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WE: WL B IR VT A R 258 5% 5 6 5 8 (Siniperca chuatsi) B . MR BT AALRE DIBPRRIRE . 175
TEFRIK R SR T (60 cmx60 cmx40 cm) T 57135 i T [EHIK 7 5 % P2 4H.(ELD; 3.34 kg/m’) K 375 % fE 4
(LD; 9.51 kg/m’). 257254 %5 4L (MD; 15.82 kg/m’). 553258 %5 & 4L (HD; 21.05 kg/m’ ) FlHE 5 35 58 25 i 4
(EHD; 25.99 kg/m’) |32 70 Mg 6 [ F- 3514 7. (175.76+15.85) g]40d. 4553 8, ELDZH FILDZH 75 3 5 & (WGR)Hl
TR FE AL 2 (FCR) J5 TH 26 30 1 58 47 1 A8 77 M BB (P<0.05), FF88 0 1L 3¢ 88 Ak W 54k g (SOD). 1t &AL & i
(CAT) AN Bt H o S84k W0 (G SH-Px) 35 1, [R)B 920 7 — T (MDA) I FE 1 (P<0.05). Itk 4h, EHDZH f If 3¢
R KT R E E R KA I = KT 4 R (P<0.05) . LDZLRI R 2 A 5 5 A (agrp) FIMRNARIA R
F%, MELDZR b {2 S 5 7 R R TR (pome) TR RIE T 48 L, HEEAEIG IR 2 50 rh 77 FE 508 M 05 1 3 B

FEBEH3.34—9.51 kg/m’.
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%t 2 YL SE B N AR, B8 5 e S0 %
NTER R G [ (22£0.5)°C, VM4 (9+0.5) mg/
L13&E B S50 25 A2 )8 o I I AR 45 5> 77 5 2% P 0
ANFRGAGL I A AT T AR R 4 (ELD;
3.34 kg/m3; A%t /5T R E 4 (ELD; 9.51 kg/m3;
10 2k f/6T) 135 BE 4 (MD; 15.82 kg/m’; 16 2k i1/
)R 7 % 5 4 (HD; 21.05 kg/m’); 8 rn %5 Fi5 41
(EHD; 25.99 kg/m’; 28 2k /L), A3 N EE .
ARG A 1 45 5 % M 1R B0 TR R R, A H 20K
(09:00F117:00), &5 S 32 1503 30, #5016 2 A7 it B0
FRAE H A FEER AL, B se B R AR, At
FIRE, T EE RS R EFD. W5
40d, SEEGTHI G S UH A FRIA G N B R . 1561
R S R B e s R R R A TR A A, IF
E SZ 5 == R L (CPM) H 3 T A L 3R 47 8 41 F
BE L TR IR A R R . G LA Rk ) 3 IR )
mE 1HiR.

T B (FL, g/d)y=taBHEN B/ 50 R 3.
1.2 #HRERE

FRPALE R G, S0 fa AR 24hEURE, 75 HURE AT H
150 mg/L MS-222(Sigma, & [E) iR . A~ FELT
BT S 56t A AR S e AT ) e A SR T B E R
(WG)RIMER} ZEU(FCR). AN FELFENLIH I R
HEAT B ik L SR AR (REZH 6 ), S BB I FE T4 °C
3000xgE5 0> 15min, KA MILFHAT M. T LA
WRA R, 80 CLRAT, T EAT I

B EF(WGR, %)=100x (5% E B4 &
/UG

H K& 8 (F1, g/d)=TaRH5 N /525 KL

THARF R EU(FCR)=TA RN &/ fa R 1 & ;

1E3E R (SR, %)=100x 5L 56 71 4f 1 R /5256 45
e RH
1.3 MRS IEFRAINE

I 2R AR R 2 W A = T R I [ R K
A R A A AR T T T A 7 R R s
Rl & (Catalog No. FO06-1-1). FH 1l =B A8 Ik
7 & (Catalog No. A110-1-1)F0 A [ B 5 10771 &
(Catalog No. A111-1-1), FFI81E A= F= i 45/ EHE 7
14 TEENH

FZ RN Aiso B ANFE i PR ELEARNA, H
HiScript II 1st Strand cDNA Synthesis Kit (Vazyme,
ob ) SO S A R 4EcDNA . BN NAK £(20 pL)
%1 pL cDNAMEHR . 10 pL SYBR(Vazyme,
E). 51%%0.4F18.2 uL ddH,0. 7EAHT 5% F 15

