AL 3 2
20224 5H

S PN

Journal of Huazhong Agricultural University

Vol.41 No.3
May 2022, 236~243

TR, BB 2R TR [T A A WL S A X 60 SR VR B RS E PR SEIR [T]. AR Al 242241, 2022, 41(3) : 236-243.

DOI:10.13300/j.cnki.hnlkxb.2022.03.027

ETAEEY T ERNALREB
X i 81 5% R RS TE 1 Y 2 1

T #45

A

2>

e RAKXFREBHFHARFR/BRRKZERE I THRIL 5P (Ki), KR 430070

EES

WFFEA TR SO 12 B LR B 0 i £ P58 VR B A A A S, 23 ) e e Ak 1R 0 3% 05 T O 7% -

A 50 RO B2 B 15 [0 WA £ SR VL e PP A LA 0, D L 2 £ S v 005 B VR R AR B o 2 R
VRAENE i s S8 A SRR A B AR AR o A5 5 s - S AN () 00 3k [ e % JULHR 5 1 80 R4 ol B £ B8 VR LT 2R 2o A

R PR 1 & i Ca® -ATPase 1 P AILES

i B R LA S R g K M BT R G [T i LK R

FA 6 10 B8 A 1 v R AL PR RO B 3, i O URVR R TS BE A8 o £ B 2 1 R MR BRI O, . B B
S SR E S5 R WU P R Es i nT U il f BEVRRIR PR R h A A PR B R o TS s AL ERBEA L
PSIIAS [R] ml i Ak 2 ) JDLHE 2 1A ) 8, CARLA QT L 22 PR (EL ( TBARs ) Rl pH B B0 A i 284k . e, B VAl
PR UK I 0, £60 JREBE R it ST 2 2 7 o 9 A, G 4 R Ml B - 5 7 SR 2R AL B ) LI 5 1 ) £ R I ¢

PRI A B A PERE -

KR WOrE s WUERE A ; M8 IREMRETE s H A BURTE; BRIrEqL; BE s 1k

RESES TS2544  XEARIRA A

Vo VRAE Jhy £ J88 B FC R0 ot 5 UL B4 o RO e T
B, REAS A RCHE (K 1 58 (9 DR 77 0 R, {FURE 10 58 75 VR
i A T R B B R AR R W AR AT )T
SR N TR, S B BE B KPR BEIRE A 5L £
PE R U A 2 R 5 7 AR E H TSR
BRSNS IR ER 261 I R v VR AR R N T £
JBE F T 5 B A A 0 A Ry — ol B B R R 4
FEL I T AR BT A 8

T AR RE Tl Ay i A e A R S LR R
F A 2SR SRR, S T Al A PR g FRAR | 3
BRI RI BRI B R AT A Al R IR B
RO  UR R PR ORI,
LA AR R BT Y 200~400% , B & 2 Fh AR 2
R LR BRI, 2 Rt R
WO A WL R 1 SO AR B BB AR Al 1k
IRAE PR AS 30 BE S 0 £2 5 1 & 9 B INAEL, 520 F1
01 JGE T TR ), DT 7 A A B PR A i A 2
Wl & PE RO K 3 MDY JILE 2 1 mT

Weks B, 2022-01-17

XEHS 1000-2421(2022)03-0236-08

A Ay — Fofr 1 J8 5 Jz 34 5% 75 o2 FH F B AR P o, HOR
&) [ UAC v B LR 2 1 B AR PR AR A K 25 5%, 8k
11 H EAS 5] [T 32 B LR A O O il B 19 2
JOT 5 o R R G it JB 1) 55 i 5 A 41 3

AT 1 3 RPN [R5k Ok (1 I 4% 15
TR A A% - ki 57 SR 22 R AR 3L ) [ oA e 8 TR 0k v P
WIS B (1, BF 5% WL B 6 VR il 0 2 3ok i o £ B 1)
BB S URARYE IR W5 A LA R BRE s i Jo A 52 ) T
P H X i £ B8 ) BT R e BT A AR RCR B e A LK
AR AEE Tk A = rh i K RS2
1 MRS HEE
1.1 57

fife | W F A8 Al KA A R T b 5 i A gE
(AAAZD) T IHLEEH: K =B i A B A F

NaCl . HCl . NaOH .Na,HPO, .Nal,PO, . =% Z,
IR LW e AR R AN K L £ R £ 1R L E AL
B BRER A B AU LR L2, 4-2 fiE B A R L 2- A

