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Fig. 1 Illustration of silver carp and tilapia segmentation

132 REEH

HY 8 17 £ 00 = & MR E /N B (4 5 4 2
22~25 % )i FH A v BB DA o A TR RE g AT
BE AN, 2% QIN & Ik IF R & i, 1
SyFRAE LR 1 AR 4 R AR UEA TV A3, R R ] B2
Z P IR TR PR AR 20 25% ARk, 435
93,35 AR Z A SRR .

133 &bt

L S I 2 225 SCHR 12 ] OFm& A el s, Fr
B2.0 g A NFESE T 10 mL A ST, R
BT R AU, HERE SRR EE B0 60 °C , i
FERBL500 L, 1 sHERE, AT S0 R30S, T
B 150 mL/ming SR HL TS50 HORR AR SR 4R T
HEATIX 53, (] I A1) P G A6 A it R A7 32 B
434307 (Principal component analysis,PCA) .

http://www.shhydxxb.com



638 RGN I I N S 34 %
x1 BEIFMHE
Tab.1 Sensory evaluation standards
IHE e RS HEUEA WLPA
Score Color Smell Morphology Muscle elasticity
5 @f%Eﬁ“?,HJlI’AJ YT & A A A R TS ?Jilkléﬂﬁﬁ%??ﬁ%% L BORAR @S%Hﬁéﬁ‘f%,%ﬁ)ﬁ@lﬁ/ﬁ%
T e HINEPN
5z M TR U e
4 EEEN AT GE vk, 5ok P e T et
3 CEMWICMANIIERA o moopo mrsiok  IUAMSURS S IRl o T T ORI
S AR RV | =) b o - 1) n (47 Sl
) iﬁﬁ%&ﬂé‘(ﬁi,ﬂﬂl’ﬁ YT E %Qﬁ%,mﬁﬁ i SR B WL AL AUR S5 AL Tﬁﬁ M TR S M FE I R
PiES Rk 2%
el /7. DAy N
U AT AR WNALSUR R o PR

134 @AZEMBTRA

T A 0 E L a*  b* B0 23 1] R
MO EEIT R, BFRAAER R L —
05 52 0 b T AE fiE EOS 700D %565 AH L1 45
(1 800 J % % . {1:HE EF-S 18-55mm £/3.5-5.6 IS
I 45k DG 171.8 G HE 1SO 250 B GIN[H] 1/
100s).
1.3.5  FpkHisE

TR R BRI /N5 i 8 1] B — 20 fa
PIRE S, BT E A AR R I XIS 2 A R A7
FREE . B0 R 2 g, 2 JZ IR AR 2L
B 50 mL B0, 7E 4 °C L, 5 000% g i 33 4 14 B
OHLES 0 3 min, 25 5 LA 4URRE . 22 A M
& BN 2 emx2 emx 1 em B K/, B T2
AR IFAE 100 °C N 784 5 min, 20510 &R/
Ja e B . FEK I Tk S Sk [13],
HEAL:

W, =%x 100% (1)
1

W;%x 100% (2)
3

Mz%x 100% (3)

s
o W TR R 3 Y% s MR RT3, g5 M,
R B W B, g5 W, R BSOS, % Myl
BUDHT R, g3 MR E G T E, g3 W, o 2838 P
AR Yo M HZR BRI, gs M IR BRI, g.
1.3.6 TPAE

YK 4N 4 5 J 1 B R0 2 S i TR 40 ) B0 e
JE—F0H 1 cm F10.5 em f /B, TPA I3 £ 14 -
S POPREAE N .l Pl6 F AT TR AR
S, IR LI e AT S %53 5 201 Fi2 mm/

http://www.shhydxxb.com

s, JE4i %R0 50%, (M BT[] R S s, filk & 1k S g,
TR FE 5 6 1K o
1.3.7 pHIE

FRI2.0 g fi R F RS04, A 18 mL 78 1%
K, 4905 2 min, ARIR 20 AL(4 °CL, 10 000xg) B0
10 min, 33 98 5 HUGHE B BT pH 3R e
1.3.8 TVB-NllE

¥ M 3 5 A i IR GB/T 5009.228—2016
CB e A [ AR UE B A v 48 1k R B A DU
E )Y A B E B HEATINE
1.3.9 TBARS{HI &

7% LI T ik IE M E B . FRI2.5 ¢
B 12.5 mL 20% A9 =5 Z B2 A1 10 mL 7%
KX 5 60 s, % B 60 min, 4 °CF 8 000xg B .0
10 min. 2 385 B E T BOE 458 25 mL, HXS5 mL
55 mol/L it A8 B b 2 2 ¥%5 ¥ (0.052 mol/L) 1E
A, 7E 95 °C /K 59 LI 20 min, 13 &) J5 76
532 nm Ab I LR
1.3.10 POV {Hilll &

2% LIk, K20 gHdh 5 15 mL
Si-PEE RN 7:3) B WIR A, RIG 1E
6 000 r/min % ¥ & ¥ it 30 s, Jil A 3.0 mL 0.5%
NaCl¥# ,4 °C .3 000x g #5.0> 10 min, YXHES5.0 mL
TIZWAR S 5.0 mL S5 - EE (R L R 7:3) %
WIR A, I A 25.0 uL 30% By i &R &% 1
F125.0 pL A AL VRS W . =R E S min, T
500 nm AZh i W R
1.3.11 KAEME

2% ZHANG %5 (1 77 15, 1 6 FR IBORE &b
3.0 g(0.000 1 g) & F 50 mL &.L& H, A 10 mL
10% F14 75 BRI X4 5 (10 000 r/min 213 30 s,



34 SHEH A N Y A0 AN [RDAS A0 20 A AL 54 v R o A A LA 639

BE 3WK),A/KIEHFA 5 min J5 2.0 (10 000xg
15 min.4 °C) , W & L5 W 4 °CHERL, ULVE in A
5 mL 5% /e RIS, A ERAE 2 R 3 Ik BT
WA I, HKOHEYY pH F 5.75+0.02, %€ % J5 i
0.22 pum /K AHPEME AL .

