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ASBIF TS B £ BEFEA T P P PUAL B, A
JEAR AR S A SR ASCRIT 5 BRI e DL K 5
PEAERE P A B AR P Rl B AKX
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AR SRR SR, d ik
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A RA R SRR E W (2.5%, BEET
My, B ARHCA R A F s BCA SR
Wl &, Bl RAEWHEARARAA;
R21148-30T SDS-PAGE #E i Pk i il ik 57 &, 1
W22 AR ECA R A F] 3597A FlIR & A bR
i, EHEADHER AL BARAR; Tk
HmR A, E R REERHLARA A p-Fikk
CBE, s, b AR A R A ]
TRALER, Jaigal, bifEs sopR AR FRA 7 5
HABIRFN I Ry o trat, 2B R A F
1.2 UFE5EE

SB-400DTY i Il Z M Vel T s 24
YIRS B A BR A7) 3 AM-CG108 BfUfHL, b3
HL % (BRT) A PR/ W] ; SCIENTZ-10N % T HRAL,
T Z YR AR A PR A W 5 HWS-24 B3
VUL R K I 3, b AR A 1 A B A
TA.XT Plus Bt #44¥ , % [E Stable Micro System 2
Al ; CR-400 & 254, HAMJERERILAF;
MesoMR23-060H-1 4 %1 ik s A% #g L P 3 B4, |
WAL B PR A BRA W s H Az SUS000 #4437 %
SRR, B @A () EPRE 5 AR
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PHBFET—20 °C 1kt

BEWLH, BT 4 °C TR 12 he WURAS 1) 58
200 g “PHET H B4R, HCE T8 5 B &R
B, A S A S A B g . BEAE 430
A ALF 0, 10, 20, 30, 40 Fl 50 min, ARiCH
USO., US10. US20. US30. US40 1 US50,
BALPRJSTHCE T 4 °Co MR i iR S HE
9B 40 kHz, PR 360 W, ) vkoK 45 il K IR
£ (10+3) °C,

& FEBIRH S KRR O A
200 g fa BEE THFEDL 434+ 2. 4 F1 4 min,
PEFEL RN 24.7% VKK . 2% B8k, 450 g
AR T 10 °C, FHE A BEK ST 2 78%, Hitt:
Je B BEE A AR 25 mm (AR, AT B
T (40 °C BE B 1L 60 min, 90 °C & i B 30
min), JNEESHUSH f BEREIR BT 4 °C AR e
5% 12~24 h.,

BIGRE SRR BOTIRAERE YEL,
P& TAXT Plus JEF4 (SN 2 fo B8 58 e 1) 5 MR it
10 BEEE I T = IR N A 30 min 5, V)
B 25 mm B RFEA, I P/SS BRIE S L UEAT 2
SCES . WS WATHEER 2.00 mm/s, IR %
1.00 mm/s, 5333 10.00 mm/s, FEMEE 15 mm,
filk & 7110 go BERCTR T AR

BEWCTRFE (g-cm) =REKT 7 (2) <R 2 (cm)

BE  SERAT OTIEEE B,
JEE R B T 2 AR T PR 30 min J5 L, YIAR
JEJE 10 mm Y] A, FH CR-400 {722 3143 51 2
L'(GERE), o (L) M b (%) E. AERT
[=R/NW

(RE=100-1/(100 — L")+ (@) +(5)

G LA ) T, BAZFE RN SRR
EAEY B A0 BT RAELE S &0k, fd ] MesoMR23-
060H-1 £ 373 Jik A% s I i 3 A A A TN 2 o K
d U 20 mm Y IRIRE A, R B A 4 il A A%
Wi, R CPMG ik of 7 31 R A 5 5 .
SIRT1000000 #F47 [ i . W& S5 Jot+ 4R
2 (SF) 21 MHz, Bl 98 (SW) 200 kHz, FFiR
SR FE IR [ f 42 1 2 %0 (RFD) 0.08 ms, A {L13% £
(RG1) 10 db, #7125 (DRG1) 3, T &AM 35
(PRG) 1, 90°lkF& (P1) 20 ps, 180°fk 5 (P2) 39.04
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us, FERFESANTE] (Tw) 2 500 ms, [AIEAE] (TE)
0.3 ms, [BIJ% %0 (NECH) 8 000, & KA AL
(NS) 8. FHALIE % 4 Ak A7 A& o b o
ESB B (flip angle) 90°, %515 I [H] (TR)
500 ms, [Pl E] (TE) 20 ms, ZRANIKEL (Aver-
age) 2, AH{ZZmAY (phase size) 192, EHUK/) (read
size) 256, 1E)Z JZ B (slices) 1, % 2 2 JF (slice
width) 3.0 mm. f BUSAS 2 5T 5% B AUE
T8 —Wu AL, e oA L