S 0 < R AR M AR AT 38 SRR B R (CARS-45-28)

TR, E-mail : 2501983877@qq.com
WAEVEE . #HH, E-mail : hql@mail.hzau.edu.cn



% 33

T A FETANIR] RIS 5 vk A JTLKE AR 1 0 i £ JBE VR R R P ) ) 237

AIPPRAE , Sy A 4l W T [ 24 45 Ak 2= R A PR A
A 5 A 0T AR I T BT TR A R w5 S
&I T AR ) AR ST

12 F5i&EHE

F1-200 f 3 40 BB AL, B bR ARLAL
Avanti J-26 XP 5 800 B0 AL, SEE D 5e & 2\
UltraScan XE (& 4 , 3¢ FE = fE372 A 7] TA-XT2i/
25 A M AL, 92 [E Stable Micro System 23 7] .

1.3 &R IERRRINE

DR E AR, S 2% 8 SeHe %2 ik
il 5 % £ BRI VR VR A T . DI L BRI VE R, /K
HINFL(70 °C, 30 min) J5 B T UK P #FE 1 h)5EG
(10 000 r/min, 4 °C) 15 min, % 25 b {5 A5 20k
WL 25 H (heating flocculation sarcoplasmic protein,
HSP) ; QB 1 L £ BB PE WL , H1 6 mol/L #h W2 7 7
pH{H %2 3.0 J5 F 6 mol/1. NaOH ¥ % 76 W pH 18 2
7.0, % i 90 min J5 &0 (10 000 r/min, 4 C) 15
min, 3 £ b WK 15 2 M W # 2k LK & A (pH-
shifting flocculation sarcoplasmic protein, PHSP) ;
QB L1 BEIE VR, A 3% 7 RME IR W (5T & 43
B 100) , B 4% MR R B8 125 419 pHL, 45 21 R i 7% -
G o RO 2 88 1k LI 48 F1 (pH-shifting/ chitosan
flocculation sarcoplasmic protein, PHCSP) .

2) L EERE S B A5 o AU ILIR AR 1 £ B AR
s FLA 12 R Control s ITAATE WUIR A 1 R I A% 1%
WU A5 RN i % - ¥ 5 7e BE RBEE UK B iR
I 30 R BB R 4060 (406 #1624, 43 i S HSP
ZH PHSP 20 F1 PHCSP 2H . 4 0 S R 28 1 A
BT AL N IR A ST HE 3 min, IR K E R E
7806 HH A A8 2t JETT B, T — 18 "CURiil. 7
IR Rl PRS2 56 v 8 G 0 £ BE R it A 48 h 4 AR I
L TE 4 CUKFE R VR 24 h, BRURIBCL 20 100 7 AH G4
P, TR it AR SE R, AU R REAIR B0 O T

3) Hh BE AR VR VRS B AR AR AR I e . R
PR B i AR S A B A I 225 S0k (4189 )7
1% ; Ca® -ATPase B I P 4 B0 & 08 I 50 R A7
5 5 2T A PR AR S 225 SCHR [ 13 1Y 5 1255 S
Jo B ik 5 i I i 22 SCik [ 14 ]9 J7 2501 A AR 1B
i : F 2 mL 10 mmol/L 2, 4- A4 3E A PHA I (FH 0.5
mol/L H,PO, % /%) 5 2 mL & 47 B 5 (1086 VA W
RA, TR0 10 min J&5 A 1 mL 6 mol/L
VR, Ak e =0 T RDEERE 10 ming LIS & 8 A
W2 2% ph L VE 45 (1, 7 450 nm &b s 45 4109 OD f .

BEJRIEE AL 22 308 L/ (mol-cm) T4 HiACE kb
ZIE (TBARs) I E 225 3Ciik[ 15 ]/ ik .