1R SR T A S 8K (3% A GL-SCIENCE
ODS3 C18(4.6 mm=250 mm, 5 pum) ; i ZhAH A Hy
4l B, T 3l FE B A 20 mmol/L 5 iR Sl — 4
120 mmol/L B iR — &80 (R A 1 DIR G
W, I FH W B2 R 5 pH &= 5.75; HE R 25 °C 5 dEkE
10 pL s K K 254 nm.,
1.3.12 HyE RS

4 PR A YE S BRI E , 2 IR GB 4789.2—
2022 & fh & E AR HE B S UEY R TE
T EB0EL)
1.3.13 s 2 5L

2% ZHANG "B ik . FREUEE R 2.0 g
K55 0.000 1 g), 15 mL15% B =5 ZFRIB K
10 000 r/min 3 Fi 2 min, 4 °C## & 2 h, A 10 000xg
20 15 min, o 38 5 B S mL B3 W, H NaOH
P 1 2 Uk S VA T Y pH F) 2.00+0.02, 5E 2 i
0.22 wm i, ALK, #RVERITE 4 °CoRAF T T,

R A 3o AL 35 A (4.6 mmx
150 mm, 7 wm) ; B 50 °C; 138 18 i % : 0.40 mL/
min, 2 i 38 i % : 0.35 mL/min. FE1AH A7 R
BRI AT A R IR A 2% v (pH M 3.2.3.3.4.0,
4.9) LIS B = TR MR (4% ) o
1.4 HEESW

R S0 2 /DU 3 AFAT, K 45 SR 35 DL
PIEEbRIE2EF R o R A SPSS 17.0 X JUr 15 5 s
TG o AT, b o B ER A (] 48 A5 22 5 R A
LSD #l Duncan’s ik #E 17 2 5 HL#C, ¢ 46 56 HH F 1
FE P EZ A Y 3 25 R, P<0.05 KR 25 5+
B3, K Origin 2021 8424 1K

2 HIRS5NE

2.1 REEN

JECE PO A RS IS SR i v S ok
e £ 2K R R ) — R O k. BERIP AR
(18 N [v] 5800 5t A 4 el i P R B T 43 1 A8 4
K2, Wi 7 d e 2 Ffa 453 7 i (i 00k 4
ZULA WURBPE 53 R0 232 I PF o YA AN

[F) 2 BB 1 o3, R e B g 8 1 RO 25 AR R B K,
I EF A PR ZE WL IR S PE T PR Hp st . W AR 4%
BRAL I SIRTE S T BRI, MIZE LA SPE 5 41 40
A LRty . BAORE 7 AV | SR
RS LB AR VE 5y TR, BRI IR A, % 2 5
SRR W ST PR,

102 0 BB A AR 25K 3 4y Z W R T 4257
Mo WS 7 R R0 & AR T 1257 B A AN [ 72 B
) N B, 5 SHENG %" XJ il JIK 4 (Takifugu
obscurus) i BFFE 45 R AHAT . Hip B3 w2t
JE 7 d BRI AR AR A S AR AR R
Ul PRI TR S PR g e T R 42 32 Y
22 BFEERSHEESWMMERS D

K F FOX-4000 HL 5~ £ X B 1 87 4 £ AN [R]
H A SRS B HEA T IX A3, 8 2ok L B ) 18 AR A
TSR LA T 2 MR o3BT L A% I e LT o iy AR 3R
PR o 2 UL L . an L 3 s, B R4S
TR 1 2H 43 22 (8] AT LAk ) A7 1 X 43 300, 0 Fl
7 A5 B EE A3 5 71 R0 86, BT A5G 4 43 1 i
PSS A A R B AR e 1l X 3 T

FH &1 3b B ik B A il AL R A0 0 A (] 43510
TEVRIL 7 dJ5 SR A s | 1 ~ 13 545 &
A A ARG e AR AR K T 14 ~ 1851 i
55 . TR W), f R i B L SRR A
S B AR AE Y A E R W o i . B, — L
R PE RN T T A W 0 5 fife R 4 e PR AR
Yy, EESS ER R ARG AR iR . Rl A AR N RN
AR FEBAE W B B 3G, Fa LR B — 2P R i
PR I AL A e AT T SR T
fifi f (AR A BB B2 1 ~ 13 55 Bt 1) UK
/DR RN AT/ TR /IR & =R A/ NS
Y AR, e WL, B 7 d 5 5 1E
1) 01 PR ASOHR 45 748 P RE S BRFE X LS R I

BCA V78K O d 45 BBV 4 i I AR TG 38K 25 57
TR 7 2R A8 e iy i 2 =2 8] DX 43 B i, 9 B 3 1350
PR G Y & EBA M., X5 PCAKIN
ZERANTT 0 dBERYTTH N 5 RN A M HE,
VB 3 AR R MR AL, 7 d &R fE
b 58 400 B, VLB HAE R AR I AR AR AR K, IX 53 B
BT, B R, A 2 AT R B, T S
[RIREAE X A3 71540 ( Trachurus japonicus ) 5t Al
FH L F AT TERIRE I

http://www.shhydxxb.com



640 NG N S 34 &
JERES %
Color Color
5.0
AR o AR ez
Overall - Overall
. Smell
acceptability \ acc

LA 3

Muscle elasticity

HAWBA

Morphology

0 di¥¥F 4 0 d dorsal meat 7 di$¥5 4 7 d dorsal meat

0 dffiiA 0 d abdomen meat —+— 7 dfE/ll) 7 d abdomen meat
—a— 0 dfiiFBIA 0 d belly meat —e— 7 dJ##BIA 7 d belly meat
—e— 0 dEZHA 0 d tail meat —x— 7T dREHA 7 d tail meat

(a) BERRRE A1
Radar plot of sensory scores of silver carp

E2

EEMT EERETAL CIRERERBREITFLEIX

eptability \ )
\

JLP g EEEAVIZ
Muscle elasticity Morphology

0 d## A 0 d dorsal meat 7 d#H M 7 d dorsal meat
0 difZfiiA 0 d abdomen meat —»— 7 dfiEZ/llj4l 7 d abdomen meat
—a— 0 di## P 0 d belly meat —e— 7 I 7 d belly meat
—— 0 dE#BH 0d tail meat —*— 7 dEHIA 7 d tail meat
(b) B A0 Py A
Radar plot of sensory scores of tilapia