WALEM ST TR EE M E L,
PEFH H 37 SU5000 #4437 % 56 49 4 i B E A7 WL %%
B AL S D) A 3.0 mmx3.0 mmx1.5 mm B /phE, A
10 R 2.5% I VS WA 4 °C T IEIAE 4 h;
€ 5 A B R 2% »p W (PBS, 0.1 mol/L,
pH=7.3) #hd 3 Yk, iR A il I O A i 78
WAER M, AR RS [E] A 15 min, FH £ B
TEHEAT RS FE BB (30%. 50%. 70%. 80%. 90%.
100%), 5 15 min; RS R TH: 48 h, 155
(3 $ L AR RE B T 20 °C FARTE . Ha B
GEHIT, HEATE IR OB E:, N R BOE N 4KV,

+ R AAREBAN- R A BL B R ok &
% Kudre 8" B 07 EAFE 8k, 0 5 BGE 75 ik
P A BERE L 2.00 g, 5 18 mL 5% SDS IE R IR A
J&i 5000 t/min 4 JF 1 min, 85 °C /KIFMM#A 1 h, ¥
HIZEZEEST, 10000 /min Z5.0 20 min, BCEIFE, F
JH BCA iR & e & AW E, MR 5 mg/mL,
B 05 mL F RS A HR IS 0.5 mL 2x8E 1 |
FE 2% W (25% 0.5 mol/L Tris-HC1, 20% H il ,
40% SRR IE 10% SDS. 5% JH vk & 0.1%
W 10% B-Fi A O BE) SR A, 100 °C /KRN
S min, BHEZEF)T, 8000 r/min B> 2 min,
B EIEWAET 20 °Co EAERTHEZKIMAA 5 min A5 PE
IR Z = R B PR I A 3K 7 T
10% 7 B . 5% Wi e, DAEREM 3.5 ul, H
JE 100 Vo HLUKEE 5 H G 6K (0.25% 5 1352
# R-250., 45.5% HEEL. 9% VK L FR) Y {4 30 min,
SE R (5% B . 7.5% KO TR) I 235
o LR

ZBLEH B Han 500 B0 B Y&
W, A B AR 2T A IR A A T A T R
P 5 o A B 7 A B ) 10 JBE T —80 °C R i
HAhlG, BTESRETEILTR YR T 48 h,
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YO UR T 5 B RE S A Ok K, 120 °C S &g
e 430 150 mg KBr 55 15 mg A [A] 4b #4514
£ BETR A IS, FEZLAMT T il R M 45 1
R T AR, HREES 400~4 000 em ™, HEK
32, R 4em', H Omnic 1 Peak-Fit 4.12
A TAL S, LG A BILLAMEE IT TR A 5
ERT ISR e A

1.4 ¥IESR

AN 52 0 A 20 RO SE AT E 3, SR IBM
SPSS Statistics 23.0 4317 84 48 114k B K B2 R
AP, SR Origin 2018 2 KRR K

2 4R

2.1 BRRE

B 588 B SR P £ B e M R S A (R R A
S5 Fh T ) 5 R S R AR B, R
HERC A R SRR BENY, o T ) AT DL SRAE S I
R, RPESRAR R s M DR D0 e AIE O e SR Bk
L, BIES A, i R U i I AR 7 AL
PR RS EFHE TR, 10 min B35 2]
(285.13+5.96) grom, AH LT A 75 fa JBE B i £ =5
9.32% (I 1-c); AFLB 5 75 B[R] A 186, 958 i
JEB WAL, BACT AR 875 30 min J5
RN G 3 22 5 (P>0.05). #7575 B
Wt 77 %) 78 A R B 5 45 Ji ik BE AHGIT , 3 i Pearson A
KNE T LA BRE S (7=0.998, P<0.01), fij % Wt
B A 7S R b e B AR R (P>0.05),

