HREDKFERE 2012 8 1 B, 19(1): 167-173

Journal of Fishery Sciences of China &t fﬂa ‘i/l} i

DOI: 10.3724/SP.J.1118.2012.00167

R &8 %R %R X} 5% T JER B B2 1
v ez, I, hEBEE Bk

1. FER K SRR S E SR TS, Jbat 100083;
2. ER KR FEERE, JEET 100083
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A RIE . ABFSY DL SRR S, FEEDT 3 min, ARKAUE TS HIRRE M),
ﬁﬂ%‘f}ﬁiﬁ?%ﬁ%ﬁ%&)ﬁ%%ﬂ@, R SR A S (%) wi-w2 100%
Frrh i . ORI 2k AR RS
. Q)AL E L ZBR(TBAYH £ Song 4

1 HRST® ST TBA (I i
1.1 #RIETAE (DERVTE R 1 & 5 L Ca® -ATPase T 1 X %

S U TR ST Y, R (715.7263.4)  FESH)EEMNE SHRERETHhntkE

go FBET SRS, ST RPREE . ot L8, HIK
pRYE T, TR AR ORI B, B
F18CUkA TP I, 10 d J5 446 —18°C vk 46
B, AR IEREAS S, FKME, KRR
FFTE 20~22°C, i &R R B T H I fa A rho O i
B, fRURASIRIE R 0~2°C, SR 1 IR -1
Rt R . VRIS I B —3R 4 57 BT A 48 AR 1
WIRE; 57— BT A—18C UK k2 %, 5 d
S UL A VR (UK SRR, A 2 IRV VR
WRIRAEIRSER 3. 4. 5 R~ . HFiilsE o,
1. 3. 5 KRR TEIR
1.2 XWAHE
1.2.1 A HE(TPAMIMIRE Sk g 40
ST AR B E i, G E . R
W E S HCE R . LR R A P, R R
FIAY(TA-XT2i B, BE[E SMS 2w iEF7 Bk 7t
(TPA) . I i BUGE AL, DI 2.0 emx2.0
cmx1.5 cm /NBR 383k P35 [RIAERY, 83k itk
FEGRZAREE 1 mm/s, MR EIRREET AN 5s, 46
H 30%; FRAFEGEEIE 6 K.
122 ®FEMNE AR ZHE R 62X
(ADCI, b5t R 48 s {5 AR A FHI =, H
PR X 35 28 A 7 A T I DN i R I AR Y LB
oA
1.2.3 ELIEERINE

(ORISR VR T R AR S R o O o
A3k w1, w2, KR AOACH ™y Bl fif i 2
W1-w2

FR R AR (%)= 1 x 100%
Q)ZE B R B FE M (2.0 cmx

2.0 cmx1.5 c)FRE(W1), THAMREELE %=, 7
85°C/KIS R IME 15 min, RIGEEIR T LA

1. Ca’'-ATPase IH 1k . BB AL & 1000 2 7k .
(S)RMF AR E B8 Sriket 6T
FHG KPR E Tk, IR EE s, A 8-
T e BL- 1 -3 T PR BE (ANSMC R 96 6 HR 4L . 4 LI
4 E HE R T 5 0.6 mol/L NaCl /) 10 mmol/L
B R 2% v b (pHL 6.3), 28 11k BE 43 5 4 R 2]
0.125. 0.25, 0.5 f1 1 mg/mL. 2 mL & BN
A 10 uL %4 8 mmol/L ANS ) 0.1 mol/L iR 2%
M (pH 7.0). & F-ANS & S WI7¢ 60
WA TG BE T (9T0CRT, | ks B 284 FR 2
FDME, BRI 390 nm, &K 468 nm, UL
DGR R R, AR RN N EA
FKIAH K PE SOANS,
1.2.4 BEEN S 0ETHEERE SR
WE Tk, W 7 AR/, TERE AT oAk
Wirh, xrealRek . PLA @ DL SR . <R
FPEWR 5 A5 A FIPESYy, B4 4 20 45,
PL 60 3 e FARUE, 100 43 J gt fa, (KT 60 43
A& SR E RPN R 1 R,
1.2.5 Sitsa i SLIEHR T Excel 2007 #17
KPR AL E, SR SAS BRI T 250 M 25 S
FVEONT. BAEAREENE 3 K, RS
FREZME 6 Ik, 25 8 EMHKFH 0.05,