=

Fig. 2 Radar plot of sensory scores of different parts of silver carp and tilapia during storage at 4 °C
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Fig. 3 E-nose principal component analysis plot and E-nose radar plot of different parts of silver carp and tilapia
during storage at 4 °C
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Fig.4 Electronic photographs and changes in color difference of silver carp and tilapia during storage at 4 °C in
different parts of the fish
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R AR R T o — i TR R
T e H T2 TR 3 5 | A L PR ZH 2 A0 i ) S
XA A £1 (Scomber scombrus) 4 i V58 2B, 18
it A7 2ok A v 0 7 R T R U O S 2 ik — 21
A BEFR 4 5 Y T 2H 2R F g BHL S M A AR
FHEY S SRS, B WK #, vl AR 1k B S A
WK,
2.5 TPAZL

2 RN T RN R R [EERA 4 °CIE At
Frp A R A8k . iRl A TR
1R B 2 5 25 1F N U], 4 °C Y i 1Y) BT £
(Ctenopharyngodon idella) . # (Cyprinus carpio)
MEE~2hNSRD LI, ZRRET
Raso1 S i N R O R R R 7 d R RS
35N B (P<0.05) , HLBEIE T A i & 1A 2 7
P Y A E [ A J 35 AR (P<0.01) o HoAY R FE A
(RPN SR IEL PR AN ] 52 1 ) 35 52 T R 95
A3 ) it 2Z IR0 ) G 5 B A 2 SR, MR 5 A P
J 2 T HAB ALK (1 247.954433.22) g, 194
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TR B AT, B S (424.58+83.24) g, T %
010975 15 IR DU 7E BT A 3 58030 o v A B o v, 3R
(462.20+72.91) g, (H i 5 B R A8 . #E AR
F VR AR EE S R N

0 28 1 SRR R CRE FE RN 3L ) 8552 pH R
R R FLR LT SE i i 5% md . 38T )5, T A
VoS RV 90 93 fif S S0 WL A 1 A8 M I
SR A O A e LR R Ve
At F v L 20 B A BL T R S R i AR
i PR AR 22 [R) A AE 3 R Gk (= 0,983, P <
0.05)2% o WA, i A H A P9 S5 AR AR Y
E 5 werm o 1B TN 7 i = | I R
Bt N[ A 3 5 S A A B ) e T
FALFRAER S AN EEAS [R]EB AL Y 7K o3 ek e Al
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FERR DY, EAR LA P B 1D A Bl T 0 LA i
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W A PR R
2.6 FEEEEIESH

pH fE S e £y R R B, AT A R RS 5 A=
1A= A~ AR RS L FE bR o QN &l 6 i/ ik
iR 0 pH AT 86 19 6.91 EF+2]7.01, 1M 2 3E f ()
HE R A 43 BN 7.03 B %1) 6.78(P<0.01) . 1A
F14) ot 245 2 S 0 A 3R ) A7 % pHL A9 T 2 552 i)
R T SR I A5 A BT A W ) B
FNPPHI1E R T LA R R s A A AN TR
5% % B0 pH 5 R5E7K J1 LKA B 68 A A G
pH =, LA AR B2 &, {1 pH ) 8 IR BT AA 4K, 15 pH
AN SR — R R 2

i 3 TVB-N 2B 0] A 6t 3900 £ 258 A g g
R, TVB-N =4 R 8% i & A AR & A
T & BAL G Y RAE D o S | R 1 o AN [R1ERAL
FEA HF A TVB-N & i U 6 fir i, 5 v fife 45 45
TR R A A 0 i 50 A RN R S A B TVB-N
SRYEFE ETH(P<0.01), Hp® AR EHR A
TVB-N & & O 28 & 30 B IR /K 1 T4 br
(TVB-N %4 =20 mg/100 g) . 5 ECHEVERRIA
SEDO S A SRS ASAH [, i AT] K BR W 6 A A
(Thunnus thynnus )4 7 (1 TVB-N 7K - 78 55 — Ji]
25 I 5 90 9 13.3 mg N/100 g 3% 11 5] 30 mg
N/100 g i A & J65 W i) Jist PR R 5 4% 42 1 )
JH 52 28 O = 5K, SO0 4 TR AR A
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K A8 & ATP /3RS WU TR AR
WEEWS b ATP 4RI & o3 L, AT LA B fa (R B8 fe R
fif SN HEA T I RR I 36 A S R EE R 12 .
Pl 6 mIN, I 1 , S RN 25 A A KAAEAIR T
15%, #5307 (147 2 57, G s 2 dnb 2 v T AR o7
(P<0.05). 7E5 7K, BEPAEATEH RSN, HA0r
KAERIR T 40% , ik FE S R RN 2 R IE IR
JEE S PR B T A B (P<<0.05) L 3X 5 pHL v AR {4
AL, ANDRADE %Ak, 2 A 1Y K{H <
20% i AR PR BEE S G ANz . 20%<KIH<
40% B, A AT S AT B A2, 40%<K fH<60%
IFAREESE . KAE = 60% £ A SN

10 - fift: Silver carp

8r C1BM
™

JHR S Drip loss/%
~

43 #FR7 Segmentation site

TBARS {H $5 A0 RN 5 18 464k 2 il F BT 7
A BT AE SIS R (MDA) %5 5 TBA 3R 5 [ b7
45, AT LR e fa A ) R B AR AR Ol . H T 6
RN, TT5EER 7 K, T PR IR ¥ PR AR S A 4
W) & 2 3 THE & (0.53£0.06) mg/kg (P<0.05) .
(0.77+0.03) mg/kg (P<0.01) #1 (0.57+0.03) mg/kg
(P<0.05) . VERNHIZNE W7 E AL ™ Yy iy i A AL
TE I J8 A0 399 T2 B AR 2R 1 45 SR e 4 A4
POV (B 1Y 5 1 B 25 A7 B (0] A 4 RS i 388 .
e IR S PAI Y B o 4R AL R B, M 0.09 mmol/kg
N2 0.16 mmol/kg (P<0.05) , P 3057 Y
JIg D5 & 12 5 v ELRR I S A RS 1 s

