1342 N599UAVBIAA (gel-weakening; modori)

a 1

e ldanudouungsivugungigendi 40-50 esruwafea  1nsaasg
1 a o 1 Y =1 1 [ = 1 a d v 1
UNdINUeIgNTgniiate danalinalinnueeudd Send1 Tulas Usingmaiaind1n
4?1 (Y a . . Yo a AR 4
Yuognuwiaueaal (Shimizu e al., 1981) uaz ldsumsngaiiniunalasassnrneu la]
% ] 4 H ' p ~ 1
Tsamagadioglundmiietamie Tusawa Awuludiuens lanarain Feesorzds
Y 1
990 1)1U19dIusEnIamsdraiiona1na (Suwansakornkul ef al., 1993) Tils@madaiianuld
A o ' . . = ' 1 Y . J
ANNeWIUAN (alkaline proteinase) UHAADN1TOOUAIVDIVA (Lanier ef al., 1981) BNIINH

e lyiaumnl sy Fawvwnludansyiie wu uldin e Inademsinalulas (An ez al.,
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1994) Jiang uazAme (1997) 5169141 AUNUFU B 1iag L Inanon1sooualveaaandal
HUAIADLTA
13.43 Msawa (Kamaboko)
& a 9 A Aa v A @ L] = ~ a dgl
waganan Iaseas e ldsauniimstvSesaednsilseibouausanauy

a 1

e lianudouse Toa u guuiigand 60-70 osruasaIFod (Stone and Stanley, 1992) AN

U

e

= A

Y
TuTnzlianuazdangulila matwileldanudouruszez Tulas (75 ossusadod Yuli)
I Y [
galuaaii Tuanaveslisaulule Wusadasesdniulasesadreindausenilnseas
a g % A v A L% a -y A - a
a5 MITUAIMIoMIIAEeImzinanuse lelasnunionuss lalas Tuin

] ' a A y 2 ' a ° P
Iﬂ'ﬂﬁiN@]1"IHEIGU’ENLL®ﬂTﬂllllIf]“])'U‘VI‘Qﬂﬁ’f'ﬁ13%“1u‘33ﬁ%313ﬁ1u15ﬂ@.ﬂ1’naWElﬁ\‘lulﬂ‘Vl

a

[ a ~ o = A A
FNYUHYY 60-70 DIAUGALFYE IﬂﬁlWﬁﬂJ@iLﬂull%iJIﬂiﬁluﬁ NﬂﬂﬂiiuﬂqmﬁﬂuﬂixNWm

U

= o 9 @

60 paraFed i waldnyazsoudladisonmaninaind Tulas welidanudouduma

R

QU q

aaa A 1 = ) Y 9 a A v A
SuNQuMlgIn 70 ossiwarBed 11119 Iaseas e Tuanaveon Ia luToguiimsdniEe
v o 1 <3 d?’ & a Y A = a QsJ‘ a
F0UDE1VTIVINTY FamTiAa TasaadenuvansavedTdsauluTe lvusa Wwnan
sUswvesTuanainldeunlaslihiiiosninanudou i ldinalgaserveseyyauuiive
o ] 1 I~ o a [
TuanawesllsauTaena llwuseszrieluanamelunaduiuss lelas Tudnuinna
Wuse lalasau
Y
1 Aan 1 1 a 1 <
Smyth 118z O’Neill (1997) wunwvagsnaniie In liamnsolsziiuamnnundans
v q Y Y ~ a a v v v '
ypavadunsznalinnuioungungi 60  ermuwaea 113 19ANTBUNOENIN 60
] ] ] < 4 1 a

PIFIFATOT 190V UNUAZBOU LADAIZUTIWTIVUTZHINQUNY 60 DIFUFATOT LAz 70

=1 £ a [ Y 1 =3 [ = 1 < <
DIAUF AT FI9ZAAMTIUAINUTEHI TsauduTsau og1alsnauaNuuUILT U0

[l [ @ [ <
alinana i UIZTHIN 70 seAusaIFod taz 80 evrwalFoa uaadldmiulussuy
9 dy 1 a = = I a a 9

NAMILBIENINQUNNN 50 0IRUFAIToA 1az 60 parsaFed 1TugaIngaluInsadsans

9 ¥ v

a v A o Y a I~ A o Aa 1 o A VoA
NALIA| ﬂ')11]5'0”1/]1/|'lGlWLﬂﬂli]aﬁ]3!1]ui]ﬂ[V]a'lﬂigﬂuwaﬁaﬂj']Nﬂ\?m?llaZNWQWQLUQﬁNWﬁ
Y [

WINNINTLUIUMI DU (Siegle and Schmidt, 1979) Park Lazaae (1996) Na1INAIFIAN 1%

2

4
a va v v aa < 1Y
pFUeAMANT Al FUATY0 A5 NADAULTTIVD A (hardness)  11AZNITOAINIZAY
. A 9 9 ' ' == A 1 v I 9
Y9U9A (cohesiveness) tHplHANUToU LAIZNDIIMITAIMZVO MRl A WAnA NI WEANT oY
[ z A A 1 < 1 :JI Aq ¥ & ¥ A A 4 4 o =
aiuvgiitigeainnuudansevouaa miriuilfdudesiioTureld Wekinisdnun
|~ ~ va a a o J A aa § Y { aa
nfsufeuguauiamsnawavoinaaduai@eunuugsianie s iewy nazgsdainia
[ <3 [V % 1 1
TagTanundussvousanasnnms lianudou lasaredazgnlinnuiousdiedie

[ < { 1 [~ 1 a (% 4
910 35-80 DIAUFATHE IUOATUTIAIN 0.5 DIAUBATHA ADUIN VLIHUIUIDVDINAANUN
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aa = < A A a IR £ g A a a 1
“1‘)1’311%811ﬂ’JHJLHNLLi\‘HﬂﬂVIﬁ@ﬂ@ﬂ!Wﬂ?J 80 oA uBALFY canu'izﬂwemwﬂumm%aamq

q q QU

a

1‘] 40-45 DA AT E ﬂ’ﬂllLL“NLL?Q“U’ENH]a%ﬁJ%']ﬂ‘]JaW

QU

. .
auysal (Mo Ing) uazngavgi

Q

aa

~ < ~ ' o 2 o 2 A P} 9 A
%zummummn‘nqcﬂ NWﬂﬂ'JWWZW]ﬂﬂ!“ﬂ“jjiuﬂ’]ﬂluﬂﬁjlmgluﬂﬁg L!ﬁzlil@clﬂﬂ'ﬂllﬁﬂuﬂ

1 < aa { [ { A 4 ' 3
INNI 45 ﬂ\iﬂ“"’]ﬁﬁl‘ﬂd)’ﬂﬁ ﬂ'J"I?JLHJ\151]f]\‘lli]ﬁ“]ﬁllﬁ]Tﬂ!ﬁ’ﬂ?’JLLﬁ&ﬁ@WNﬁﬂ%LWNﬁH@EJN?'N]LTJ

U

v v b4 v
sz 10 ivewudy luvaziivnaysianilaniuduedadng Nguugininnii 55

Q

Y k4
DI UT AT i]l!ﬁﬂ 80 DA UFALTH mmummiwmmacgiummﬁ@ﬁ”m"mﬂ’mﬁamgjua:

a

dy o w A 3 Aaa ~ ~
ielainuaiau TﬂEJ‘VIFI’NllLL"]NLLiQﬂl@ﬂﬁla%’iumﬂ‘ﬂﬁ1%”?1@1@1\11/]@%1!1451% 65 DI ALBYN

G

Tuvmzh m%ammmmma uae L‘Ll’f]‘l’iiﬁ] NﬂTVIL‘WlIﬁQGULl ‘I/I\‘I‘l!!,u’f]ﬂi]'lﬂﬂ'lﬂih'lmiﬂi AUUDN

néniledaiudazsiinzuandiafy cm”luTaclfufﬂmﬂawzummméfmqmwgﬁﬁm’n

4
U

a v 1 g o 1 <3 an
luTeFunindadidongu uonvinilieiimsAnyIAIANNLTIITIVOUIAYTTIINTTD T

v A A

A Aaa A a A = 3 =
Luﬁl‘lfiy, !m$G§iuﬂ1ﬂﬂa1ﬂqmﬂﬂmm¥muﬂﬂ N 60 LAY 75 DA ALY YT L“]J‘L!L’Jm 20 UIN