22 HE

e 7 A B A0 JBE T L BEME R S e UL 2, ok
AR (R 72.3120.06, H HE TR A RE AL
BUE 2 WA (P<0.05), #8754 HH 10 min FYEEIK
F R 3k B 72.74+0.13, {H [ 25 # 5 1s R] 35 T,
PR (B A, HL 20~50 min #8755 A9 BRI
Jo i #2ER (P>0.05),

2.3 SthiRETIE] (1) RAEKSTEEH)

T [ 5t R I) T S A% I R RS B
RS 0 2 AR A BT s R O, AT R S [ K Ay
BERCES A B R o R BT RIE/N, KRR E
PEAR S . TR A 5 AL BRI R) R, A BE St R [ T,
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2 80t T Tt
40 | 1
0 I I I I I I
0 10 20 30 40 50 o LL. , , , ,
& 7 15 [ /min 0 10 20 30 40 50
ultrasonic time A7 I 1] /min
(a) ultrasonic time
20, 2 B AR 5 B B A R O
1.6 . . Fig. 2 Effect of ultrasonic treatment time on
c — —— = the whiteness of surimi gel
=1
@ékz- HYB 3~4 i, Hidr, REBIK T5,(20~200 ms)
=S 08 FA 7K T5,(200~1 000 ms) W g B 8 5 (454
R JK Ty, 7E 0.1~10.0 ms PN I R BURE X8/, B
04 | EASA I R)ZKMZZKN R (B 3-a), H
7 A B 44 7K At B B ) 5 e D, U B B
0 0 10 20 30 40 50 [a] ﬂ'ﬁﬁﬁl‘lﬂﬂ%%&ﬁfﬁﬁ%ﬁ%, 1EX¢Z:I§J7J(
A IR [7) /min G Y S Ah B
ultrasonic time ANFIK 3 A ) s R W TR A b, ATAR R
350 1 ®) Bk TR B SRR L ph K A e U I B AR X
300 | 2 FriE (8] 3-b), MRS T AL AT DA i fae e JBE e vp
= 250 | ) SRR, A LB 0~50 min 454K i He Py,
2% 0 E3 KIS SN 1.66%. 1.81%. 2.28%. 2.19%. 2.29% Al
= 8 2.24%, ok EERLE AR iR/, HAS
Eglm WLBIAHIX & PTyy SR A — s RS,
& 100 ] FHAZ WG EEAS Ty i sh K 43 B i/ NAE A, Tl 42
50 | T EE B FE K BE T B5ER 55, DT R AIE B8 e 4R 1 1Y
0 R4k, fE#A 10 min J5, PTh; B 91.32% 4/ &

0 10 20 30 40 50
i 75 N [ /min
ultrasonic time
(c)
E 1 EELEER &R (a).
WRHREEES (b) RARBR A (o) HIFZNT
AR /NG B R OR AN ) R RS b BRRE L R R B3 (P<0.05),
T
Fig. 1 Effect of ultrasonic treatment time on
the breaking force (a), deformation (b) and
gel strength (c) of surimi gel
Different lowercases indicate significant differences between samples

under different ultrasonic processing(P<0.05), the same below.
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92.09%, i F H b 4b FE 41 (US20~50: 91.30%.
90.22%. 90.03% F 90.75%); i [ H1 7K i [t PTy,
AL S5 R S TR sh KM s, 200K 7.01% .
6.10%. 6.42%. 7.59%. 7.68% 1 7.01%.,

24 BRTFEBEEMREE

G I A 1 I 7 25 3 O R TRl (D R (B
FBI A 0~255) AT L X2 f JBE 35 J2 I 6% PR 38 1 7K 4343
1 Bk oy, BRI AR T % E
RFEZ XK S, KA R FHE
i, MRS o AR, B R P Ak s ]
HE, PR r o DX AR D,
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Fig. 3 Effects of ultrasonic treatment time on relaxation time T, (a) and peak area percentage (b) of surimi gel

XS AR . Horp, B AL 0 5 10 min A&
G i, H20 @ X m AL K TR S 20
30 min JE T EH /A BT REBEFRA, 405
50 min ST T2 B BB E (B 1),

250

200

L - 150

- _ 100

50

0

B 1 AEBELERE &R AZE LR EE

1~6. HAE /> HIALH 0. 100 204 30, 40 Al 50 min; R[Al.
Plate |

treated with different ultrasonic treatment time

NMR pseudo color images of surimi gel

1-6. Ultrasound treatment for 0, 10, 20, 30, 40 and 50 min, respectively;

the same below.