4)pHAHEAYME . A5 0.1 mol/L S ALF A WK
Fie 1210 W9 i LRIR G, ¥ 005 pH b F A7 4t 32
BRI 22 0.05,
1.4 BFRERE®RNE

1) fa BE BRI (il £ o FRER 150 g ffifi e fa g , 1)
B/ INBR S 25 51 2 min, W 2.0 NaClLE K, #h 57 1
min, [6] B FH oK K 85 e 2K 43 i oh 78 %6, il I
4 f2 BE WE A B4 20 mm BB AC S B 0 o SR P BER
T2 40 “C/KIR 1 h, J5 90 ‘C/KIE 0.5 h) , Bt 5%
HIET 4 COKFE IR, 25 F o

2)) V5 Jz e P85 RN P R 0 52 2 SR (16 ] 1Y)
Ji ko BERSOPERINE S SCk 17 1005 . BERE
R I 22 SOk 18 1 T ik .
1.5 BIESItHW

JH Origin 2018 . SPSS 22.0 #AF &b B A3 A 46
Bl , oG5 LS B b 22" IR R,
2257 MR ANOVA, i 2 1 73 B>k H Duncan” s £
% (a=0.05) .

2 ZERE5HH

21 AEEWFHERIREAQX RS E - &
EAASTHRALEEMNZE

WE 1A TR 4 43 VR BERE A I SRV ME B
P o i 2 VAR R KA B4 g L A R R A 1 4
5575 LA G TR IR i 8% 12 LR 26 F R O % - 4
70 B ER B U B 11 4 £ JBE AR R 7 YRR R
Wit e b S R R R, B — s ikl
RIS MEE A S R N R MRCR RS T8 9 IR AL TG
WG, ShEEEATR ST A4 2R B & (P>
0.05) o IR LR & 1 B s m ELAT B S 1 o £ 58
PRRAE R h SR MR S B T R SCR A
FPEFR L FE AR B 2 TS (A4 (P<<0.05) , 31 745 91k
PRAMEA Z 5 LS A b A & 28 3.71 Yoo

FH & 1B AT AT, Bl o R b B 38, S L
R MEEE NS PGE TR R
T R I 30 200 6 SR RN T R R Y R U
22 BN K AR AR AR A S PR R 2 s ), 5 AR AL R —
T S R, DR T B A R e R T S
W TR . 2 9 IR BB IR S L 25 A
PIE WU R LA R I A% 1k L B R R I A% - R
T2 RS2 R 1 LI 2R 1 AL 1) 5 0 £ JBE 0 ) e



238 LRI I NI <3 4

S

KT 53.47% .43.43% A7.64% F45.07 %, #hn 3 F
M EAMAELHESEA RS TEA4, 5BA
A dob 41 o] e JBE 2 1 R B BE A N B AR, L
PR AR AR BESCR B W

i /& 1C A1, Ca® " - AT Pase g3 1 B 25 5 Rl vk
B S22 0 AS BT T B AR E, 2D 1 3 IR R LG A
Jii Ca®"-ATPase i 15 5t W1 & T B, 5 6 WK 7k Bl AG 2R
TR TR R . Goad OGBS 2 I , 5
fEERA LY, 25 AL AT UK B8 1 2 i B8 12 UL
KB A HMBR W -G 7 R LSRN E A A
() B TE PE 2 BT B 95.73% . 81.12% . 83.99% .
87.13% o 1R i # 12: WLAE A (1 20 AR s 7% - #8657
RO B NI R AL L, ik LR 2R 4L
il Ca”" - ATPase [ 1 ¥ B i 850 R 5ok B &, 76 7R
il 9 W E A BA A LR B (LS M RUR . Ca™ -
ATPase il 1 P 5 WLER B 11 BRI Sk 35 1) 5 358 25 D) AH
o, B, S S 2 T3 Ca® - AT Pase B 1
(R B ZEAS BT ST th Ca®> - ATPase i i P A 51 5L &
A B ALY

b LD AL, B A5 R Al SR 8, 4 21 fa 5
T B K AR R B LTS R RV R AR
7 U UR AIG PR e 22 7 L T, 3K BIWE(E S 76 26 9 IR
AE IR G IF IR TR . 28 7 IRER RS , 5 7 ff £0 B8 A1
P, 25 2 AR DR B 4] R A 2 LI B
FR AR A% -Hi A 50 RMH S BEIL UR B 4L i £ BE 3%
TR K P %2 9 T T 11.65.8.46.8.67 F19.44,
AH A5 VA, S I LA 28 1 A 1D b v 00 ) 3% v i 7K
PE BT o AR IVLIE B 12 Y B8 3 g K
TRZAR T 25 AL, Bk IR B T AL AR50 9 IR
T PR i £ 58 1) 2% 1T B 7K PR AT S B AT