U

Y
A 9 =2

1 I = (Y Yy 9 a =
%3‘W“U’ﬂﬂ’HNLLﬂJ\?LLi\?ﬂJ’ENLi]Eﬁ]%?Jﬂ'lll'lﬂ?iiﬁ]uﬁ]ﬁlsllu’i]EJﬂ‘]Jﬂ’JHJL"USJeUu"U?N‘]JiiﬂmIﬂi@]u

u

TuTe'lWuTa ludaiudavaiiauazsedugumainl¥laseziuiudazseauTdsavveana

U

an § @ < { aa § = <
‘lﬁil%?ﬂLﬁf]'J’Ji]$1dlﬂ'NNLL"U\?!LﬁQﬁﬁﬂllﬂ&ﬂﬁ“}gi%ﬂWﬂlﬁﬂﬂy’ tazdandl AUV AULTIT09a9N

a

o w { 1 < { At J
@lmammgazﬁqmwm 75 0IAUFQUTEE AN INLVULTI YDUDD ﬁummvffn%’uumﬂm

U

9 1 A a a ~ = = dydy Y < ' @
30U 10 ICPINIUIANUNANNYUWHY 60 DIAUHALTYT GINﬂWﬂﬂWiﬁﬂ‘HWH‘Bi‘l’imu’Jﬁgﬂﬂ

Y 9 a Y 9 = Aa A [ <3
M3 IanusounazlsuannududuvesTisau luTeo Iusalinadenundas o uaa
14. wansaaiieTuz

& v

14.1 mm‘jugﬂ (restructured meat)
IS a o JAyn Y o A& A Y] L I ' A A o A L A
!1]L!Nﬁ@]ﬂmcﬂﬂllﬂFl]'lﬂfﬂiuHuﬂlﬂ@ﬂﬁnﬂuE]’f]'li]tﬂu’ﬁ')u%ﬂiWﬂ'l@'lﬂiEJ!ﬁ‘]eIL"L!’E]‘VI

A o 1 1 ad o 9 [ [~ 9 dy 1 Aa ° A A =S
IHAaDIINNITAALA muﬂ‘iﬁm*ﬁm“lmmznmﬂmamua“lm NUANUTUUTUD UNAUIT o

Y [ [ Y
@ 4 @ ~ 1 ' v

2
o ) . a o 4
wazilodudanaenuiloNUgun NG ualisimdninilodadaa (Mandigo, 1986) WA

dy d? Aa 9 ya A [ 1 ay dy 3 < F4 = Y Y
mamuﬁﬂwmwmmgﬂ%ﬂ UMTIMEAUTLHINTUHNI NN UNBUIAYINY NMITINIZAY

U
E4 Y 4 1
=

A A a =& = a A A o Y A g
voaxuilamavwiiesninllsau luTe IMuSanazargeoninluaisazaramnae svndlu
v XK Qy zﬂy Jya o Y A Yo 9 a = 3 £ A A dg’ dy
drdaruilelviaanulaie lasuanuseuszinanisulasuulauiluma ¥uvsaninavuil

Y v
aInsagamesuie 1@y (Siegel and Schmidt, 1979a) Siegel 12 Schmidt (1979a,b) WU
v Y v v
Tdsaunldawss@amesuwiionnga Ao 1uloFu Macfarlane vagamz (1977) wulu
1 s ' o 2 1 '
ama‘UﬁﬁmmLéi’fm%mmmﬁaMzﬁﬂuﬂa@'lﬁﬂummw 1.0 Twars 'l TadsaunTiausa

oy %um@ ﬁﬂﬂ@ TuTodu s09aeuae ueala'lulodu drulusauss Tawareaiinla
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Y Y v
ansasamegwie 18 ualuaninzinlulinde lmaeuaas 15a ldsaunauszningluTodu

o a Y = Qy zﬂy A
Llag"]ﬂiIﬂW'ﬁTﬁNﬂﬁ]gclﬁﬂﬂlﬁQﬂﬂlﬂ?%“ﬁﬂluﬂq\iﬂq@

14.2 nalnamsyugyl
Y v ' Y Y v v v 9y
A A A 1 a A A I A o v A ==
e NALazNIFONTEH NUANFUHENA 1WudedAyNIzUIFDIUnINUBY
a [ SR 9 = [ A a [ 9 dy A a dy dgl A =
HAAAN JIADINIIVDIHANMIFONAANUYDINAWITHBINDNTHANILBIUFUNUAAININA
a dy dg‘ ] [ A a dy a Y A A Y
mskdaileYuglerderanmsvesmaFouanvousbiionasan ldainTusAunazarelalu
y A , 3 v & o & v 2 & o 99a A =
nawie Tagms nanuieulmawdesuiuiludeousuiemlinausurounazisiga
Qy dy ) 9 1 Ly} [ 9 dy 1 [ [
TugFwiegnilvnuaemsuaniinuazdanagineuiesd luvazdauaz iulsgniu (Jolley
and Purslow, 1988)
A a [ 9 dy a [ ' dy d? a = ~
nalnmsiyeuAntuveIndmilovesnaasmaltioduginavinussdamiioIun
{ - y - 2 2 g
dulenditonaz Tdsdunazare 1a lunduiio (luTodu) Fuoonuianayruiiouazitlu
o A Qy tﬂy Yy 9 [V A Y o Y o = A Aa
FNFouIANTUILBITIA2180 U0 1A UAINTBY AITazals uazmsana llsaunmd
Qy zﬂy 1 a Y a A = ~ [ A =) A F2 (%
voury Fuoduaiuliinamsndovdamileany esnnTsAunazate lagnaiain
Y Y 1 Y Y
melugnieuenveuabFuitounuiionianniIFuie luszniemsnda anbuzns
= d' Qy zﬂy v tﬂy zﬂl d‘ [ a Qy dy 1 1 o 1 t:;d 9 )
danitiorvesruilo lviiu uazieweneriuuuiIvesruiieo led ludwmusnauas sz
9 @ [} A 9 tﬂy A A @ 1R A [ 9 = =S
1 luiiu'ligniadeudlreasazatonaziiloitonediu ludaaanudled Tasldsau
A a A A = A o Y a d? 9 ~ o
luTelusanazawesnin TasindeussdamiergninldinaduTasanuiouszimiioni
A Aaaa P { o o I < 1
Tinawa nielfnsenIndwesdegnniieniilasmanil WuseAuIwWsNIINasznIees
A v A Ay a k4 A
FOUAUAIVDIULBINA 1ALT199910
A a o 1 A [ =\ 4 9 dy
®  muroNAANUTEHINIFeNAD Tuana IName T ¥0INA N0
A Y 1a 9 ‘ﬂy
®  N1INILIBVDI INANAVOIAIIFOUUIGHIVDINANILD
a A A 1Y A Y k4 dy
o usalihadanissnnanuausolumsFouduvesasiFouiundiuiilo
a @ =1 qu = ~ 4 4 =® d’ @
® NANUTLIANTINNINTIAMLEIVDILTINANDT D LAENTIAHLIIVDINUTE

loootin Wuszlauaud uaziuselslasou

14.3 n33398MIMAMHRUUSUN 3 n5533B (Pearson and Tauber, 1984)
14.3.1  msaailuneunaz¥uzi (Chunking and Forming)
o A g Y ' A L a ' A &K A
AutloilludouTasuaruniosuailosianeu isuniesuaiionse lag
4 @ { v 2 Y 4 1 a P
THnTodaiiionnlludugnid (dicing machine) IRTvavesswiile lumu 1.5 gnuianiin

Y [ A 1 di cs' ] qg/’ Ay ] Y
waawauiunge woavla uazdrunaudu Nelumsidyesa Tupoumnauiiorslv
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[l 1 ) Y Y
wamsanalldsaululelvusa orvduas@euiiesreliinanisiFouvessutiio 1dun
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Figure 8. Flow diagram preparation of surimi-like from chicken breast muscle and flake boneless
meat trimming.

