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Abstract: [ Objective | This study aimed to investigate the effect of exogenous additives on gel properties of crawfish surimi products.
[Methods | The experiment was designed with different amounts of hydroxypropyl distarch phosphate (HPDSP), soy protein isolate
(SPI), and glutamine transaminase (T Gase). After clarifying the addition amounts of the above three exogenous additives (HPDSP, SPI,
TGase), the effects of the three additives alone and the combination of the three additives (HST) on the gel strength, water distribution,
rheological properties, protein secondary structure, and microstructure of crayfish surimi were clarified, respectively. [Results] The
results showed that the best gel characteristics of crayfish surimi were obtained when HPDSP, SPI, and TGase were added at 2%, 7%,
and 0.6%, respectively (P<<0.05). Compared with the control group, the addition of HPDSP, SPI, and TGase all improved the gel
strength, textural properties, and water-holding capacity of crayfish surimi (P<C0.05). Meanwhile, all three additives could help to
enhance the energy storage modulus (G') of the surimi gels, and the G’ value of the HST group was significantly higher than that of the rest
of the groups (P<C0.05). The protein secondary structure of the surimi gel was the best (P<<0.05), and the protein secondary structure of
the surimi gel was the best (P<C0.05). The secondary structure of proteins showed that the three additives decreased the relative content of

random curls and a-helices, and increased the relative content of #-folds and /S -turns of proteins in the surimi. The scanning electron
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microscopy showed that the HST group had a dense and organized gel network structure. [ Conelusion | Compared with adding a single

additive, the combination of HPDSP, SPI and TGase can better improve the gel characteristics and water retention ability of crawfish

surimi products. The combined use of the three exogenous additives has a synergistic effect on improving the gel of crawfish surimi

products.
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Table 1  Criteria for sensory evaluation of crayfish surimi product
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Figure 1 Effects of HPDSP addition on the gel strength, water holding capacity and sensory evaluation of crayfish surimi

product
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Effects of SPI addition on the gel strength, water holding capacity and sensory evaluation of crayfish surimi
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Figure 3 Effects of TGase addition on the gel strength, water holding capacity and sensory evaluation of crayfish surimi

product
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Table 3  Orthogonal experiment scheme and result analysis of crayfish surimi product
. IR %/ FIKPE/ e i B SR o
I A B (Necm) v e . LA
1 1 1 1 2.79 87.70 0.12 0.18 1.46
2 1 2 2 3.88 88.06 0.83 0.21 5.21
3 1 3 3 3.51 89.19 0.58 0.34 4.59
4 2 1 2 2.88 89.30 0.17 0.35 2.60
5 2 2 3 3.96 91.20 0.88 0.55 7.15
6 2 3 1 4.15 90.30 1.00 0.45 7.27
7 3 1 3 2.62 95.40 0.00 1.00 5.00
8 3 2 1 3.57 86.05 0.62 0.00 3.11
9 3 3 2 3.39 88.20 0.51 0.23 3.68
K, 11.26 9.06 11.84
K, 17.02 15.46 11.49
K, 11.79 15.55 16.74
R 5.76 6.49 5.24
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Figure 4 Effects of different exogenous additives on gel

strength of crayfish surimi product
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Table 4 Effects of different exogenous additives on the structure of crayfish surimi product

4151 i g /N i /mm PR A /m] R F /N NRLIE 1 /N In 52
CK 21.37+2.86°  0.89+0.01" 0.58+0.04¢ 12.32+1.76  10.97+1.54*  0.31+0.03"
HPDSP 28.6940.34°  0.9040.01"  0.6840.02"  19.39+0.62°  17.4240.54°  0.36-£0.01°
SPI 35.1942.49"  0.904£0.01"  0.70+0.11"  24.48+4.46" 21.98+4.18"  0.41+£0.07"
TGase 28.104+3.77¢  0.91+0.01"  0.77+0.01"  21.624+2.95" 19.65+2.66"  0.45+0.01"
HST 42.8142.49"  0.914£0.01"  0.7740.02°  32.7942.38"  29.83+£2.22°  0.4640.01°

