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Abstract

The changes in the rheological property of surimi gels (SG) by different heating methods, ohmic heating (OH)
and water-bath heating (WH), were measured by the creep test and analysed by the time-temperature super-
position theory. The creep compliance of surimi gels were increased with the temperature increase from 5°C
to 55°C. The creep compliance of water-bath heated surimi gel (WHSG) increased sharply with increasing
temperature. It means that WHSG is more sensitive to temperature than ohmic heated surimi gel (OHSG).
According to WLF equation, the creep compliance data at various temperatures (5~55°C) could be supr-
imposed in a continuous smooth curve with the compliance curve at 15°C as reference. The continuous curve
obtained with OHSG was more smooth than the curve obtained with WHSG. The apparent activation energies
for structural disintegration of WHSG were 12.1~29.4 Kcal/mol and those of OHSG were 10.5~36.0 Kcal/
mol. The apparent activation energies decreased as temperature increased. In conclusion, OHSG possessed
more rigid three dimensional network structure that may have involved some covalent bonds than WHSG.
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DA G973 Ao ofn, o] FUH (shear)s]
oA o A&HoZ oA A A=A HOakenfull,
1987) =3 @ chMitchell, 1980). 7t A3 E B &
4 25 ) point interaction©] obd & E& 1 o}
o] polymer®} HRE Alole] BHAAW FEAEE T
%8} (Oakenfull, 1987), AENA ] 7IndE§E E3]
“junction zone” o] ol 2 B &7 £ Fri(Oakenfull,
1987; Mitchell, 1980; Ress and Welsh, 1977).

77]Fe] A3 myosin®] FFHWHgol 2% 3314
2 3Tz YA o Aol (Samejima et al,
1981; Taguchi et al., 1987), & 7]dl&= F2 disulfided
g 4254 Age] B9, FLEHET B
i3 Bx]olglthk(Niwa ef al, 1982a; Niwa et al.,
1982b; Niwa et al, 1982c; Numakura et al., 1985).
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(David, 1992; 713} ¥, 1994; Shiba and Numakura,
1992; 3¢} o], 1998; Yongsawatdigul ez al., 1995).
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ol YER & A (cryoprotectanf)E. 3% sorbitol, 0.2%
tetrasodium pyrophosphate & #3112 YUth. Alg&
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olFA wAE AFAFE AF AEANE & UL
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WLFA|g 0|83t &8 &M (master curve)2| =M

E3e] EA7ze #AHE Bl AFHA HRE
A= creepZF & 7 A|THESE 3ol st il
Ag 1 713t AlBAA dojvke B -3lehE ¥
3 mEd A% 9aly} =r}. Williams, Landel and
Ferry (1955)0ll <13 72 WLFA9] Al7t-2% &3
o| & o|s} o] oWl AlTtEe HaA BEAHE =3
glotdhz A8 thdle] e AIZPESH tkgt &
oA A2 datag o] &3t Qo] B2 HEA B}
& & 4 th(Vueche, 1979; Schwarzl and Staberman,
1952; Tobolsky, 1956).
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e o] A¥ddel FEEHI g Fakol v
R Pgo| Atke Bad whel(Katsuta et al, 1990;
% 51992 & 5. 1998) £ 71E % 2| & AR £ 4
718 271 E Ao £E 4 B §Fe) AelE &
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2 fdaiAy g e A8 ov g

Katsuta and Kinsella (1990)9} % %(1992)2 whey
il AT & HE Ao creep 5L Yol AH,
whey Thid 2@ & AR oyt F71EFE A
creep compliance ZA o] ZAidgon ol F olE
Fx7t S7HE) wiE Aol o e A H 1 vlREH
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T S8 7193 171 E A9 creep compliance =
Az & 71E% A9 FAE vad] B 23 Aol E
Veligith & 48 71dg 271E Ao AL & 7HE
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Fig. 1. Effect of temperature on creep compliance curve
of surimi gel made by water-bath heating. 8—@: 5°C,
O—0: 15°C, [H0: 25°C, A—A: 35°C, V- 45°C,
O=+C155°C
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Fig. 2. Effect of temperature on creep compliance curve
of surimi gel made by chmic heating. @—@: 5°C, O—C:
15°C, O—0: 25°C, A—A: 35°C, 772 45°C, O—-On
55°C