Source : Modified from Yang and Froning (1992)
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Figure 9. Chicken breast muscle (BM) after stored at -20°C.

Figure 10. Flake boneless meat trimming (FT) after stored at -20°C.
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Table 8. Proximate compositions of chicken breast muscle and flake boneless meat trimming.

Material Moisture  Protein Fat Ash Mpyofibrillar  Collagen pH
(%) (%,dbs.)  (%.dbs.)  (%.dbs.) protein (mg/g
(mg/g meat, meat,dry

dry wt.) wt.)

BM 78.640.3° 98.1+0.3° 18.2+0.1° 5.6+4.5° 389.743.6° 22.4+0.1° 6.2+0.1°
FT 76.1+0.1°  71.940.2° 22.6+0.2° 5.9+0.1" 335.6£2.0° 42.7+0.1° 6.6+0.1°

Note : Means in the same column with different letters are significant differences (P<0.05).

Mean =+ Standard deviation.
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Table 9. Chemical composition of surimi-like from chicken breast muscle (BM) and flake

boneless meat trimming (FT) washed with different solutions.

Composition Materials WAT SALT BUF Unwashed
solution solution solution (Control)
Moisture (%) BM 79.7+0.1" 80.6+0.1° 82.5+0.1°  78.6+0.3"
FT 79.5+0.1" 80.4+0.1° 81.6£02"  76.120.1°
Protein (%,dbs.) BM 97.6+0.3° 96.6+0.1° 95.4+04"  98.1+0.3°
FT 77.140.1° 79.6+0.2° 76.6£0.4°  80.3+0.2"
Fat (%,dbs.) BM 11.8+1.7° 11.3+1.0° 10.9£1.5°  18.2+0.1°
FT 17.121.1° 16.3+1.5" 15.2+1.1° 22.6+0.2°
Ash (%,dbs.) BM 49426 4.6+1.1° 5242.6" 5.6+4.5°
FT 5441.0° 4.842.0° 54425 5.940.1°
Collagen (mg/g meat, BM 36.940.05°  40.7+0.08°  42.940.3°  22.4+0.1'
dry wt.) FT 79.540.1° 96.9+0.3° 97.3+0.3°  42.7+0.1°
Myofibrillar protein BM 662.143.2°  658.7+1.7°  657.144.5°  389.743.6"
(mg/g meat,dry wt.) FT 516.142.0°  512.842.6°  509.844.6°  335.6+2.0'
pH BM 6.6£0.05°  6.7£0.01°  7.3x0.01°  6.2+0.01°
FT 6.8+0.02" 6.9+0.04° 7.4+001°  6.6£0.01"

Note : Means in the same row with different letters are significant differences (P<0.05).

Mean =+ Standard deviation.
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Figure 11. SDS-PAGE pattern of surimi-like from chicken breast muscle (BM) and flake boneless
meat trimming (FT) washed with different solutions.
Note : M; High molecular weight maker, 1; unwashed, 2; WAT solution, 3; SALT solution,

4; BUF solution.
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Table 10. Color L* a* b* values of surimi-like from chicken breast muscle (BM) and flake

boneless meat trimming (FT) washed with different solutions.

Color Materials WAT SALT BUF Unwashed
solution solution solution (Control)
L* BM 72.6£0.5" 76.3.£0.4° 76.6+0.4° 60.1+0.8"
FT 65.2+0.8" 65.6+1.2" 66.8+0.8° 58.4+0.8"
a* BM 5.640.2° 47403 41403 7.90.6°
FT 5.440.4° 3.840.2° 3.440.2° 9.3+0.3°
b* BM 20.140.2° 20.5+0.3" 18.9+0.3" 23.4+0.7°
FT 18.1+0.5" 19.5+0.7° 18.3+0.3" 20.8+0.4°

Note : Means in the same row with different letters are significant differences (P<0.05).

Mean =+ Standard deviation.
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Figure 12. pH of surimi-like gels from chicken breast muscle (BM) and flake boneless meat
trimming (FT) washed with different solutions.
Bars represent the standard deviation of six determinations.

Different letters in the same raw material indicate significant differences (P<0.05).
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Figure 13. Cooking loss of surimi-like gels from chicken breast muscle (BM) and flake boneless
meat trimming (FT) washed with different solutions.
Bars represent the standard deviation of six determinations.

Different letters in the same raw material indicate significant differences (P<0.05).
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Table 11. Color L* a* b* values of surimi-like gels from chicken breast muscle (BM) and flake

boneless meat trimming (FT) washed with different solutions.

Color Materials WAT SALT BUF Unwashed
solution solution solution (Control)

L* BM 80.140.5° 773+1.3" 78.4+0.3° 78.3+0.3
FT 75.4+0.4° 76.7+0.6° 77.7+1.2° 72.3+0.7"

a* BM 0.1240.2° 0.34+0.6" -1.14+0.5" 1.05+0.2°
FT -0.940.1° -1.340.1° -1.640.1° 0.8+0.2°

b* BM 14.140.2" 14.0+0.2 10.0+0.6" 14.7+0.3°
FT 14.5+0.3 14.4+0.3 13.5+0.5" 16.0+0.2°

Note : Means in the same row with different letters are significant differences (P<0.05).

Mean =+ Standard deviation.
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Figure 14. Breaking force and deformation of surimi-like gels from chicken breast muscle (BM)

and flake boneless meat trimming (FT) washed with different solutions.

Bars represent the standard deviation of six determinations.

Different letters in the same raw material indicate significant differences (P<0.05).
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Figure 15. Microstructure of surimi-like gels from chicken breast muscle (BM) and flake boneless
meat trimming (FT) washed with different solutions.

Note : A; unwashed, B; WAT solution, C; SALT solution, D; BUF solution.
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Figure 16. Breaking force and deformation of surimi-like gels from chicken breast muscle (BM)
and flake boneless meat trimming (FT) washed with SALT solutions with different
heating conditions.

Bars represent the standard deviation of six determinations.

Different letters in the same raw material indicate significant differences (P<0.05).
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Ratio (BM:FT) L* a* b*
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Note : Means in the same column with different letters are significant difference (P<0.05).

Mean =+ Standard deviation.
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Figure 20. Shear force of restructured chicken meat binding with various ratio of mixed surimi,
BM:FT (9:1, 7:3, 3:7, 2:8) at 5, 10 and 15 percent.
** . Different letters within the same ratio of mixed surimi (BM:FT) indicate
significant differences (P<0.05).
“P. Different letters within the same percentage of surimi-like indicate significant

differences (P<0.05).
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Table 13. Texture of restructured chicken meat binding with various ratio of mixed surimi,

BM:FT (9:1, 7:3, 3:7,2:8) at 5, 10 and 15 percent.

Surimi Binding level Hardness Springiness ~ Cohesiveness  Adhesiveness

BM:FT Ratio (%) (N) (N)
Control 0 10.52+0.4 0.75+0.02 0.41+0.02 4.39+0.2

9:1 5 11.1020.5°  0.80+0.03™°  0.45+0.04""  4.61£03""

10 10.56+0.1"C  0.82+0.03"¢  0.47+0.1" 4.65+0.2™"

15 10.17£0.4™%  0.80+0.01™  0.46+0.02"  4.61£03""

7:3 5 1027+02"%  0.74£0.04**"  0.442£0.02*"  4.68+0.3™"

10 10.19+0.5™%  0.79£0.02**"°  0.43+0.04**  4.28+0.7*"

15 9.77+0.1" 0.77+0.01**®  0.45+0.08""  4.67+0.2*"

3.7 5 1021203 0.700.1°"  0.49+0.1*" 4.85+0.4""

10 9.79+0.4"" 0.80+0.02"°  0.50+0.1*" 4.70£0.5""

15 8.68+0.2"" 0.69+0.07""  0.53+0.07"°  4.48+0.1""

2:8 5 10.19+0.1°%  0.75¢0.1**"  0.46+0.1" 4.5240.3""

10 8.39+0.4"" 0.72+0.1*" 0.48+0.04*  4.2440.1*"

15 8.46+0.4"" 0.73+0.07*""  0.43+0.02*"  4.28+0.2""

Note : Mean + Standard deviation

a-b

Different letters within the same ratio of mixed surimi (BM:FT) indicate significant

differences (P<0.05).

differences (P<0.05).

