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1.1 #FR5RXF

fief % 5 A0 ) T Y T I U BT I A A TR R
i, BRAAE R (1600+£100) g, 1K (42.543.2) cm,

i L B = B MR (Adenosine triphosphate,
ATP)., MR J## 2 (Adenosine diphosphate, ADP) .
Al # MR (Inosine monphosphate, IMP) . X & 1% %
(Hypoxanthine, Hx)(# b a4l , Sigma /4], 3£ H);
— W R I 7 (Adenosine monophosphate, AMP) | /X # 12
W ¥4 (Insoine, HXR)(TCI Z~d], HA); KH,PO,.
KoHPO, (3 4, . =5 LR (7 4L) | 5 54 TR \NaOH |
KOH(fL 4% 2h)(E 2548 Bk AR A BRA ) s 17 Fhad
FERRIE bR (A S L) (th B B E R B it it i 5
SRS T s FLAR I (R o A W T AR
T

12 UE5EE

TA-XT Plus I JFi#4J4% (Stable Micro System 7
A, SCE); SHP-2500 BUIIEA ML 24 (iR
SEEG A AT FRA F); H2050R 70w i v v B AL (K
TP FRA ) s L-8800 44 KL R 1 3 4 A
(Hitachi A ®], HA); W2690/5 K20 AH (034X
(Waters A7), Z5[E); UV-1800PC %I 4241 L4356
FETH (L S5 R A B R ) s FE20 2 pH (4
-FER AR (M)A FRA D .

1.3 LA E

131 RAmL i I A0 28 TR RS ] S A
KR AR EeR) =, BBRWE, Hish A
KoK P T, Wi TR B AR CImik it ash, &
T 25 CEE AR I 4337 0. 5. 10, 15, 19,
23, 27, 30 h i, BEMLEEE 3 FATEITIEPRINAE o
132 F#egmE S g (2016) 71, I
TR S, REBE MY R, B FER VIR 2 cmx2 emx1 cm
KON A B, I ERCN TPA, R P/6 PR
S, MERARTHEE R 3.00 m/s, MHAH K 1.00 mm/s .
R R 1.00 mm/s, EAERE N 50%, 2 KEH
(BB ESTE) R 5 s, i A AE R 5 g, B RAE 3K 200 pps.
FELAE S E 8 IR

1.33 pH #alE 2% B Q00 ik, W
EME M, FREVAHE . IRAISIN 2.0 g AN T B0
Hr, N 18 ml ZE4/K, ¥ 2 min, 10000 r/min B5.0»
10 min, #1398, HBCEWEW, H pH iHllE.

1.34 SLER M KA He a2, 4 iR A
W) TREA 5 FLIR I ) U B T, B 2.0 g BT

mIFN, 18 ml 0.85%4: BRER /K AT 30s, 4°C &M
TAI3, LA 10000 g B0 10 min, W FWEW, fdH
W45 Wk (Torten et al, 2010)iE b7 & A 4 H ik
BE, I E R £ (No.A019, T 5 i A= ) T RERIFSE
JINFE 530 nm Kb YRR E LR, 45 R BoR A
AR /g B (mmol/g K H ).

135 #BRAARAS TN T 2% PR 8 K 55
QO AL, MAEEN ., PREUFES: 2.0 g, INAFIH
TECR 15% M = OREW 15 ml, 2J%K 2 min J5,
B 2 h, 4CE&MEF, 10000 t/min .0 15 min, iF
UE, HU LT 5 ml, FMEEEN 3 mol/L #Y NaOH &
P pH % 2.0, AR 10ml, $£4), 1t 0.22 um i,
PEW AL

1.3.6 HHEmENLSHE TR K LN E 5%
Yokoyama “5(1992)/9 751, WA, FREUER: 5.0 g
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HCIO,, H#A)H 2 min, 4°C&MHF, 10000 r/min &5
> 15 min, 98, BCEWER . H S ml BiESECH 5%
() HCIO, YEVRUIVE , BB, AIF L. Wy Lk
W pH & 6.5, HE 30min J5, EAZ 50 ml, $£5),
i 0.45 pm FERF

