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Abstract: Given to the quality deterioration, nutrients loss and the reduction of processing characteristics of frozen surimi
gels, the present study was conducted to prepare surimi gels with a dual-network microstructure based on the TGase-
induced covalent cross-linking of MP and the non-covalent interaction of curdlan with myofibrillar proteins. Additionally,
the freeze-thaw stability of the dual-network surimi gels was further investigated in terms of gel strength, WHC, rheological
properties, and ice crystal morphology. The results suggested that the gel strength and WHC of the TG/C dual-network
surimi gels (0.4% TGase and 1% curdlan) showed the smallest decreases of 24.38% and 9.29% after five freeze-thaw
cycles, respectively, compared with control group. In addition, the TG/C dual-network surimi gels showed a small size and

s EHA: 2025-04-01

HEWAR: #xd akA$447 8 (L225C200003,LQ21C200006) ; “+w i’ B EE EAL X E.5%5T (2024YFD2401901 ) ; 3L 5 & Sk L A AL a7
L5 F R A4 (RF-A2024005 ) 3 3ric 4 “ ZRIH "FHEWAE % (2023SNIF067 ) 52024 B FRK 3 A4 #0148 (202410337059 ) 5
2025 LK K F AR A EF R (2025R403A037) .

{EE®I/T: k2 (2004-) (ORCID: 0009-0000-2136-3618 ) , 5, AF, BF R T 18): K= FafikiBAn T L5 1238, E-mail: 15088779642@163.com.,

*BIEMEE: kEE (1990-) (ORCID:0000-0001-6895-559X ) , F, H &, &3z, #F L7 @: A& e kifhAn T 2%, E-mail: zhusc@zjut.edu.cn.


https://doi.org/10.13386/j.issn1002-0306.2025030397
https://doi.org/10.13386/j.issn1002-0306.2025030397
https://doi.org/10.13386/j.issn1002-0306.2025030397
mailto:15088779642@163.com
mailto:zhusc@zjut.edu.cn

478 % o

SEREL , AF: BET X2 SR A U A BE B Rl i - 89 -

uniformly distribution of the ice crystals. Differential calorimetric analysis indicated that the TG/C dual-network surimi gels

had the lowest freezable water content and gel eutectic point, which demonstrated that the microstructure ice suppression

strategy based on the dual-network structure modulation could slow down the ice crystal growth-induced deterioration of

the gel quality, and enhance the freeze-thawing stability of the gel. The results of this study can provide theoretical

references for the development and design of high-quality surimi gels with stable freeze-thaw quality.
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Fig.4 Changes in freeze-thaw stability of surimi gels subjected
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Table 1 Changes in freeze-thaw properties of surimi gels

subjected to five freeze-thaw cycles
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Fig.5 Changes in microstructure of surimi gels subjected to
five freeze-thaw cycles (5000x)

TE: (A)~(D) 43 3 R vk % B2 . C 41, TG 4. TG/C 41;
(E)~(H) 43 51 8 VR i 06 R S UK % B4, C 41, TG 4L .

TG/C 4.

2.2.3 FBEEIKE XRD iEESHT X SHERATHH(XRD)
FEATERAE FABENE PN AR AR LS A R AE 19 S5 3BT
F B, K 6 FUERAMEER) XRD YCilk, A ks
TE 20=20° X [A] BT s B — 58 sy RRTE, [
B TR L4 ARG E B gE . Hidh C 41, TG
ZHFT TG/C 4 XRD % [ 1 16 B8 18 2 [a] - TJC ik 35 25
S, ARRAN W)L 0 fon JBE V5 e HLAT AH ALY PN R Al A 2
Koo BRI, £ LHRE S IR BEAT AT AT2E . SRS
L VR A B ) o BE R AR b, YRGS R S [ 4520



4785 5F 6 W

SRS, A5 HETOSURIZS SR v VR C SR BRI R A - 93 -

1 BEBEICAE 20=20°0455 )% 19 T}, RIS LT 4
F B8 S RERE N, S AT BESE AR FS T S S R Rl
R EHES EEACT, BEShn T TG BRI F3R
KUK f61 E BEEAE 20=20°4b ity idesis BEAHRE T X B ZH
B REAES, BT TG PSSR PRI A38R 5 1) S B
SEAREILM VR IR BE T BRI INERAA 7 I 25 T T fE
TEZRAAE PR AR R VLS AT 4 A S A 3R AR
FEVE, Bi7 13 BT SR A E AR, i/ T
TCrESELEH

Control-0
.——/\~Jt ‘ A A
M

C-0

_ e

3

= C-5

b

=l

=

= TG-0

B A..l_ |

= N .
TG-5

TG/C-0
TG/C-5

10 20 30 40 50 60 70 80
20(°)
K6 fBERERCRRIERS S IKHTfE XRD i EI 24k
Fig.6 Changes in XRD patterns of surimi gels subjected to five
freeze-thaw cycles

2.2.4 (HEEEURVKEIEZS T oK/ 5]
BEXTTEEIBE I A B0 i DR DG 2, DK AR RO AR )
SFRYN 2 X £ BEBE I G AL T AN PTG RS 01
P 7 R BAEER LU fi BE BRI o T G ¢
HNFBR K SR (@) L. ANkl 7 B

Bl 7 fBEEERRRIERR S YR VKBS AR 1k (40%)
Fig.7 Changes in ice crystal morphology of surimi gels
subjected to five freeze-thaw cycles (40x)
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