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W OE: ONIRFE AN IR R X T 0 SR BRRE | A A (a R K UL TS, Lt 3 3R A T34 B R (3.30+
0.12) kg W # 10 (Mylopharyngodon piceus) NN 4, 72 N H#EAT 28 d BT 77 , i 9 0] [H] 4% M 7 FH 5 (0 e 651
RECHLA 11 30.05%) , 43 BIKGIET 35% 0 R HRAH ) (714,21 128 d 35 fa (O IARSS AR 2B BRAE ARS8 AR A LR Y
R, SRR R S TR N R MR A A | - R R o i AR R PR A . AR R R SR I
0,1 5 J3E R 1 32 300 35 IR (P<<0.05 ), PR 680 199 272 6 R 7 58 T B 7 1 T (P<0.05) s 5 9% 14,21 1 28 d UL PRI IHL IR
PR o 2 TR (P<0.05) 5 B 77 21 d LA PR R TR 2R 2 1S N (P<0.05) 5 87 77 1 181 L PR B I 4 2 vk 4
J B B PR A (P<0.05) 5 #7721 A1 28 d (Y ILPAL H 2- B | 1 -2 975 -3 - 1 | 2- 13 356 10 T 45 6 Do A< A S5 400 ol 7 1 4
e E%FREAAR LG, B35 21 128 d T AR H B 0 T H-Ih e A | e AR AR I e i A T
TGP A B G S T T B S UL PR T it o S BRI (P<<0.05) , T ALK 7B 77 W 35 T (P<0.05) o 45
b EEIR 14 dRT AR TS b LR PR Ak o BTIR 21 d AT AR T35 10T T IR S UL A He S Ak i o AR s fa
S B MR

KIF A BRI ARMEEE LR R

RESES: S965.111 MRS A

W LA & BT B 32 B SR P A B A 52 % 6~20 d 7] DL 2 3% 6 | 85 0 (Maccullochella

PR I P A 53 2% 1 2 i T LA A T ) T 25
W St IE SR R TR T AR K SRR T
B W (BRSSO R N PSS ol L (TR
T PR AL, LPRAE = s DI B TS
K R R EOR SR TR A R A B X T
AT R R AL T DA LWL PR G T B R
b PRADFE T FRIN [E] FRAEAR TR PR AR IR
ARSI Z R b, B SR R) 2 R e A Y
i R G R 2 — FoR R B, B 9% 20
d 2245 ] UAR 5 8 A (Pelteobagrus fulvidraco)
JWLPR G2 R 5 15 M JULPR B PR B 97 20 d T
PLUHR & 5 (Aristichthys nobilis ) L W RE B 5
LPEL IR PR T 5 b B8 d, 3 4R A Sk
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58 SR C S N S SO 35 %

BT S ] LA s AT S A i T P | I f R R
BURHE L2 52 THWUPA i o1, AE 2 8 SR RO 32 .28
Fofr B (DRI 50 PR 45 PR R 5

H i (Mylopharyngodon piceus) , 15 #% 5 it |
59 MR A B A R R | £ DY A
3 D IUTEDR B RN (E e SR A, SR TR A
TROKFRFHE A2 5 f0 32 B8 3 A% 40 i R A
A7 R 2 SR T R A K BT S R R Y
M) , L 3% 7 B 7 £ ) PR SO TR AR . HL T
K77 SR B P e /D AN [R5 I 8]0 77 £ R R AR
iR N e N INA R iR A R S A PS I A N iy
5 LA 8 3 58 o IF SR 5, e BT e AN [F) 4 57
I E) R 7 AR AR TR bR AR B AR B R L
PR P | BAR R LR R Ly E R R 2
SRR o R R B AR A, LR
TP [ 35 i [R] %] 5 £ o A £ R R UL I & J5E 1
SO, 5 AR T I R R R o e A
St BE M 2%

1 MRS IE

1.1 AW 5RFEE

TR I T 00 T VLI 22 ) 5 5 b, U
b — 30 T A BSR4 T SR T
(3.30+£0.12) kg, V&K K (55.12+£0.78 ) em. iR
I8 A WP U9 2 Bt K A AR W SR ok SR b P iR AT R
W1k 28 do HoHF T 5 A R (R
T+ 30.05%) , £ H 09: 00 BEME 17k, KR
0.5%. JHFFE40 BT AT HAS m HE 0.9 m. K
R 0.8 m 1Y FEFE M . 10 ] (B PR 1UE 24 h K, i
100 L/h, 7K IAR3% 18~20 °C,pH 2 7.2 1A %A >
6 mg/L. & A <0.3 mg/L . W fiff fid £ <0.05 mg/L.
T R A A ARG TR, B H WKL  pH A
Ao KIS IRO A M NI, 7 KRHE
— AT IITE0.7 (14 .21 F128 dHUKE, HORAE S
W, TR A 8 b
1.2 HmRE

FEUCRFEREHLIE L S B2 111, 22 MS-222 FRI 5
(200 mg/L) FR 8, U K KK . @2
(CR-400, Konica Minolta, H A< ) il & £k L 75
it B A R ERKAL SR M, 8 3 500 r/min,
4 °C 5.0 10 min, W B W IR AF T -80 °CA H
FHF 5 A AR AR DU 2 o 575 0 18, R
5 PN IE P R T e o o, R ORISR AR FE A .
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figh 7 Bt J ) e, B 22 G BT WL R A €2 . B
L3 cmx3 emx1 cm) ] L (3 emx3 ¢cmx0.5
em) , AT RGN o FRIA TS WIUH T LA & FL
BIRT AR LS A R B
1.3 RAEIEIRNE

