KOREAN J. FOOD SCI. TECHNOL
Vol. 26, No. 2, pp. 103~109(1994)

G| SHo| g A

-2y

chiElo] 2N o7

& - ol

Asistn AEA g, st A% shge)

Rheological Studies of the Fish Protein upon the Thermal Processing

Byung-Sun Kang, Byung-Yong Kim and Jae-Kwun Lee

Department of Food Processing, Kyunghee University
*Department of Food Processing, Kyunggi University

Abstract

Changes in the rheological properties and the linear viscoelasticity of fish protein gel upon the
thermal processing were studied by using mathematical models with stress-relaxation data. The linear
viscoelasticity of surimi gel was observed in the range of the true strain 0.105~0.693 and cross-head
speed 50~250 mm/min applied in this study. The results of the generalized Maxwell analysis showed
that the magnitudes of elastic elements (E, E.) were increased, but the viscous element (n) was de-
creased, as the cross-head speeds and strain levels were increased. Compared to the protein gel
heated directly at 90C without preheating, the protein gel pretreated at 4C and 40C showed the
higher elastic modulus, but showed different trends in the viscous component, depending on the rheo-
logical model applied. Thus, the approaching methods and curve fitting of two mathematical models
of stress-relaxation to describe the viscoelastic properties of fish protein gel were discussed.

Key words: viscoelasticity, stress-relaxation, fish protein, setting

=
T

Qe Z2Zsle] BR AFstn 243 £ gy
AAE Hriste) A8 surimiss F2 AAR], sk
Sl AEEE FrEEA

Surimit ) ¥-F-o] myofibrillag} 7 o &4 Al
2 A glo, & ek F sl syl ol
3x9 A AT il AL ¥Adste] 5ol 27
e A HE}“” B3] 0T o] Melld Aa]zh
EE 40T H2Y meedlA] A hdd & 90C

o)l Ttedehi 2k el el ofa F4E 4
A e A 90C e e AuThE oS

ebr wAFe) ot £AL 1L & low], ofF
“setting #4"ole} rpu. olsh ol Axel W}y
AHA elzl sl Ao Herd 4AE FhAv, 2
e 24e) edsie] AEA ol gHck

-’i‘lz o g FlalA| A}t Walels &el dle] A ebag
, A7kel Wstell s A Ae] sl
AAg ol el M H
e} 4 (viscoelasticity) o] 2} 3L

6

-+ 2 soybean®, oval-

Corresponding author: Byung-Sun Kang, Department of

Food Processing, Kyung Hee University, Yongin, Kyunggi-
do 449-701, Korea

103

-

bumin®™, whey protein™, #d¥* 5 by
gbpahs Al e °41—L7} o] Fol#) it glo
b A o) ol 1 M7t ghd Aol
3ho] o Foll aha Zﬁ—‘?’s} Al o]t

1o

I ]
71A Al w2
(strain)-g +1l, L
gk &He] WatE A 7&91
2] & (stress relaxation test) |
Zeekgl ) HAe Ea) 2
& H\:ﬂ§ Uk UlAL TLALH
j ey

Hoo o] 2= o] setting®]2]ol] ofs

Gud Al sHsisld e mAbshaL e ot
vale] olgh ¥4 Bahel ganbui wx sl
gt Qe wiwshus saiek
Mz W ek
M2
WPl Wl AT 4aE S

upelof sl “&% sunml% olfglon] WEFTX 4%
2] sorbitol3} 4%2} sucrose S #H7}slod 42 —-20C

T -?:‘y
woEekel Al Abgstedch



104 st A) Ex)als)x] A 26 W A 2 F (1994)

CHHE Ao xx

hilal Ao A RE surimi 700gS 4T oA 12417F
Eol s|=A)7 F, silent cutterZ el 3%(w/w) A
24 Arlsle] 4L F, sausage stufferd o] 43}o]
stainless steel tube(Z¢] : 15cm, W7 © 1.6 cm)ol] 4
sty ez dAgsieint. dAg 2HCRE 4T
o A] 24412 23 90C o A] 155 2} ah= A & setting,
40C o4 308 7} F 90T o4} 158 He]she L2 set-
tinge Patelon], 7]Fog 90T o4 155 FaF A

glol A shadsted AL Az,

ojo

Heisiol
e = a l we} Az QAR e S kstE

J|)I

\I

ALe. 22317 ]3] Rheometer(Sun Co. CR-200D, Ja-
pan)& o| &3ty 4A A7|(He] 1 2:m, | R=a 0.82
cm)E A2 AL 10 kg load cellol] 341712, AH 3
(true strain) 0.1055}e]| A s=Aupako 2 ol gk °J%4?-E
(150 mm/min)& o] F3te] Yt 4& FAssch
£7r443 A Zbel uhE §3 i chart speed 300
mm/minol 4] 3087t 7)Eslgd e wE FHe A
oA At om, 24 F FRo] Fubg W] $is)
A g89) FdHo| vaseling =3}

mal Meky o] 2o HLxejx: 43 A (linearity)
Wel2 AAsr] ¢sle], ofe] FE4:%(50~250 mm/
min)shel] 4, & 3 £(0.105~0.693) S WA 7 =7
A SHssALE SR AT