“ . Different letters within the same percentage of surimi-like indicate significant
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uANAIAY Tagwna1 A1 L* 9z0g 11929 79.078-77.078 uaza1 b* 3¥0g U5 16.921-15.708
1 1 1 a A v A 4? = o Y1 A dy 14?

daua o wunmaanansenluszaungenazinaildmauasveuile lnvugilaaas

ANAIAY (P>0.05)

Table 14. Color L*, a*, b* values of restructured chicken meat binding with various ratio of

mixed surimi, BM:FT (9:1, 7:3, 3:7, 2:8) at 5, 10 and 15 percent.

Surimi BM:FT Ratio  Binding level (%) L* a* b*
Con 0 78.6+0.9 0.7+0.3 16.9+0.7
9:1 5 78.3+0.3"" 0.2+0.3"" 16.0£0.6™ %

10 77.5+0.5"*" 0.2+0.4"" 16.5+0.5"*"
15 77.9+03"%  02+02%" 15.8+0.4""
7:3 5 78.4+0.8" 0.4+0.3"" 16.5¢1.0%"
10 78.3+0.6"" 0.4+0.1"" 15.8+0.5" "
15 78.3+0.7%*° 0.3+0.2"" 15.7+0.6""
3.7 5 78.3+0.4>" 0.5+0.1"" 16.3+0.5""
10 77.0£0.6"" 0.3+0.4"" 16.9+1.0""
15 77.7+0.7" % 0.3+0.5" " 16.5+1.0°"
2:8 5 78.3+0.9"" 0.4+0.1"" 16.4£0.2""
10 77.5+0.6" " 0.2+0.3"" 15.7+0.2%"
15 79.0+1.0"" 0.2+0.7"* 16.5+0.8" %

Note : Mean + Standard deviation
o Different letters within the same ratio of mixed surimi (BM:FT) indicate significant
differences (P<0.05).

" . Different letters within the same percentage of surimi-like indicate significant

differences (P<0.05).
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Table 15. Sensory evaluation (9-point hedonic scale) of restructured chicken meat binding with

various ratio of mixed surimi, BM:FT (9:1, 7:3, 3:7, 2:8) at 10 and (2:8) at 15 percent.

Sensory Score

characteristics Control 9:1(10%) 7:3(10%) 3:7(10%) 2:8(10%) 2:8(15%)

ab ab

Color 7.1+£1.0°  7.3£1.0 7340.8°  7.3+0.9"  6.8+13"  7.4+08

b b

Appearance 7.0+1.0° 7.1£1.0° 7312 6.9+0.9° 6.8+1.1° 7.6+0.8

b b

Cohesiveness ~ 7.240.8°  7.140.7"°  72+1.1°  6.8+1.0°  6.8+08°  7.3+07

b b

Separation 6.941.0°  7.2+1.0°  73+x1.0°  6.7+1.0°  6.9+0.8"  7.4+0.6

Overall liking ~ 7.0£1.0° 7.240.9° 7.2+1.0" 7.0£0.9" 7.0£0.9" 7.3+0.6"

Note : Means in the same row with different letters are significant differences (P<0.05).

Mean =+ Standard deviation.
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Figure 21. Microstructure of restructured chicken meat binding with various ratio of mixed

surimi, BM:FT (9:1, 7:3, 3:7, 2:8) at 10 and (2:8) at 15 percent.
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4 A Y a g’ ) a
3.1. Lﬁﬁ)miazmﬂﬁqm‘ﬁﬂnaﬂaﬁltajﬁﬂlﬁuu1ﬂau 20 ml AU ITAZANY

£

Taden laason lyddudu 40 %

o ¢ o
3.2. 9agilnIainau
a a Y 9 a 1 9 a a 4
3.3, WNNIAVDTNUNUY 4 % 1UTN193 25 ml asluwragisuy uavendudmes
o [ [ { ) 4
5-6 noa 11 lsessuveunalsessuarsazatsinauld Taeldginsal
aumiuguluasazawnsaueIn
o o = = A A o 4
3.4. navaunszna bifinen Tuiliemae esazaeinauldlszum 150 ml
4. mslmnia
A o WYy a A Y 9 '
4.1. Tnmsamsazarennaulddrensa laTasnaesniinsuanududumivou
o = = a ST J a
dunadvesaisazarerziasuand@veniudniwoy 19UTu1NTU0
ninlalasnaosnily
o 1 = Qs}l a < = v o ' 1 ] 1
42. Wiblank Taeldensafinazduaoumsiniizniswnoan a0 ua lild

COREAN

gasmuIn

5 Tdsau (% lagimiin) = 1.4007 x N x (A-B) x F

W
Tao A = 1Smmsnsalalasnassniilflums lnmsadudeda
B = 151asnsalalasaansniilalums Inmsas blank
W = 06
N = anududuvesnsalalasnaosn (uosuea)

d 1w
F = ulneesmniny 5.95
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4. MR HUSINaNS (AOAC, 1999)

A A ¢
!ﬂii’)ﬂﬂi’)!!ﬁ%@ﬂﬂiﬂ!

1. fengdda
2. nlilih
3. 1N
A L Ao
4. 1AT09FI0IDEA 4 AN
a 4
5. 1AKIANDS
=S
5Ms
aa A o e &
1. wngsdamennihminiuiuey
2. dedednalszina 5 g ldagada i luwouen Tidhauafunua
3. i ldenas lumumngumgil 550°C wiwlszanm 2-3 42 Tusvunszne ladd
A A
YINTOTM
& o 1 a ¢ 2 ya A a9 Y o o @ ' 5
4. nnmbinldedinaes naldidungungivewanirliss maredragiuu
09: = 9 2‘ v v 1a
Asaaz 30 Wi a Idihmina e lidnu 1 mg
gAsmuIn
a J  w W,-W) x 100
Vo @elasiminy = W)
(W,-W)

Y
Tag W =1 miinvesngsiia (g)

@ L]

9
W, = ﬁWﬂﬁﬂ%ﬂQﬂ?j“ﬁanLLagﬁ’JE)EJNﬂ’f)‘L!LIN"I (2)

9 Y v
W, = 1hniinvengdidiauasdioe 1 9naunauimIinaen ()
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5. mynsrSnallsaulaglugisn Tae33ves Copeland (1994)

=
ansny

1.

1582219 1U5AUNIATIIU Bovine Serum Albumin (BSA) U4 10 HadnSune

Naaans
) d o
2. ensazaelugsn : Fenethlesdamla (CuSo,.5H,0) 1.5 n5u Twdsy Tuamidon
o a g’ o A a a A [~ { @
nusa 6.0 N5y AMbhnAuaLiiFuINgT 500 Tadwas nauswmiluiemenunda
a = J Y 9 Y o a_Aa
wumsazate lmdeoyleason loadudusosas 10 $1ua1 300 Uadmasluvmey
9 v
nu YsuiSinasarimauli1d 1000 daddas
ad
BN
1. gamyazanelisau 500 lulasaas ldluvaeanaana
A A aa Y 9 o 9 . Qy ¥
2. @uensazanelugisn 2 dadaas wawlddinuaie Vortex mixer 2199131390
a g IS ~
gunYINeuTluna 30 1N
3. ihasazangliammaganauuasd 540 i Tuwas ihamsganaundai 14l

=) = %
nfFsumeununivnasgiv BSA

=
ﬂ1’i!ﬂ§ﬂﬂﬂ§1w3~l1ﬂ§§1u

1.