A0 % J¥ (Condition factor, CF) . JiF /& [t
(Hepatosomatic index, HSI) JIEAA . (Viscerosomatic
index, VSI) i 2 J5 g 5 #5654 (Mesenteric fat index,
MFED A5

I=W,/L>x100 (1)
Lis=Dy/W,x100% (2)
L,=D/W,x100% (3)
Ly =D/W,x100% (4)

K I MBI, g/em®s L WIFAREL % 5 L H
WEAAR L, Yo 5 L F W0 R IERE W HE 2L, % 0 WA AR
S, g LA HRIRK  em; D, \D, 1 D530
JHIBRE Joe s | AU o 1 i R S s o i, g
1.4 IMi&ELIERRNE

I8 FE i B2 I (Total protein, TP) | &
i (Albumin, ALB) \BRH 1 (Globulin, GLB) . H-ii
— Wi (Triglycerides, TG) . & fH [& E# (Total
cholesterol, T-CHO) . /= % Ji i5 2 11 JIH [# % (High-
density lipoprotein cholesterol, HDL-C) X% & ig
#H [ IH [& 5 (Low-density lipoprotein cholesterol,
LDL-C) & &t , i ME W 2 i (Alkaline phosphatase,
AKP) . FRVEWEBL i ( Acid phosphatase, ACP) (45 B
% A Jiff ( Aspartate aminotransferase, AST) A N %%
Z [ (Alanine aminotransferase, ALT) 1G4 , #44i FH
A AR AR ) TR S BT 3R] I e, ELR
i Anw kol LI U
1.5 FFERAE R AL A HL S FE R E

HUARAE T80 °C 14 T IR AE S LI, & T
4 CCUKF VR, AR BRER K 3 I BT s AR F L 1:4
il A 25T, 7E 4 °C % FF LA 3 000 r/min 2
O 10 min, J B O T 00 E S BT A AL fE
(Total-antioxidant capacity, T-AOC) | N —. [
(Malondialdehyde, MDA ) 7 & | H 48 {b 9 157 1 fifg
(Total-superoxide dismutase, T-SOD) .75+ Bt H kit
A ALY (Glutathione peroxidase, GSH-Px) . i %A
1k &l (Catalase , CAT) 1 14 , ¥4 F mg ot g il 2
W) TR T (A G, BT 7L S 25
UL R
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1.6 kERIRNBNE

e FH 0 2 AR U o (R €8 34 o, 22 [
] b A R R B i - (1 N A B.C) . A S
HI Rz 2 A WL A 7R A 0 22 (S0 A
o Hor Wl LR S B LA 8K 5 B
58, BUE 0~100; 0" fRRLLLEFEE , +a" ML 1],
—a" BT ], BUE -60~+60; b1 2 15 5 FL
+b R EA T ), -b" R W A5 ] BUE-60~+60"""
HEE(W)IHEAR

W=100~[ (100-L")*+a"+b"]" (5)

K WHE B L NS ;o NELERAE b e
fH.

R QX XN 5N :
> : ‘f‘ & ("3/4 .’ \ 2
A PR P I A BLC. PRI
A. Body color and flesh color measurement points; B and C. Body
color measurement points.
1 BafeRAeNER
Fig.1 Body color and flesh color measurement points
of Mylopharyngodon piceus

1.7 ARERMENE

Z: IR 05 2 AR IS k. (T M ik
Y (TA.XT.PlusC %! , StableMicroSystems , ¢ [E ) 43
SR A LS UL AT BT A 43 B (Texture
profile analysis, TPA) , FZ AL FE A B | W SCRE H
M B . BEFE A MORS J7 ik b 47 B | IS
JE PE AR ARG I, 000 ) B A 2 mm/s, P
FESh 2 mm/s, WSS B 2 mm/s, SR HIRVS
P ISP 1Y B AT B 40 3k A A7 s P A 0, 0 4 3K
2 mmy/s, K B BE R 2 mmy/s, GRS B BE R
30 mm/s,
1.8 ALREFHK S NE

WUIA 8 5 o D R T AR . TH &
R ] (105+2) CHEFG Mt 28 48 1 19 77 12: 00 & (GB
5009.3—2016) ; FLHE 150 & >R P AL S 4 A 3
PR E LI A2 (GB 5009.5—2016) 5 LA 7 &
R IR Al $2 35 D € (GB 5009.6—2016) 5 #
JK 52 1ok H 3R T 550 °CH B0 % (GB
5009.4—2016) . Z AR (B (02 R4 ) & fi R H]
H 37 L-8900 4= A 3l & 4 12 7 #r 4% (Hitachi L-
8900, Hi-tachi, H 743l 5E .

JUUIAE 33 il BT T3 AR 5 FAO/WHO #

1) 82 i T V0 s AR 52 R 4 X8 B B T T A 2
FERRARE A, 23 BT R R 1T 73 (Amino acid
score, AAS) . fb2#TFE4 (Chemical score, CS) M b
T @ L 8 #5 %t (Essential amino acid index,
EAAD ™ HHREAR:

LR VT 73 o0 B i A 1 BT 2 B2 % & (mg/
2) 5 FAO PP/ 2 B8 1% 1 (mg/g ) 1Y LUAEL

A2z PE A A il B B AR R i (mg/g)
554 X0 A 4 1 o P[] A B R i (mg/g) 1Y 1
fH.