2.5 ML
F1 4 H e T LS ) 5 s A R PN AU 45 4 1Y)

R E K7 2: 2 E /) sponsored by China Society of Fisheries

Ak, IR R A 24 S AL 5 R AR (B MR
FEK G353 A0) i DI 6 & o I 1T RIS 2 000
REBCT f BESE IS N ALAR B At e, LA 7 000
AR BRI BCR R . S5 A f0 BEBEIC AT L
AR 10 min J5 R SE RS B, (HEE S AR 50
min Ji5, SRR RR BN, DY B K
fLIR, LAY (E R 1),

2.6+ HeELEREL - B2 IR U B AR RR AT FRL K

] 4 Sy Ak B S A0 B B 1 T AR Ak,
FCA TR B AR S A LR B T (200 ku) L B
FLBE B (116 ku). BEFRES b (97.2 ku). 2R 145 4R
1 (66.4 ku), BPiE 1 (44.3 ku), BRER YA (29.0
ku) LIRS . B EEE A MIERE A . LEh
FEALIFNERE A", ST ARB AR, &
AL, WUEREE (DAL 2 1 5 R R
IR & A Rl R 4

27 ZiREER

PRI A, AT AR R A Y
TREER, M E R Z RS R, E
£ BE BRI — 4 25 Y G B iR R, H
TR A AR A RIS T RS I £ B8 A SR I R o g
ek L v AR o 2T S 135 WL £ E B 145 (1 600~1 700
em ) A LABH S AR L, BERE 1
1 a-12iE (1 650~1 660 cm™'), JC LI 1 (1 660~
1665 cm™), B-IrE (1 665~1 680 cm") Fll B-#% f
(~1680 cm )", o-SRHERITE Y L HERELE (- CO)
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00 um - § 200 pm
BRIl [EEBAE AR E) & BRI AR Y M L4549 (<2 000)
Plate Il Microstructure of surimi gel with different ultrasonic treatment time (x2 000)

ka M0 20 30 40 50 SERIE G MR R T P Ak, S E R
200= vy ' ' RBIEA G, G A AL, oM e 7 i R
917 b REEE R A, 76 0~10 min N E 225 (P>
66‘4 - 0.05), {H7E 10~20 min P a-B2JE 1L 6] & AE 2 A8

44.3 —

29.0) =—

T O ——. O ——

B4 TEBELEMEGREAS FE
M. BURE AR [ UBREOREE: 0. U3&EA: L EULER
HH.
Fig. 4 Molecular weight of surimi protein in
different ultrasonic treatment time

M. premixed protein marker; | .myosin heavy chain, MHC; II. actin;

[ tropomyosin.
MESEE (NH - ) Z 7N ERE; p-r&
YO 5 JERCHE [ 9 VBT G 5 B-AF A A o 5 S B

fbo B-Hr B e M L R R B T S R
50 g o B 1Y) AR A BAEAE LM R R (=0.862,
P<0.05), £ 7543 10 min B b0 5, 3k )
31.70%+0.44%. i JCHLI 4 fih Fn B-76 f S 3 1 7t
[ (F 1), it Pearson AHIEMEZMT AT LIFSF)
o-B2JiE 55 JC RN il RN B-#% #f1 1) Pearson AH G R %L
I3 519-0.942. —0.972 (P<0.01).

2.8 HEXMSH

Pearson FH G R nT LUAIW P~ F5 bR 2 0] &
TAFELRNE R FR . 48 2 X BE I Wy LRy 1 i £ B8 2R
H A FEATA M B, R IBE R IR 5 R
H o HEEMIA MM Hrh, o825 B-3T S
HIEADG, THAWEM S B A RAME, 456
K EES o2 E R IEAE, 5N 27
K (35 2)o

* 1 BELERERNERER - REWENSENFM

Tab.1  Effect of ultrasonic treatment time on the relative content of secondary structure of surimi protein %
j P R (] /min o8 e TR p-HrE B-¥ A
ultrasonic time a-helix random coil structure B-sheet B-turn
0 40.44£2.20" 15.72+1.50 29.62+1.32° 14.22+2.22°
10 38.38+2.01° 14.37+1.91° 31.70+0.44" 15.55+0.27°
20 26.78+0.50° 20.02+0.54° 29.60+0.07° 23.59£0.10°
30 28.98+1.07° 20.73+1.69° 28.32:0.86" 21.98+0.27°
40 26.86+0.17° 20.52+0.47" 29.51£0.05" 23.110.24°
50 26.37+0.50° 20.11+0.83" 26.81+0.32° 26.71+1.32*