TR R R R £ 5§ B (P<0.05).
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Figure 5 Effects of different exogenous additives on water holding capacity and cooking loss of crayfish surimi product
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Table 5 Effects of different exogenous additives on color

of crayfish surimi product

4150 L a b
CK 78.6240.47"  3.854£0.06"°  —0.9040.12°
HPDSP  78.42+0.10®  4.87+0.05" 0.75+0.14"
SPI 71.3540.95¢  3.2940.01° 5.54+0.21°
TGase 79.3941.51°  4.85-0.23° 0.76-0.02"
HST 76.954+0.01" 2.05+0.07 5.26+0.21°

TR R W 08 2 F B (P<0.05).
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Figure 7 Effects of different exogenous additives on the
relaxation time T, areas proportion of surimi

product
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Figure 8 Effects of different exogenous additives on the

protein secondary structure of surimi product
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Figure 9 Effects of different exogenous additives on the microstructure of surimi product

3 &

RTE T 3 AN I TR IR (FR 79 2 — SE W BE AR I K oL
S B 1R AR IR ) X /N T I O B T 058 I
PO W 0 5 T3 P A R B 5 0 R A L O 45
T H DA BOLEL . 45 R, RN A R B R
S K 43 B8 B 11 A8 2 I I R I 3 2%

7% ,0.6 %6 HFXF/IN i U SR S8 B JE o A B ks,
PR o 3% A A FH X /Nl A R B ) S5 AP TSR L RE K
PE AU RS A B (P<<0.05) . = H B
PACAE T /N i M B R i 1 R 1 R L S AR R
IR G2 N BB E 1) -3 5 N 515 i 45 W 5 728 R 3k T B
K K P 2 8, 3ok o 445 ) 25 b i R B 05 S 9 i B AR I G



&M | Vol.40, No.8

B OR, DT BT B R R A TS R SR S
HST 4189 ke i BLAT S B0 AT R B BRI I 265 25 44, 3k T 34
IT AR o B = S TR T LA Gl o /N g T O JBE
i ot 8 5 AR 5 TR UK B T, 3 RN A LA Jon ) A I8k & 1 Y
X /N i SRR B8 ) by B JE ) 4 AT PR IR AR T

S 2% 3Lk

[1] MONICA T, CONTE M, TESTAI L, et al. Supplementation of
enriched polyunsaturated fatty acids and CLA cheese on high
fat diet: effects on lipid metabolism and fat profile[J]. Foods,
2022, 3(11): 398.

[21 TFHU, Mm s, o dm, 5 E /N IR kR4 (2023)
[91. " EK =, 2023(7): 26-31.

YU X J, HAO X J, YANG L K, et al. Report on development of
crayfish industry in China (2023) [J]. China Fisheries, 2023(7):
26-31.

[3) t A A, 0 SCIEL, SE AR, A5 . /N g R B 5 g ) 5 B FLAE
AN SR AL T BT (D], & A S LR, 2023, 39(4): 170-177.
YANG Q F, XU W S, WEI N Q, et al. Preparation of enzymatic
hydrolysate from crayfish shells and its application in the
processing of crayfish whole balls[J]. Food & Machinery, 2023,
39(4): 170-177.

[4] 22440 SRR, 88, /N IR BRI 4 AL A 5
WEFE[I]. H E PR i, 2019, 44(6): 73-76.

LI X H, HUANG T R, WANG X, et al. Study on the effect of

% 5%

crayfish addition on the quality of beef meatballs[J]. Chinese
Condiment, 2019, 44(6): 73-76.
[STWANG L, SHI L, JIAO C H, et al. Effect of ultrasound
combined with ozone water pretreatment on the bacterial
communities and the physicochemical properties of red swamp
crayfish meat (Procambarus clarkii) [J]. Food and Bioprocess
Technology: An International Journal, 2020, 13(10): 1 778-
1790.
[6] MI H B, WANG C, SU Q, et al. The effect of modified starches
on the gel properties and protein conformation of Nemipterus
virgatus surimi[J]. 2019, 50(6):

571-581.

Journal of Texture Studies,

[7] SAROAT R, SOOTTAWAT B. Whey protein concentrate:
autolysis inhibition and effects on the gel properties of surimi
prepared from tropical fish[J]. Food Chemistry, 2007, 106(3):
1077-1 084.

[81 Th %, Wy Wt B, ThRF 1, 45 . 4% G Ik e i Tl B i Rl ke ol VA
%Mﬁ HE SRR TE MR I [T]. &S A Tk, 2015, 41
(9): 29-33.