2 HERE5HH

2.1 fRFEREI SRR REEREWZ
MR 2 ATLIAR B, (A A VR Ok Bl R IR
B n G bR, 5 3.5 IR YRR 0
FRHCEE 1 RFFIRILE A 5IHIN T 56.39% .62.14%,
25 W (P<0.05), TERR-fRRitfv, BEPZE
B BEAT B AR (P>0.05) 5% Bk L iR
Poe FZE BB, Sat 5 R VR~ v I 1 0 1) A
PR B BB SR IG N T 34.66%, RNLALE
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Tab.1 The criterion of sensory index for thawed silver carp
2N J&E PES> score of sensory value
item 143 20 43 20 pionts 10~19 43 10-19 points 0~9 43 0-9 points
MR ER HIL B 906 325 52 T A 5 B R0 1 € 92 AR HE 16, AR Bk B3k (2
eyeball plump and bright a little dent and white muddiness dent and yellow muddiness
LA 3% EAN GRS S RN N RERE S i 2 i LENAEELE, AENIFHRZER 2ENEHRE6E, AaIUER
muscle all fresh colour for red muscle and showing wine-colour for red muscle showing brown for red muscle and a

color white muscle

JULPA S R IG, WU SR S R4
tonicity after thawed, well tonicity
shape
LS PR IE S, A7 MR i Tk
smell normal fresh fishy smell
AR PR ST 0, o IR A i
flavor tender, fine and smooth

and dark for white muscle
TR G AT LA B JROY

after finger press, can recover original
PRRAE T, AHrE

heavy and off-fresh fishy smell
AT, Bt

drying and easy fall to pieces

yellow for white muscle
TCIEMR I s

after finger press, to be minced
B R, DK TP R SRR
decay and stink smell

RIBARS T, SFAEARE, ETHIR

very dry, short fibre, and near powder

R2 BIFRREMBRRRAMBIRKOZIE

Tab.2 Influence of freeze-thawing cycles on thawing loss and cooking loss in silver carp

n=3; x+SD
FEHT B UR-RZRIREL freeze-thaw cycle
item 0 1 3 5
i R 2R /% thawing loss - 3.65+0.14° 8.37+0.60° 9.64+1.21°
FHAE MK /% cooking loss 21.36+1.19 21.72+41.14° 22.78+2.32° 23.05+2.89"
A2 /% total loss 21.36+1.19 25.37+1.24 31.15+£2.92 32.69+4.10

Ve AT AR R 225 25 5 i (P>0.05),

Note: Same letters in the same row indicate no significant differences (P>0.05).

IR W% o R T 22 RV VR — ik ol DK R AN T VR 45
INANMIZHZY, 1 R SRR | A% T e 55 XUk ) Joit it
o, SPEUA A AT 2R TR
22 FRRREXIEERASEYE. BF. TBA EME
BE{ENZME

O AR R 1 R 2 V3 5 i) L PR T 42 32 1 1
febr. 3R 35, BEAEEE | MHAEME AR RS 1
B R T B2 /NP<0.05), 45t 5 B
—ff R, X AR AR SRt AR LG, A e T
99.32%. 99.56%F1 61.70%, HrEEEER) L*EFl b*
54 47.13 F1 3.20, TBA {8 4(0.34+0.02) mg/kg;
23 5 W UR-TRRG, 439 B JH2 53.28 1 3.47,
TBA (K ZE 1.10 mg/kg, 5HratM 2=
51 (P<0.05) A2 # NN, VK R 52 VR4S il
A 200 6 B B 2 L 2 e 28, i 2R o Rk,
TE e A v 2 AR R W K i T Ak, S8 R R
B, UETTRESR WL G54, ASFI R d P PR Jo e i
JEAN R