10 - %9k Tilapia

Il DM
< B AM
38 CBM
2 g T
e 6t
a i b
K 4 1
32
=

S #FBA7 Segmentation site

(@) THR 2R Drip loss

f% Silver carp
k%

B0 Centrifugal loss/%

0d 7d

fiff: Silver carp
*%

>g
==

= w
2=

ZER I Cooking loss/%

0d 7d

% 4|t Tilapia

B Centrifugal loss/%

ZEHE: Cooking loss/%

(c) 7824512k Cooking loss
DM. T4 AM. BRI BM. [ TM. A . AR 70 B 2 RIAFAE i 35 P 25 5 (P<0.05) 3 * 378 AN [R]IE B 1] 22 [8] 7

TE I k25 5 (%, P<0.05; %%, P<0.01)

DM. Dorsal meat; AM. Abdomen meat; BM. Belly meat; TM. Tail meat. Different letters indicate significant differences between
segmented parts (P<0.05), and * indicates significant differences between different storage times (*. P<0.05; **. P<0.01).
Es5 #EMFEEREFBM4 CIEEEHITRIRE  BORKMBRRKNTL

Fig.5 Changes in drip loss, centrifugal loss and cooking loss in different parts of silver carp and

tilapia during storage at 4 °C
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®2 BEMFTIEE 4 CIOEIT PR EN

Tab.2 Changes in texture profile of silver carp and tilapia during storage at 4 °C

HHER JE A [t A EHA
Dorsal meat P Abdomen meat P Belly meat P Tail meat P
0d 7d 0d 0d 7d 0d 7d
fifi iz 42458+ 304.07+ 84810+ 42172+ . 1247.95% 79125+ . 500.63= 30225+
Hardness/g ~ 83.24°  54.878° 169.70°  137.73° 433220 42.46° 105.37¢  20.84°
i 0.94+  0.82+ 0.86+ 0.82+ 0.84+ 076+ 0.90+  0.84%
‘ Springiness  0.05 0.17° 0.07° 0.10° 0.07° 0.04° 0.04* 0.07°
i‘iver BE Wi 038+ 025+ 0.32+ 0.30+ 025+ 0.19% 031+ 025+
carp Cohesiveness  0.07°* 0.05° 0.03° 0.04* 0.10° 0.04* 0.02° 0.04*
MEL g 149.68+  79.56% 238.00+ 104.54+ . 28244+ 111.45% 14129+  65.22+
Chewiness/g ~ 21.22°  14.62° 84.79°  35.92° 221.35°  28.06° 29.74*  15.11°
A 018+ 0.07+ 0.15+ 011+ 0.15 009+ 0.14=  0.07+
Resilience 0.04* 0.03° 0.04° 0.01° 0.07° 0.03a" 0.03° 0.02°
1) 462.20+ 380.99+ . 314.64+ 325.53+ 288.89+ 231.14+ 240.82+ 238.69+
Hardness/g ~ 72.91°  28.29° 9232  141.06" 54.49* 92,99 88.15*  107.5"
S 097+ 092+ 0.94=  0.94= 0.63+ 087 126+ 0.87+
Springiness  0.01%° 0.00° 0.09*® 0.06 0.13° 0.11* 0.74* 0.10°
P RS 0.60= 050+ 0.61= 050+ 0.56=  0.48+ 0.57+  0.59+
Tilapia ~ Cohesiveness  0.04™ 0.06" 0.05° 0.06" 0.02° 0.07° 0.05" 0.04*
NE IR 278.06+ 19435+ 19251+  165.18+ 161.67+ 106.05+ 137.74+ 138.85+
Chewiness/g ~ 52.76*  89.24* 62.96°  79.16* 36.65°  29.74° 55.36°  59.72°
25 039+ 023+ 036 023 021 022+ 0.35+  0.26+
Resilience 0.04° 0.05° 0.07° 0.03° 0.03° 0.04° 0.04* 0.02°

TE AR FREFR R 73 ) i 2 [ A7 A 35 M 22 57 (P<0.05) 3 * 3R AN [RI I ) 2 [l A 7 i 5 22 57 (. P<0.05 %%, P<0.01)
Notes: Different letters indicate significant differences between segmented parts (P<0.05), and * indicates significant differences between

different storage times (*. P<0.05; **, P<0.01).

F ST R B AR Ak L AZ S s Y R
£ IS I A M E A 5. AR 6f
AT, B VAP ] O E: , 4407 BT 7 R BSCHR &
FEHEIN(P<0.05) o XFFIR/K G, 2 TVC ik
$16 1ogCFU/g i, F M fr AL . R, B2 IR
SR Z b, AR AT R

M TVB-N FI K {8 45 5k F1 W, 25 307 14 28
JoT R BE AN — B0, B AR AR R A TVB-N & it ik
S JE OB B i e R A RN S AR A
A Y KA it 60%, B2 JEmM ., (B2 A
Jo PR 1 B 95 B0 AR A PR JEE T L
27 HBERERTH

W3 PR, W 7 d e, 455B 07 2 E I
BRI AR AR HZ R NAR e AR
AR MAR R, Hb  NER &R SR
2 R IR R AE 1 i & 4 rh i 5 G VR
REANDEE S B2 YR RTRS . WS
Y, S SO S LR R A FE AT I LT 1 5B
VAR e oy e A = i Y VA e & < T
R B R O et o e UK RS IA) LI PR R
T DR B SR O B T B S AR Ak T B
Ao R SRR S R S A E A
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M A B FTH(P<0.05), 43 53k 5] (774.76+
20.77)mg/100 g F1(694.76+80.19)mg/100 g, WF5Y
KB, B B KR 2 BE I R ] SR 5 TR
B RIS, S A i A BRI A RIS JE
TH A AR Ak =22 R AR B AN 2R RV
SEAL R A W b S SRR B AR il M
T B S I R S T P SO 328 S P A A i 2 A e i
(7= 1), 2 £ PR R AR A B Y B BTk
AR GE PR e AR N T RS D
WAL SN WP R T SR
K™ i T 5 S 8 2 I R 2 2 PR ke A TR A
FHAE RO I 7 e R/ b 2 i o i T st ) 7
TR A B A R ) B TR A R
TR K il R i A A R A1