Ep=[ (MxM, xMx---xM, IN,x Nx Njx--x
N,) 1""x100 (6)

K123, n IR B IEDR ; M, . M,
My +e s MO TT LA A EE R 5 1 N, LN,
DANEERIN A i o9 L g e = DR A E PO DIV 2 B 3 e
i
1.9 AL A 3 RE R4 Bl E

R 5 40 S B85 43 By A U UL PR v
WA ot o R AR 83 - Tk B FH ) (Gas
chromatography-mass spectrometer, GC-MS) Jll] %
L+ R 2 (Geosmin, GSM ) A1 AT i i 2-FH Bt 5%
X I (2-methylisoborneol,, 2-MIB) [ & & . GSM
A 2-MIB ] 5E 3% 45 £F - 6 F BLAS 25 30 mx
0.25 mm, 0.25 um ¥ DB-5MS 4% 4} ; TR 5
IR BRI 50 °C, f&4F 1 min, L1 10 °C/min f
AR THEL 2 200 °C, {1 1 min, L1 20 °C/min {32
I 2 220 °C, fRHFF 1 min AP IERE s JEAE L
Wi B 250 °C 5 #E B 11 J7 2 7.66 psi B i
44 mL/min; 2N A (He) o BTl A4 71
&5 (Electronionization, E1) ; 5 T-fLAE = 70 eV
BT URIREE 230 °C s MS PUARAT IR BE 150 °C 5 i 4k
T 250 °C 5 7 I 4EIR 5 min; GSM 1 2-MIB & &
BB He (m/z) 43550 112 195
1.10 ALAHIELR & Bl E

Rl B0 AT 24 552743 A A T L PR e 4
RAEY BT, R T A R AT R
(Headspace gas
spectrometry , HS-GC-IMS, f# [£] G.A.S. /A & fl13&
[ Agilent 23 5] ) KUK 23 BT A AT 40 A s i . B
3.00 g ¥ WLFA A 5 F 20 mL T 25 i, 60 °CIF &
15 min, JEREERIREE 70 °C. 1 HP-SMS (3%
(30 mx250 pmx0.25 pm) , F+ 2 7 42 B b5 iR
J 45 °C, 45 5 min, A 10 °C/min (Y 3 T+l &

chromatography-ion mobility
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PN

35 %

100 °C, {445 10 min, L) 10 °C/min i 3 K TR &=
150 °C, {445 1 min; FEiR 45 °C, B S/EBR SN A
.(99.999%) , IMS i J& 80 °C , 43 B B} [A]
40.5 min,
.11 HIESEIT 5SS

T B R Ge 12 7 ik AT A B R
SPSS 26.0 FAF W g0 K 21 [] 22 e R A7 B &
77 243 ¥ (One-way ANOVA) , LA & Duncan [C £

IR, L) P<0.05 22 5 B F bR, it
B0 2k IR A B HAAR ME TR (Mean+SE ) £ .

2 4%

21 AREEFHETEAREKIERHTL

e 2 Al B R 14,21 .28 d IR S
0 dMIHL 3 R (P<0.05) . 452 TR HE s B EAA
Lt i Z B 6 4500 1 3 22 57 (P>0.05) .

R1 TAREZFHEETEEBEERAEL

Tab.1 Changes in morphometric indices of black carp at different temporary rearing durations

15 H B 47 15F 7] Temporary rearing duration/d

Items 0 7 14 21 28
AU 1% CF/(g/em?®) 2.06+0.04 2.03+0.04 1.86+0.03 1.90+0.03 1.92+0.14
JFAR EE HS1/% 1.28+0.10° 1.18+0.05% 1.06£0.07° 0.96+0.03" 0.97+0.02°
JUEAAR EE VST/% 8.21+0.07 7.87+0.49 7.81+0.27 7.81+0.20 7.31+0.27
¥ FNEERR 745 2 MF1/% 4.81+0.20 4.19+0.22 4.50+0.33 4.11+0.30 4.44+0.26

T TR B AR AR/ NG bR R 22 5 535 (P<0.05) , AR BE 78 3678 22 7R ik 25 (P>0.05) .
Notes: In the same row, values with different small letter superscripts show significantly difference (P<0.05), while with the same or no
letter superscripts show no significant difference (P>0.05).

22 AEEHEHETEAEELIBERNETN
#5240 HDL-C & & M ALT 1G5 0 d A
He 2 B AR (P<0.05) o 5% 21 d.28 d ik (ML i
TG 5 M AST 7675 0 d A L i 2 B AIK (P<
2 AEEHAETEEMNDEELIERHTWL

Tab.2 Changes in serum biochemical indices of black carp at different temporary rearing durations

