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Abstract: This study aimed to investigate the cryoprotective effect of gelatin prepared by hot-pressing sturgeon cartilage
(SCG) on myofibrillar protein (MP) in shrimp surimi, with the aim of improving the quality stability of frozen shrimp
surimi. In this study, different concentrations of SCG (0%, 0.5%, and 1.0% w/w) were added to shrimp surimi and
compared with traditional commercial antifreeze (4% sucrose+4% sorbitol). Changes in minced shrimp quality and gel
characteristics during a 60-day freezing period were systematically evaluated using sensory analysis, texture profile,
colorimetry, water holding capacity, pH, TVB-N, TBARs, and protein content. Concurrently, MP structure and
functionality, relating to shrimp integrity differences, were analyzed by determining total sulfhydryl, active sulthydryl,
carbonyl, and disulfide bond content, alongside circular dichroism and endogenous fluorescence spectroscopy. The results
showed that the addition of SCG improved the elasticity and gel strength of minced shrimp, optimized sensory attributes,
and enhanced the water holding capacity. Meanwhile, SCG slowed down the oxidation of MP during freezing and storage,
reducing the carbonyl content of the oxidation marker and increasing the content of antioxidant-related total and active
sulfhydryl groups. At the 0.5% addition level, SCG showed the best effect on the improvement of gel properties and MP
oxidation inhibition of minced shrimp, even better than traditional commercial antifreeze. After 60 d of freezing, the gel of
minced shrimp with 0.5% SCG increased 43.30% and 14.36% in elasticity and gel strength, increased by 12.73% in water-
holding capacity, 12.90% and 34.39% in total MP sulthydryl group and active sulthydryl group content, respectively,
decreased 27.08% in the carbonyl group content, and increased by 21.21% (P<0.05) in Ca**-ATPase activity. In conclusion,
the addition of 0.5% SCG had an antifreezing effect comparable to that of commercial antifreeze and was able to effectively
slow down the protein denaturation of minced shrimp during the freezing process and maintain its good quality.
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AR VRS I T2EBB0N SRR R P ZH LA, 2
TS 20 B SRR | KR R T S A 55 () il ), S
(1) R BE BE R G546 25 A i) T It K], X R B8 ) i 1)
JBE B 2 TR AR . U LT 4R
(myofibrillar protein, MP)AE A HIREEEE L X 265 25441 119
AZ Uy 2 B 43, HRRE M B DG 2R 37 i Y e 28
JBto H TR ARG AR T o A R R A B inJs],
MP S A UL, AR AR S 5L 5 oD |
TN FAG K P ERE T R B SRR IR AR, Xl
FECT BRI OB ERR SR BT 5 AT

BINPTZRFA S — A ] LAY S2 8 BE v R AL P24
MR BEEERE DI RETE BT A RO e ARGERDIPTARF
TEEeRE . RENE S L AUERE RSB, BAE R
HESE T VAR HREE BT A, AH R TR b
T BT AR, AR IS R R A7 45 T A g X
57 o PRLMG, R TR i R BRI AR LR 2 AR
Z—o PRI 5 PR 2 IR HU R A 8 5 A
HEZE ARG, TEREAR VKX 88 A S5 R 45495 Tl e
PR 2 OEHAOT 3 SRy MR BE ] o BV AR R BT A
PUASH ROFZ SR AL TR A .

VTAER, WS B HE K A ) AE eAC 35 1 il o A e 1
SyiRrPERe )y BT H 253 220 JLEegs g SR
P8 B S K HAT AR ) HAT S 35 PR T 1R it A v
AREE BT AR, T RT LU RGE SR A 1 B S AR Y

FALIERRES . FLF RTINS, SR ARG A B
K & BH JBZ ( gelatin prepared through hot-pressing of
sturgeon cartilage, SCG) F L T R A MIPTidkRas .
BT Y RXTEREE R UR D OB ST i 2, ARSI B R
5% SCG XTUREE AR A rh e AR L AR f b A 2R
A S 45 R sE i, LA B REAEZK ™ S m) 4o
BT PR R AR
1 MRERE%E
1.1 MRS5E

B R S AXTIE T 5 B IR B T i B gk
B MEMEE K R T A A R F]; BCA &
FAM R . 2R P S A AR &L BB
RIS AT B db RS SR A BRI
HfME Ca®-ATPase HMHEIFI & B RHH
RIS 25 A FH A LAt A2 24 i R 340 Sk =L = 4T
575 S

