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MHEMEHKAETE, MAS0C ET5CZATERNEREE TN AR TSI, TR RN, I
Fo R B SE S MR B E T HE A LB THRGALY, A8 CHEARSIE, 544 122574 g, 158.86 g 4=
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Effect of Heating Temperature on the Gel Properties
of Shrimp Surimi of Penaeus vannamei

DING Chenhui', REN Zhongyang'?, SHI Linfan'?, WENG Wuyin'*"

(1.College of Ocean Food and Biological Engineering, Jimei University, Xiamen 361021, China;

2.Fujian Provincial Engineering Technology Research Center of Marine Functional Food, Xiamen 361021, China)

Abstract: In this study, heat-induced shrimp surimi gel was prepared from Penaeus vannamei. The effects of heating
temperature on the gel's formation properties were evaluated by examining its texture, microstructure, and swelling rate.
The results revealed that the storage modulus and loss modulus of the shrimp surimi gels decreased as the heating
temperature increased from 20 °C to 40 “C. Furthermore, shrimp surimi underwent a transition from a sol-gel state to a
thermally irreversible gel between 50 “C and 75 °C. The textural hardness, breaking force, and breaking distance of the
shrimp surimi gel initially increased and then decreased with increasing heating temperature. The highest values were
recorded at 89 °C, with textural hardness of 1225.74 g, breaking force of 158.86 g, and breaking distance of 9.28 mm. The
water-holding capacity of the shrimp surimi gels peaked at 94.28% at a heat-induced temperature of 89 °C, decreasing when
the temperature was either raised or lowered from this point. The L" value of the gel decreased with increasing heating
temperature, while the a” and b” values increased. No obvious changes were observed in the myosin heavy chain and actin
bands of the shrimp surimi gel treated with different heating temperature. A dense and orderly network structure gradually
formed in the shrimp surimi gel as the heating temperature increased from 86 °C to 89 “C. However, the network structure
was disrupted when the heating temperature was further increased beyond 89 °C. Additionally, the swelling rate of the
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shrimp surimi gel increased from 32.89% to 118.97% as the heating temperature rose from 86 °C to 98 “C. Therefore, the

shrimp surimi gel prepared at 89 “C exhibited optimal textural properties and a stable network structure.

Key words: Penaeus vannamei; heating temperature; shrimp surimi gel; gel properties; microstructure
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AR D7 0938 SRR eI 5 & 2 AR 75 2051
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kAL KR, 2023 AEFRAH BT I ik 224 JTmER,
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i R T b, 2 [ 2 A s T 08 R AN T AR 22, 3K &
¥ v xS R I P 45 S5 AT IR . Chen 451 #4857
TR (75~95 CHALH T XSGR MP EEBL I AL,
KINITI(85~95 °C) <=5 | AL B (Tt 3 SRAE(H BENL
PR 4% 235 A4 6] 1 22 BRI 55, S EBEIR S R 451k . Li
L RS, 72 100 °C T il £ 10 fifh £
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JEBRRE A1, LA LGN U Sy 5ok, PRI ANHAGIR R X
IR BB BE IS 10 5 JRE 50 3 . TR 285 40 FI R Bl 3 4 22 4R
FRASFENN, B W BH R EE 4B e P 5T 32 AL BE 1) 5
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HEESFE S
1 MREFE
L1 MRI5ER

B UR FLANEXTIR IR Rt T & MR A
BR 2y 7l 5 + ke e AR AR 40 ( sodium dodecyl sulfate,

SDS) . &L (fk2g4l) 52 Bio-Rad A H]; B
iR — SN SRR A AN PERR AL TR AT R w] H
UNE B ) Pl s T TEA T