RO (35 45 . ODS-SP C18 {1141 (4.6 mmx
250 mm, 5 pm), ODS-SP #4085 (4 mm>10 mm,
5 um); WEIA A N pH 2 6.5 # 0.05 mol/LKH,PO,
1 KHPO, (12 D)W, WshtH B AW B, il
1 ml/min SEBEEEPEML ; #1HIE 28°C; #EAERE 10 pl; K
MK 254 nm.,

K J& ATP F&f# 14724 HxR Fl Hx & 15 2 f15 ATP
KR DB H 4r LAk By 4, 2014) . Hat AR
K(%)=(HxR+Hx)/(ATP+ADP+AMP-+IMP+HxR

+Hx)x100%

K, ATP, ADP. AMP. IMP. HxR Fl Hx 4%
FUNMIR LAY, BURE =0 . IRTE R . IR
MR . WUTFR WL (R MR A ) RN B R RA AR Ve
DL pmol/g Wi 5 FRIR (B IESE, 2011),

1.4 HiEALE

TR EAE LA 3 A AT AR T A bR o 25
(Mean+SD)# /i , 2K Fi] SPSS 22.0 F4F i 4158 4347,
% M Duncan #1722 & LK, KM Orgin 8.5
(OriginLab Corp, Hampton, 3€[E)#{4F4:H .
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PR B PEAS AR L3 1. R 1 ATRIEH,
SR - D 3 1 2 O - N | R N R
H3(423.91+8.88) g, TERLMASLST 23 h i, fifi B 3K 5] i
KAE, M(538.96+11.80) g, K52l Fi%, X5 Abe
(199N LE IR —F, 0P Y S PE R Py SR P
Y A e ) ) B 5T R A, (HARRIR AN R, TH
W R ] A PRI S T R st LA

JO AR AR P 1 A A AN A5 e it B A% R I A T B O
A2, 1 H 5 NUR S 4 & A 0928 A 5¢ (Martinez
etal,2011), Li 5(2017)i53 0, a0 )5 i B Fngp:
MAEAS pH REARHCR AR L 4E R4 ¢ Sato
ZF(1991) B g A9 A P 02 5 | RS £ i ast 2 v o 4y A8
LR B 2 . Bahuaud Z5(2010) & B0, 74 ¥ ik
f(Salmo salar)ZH 2L I /R P Bk B R
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Tab.1 Changes in texture of postmortem grass carp during storage at 25°C

T e ) (1] i i L R MR Mg E§=Ex
Storage time(h) Hardness(g) Springiness Cohesiveness Chewiness(g) Resilience
0 423.91+8.88° 0.89+0.04° 0.43+0.02° 179.38+8.27° 0.25+0.01°
5 440.42+19.80% 0.88+0.03%° 0.39+0.02° 233.43+9.75% 0.22+0.001°

10 457.42+19.97% 0.85+0.04% 0.35+0.02° 141.77+3.83¢ 0.16+0.01¢

15 469.52+19.78% 0.84+0.01¢ 0.31+0.02¢ 128.13+4.66° 0.14+0.01¢

19 480.25422.44° 0.84+0.03¢ 0.30+0.01¢ 110.95+3.99¢ 0.13+0.00°
23 538.96+11.80" 0.78+0.04¢ 0.23+0.01° 84.56+3.66° 0.10+£0.00¢
27 363.13+£14.89" 0.79+0.00¢ 0.21+0.01° 76.00+2.80" 0.10+0.00¢
30 336.57+17.34¢ 0.76+0.02¢ 0.20+0.00° 62.16+4.30" 0.10+0.00¢

T RS AR TR 3R 22 53 .3 (P<0.05), T

Note: The different superscript letters in the same column indicates significant difference (P<0.05), the same as below