WE 1E Fros , 4 2RE 50 8 B 3 i R 4
PR b T B 34, Ul B o A A 3 rh fn BE AR
KA TN RS A A BT B S . I 3 IR R RO
Wl S A H U & I E SR %
1855 SRR R 2 05 , 25 1 4 0 58 110 2 1 ok 3
Erg TR A o, B TS O IR ER , 45
2 AR R EE S i A TS Ik LR A
i i A% 1 L3R 8 1 RN R v % - R 15 50 SROB 22 6 1 L
R AL fa R AR L S I B A, BRI
HEEE A TS N B 8% S 2 410 T £ JBE VR RO B ) R v 2
FT ) A B I B 52 (P<<0.05) .

WETF s, 8055 9 R IR AR A 5 , 25 140
PO UK E R IR B U R R RS R

R EEE WU R (A 41 TBARs fH 43 514 119,
1.17.1.08.0.96 mg/kg. 525 FI4LAH L, B8 in L3E 2
FI41 ) TBARs I %A 3% 22 5, LB IR &
FIAN S (2 i 0 B VR sk 72 v 9 BB i 48L4k

PRI , 2 010 3 JULHE 6 1 349 RE A1 1) R ol 2 v £
BESR VMR H & RS M Ca” - ATPase fiff
TR AR R, DR 3R T K T R P R 3 R A
T, BEWI LS AR 1 RR A8 4 h e JBE 2R 1 BT VR
AR F A IR, o m#ak ml ILR E E
HOEUIERIEYES =3 W EB 37 1Vil] K 4 - & B o NS 8 wi Y/
£ BE (0 R 7 B AL IR 42
22 AEEKFENINRZEQX EEFRTEHR
pH{ERF M

P & 2 AT, B R AR U 3 T, £ 88 pHAE
B RGBTV RIS RA S 5 3 IR R LA
AF 4 20 #0 JBE Y pH B T R BB AR A, 23901 R 6.45.6.47
6.46 F16.43, 55 9 ARG 5 4 41 pHAE X 43 51 -7+
$6.95.6.93.6.92 F16.92,4 £ £11 & pH (B [A] 1547 f
F22 5 (P>0.05) , BLEI U & (0] fa B8 pH (%A
UNES AR 11 4 B R N AN e e/ 958
23 AEEKFENINRZEQX EE ST EH
B 58 FE HY 22 i

TR 3T, fo S M e o I 4 R B3 ) 1
SIS T RIS, 25 (AL mBGE NI R (A4 R
T A0 WL AR 20 IR (% - R 5 70 SR BRI
HEHATES O R R LG IR 0 BE 0 B IS 5 43 31 AR
#) 251,410,456 F11508 g-cm, 525 (HAAH L, AL
HEE 1 RE A%t 25 410 1) €00 JBE R RO B ) R v £ SRR R I
5 T B (P<<0.05) o 33X AT g2 PR R Ml i LR &
A — o R 3 B B R il A i e i A B R
EETESG I TR A R SR AR R TR
W RVE R o (AR AR IR IR WS -5 e R
WHZLEEL WU AR AL 58 I 25 AR e f: , i T
B PR A 3 i e SR R BE R LR B 1 S A e R,
117 76 3R M 55 f0 B8 2R R AR T s T B 5
SR
24 AEEKHENINREBXEEFRTEHS
B S ST M 1 R 2 i

i 2% 1 AT, Bl A VR RO S0 B0 n , 0 JBE 56 I
(%) Bl FFITIEL MR 222 AN T i 1 B 4, 5 7 ff £ J56
FHEG 5 9 R R Al 3 5 25 114l Bk LR R
FI2 R i 3% 0k LK R B A R e R - R A
ST R OME R BE L WL B Ay BE B (R IR