3 45

ASSCHIFSE T BEFN L £ 4 RS 4153 )R 78
4 °CYR LT d By Al AL AL, TRT 1 20 B il 5T
R RERR PR A AR 1L, AT 18 HH 2 2 72 1) 735
ATOL . SRR, BN B R AR A 3 ) i Y 25 78
FEEESA BT . BEIETR A A B
WR 25 AR RE R, Bt S PA) R R 3 s T A
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HAL(P<0.05) ., BERY AR S ARt T 5 2578
B AT R R BT B I (P<0.05) . DT fif
FEREARER A AT SR H IR R R R A A i
PR FI R B 1AL TVB-N K fH . TVC (¥ i 3 I Tt
(P<0.01), FLBERFRAIFAIT POV W1 N(P<0.05),
B ARG AR BRI AH LU
FUIT DAY S ) T PR I 515 R R 2 30 A 1 S i
wi ST Sy 2578 5 AR A T A TR AR R A
PEL At S WV P AR R b i £ PR 7 /<
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sk
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08 B AM £l
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é ;E 02
2 04 =

0d 7d
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THREM S . TVC 55 FE IR ILT-
—H, W, 25 A A R FIRE K g 2 AT
10 YRR A PR R, £ OB RE R T 32 JE T
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#if Silver carp %9EAn Tilapia
%
[ *
0.20 0.20
0.16 0.16
O} e}
= =
< 0.12 © 0.12
g =)
g 0.08 é 0.08
= 0 z
3 2
& &
0.04 0.04
0 0
(e) id %A fLAH Peroxide content
fiff: Silver carp W fa Tilapia
kK
7
6
) )
50 =
= =3
o 4 @)
o0 on
S 3 =
=) =
= E
1
0

0d

7d

() ¥4 S8 Total colony

0d

7d

DM. R AM. JEHI P BM. RS  TM. BFBA . ANl RE3 20 B 2 [RLAEAE b 25 1 25 57 (P<0.05) 3 * 378 AN RIS (1] 22 [R] A7
TE 725 (%, P<0.05;%*. P<0.01),
DM. Dorsal meat; AM. Abdomen meat; BM. Belly meat; TM. Tail meat. Different letters indicate significant differences between

segmented parts (P<0.05), and * indicates significant differences between different storage times (*. P<0.05; **. P<0.01).

BEle T IFEREIA4 CIEILIEH pH. TVB-N.KE.TBARSH.POVEM TVC HIZEL
Fig. 6 Changes of pH, TVB-N, K value, TBARS, POV, and TVC in different parts of silver carp and tilapia during
storage at 4 °C