0.05) . B FEWIIE], £ 4 8] 5 fa ML TP.ALB.
GLB.LDL-C % AKP . ACP 1HPE2% R ¥A i 2
(P>0.05). W32,

WH B[ F:15} [A] Temporary rearing duration/d

Items 0 7 14 21 28
MR TP/ (g/L) 27.63+0.73 27.74+0.53 27.74+0.46 27.78+0.56 27.48+0.35
1% 1 ALB/(g/L) 15.84+0.92 16.69+1.35 17.08+1.35 15.50+0.31 13.56+0.59
BRI GLB/(g/L) 11.78+0.61 11.04+1.65 10.66£1.16 12.28+0.56 13.9240.34
Tl BERR AT AKP/(U/L) 8.30+0.54 8.31+0.58 7.78+0.71 7.970.84 6.13+0.71
IR MR R B ACP/(U/L) 7.05+0.50 7.24+0.57 6.15+0.25 7.35+0.44 5.99+0.24
Hth = TG/(mmol/L) 2.79£0.20° 2.75+0.12° 2.39+0.13%® 2.27+0.12° 2.01+0.05"
JaJIH [E i T-CHO/(mmol/L) 3.44+0.29 3.89+0.16 3.61£0.31 3.74+0.13 3.47+0.16
i+ 2 NS 8 (1 [ F HDL-C/ (mmol/L ) 1.39+0.01° 1.32+0° 1.33+0° 1.32+0° 1.32+£0.01°
1% £ I 2K 1M [#] % LDL-C/(mmol/L) 1.31£0.13 1.70+0.11 1.45+0.23 1.71+0.07 1.74+0.06
PN 2 ALT/(U/L) 4.61+0.28° 2.13+0.12° 2.39+0.15" 1.89+0.11° 1.91£0.17°
AL S AST/(U/L) 22.02+1.97° 18.34+1.39® 18.09+1.45% 15.99+1.07° 14.82+1.36

TE : A TEAR R AR AR NG PR R 25 57 .35 (P<0.05) , MRS JEF1ER/R 25 58 835 (P>0.05) .
Notes: In the same row, values with different small letter superscripts show significantly difference (P<0.05) , while with the same or no
letter superscripts show no significant difference (P>0.05).

ENEEZE RN S ISR = R
RE WAL iR 3R . 50 dAEL, B 5% 14,
21.28 d 5 55 1 HF B MDA & & W 35 BRI, T-
AOC i T (P<0.05) . B 5 1a], 4% 40 Ia) 75 14,
JIF i IE T-SOD , CAT .GSH-Px {6 1 L i & 2 7
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(P>0.05), #5417 LA o T-SOD . CAT i 1
o #2257 (P>0.05) . AR5 41 7 fa L MDA
T 0 dAH E R (P<0.05) . BF721.28d
FHAONLAH T-AOC .3 5T 0 d(P<0.05) .
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®3 FREFEFHETEEFRERERIARTELEE

R

Tab.3 Changes in antioxidant capacity of liver and muscle of black carp at different temporary rearing duration

T H 7 F215} [A] Temporary rearing duration/d
Items 0 7 14 21 28
ST I REST A AL RE )
Liver antioxidant capacity
S A AL
29+2. .68+2. 1442, .83+£1. .63£1.
T.SOD/(Ulmg prot) 142.29+2.94 142.68+2.93 141.14+2.92 141.83£1.55 142.63+1.49
SUk:RiRY]
.82+0. 39+1. .49+0. .62+0. .65+1.
CAT/(Ulmg prot) 9.82+0.98 9.39+1.27 9.49+0.83 9.62+0.89 9.65+1.14
NEA Sl
BTk ALY 338.09+24.14 368.34+13.76 383.32+10.81 361.63+18.84 358.12+15.26
GSH-Px/(pumol/L)
PSR IR A=W " a , . .
.59+0. 13+0.12° 74+0.17° .60+£0.20* 76+0.11°
T.AOC/(U/mg prot) 1.59+0.27 2.13+0.12 2.74+0.17 2.60+0.20 2.76+0.11
M 0.83+0.07* 0.68+0.08™ 0.56+0.05" 0.53+0.03° 0.60+0.04°
MDA/(mmol/mg prot)
WLt AL RE
Muscle antioxidant capacity
SR A AL
h 1140. 39+0. A41+0. 06+0. .86+0.
T.SOD/(Ulmg prot) 21.11£0.41 21.39+0.67 22.41+0.38 22.06+0.60 21.86+0.62
FUE Rl
2.52+0.31 2.96+0.30 2.34+0.35 2.18+0.32 2.02+0.29
CAT/(U/mg prot) ?
JER IR =R AW
° 0.25+0.02° 0.26+0.04° 0.38+0.06™ 0.49+0.03" 0.43+0.04*
T-AOC/(U/mg prot) ?
ﬁ:% b b b b
+ a + + + +().
MDA/(mmol/meg prot) 3.24+0.21 2.67+0.14 2.25+0.11 2.2240.16 2.24+0.08

T = AT SR PR AN 1) /N R 3R 7R 26 57 1 3 (P<0.05) , AR IRl 0 R 7R 26 5 AN 1k 3 (P>0.05)
Notes: In the same row, values with different small letter superscripts show significantly difference (P<0.05), while with the same or no
letter superscripts show no significant difference (P>0.05).

23 AREFEHETEatE5RBMNEL
ANTR)E S5 i) (8] 1 7 A (0 19 A8 A6 an 3% 4 fr

No LA B ATFAKRGL b W

EMLT 0d(P<0.05), %5 a L& %7 (P>

x4 AEEFHETEEERNETN

Tab. 4 Changes in body color of black carp at different temporary rearing durations

0.05), B3:7.14 .21 d¥ph CHAMREAA L W
BERT 0d(P<0.05), 8 7% 28 d kAR o i
ZRTOoOdMEFFE14d, FiRBAHYy BEKTO0d

(P<0.05).