WL BEARER . LA @R UL SRYE . SRR
VWK S AN, WS R TIRCE PR, R 3

AL, BEAE Ve VR - VR UCBUW S I, IRE A B
(P<0.05) F . TE5E 5 KRB R-RIEIG, B H
474y, BB R AR WK 3 LI H,
B RE | MELNBE WK ETESS | W VR R e B
R AL (P<0.05), b*HAESS 1 IR AR VR )G o 2%
(P<0.05) ETF; 56 5 R VR-fRVRIG, 5o ff i &4
FEARAH E, BEEE . WE @A A M R RE T
99.32%. 99.56%F1 61.70%, L*{E Fl b*{E 435 I T+
T 11.54%M1 7.78%, 5 #rfitfiE 2 5 B3 (P<0.05).
2.3 FRFREEE SSP 8. Ca™'-ATP EiFlE.
BRESEMREERK R RN

fi% SSP &t . Ca’ -ATP WiF Ik, BSiAL & &
I LI 2T 2 B 1 4 T /PR AR v VR — i oo A
AN 4 P, BilitE SSP &5 82.51 mg/g,
Zal 5 WRKR-MEE, BERER 53.54 mgl/g
(P<0.05), Ca®"-ATP [ Pt by e %00 0.45
umol/(mg-mL)fF % 0.15 pmol/(mg-mL), %5 i 3%
(P<0.05), i Bk — B0 4 11 J5 I8 m R 2 i 2 U il
Y R 12 A2 HE, fd Ca®-ATP s PR,
B ELRLT 4 LSS RN 6.16 mol/10°g,
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Tab.3 Influence of freeze-thawing cycles on texture, color, TBA value and sensory scores in silver carp
n=3; x +SD
ETE2 I PR~ fRUR B freeze-thaw cycle
item 0 1 3 5
fili ¥ /g hardness 1110.43+39.49* 936.17£109.01° 122.36+4.13° 7.59+0.36°
MELME /g chewiness 4.55+0.46 3.66+0.21° 0.30+0.06° 0.02+0.00°
RIENE resilience 0.47+0.02° 0.32+0.02° 0.22+0.01° 0.18+0.01¢
L*H L* value 47.13£0.11° 49.02+0.09° 49.81+1.07" 53.28+4.27°
b* {H b* value 3.20+0.72° 3.98+0.19° 3.91+0.07° 3.47+0.10™
TBA {ii/(mg-kg™") TBA value 0.34+0.02° 0.39+0.01° 0.87+0.12° 1.10+0.10°
JE{H sensory score 100£0.00* 78.67+5.86° 65.00+3.46° 45.67+6.66°

T8 [l —47 A M R 7 8 308 22 57 8 1.3 (P>0.05).

Note: Same letters in the same row indicate no significant differences(P>0.05).

R4 BERHGE SSP 8. Ca-ATP BEEE. BHESEMREHRK NN
Tab. 4 Influence of freeze—thawing cycles on SSP content, Ca”—ATPase, total sulfhydryl content and surface hydrophobicity in
silver carp

n=3; x+SD
J547 item Y UR-fRR B freeze-thaw cycle
0 1 3 5
SSP 5 im/(mg-g™") SSP content 82.51+0.28" 70.95+2.72° 68.69+6.89° 53.54+5.77°
2+ it V- 4 . -1, -1

Ca’ -ATP Bi§# ¥ /(umol-mg™ L") 0.45£0.01° 0.36:0.06" 0.26+0.03° 0.15:0.02°
Ca”"-ATPase activity

BRI R/ (mol-107°g) total SH content 6.16+0.38% 6.11£0.55% 6.53+0.58" 5.54£0.27°

FiHi /K surface hydrophobicity 371.33£9.25°

438.65+60.46° 443.90+15.98° 444.55+4.17°

T8 [l —47 A M R 7 8 308 22 57 8 1.3 (P>0.05).