Ve FBIANE/ING T BER IR AN [ 75 AL B b 1) 22 5 25 (P<0.05), R Il

Notes: Different lowercases in the same column indicate significant differences between different ultrasonic treatment samples (P<0.05), the same below.
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#z2 BELEFESEFRRKFMESEARIKREMTLE Pearson HXME N

Tab.2 Pearson correlation analysis of the change of surimi gel properties and

protein secondary structure induced by ultrasonic treatment

izt o- 1R ik TCR I it p-Hr 2 B-¥fh

index a-helix random coil structure B-sheet B-turn
B RIZ  gel strength 0.870" -0.965" 0.862 —0.847"
FZ  whiteness —0.227 —0.035 —0.008 0.225
PTy, —-0.994" 0.928" -0.736 0.944"
PT, 0.678 —0.841" 0.662 —0.616
PT,, —0.405 0.635 —0.497 0.349

Notes: *. P<0.05, **, P<0.01.
3 i

31 BUMR

AT G I PR P I8 4 R i £ B v 8 1 25 ]
SER L DT 0 LB R kDA B K R .
AR 10 min J5, £ B8 BE I Y BE R R 1R R
(P<0.05), HfEWr /)58 B IEAR G, BT
TS T I R 5 AR Ak B R R K R ) e A
A K. GaoZEUS L & B 100 kHz # 75 Il kb 3 10
min ] I 3 5 = (R ER 10 BE BE I (0%~2% NaCl) 17
Wr /g . BT B AR K ) (P<0.05). {H AL BRI [E]
Hhn, BERCIE T TTREAR, 1 HEE I B SRR BRI
ATHEDN 55 £ B8 T AR A5 R R RO G

PR RS B M, AR S R T
DA 2 5% e X 4% 45 g 1) 72 Ak 2 5 T £ JBE 1) 11
T 3o By fof SRR S v B 11 SO 5 R B 1Y
5], WEBRALBRI D, 8 2 KT R T
=Y b, DT B A T AT A R R B B
AR 11 BE A N, B Jg D) 24 235 4 48 Ak 3 380
ER S, EREAER TR, (A7
JEE ] it o ) S SR RN, o) B B AR A/ N

AN [F) A 7 5[] 5% 5 7K 4 AR AR AT B S A AR AN )
(RREIR Bt 6 75 BT R 3 0, 255 7K e s i,
VLM = AL PR LS A R TT, BRI TR T 5&E
AU DL S e S 1 25 6 o Zhang S5 F1 A S
Aab PHEXE ff PR LD 2 24 A (R R R B, 7S ) R 4
A EZN KT TFESEARS TEELSS .
Py, S8 A, AN, 3 il 5 A BRI DL $R i PT,
H PT84k 5 58 I 5 i 52 IR AH G (=0.929, P<
0.05), TH6HAHE 75 b 1S e T 3% 5L, ATk
Oy PR T BE R M L5 b EE AR R,
JEL S ()R 7 A B (0~6 miin) 23 5T 22 ) 7K 43 R 4
FEXS R LR AT 4 8 I BE R P 2% v, (A5 35E B 1

R E K7 2: 2 E /) sponsored by China Society of Fisheries

K H7 3 B (P<0.05), A &b N 1R] 5 K Al
PT,, M IN, 1 A KR L35 R 5 i 5h
KM (r=—0.946, P<0.01), iR i 8 s Ak 38
AN FIFBERE R AR 5y, AR5 AN 5 i gk A2
b H K. Zhang %% A58 XS P HILIG 2T 4 45 3 A1
IR ZEE . PR B, Bl 6 75 B R A ZE
JOT - BERRAIG, TR U5 B 3 2 e 7 1 ) 6% 45 4
IR R EERE ) %

A SC IR ZE AR, R A A R
T U 1 X 45 2548, 3 T SR 7K 43 0 SR
SR, Gao 85U ALk B 7 BH G ol £ B TG
(< 3% NaCl) BITOULEE Y o 5k I I 26 235 ) f1h) 2l A% ]
il 5 R AL A R P AR T R R R A
o1 J5E rh R S M AR 1 SR R AR R S5 ke A ek
A, B UEREE T AR, R T A AL o AR
HAIE B B 1 X 2 254