g Afe} v mdte] 2ol HolA T E 4ol #33)
Z7kel o, ole & V1% | E Ae] &
o Qsithe A& ojvldch B A9 3¢ 2 U1
271 E A 8 7K ) E A A Fxel 3
ol ZAlSE A, 238 8 7193 3 FE Aol
uZ(0.5%r vl & Ao 2 YEET. ol AT
Katsuta and Kinsella (1990)$} ¥ 5(1992)e} Aol
AR A G Ao 2A, wElr 0.5% F=9 v &
Wla %ol zlolE= creep compliance Aol d3kS



230 FAHETH A28 A 3T (1998)

FA G Aoz Y4EYt

A-2=53 93 E o]E creep compliance datac]]
2§38t 15°C2] compliance T4 & 7| & FHez 3
3t 4 (1) 93l 2} x| A 9] compliance T4
£ 15°CHT ¥& 25 }F o2 9 o|FAA I,
15°CH} & 25v 308 £ o|FAAAN &
g 3te) Fig 3, 49 2L 3 T4, = master
curve®E P& F Qleh FAHE oA A=E
el 0] B aKar) & 15°CE 3402 ¢ datad)
% o] %8 AzlE Table 19] JelNATE 7150 &
€ 2%42l 15°Ce] o] A @)= 10] HH, 7 FELE
Bl g 250 o] 5RAlE 180 A3, NFLER
o EE 2x9 o]FUAE 1B A E.

AvH oz R ddHe FHE 4 + I
oung 7|E AEL 5-55CH 9]l A (el VYeRd
AZ-2E FHe) HErt AYE e g 4 & A

<+ 718% 1718 A ES] creep compliance T4 0] 4=
£ 718% ARG £ o vind$ $% o] ad
How, U3 a2t e Ee (<25°C)ellA
0 vjnzg 94 AL 4g 5 AUt vjny
& Schwarzl and Staberman (1952)7} Ferry (1980)
o] 7&el wel 4E/d3H o 2 (thermotheological) T
%32 9|u]sle], Katsuta and Kinsella (1990)= Z-&
AFTE TG A1 31493 +HF2E 1 15%
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Fig. 3. Creep complicance behavior of syrimi gel made
by water-bath heating superposed on the reference
temperature (15°C). Drawn from data in Fig. 1. @®:
5°C, O: 15°C, (0: 25°C, A: 35°C, v: 45°C, O:55°C

2] whey protein isolate (WPI) A o] t}5=2] B)Z KA E
I AFol FHEAEE MR 12-14% WPI Ao v)3)
FEATH o2 e Hasiyn.

olg ZIAEL FTHH E 0 2 /19T 2 E o)
T& 714 & A3 vmdte o And F2E 7RG
2 B+ YA

B A ¥ A creep compliance (master) A o] A]
ol whet F71EHsl o, ol ol E AEo] WY =
@] AkES nigrt. o] FMo|A equlilbriom
compliance (Je)7} AAR|H o] A7]& AdMe]
Aol wAAFe] £E wkg dth(Mitchell, 1980; Van
Kleef et al., 1978; Edwards, 1986). T+l 23 LM
A equilibrium compliance (Je)E Qo 324
Z7gslodol gt £ AfdMe a1 E A &%
£ 55°Col} F7HA717] o9 1l o]4de] molM
33 = Eatint.