PF3010 & s ZUIReHrHEdL L AR I et 55
#8A PR\ 7 ; TMS-TOUCH FE#{¢ & HE FTC 4
F]; H5-21KR 5 b m dR dR s oL i1 n) alif
PR RRAN F]; NR6OCP s a254% I = Bk
BHEA R F]; UV-2550 854807 W46 H
ALY T] F-4600 NIRZEO GO HArgr
P HS (M) A PR H] 5 J-1500 [ AR HAR
JASCO 7%~ 7]; DR-5000 FigfR % )8 A TR
ARRAF S EZRVROK R 5 S AR AT BR
/NI
1.2 LWHE
1.2.1 SCG BY#EHL 2% Hou 5P g7k, Fitdtn
BB B 0.5 cmx0.5 cmx0.5 cm BY/NEOIR, T BE
T )5 A 0.1 mol/L iR iR &AM M LA 1:6(g/mL)
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FEBIE LEIR IR 30 min, FHZER/KBEZR T, 15
FAERIFREH NS SR TZEIE T 0.1 mol/L Y
BRIV MR LA 1:6(g/mL) 19 8L MR 1Y I3 Y0 3E I 1
30 min, FHZEIRB/KBE = P, B 57818 K L
1:4 BRI ELIR A&, IUEZE IR KB P T 115 °C #4
JE 30 min, £ 8000 r/min B5.0» 20 min J5 5% &
W, WA TR RIS SCG(FE M &4 88.18%+
1.88%) .

1.2.2 KA S tlE R EAXTIRIA)S,
WU IRorA 4 . A 1 AR FIIA 1% Bk
(w/w) FTF UK FHrFEL) 5 min EUFEEYHN A 594
PR, E R Ad . BEE FRERAES M 5 3 dhEshn
1% E & (w/w) I IR I A I AR MY PR 71 2H (4%
HE+4% L BLUPEEE, w/w) . 0.5% SCG 2H(0.5% SCG,
w/w) . 1.0% SCG 2H (1.0% SCG, w/w) 1EVKIE T &
FE 5 mino, B HIE A I ERBEBLA-20 °C H ST 1R
SEH, ArAIHE 00 15, 30, 45 Fl1 60 d UL XTI ARE S o
1.2.3 URBEBEMCHIA A3 a5 L MR BEAE S AR
B 1 em WEIATEA A S, T 40 °C /K1 Hin#k
30 min Ji5 5T 90 °C /K#Hhn# 20 min, G A VKIK
M SIEE

1.2.4 VR AREEBE S ERE PR AR LIRER 20 4455
AT S AR 2 U B PRSI, BT 7
BT REEG M, ARPER 1 R, RN E =TJF
THDXAS [RIZH 5 4 U BE B A IR B P43

F1MMEEIRERE D

Table 1 Sensory rating for shrimp paste

bz WorbRiE SHE)
QU BESLAATL 7~10
BV S — i, MR FATEC 4~6
IO, P 0~3
HRERAE SR IEVR AR, TS0k 7~10
AU B UFRYRHIERIE, WA S0k 4~6
HRAYFRETR I RR S BA, HA i Sk 0~3
B ARIERLL G, R H 5 7~10
i B IBIRAERFLL A, B0 1, A E 5] 4~6
JLTFBATERLL G, BUEARER, S A5 0~3

1.2.5 SCG XU EEEE I B R bR 52
1.2.5.1 JTkgME 2% Zhang 510 (500 EE
BB, BRI 2.5 cm. BHAZ 2 cm WY RIAEAAR,
SRR A TPA FIEE RS 3 B R 7 HEA T 7 , 3R
TR | S . ORGP © MELE PR RN e 0 B A B
TPA ZECUN R : #55:3L24A P1, K3 BF 60 mm/min,
HLURT1 0.2 N, AR B 60%; HER o RS HANT .
BESL YA RO.S, A)i# ) 60 mm/min, E4H5 7 0.2 N,
JEAR = 60%.