*x3 @HAMFFEIETIERFERERSENTN
Tab.3 Changes in free amino acid content of silver carp and tilapia during storage mg/100 g
e HHER &R Jife B A FEHBA
c ZEH Dorsal meat P Abdomen meat P Belly meat P Tail meat P
atego
o 0d 7d 0d 7d 0d 7d 0d 7d
REAMWR 068+ 186+ 0.68+ 233+ . 160+ 094+ 0.57+ Les:
Asp 0.04° 0.24° 0.08° 0.23° 0.05° 0.00° 0.04° 0.26°
PR, 1.90+  16.65+ 490+ 971+ 1243+  5.60+ 2,69+  19.48+
7 sk sk EE S *3k
M Glu 0.41° 2.16° 0.39° 0.24° 0.58° 0.14* 0.46° 2.00°
. 3130+ 23.08+ 2549+  24.55+ 1032+ 22.15+ 2432+  21.88+
IR *k k%
I3 Thr 1.51° 2210 1.14° 0.40° 0.89° 0.92¢ 1.50 2.57°
4.96+ 5.29+ 6.92+  7.13+ 123+  6.95+ 6.48+ 6.05+
24 R iR sk
ZRMSer 1 gp 0.69° 0.31° 0.34° 0.22¢ 0.32° 0.32° 0.66°
) P, 39.32¢ 6027+ . 3330 69.71= . 2606+ 3823+ . S5l21x 7615+
iﬁver R Gly 2.70° 5.72° 3.02¢ 1.62% 2.02° 1.68° 2.66° 9.10°
. R Ala 5572+  66.00+ 49.55+  75.00& ,, 3516 42.83% 4313+ 63.06+
P 3.7 5.95%® 2.28° 1.11° 3.44¢ 4.28° 2.64° 7.01°
e 9.59+ 725, 11.54+  11.49+ 523+ 1029+ 9.44+ 1191+
WA o 0.60° 0.85° 0.34° 0.71¢ 1.20% 0.53° 1.48
) 3433+ 23.10+ 40.72+  19.08+ 15.16%  24.59+ 1624+  21.89+
55 iR *
MR fPro 1.16" 2511 5.03° 5208 7.49° 0.11° 432
) 10.90+  15.99+ 11.93+  16.89+ 1055+  9.67+ 10.17+  16.94+
S5 55 iy EE ok sk
AEBNAL - 3o 0.78° 0.48° 0.60° 1.26° 0.19° 0.62% 1.02°
N 10.08+  11.68+ 9.66+  10.04+ 8.13+  8.06+ 6.78+  12.34+
= e kk
SO Met 0.36° 0.93° 0.24 0.30° 1.05¢ 0.07° 0.24° 0.72°
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A3
e HHER JE A i 1A A
c el Dorsal meat P Abdomen meat P Belly meat P Tail meat P
ategory
0d 7d 0d 7d 0d 7d 0d 7d
SoCER 943+ 1191 10.68+ 1275+ 534+ 858+ 843+ 1279+
Ile 0.37° 0.97° 0.51* 0.17* 0.33° 0.58" 0.60° 1.54°
B Leu 15.61+ 18.6+ 1626+ 2115+ 879+ 13.14x 1353+ 18.03
0.66" 1.88%® 0.78" 0.22° 0.41° 0.49° 0.88" 1.91°
) 9.40+ 8.86+ 1141 10.15+ 8.03+ 7.89+ 7.56+ 9.74+
5 ,‘:T * *
MR T g0 1.16% 0.70° 0.18° 0.27° 0.16° 0.96° 0.85°
KNAERR 479+ 8.06+ ., 6.53+ TP, 573+ 431, 4.30+ 8.40+ .,
. . o 7.96%0.11 " ) . N
Phe 0.32 0.77 0.13 0.26 0.75 0.35 1.03
A, 4348+  63.13+ 4973+  64.08+ 28.67+  42.69+ 40.07+ 7274+
R Lys 2.08" 6.08° ** 3.33¢ 1.07° ** 2.88° 7.38%® : 2.54° 8.27° -
R His 380.80+  380.44+ 303.83+ 410.16+ . 157.50+ 21282+ . 25870+ 319.38%
- 16.4° 35.83° 9.38" 8.62° 11.61° 3.91¢ 19.06° 37.42°
AR 0.83x 153+ 0.67+ 258+ 171 074, 0.84+ 235+
Cys 0.05° 0.34° 0.04° 0.19° 0.14° 0.02° 0.06" 0.04*
JsNiia=E =)
 Total 663.13+  723.68+ 593.81+ 77476+ . 341.66+ 459.48+ . 50446+ 69476+
FAAS 34.97 67.47° 48.77° 20.77° 31.33¢ 29.61¢ 33.58¢ 80.19°
KA R 4.72+ 105+, 4.69+ 173+, 570+ 248+ 3.67+ 187+,
Asp 0.56"™ 0.13° 0.11* 0.08° 1.07* 0.06" 0.29° 0.09°
851+  13.10+ 6.70+  11.01+ 6.05+  7.96% 6.18+ 7.15+
NY-=77 k% *k * *k
ARGl 0.21° 1.49° 0.11° 0.42° 0.99° 0.39° 0.06 0.21¢
15.12+¢ 1538+ 1457+  17.48+ 1020  3.93% 13.75+ 8.18+
TS Th *k H% Hk
IR MR Th 0.69° 0.62° 0.27" 0.65° 1.69° 0.09¢ 0.28° 1.01°
5.65+ 2.23+ 479+  4.69+ 497+  0.07+ 5.61+ 4.87+
Q/: A *k *k
ZRMSer 50 0.41° 0.20° 0.14° 0.79° 0.01¢ 0.47° 0.83°
HER Gl 24575+ 233.81+ 21581+ 217.42+ 128.46+ 136.90+ 228.73+  208.22+
O 1760 0.18° 2.75° 7.85° 21.26° 4.76° 4.51% 9.68°
3928+  73.14% 39.63+ 5177+ 29.00+  33.95+ 4373+ 64.10+
N & i *% *% *
MR Ala 1.81° 1.05° 0.68" 1.82° 4.32° 1.46 5.68" 6.72°
I, 447+ 103+, 420+  4.03% 3.96+  0.64= 475+ 0.65+ .,
WEMAE (w120 0.02% 018 0.65° 0.17° 0.18° 0.12°
. 12.58+ 7.26+ 1426+ 1132+ 7.68+  13.19+ 12.71+ 8.13+
= e * * *
WRF P00, 0.11° 5.54° 277 2.36° 0.96° 0.94° 1.66°
) 5.83+ 4.55+ 528+  4.87+ 5.05+ 771+ 5.85+ 5.04+
Vﬁ\fj 7 1 EE EEY
. ARVl S 0.09° 0.52° 0.43° 0.39° 0.55° 0.40° 0.77°
o 3.22+ 2.63+ 2.59+ 2.52+ 2.30+ 5.45+ 3.20+ 3.28+
Til V=t ok
ilapia  EMMet o, 0.07¢ 0.33° 0.29¢ 0.33° 0.07° 0.90° 048
=LA 87+ 64+ 24+ 28+ 70+ 40+ 45+
SRS AR 18b70 064: . 22:1b 128b - 17(3 2 0540.1° 24(: 04§ o
Ile 0.17 0.09 0.17 0.04 0.44 0.10 0.02
L4 Leu 4.0?i 1.89i - 4.35+ 3.16+ s 3.63+ 3.71+ 4.9Qi 1.26+ .
0.36" 0.06° 0.39" 0.20° 0.69° 0.24* 0.24° 0.03¢
» 2.99+ 2.32+ 286+  2.46% 2.78+ 531+ 3.39+ 241+
=1 ”T * * ks ko
MERTYT o3 g 0.13° 0.18° 0.30° 0.07° 0.06" 0.15"
RNERR  3.63x 2255 337 249+ 318+ 6725, 370+ 2,05+,
Phe 0.13% 0.17° 0.13% 0.16° 0.24° 0.50* 0.12° 0.08"
18.68+  17.10+ 19.97+  17.91+ 14.75+  23.56% 2448+ 2622+
#1540 Lys . . * : *o
0.80 0.64° 0.33 0.72° 2.63° 0.63 1.24% 2.52°
30.86=  28.87+ 29.97+  29.45+ 1822+  22.59+ 28.85+  33.40+
ZH & 1E Hi
AL His 1.01° 0.82° 0.58° 1.04° 2.92° 0.69° 0.70° 3.52°
PesER 160+ 103+ 1.03+  1.05% 091+  1.00+ 129+  1.08+
Cys 0.33° 0.01° 0.12° 0.05° 0.15° 0.00° 0.23%® 0.10°
T A
. Total 408.84+  408.28+ 376.31+  384.63+ 248.55+ 277.24% 397.21+ 37835+
“FAAS 23.03* 6.23° 12.36* 17.02° 41.22° 10.76° 16.38* 28°

T AN R BRI 430 i 2 (R 1 3 R 22 57 (P<0.05 ) 5 * 3R 7R AN [ U RT [1] 2 ) 47 A8 di 3504 25 5 (*. P<0.05 5. P<0.01)
Notes: Different letters indicate significant differences between segmented parts (P<0.05), and * indicates significant differences between
different storage times (*. P<0.05; **. P<0.01).
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é/j%iﬁk of different edible parts of bighead carp (Aristichthys
(1] el g sl va e B s . 4 [ K P A 2l | nobilis) flavor[J]. Journal of Food Biochemistry, 2021,
K2 L SR %2023 M. EET: th 45(11): e13946.
FE Al A, 20232 17. [12] ZHANG L, ZHANG R Y, JIANG X D, et al. Dietary
Fishery and Fishery Administration Bureau of the Ministry supplementation with synthetic astaxanthin and DHA
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Society. 2023 China fishery statistical yearbook [M]. female Eriocheir sinensis [J]. Food Chemistry, 2024,
Beijing: China Agriculture Press, 2023: 17. 430: 137020.
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and lipid oxidation on the water holding capacity of PIZEWURER P BT R 520 [T ). Eranfhe, 2022,
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muscles[J]. Food Chemistry, 2023, 423: 136238. SHI Y'Y, ZHENG Y, WANG H L, et al. Effect of

[3] WANG H L, ZHANG J I, ZHU Y Z, et al. Volatile antifreeze protein on water-holding capacity and texture of
components present in different parts of grass carp [J]. frozen scallop (Patinopecten yessoensis) adductor muscle
Journal of Food Biochemistry, 2018, 42(6): ¢12668. [J]. Food Science, 2022, 43(10): 22-28.