Qadsaza1e BSA 1udu 10 Hadniuaeiiaaans 31U 100 200 300 400 1Ay

v v
500 luTasaas Ysvalsuasdreiinaulila 500 lulasaas

a

Y
Wuasaza1e lugsn $1u0u 2 Haaans wauliid1iudie Vortex mixer 1190313

=

a 9 | ~
Ngaungiviouilunal 30 U1
[ J = d’ d‘
IANINITAANAULTINAINNYIINAU 540 HWIML?JGI?
Wounsinasg e sagmaumsuaasnuduiussznIanuduiuue
a150za1y BSA  fuanisganauudil 540w lumas naasdanimilsznou

~ a =1 ) Y o ' A A A

NMANUINNT 4 ﬂiﬂJWﬂlTﬂi@‘lUﬂiu’quﬂiﬂEJl!"IﬂTﬂ"I'iﬂﬂﬂauLLﬁﬂVIﬂ’J"liJEﬂ’mau

540 W Tumes unua luaunIsveInTINNINTg IV BSA
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AN AR BSA (Taansisolianans)
Figure appendix B1. BSA standard graph

6. M3Iamtey 1neITved Benjakul HazAME (1997)

A A d
inJesilonazgilnsal
A oo
1. n5ediaiiey
2. Tanesuiuia 50 Taaans

3. ASTUDANNVUIA 50 Haaans

12

v Y 1
1. $i20619 5 n3u ldlunisuzussy 50 Nadans uduautiinau 50 Naaans lalud

¢ =
Tudidluna 2 wn

v 1A Y A v A
2. IANMNBDYAIYATOIIANIDY

7. mavanzvdiinaldsanlulelvu3a (Myofibrillar  protein) Jng3%voq Yang 1a

Froning (1992)

=
a3ty
1. KC10.6 Tuais (18u)
2. Tris buffer 0.02 M (pH 7.2)
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ad
EMS
Q‘/ 09} % % L} o
1. ¥uhmingle19 1 nTy
a {2 a Aa Aaa
2. 11 0.6 M KCI - 0.02 M Tris buffer Moy 19 ya. au'ld1/5u1a5 20 iadans
3. ToTlud lud w1 wn
~ A ~ < A
4. aunauiguugil 4 esrusaFed Hunal 1 Ay
= ~ ~
5. MIBEAN 12,000 x g WU 40 W19
6. W lUsaudulamasndeunieds lugisn
Y [
7. e lsauaruladienimlar s Iianududuuea Salt (m1dU 0.1 M
8. IMIBLENN 2,000 x g WU 20 UIN

9. i lUsAudmlanlduasinaeuaieds lugisn

gasmuIn
Y ldsaululelvusa = x—v

Tag x=15naTsAuneaiadie 0.6 M KCl

'
A v 9

y = 5unalisaunanaaie 0.1 M KCl

¢ o
MnszrdSunaneaaannariug (Total collagen) 1A83BV04 Liu Hazane (1996)
o a d a IS =2 . [V A
annudnsizvilinalaasendInsau (hydroxyproline  lagiaainisganauuas

MIITUY Bergman (tay Loxley (1963)

Ml
1. Ringer’s solution
2. HC16N
3. Oxidant solution
4. Ehrlich’s reagent solution
5. NaoH 1, 10N

6. Hydroxyproline standard solution

ad
M
1. MIM3eNAITaZaeaI0819
v Y v
1.1 Fhviinaeeanauazoen 1.0 n51 1 test tube

1.2 @3 HC1 6 N 153191 10 Yaaans
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a =

1.3 1 lulvanmsoulu oil bath Ngauvnil 110 peruwaBod W1 24 F2 a9

QU

L aya 4 ay
14 V]Qiﬁlﬂu%ﬂmﬁﬂuﬁ@q

q QU

[ . 1 4
1.5 Ml lerde active carbon HAINTOIHIUNTLATHATOULDS 4

o Y 3 Y
1.6 $n1¥iluna19a28 NaON 10, 1 N itag HCl 1 N
1.7 Y5u15ues 1914 100 Haaans
o w ' Aa . o 3| a
1.8 A8 1NAToUYIUTU1a hydroxyproline tag mMuanulsunanoaad
Y
puinariualagld mlawos iy 7.25
2. vilsunm hydroxyproline
2.1 nlaasazaieaiedia 0.2 Haaans laluriaeanaasd
2.2 1A isopropanol 0.4 1iadans uag Oxidant solution 0.2 Hadans eyl
2 oA Ay =
a9 ANguradreauIu 4 w1

U

2.3 1@y Ehrlich’s reagent solution 2.6 Haaanswaylmandu udnirlylvanu

Y A a =

Y
Foulusraihdeunguiigil 60 ossuaaiFod wiu 25 i

) < ] g’ a . a an [ a
2.4 My Taeruii 2-3 wH uduA isopropanol 6.6 Haaans WUsusua9)

2.5 hlddammaganauudai 558 urTuwas (Melunar 4 $2Tu9)

=
ﬂ15!ﬂ5813~lﬂ511/‘h~l1ﬂ5§11!

o . Yy 9 Yy Yy 9 v v

1. Ma1Taza1Y hydroxyproline 1UNUU 400 ppm TRIANUANYUIIAL 0 5 10

Y 3

20 30 uaz 40 ppm (mg/D) wazlSudlsuasarerihnauli’1a 25 iadans

2. 1A isopropanol 0.4 1ia@an3 uaz Oxidant solution 0.2 Faaans warn iy

2 yod Ay ~

uaz’mmﬂ’mamwguwmmu 4 UM

Q

3. 1@) Ehrlich’s reagent solution 2.6 Hadaasmau iy udni 'l van

Y A

Y
Fouluaruihdounguuigil 60 eermuwaiFod wiu 25 Wd
o < 1 g’ a A aa [ a
4. iy Taeruiii 2-3 w1 1A isopropanol 6.6 Haaans Wsusuag)
5. i hliemimsganauuasi 558 uluwas (Melunal 4 $21u9)
6. WoUNTMIIATTIU LazIaNMIIAAIANNFUITUT s Iea Tt uves
@1502818  hydroxyproline AUAIMIAANAULAIN 558 W TUNAT UAAIA
1 Y
MndszneunaruInt 4 Usuaneaanaunaruamiuln 1a lagtiainig
A d‘ d‘ 1
AANAUNEINAINIIAAY 558 w1 lwwas unuam luaunisvednsw

1193314 hydroxyproline
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Figure appendix B2. Hydroxyproline standard graph

gATMUIN
USaineaaauiane
f10619 ¥ANIVAN (Control) 0.2053 (558 nm)
Standard Hydroxyproline y=0.0137x + 0.0022 (R’ =0.999)
Tag y = mimsganauuaaiianuednay 558 w1 Tumns

x = U5unvaa1vy (Haansu/ ans)

0.2053 + 0.0022

1/Surave9 Hyd li
ydroxyproline 0.0137

= 15.1460 Uaaniy/ ans

14 1000 Hagans U15u1 Hydroxyproline 15.1460 Uaansu
Tu 100 Wedans U15ua Hydroxyproline  15.1460 + 100
1000
=1.5146 Uadn3u
Ty 100 Fa@303 WA 1.0603 AT

Y
¥ o

A9y yanauny U158 Hydroxyproline  13-1460 +100

1000

Y Y
In0aaIUNINUA = 1.4285 Haansu/nTuile
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=1.4285x7.25

Y
=10.3564 Haansu/nsuilo

neKa  Factor =7.25

9. msasaeusluuvlsaululelusalaald3s Sodium dodecyl sulfate polyacrylamide

gel electrophoresis (SDS-PAGE) Taaaauladisvues Laemmli (1970)

A A ¢
1ne9ianazglnIal

adc aa
gavtan Ias s Fauuuiinag

CREIGEY
1. Acrylamide/bis-acrylamide: 9918 acrylamide 29.2 NI e bis-acrylamide 0.80
n$u Twindu Y5u15ias 1814 100 fadans Auldviadniiguigi 4
parsaiea 19 1a1/szana 1 heu vidunsey
2. myazaeiillosnsalalasnas lsddudy 0.5 Tuars Wiow 8.8
3. sazaetiiesnialalasaae lsmdudu 1.5 Tuans Wiew 6.8

a o < { a
4. msazate Indon Tamdadamladuduiosas 10 (nuNguuine’)