MQ335 FHrCRHIHL i et IR A
BN F]; BHS-4 BUm fE iRk s b s M FE 35
AR A BRA ] DHR-2 AR 22 E TA {XH%
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15 min, $il85EFEEAIL . TR RRAE 10 °C LA
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HETABLEL (4R 30 mm, =B 60 mm) H . ARHE SCRR
FIE 1 0 BEEE S B AR IR BE 90~95 Cl 3, 4L 4
SEHHBIX SRS T 7K RIS 45 (98 °C), BT
PEE T 86, 89, 92, 95 Fll 98 °C HAIRJE BRI
JInFAE R X IR R i B SR R . R A RS I
SETRJE T /KIS 15 min J5, SCEIFEZE 40 °C KB
R 30 min, B/ BBSHEL T8 IFEPRINAE o
1.2.2 WASPERTAGMIE o A AR 4SO e R B T I
P AS T o IR BE S IS B P A T TR R B (] i
A1 1 mim, A5 AT XA AR PO JE A T s BT LR
IKGYZE K . DAERTRIH 0.01%~100% B BT HI W 28 A
10 rad/s [ FATRRSEHA B S O ZePE B DX hk, SRS
P U BE I A E LR P ERE P IXFE B P LA 5.0 °C/min YT}
TR T 20~100 °C YRLEEFHE, I W0 KR BE s IR it
BRI (G FIHRFER (G A8k
1.2.3 4=Jfifh)(texture profile analysis, TPA ) I E
225 Fang U (7, TE =R FAIHZERD P/36R
FE TR 1149 Jo ) A SOXH R JBE B JE 1 E A 3 22 P AU 46 11
MG, KPR BEBE ST — VI B 30 mm [ [RIAEAA
FETHLSPFEIEF R, fikk HEEEN 5 g, K
R4 P e A I AR = B Y 30%, (BRI EN 5 s,
I HT AT A B 48 1 mm/s, 383k B Ry
5 mm/s, CSAEEE  NHEHANSPESE TPA S48,
1.2.4 BERCSREEMIIE  S%4 E5 W5k, 7E
FEiE AR P/5S BRIZARS () JSTA SO 5 R BE
FR A BEERC R o fil R JIBEE N 5 g, SERINRE R E R
20 mm, DA 0.5 mm/s {4 3 B X MR BE BE ke (755
30 mm) PEAFEERI NG . (SRR ER B IS 1A U ) R
WTIE
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1.2.5 ZKROFSHRmgIE SR B2 TRk I R R
BEERY Ko E b . MERRFRER 2 g ZeAq MR BEBEIE &
FHIEAFRE ML IFTF 105 °C B FHEEEE
e, BB AR IARE
1.2.6 FrsKkPE(water holding capacity, WHC) {3l &
ZZEMIEN TS vk, AEFRFREL 2 g ZE A Bk
IRUFEEEERE (W), £ = )2 UE4CEL S B T2 O IRHS
FHATES L (4 °C, 1000xg, 15 min), B .O45 R G RE
HFBEBEIE B (W) o FR S 25 MR JBE B iy -7
KM
W,
WHC(%) = Wlx 100
. W, FOoRIFBERERE S O RTH &, g3 W, R
WREE BN . O S, g
1.2.7 GEPFEMIE  7EER T, FIAEE A 22000
HTR B8 BEJRE 1 (0 9 R AT DU 5 , ) 2 B {5 A 14 P AR
(L"=96.79, a’=—0.28, b’=0.34) M B #z (L"=0.08, a'=
0.09, b™=—0.03) X (A 22 AL EAT R o, I E S H AL 4 -
LMECGEEE) . a"B L) pEGEE) .
1.2.8 e ik i IR BN -2 VY M IR i B B H UK
(sodium dodecyl sulfate-polyacrylamide gel electroph-
oresis, SDS-PAGE) =% Zhang 25" 15, KR
BE B L 5 f# T3 44 20 mmol/L Tris-HCIL, 2% SDS.
8 mol/L R 2 14 7T %5 M & ( pHS8.8) H, F| FH & .0»
(10000xg, 15 min)FS-2 Y _E 75 VEH B E KR 5, R
JHHBE R 5 g/100 mL 94 i A1 8 g/100 mL 143
B AT HIK . VKGOS, BRI IR T 5
2 s WE gL AU T R, P S TR S PRI
AT I A
1.2.9 TS WS 53T 53 B o R BE Bt Jie
Y) % 3 mm=3 mmx2 mm A, 12 W TE S T
(2.5%)HJ 0.1 mol/L BEMRELZE Mk (pH7.2) H I
T 4 C HEEFEE 1 d, M5 0.1 mol/L BfRihse
R (pH7.2) B LA ZSERER BE 10 I I, PRE8Pibs A
BEBE K T XPAE S BEAT YR VR TR . IS R T
9F i % 4 I AE 1 3 H T 42 7% BE (scanning electron
microscope, SEM) T2k 10 kV B9 H R 4T
FI A Imagel FA4EFN & FITHOEARIE AT 5B
#44 (fractal dimension, Dp) o
log e
D; =D+l
o N RIRTE—& L] (o) T BRI & 755G
D Fi D, 43 AR 4ias (0] Fl = 4E=s [A] i 50 TE4E%L
1.2.10 HKRIIE 275 EPHHERT 195k, ik
AR/ INIE PR BT, IR AR R B 5T, 43
SXF R U R = P HR BEABEA T A o AR A=K
T AREE B KA

