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Temperature dependence of the rheological properties of kamaboko made from walleye pollack
frozen surimi

Seiichi Kitakam1, Noboru KaTto, Yoichi ABE, Ken-ichi ARAI

Abstract

The temperature dependence of the rheological properties of kamaboko was investigated by measuring the breaking
strength (BS) and breaking strain (bs) of kamaboko under various temperature conditions. Kamaboko was prepared from
walleye pollack frozen surimi using a conventional method (heating at 90 C for 30 min for directly heated gel; at 20 C for 20
h followed by 90 “C for 30 min for two-step heated gel). The results were as follows.

(1) Kamaboko was kept at various temperatures between 5 and 70 “C for 2 h, after which BS and bs were measured as quickly
as possible. At temperatures higher than 45 ‘C, BS tended to decrease, but no remarkable change in bs was observed.

(2) After kamaboko was kept at various temperatures between 5 and 80 C for 2 h, the temperature was promptly shifted to 25
. The BS and bs of kamaboko kept at 5-65 C and then shifted to 25 C were equally high; however, the BS and bs of
kamaboko kept at 80 C and shifted to 25 C were relatively low.

(3) Kamaboko was cooked at 70-80 C for 7 h and the BS and bs were measured quickly at cooking temperature over time.
After cooking, the temperature was promptly shifted to 25 C for cooling and the BS and bs were again measured. The BS and
bs of kamaboko cooked at 70 C did not change over time, but those of kamaboko cooked at 75 C slightly decreased, and
those at 80 C greatly decreased. The decreases in BS and bs induced in the kamaboko cooked at 70-75 C were generally
fully recovered upon cooling, but those decreases in the kamaboko cooked at 80 C were not fully restored upon cooling.
These results suggest that change in temperature of kamaboko is significantly related to its texture.
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Fig.1 Measurement temperature dependence of rheological parameters of kamaboko gels formed from walleye pollack
frozen surimi.

Frozen surimi was thawed and ground with 3.0% NaCl (w/w), upon addition of 0 ~ 100% water. The salt ground meat was
heated at 90C for 30 minutes to obtain the directly heated gel (= unset gel) / heated at 90C for 30 minutes after preheating at
20C for 20 hours to obtain the two-step gel (= set gel). Kamaboko gel was kept in a thermostat at a temperature in the ranges
from 5 to 70C for 2 hours. Rheological parameters (as breaking strength, BS and breaking strain, bs) were measured with a
rheometer as quickly as possible after the termination.

(A,B) Kamaboko from FA-grade frozen surimi.

(C,D) Kamaboko from 2nd-grade frozen surimi.

(A,C) Two-step heated gel. (B,D) Directly heated gel.

Protein concentration : (A,B) 15.9( O), 14.3( &), 12.9([1), 11.0( @), 10.0( a ), 8.9(H) %. (C,D) 14.2(O), 129( 1),

11.4(),10.0(@),9.1(4a),7.3(H) %.

The protein concentrations of kamaboko gel was determined by Kjeldahl method.
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Fig.2 Thermal instability of gel stiffness of kamaboko gel formed from walleye pollack frozen surimi.

By using the linear relation between gel stiffness (Gs=BS/bs, g/cm) and measurement temperature (T) shown in Fig.1,
temperature dependent-decreasing rate in Gs was estimated as (A Gs/ AT, g/cm + T). Thermal instability of kamaboko gel
was evaluated by comparing of (-Gs/T) as a function of protein concentration.

(A) Two-step heated gel. (B) Directly heated gel.
(O ) Kamaboko from FA-grade frozen surimi.
(@) Kamaboko from 2nd-grade frozen surimi.
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Fig.3 Protein concentration dependent-decrease in BS vs Gs plots of kamaboko gel caused by rising measurement

temperatures of it.

The identical data shown in Fig.1 were cited in this figure.