) 2 FB A7 i H 7 715} [A] Temporary rearing duration/d
Measuring area Items 0 7 14 21 28

L 37.02+0.57* 28.13+1.73" 29.21£1.39" 27.42£0.60° 29.85+1.02°
a 1.74+0.24 1.45+0.15 1.60+0.09 1.46+0.06 1.41£0.06

A b’ 1.52+0.25° -0.99+0.29" -0.76+0.34" -1.22+0.06" -0.68+0.25"
% 36.97+0.57* 28.10+1.73° 29.18+1.39" 27.40+0.60° 29.83+1.02°
L 38.24+0.95° 29.86+1.93" 31.15+1.72° 29.52+0.89" 32.77+1.18"
a 1.35+0.20 1.21+0.10 1.39+0.07 1.13+0.17 1.050.12

B b’ 1.46+0.20° -0.57+0.33" -0.32+0.38" -0.76=0.16" -0.32+0.26"
W 38.20+0.95° 29.84+1.93° 31.13+1.72° 29.51+0.89° 32.75+1.18°
r 37.67+0.72° 30.17+2.36° 30.77+1.35° 30.53+1.42° 33.73+0.95"
a 1.5240.09° 1.20+0.17* 1.4340.02° 1.11£0.13* 0.90+0.11°

¢ b 0.83+0.42° -0.97+0.27° ~0.68+0.24° -0.97+0.38" -0.69+0.26"
w 37.64+0.71° 30.15+2.37° 30.74+1.35° 30.51+1.43° 33.72+0.95"

T = R T B R B AN IR/ NE b3R8 26 57 1 35 (P<0.05) , ARIR] S JE 7 bR 7R 26 AN 1k 35 (P>0.05)
Notes: In the same row, values with different small letter superscripts show significantly difference (P<0.05), while with the same or no
letter superscripts show no significant difference (P>0.05).
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PN

35 %

N IFE FR )R & A AR b 3k 5 fr
Ne BF4AHFMREAMLMWRELTOC,
(R P % B FR A (R AR 22 4K, 21 .28 d B 75 £ (A
R L AW B EST 14 d(P<0.05),50d i

FER(P>0.05), HF14dHFORON D ES
T I 7 d(P<0.05)., #FE28dHF AR b T
EETH:7d.21 d(P<0.05),

£5 TEERMETESRNEHTL

Tab.5 Changes in flesh color of black carp at different temporary rearing durations

T H #7715 7] Temporary rearing duration/d

[tems 0 7 14 21 28
L 45.19+0.31° 43.44+0.79* 41.07+0.52° 43.82+0.23° 43.66+0.48"
a —0.23+0.22% -1.19+0.31° 0.10+0.49* —0.76+0.03%® —0.21£0.21%®
b’ —0.94+0.43% ~1.54+0.28° —0.87+0.55% —1.33+0.12° 0.18+0.25"
w 45.17+0.31° 43.40+0.78" 41.04+0.52° 43.80+0.23" 43.65+0.48"

TE : AT R A bR A R NE FREROR 22 57 .35 (P<0.05) , AR s JEF 0k ROR 22 5 A8 1835 (P>0.05) .

Notes: In the same row, values with different small letter superscripts show significantly difference (P<0.05) , while with the same or no

letter superscripts show no significant difference (P>0.05).

24 AEEERETSENARMEHNETWL
ANTR1ET FR B[R] R 7 A UL PR A A8 Ak an 2 6
JiR o B 9% 14 d 75 08 JURE BE 1 25K T 0 d AL
AR A (P<0.05) . B 5721 d F 05 LR S
TR 14 d(P<0.05), #7714 .21 28 dH AT
WLBAPE B35 T 0 d(P<0.05). 50 dHM I, 85
0110 7 00 URE P 2 T v R A, (H 4541 ) JC
FXEF(P>0.05), BT dFH MM ILRERE 2

*x6

F 0 d R 3% 21 d.28 d(P<0.05) . #7%28 d il fjl
IR S FF B 2 TR 9% 14 d(P<0.05) . B 5% 14,
21,28 o f AL PEL PR 4 RS 3 T 0 d R IR
7 d(P<0.05).
2.5 AEEFETEEIAEREFRRIHETWL
FH 26 7 AT - AS [ B 33 ek ) e £ UL AL R
B Or AR A 2 (P>0.05) , Hirh R A
I 52 T B R HR: 22 R Bk 2 (P>0.05) .

FEIE A E T 5 &R AL

Tab. 6 Changes in muscle texture of black carp at different temporary rearing durations

i H Pr 7] Temporary rearing durations/d

Items 0 7 14 21 28
4 Wl Dorsal muscle
Tifi Ji Hardness/(g/s) 50.36+0.61° 49.38+0.99" 46.03+1.16 49.24+0.54° 50.77+0.46"
RSP Solidity/g 66.00£0.89" 65.27+0.95% 63.63+0.77° 66.75+0.84" 65.97+0.35"
NI Chewiness/(g-s) 49.39+0.63 49.52+1.44 50.30+£0.94 51.87+0.72 51.47+0.47
5P Springiness/% 41.69+1.10° 43.68+0.71® 45.99+0.83" 45.07+0.79° 45.01+0.30°
Ml Lateral muscle
fifi & Hardness/(g/s) 60.19+0.49° 57.38+0.89° 59.11£0.93® 61.55+0.68" 61.54+0.55"
RS2 Solidity/g 50.43+1.05® 49.39:+1.29® 45.43+1.17° 50.35+1.40% 51.16+1.97
NI Chewiness/(g-s) 38.26+0.56" 39.87+0.59" 42.83+0.44° 42.5140.81° 42.77+0.82°
Pk Springiness/% 37.32+0.59° 38.75+0.69° 42.84+0.64° 42.43£0.70° 41.76+0.60°

TE : AT R A bR A R NS F R R 22 57 0. 35 (P<0.05) , AR sl JEF 0k ROR 22 5 A8 1 35 (P>0.05) .

