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1 min) , # 1k 5 min &5 250 BUTHE A 10 AT 5k
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IRE A5 H45 (8 000 rmin™, 1 min) , &1k 1. 5 h J5 7
B bW AR B o B R o R R
T W E AR VST, A 4R IR R L B
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A0.1mL0.1% 5,5, - —FACA(2-fig 238 R H R, IR
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1.3.5 AR@HEAREGME S5 EHEE kI
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(7200 r-min™",5 min) _VEW, ZZIBRKF R 10655 T
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WU LR 4 85 A RAE D 2 A IR, IR B 45 & &
(pg) TR R EHKME, THE LA (3):
(A - Ay)
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RS A =

%200 (3)
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FE SR
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Uso ~PATIE 320, BOFH41E .
1.3.7 &Eenle BOFEN, U3 emx3 emX1 em
RNRIHEIR 07 75 e B L va” b E . (W)Y
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1.3.8  + = he A AR AR 7 M B e 8, oK (sodium
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VW, PSR T 85 "COK R T AR E ML 60 min, T K
e W 2 %R (27 °C) J5 #5.0 (10 200 r-min™, 10 min) , HX
BB G A AR A EAE R IRIR S
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T RO T T F A ot AR A O 7k Ak 3 g s B Ak
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4 5 PEAT IO S B I 5
1.4 ZiELE
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0. 05 %/~ 22 5 3 5 R Origin 2018 /2 5

2 HR5HH
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=AU

211 #HEnEkass mEAAL A GREE E
FYFE K, —18.-30.-60 . —80 °CIZR Jik (1 5 A £h v It 2 1
BB PR IR 3 AR (P<0. 05) o 75 L P AR i
B ERAERT 30 d VPREE R, T RERREE /B RCh
-80.-60.-30.-18 °C, 73 I|%f FEF [ 48. 36% .53. 05%
57.51%.60. 33%, i It AT A1 0 RO M AT 15 d.
30 dJE, AP AR PR AR S R R 2R I
H-80 CHMF PR E MBI EASTRRES T
HoA 48 R W £ (P<0. 05) , 156 B 78 SR R B
R 0 IR WL 2F 4 8 R AR P o 76 90 d B, -18
5230 CHEBEHEA S EYFEE I mg-mL ' DIF 3R
NIV ES o AR b ST

2.1.2 Ca*-ATPase &M W E 2751, NIRRT %
9B 1) 5 18 UL BT 46 2K 1 Ca®—ATPase T 11 247 it V% 9 )
] A ZE TR A . LA—18 1530 “CAR- 1 N A Y 15 fa AR
PEROR U VR 30 d B PRRE & Y Ca®*—~ATPase 1 1478
BEZEF(P>0.05), 7dN,-80 CAMF T RN
WS 2T 4E 55 1 Ca®*~ATPase 16 VA L 0 d 2840 A i 2%
(P>0.05) , KWL IRE T & IR L2 (025 [a) 254
PRI RN, 280 90 d FZRIEL i , 7 fa LR 2T 4
H Y Ca¥~ATPase 1 1 H1 S W] Y 2. 88 pumol *min™' - mg™
53 % 2 -18,-30,-60 .80 C Ik 0. 21.0. 35,
0.64.0.85 wmol-min""-mg™", 43 %] F B T 92.60%.
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S = N W kA 9 O
T T T T T T T T
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VE AN ) R R 33 A 7] VR JRT L S (] VR JRE T T 2 5
(P<0.05) o ANIAl/NE T BE R A ] VR0 1) AN [ VR0 2T
EHFEBE(P<0.05), T,

Note: Different capital letters indicate significant differences (P<0. 05) at

(=]
Q-
—_
W

different freezing times in the same freezing temperature. Different
lowercase letters indicate significant differences (P<0.05) at different

freezing temperatures in the same freezing time. The same as following.
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Fig.1 Changes in salt—soluble protein content of frozen black

carp at different temperatures
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Fig.2 Changes of Ca**~ATPase activity in frozen black carp

at different temperatures
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Fig.3 Changes in total sulfhydryl content of frozen black

carp at different temperatures
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-60.-80 °C T ¥R 1Y 7 f0. 05 My s 45 & 1 0 4% 0 d I
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0 S TR B W5 25 5 A VR BT 20038 i mT e 5 AR
B P e AT 5T FERH 7 .30.90 d i, -18,-30 °C
FAF T VR i PE BT 5 -60.-80 "CAA 4T AH LE
FEAE 35 25 53 (P<0. 05) o Jit PR ] 8 2 75 3 ] 2 (4
J 2 [R5 4 e A AR Ak, AR M 1 2 S TR 5% Ik 2 i AE )
TR T AR R A AR 5
15 dAH LK ,30.60.90 d Y5 M 45 6 & W Rk (P<
0. 05) , A [] VR J8 B[] T 30 3 6 IR VR B i 45 5 i
M BRI T — B E R EEEA S TR
TEE

