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Table 1 Response surface factor level table

Ha KF
-1 0 1
A& 7 B 4] /min 30 40 50
3 o W 150 180 210
NaCl 5 & % #/% 2 3 4

1.3.5 HEMNE 2% Zhang S J7 %8 17E
ek, B R BERCRE S TE ELYI AL (10+0.5)mm 7
F, I PRGBS P €0 2 {SOKT T 3 it 1A 7
BT, RO LT (52 ) o' (L1-5%) Fil b (H -
WOME, WHE) = (1) R .

W = 100-V (100-L ) +a +b (1)
1.3.6 /K (WHC) I 2 FRI(3£0.5)g 1Y
EEWE (my) H 3 J2UEACH 2 76 5 000 r/min, 4 CH
> 20 min J5 , WU AR BT 5 (my) o FEKPEHE A S
()5,

FeKHE (%) = Z—leoo (2)
1.3.7 AR R4 3L 4R (LF-NMR ) 53 M7 e 4% g 3L 9
A& (MRL) 2% Ye SR ik RifEE S, K BHAZ

2.5 cm, 2.5 em WM BEEE IR B T RRERE T, LU
WA 7K 3 9 A RS b B wst (a] A 32 CH, i1
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SERIR TR AE B, MR TE B SR TR T,
PLBEG K 20 4 B 1 mg % T RESL 5 150 mg KBr
R AIF il B W R o 2040 O 3% 49 4 0 [
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Fig.1 Effect of ultrasound time, power, and NaCl on the gel strength of sturgeon surimi
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- HO TR A A HAE FP, X ] RE R R Ok T A Table 2 Response surface experimental design
fl L8 88 11— 10 ) A LA T 44 and resull

Wt e N Wt e A(EE)Y, B(zh %) C(NaCl /= R 5%
R R 4 T e BRI I ey (D BOPENC(NaCLRE

1 I H .

BRI L MR e e
WA ARG, AT RIER R - 5, o e ; o117
(y-Glu)-Lys HO MBI IERRAGT 5 3 210 . <0750
W A Lo AR SHG MBI ERE NaCL RS 4 50 a0 ; 70890
BT 25 IS TR 7E NaCl &t 43 5 30 180 2 538.587
BN 3% IR B KA . 1& R E B NaCl nl fig i 6 50 180 2 541.880
JULJGE £ 2 2 1 ) e T 2R R R 22 Y R AT (g K 7 30 180 4 421.319
FEAE ), DT 5 AR 11 B — 2 1 BAH LA D, OF 8 50 180 4 549.950
55 JEE JE IO 2% R vk FE 1Y) NaCl T e & S BILEREE 9 40 150 2 549.179
A S S s il L6 M R 23S S N = e e S WA 2 10 40 210 2 524.317
(1 3 R, T e X 45 £ 8 e 3 16129, 40 150 4 524.120
0D WEERALLE RS 12 40 210 4 521413

I Design Expert 8.0.6 #fut 17 gy © % 180 3 652925
RS, B Y - . o
ﬁ,ﬁfdﬁ?ﬁﬁlﬂ(mm)\ﬁ?gy}%(w/)\NaClFiﬁj\ﬁ 16 20 150 3 669.057
()3 AHEHAERWTLMEAR IR, . 055960

Y=658.16+7.634+1.23B-7.77C-2.21AB+6.33AC—-
0.71BC~46.764"-48.685°~73.47C% [ 3 6 £ i 5 958 5 54R 3E F B2  REJIE O < C>A > B,
R 3 AL A C IR AR B 2 RUDE s i i 40 50 0 74 I i > 8 75 3 8 AR P<
7 i 1 Ak 3 0O} 5 66 BEIREIS SR BE U6 0.0001, 42 481051 2 O 35 , 109 7 % 1 4 06 R
B SCH IR AR RO AN 25 R 3 R PT R2=0.9805, 2 W T L4 HT S ASE IR0 o 43 A0 L 0 4 755
P A8 N B £ SR R U5 S R IR SN S L A g e R O R R B 1 B
®3 MABEBFEZESHRERRFHLRE

Table 3 Analysis of variance and correlation coefficient test of regression model