7
a [ < 1 a
5. myazae IRy TamFasamadudusosas 5 (AN

Q Y

Wo4)
6. Sample buffer (non reducing buffer):
nialalasaaelsd  0.1514 nSu
Gl RERD! 2.5 Haaans
Taaeu Tamdagamla  0.25 N5y
EDTA 0.0186 N3
Tus Tudueang 0.25 PTY
vmnazaielningu Uufies W14 6.8 udnlsusinasiiu 25 faaaas
7. Sample buffer (reducing buffer):
nialalasnanlsd  0.1514 nSy
NGIERERD) 2.5 Haaans
Taaeu Tandadamla  0.25 N5y
EDTA 0.0186 N1

wi-woual Tasueao.25 Uaaans
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Tus Tuilueaig 0.25 N5
vmnazaeluinguy USufierld 6.8 udnlusinasiiy 25 Teaans
8. Electrode buffer:
nia'lalasaaelsd 3.0 nSuy
Gl RERD 14.4 iadans
Taaeu Tandagamla 1.0 n5u
vimnazaeluingu udafuuneni 1 5es

9. Catalyst Ysznovudie
asazaneuay Tuisulessamladutudosas 10 195sunouls)
TEMED (N,N,N,N,-tetramethy ethylenenediamine)

10. Tﬂi?lummgmﬁmmﬁ”mﬁ’ﬂimaqa High  Molecular ~ Weight  (Sigma)
UsznaualY myosin, B-galactosidase, phosphorylas b, fructose-6-phosphate kinase,
albumin, glutamic dehydrogenase, ovalbumin H9& glyceraldehydes-3 phosphatedehy
deogenase ﬁl‘i’mﬂ’ﬂimaqa 205,000 116,000 97,000 84,000 66,000 55,000 45,000
1A 36,000 A1AAU MNEIAL

11. #fa1 711381 Coomassie Billiant Blue R-250

12. Staining solution: 2¥018 Comassie Billiant Blue R-250 0.04 A5y luwsiuea 100
{a33A3 ALIUAZANY UAAY Glacial acetic acid 15 Taaans uaziingw 85

ang

22)
)

3]
a aa aa a an Oy
13. Destaining solution 1: NHUINTIUDA 50 UANAAT NTABSHAN 75 UAAAAT LIAZUT

nau 875 aaans

=

M5

1. MINTIUAIDE
o W 1 [ ] ~ a [ Yy Y 9 a
111A19819 3 AT wauduasazane Iwaey lamsasaauiusosas 5 Usuias

a =

a aa =~ 4 A A o o
27 Hadans TaTud lud 1 il UuNgungil 85 esruwaFod wiu 1 421ua i
4 o < o Sy v N
1502 AN UNIWENNA1NED 5,500xg W 15 wif haulan ldunmauiy
Sample buffer (as1a1 1:1) TNaNuINYuldsdauminy 4 lulasnsude
a Y} J A A o Yy & A a
lulasdas Auanswanlwindou wviu sz i hldBwduiguugld 20

IR AT A
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2. MIAIYN running gel (10% gel) (§115u9a 2 LLN"L!)
30% Acrylamide/ 0.8% bis-acrylamide 0.665 Uadans
Y] Jd A 4
msazaretnilesnialalasnae lsddudu 0.5 Tuars fow 8.8
1.250 Jagans
E v
WINaU 3.000 Waaans
myazane laRsy Tandasamaduduiosas 10 100 lulasans
asazareuey Tutsulessamadududosas 10 50 lulasaas
TEMED 5 luTnsans
wen iy ndagaldlunkuea uduas 3.5 Tadans
3. MSMIeN stacking gel (@MTURD 2 BHY)
30% Acrylamide/ 0.8% bis-acrylamide 0.665 Haaans
asazaretiesnsalalasnae lsddudu 1.5 Tuars Mo 6.8
1.250 Yaaans
Y v
HInau 3.000 4aaans
myazare Twdsy TamFasamaduduiosas 10 50 lulasans
d o a
myazarouon TutsulosFamadudusosas 10 25 lulasans
TEMED 3 luTnsaas
L} Y 9 o 9 [l fl
wen lnnuudanlaunuma
8. msuenlilsau laswasanlas IW5aea
Y
Aa Y] a 3
UsgnouyanadianIas 1WSFa 91nTwAY electrod buffer 1¥IAN electrod buffer
Y aa;‘ A o 1 A A Y o a Y Yy 9
duly mmiudaudeganmsenands 1 91uu 5 lulasans oz ldanududu
vo1T11581 20 luTasnsuse luTnsaas udua electrod buffer 11 chamber §1u
] a d [ [y a
uonaeyaotan las Wi Faddua Innszua i Wanszua il 30ma
) [ 1 = = d‘ d' =
(dmsuea 2 uru) sorudvesTus luflueauguaouvunougalatenszon
angams Iinszua ldh
9. msdeualdsauluaa
) 9 =1 1 o'.l :/l ) ]
Wuvaudond Iaouslu Staining  solution U 3 ¥ Tus vintuihwuslu

4
.. . Y_ o 1YYy - .
Destaining solution 1 U1U 15 Wi udnihwvaneAwauly Destaining solution

2
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a 3 v v % d \ (v ad
10. ﬂ15T.I!ﬂi13‘?11?15\1@’51\17]1\1@@5]1?]91]8ﬂﬂi’)ﬁi]‘ﬁﬂ‘éiﬁu!m‘ljﬁﬂﬂﬂ‘ﬂﬂ Iﬂﬂﬂﬂ!!ﬂﬁﬂ]ﬁﬂli’]ﬁ

Wattanachant tasas (2005)

A A d
lﬂiﬂ@u@!lﬁZQﬂﬂﬁm

1.
2.
3.
4.

Y
o A

a 4
UARNALLBDLYD

e

o))}

Uy
Y o @ 1 dy A
VIALUNITIHTULUBIUDLIYD

‘a d [l
ﬂ’cgljﬂdi]a‘ﬂﬁﬂu’f)!,ﬁﬂ@i@utm‘uﬁﬂﬂﬂﬁﬂ (scanning electron microscope; SEM)

=
ansny

2.5% glutaraldehyde

0.1M phosphate bffer, pH 7.2
distilled water

25 50 70 90 tag absolute ethanol

TuTasmuman

=
N3

Y
NINTAAFUAIDEI VUIA 0.5 0.5 x 1 IBUANAT
Y v
UEFUA20819 TUA1582A18 2.5% glutaraldehyde 114 0.1M phosphate bffer, pH 7.2 0

a < v
garigideuiluna 2 41 luq

v
% 1

Y 1
AarudI0819a101 N U
o =< 4 L A ' A o Y
mmsaaihluiiemeesn Tagmsusluaisaza1gmsIueanILaUANUIUTY 25
:Il 0o o 1 o 1
50 70 90 u@az absolute ethanol 2 ATY MNA 1Y Iasuilunal 1 ¥ lueluuaas
Y 9
ANMMTUTU
o o Qy @ ] 9 I I 9 Y o I
Rmsdasudl06131718u fragment 1609 Taely lulasnumad Tidmsdauny
VALV UNINY)
0w ' 1) Y Y 1w ' A a I'Z ¥
1d1081905 137 absolute  ethanol AIAIAIBENUNDIATIZH 1ATIAT 19N

v v ¢ \ :
ﬂﬁfﬂﬂﬂ’]ﬁlﬂaﬂﬂﬂﬁﬂﬁiﬁu!mﬂﬁﬂﬂﬂiWﬂﬁﬂqﬂ
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Table appendix C1. ANOVA between different solutions of BM on moisture content of surimi-

like.
Sum of Squares df Mean Square F Sig.
Between Groups 24.597 3 8.199 2812.472 .000
Within Groups .023 8 .003
Total 24.620 11

Table appendix C2. ANOVA between different solutions of FT on moisture content of surimi-

like.
Sum of Squares df Mean Square F Sig.
Between Groups 49.295 3 16.432 7027.117 .000
Within Groups .019 8 .002
Total 49.314 11

Table appendix C3. ANOVA between different solutions of BM on protein content of surimi-like.