MA J R, YANG X Q, MA H X, et al. Effects of
transglutaminase and additive agents on gel properties of

Ryukyu squid surimi[J]. Food and Fermentation Industry, 2015,

TR S < SRR 0 ) 3 /0N g AR B A O 06R E  E  R  FR 8 E

41(9): 29-33.

[9] BE S, T = i, Wbk, 45 . TGase il Ca™ B A1 Xt A 40 122
T Y A0 7 f a0 R R IR R PR A SR I (D], AR AR, 2020, 41
(14): 50-57.

BAO J T, NING Y X, YANG Q Y, et al. Combined effects of
TGase and Ca® on gel properties of unwashed clarias gariepinus
surimi[J]. Food Science, 2020, 41(14): 50-57.

[10] LIANG F, LIN L, HE T H, et al. Effect of transglutaminase on
gel properties of surimi and precocious Chinese mitten crab
(Eriocheir sinensis) meat[J]. Food Hydrocolloids, 2020, 98:
105261.

[11]MI H B, LI Y, WANG C, et al. The interaction of starch-gums
and their effect on gel properties and protein conformation of
silver carp surimi[J]. Food Hydrocolloids, 2021, 112: 106290.

[12] ZHANG B, GUO X, LIN J X, et al. Effect and synergy of
different exogenous additives on gel properties of the mixed
shrimp surimi (Antarctic krill and white shrimp) [J].
International Journal of Food Science & Technology, 2022, 57
(8): 5338-5 348.

[13] 255 . SR BEBE
2022: 11-12.

JR R WE 5 S 0 [D]. b i bR R,

LI H. Study and application on the quality of shrimp surimi gel
[D]. Shanghai: Shanghai Ocean University, 2022: 11-12.
[14] 5K 25 75, 584 A, Wil dsr, 45 . 3 0 It 0 £ 5 B Jie i 5 LA [0].
£ 5L, 2023, 39(2): 31-36.
ZHANG Q X, GUO Q Y, CHEN T T, et al. Comparison of the
quality of surimi gels from three squid species[J]. Food &
Machinery, 2023, 39(2): 31-36.

[15] 5k e 5%, 9P A, FRSE, AF . A2 1k &b U 7] AR JULIA) 25 1 0k 8 1

£ 58 ] it 5 2 @&E%M’J%E’Jf;ﬂﬁp]. B BEA, 2023,
40(20): 43-52.
ZHANG X H, GUO Q Y, ZHENG Y, et al. Effects of
combined addition of modified starch and non-muscle protein
on gel properties and protein conformation of squid surimi
products[J]. Food Science, 2023, 40(20): 43-52.

[16] AEFEIR, MR, MR B, 45 U b S T SR A 1L B 0 oA 15

TR B 0 I BT R BOR BEFE (] 2 a5 R B T, 2022,
48(4): 109-115.
XIONG Z Y, XIE C, CHEN B K, et al. The antifreeze effect of
trehalose compounded with sucrose and sorbitol on unrinsed
large yellow croaker surimi[J]. Food and Fermentation
Industry, 2022, 48(4): 109-115.

[171SHEN Y, ZHANG N, XU Y R, et al. Physicochemical

properties of hydroxypropylated and cross-linked rice starches

differential in amylose content[J]. International Journal of

Biological Macromolecules, 2019, 128: 775-781.

(18] 53, 5K 5%, wh AE 1, 45 . 3 b X F B o 00 A2 O J58 UG U il it

31



32

HAfifF 3% FUNDAMENTAL RESEARCH

BYSZIR ()], & 5k 5 & W Tl 2023, 49(5): 215-222.

GUO X, ZHANG B, HAN J T, et al. Study on effect of starch
on quality of Antarctic krill (Euphausia superba) mixed
shrimp surimi gel[J]. Food and Fermentation Industry, 2023, 49
(5): 215-222.

[19] EAF &, 2 S0, BRAA L, 55 . AN T) 28 20 A% P G oy o fk £ 100 J58 05
JEE AR G R (7], £ Tk BHE, 2023, 44(20): 85-92.
WANG R C, LTIY, LIN S, et al. Effects of different types of
modified starch on gel properties of spanish mackerel surimi
[J]. Food Industry Science and Technology, 2023, 44(20):
85-92.