1.2.52 20 KRG YINEY 2 ecm JEAYEDA, 38
2O L (GEE) | a" (L1 b (DA
1.2.6 SCG XFZREREREE S B AR T 9 52 i

1.2.6.1 FHFEHEHE A ENE PRI 3 g BREEIA

30 mL Z& vfi#% 1(20 mmol/L Tris-HC1, 0.05 mol/L 4&
141, pH7.0), L 10000 r/min #JJFE 60 s, T 4 °C &
B 1 h J5 LA 6000 r/min 5.0 15 min, 572 _FIEWR, 15
FNVLE, A DL FHEAE 3 R 133IRYTTTEIA 30 mL
2% v & 11(20 mmol/L Tris-HCI, 0.6 mol/L G141,
pH7.0), Lk 10000 r/min #JJ58 60 s, T 4 C # & 1 h
J& L 6000 r/min B 0> 15 min, 15 5] 49 75 W BN
MP . R BCA ilFI&NIE MP ¥,
1.2.6.2 pHllE Z08 GB 5009.237-2016 £ 4
= [FEGARME B8 pH AEAIIE Y E AR 1Y pH.
1.2.6.3 TVB-N{HIllxE =18 GB/T 5009.228-2016
CEMZEEZFIME &R ik HEERELE A Y
FICEY BIGEIE TVB-N {H.
1.2.6.4 TBARs M%E &% Fiego £ (17 X iR
BEFESRIEFT TBARs FUIME . FREX 5 g AE50T 50 mL
BT, DA 12.5 mL 20% =4 2B F0 10 mL ZE
17K, 10000 r/min 15T 60 s, F- T 4 °C T L 5500 r/
min 25 .0 15 min, W B 2 mL E W W I A 2 mL
0.02 mol/L TBA ¥, TR im#k 20 min, 4]
FERJE, A 2 mL TCA/H,0(1:1)+2 mL TBA &
VE R as X BRAH, I 22 % MR AE 532 nm( Agy,) il
600 nm (A ;oo VAEHISGIE . THAAANT:
(Asy — Ageo) X 72.06 % 10

155
1.2.6.5 FpzKPERME  FFUARBEEERZ VI ALZY 5 mm
JEEHE A, FREFFICSE I m,, FHN)ZIE4C a2k
fhJE TR 50 mL 2,08, T 4 °C F EL 5000 r/min
#5010 min, FREIFFICFH T E m,, FF/KHEITHAEAER
ﬂﬂT:

B PE(%) = fnﬁ % 100

TBARsH (mg/100 g) =

1.2.7 SCG X J U BE MP 4544 15 T B 58 2 M iy
2N
1.2.7.1 BEFFEMMEHESFIL S EONE  BHI e
i S b = DIV SR T S = 0R UL NVl WL PRSI e
FEE I RE 22 T R B BT L, B R E A MP
VEWHSE i A(20 mmol/L Tris-HC1, 0.6 mol/L 4
A8, pH7.0)FFEZE 1 mg/mL. HU 1 mL MP ¥
A 9 mL ZZ % B(0.09 mol/L Tris-H % l&Z, 4 mmol/
L EDTA &, pH8.0) IR &I5] . B4 mL IB& R
WA 0.4 mL 1) 0.1%( w/v) i) DTNB % % T
30 °C £ TR 25 min, 22 J57E 412 nm &b 2 H:
WYGEH. ISP B has AN RE, T AR
(AxD)x10°
CxB

o A NIROGAE; B S EEJR IO R AL, 13600
(L/(mol-cm)); C SHEEHWE, 1 mg/mL; D NHiBAS
1,
1.2.7.2 ZhisEme

TG PESR L B B (nmol /mg prot) =

ZRH 1.2.7.1 G & &
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B AE 515, B g2 v B A4l g2 il C(0.09 mol/
L Tris-H 2%, 8 mol/L JR# , 4 mmol/L EDTA, 2%
SDS, pH8.0), I LAZZ ik C Sy=as ) B, THE AR
4T
(AxD)x10°
CxB

K A SHIROGAE ; B S EE IR IO R %X, 13600
(L/(mol-cm)); C NEEHMKEE, 1 mg/mL; D MRS
2,1,
1.2.7.3 Ca’-ATPase IHTEME RITEHMIE Ca™'-
ATPase 1P GH & A TINE, DUSELT4EE 1Y Ca®'-
ATPase 11 L BAA B} 8] P BAAS 25 I HP Ca”?'-ATPase
Gy = BRRR IR 7 A AR RN, B2 umol
Pi/mg prot/h,
1.2.7.4 RIS EIME  SRE P BTRIE S E Al
TG G T E o
1.2.7.5 WURELF 4 A fbF8 % (myofibrillar fragmen-
tation index, MFD) M| 5% =% Lametsch 253 {1 J7
BIFHEATAE . B 1 g BFEERESY S 10 mL 22 vhiik
I11(20 mmol PBS, pH7.0)IRG 5 ¥4I, #4512 MAE
3000 r/min, 4 °C B9 4 FF B0 30 min, HRKINA
10 mL |34 22 np i 10K 35 1 BT & & A6 R 2]
0.5 mg/mL, 7E 540 nm 40 %2 45 F % W 19 W O'G(E
(Asi) o

i8S & (umol /g prot) =

MEFI = A,,, X 200
1.2.8 SCG XJUJHMFEE MP A5 5 DIRRIRZ 520
1.2.8.1 B @i 2% Zou 'Y ik If ik
AT—E RN FHZ2 i TR PRI MP ke 2=
1 mg/mL, LA 1 mm P44 35 (o L, DLSE h ik
I X RR i B — A R T4 4, $ 4V
260~190 nm. JH Dichroweb K3k (http://dichroweb.

cryst.bbk.ac.uk/html/home.shtml) /) SELCON 3 #5 =
TR S IR D SR ST AR 5

1.2.8.2 WNIFEZOCOEIE 2 I MP 3%
FEZE 1 mg/mL, RHZOGIHCOCETHHATE, DLSR
MR T AE Sy 28 T BRI S0 e s UK B G
295 nm, Bk 4% TE & 2.5 nm, 714 ¥ K 38 Fl 300~
400 nm.