22 EHA&RFWEIEEH pH BH9T{L

LT AR, RS2 AFAR) pH Ry 7.2640.02, &
F-fi% £8 (Hypophthal michthys molitrix) &%) 4 pH(E 5,
2015), fRMEILG pH (B S5FI2E . =05 . Gk, SERT
TG DKLU SRS AE R R A 56, AR 30 h
W, pH BTG LIRS, 385 23 h i, TR
£ 6.74+0.02, 7E 30 h BfFEE 7.15+0.03, XIHH
ZE(2016)MF5E &P, K F 6% (Changfeng silver carp)s
RIGTE 4CEM R, pHTE 24 h BF kB RARME, 25
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Fig.1 Changes in pH value of postmortem grass
carp during storage at 25°C
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pH iZ#i 7} =5 (Fan et al, 2014),
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Fig.2 Changes in lactic acid content of postmortem grass
carp during storage at 25°C
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SN R R L WIS R B A A LR S
(1.20+0.08) mmol/g prot, FfiJ5Z#iiahn, 7& 19 hAf
KB KAE, M(3.96+0.05) mmol/g prot, 23 h J&5, FL
MR AR R, 30 h BF, FLER & 810 R (0.20+
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M T Zad BEEE iR A CFLER (Poli et al, 2015), FLARIY
A ik B pH B, BRI E Ca® W LIRE %,
Ca™ Vi AR HE T B A0 BE I (A (R ERE (R 245, 2010).

24 HBRFTHEIETHESRERIENTL

Ui B R LR — IS B A AR AN AY, T DA B
. fE LRI WYL BUBRSE, XN RERE SRR B
S, Atfs, WU H IR A RS & AR, (e
ARSI, R, A AN A A K B A T
ARIZAT, I T R R R B R R, A
F18) S S it 1 B R R G B R 8 R I, BB ST T H A
3% £ R B R XU AR T (R AR SEE, 2003) 2 2R
(His) . BEEHR(Tyr) ., #EER(Lys) 5 HA w50k (i SCIE 5,
2014), KRAZAR(Asp). AR (Glu). HZAMR(Gly).
TR (Ala) S5 52 B A fF R 2 TR 5 2 A AT R A L
A EVE R (PR, 2015; BRE1 4, 2017),

LAY U S B S AR LR 20 K 2
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XS o W B SRR I R AE AN S 4 xS B
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SRS T HE (20 mg/100 g), 7 WX 2144 58 5 %
WRA % B AR, T b o 28 1% it o A L PR 1 Y
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FEr, R R EERR 1 A A R PR, T BRI
B IR 1) J e D T TR 0, X T -5 R S 3 LA

—— BEFR AR

N Fresh sweet amino acid

—— IR AR

B Bitter amino acids

W W
S W
oS O

. -
//

W
(=]
T

\

R AR
Sample content/(mg-100g™)
S @ S
(=] (=] . (=)

W
(=]
T

(=]

5 10 15 19 23 27 30
38Rt A] Storage time/h
Bl 3 BEE 25°C I B v e F R A
SRS AR T i iR
Fig.3 Changes in content of fresh sweet and bitter amino
acids of postmortem grass carp during storage at 25°C
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e 1 R A J5 o B £ JUL PR AN ] SIS 7 Y 2
REff A G oAb, SRR /AN R S ™
H— BB 221 (Erkan et al, 2011),

25 EBEHEEEMEERER ATP XEBELEWE KED

T

M3 ATLLE NI R AR ATP 75 2 4(3.68+
0.37) mg/100 g, 7£ 10 h i T+ %2(12.54+0.41) mg/100 g,
B J5 W8 3R . ADP & B 28 AR AR /N

AMP RIS, (£ Az BRAR Y ROeR 5 i
b, H5 IMP BA PRV GRAESRL, 2013), B E)S,
AMP 8 7F 30 h IBEA I8l , AR miE# . IMP
& T B SR M) T (Okamoto et al, 2006), Wil 52 3% Ay #E
i IMP & a8, FJE, TEPTERME IMP B2 /K i i
FAE Wy O R B4 HxR Al Hx; 30 h i, IMP
Eri M %(12.66+0.79) mg/100 g, Hx Fl HxR EA &
MR, ARG R B RN, 2 S s R R K
AR B2 A
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Fig.4 Changes in K-value of postmortem grass
carp during storage at 25°C
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3 4if