Notes: In the same row, values with different small letter superscripts show significantly difference (P<0.05) , while with the same or no

letter superscripts show no significant difference (P>0.05).
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R7 TREHFHETEEEENAERNEFTRINTL (FHRERM)

Tab.7 Changes in conventional nutrient composition of black carp muscle at different temporary rearing

duration (DM basis) %
15 H 7 #7 1 [7] Temporary rearing duration/d
Items 0 7 14 21 28
T#)5i DM 27.89+0.61 27.67+0.47 27.33+0.51 27.40+0.25 27.45+0.41
K4 Ash 5.34+0.06 5.31£0.17 5.14+0.17 5.41+0.26 5.29+0.15
HLEE H T CP 77.15+1.41 77.31+0.65 77.15+0.90 77.52+0.94 78.79+1.27
HLIE T EE 9.93+0.62 9.73+0.63 9.61+0.67 9.32+0.42 9.30+0.56

- TR R AR AN RING S R385 135 (P<0.05) , AR ] B REF7R 2 57 AN B35 (P>0.05) .
Notes: In the same row, values with different small letter superscripts show significantly difference (P<0.05) , while with the same or no
letter superscripts show no significant difference (P>0.05).

26 AEEFHETSAIAZERERES WAL (Phe) B E S TESHR0d.7d.28 d(P<
EBITHOHTL 0.05) ; H: 4y & 41 EAA & 1 2 2 35 51 3 iR
B2 dHE AR LT AER (EAA) AR (TEAA) 50 d Ml HL 22 53 A .35 (P>0.05) . T

®8 ARAEEHETEEIASERERESENTNL(TYREM)

Tab.8 Changes in amino acid composition and content of black carp muscle at different temporary rearing

indicates (DM basis ) %
iH B #7F[] Temporary rearing duration/d
Items 0 7 14 21 28
DR IR EAA
RN Phe 2.99+0.04° 2.97+0.05° 3.12+0.10™ 3.28+0.05° 2.97+0.12°
41 %41 His 2.68+0.11 2.70+0.04 2.70+0.06 2.78+0.04 2.82+0.05
S5 R e 3.17£0.21 3.22+0.09 3.37£0.07 3.50+0.06 3.41£0.08
1% Lys 6.66+0.13 7.09+£0.07 6.68+0.15 7.04£0.13 6.77£0.18
SEHE IR Leu 5.93+0.20 5.95+0.12 5.84+0.11 5.84+0.17 6.24+0.14
4R Met 2.06+0.04 2.06+0.03 2.14+0.08 2.15+0.06 2.23+0.07
AR Arg 4.06+0.12 3.97+0.06 4.15+0.11 3.74+0.19 3.88+0.09
JRE# Thr 3.13+0.06 3.18+0.07 3.07+0.10 3.31+0.05 3.32+0.09
4515 R Val 3.69+0.15 3.70+0.07 3.77+0.08 3.82+0.06 3.92+0.09
BT B LR TEAA 34.34+0.79 34.83+0.32 34.85+0.56 35.47+0.35 35.56=0.63
4#‘%%@%% NEAA
NATR Ala 4.17+0.09 4.19+0.09 4.29+0.07 4.24+0.08 4.3240.11
LR Cys 0.4420.02 0.50+0.06 0.44=0.01 0.42+0 0.45+0.03
KA R Asp 7.22+0.11 7.45+0.10 7.58+0.11 7.24+0.14 7.24+0.19
B AR Glu 11.16£0.16" 11.35+0.14® 10.9120.11° 11.15£0.09% 11.46+0.18°
&R Gly 3.37+0.06" 3.54+0.05% 3.23+0.08° 3.64+0.05° 3.70+0.08°
Jifi 2 Pro 9.01£0.16* 9.07+0.19° 9.13£0.17° 8.33+0.19° 8.88+0.15%
2254 J1% Ser 2.85+0.09 2.99+0.11 2.88+0.09 2.96+0.04 3.1240.12
i 2412 Tyr 2.64+0.10" 2.49+0.05" 2.60+0.03 2.73+0.04* 2.63+0.07"
AR Z LR TNEAA 40.86+0.60 41.59+0.44 41.05+0.39 40.71£0.31 41.80+0.70
AR TAA 75.20+1.31 76.42+0.74 75.90+0.92 76.19+0.61 77.36+1.29
EAA/TAA 45.65+0.36" 45.58+0.12° 45.90+0.22% 46.56+0.17" 45.96+0.20™
NEAA/TAA 54.35+0.36" 54.42+0.12° 54.10+0.22% 53.44+0.17° 54.04+0.20"
EAA/NEAA 84.04+1.20° 83.77+0.40° 84.87+0.75% 87.13+0.59° 85.07+0.70%