1.3 IR

BRI TR B IR, B 245 S = a6 19
(& .. R SPSS Statistics 27 X EHE VAT B35
#r, 2% Origin 2019 HIFEEIE .
2 HBRESHh
2.1 SCG RN E MR A2

TN T B HCEFIFR R B INE SCG A%
WREEIECE PR AN 1A 1 TR o Bl 35 VAR e B 1) B 38,
25 LH U BE BB P4 S B W N A, A5 4
RPTERFIL . 0.5% SCG £HF1 1.0% SCG HRYERE
PEA4r B M 23.53+1.62, 25.33+1.32, 25.10+1.62 Fl
24.13+1.75 F 4= 15.29+1.29. 18.52+1.18. 19.01+
1.17 F1 16.30=1.37, ZHAEVIGE BT LA 28 52 5 %
WEHTERFIAT SCG & MRk I HT A 26, EATTHE
T SRS A, (IR BEBE N T SRR iy, PR S
R ILES TR Y. AHEL 0 d IS 4, 0.5% SCG &
i 60 d HHEUSEVE PEAT T FEREEE /s AF H RO 1,
223k 60 d 1R JELAS A MR R EE RS 35 1T PR i Q AR
ASFAT, T as A AASIORE B ™5, A T rlkdc
URFIFN 0.5% SCG MIHREEEE AR L FRBE R/, FUEGTE
SrRE TS 4L (P<0.05) . FEMFEITI, 25 14k
FLAHT K B AR BE T IS PR 45 2578 25 1k, 33U
R SIS, 0BRSS SR 5 B FEAIR, 2R SRR
J0 ) S A TR B S B € Al ) 8 €8, ELRIR U O, BN T R
MEFTERFFN 0.5% SCG 14K BE EE i B0, D] 22 B A9

(2) Zpdl (b) 2 (0)
9.0 - R 85 - K
5 s 0 o
’ —— AP ) —— %
o, 5
N T.0%.
10%SCG < <70 BOAFAFIAL  1.0%SCG -« <765 "5 - BRILBIARIAL  1.0% SCG
a, "‘ -‘.,;’,
¥,
S v
o
W ‘/
0.5% SCG 0.5% SCG 0.5% SCG
(d) Getil (© Getil
7.5 - LK 7.0 Ce [
7.0 - 6.5 e R
53 —— A% 6.0 e R
1.0% SCG [ERIZ7RE ] 1.0% SCG L. L& R i Edi|

0.5% SCG

K1

Fig.1

0.5% SCG

VRBER AR H TR BE AR R it B £l

Changes in sensory evaluation of shrimp surimi during freezing process
TE:a~e 0510 0. 15, 30, 45, 60 d [ECE PFAT .
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LI, TEGRIRIE AR T, A MG B Bk 2E T
(P<0.05). ZINT 0.5% SCG FYMREEEEERE ARG 1S,
T HESE T SCG HRUEAT R LRI IR BE A R pk 1 B
2 X 265 28544y , IS MR JBE 55 Az 1) XA 40 Jo e AR - b AR
U, aREEIRFRAAVSIN 0.5% SCG HYNREEEE I H
w2 AR5y, SR G B E i Edfd. TR
A S R M BE 14 B AR B U, AR T LR A
BB
2.2 SCG X BRAMIR S e AR A 22
2.2.1 UG R AREE M BT AR BT E S PR
IR B LA R A s R R . —, SROKEE T &R
FTT 45 ) 50 M MR B AR 90 SR A A AR O USY, an
& 2 fi s, B AR s ] (38 3, 25 ZH AR i g s B
U AT A S 0 T A EA A, RELER M R BROR
AR Ak BINA TR W ), (H S BIER LR .
Kl 2a ATLLFE H, 25 F4H . Bk BTERFIZE . 0.5% SCG
ZHFN 1.0% SCG HAIREREST5 R 48.39+1.42, 44.41+
0.86. 32.65+0.27. 38.10+£0.10 N F[&ZE 22.96+0.40.
21.37£3.04, 17.57+2.91. 19.54x1.63 N, 555F14H4H
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Fig.2 Changes in texture of shrimp surimi during freezing storage
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Fig.3 Changes in color of shrimp surimi during freezing storage
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Fig.5 Changes in MP structure and functional integrity of shrimp paste during freezing storage
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Fig.6 Secondary structural changes of shrimp surimi MP paste during freezing storage
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Fig.7 Fluorescence intensity changes of shrimp mince MP during freezing process
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