AT P 56 3 R P T A 53
(4] HONG H, FAN H B, WANG H. et al Seasonal [14]  FLrmg. HAaF0)5EEL b & B 5 (D], I
VAL, YLV L L
variations of fatty acid profile in different tissues of s LIRS 2019,
farmed bighead carp (Aristichthys nobilis)[J]. Journal of WANG H L. Study on changes in the quality of grass carp
Food Science and Technology, 2015, 52(2): 903-911. in the process of postmortem [D]. Shanghai: Shanghai
, - p S s ot g O University, 2019.
[S] WRl, BRX BT F AR PR As GRS cean ety
, . 15 LIDY, XIEHK, LIUZY, etal. Shelf life prediction
ARSI 0], f AR, 2019, 44(8): 120-125. P
and changes in lipid profiles of dried shrimp (Penaeus
FENG T Y, JIANG Q X, YANG F, et al. Effect of
] . ) . vannamei) during accelerated storage [J]. Food
different drying processes on quality changes of silver
. Chemistry, 2019, 297: 124951.
carp (Hypophthalmichthys molitrix) [J]. Food Science
[16] ZHANG L, YIN M Y, ZHENG Y, et al. Short-term
and Technology, 2019, 44(8): 120-125. S )
) rearing in brackish water regulates the taste-related

[6] ZHOU JJ, WU X Y, CHEN Z, et al. Evaluation of )

metabolites of abdomen muscle for adult male Eriocheir
freshness in freshwater fish based on near infrared . )

sinensis| J]. LWT, 2021, 142: 110898.
reflectance spectroscopy and chemometrics [J]. LWT, [17]  ZHANG L. YIN M Y. ZHENG Y. ct al. Brackish water
2019, 106: 145-150. . o

improves the taste quality in meat of adult male Eriocheir

[7] QIN N, LI D P, HONG H, et al. Effects of different . . . .

sinensis during the postharvest temporary rearing [J].
stunning methods on the flesh quality of grass carp Food Chemistry, 2021, 343: 128409
(Ctenopharyngodon idellus) fillets stored at 4° C [J]. (18] SHENG X W, YAN L F, PENG L Q, et al. Effect of
Food Chemistry, 2016, 201: 131-138. plasma-activated lactic acid on microbiota composition

(8] NIE X B, ZHANG R C, CHENG L L, et al and quality of puffer fish (7Zakifugu obscurus) fillets
Mechanisms underlying the deterioration of fish quality during chilled storage [J]. Food Chemistry: X, 2024
after harvest and methods of preservation [J]. Food 21. 101129
Control, 2022, 135: 108805. [19] ZHANG Z C, WU R'Y, GUI M, et al. Identification of

(9]  TAVARES J. MARTINS A, FIDALGO L G, etal. Fresh the specific spoilage organism in farmed sturgeon
fish degradation and advances in preservation using (Acipenser baerii) fillets and its associated quality and
physical emerging technologies [J]. Foods, 2021, 10 flavour change during ice storage [J]. Foods, 2021, 10
(4): 780. (9): 2021.

[10]  BRERSC, #53Cu8, A8, &5 . MR i e AS 6] A7 L [20] LIU L, ZHAO Y H., ZENG M Y. et al. Research
PE IR AT S I (D], A s, 2019, 19 progress of fishy odor in aquatic products: From
(8): 286-293. substance identification, formation mechanism, to
CHEN Y W, CAI W Q, QI L B, et al. Analysis and elimination pathway [J]. Food Research International,
evaluation of nutritional components in the muscle of 2024, 178: 113914,
different parts of Russian sturgeon[J]. Journal of Chinese [21] LIHY, WANG Y, ZHANG J X, et al. Prediction of the
Institute of Food Science and Technology, 2019, 19(8) : freshness of horse mackerel (Trachurus japonicus) using
286-293. E-nose, E-tongue, and colorimeter based on biochemical

[11] XIAONY, HUANGHY, LIUJY, et al. Comparison indexes analyzed during frozen storage of whole fish[J].

http://www.shhydxxb.com



SHEH A N Y A0 AN [RDAS A0 20 A AL 54 v R o A A LA 649

(23]

[29]

Food Chemistry, 2023, 402: 134325.
SINGH A, MITTAL A, BENJAKUL S. Undesirable
discoloration in edible fish muscle: Impact of indigenous
pigments, chemical reactions, processing, and its
prevention[] 1. Comprehensive Reviews in Food Science
and Food Safety, 2022, 21(1): 580-603.

ARACATIM F, RODRIGUES L F, DE OLIVEIRAS L,
et al. Astaxanthin improves the shelf-life of tilapia fillets
stored under refrigeration [J]. Journal of the Science of
Food and Agriculture, 2022, 102(10): 4287-4295.

LIU X C, HUANG Z, JIA S L, et al. The roles of
bacteria in the biochemical changes of chill-stored
bighead carp (Aristichthys nobilis) : proteins degradation,
biogenic amines accumulation, volatiles production, and
nucleotides catabolism[J]. Food Chemistry, 2018, 255:
174-181.

HERNANDEZ SALUENA B, SAENZ GAMASA C,
DINEIRO RUBIAL J M, et al. CIELAB color paths
during meat shelf life [J]. Meat Science, 2019, 157:
107889.