Note: Same letters in the same row indicate no significant differences (P>0.05).

o3t 5 KB R E R I8/ A 5.54 mol/10°g, T
WUBREE 1143 T A48 M MR (1 25 A 00, (%0 Jik 22 5
BA R i, SREHE SR TR, 4
81 B UR-fRR G, 2T B K 2 B (P<
0.05), BEZFE flZRIREGEINE 3, 5K, REHKNE
TR TER G- R B b, B+
DA B B K P R T T AR R, B AR T R
JREE 1) 45 i 5 = g iy i AR 4k, T 308 B K M
st

3 it
3.1 FRRREX SRR R R AR KRS0

e A it VR 01 % B A AR IR R A 38 in 52 b T
#¥, 5 Srinibasan ZEUHFST A AR, 12K
At FE A AR R RT K G T 20 i RS R 4n
MR IR, XTHILA 41 283 A Rz, 5 Uk
A5 380 . G PR 2% 8 P R FE VS R VR R Ik
HREAL XMERE Jittinandanal " i 57 0

(Sq- ualiobarbus ourriculus)15 VX JZ 52 17k il 28 461
PN N
3.2 MRFREEEFRAYE. BiF. TBA B
BEENZI

WS R IR, GEGE RS IH I AR R
R~ R R P B /N . Srinibasan U5 X
YR (Machrobrachium rosenbergii)if 45 HH 41k 5 IR
URELS, YY) 7 B R A B B AR Ak, X SR
SRS ZEIRANR], T X — PR Y S R AT B T
gl P R T S AN ] o F PR A L(ECRN b (E 8 T
K, GFERAL, R0 RT 452 R B REAR, (A
RN bE R AEREE TBA {HRVIER, X—
2E B 5 Thanonkaew 2521 Yu 2025 AR
AT RE FH T A b = AN RS D PR S A A B 1
S E AP RREY LAY, SRR AR
AP e 2 A - AR R, IR B TR,
PEBE A TR R AR RN 5 AR . X — 45 R
BCEE SRR . RHEME . R . LHER b*EA
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F) R,
3.3 fRFREXEE SSP SE . Ca’-ATP BgiF M.
ERESEMREE/KER S

RTEVR s A R R A AR Z, K
Hh A AR T A VA VR A A X6 L PR PR B T e R o BB
TEVR VR VR R v, WU T 4 2 (1 25 (R 45 40 2
VKR I VR RE ], R AR RREE AR A, A
5| i SSP & & F 4. Ca® -ATP BEIEE T4
MBI B B SR TAB KIS PR R

TEVR R vR it # b, &% SSP &t 2 TR
P, RUIE AL A, NI 3BfE R4
A5, Tseng 2N i BF5E 41 8 #E R (Cherax quad-
ricarinatus) LR BE A 515 i, DIERE A AL &
HTER S VR B P AR e, AR BUE LR R
PEBEAC . ASPEFIBER . SSP & AR fh s $ 3R B,
Bl A R OB S I, B ) SSP % = R AF: B
AL | WEERE AR S P B BRI . SRR TR
ENRA AR AN S MAEWAEEE L. HTH
AP R s BEA S FCEK . R4,
AT I S i 5 B it 1 8 A 3 B UL D 21 4 2 11 1Y) 5 [
Al ik 5 R VR URIG, BENURZF 4R S
BT T 10.06%, Xia ZEOWF 57 5% A 45 4 &
HAASES RN, BAGHEEDLHES TS
i 5 WRTR-RUR)E TRE T 24.30%, T S5
FEERTE SRS VR R 5 T BERME, T Rg X
FE b b KR AR5 R ] o Ca™ -ATP i P e
PEU ILER B 14 F 58 38 e ) R AP 4845, R 4 1
I, B Ve VR VR ORI i, B LR AT 4R R
Ca’ -ATP RI% VLA T B AR S IE & A T A
—ERFR, AIEE M T WIERE IS AL B &
AR WUEREE (172 A 500, M Ca™ -ATP il
TR, X —45 0 Soottawat S5 S5
(Gadus morhua L.)f R 25 1 145 AL