T ERR U £ F I Fo B WE FE F1a P& M
A 47 679.77 9 5296.75 73.33 <0.0001 23
A (A Bt ) 466.04 1 466.04 24.29 0.0387 *
B(® F 3h£) 12.09 1 12.09 15.02 0.6947
C(NaCl B & %-3) 483.00 1 483.00 1.93 0.0362 *
AB 19.61 1 19.61 2.72 0.6418
AC 160.50 1 160.50 5.40 0.1797
BC 2.02 1 2.02 0.033 0.8718
A? 9204.68 1 9204.68 169.08 <0.0001 o
B? 9 978.94 1 9978.94 78.05 <0.0001 ok
c 22 726.59 1 22 726.59 94.77 <0.0001 o
233 505.64 7 72.23
&K IR 268.41 3 89.47 1.51 0.3411 FEF
YR £ 237.23 4 59.31
B o 48 176.41 16

e A B2 R (P<0.05) %%, A2 57 (P<0.01),
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Fig.2 Interaction effects of factors on the gel strength of sturgeon surimi
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H, Al T-SH Fl 4584
25 BEIKAERTE S SRR IR RN

1 J8 114 B JE R P s A RGO I R AR A
PRl B S A RN A O T A Y ) B S bR
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BERCIZERE , 28 4 g 75 I b B )63 £ 00 58 5 i
FEPERSZMR . 3R 4 TR, 5 X0 AL A LG 8 i
b3S SHG W BERS s B N SR M S R 264 F
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P RE 1 4 R 5 2 A — B, R AL S
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We—80, M AL SHG AR5 K P e
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BT LASK 3 SHG MK M | 025 5 15 8 i ) 1Y)
A 3 PTRE S P A AE XY (4R P I b B A
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B K L A A 52 5%, 3d o B AR K A A
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Table 4 Effect of ultrasonic treatment on gel properties of sturgeon surimi

AR Bz 5% JZ/ (g-em) PR M £ 23 i ik IE aJE HF KM%
a0 449.44 + 5.90 0.58+0.01 428+0.04 579+036 2654+083 7439+0.27 65.37+0.66
Ham A 658.13 +7.36 0.67+0.01 4.69+0.06 722+0.18 3350+0.63 81.06+0.03 81.01=+0.76
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Fig.3 Effects of ultrasonic treatment on the T, relaxation time and hydrogen proton density

of sturgeon surimi gel
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Fig.4 Effect of ultrasonic treatment on the microstructure
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of surimi gel of sturgeon
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Fig.5 Effects of ultrasonic treatment on BPB
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Effect of Ultrasonic Treatment on Heat-induced Gel Properties of Sturgeon Surimi

WEI Fang', YAN Ziheng', YANG Jiahua', CUI Shan', SUN Meijun', KANG Chunyu"”, ZHAO Chunqing®
(College of Food Science and Technology, Hebei Agricultural University, Baoding 071001, Hebei
*Department of Continuing Education, Baoding Open University, Baoding 071001, Hebei)

Abstract Objective: To improve the gel properties of sturgeon surimi and promote the development of high—quality stur-
geon surimi products. The effect of ultrasonic treatment on gel properties of sturgeon surimi was studied. Methods: In this
study, the optimal conditions for the preparation of sturgeon surimi heat—induced gel (SHG) by ultrasonic treatment were
obtained through response surface experiment, in which gel strength was the main evaluation index, and ultrasonic time,
ultrasonic power, and NaCl mass fraction were the evaluation factors. The effects of ultrasonic treatment on the heat—in-
duced gel properties of sturgeon surimi were evaluated by analyzing the changes in relevant parameters, such as gel
strength, whiteness, water retention, water distribution, and microstructure. The structural characteristics of sturgeon suri-
mi gel protein were analyzed by analyzing secondary structure, total sulfhydryl group (T-SH), and surface hydrophobicity
(Hy). The optimal conditions of ultrasonic treatment were an ultrasonic time of 40 min, ultrasonic power of 180 W, and
NaCl mass fraction 3%. The heat-induced gel strength of sturgeon surimi prepared under these conditions was the high-
est, reaching 657.00 g-cm. This data was generally consistent with the theoretical value predicted by the response surface
model (660.40 g-cm). The results showed that ultrasonic treatment could improve the gel properties, whiteness, and water
retention of SHG. In addition, ultrasonic treatment could promote the transformation of a-helix and random curling to
pleated sheet and B-turning, promote the unfolding of the myofibrillar protein, reduce T-SH content, and promote the
cross—linking of proteins. Conclusion: Ultrasonic treatment could improve the gel strength, texture properties, whiteness,
and water retention of sturgeon surimi heat—induced gel, and promote the cross—linking of sturgeon myofibrillar proteins,
which was conducive to the formation of more uniform and dense gel structure. This study provides a technical means to
improve the gel properties of sturgeon surimi.

Keywords sturgeon; surimi; ultrasonic treatment; gel properties; protein structure