MATTJE L G B, TORMEN L, BOMBARDELLI M C
M, et al. Ginger essential oil and supercritical extract as
natural antioxidants in tilapia fish burger[] 1. Journal of
Food Processing and Preservation, 2019, 43(5): €13942.
HUGHES J M, OISETH S K, PURSLOW P P, et al. A
structural approach to understanding the interactions
between colour, water-holding capacity and tenderness
[J]. Meat Science, 2014, 98(3): 520-532.

ZHAOY M, DEALBAM, SUN D W, etal. Principles and
recent applications of novel non-thermal processing
technologies for the fish industry—a review [J]. Critical
Reviews in Food Science and Nutrition, 2019, 59(5) : 728-
742.

TEIXEIRA B, MARQUES A, MENDES R, et al
Effects of high-pressure processing on the quality of sea
bass (Dicentrarchus labrax) fillets during refrigerated
storage [J]. Food and Bioprocess Technology, 2014, 7
(5): 1333-1343.

CHENG J H, SUN D W, HAN Z, et al. Texture and
structure measurements and analyses for evaluation of fish and
fillet freshness quality: a review[J]. Comprehensive Reviews
in Food Science and Food Safety, 2014, 13(1): 52-61.

LI Q, ZHANG L T, LU H, et al

postmortem changes in ATP-related compounds, protein

Comparison of

degradation and endogenous enzyme activity of white
muscle and dark muscle from common carp (Cyprinus

carpio) stored at 4°C[J]. LWT, 2017, 78: 317-324.

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

JEVBR, XU, i, 5 HURRA KX VA TR JA £ PR SR K i o
AR LT ] Rl TARAAR, 2011, 27(10): 365-369.
ZHOU R, LIUY, XIE J, et al. Effects of electrolyzed
water on texture and quality of obscure puffer fish
(Takifugu obscurus) during cold storage[J]. Transactions
of the CSAE, 2011, 27(10): 365-369.

CROPOTOVA J, MOZURAITYTE R, STANDAL I B,
et al. Superchilled, chilled and frozen storage of Atlantic
mackerel (Scomber scombrus) fillets-changes in texture,
drip loss, protein solubility and oxidation [J].
International Journal of Food Science & Technology,
2019, 54(6): 2228-2235.

HATAE K, YOSHIMATSU F, MATSUMOTO J J. Role
of muscle fibers in contributing firmness of cooked fish
[J]. Journal of Food Science, 1990, 55(3): 693-696.
TSOUKALAS D, KENDLER S, LERFALL J, etal. The
effect of fishing season and storage conditions on the
quality of European plaice (Pleuronectes platessa) [J].
LWT, 2022, 170, 114083

ECHEVERRIA I, LOPEZ-CABALLERO M E,
GOMEZ-GUILLEN M C, et al. Active nanocomposite
films based on soy proteins-montmorillonite-clove
essential oil for the preservation of refrigerated Bluefin
tuna (Thunnus thynnus) fillets [J]. International Journal
of Food Microbiology, 2018, 266: 142-149.

ANDRADE S D C S, MARSICO E T, GODOY R L D
O, et al indices for freshness

Chemical quality

evaluation of fish[J]. Journal of Food Studies, 2014, 3
(1): 71-87.

AUBOURG S P, RODRIGUEZ A, GALLARDO J M.
Rancidity development during frozen storage of mackerel
(Scomber scombrus) : effect of catching season and
commercial presentation [J].

Science and Technology, 2005, 107(5): 316-323.
VIRGILI R, SACCANI G, GABBA L, et al. Changes of

European Journal of Lipid

free amino acids and biogenic amines during extended
ageing of Italian dry-cured ham[J]. LWT-Food Science
and Technology, 2007, 40(5): 871-878.

i, R, BT, S A TU I TR RIE LB
JHL T X ¥ 5 RL 2 U Sof R R 9 BT s e [0, £ A
%, 2018, 39(13): 1-6.

XIE J, YE J X, YANG S P, et al. Evaluation of the
spoilage potential of Shewanella putrefaciens and

Pseudomonas  fluorescens on pacific white shrimp
(Litopenaeus vannamei) juice during cold storage [J].

Food Science, 2018, 39(13): 1-6.

http://www.shhydxxb.com



650 SR C S N S SO 34 %

Quality changes of fine-segmented silver carp and tilapia products during
the refrigeration process

WU Jingjing', YU Xinlei', TIAN Fukang®, TIAN Mingli*, WANG Xichang', ZHANG Long'*
(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. Hunan Xiweijia
Biotechnology Co., Ltd., Yueyang 414100, Hunan,China)

Abstract: In order to investigate the deterioration of sensory quality and physicochemical indexes among
different fine-segmented fish, and screen out the parts that are susceptible to deterioration, silver carp
(Hypophthalmichthys molitrix) and tilapia (Oreochromis niloticus) were finely segmented into dorsal meat,
abdomen meat, belly meat and tail meat. The samples were analyzed for organoleptic evaluation,
biochemical indexes and textural characteristics before and after storage. The results showed that the sensory
evaluation of all parts of the two fish decreased to different degrees after 7 d of storage, and the odor of the
belly of silver carp was the most deteriorated. 0 d of silver carp dorsal meat and tail meat had similar volatile
odors, and the separation of PCA increased on the 7th day. During the 7-day storage period, there was no
significant difference in the brightness of the different parts of silver carp, and only the brightness of the
dorsal meat of tilapia increased significantly from 36.29 to 42.57. The drip loss and centrifugal loss of silver
carp were higher than tilapia, and the texture profile of silver carp were more likely to deteriorate. From the
comprehensive analysis of freshness indexes, the contents of TVB-N, K value, and TVC value of silver
carp dorsal, tail meat, tilapia belly, tail meat were significantly increased, and the POV of chub belly meat
increased significantly from 0.09 mmol/kg to 0.16 mmol/kg (P<0.05). Total free amino acids increased
significantly in rib meat, belly meat and tail meat of silver carp. Overall, the sensory and freshness qualities
of silver carp belly and tail meat were more susceptible to deterioration, and tilapia backbone meat
deteriorated the fastest in terms of sensory quality and textural characteristics. This study provides data
support for fine segmentation of freshwater fish and establishment of rapid evaluation methods.

Key words: silver carp; tilapia; fine segmentation products; refrigeration; quality change
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