V.-V,
Vi

. V| TORUFEEBEREWIAE AT, mL; V, &
NI EEEE R AK S5 AR, mL .
1.3 HIEALIE

SEIS B LS E AR E IR 22 RTE XFROR, SR
SPSS statistics 17.0 #{4iE17 Duncan £ 5, X Z 4
AT TET, E KSR 0.05,
2 FER5Hh
2.1 MERARKISISRT S

it AR e (G A AR & (G™) 43 I R EE B 1Y
PRI LR R, B E G G RENS T IR
IR PR BEBEIRTE B AR ALAFIE . & 1 o= T
PR ST FLANTEXTHREREE GV GRYREN . BEZS N
TR 20 °C T E 40 °C, FEEIRIKIY G %,
IR R SRy MR BE LR B 1 e R = A AR AL B BR R 1
R SR, DN EEE G5 AT B IRR . FE 40~50 °C
IR AEFEIN GRS R BPIRES, AW T Zhang
LRI 5T HR A8 0 LN I X U SR BE R AR PR R H G
TE 48 °C oAy i HLEAE, iX P BB 2 i T AR 98 R
JH B 8RR HR Py TR PR 5 2 TR 1% 98 ( glutamine
transaminase, TGase) 7% H B ALY . Jiang 55
WFE RGN TGase {8 FLAATEXTHREREE G'7E 45 °C
o6F 3 P DL HE BT v 2 R AR 3 T WLBRER A 3SR
BEWRACIIN o 24 InBEEE N 50 °C gk&eT R, GE T
BHEINITF 75 °C LA TG TR, FREREEE X
IR EE T IR IE e e i BE RS 45 - 31X 5 i fa o R
(75 °C)HP FuBnarhrH ik fa gg (75 CHPY HBERfL
AR, FRIA T FLANEEXT IR REEPRIFS S EEIRTE
JY TR R 5 BEAR SISl A T IR A R R R JE S
G fbaRS G'I, (B GHIAZAIK T G'H, 3=
B R BE S 1A )7 SRR R B R e o

B K 2 (%) = %100
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Fig.1 Effect of heating temperature on the energy storage
modulus (G') and loss modulus (G") of shrimp surimi

22 PGERESTEEERL R (TPA) BISN

2% 1 WoR, MR EEEE S 4 58 B RN nE g4 B D B
FEm TR R B E TS TR, HohrE 89 C K
il B8 1) SR A8 3 FITREL RGP Y e R, 98 °C T ilil48 1Y
TR JBE 58 Je A B RMPELIEEE L 89 °C T fhil £5 i MR BE B i
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Table 1 Effect of heating temperature on the TPA of shrimp surimi gels
SRR (°C) TR (g) NELIEE () NI [l P L

86 1149.98+23.74° 896.36+27.30° 0.8440.01° 0.5740.01% 0.924+0.01*
89 1225.74+11.60° 938.07+14.00* 0.8440.01° 0.5740.01% 0.94+0.01*
92 962.08:+9.82° 766.90+11.55° 0.85+0.01° 0.58+0.01° 0.94+0.01°
95 870.47+5.96" 688.40+2.24¢ 0.84+0.01° 0.56+0.01° 0.94+0.01°
98 589.59+£51.51¢ 469.32+52.10° 0.83+0.01° 0.54+0.01° 0.95+0.03°

T A — SR [R/ING SRR R 25 57 1 35 (P<0.05) ; #2~23 A,

SRR ET 51.90% F11 49.97%., JfH., ¥FEEEER Y (A) 907

DAY SR R [0 A P B 2 DA TR 8 %) T2 0 B 553 114 _

st G FLARAE RS BT IIEIELEE (50~90 °C)R S I SRS S S

$ PB4 BRI 0, TS S SR i )

PRI LR B T AR R T " ™

B FURBEEE (BRI ITIE  =LE R SR, UFBE <§ s

IR AR 26T BEREZ AR RS 4 T i b, 2k

R P IR, A 30 R A TR IR T BEIE I 2% 20

Gk AEASTIFSE PSS I O 80P AL e

M AN 3 25 (P>0.05), I e 7E 30% 45 Lk iilis% ®) 1004

1R MR BE SRR IE 114 P 245 L35 ) o 22 SRR

23 DA XN AT AR R R ok BB S .

JINEAIR JSE X SN JHE VRIS T T I TR 25 114 501 Sy

W 2 iR B IR A T s, M58 R IE 1) e 85

T 3 TRV 55 2 LS 9 A 5 sl I 14 e 3, e ) £ g0

FH 89 °C /KA A £ B9 U JBE B JE 10 T 1 ROV D o]

B X T RE SR PR UUSET 4k 25 1 g K S % .