Sum of Squares df Mean Square F Sig.
Between Groups 8.920 3 2.973 1012.906 .000
Within Groups .023 8 .003
Total 8.943 11

Table appendix C4. ANOVA between different solutions of FT on protein content of surimi-like.

Sum of Squares df Mean Square F Sig.
Between Groups 14.510 3 4.837 11051.605 .000
Within Groups .004 8 .000

Total 14.514 11
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Table appendix C5. ANOVA between different solutions of BM on fat content of surimi-like.

Sum of Squares df

Mean Square F Sig.
Between Groups 6.907 3 2.302 1627.920 .000
Within Groups .011 8 .001
Total 6.918 11

Table appendix C6. ANOVA between different solutions of FT on fat content of surimi-like.

Sum of Squares df

Mean Square F Sig.
Between Groups 12.635 3 4.212 2565.455 .000
Within Groups .013 8 .002
Total 12.648 11

Table appendix C7. ANOVA between different solutions of BM on ash content of surimi-like.

Sum of Squares df

Mean Square F Sig.
Between Groups .074 3 .025 37.292 .000
Within Groups .005 8 .001
Total .079 11

Table appendix C8. ANOVA between different solutions of FT on ash content of surimi-like.

Sum of Squares df

Mean Square F Sig.
Between Groups 127 3 .042 39.532 .000
Within Groups .009 8 .001
Total 136 11
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Table appendix C9. ANOVA between different solutions of BM on total collagen content of

surimi-like.

Sum of Squares df Mean Square F Sig.
Between Groups 18.576 3 6.192 5584.358 .000
Within Groups .009 8 .001
Total 18.585 11

Table appendix C10. ANOVA between different solutions of FT on total collagen content of

surimi-like.

Sum of Squares df Mean Square F Sig.
Between Groups 143.748 3 47916 18920.240 .000
Within Groups .020 8 .003
Total 143.768 11

Table appendix C11. ANOVA between different solutions of BM on myofibrillar protein content

of surimi-like.

Sum of Squares df Mean Square F Sig.
Between Groups 4654.373 3 1551.458 1085022.598 .000
Within Groups .011 8 .001
Total 4654.384 11

Table appendix C12. ANOVA between different solutions of FT on myofibrillar protein content

of surimi-like.

Sum of Squares df Mean Square F Sig.
Between Groups 1103.496 3 367.832  315542.090 .000
Within Groups .009 8 .001
Total 1103.505 11




Table appendix C13. ANOVA between different solutions of BM on pH of surimi-like.

125

Sum of Squares df Mean Square F Sig.
Between Groups 1.924 3 .641 527.203 .000
Within Groups .010 8 .001
Total 1.934 11

Table appendix C14. ANOVA between different solutions of FT on pH of surimi-like.

Sum of Squares df Mean Square F Sig.
Between Groups 930 3 310 354.171 .000
Within Groups .007 8 .001
Total 937 11

Table appendix C15. ANOVA between different solutions of BM on color L*, a*, b* values of

surimi-like.

Sum of Mean
Squares df Square F Sig.
L* Between Groups 904.645 3 301.548 98384.444 .000
Within Groups .049 16 .003
Total 904.694 19
a* Between Groups 41.589 3 13.863 10746.450 .000
Within Groups .021 16 .001
Total 41.609 19
b* Between Groups 54.466 3 18.155 18110.012 .000
Within Groups .016 16 .001

Total 54.482 19
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Table appendix C16. ANOVA between different solutions of FT on color L*, a*, b* values of

surimi-like.

Sum of
Squares df Mean Square F Sig.
L* Between Groups 215.474 3 71.825 73290.345 .000
Within Groups .016 16 .001
Total 215.489 19
a* Between Groups 108.733 3 36.244 33024.491 .000
Within Groups .018 16 .001
Total 108.751 19
b* Between Groups 23.784 3 7.928  9272.474 .000
Within Groups .014 16 .001
Total 23.798 19

Table appendix C17. ANOVA between different solutions of BM on pH of surimi-like gels.

Sum of Squares df Mean Square F Sig.
Between Groups 783 3 261 583.681 .000
Within Groups .004 8 .000
Total 786 11

Table appendix C18. ANOVA between different solutions of FT on pH of surimi-like gels.

Sum of Squares df Mean Square F Sig.
Between Groups .409 3 136 708.084 .000
Within Groups .002 8 .000

Total 410 11




Table appendix C19.

127

ANOVA between different solutions of BM on cooking loss of surimi-like

gels.

Sum of Squares df Mean Square F Sig.
Between Groups 241.541 3 80.514 48132.604 .000
Within Groups .013 8 .002
Total 241.554 11

Table appendix C20.

ANOVA between different solutions of FT on cooking loss of surimi-like

gels.

Sum of Squares df Mean Square F Sig.
Between Groups 130.229 3 43410  102528.092 .000
Within Groups .003 8 .000
Total 130.232 11

Table appendix C21.

surimi-like gels.

ANOVA between different solutions of BM on color L*, a*, b* values of

Sum of
Squares df Mean Square F Sig.
L* Between Groups 20.108 3 6.703 7869.743 .000
Within Groups .014 16 .001
Total 20.122 19
a* Between Groups 12.447 3 4.149 97621.765 .000
Within Groups .001 16 .000
Total 12.447 19
b* Between Groups 70.117 3 23.372  35957.292 .000
Within Groups .010 16 .001
Total 70.127 19




128

Table appendix C22. ANOVA between different solutions of FT on color L*, a*, b* values of

surimi-like gels.

Sum of
Squares df Mean Square F Sig.
L* Between Groups 82.244 3 27.415 29275.027 .000
Within Groups .015 16 .001
Total 82.259 19
a* Between Groups 17.805 3 5935  6558.158 .000
Within Groups .014 16 .001
Total 17.820 19
b* Between Groups 16.978 3 5.659  3950.558 .000
Within Groups .023 16 .001
Total 17.000 19

Table appendix C23. ANOVA between different solutions of BM on breaking force and

deformation of surimi-like gels.

Sum of

Squares df  Mean Square F Sig.

Breaking force ~ Between Groups 85022.739 3 28340913  1068460.436  .000

Within Groups 212 8 .027
Total 85022.951 11

Deformation Between Groups 9.449 3 3.150 11810.833  .000
Within Groups .002 8 .000

Total 9.451 11




Table appendix C24.

deformation of surimi-like gels.
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ANOVA between different solutions of FT on breaking force and

Sum of Mean
Squares df Square F Sig.
Breaking force  Between Groups  63667.115 3 21222372 10523490.072  .000
Within Groups .016 8 .002
Total 63667.131 11
Deformation Between Groups 31.519 3 10.506 17510.370  .000
Within Groups .005 8 .001
Total 31.523 11

Table appendix C25.

and deformation of surimi-like gels washed with SALT solution

ANOVA between different heating conditions of BM on breaking force

Sum of Mean
Squares df Square F Sig.
Breaking force  Between Groups 103642.214 4 25910.554 26804020.941  .000
Within Groups .010 10 .001
Total 103642.224 14
Deformation Between Groups 5.902 4 1.476 5147.349  .000
Within Groups .003 10 .000
Total 5905 14
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Table appendix C26. ANOVA between different heating conditions of FT on breaking force and

deformation of surimi-like gels washed with SALT solution

Sum of Mean
Squares df Square F Sig.
Breaking force ~ Between Groups 32821.991 4 8205.498 17094787.104  .000
Within Groups 005 10 .000
Total 32821.996 14
Deformation Between Groups 21.593 4 5.398 12085.672  .000
Within Groups .004 10 .000
Total 21.598 14

Table appendix C27. ANOVA between various ratio of BM: FT on color L * value of surimi-like

gels.

Type III Sum of
Source Squares df Mean Square F Sig.
Corrected Model 51.216(a) 7 7.317 36.429 .000
Intercept 571788.032 1 571788.032 2846941.754 .000
treat 51.216 7 7.317 36.429 .000
Error 17.674 88 201
Total 571856.921 96
Corrected Total 68.890 95

‘R Squared =0 .743 (Adjusted R Squared = 0.723)
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Table appendix C28. ANOVA between various ratio of BM: FT on color a* value of surimi-like

gels.