Ztdioll kg 17| E He| @43t ol x|

Aol Hego] g &= &Y o7 s
o8 ArElelA Yrh(Mitchell, 1980; Oakenfull, 1987).
171 E Ao A3} ouiRle AL-2EFHo|8d &
AE ¥ HAed 9FEERE 33 H%) o0 (Williams,
Landel and Ferry, 1955), Log at$} 1/T9] B4l &
3} o] ERHH(Ferry, 1980).
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Fig. 4. Creep complicance behavior of surimi gel made
by ohmic heating superposed on the reference tem-
perature curve (5°C). Drawn from data in Fig. 2. @:
5°C, O: 15°C, [0: 25°C, A: 35°C, ¥: 45°C, <t 55°C

Table 1. Shift factor values at the different measurement temperatures (reference temperature: 15°C)

temperature ("C)

heating method 5 15 25 35 45 55
water-bath 6.310 1 0.355 0.097 0.053 0.026
ohmic 7.586 1 0.331 0.079 0.055 0.032
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Fig. 5. Relationship between the shift factor (a;) and ab-
solute temperature of surimi gel made by water-bath
heating (corr.=0.9899).
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Fig. 6. Relationship between the shift factor (a;y) and
absolute temperature of surimi gel made by ohmic heat-
ing (corr.=0.9775).

48 714 Aol A$ 19.618 Kcal/mol, & 7} A%
19.656 Kcal/mol ©] Al4ts]ojZ ). §14 log ars} 1/T
o} A A¥Y o A (2 BB ANY N F
AES] 43 dUAe od 2EdME nde #
€ 7Y £ d¥elre 271E A8 log &S UT
Atele] #A7F QAT H¥e] opg} FMeln] xv}
Aoy et AeH oz FotE. o8 e 1
71E& AE A3 A& Williams et al., (1955)
3} Ferry (1980)9] equation

d(log ar)
d(vT)

AHa: Ae] 723 B3 g A7 443
=]

R 71445

T :33L%((K)

o ojaf Atd AME /G gho] o} X0} F
7hed mat ZagE vepddd.

B 718 AE9 843} duixe WYE WLF
(Williams-Landel-Ferry, 1955)2 0 2 g} A" %
et

AHa=2303R

€)

C,(T-Tp

C+T-Tr “

log aj =~
714 CF Ce AF, Te 2P LEK), T 715
SE(K)ZA o]H& olfis} o] HYAD & ot
(Ferry, 1980; Williams, Landel and Ferry, 1955).

_T-Tr =_9_+ T-Tr
logay C, ¢

(T-T)ell A8l -(T-T)log ar& 28] Fig. 7, 8ol W}
Ehd 213 o] AM e 7PRAI(FE71E; r=09112, &
7he; 1=0.9385) Velgted, ol 71d el g 2
71& AEe] FEY H3Vl WLFA] tEtes A&
oJu] gt} (Katsuta and Kinsella; 1990). WLF2}d| A C,
# G 4 (5)E ol&3d T-T.3 -(T-T.) log aAlo]
BAAA dojAh (T-T)log ard y&e] ¥1 T-T,
E x%03 3l graph® 289 s1nde) 7€) 1/G
7 G/Cio] TR Ho] Ao are £8 7}
A% 07 E Ao A$ C=4.2517, C,=69.6641 18] 1
L JldE AL C=3.4928, C;=52.39578 F3hich
Z £ 71E¥ 3718 Ale] 8 719% At v
C, G#t& 7KKe Aoz Jeyitt. 9, Katsuta
and Kinsella (1990)9] A &AM = o dadl 7iznd$
o1} junction zones2 713 15% “rld Ex o] WPI
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Fig. 7. Effect of temperature on shift factor (aT) of suri-
mi gel made by water-bath heating (based on modified
WLF equation as described in the text) (corr.=0.9112).
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Fig. 8. Effect of temperature on shift factor (at) of suri-

mi gel made by ohmic heating (based on modified WLF
equation as described in the text) (corr.=0.9385).