JULJi 2 4 5 1 2 A1 7K M ) 728 2 TR 2R
PSS Y E R . R 1 BT A (R 45 4 & A A
(A T & ST | P (€ S T 1 D A W A o
TGRS B, 456 3R 4 haRmHKME
A2 46 S SSP & Ask, TEXR VR—ff ki fErh,
B EEER, N FE SSP Hi P, X—

4515 Benjakul ZE1NHESE AL, 1 8 £ (Pen-
nahai macrophthalmus) . 2% (Nemipterus bleekeri)
R AR I3 855 (Priacanthus tavenus) L8 BREE 1 1
B K PR3N SSP 5 f A s/ ML A — 2

4 #ig

B V& VR — A R R S, s T A Y fR
P E Y N =V AN 4 S N U (B G
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Effect of freeze-thaw cycles on the quality of silver carp (Hypophth-
almichthys molitrix)

SHI Ce', CUI Jianyun', WANG Hang', SHEN Huixing”, LUO Yongkang'

1. College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083, China;
2. College of Science, China Agricultural University, Beijing 100083, China

Abstract: We evaluated the changes in silver carp (Hypophthalmichthys molitrix) tissue quality during freezing
and thawing processes. Silver carp is one of the primary freshwater fish species in China. With high nutritional
values, fast growth rate, and high yield, this species forms the basis of an important industry. Because of the nega-
tive effects associated with microbiological growth and biochemical processes, frozen storage is widely used to
preserve fish and fish products. However, the melting and reformation of ice crystals causes osmotic removal of
water, mechanical damage, and denaturation of proteins. The extent of the loss in tissue quality is dependant on the
rate of freezing, thawing methods, storage temperature and temperature fluctuations during storage, transportation,
retail display, and consumption. Repeated freezing and thawing processes are common in storage and at retail
outlets, in homes, and restaurants. Despite this, the effects of freezing/thawing on changes of color, muscle texture
and protein physicochemistry have not been fully investigated. We stored fresh silver carp at —18°C for 10 days.
After being thawed by flowing water, the thawed carp were refrozen at the same temperature for another 5 days.
This freeze-thaw cycle was repeated five times. After the first, third, and fifth cycles, we randomly selected three
silver carp and measured changes in thawing loss, cooking loss, hardness, chewiness, resilience, thiobarbituric
acid (TBA), L* value, b* value, salt soluble protein (SSP) content, Ca’>'-ATPase activity, total sulfhydryl groups
(SH) content, surface hydrophobicity, and sensory scores. During the first freeze-thaw cycle, hardness, chewiness,
resilience, salt soluble protein (SSP) content, and Ca*"-ATPase activity decreased significantly (P<0.05) whereas
b* and surface hydrophobicity increased significantly (P<0.05). After the third freeze-thaw cycle, thawing loss, L*,
and TBA levels significantly increased (P<0.05). Total SH content decreased significantly (P<0.05) after the fifth
freeze-thaw cycle. In contrast, there was no significant change (P>0.05) in cooking loss following five freeze-thaw
cycles. After the fifth freeze-thaw cycle, the sensory scores were 47, which were unacceptable. Our results confirm
that the freeze-thaw process causes thawing loss, discoloration, softening of muscle tissue, lipid oxidation, de-
crease in SSP content, and protein conformational changes. These changes have a detrimental effect on the quality
of silver carp tissue. So it is important to prevent fluctuation of temperature during storage, transportation, and
retail to avoid the negative effects of freeze—thaw cycles on silver carp tissue quality.
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