5 2 — N ) . VA )
%3 TR S R TORIE RN ¥ i LR AR % fie £ B8 R pal B e 1 9 S ) 239
- N : : Z 20p c .
= £ —=— Control 350k —=— Control . —=— Control
% —— HSP = o —— HSP ?:, —— HSP
g g —— PHSP = ——PHSP 2% 158 ——PHSP
H £ —— PHCSP g ¢ 300p —— PHCSP E E —— PHCSP
4o £ 2= = <
ity 54 250 g
il s =
= 2= 200f LI
= S
EE] =3
1 E150) i
o1 3 5 7 9 0o 1 35 5 7 9 N A
o Rt Rt
Yhe gl Vi
iﬁiﬂﬁ(}\& Number of freeze-thaw cycles Number of freeze-thaw cycles
Number of [recze-thaw cycles
_ D E F
. 26, . 35 . 1.4r
= 24L —a— Control ,::L = 30 = Control i~ E —a— Control
Toooof —eMISP £z | —e-nsp <5, L —o HSP
B ST apuse 28 5] —apHSP EES —— PHSP
T2 200 =-PHCSP 5% —PHCSP @zt ' —PHCSP
25 e 2 Y
B 16 2 HEs
E = B 2ZZ 0.6
XMoo 14 g AR
E T : 227 o
A X a wE 0.2!
0 L L . L ) = . . L L L L
R . ) 0 T 3 5 7 9 0 1 3 5 7 9
Yh: il v F
R R PR

Number of [recze-thaw eycles

1

Number of [recze-thaw eycles

FRERAENEFEHAEEASEA . BHRESE(B).Ca”-ATPase BiF £ (C) R EBAME(D) .

Number of [recze-thaw cycles

EARHEESE(E)FTBARSE(P BTN
Fig.1 Changes of salt soluble protein content(A),total sulfhydryl content(B),Ca*-ATPase activity(C),
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Table 1 Changes of textural properties of surimi during freeze-thaw cycles
£ty i .
Index Samples 0 ! 3 0 7 9
Control 2600.00£7.35bc 2 490.40+98.55ab 2 253.84+91.59ab 2 087.64+62.61ab 2 005.334+95.85ab 1 781.63+14.18¢
/g HSP 2785.71432.73a  2618.46+93.23a 2339.19+29.16a 2 183.54+47.31a 2138.82+15.90a 1952.68+26.19a
Hardness PHSP 2718.06+12.50ab 2 515.03+104.76ab 2 273.44+66.97ab 2 096.53+66.71ab 2 065.86+64.03ab 1 908.84+92.94ab
PHCSP 2781.19488.47a  2634.39+£55.08a 2 344.144109.07a 2207.51+£9.76a 2 187.30+43.81a 1976.161+27.98a
Control 0.91£0.02a 0.92+0.01a 0.90+0.02a 0.90£0.02a 0.94=0.00a 0.9370.00a
P HSP 0.93=£0.00a 0.92=£0.01a 0.91=£0.00a 0.91=£0.01a 0.94=£0.01a 0.93=£0.00a
Springiness PHSP 0.934-0.00a 0.90 0.01a 0.9140.00a 0.91£0.01a 0.93 0.00ab 0.9370.00a
PHCSP 0.924-0.00a 0.9140.01a 0.914+0.01a 0.9040.01a 0.924-0.00b 0.9340.00a
Control 0.824-0.00a 0.7840.00a 0.814-0.00a 0.814-0.00a 0.814-0.00a 0.7940.00a
R HSP 0.8140.00a 0.7940.00a 0.8040.00a 0.804-0.00a 0.8040.00a 0.8040.00a
Cohesiveness PHSP 0.80=+0.00a 0.790.01a 0.8040.00a 0.8140.00a 0.80=+0.00a 0.80=+0.00a
PHCSP 0.8140.00a 0.7840.00a 0.8040.00a 0.804-0.00a 0.804-0.00a 0.8040.00a
Control 2009.07£1.97c  1856.47+96.11c 1662.924+12.35bc 1 580.57+63.87c 1556.80489.12bc 1 360.73+13.36¢
NELIE:/ g HSP 2080.80+37.61b  1919.13+66.41ab 1735.96414.12ab 1629.11+14.12ab 1 608.91+24.04ab 1 552.74+27.06a
Chewiness PHSP 2080.21£19.81b  1923.45487.60ab 1691.1647.17b 1637.72£41.63a 1584.20£38.67bc 1497.57466.78b
PHCSP 2104.86+60.16a  1935.224-53.40a 1796.264-10.59a 1639.08£80.49a 1612.56--83.66ab 1 588.76+-45.37a
Control 0.53740.00a 0.49-+0.00a 0.5140.00a 0.5140.00a 0.5470.00a 0.52740.00a
Il 52 P HSP 0.53740.00a 0.49+0.01a 0.5140.00a 0.5140.00a 0.5240.00a 0.5370.00a
Resilience PHSP 0.5240.00a 0.5040.01a 0.504-0.00a 0.5240.00a 0.534-0.00a 0.5240.00a
PHCSP 0.52740.00a 0.49-0.00a 0.5040.00a 0.5140.00a 0.51£0.00a 0.5240.00a
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Fig.4 Changes of water holding capacity of
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Table 2 Changes of color of surimi during freeze-thaw cycles
{7 e X T
e FEfh 0 1 5 7 9
Index Samples