Type III Sum of

Source Squares df Mean Square F Sig.
Corrected Model 37.451(a) 7 5.350 109.864 .000
Intercept 10.787 1 10.787 221.511 .000
treat 37.451 7 5.350 109.864 .000
Error 4.285 88 .049

Total 52.523 96

Corrected Total 41.736 95

Table appendix C29. ANOVA between various ratio of BM: FT on color »* value of surimi-like

gels.

Type III Sum of

Source Squares df Mean Square F Sig.
Corrected Model 54.430(a) 7 7.776 64.671 .000
Intercept 19140.225 1 19140.225 159190.452 .000
treat 54.430 7 7.776 64.671 .000
Error 10.581 88 120

Total 19205.236 96

Corrected Total 65.011 95
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Table appendix C30. ANOVA between various ratio of BM: FT on breaking force of surimi-like

gels.

Type III Sum of

Source Squares df Mean Square F Sig.
Corrected Model  2656534.481(a) 7 379504.926 5931.735 .000
Intercept 26153590.591 1 26153590.591 408785.659 .000
treat 2656534.481 7 379504.926 5931.735 .000
Error 7165.619 112 63.979

Total 28817290.690 120

Corrected Total 2663700.099 119

Table appendix C31. ANOVA between various ratio of BM: FT on deformation of surimi-like

gels.

Type III Sum of

Source Squares df Mean Square F Sig.
Corrected Model 65.921(a) 7 9.417 59.765 .000
Intercept 12933.563 1 12933.563  82079.654 .000
treat 65.921 7 9.417 59.765 .000
Error 17.648 112 158

Total 13017.133 120

Corrected Total 83.569 119
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ANOVA between various ratio of BM: FT (9:1, 7:3, 3:7, 2:8) at 5, 10 and

15 percent on cooking loss of restructured chicken meat.

Type III Sum of
Source Squares Mean Square F Sig.
Corrected Model 309.056(a) 15 20.604 81.273 .000
Intercept 4018.131 1 4018.131 15849.834 .000
Ratio 41.818 3 13.939 54.985 .000
level 157.544 3 52.515 207.148 .000
Ratio * level 109.694 9 12.188 48.077 .000
Error 8.112 32 254
Total 4335.299 48
Corrected Total 317.168 47

Table appendix C33.

ANOVA between various ratio of BM: FT (9:1, 7:3, 3:7, 2:8) at 5, 10 and

15 percent on shear force of restructured chicken meat.

Type III Sum of
Source Squares Mean Square F Sig.
Corrected Model 229093.194(a) 15 15272.880 6.446 .000
Intercept 146646270.456 1 146646270.456  61889.250 .000
Ratio 130642.527 3 43547.509 18.378 .000
level 32512.650 3 10837.550 4.574 .006
Ratio * level 65938.016 9 7326.446 3.092 .004
Error 151647.683 64 2369.495
Total 147027011.333 80
Corrected Total 380740.877 79
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Table appendix C34. ANOVA between various ratio of BM: FT (9:1, 7:3, 3:7, 2:8) at 5, 10 and

15 percent on texture (hardness) of restructured chicken meat.

Type III Sum of
Source Squares df Mean Square F Sig.
Corrected Model 38.358(a) 15 2.557 20.102 .000
Intercept 6390.803 1 6390.803  50237.228 .000
Ratio 12.627 3 4.209 33.086 .000
level 17.065 3 5.688 44.716 .000
Ratio * level 8.666 9 963 7.569 .000
Error 6.106 48 127
Total 6435.268 64
Corrected Total 44.465 63

Table appendix C35. ANOVA between various ratio of BM: FT (9:1, 7:3, 3:7, 2:8) at 5, 10 and

15 percent on texture (springiness) of restructured chicken meat.

Type III Sum of
Source Squares df Mean Square F Sig.
Corrected Model .085(b) 15 .006 2.291 .015
Intercept 37.103 1 37.103 14937.804 .000
Ratio .034 3 011 4.568 .007
level .016 3 .005 2.161 .105
Ratio * level .035 9 .004 1.575 150
Error 119 48 .002
Total 37.308 64

Corrected Total .205 63
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Table appendix C36. ANOVA between various ratio of BM: FT (9:1, 7:3, 3:7, 2:8) at 5, 10 and

15 percent on texture (cohesiveness) of restructured chicken meat.

Type III Sum of
Source Squares df Mean Square F Sig.
Corrected Model .070(c) 15 .005 1.706 .082
Intercept 13.469 1 13.469 4923.893 .000
Ratio .020 3 .007 2.448 .075
level .033 3 011 3.980 .013
Ratio * level .017 9 .002 701 705
Error 131 48 .003
Total 13.670 64
Corrected Total 201 63

Table appendix C37. ANOVA between various ratio of BM: FT (9:1, 7:3, 3:7, 2:8) at 5, 10 and

15 percent on texture (adhesiveness) of restructured chicken meat.

Type III Sum of
Source Squares df Mean Square F Sig.
Corrected Model 1.950(d) 15 130 1.053 422
Intercept 1302.687 1 1302.687  10550.823 .000
Ratio 554 3 185 1.496 228
level .655 3 218 1.768 .166
Ratio * level 741 9 .082 .667 735
Error 5.926 48 123
Total 1310.563 64

Corrected Total 7.876 63
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ANOVA between various ratio of BM: FT (9:1, 7:3, 3:7, 2:8) at 5, 10 and

15 percent on color L* value of restructured chicken meat.

Type III Sum of
Source Squares Mean Square F Sig.
Corrected Model 19.881 15 1.325 1.824 .050
Intercept 489430.363 1 489430.363  673642.549 .000
Ratio 3.310 3 1.103 1.518 218
level 10.822 3 3.607 4.965 .004
Ratio * level 5.749 9 .639 .879 .548
Error 46.499 64 727
Total 489496.743 80
Corrected Total 66.380 79

Table appendix C39.

ANOVA between various ratio of BM: FT (9:1, 7:3, 3:7, 2:8) at 5, 10 and

15 percent on color a* value of restructured chicken meat.

Type III Sum of
Source Squares Mean Square F Sig.
Corrected Model 5.065 15 338 1.872 .043
Intercept 11.567 1 11.567 64.143 .000
Ratio 765 3 255 1.414 247
level 3.155 3 1.052 5.833 .001
Ratio * level 1.145 9 127 705 702
Error 11.541 64 .180
Total 28.174 80
Corrected Total 16.606 79
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Table appendix C40. ANOVA between various ratio of BM: FT (9:1, 7:3, 3:7, 2:8) at 5, 10 and

15 percent on color b* value of restructured chicken meat.

Type III Sum of
Source Squares df Mean Square F Sig.
Corrected Model 15.563 15 1.038 1.594 101
Intercept 21609.067 1 21609.067  33201.428 .000
Ratio 1.885 3 .628 966 415
level 6.935 3 2.312 3.552 019
Ratio * level 6.743 9 749 1.151 341
Error 41.654 64 .651
Total 21666.284 80

Corrected Total 57.217 79
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Table appendix C41. ANOVA between various ratio of BM: FT (9:1, 7:3, 3:7, 2:8) at 10 and
(2:8) at 15 percent on sensory evaluation (9-point hedonic scale) of

restructured chicken meat.

Source SV SS df MS F Sig

Color Treatment 7.867 5 1.573 1.530 0.183
Error 178.933 174 1.028
Total 9518.000 180

Appearance Treatment 10.978 5 2.196 2.161 0.061
Error 176.800 174 1.016
Total 9290.000 180

Cohesiveness Treatment 7.561 5 1.512 1.530 0.105
Error 141.833 174 0.815
Total 9209.000 180

Separation Treatment 9.844 5 1.969 2.214 0.055
Error 154.733 174 0.815
Total 9210.000 180

Overall liking  Treatment 2.294 5 0.459 0.555 0.734
Error 143.767 174 0.826

Total 9291.000 180
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