Ak R ER A UE T LBEREE AR EAE AR s 1
LXK, T ey it 75 T 1 e R SR AR 2 S BB N 4%
LERIRIR . AR B SR o H B E PR A BRI (75~
95 °C) XTI ¥ A WLt £T 4 55 1 5 Jis 5 32 10 32 i 20
PRI, 75 89 °C T ANFRAT I T i 3 BE %) PLAN X HR AR
BEEE I

F 2 TIAR X U R AU 3 A W B 1452
Table 2  Effect of heating temperature on the breaking force
and breaking distance of shrimp surimi gels

JnFELEE (°C) W 71 (g) KT 25 (mm)
86 133.54+3.45° 8.000.08¢
89 158.86+6.51" 9.28+0.15"
92 133.59+4.02° 9.10:£0.08*
95 121.49+2.84° 8.50+0.10°
98 113.61+8.10° 8.19+0.07°

2.4 fNFRESHRERERIK & 2K MRS
N [T, B X o B R AR 7K 43 B AR K 1
SN 2 s, YIHWREBE TS 2 89 °C B, HREE
BHRHIZK TSN 82.97 g/100 g HEHNE) 84.32 g/100 g,
T HE—2E 3 = AR B MR BEEE R /K 4 & BTG B 5 AR
fHo BRI RInFAEENS L UEER (15 i 254 JR T & 2k
A EAE MRS XS K ST SRR 117 55—
T, HRBEEERE R K AR IR Ry 89 °C Bk E 5
e, BEATRES T  vs AL B 1A S5 R BRI IRe i dss 7k e

86 89 92 95 98
IR (°C)

K2 Il R XTI AR BRI K 73 1% i (A) FIR KM (B) 5200
Fig.2 Effect of heating temperature on the water content (A)
and water holding capacity (B) of shrimp surimi gels

H: AFRVNG FRERR R 22 5 B 3 (P<0.05); [ 5 [,

R 3K MR EE RN A AR FNBE v R A A A
B, FRUIBUR BRI N 25 25 A RS R 2 T 20K 431,
T IR BRI LS AR S RS
2.5 PR EXTAREEEAS & iFHI RN

2 3 MR TASREINPGIR T SR EE BRI (P Y L
o WFBEBEIIY) LR A AR 52, o Hl
ARIFGLLE R, b R R AR LB B T
IR BT, MRS BRI LB AR, o F1 b EIE N .
IXERIA T RS SO BE B IR (1) 5 S RRAR I (e
EFEILL, ST EAE . AUITEHGE, FFEEREIR Y5
JE S BRI 8 SR B EAT O, BURRIBEIRE M 2545
F S A MR BE B 1 s BE S R DALt MR JBE R 1Y)
LEFEAR AT BEJE th TR EE ) T i A B I 2 45
FAASASRATI, TS T XGRS ST RE T . HFEEBEIKE
14 @ FIl b AEIG ] BRI THF R FHaRT 2R S A BTk
JIg JE ] BT SR VRO B EREAEE Y FEIF TR
AR X NI SR EAFE R, SRR oL b ETT
= AT T A5G SRR ZR N S AR il B 2



4785 5H 3H

THREE , 25 JEAREERT FLAATE A SRR BEBERL MR B i 5 <113 -

3 MBI X IR BE BRI (I 5 R
Table 3 Effect of heating temperature on the color
of shrimp surimi gels

) DR
JPGREE (C) - "
a b
86 76.59+0.58" 8.06:£0.24° 8.34+0.43°
89 75.4240.16" 8.2120.04° 8.61+0.11°
92 74.51£0.19° 8.33£0.30™ 9.51+0.19°
95 73.53+0.36° 8.94+0.35" 10.1620.04*
98 71.86£0.21° 8.75+0.12" 10.31£0.26