Control 81.91+0.36ab 80.64+0.26¢ 79.59+0.38¢ 80.38+0.56a 75.72+0.30c 80.92+0.21ab

Iz HSP 82.22+0.40a 81.28=+0.1b 81.01+0.74a 81.92+0.47a 77.59=0.30ab 82.01+0.43a

i PHSP 82.97+0.23a 81.36+0.62ab 80.81+0.99ab 81.78+0.14a 78.16+0.41a 81.37+0.45a
PHCSP 83.24+0.55a 82.0140.20a 81.27+0.49a 81.32+0.63a 78.40+0.41a 81.90+0.65a
Control —1.7340.09a —1.7840.02a —1.75+0.04a —1.8240.05a —1.9340.09a —1.9340.03a

. HSP —1.850.06ab —1.7740.04a —1.75+0.08a —1.6640.04a —1.91£0.04a —1.91£0.04a

a
PHSP —1.830.03ab —1.75+0.11a —1.70£0.03a —1.7940.03a —1.90£0.04a —1.9240.02a
PHCSP —1.82+0.04ab —1.79£0.04a —1.72+0.01a —1.8040.03a —1.94+0.05a —1.9240.02a
Control 4.1340.49b 4.1740.18b 4.21+0.19b 4.3340.17b 4.5640.76b 5.144-0.07ab

b HSP 5.08+0.08a 5.12+0.09a 5.154+0.06a 5.43+0.13a 5.11+0.09a 5.63+0.09a
PHSP 5.20+0.14a 5.22+0.11a 5.174+0.11a 5.23+0.11a 5.31+0.15a 5.36+0.06a
PHCSP 5.06+0.29a 5.26+0.21a 5.45+0.06a 5.58+0.29a 5.58+0.28a 5.67+0.09a
Control 81.11£0.42ab 80.17+0.22a 79.08+0.37ab 79.83-£0.58b 75.21-£0.43b 80.16£0.22a

w HSP 81.21+0.40ab 80.53%0.11a 80.25+0.71a 81.05+0.47a 76.94+0.29ab 81.07+0.42a
PHSP 82.04+0.23a 80.6440.57a 80.05+0.94a 80.96+0.12a 77.49+0.41a 80.56+0.43a
PHCSP 82.12+0.45a 81.1740.23a 80.42+0.47a 80.42+0.68a 77.67+0.35a 80.95+0.63a
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Effects of different recovered sarcoplasmic proteins on freeze-thaw
stability of silver carp surimi

DING Jiaojiao, HUANG Qilin

College of Food Science and Technology ,Huazhong Agricultural University/National R&D Branch Center
Jfor Conventional Freshwater Fish Processing ( Wuhan) , Wuhan 430070, China

Abstract The effects of different recovered sarcoplasmic proteins (SP) (HSP, recovered by heating
flocculation; PHSP, recovered by pH-shifting flocculation; PHCSP, recovered by pH-shifting/chitosan
flocculation) on the protein denaturation, protein oxidation, lipid oxidation and gel performance of sliver
carp surimi during the freeze-thawing cycles were studied. The results showed that the addition of SP recov-
ered by different methods all could inhibit the decrease of salt-soluble protein content, Ca®" -ATPase activi-
ty, total sulfhydryl content and the increase of surface hydrophobicity of freeze-thawed surimi. And HSP
showed the best performance among these three SP.The results of protein carbonyl content showed that the
addition of SP could protect surimi from protein oxidation during freeze-thaw cycles. However, compared
with pure surimi, the thiobarbituric acid-reactive substances (TBARs) value and pH value of the surimi
added with different recovered SP did not change significantly.In addition, with the increase of the number
of freeze-thaw cycles, the gel quality of surimi deteriorated seriously. PHCSP could protect the sliver carp
surimi from the gel degradation of freeze-thaw treatments.

Keywords recovery method; sarcoplasmic protein; surimi; freeze-thaw stability; protein denatur-
ation; lipid oxidation; gel degradation
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