AyEleo] Ry, B A e Fpbay
(successive residual method)®#} generalized Maxwell
238 43kA)2) 382 generalized Maxwell 23§
o] £ate] SH 3} FAlL EAs

Maxwell £3)-& 2439 E48 A7hd &8 Wst=A

vehlie, 7owbAale o gk
o(t)= i o; exp(—t/t) oy
i=1

o 7)ol A o(t)= A7} tellA]8] decaying stresse]il,
69t Maxwell 242] 245} 9431 A17hg veldl=
20| 3, mE exponential decay termo]th

Zalapel] sl sEsist FAle] ¥Ae ohe
e 47H-4 Maxwell body7} =¥ generalized Max-
well =3 o2 vyejije] & 4 gt

G(t): Gle*!/Tl -+ o€ vT2 + G t/T3 + 6.4€ 1774 (2)

o) AaRelA e r re-

o7]ell A 6.4 4
Agolr], T & o] 2| e 7|e71& +

SRERE
sfe3 e,

Ee

ESL

Fig. 1. Schematic of 3-element Maxwell model
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Fig. 2. Changes in rheological properties measured at
various true strain levels at the constant cross-head
speed (150 mm/min)
M—M; initial elastic modulus (E), A—a; equilibrium
elastic modulus (E.), @—@®; viscous element (n)
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Fig. 3. Plots of the instantaneous stress with different

cross-head speeds at various strain level

Cross-head speeds (mm/min): H—M; 50, @—@; 150,
A; 250
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Fig. 4. Changes in rheological properties measured at
various cross-head speeds at the constant strain level
(0.357)

B—MW; initial elastic modulus (E), A—a: equilibrium
elastic modulus (E.), @—@; viscous clement (n)
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Fig. 5. Plots of the instantaneous stress with different
strain levelsat various cross-head speed
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0.693
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Fig. 6. Stress-relaxation curves of surimi gels made by
different thermal processing; B—®; 90°C, A—a; 40°C/
90°C, @—@; 4°C/90°C
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Table 1. Comparison of 3-element Maxwell model con-
stants derived from stress-relaxation data of Surimi gels
preheated with setting'”
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Table 2. Rheological constants in successive residual
equation derived from stress-relaxation data of Surimi
gels preheated with setting”

Constants 90C 40C /90C 4( /90(‘
Initial Stress(c.)* 16.5 1/ 6 18.3
Equilibrium Stress(s.) 3.8 4.8 5.4
Elastic Modulus(E) 126.6 128.3 129.5
Equilibrium Elastic 384 48.1 53.9
Modulus(E,)
Viscous Element(n) 3.49 346 344
Relaxation Time(z)! 276 27 26.6

WEach value is the mean of the triplicate measurement.

DUnit of a: kPa, b: kPa . ¢t X10* kPa-sec , d: sec
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Fig. 7. Analysis of stress-relaxation curve of surimi gel
heated at 90°C by the successive residual method;
+3; Original curve, H-—M; First residual curve, a--a;:
Second residual curve, @ -@: Third residual curve
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[o) 2.6 25 24
o 1.9 2.2 2.0
[o2] 7.3 7.1 7.4
" 8450 8490 9570
T 310 380 330
T 59 48 55
T4 7 9 8
Ep 475 59.5 65.0
K., 26.0 25.0 24.0
E, 19.0 215 20.0
E, 72.5 70.5 744
n,! 4015 504.9 622.3
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‘DEach value is the mean of the triplicate measurement.
“Unit of a: kPa, b: sec, ¢: kPa, d: X10° kPa-sec
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Fig. 8. Comparison of the original and the predicted
stress-relaxation curve by the 3-element Maxwell model
at true strain 0.103 and 0.693

Real curve: 8—m; 0.693, ®—@; 0.103; Predicted curve:
A—a; 0693, 0.103
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Nomenclature

o(t) :the decaying stress as a function of time (Pa)

o :the initial stress (Pa)

C. : the equilibrium stress (Pa)

o, T :the constants, characteristics of the material
derived from a Maxwellian model

n :the viscous element (Pa-sec)

&, the apparent strain, the deformation length
(Ah)/the initial length(hy)

e :the true strain —loge(l— €4p)

E :the elastic axial compression modulus (Pa)
E. :the equilibrium elastic axial compression mo-
dulus (Pa)
T : the relaxation time (sec) n/E
=
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