3.2 FRRWLEE

gt A RS S EE A, B
P A PSR e A W AR Ak (8] 4), R85 )
KRB S S E AR T REY W
TG, B, A AL F (0~50 min) I A 23 5]
B LR PR R A, X SR HE
ERFHURS R E AN RAER . LS @
7 (20 kHz, 250 W 12 min) kb B LER 8 (1 & 2,
LBk 1 8B (MHC) #7283 H Ty i B 2 1
&t o Lin P AL EE (20 kHz, 600 W 15 min)
WL T 4 8 ok B (IR AR %, {H MHC
AR HLARAT 7 B Y s o B A PR
RY; A BEFEIA N M7 A BN 23 52 e WL 4T 4
AT AR R, PR 75 X B A A
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Effect of ultrasonic time on gel properties and protein structure of
Hypophthalmichthys molitrix surimi and correlation analysis

JIANG Xin', CHENQing', TIAN Zhihang', FENG Qian’,
SU Caiwei', WANG Xichang ', SHI Wenzheng **
(1. College of Food Sciences & Technology, Shanghai Ocean University, Shanghai 201306, China;

2. National Research and Development Center for Processing Technology of Freshwater Aquatic Products,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: Hypophthalmichthys molitrix is the main freshwater aquaculture fish in China, which belongs to low-
value fish due to the less content of fish meat and large amounts of bones. Therefore, it was necessary to produce
deep processing food, such as surimi products,to realize high-value utilization of H. molitrix. However, the gelatin-
ization of H. molitrix surimi was weak, which was not conducive to the formation of dense surimi gels. Currently,
exogenous additives and physicochemical technology were usually used to improve the surimi gel properties.
Ultrasonic technology is a new non-thermal physical technology to detect food quality and improve food character-
istics. In addition, it is simple to operate and has many potential applications in food industry. Commonly, low-fre-
quency and high-intensity ultrasound (16-100 kHz) was used in the modification of plant protein and animal pro-
tein which contributed to the cavitation effect.. More research focused on the mechanism of protein modification
by ultrasonic technology, but few on its practical application. In order to improve the gel properties of H. molitrix
surimi and realize the practical application of ultrasonic technology, this research explored the physical character-
istics of surimi gel and the secondary structure of surimi protein by 0-50 min ultrasonic treatment, as well as the
relationship between gel properties and secondary structure. Furthermore, the principle of improvement and deteri-
oration of gel network by ultrasonic technology was explained. Thus, the effects of ultrasonic time on the gel
strength, color, relaxation time and microstructure of surimi gels by low-frequency and high intensity ultrasonic
technology were studied. Moreover, the changes of protein molecular weight and secondary structure in surimi
after ultrasonic treatment were also investigated by sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) and Fourier transform infrared spectrometer (FTIR Spectrometer). The results showed that after
ultrasonic pretreatment for 10 min, the gel strength of surimi increased significantly from (260.81£3.26) g-cm to
(285.13+5.96) g-cm, and the tightness of surimi gel improved. And the gel matrix showed higher whiteness of
72.74+0.13, carried out by ultrasound in 10 min. Additionally, the proportion of immobile water was increased,
and the capacity to bind water of gels was enhanced, which made the network structure more compact. However,
with the increase of ultrasonic time, the gel strength decreased, and the immobile water was changing into free
water. Therefore, the ratio of free water increased, and the internal structure of gels tended to be weak and loose.
SDS-PAGE image proved that salt-soluble proteins (myosin, actin, tropomyosin) mainly consisted in surimi, and
did not degrade or aggregate with the increase of ultrasonic time. While the relative content of a-helix decreased, -
sheet, random coil structure and B-turn increased after appropriate ultrasonic processing. Through Pearson correla-
tion analysis, ultrasound pretreatment could promote the unfolding of salt soluble protein, which was more condu-
cive to the formation of compact network structure, enhancing gel strength and water holding capacity in surimi
processing. In conclusion, proper ultrasonic pretreatment could improve the gel properties of surimi by changing
the three-dimensional structure of surimi protein, but excessive ultrasonic time was not beneficial to the formation
of dense surimi gel. This research provided an experimental basis for improving the gel properties of surimi
products, the practical application of ultrasonic technology and the innovative development of surimi products.

Key words: Hypophthalmichthys molitrix; surimi; ultrasound; relaxation time; secondary structure; correlation
analysis
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