BAAGESE , RIS R, A DA R R R I
PEAESLIR 23 h A EIR R, SRk, AR K
P U P 1) 4 S S R AR R R R # . BB AESS pH IR
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Tab.3 Changes in ATP-related compounds of postmortem grass carp during storage at 25C

Frir Content (mg/100 g)

T?ile?h) WL R iR RN A% AT TR R R — PR AR TT IR B IS RIS T
IMP =WifR ATP ADP AMP Hx HxR

0 212.53+9.81° 3.68+0.37° 14.69+0.22° 8.36+0.43¢ 2.16+0.20¢ 13.46+1.22"

157.68+7.43° 4.57+0.45° 15.87+0.16° 8.09+0.70¢ 3.12+0.25% 46.26+2.46°

10 161.71+7.33% 12.54+0.41° 17.87+0.63" 11.74£0.37° 4.17£0.20° 46.95+0.32¢

15 111.69+4.96° 9.32+0.04° 17.86+0.18° 9.83+0.96° 4.95+0.13° 63.27+0.149

19 57.74+2.949 10.44+0.00° 16.00+0.08° 10.42+1.15% 7.36+0.11° 75.76%2.01°

23 41.61+4.45° 10.16+0.01° 15.48+0.32"% 11.3240.18% 8.47+0.66° 92.66+6.80°

27 14.66+0.62° 10.17+1.33° 16.22+0.62° 11.60+0.23" 19.40+0.08° 97.5244.75"

30 12.66+0.79° 10.20+0.11° 15.52+0.37% 11.40+0.03" 21.30+£0.27° 105.17+1.48°

Wi o FLIR & i S BRI D i R o SRR
i g A8 LR 1) S P B S I i IR I S e R R Y
SCE RSN, R, BATEEIRE) IMP 5 Hhl
SRR, TR B R A HxR I Hx 7 i
KAB A A DL T, B £0 50 )5 I IEJ8E 10 h P AT f
FPE R BERE , 27 h ISR Pk, R A
JEJE 10 h WHEATIN T

2 % X M
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Quality Changes of Grass Carp (Ctenopharyngodon idellus)
in the Process of Postmortem Stored at Room Temperature

WANG Hongli, SHI Wenzheng(D, QIU Weigiang, WANG Xichang

( College of Food Science and Technology, National R&D Branch Center for Freshwater Aquatic Products Processing
Technology (Shanghai), Shanghai Ocean University, Shanghai  201306)

Abstract In order to study the quality changes of grass carp during postmortem at room temperature
(25°C), the changes in texture, pH, lactic acid, free amino acids, and ATP-related compounds in the dorsal
meat of grass carp were measured using texture analyzer, pH meter, lactic acid kit, automatic amino acid
analyzer, and high-performance liquid chromatography method in the postmortem process within 30 h.
The results showed that hardness and chewiness of the grass carp reached its maximum at 23 h and then rapidly
decreased, while springiness, cohesiveness, and resilience of grass carp decreased with the extension of storage
time. pH showed a trend of decreasing first and then increasing, and it reached its maximum at 23 h. The
content of lactic acid increased initially and then decreased, which reached its minimum value at 23 h. The total
amount of fresh sweet amino acids gradually decreased during the postmortem process, while bitter amino
acids were just the opposite, which increased during the postmortem process. The content of ATP increased
significantly within 10 h, while the content of IMP with umami taste decreased rapidlyl. Furthermore, the
content of HXxR and Hx with bitter taste increased gradually during the storage process. The K value
increased during the postmortem process. The change in K value indicated that grass carp could maintain
high freshness after storage for 10 h at room temperature, and it reached 68.99% at 27 h, which showed that
the fish had spoiled at that time. Therefore, it should be processed as soon as possible, ideally within 10 hours
after the death of grass carp at room temperature. This study will enrich the basic theory of postmortem
variation of fish and provide support for the quality change of aquatic products.

Key words Ctenopharyngodon idellus; Postmortem; Free amino acids; ATP-related compounds;
K-value
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