2.6 MNFGREITHNEE ISR BHE S RIS

I SDS-PAGE 4387 1 il H4 il B Xo) B J58 B Jise
FEEHEm(E 3) ., IREEEEAR Y BT H 4T
A145 WUEREE 1 B2 4% (myosin heavy chain, MHC) . ]l
sl 1 (Actin) FE JLEREE F (tropomyosin, TM )91,
TEARIS JFUIRZS Y SDS-PAGE b, SFEESEIKE E 25 A
MHC. Actin 1 TM, DL R A REHEAULH I 1 /=5 7 F
w359 (high molecular weight fractions, HMWF) ,
SR, AN RE IR 5 | AL MR BERE e AR I 2H o R 2B
B S . EIEJEUIRZS 1Y SDS-PAGE H7, M 45 52 TH
HRAY HMWF 2% 17 ¥k B B (20 55, 1 MHC 2577 il
Actin Z570 S B g0, FREHURBESE RS MHC 47
T5 Actin 437 FEGE T THTESCEIE L HMWEF
2.7 fNFGRE I ET R BB M LA RS20

IR 8 B S AW ZH 2R 25 A A 1] 4 T o ETBOR
500 £%14 SEM E H, & ERZE 86 °C il #5119 MR BE BE e
HABH W AFLER, FLISRBES I FAELRE (9 T i o
FECE BN, 98 °C T il £ MBS o 25 4 44y 33 %)

AR SRS HJFURAS
) 1 T 1
- & F R e e e e et et —— HMWF
kDa AAAT
200 — .. —
S0 o MHC
120— 1 1]
100 — e ¥ 1 ! ! ‘R 4
85 —
70 — oTITI Y I e e e e
60 —
50 — -
. 3] N S e B8 B — Actin
40 — ’Ju“. 4
“SREEE SsEREn v
30 — -
M 86 89 92 95 98 86 89 92 95 98

JIRIREE (°C)
P 3 ARG X R B e £ 11 23 (5
Fig.3 Effects of heating temperature on protein patterns
of shrimp surimi gels

e M: ARERE H ; HMWFE: 54> F 3R &4); MHC: LERE A &
#; Actin: LI H; TM: FENIEREH .

AR . ZEHCK 8000 f5H SEM El i, & B 25
PURE M 86 °C _FTFFZ 89 °C, MFEEHEHR: M4 4444 rh
REURR (%) R DR A 20 SRy B0 00 LR M i B i — 25 7
151, SRR I RS AR . O T AR R BE R IS
P25 25K A BCE R, R M E4EE0 (D) Xt SEM A
G UEATEAL ST, o D (BRI 3 R 5E I 9 465
ZEARREOE AT, G5 IRERI, 89 °C il MR BEE
AT e R D AE, £ BE SRR EE () T i SRR AR,
D, H ) H BT BRI RS . 2 3 55 R R i 1) i
FE WK T RTINS — 3, RIS 2
AN BE BRI (L IR BT I SSUR AT T3 10 I 28 2544,
THE T4 o MR R B IS P4 4 B I

14 T

14

13F . 1B3F . 13 13 13t .

5 D~2.8676 D~2.8925 D=2.8742 D~2.8670 D~2.8426
Y s S0 i e
S S 3 S S
w9 w9 w9 e @9
T8 T8 T8 T8 T

7 7 7 7 7

6 6 6 6 6

0.5 1.0 1.5 20 2.5 3.0 3.5 40 45 0.5 1.0 1.5 20 25 3.0 3.5 40 45 0.5 1.0 1.5 2.0 2.5 3.0 3.5 40 45 0.5 1.0 1.5 2.0 2.5 3.0 3.5 40 45 0.5 1.0 1.5 2.0 2.5 3.0 3.5 40 45
log (box size) log (box size) log (box size) log (box size) log (box size)
86 89 92 95 98

IPGELEE (°C)

P4 i FAGELRE 0T 0 JBE RIS TROULES KA A 73T ) 52

Fig.4 Effect of heating temperature on the microstructure and fractal dimension of shrimp surimi gels
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2.8 JNFEE SN ERE AL B R AR

E 5 WoR T N EGE BE T U BE EE R K R 1Y
R, WREEFE 86 °C RN NFA 15 min J5, I K RN
32.89%, JBlE D PR EE B9 FH R B Wi K. Xl
TP T SR SR T BRI PR K S0 2E & AR AR
Hhi, FECFLER RGN (K 4) o I - =
98 °C., WFEEBEHE NP7 R 2R IS, Pl BEME T e
Do) 225 AT B8 [ 1, S80folT L — AR 25 Ay 2 A= 43 I
3, T S B IKCRIRIE Z= 118.97% (& 5) ., X—4%
FAAR AL 2 T80T MR BE B g ro) e 5 RN AL WA A 2 b
FREAR(ER 1) o ZERIA BNt ) BT I SRR B X i
BRI EN K EERR 52 M, (R TR IR A A DY S ZE 7 )
R E AT BRI . G5 RREH, ARBEEERS KA T
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