(A) Kamaboko from FA-grade frozen surimi. (B) Kamaboko from 2nd-grade frozen surimi. Measurement temperature :
5(<), 15(1),25,( A ) 35( X ), 45( * ),55((),65( +),75( —) C.
Protein concentration : (A) 8.9 ~ 15.9%. (B) 7.3 ~ 14.2%. (a) Two-step heated gel. (b) Directly heated gel.
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Fig.4 Effect of stepwise change in temperature for storage and measurement of rheological parameters of kamaboko gel.

Kamaboko was prepared from frozen surimi of SA grade on addition of 10% water (w/w) as in the same manner as Fig.1.
Kamaboko was stored at a temperature in the ranges from 5 to 80 C for 2 hours. After the termination, temperature of
kamaboko was sifted to 25C by keeping for additional 2 hours. The rheological parameter were measured at a fixed
temperature of 25C. Mean values was obtained from 8 samples and standard deviation was shown with bars.

(@) Two-step heated gel. (O ) Directly heated gel.
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Fig.5 Cooking temperature dependent-change in rheological parameters of kamaboko gel.

Kamaboko gel was cooked at 70 (O ), 75( 2 ), and 80([]) C for 7 hours as shown in Fig.4.

The BS and bs were measured promptly with the progress of cooking time as quickly as possible.

As a contrast, the same rheological parameters of the kamaboko gel was measured at 25°C over a keeping span of 96 hours.
(A,B) Cooking and measured at 70 (O ), 75(2 ), and 80([]) C.

(A) Two-step heated gel. (B) Directly heated gel.

(C) Measured at 25C, after cooking. ( @ ) Two-step heated gel. (O ) Directly heated gel.
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Fig.6 Cooking time dependent-decrease in rheological prameters of kamaboko gel at 80C and increase caused by lowering

to 25C.

Kamaboko gel was cooked at 80C for 7 hours. Rheological parameters was measured promptly with the progress at cooking

time as in Fig.5. After cooking, temperature of kamaboko gel was shifted to 25C on cooling and hold for 24 hours.

Rheological parameters were again measured at 25C.
(A) Two-step heated gel. (B) Directly heated gel.
(O) Cooked at 80C. (@) Shifted to 25C after cooking.
Mean values at 25C (5 samples in Fig.5). ——-— Two-step heated gel. (BS) 1068 £55 g, (bs) 1.63 = 0.05 cm, (Gs) 656 = 21 g/cm

Fig.7 Change in linear relation of BS vs Gs plots of kamaboko cased by 80C and recovery on cooling to 25C after cooking.

Directly heated gel. (BS) 739+ 35 g, (bs) 1.52=* 0.01 cm, (Gs) 487 + 21 g/cm
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Identical data shown Fig.6 were used to plot the BS against the Gs as a function of cooking time.
Numbers beside the line indicate the cooking time (hours) at $0C.

(O)BSvsGsat25C. (Aa) BSvs Gs at 80C for 1 ~ 7 hours. (£ ) BS vs Gs at 80T for 1 ~ 7 hours, followed by 25C for

24 hours. (A) Two-step heated gel. (B) Directly heated gel.
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Fig.8 SDS-polyacrylamide gel electrophoretic patterns of
solubilized protein components from kamaboko gel.

Kamaboko gel was solubilized into a medium of 2% SDS
(sodium dodecyl sulfate) - 8M urea - 2% [ -mercaptoethanol
(pH 8.0). Each 10 u g of solubilized protein was applied on
10% polyacrylamide gel by using a running buffer of 25mM
Tris - 75 mM Boric acid - 0.1% SDS and stained with
Coomassie Brilliant Blue R-250.

1. Directly heated gel.

2. Directly heated gel, cooked at 80C for 7 hours.

3. Two-step heated gel.

4. Two-step heated gel, cooked at 80C for 7 hours.

(MHC)n: Cross-linked myosin heavy chain. MHC:

Myosin heavy chain. A: Actin.
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