[20] KANG Z, CHEN F, MA H. Effect of pre-emulsified soy oil
with soy protein isolate in frankfurters: a physical-chemical
and Raman spectroscopy study[J]. LWT-Food Science and
Technology, 2016, 74: 465-471.

[21] EAYe, JE#u, AL, 55 . VR A SIS I X ) £ £
R R JEC R A B R (9], v 1 24T, 2018, 18(4): 65-71.
WANG D N, FAN X R, QI L B, et al. Effect of starch and non-
muscle protein on gel properties of squid (/llex argentinus)
surimi[J]. Journal of Chinese Institute of Food Science and
Technology, 2018, 18(4): 65-71.

[22] FENG J, XIONG Y L. Interaction of myofibrillar and
preheated soy proteins[J]. Journal of Food Science, 2002, 67
(8):2 851-2 856.

[23] ZHANG N N, YANG N, YU W Y, et al. Effects of microbial

water  distribution  and

transglutaminase on  textural,

microstructure  of frozen-stored longtail southern cod
(Patagonotothen ramsayi) fish mince gel[J]. Journal of Texture
Studies, 2021, 53(6): 844-853.

[24]LI Y P, KANG Z L, VALERII S, et al. Effects of soy protein

B 2748 | 2024 (£ S B | RBSHM

isolate on gel properties and water holding capacity of low-salt
pork myofibrillar protein under high pressure processing[J].
Meat Science, 2021, 176: 108471.

[25]LIJ L, MUNIR S, YU X Y, et al. Double-crosslinked effect of
TGase and EGCG on myofibrillar proteins gel based on
physicochemical properties and molecular docking[J]. Food
Chemistry, 2021, 345: 128655.

[26] HUANG J L, YE B B, WANG W, et al. Incorporation effect of
inulin and microbial transglutaminase on the gel properties of
silver carp (Hypophthalmichthys molitrix) surimi[J]. Journal of
Food Measurement and Characterization, 2021, 15(1): 1-11.

[27] BEPEAT, WHR, BR A FY, 45 AN TR) S0 4 % 2R 0 K i g £ JEE
b TR R[], 125 S 2 W Tk, 2021, 47(10): 151-158.
XIONG Z Y, XIE C, CHEN B K, et al. Effects of different
additives on the quality of non-rinsed large yellow croaker
surimi[J]. Food and Fermentation Industry, 2021, 47(10):
151-158.

[281 MA X S,YISM, YU Y M, et al. Changes in gel properties and
water properties of Nemipterus virgatus surimi gel induced by

LWT-Food

high-pressure Science  and

Technology, 2015, 61(2): 377-384.

processing[J].

[29]LIN W L, ZENG Q X, ZHU Z W, et al. Relation between
protein characteristics and tpa texture characteristics of crisp
grass carp (Ctenopharyngodon idellus c. et v) and grass carp
(Ctenopharyngodon idellus) [J]. Journal of Texture Studies,
2012, 43(1): 1-11.

[30]HU Y Q, LIU W J, YUAN C H, et al. Enhancement of the
gelation properties of hairtail (Trichiurus haumela) muscle
protein with curdlan and transglutaminase[J]. Food Chemistry,

2015, 176: 115-122.

==Y

(EMmENMY# Scopus HIEEEX K F

20234F 10 A Lok (M SR BB A BT
5 — 0 R 7 0 T A TR I E L 2 4R T T
SR, TR R R B ) G s, T [ B
RS0 Ty o . AR, (R S L) T
F38 3 Scopus B FE N 25 # % 5 i 7 23 51 5 (Content
Selection & Advisory Board, CSAB) [ Z & 3 # , #%
Scopus HHE g 1E A Wk !

Scopus J& H i 42 BR B A 55 K 09 SCH A 51 S8R
I, Elsevier A 7 T 2004 45 Q57 o 2B 2 SR N 4%
AW RER Tz HRAA S R IEH AR . A

R HAR TR EE e SRS A S
. Scopus 4B A Ty RE 3 A, RS 76 1 B R A HEAT
B ] G A R B R AR R A AR R Tz
B o
AR YR S 4k A T CSCD . DOAT EBSCO % [
PSR PR SRE S  TE E 4 BR THLAR 2 A B340 T Wi
SR A R 5 LA 1 2 AR K ST R R R R A 5
N2 e ) S T INCI IO B i R AP NES T T - D
HAEZEZ XL,
(CE 5L G 484