Aol 12~14%2) ©@¥A F=& 7P WPL A Eoh ¢
2 G, CALE RAFAEH, & 439 35 33
AYPAAHE AFE Hiel o] & 71E 27| F A 4+
£ 719 ) Ao T Fxe] xjel7} o3 &
& 719 & 21 & Ao] uF05%p| Ut B e
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Table 2. Effect of temperature on apparent activation
energies for structural disintegration of surimi gel made
by water-bath and ohmic heating

Apparent activation energy (Kcal/mol)

Temperature (°C)

water-bath heating  ohmic heating
5 29.426 36.009
15 23.165 25.302
25 18.966 19.102
35 15.993 15.158
45 13.799 12.474
55 12.125 10.554

71E2E 25°ColA] Hevea :1%-9] (=597, C=1516
o| ¥ (Ferry, 1980), 329 de] H2 % 12~15%
Welo| A C,=5.99~13.51, C,;=70.02~199.19¢] Aoz
B, oJE #9 Aol 7 ABALClY F
T2 ztoldll 711g v} 319 tH(Katsuta and Kinsella;
1990).

2 ()2 A = HE 4 6rF 4& + Yo 9
A T G Cakd F 435t 2Ry A8y
A& 73 o] & Table 29 YehfiAr).

2303R C, C, T?
(C,+T—Tr2

Fig. 9ol Uehd uvle} 7o) Aol ol&) 713 2H7)
A oA ghe & 71 g 7 E o] 12.1~294
Kcal/mol, & 7} % 27]& A2 10.5~36.0 Kcal/mol
24 7t Adagle] £571 Fvigl w7
&8 %S Vet

229 Frtol| ©E 171 E A9 AHad Fie 7}
gHgd utgl Aol & JEnIEH, & & Vi # n
71E Ao| 8 71893 A 59 AEr) B 2xoA
=2 AHagh® Egod, Whdd] 227} ZF7lge]
2 FA3A FA3FAC). $8 Katsuta and Kinsella
(1990)= FHAFS T o] T3 334493 WY
F25 717 15% @93 s WPI Ao] v H
THART 2o FRHEATE 7H 12~14% DA
Exo] WPl A3 vlwdle] G XA & AHa
&S BQl v 2x7l S1gel wel 28] A
gt Aoz Baslych ol AxERE 94 & 7}
4% 17| F Aol £4 714 AR o g 72
2 7MEE 3 8 5 I}

gAY 43 dUA = ditd oz & Fhol
ol gl &=7} £71%e| whel o ghEe] s &
A& Hrk(Williams, Landel and Ferry, 1955). &
2}E Aol A3 dUXE e AlF28y AL

AHa= 6)
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Fig. 9. Effects of temperature on apparent activation

energies for structural disintegration of surimi gels made
by water-bath and ohmic heating. @—@: water-bath
heating, O—CO: ohmic heating.

3t Aol 2]31H alginate -2 19 Kcal/mol (Mitchel
and Blamschard, 1976), k-carrageenan -2 20~40 Kcal/
mol (Watase, M. and Nishinari, 1981), F¥& 22~41
Kcal/mol (3} ¥, 1995), pectin A& 30 Kcal/mol
(Kawabata and Sawayama, 1976)2] & 2le Ao =
B 159l e, Isozaki ef al. (1976)2 &3 Ao A$
ZA4 3} dA) 71 5.3 Keal/mol 18131 & 5(1992)&
& ABA AL 6~12 Keal/mol2 o] A 3o
A& FLAEE v fa F3st .
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ok 1 A Ay} Zhxd gloiA Ko 9l A3

& 3983 UEE VY F YA
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BOVE Ae] BN B B S L 58
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Bl AL 17 E AEE creep compliance T4 L &
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ol & JIE % I E Ao 2594 ¢ UAEite
AEg gn|gr} 15°CE 7|ELE R shift factor (ar)o]
o8] 7t 2o o] ©¥A F compliance 4 & log
®° th3 FHolEAFIA Autxog REYA A4
HE dhte] 3 AL AL F demg A2
T FHe Pt AEEHe AE ¢ & Ul &
dgt 171F AE9 creep compliance FA1o] & 7}
g3 A¢ET £ o mlnge FHIH] a=igd
F3E WLFY & o] &3le] o0 25034 & £ %
A3 27§ Ao &3} A= 54 71E§ 37
Z Ao 12.1~29.4 Kcal/mol, € 7}€% u71E A
10.5~36.0 Kcal/mol o|g.om, &7+ 2713 ula}
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