TE : TR R PR AR R NS PR R 25 57 W35 (P<0.05) , AR sl JE 7Rk R /R 25 58 835 (P>0.05) .
Notes: In the same row, values with different small letter superscripts show significantly difference (P<0.05), while with the same or no
letter superscripts show no significant difference (P>0.05).
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WL AE D5 Z W (NEAA) A &2 (Glu) L H 4
R (Gly) S 228 d B & & TE I 14 d(P<
0.05) . i Z MR (Pro) & & B #% 21 d AL (P<
0.05). MEZMR(Tyr) S B2l dRE R/ THERE
7 d(P<0.05) . EAA/TAA EAA/NEAA )1 & 5%
21 d B T3 0d.7 d, NEAA/TAA i | AH )2
(P<0.05) ; HAx % 20 NEAA & 1 K d il 2 5Lk
(TNEAA) 5 0 d # Ik 22 7 A B 3 (P>0.05)
EAA/TAA .EAA/NEAA ¥ 7221 d W& & T8
7£0d.7 d,NEAA/TAA {E A (P<0.05) . W3
8.

i 2 9 A1 : AAS .CS PF43 25 AR /s , AN
B SR ] T 2 R + R AR (Cys+Met) 43 I
I, HR R @ 12 (Val) |, T LA Cys+Met #% I\ k&
s — B Pk S LR, Val B N A R R
HR . EAALFSHBA W% 22 57 (P>0.05) .
27 AEEFHETSETEKRYRNEWL

N TR 5 I 1) T 55 R R ) R 110 A8 Ak
Kl 2~3 Fron o A0 4175 WL GSM % 2 FlH Jge A
2-MIB & & 2 F KT 0 d(P<0.05) .
2.8 AREHMETHFENAES RN

itk —2 T R R R B AR AR, XS R
FRu ] LA 2547 Gallery plot #8 8l 53
BT o BE A5 52 B ORI VR B 6 % 3RO
W RE BRI, — S T E s B Rk =R
PRZEFYY 4 RN AE T AL O S
W S2 R R MY I, B FR TS 8 Bl (T2 O Fifr,
220 Fh, FE2E 40 oA 11 Fh . 4550 B, F Al
P B B B (RS R T B R
) AE R, B 55 21 d.28 d 2-BEfl 174 -3 -1

201

+ R & Geosmin/(ng/g)

2T IR, T 5% 21 d 2R I 2 L 3-F Bi 45
HAFS MY RS BRI 4-H -1 B
TR0 2 B A S AT IR A, R R ]
DL 2 AR M D AR AR X . HEARE A
PEY) JT7E T 37 0] 0] AR AR A B &, 3 Bt 25 8 o
] F SIE K, AT A g i A LA R ORI
S

3 Phe

3.1 AEEFHEXE & RBSER N

JHEAA L IR Lb A5 T AR i s 2 Al o £ 1A A
KB SEFAKTEH—A TR AR R
RGBTSR 14,2128 d T AR LG B E BRI, A
Pl IN , 2R WA A 00 R U 670 i 42 i A )RR 4%
(3 BB , BT LB 1k & A2 R = 156 B 3% X
0 IR A B A — e e HEE . Ao &
AT B EAA L K 22 R 48 B 4l
R A B 2 R IR I ) ) IR R
Rt a3, A U IR B B 230820 R I 6 JHE T U 1)
ERL T DGR T R A2 . A1 R A%
O A BRI ST o, A0 R BT R A
EA 45 R —5
3.2 AEEFHENES & & ERENZE

I3 2B A e b AT AR SRy 6 £ S fa FREAR DL
B U R ALSURSHEZES K, Mg
ACP 5 AKP X 7K 7= 9y 0y JE 45 -4 fe 8 HoA &
TR L I TP ACP Al AKP 2545 b3 34 E S AL
TR B AN G B IR S AR, B 35 1 [8] TP
T AKP M ACPIEMETC #2257 U A
SN 00 S RE T T S A . 3 /NER AR

| a
b b b b
1.0 F
0.5F
O 1 1 1 1 J
0 7 14 21 28

###Hf ] Temporary rearing duration/d

BRI TE A R/NG 5 B4R 22 57 1835 (P<0.05)

Value columns with different small letters mean significant difference (P<0.05).
B2 AEEHRMHETEEAEINLRZEE

Fig. 2 Dorsal muscle geosmin content of black carp at different temporary rearing durations
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R AEEHERETESENASERITED AAS.CSHEAATR TN (THRERM)

Tab.9 Changes in muscle amino acid scores AAS, CS and EAAI of black carp at different temporary rearing
duration (DM basis)