2.2 AEIRETHEEXSERENZIE

2.2.1 mE RS ATAL, Bl A R ) AR S, 4
JE 20 VR R 1) 7 f R A AT ) — VR e I ) P, =60 A1
-80 CAL T fo () i i 25 5 3% FLi T H AP 4L (P<
0.05) ., T fo 8 BEAEHT 30 d A R F s B A b, -18.,
-30.-60.-80 ‘CZ&F T 437 Hi 0 d 1Y 472. 35 g T FEH
30 d i FY 216. 43 .265. 61.,283. 67.301. 63 g, 53 % R &
T 54.18% .43.77%.39. 94% . 36. 14%; 30 d J (1) fifi JiF
REARR T R A 2 HiT A P42, L —60 F1-80 “CURAE I Y 7
R R AR AL /N o 25 1, Bl VR [R] (9 4K B AR TR
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S
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Fig.4 Changes in bromophenol blue binding of frozen black

carp at different temperatures
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Fig.5 Changes in hardness of frozen black carp at different

temperatures
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Fig.6 Changes in elasticity of frozen black carp at different

temperatures
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A e B, s J S 0] R0k 88 o) 5 8 TR 1) L b
(B M AN I35, PRI DA 1 B2 LT B T 5 7 £ PR 1) £ 5
Ak, LT AT BERE VR ] 0 S R R T
PRI P R RIS LT R R S RS
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AL, 50 dA 7 dBF-80 CTF T LT FE(E (o™ H)
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Fig.7 Changes in whiteness of frozen black carp at different

temperatures
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Fig.8 Changes of red value of frozen black carp at different

temperatures
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JUUIs 2T 248 25 11 7 PR i 2% 500 Wb EL AL G L —30 “CHR AR
1 B 2ty Al HLR BT -18 "CHRm A< 1, R B AH
[V VR T R P, 558 AEK %) 3 ek B ] B e b R AL WL 2F
g4 AR ] S T
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ENEN YR A Y IN A Ay R A ER i
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I T] A SIE 4, 41> I 326 T T VR0 7 LR YA A
() A B S 40, AN R T 45 14 78 15 B hIDHELRE , I8 R 0 1K
IINAR— R FL 508 40, It 1) DI O Ak L f6f 5 8 %) JUL
WL T —E TR R WL,

BRI S, GRwI i 30 d N, -18 5-30 ‘CA 1
WLRBUIR 5 H B9 i 55 22, H A 85/ R DL
T AR Akt oA B B 5 17 —60 55 -80 “CZH 5 £ UL TN 45 #4) 3
TATRF X SF- 3, {EUE A B2 /N HRCR 25 4 L B4R /N 2330
ZRm e, 18 530 “CLLRE il 1 AN P oE 3%, B4
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MHC

MHC
actin actin
MLC, MLC,
MLC, MLC,
MHC MHC — MHC
actin actin — actin
MLC, MLC, —MLC,

H:AB.C.D.E.F/ZoRiF i 0.7.15.30.60.90 d;a.b.c.d 4 #R-18 .-30.-60 .80 °C.

Note: A, B, C, D, E, and F denote the 0, 7, 15, 30, 60, and 90 d of mackerel freezing, respectively. a, b, ¢, and d denote
-18, =30, —-60, and -80 °C, respectively.

B9 ARRETH

&£ SDS-PAGE Hi35 4%,

Fig.9 Changes in SDS—-PAGE of frozen black carp at different temperatures

I Temperatures/°C

YEIERBL Freezing days/d

10 AEBETFHESENRRMUERHETL
Fig.10 Changes in the muscle microstructure of frozen black

carp at different temperatures
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Ca’*~ATPase 1 1 {1 1 K AR 2 IR vp 2 11 o I
Mok, EHMEE R . W58 EM , Ca®~ATPase
M TE AT 7 VR T B T 49 Bt 7 v AR ] 174 2 4K T
5, VR AR oKt 94 A B2 X 0T P 4 35 2 A
s Hirp 60 d i Ca>—ATPase 18614 i PG, 7T
AE S H 3 2 ke A 2B A R RS B LA B 5 1
IR AR T £, 3% 5 Benjakul 2520 3¢ F— i ¥
7= i 1Y Ca™—ATPase 16 P 7E VRFECAT 90 d P T B
IR ST 25 S —5

R URIT R, T P L R 5 e R R K T
[F) 5853 N i, S i — 2B SR B R 28 L A 4
=g ARG W], IR T — AR R AL
iy A P LT 2k 2R A2 T 4 TR TR i 4 2
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Effects of Frozen Storage on the Quality of Black Carp
at Different Temperatures
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(MInstitute of Seafood , Zhejiang Gongshang University, Hangzhou, Zhejiang 310012
*Key Laboratory of Aquatic Products Processing of Zhejiang Province , Hangzhou, Zhejiang 310012)

Abstract: In order to study the effect of frozing storage at different temperatures on the quality of black carp,
the fresh black carp was frozen at —18, -30, —60 and —80 ‘C, then the content of salt-soluble protein,
calcium ATPase (Ca*-ATPase) activity, total sulfhydryl group and surface hydrophobicity were measured at
0, 7, 15, 30, 60 and 90 days, respectively. Changes in quality of frozen black carp were analyzed by
combining texture, color difference, sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE )
and scanning electron microscope (SEM). The results showed that with the extension of frozen storage time,
the fish quality of the four groups decreased, and the change of detection index within 30 days was more
prominent, indicating that the edible value of frozen black carp stored for one month had been reduced.
However, under the same frozen storage days, the indexes of frozen back carp in the =80 “C group were better
than those in the other three groups, followed by the =60 ‘C group. The difference between the —18 and —30 °C
groups was not obvious, indicating that ultra-low temperature can reduce the rate of tissue protein degeneration
of black carp and better maintain the quality of fish. This study can provide a theoretical basis for developing
new frozen storage methods or auxiliary storage of black carp.

Keywords: black carp, fish meat quality, storage temperatures, myofibrillar protein characteristics
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