15 H 1 77 05f 7] Temporary rearing duration/d
[tems 0 7 14 21 28
IRV e R Tle 0.79+0.05 0.8140.02 0.84+0.02 0.87+0.01 0.85+0.02
AAS J1 540 Lys 1.22+0.02 1.30+0.01 1.23+0.03 1.29+0.02 1.24+0.03
SEHEIR Leu 0.84+0.03 0.85+0.02 0.83+0.02 0.83+0.02 0.89:0.02
IR Thr 0.78+0.01 0.79+0.02 0.77+0.02 0.83+0.01 0.83+0.02
i 272 Val 0.74+0.03™ 0.75+0.01"" 0.76%0.02™ 0.77£0.01"" 0.79£0.02"
IR TN 2 R+ 1% 24 1R Phe+Tyr 0.93+0.02% 0.90+0.02° 0.94+0.02% 0.99+0.01° 0.92+0.03%
Pk A R+ B iR Cys+Met 0.71£0.017 0.73+0.01 0.73£0.02 0.73£0.02 0.76+0.03"
=iy SRR e 0.60+0.04 0.6120.02 0.64+0.01 0.660.01 0.64+0.02
CS R Lys 0.94+0.02 1.00+0.01 0.95+0.02 1.00+0.02 0.96+0.03
FEA R Leu 0.69+0.02 0.70+0.01 0.68+0.01 0.68+0.02 0.73+0.02
Ja 2 Thr 0.67+0.01 0.68+0.02 0.66+0.02 0.71£0.01 0.71+0.02
iz 72 Val 0.56£0.02" 0.56+0.01" 0.58+0.01" 0.58+0.01" 0.60£0.01”
TR N R+ 1% 4 1R Phe+Tyr 0.62+0.01%° 0.60+0.01° 0.63+0.01%° 0.67+0.01° 0.62+0.02
bk 2 R+ R 282 Cys+Met 0.40+0.01" 0.41£0.01" 0.42+0.01" 0.42+0.01" 0.43+0.02"
TR SRS B EAAL 62.32+1.45 63.27+0.59 63.33+0.91 65.44+0.57 65.42+1.38
T R — PR IR s+ FoR 2 BRI =ML . [ T Bs A A [6) /NG - REFRR 28 5 1 35 (P<0.05) , AR IRl 0 R 3R7R 28 5% A8 i

% (P>0.05),

Notes: *indicates the first restricted amino acid; **indicates the second restricted amino acid.In the same row, values with different small
letter superscripts show significant difference ( P<0.05) , while with the same or no letter superscripts show no significant difference
(P>0.05).

o
=N

=1
~
T

PP S I
2-methylisoborneol/(ng/g)

o
to

0 7 14 21 28
¥ 70} ] Temporary rearing duration/d

BASHIE AR AR /NG 8375 22 57 8.3 (P<0. 05) .
Value columns with different small letters mean significant difference (P<0. 05).
B3 AREFRHETEEFFRE_FERKESE

Fig.3 Hepatic 2-methylisoborneol content of black carp at different temporary rearing durations
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Fhim , RFOX RN Re 1 R R IENiE T 0d B3R 7 d, SRR -8 fHamE
JFF IR () 25 RO /D LR FF IR IR S R4 . s o 8 e p BF 92 s, B 9% 40 d 8 9140 1l 35
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Z 5B, I T ALT F0 AST 9 35 o st 2 T MDA J&fig B A e AR 3= 1", T-AOC
BT AST VALT 16 VT i 0 S B BB AE ] S BRALIR AR L, e S LAk . A
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The darker the color in the same column, the more the substance is present in this sample, and vice versa.

El4 AEEFREETSENREREY RIS EE

Fig.4 Fingerprint of volatile compounds in black carp at different temporary rearing durations
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Effects of different temporary rearing duration on phenotypic characteristics,
health status, muscle quality of black carp (Mylopharyngodon piceus)

SUN Haixia"*’, SHAO Xianping'*?, YE Jinyun'*?’, WU Chenglong'**, MING Jianhua'>*, CHEN
Jinglong'*?*, ZHANG Xianrui' >’

(1. College of Life Sciences, Huzhou University, Huzhou 313000, Zhejiang, China; 2. National Local Joint Engineering
Laboratory of Aquatic Animal Genetic Breeding and Nutrition , Huzhou University, Huzhou 313000, Zhejiang , China ;

3. Zhejiang Provincial Key Laboratory of Aquatic Bioresources Conservation and Development Technology, Huzhou

University, Huzhou 313000, Zhejiang , China)

Abstract: In order to explore the effects of different temporary rearing duration indoors on phenotypic
characteristics, health status and muscle quality of black carp (Mylopharyngodon piceus) , an indoor
feeding trial was conducted. In this experiment, average body mass of (3.30+0.12) kg of pond-raised black
carps were used, commercial formulated pellets for black carp (30.05% crude protein) was fed during the
trial period, and 28 d of indoor temporary rearing duration was carried out to explore the variations of
phenotypic indexes, physiological and biochemical indexes, body color, muscle color, texture property,
and contents of conventional nutrients, amino acids, earthy odor substances and volatile compounds in
black carps on 0 d (control) , 7 d, 14 d, 21 d, and 28 d, respectively. The results showed that: body
brightness and whiteness of black carp decreased significantly (P<0.05) ; muscle brightness and whiteness
decreased firstly and then increased (P>0.05) during the temporary rearing period; muscle chewiness and
elasticity increased significantly (P<0.05) at 14, 21 and 28 d of staging time; contents of muscle essential
amino acids increased (P<0.05) at 21 d of staging time; contents of earthy odor substances in muscle and
liver decreased (P<0.05) during staging time. Compared with the control group, hepatic steatosis index and
serum triglyceride content, HDL content, AST and AST activities were significantly decreased (P<0.05) at
21 and 28 d of staging time; malondialdehyde contents in liver and muscle were significantly decreased (P<
0.05) and total antioxidant capacity was significantly increased (P<0.05) at 21 and 28 d of staging time,
increased content of pleasant odors and other substances such as 2-heptanone, 1-octen-3-ol, and 2-
pentylfuran in muscle at 21 and 28 d of staging time. In conclusion, at 14 d of staging time could reduce the
content of earthy substances in black carp. At 21 d of staging time increased the antioxidant activity of the
liver and muscle of black carp, and improved the elasticity and chewiness of the fish meat.

Key words: Mylopharyngodon piceus; temporary rearing duration; health status; muscle quality; off-
flavors
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