R 1 FREIKFHRAKUEVKERRIERL S
Tab. 1 Compositions of diets added with different levels of
carbohydrate

JFUR}# 2 Ingredient (g 100/g diet) % & Content

4} Fish meal' 70.0
FKIEH Corn starch® 20.0
4131 Fish oil 3.0
15 TR K Mineral premix’ 20
A Z TR B Vitamin premix” 20
R L 4 4E 2B Carboxymethylcellulose sodium 3.0
ATt Total 100
HE 7R i 43 Proximate composition

T4 )5 Dry matter (% DM) 84.4
2 F Crude protein 472
LI 7 Crude lipid 6.7
ik /K4t & ¥ Carbohydrate 275
K4y Ash 18.6
1 BEGross energy (kJ/g) 13.6

VE: L HOR L B B AR KA A & B4 6T %
7%; 2. FAVER IR B BUMRE S 2 823 51 090.3%410.2%;
3. W PR R RN T AR BRERER, 10 mg; BREREE, 10 mg;
AL, 95 mg; SAL, 165 mg; BRFREE, 20 mg; SALME, | mg;
TRIERA, 12.5 mg; BRER 2K, 105 mg; AREREN, 0.1 mg; %, 1.5 mg;
4. fEd RIR BT o mkh): 4E2E A, 2000 br s pr; 4E2E
#B1 (HMER), 5 mg, i FB2(IZE R), 5 mg; 44 £ B6, 5 mg;
44 RB12, 0.025 mg; 4E4E R D3, 1200[H R A7 ; 4E24E RE, 21 mg;
YA 3RK3, 2.5 mg; MR, 1.3 mg; AP, 0.05 mg; iZ LTS, 20 mg;
LB, 60 mg; HLIA MLER(35%), 110 mg; MHFENZ, 25 mg

Note: 1. Crude protein and carbohydrate content of fish meal
are 67% and 7%, respectively; 2. Crude protein and crude lipid
content of corn starch are 0.3% and 0.2%, respectively; 3. Mineral
premix (per kg of diet): MnSO,, 10 mg; MgSO,, 10 mg; KCI, 95 mg;
NaCl, 165 mg; ZnSOy, 20 mg; KI, 1 mg; CuSO,,12.5 mg; FeSO,,
105 mg; Na,SeOs;, 0.1 mg; Co, 1.5 mg; 4. Vitamin premix (per kg
of diet): vitamin A, 2000 IU; vitamin B1 (thiamin), 5 mg; vitamin
B2 (riboflavin), 5 mg; vitamin B6, 5 mg; vitamin B12, 0.025 mg;
vitamin D3, 1200 IU; vitamin E 21 mg; vitamin K3 2.5 mg; folic
acid, 1.3 mg; biotin, 0.05 mg; pantothenic acid calcium, 20 mg;
inositol, 60 mg; ascorbic acid. (35%), 110 mg; niacinamide, 25 mg

ISR R P A L3R 20 N2k 95°C 10s,
95°C5s, 58°C30s, 40N, il i 26 (M65°C LA
0.5°C/siE KB T+ 295°C, 65 KA — IR E (5
5o rpll3aEFE RN SER, 2
R (R ek
15 NMHSH

AHF TN R TR A B L EE(SOD). i AL
AMG(CAT). A H KIS A B (GSH-Px) AT —
i (MDA) U NS5, 15 b 8 S Ak 0 Ak Bl
(SOD)¥F Pl & 18 7 & (Catalog No. A001-1). id %
A S (CAT)E 1 7 7 £ (Catalog No. A007-
1)y 230 H 3o Sk A i (G SH-Px) 3 0 52 4 741
Fi(Catalog No. A005-1)F17H —fiE(MDA) & &l 72
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77 £ (Catalog No. A003-1)I41) H mE 5L 3 A4
BRI T, HBAE A = i fe e
1.6 HIESH

F B $ s 33 7R A IME bR 22 (Mean standard
error of the mean, SD), H¥& 1 1E 20 A1 17 S i@ ik
Shapiro-Wilki %%, 2H [8] 514 LUK H B R 3 07 24>
HT(ANOVA)FI Tukey %6 . 23 7K P15 N P<0.05.

2 4R
2.1 HEKMEE

N 3frN, MY e B R R RS N & R
% . ELDH K F % 5 (P<0.05), 1B R BRIk

%2 ATEEXHRPCRAISIFG

Tab. 2 Primer sequences for the quantitative real-time PCR

T
5% 52l B KR ;
Primer Sequence (5'—3') T, ('C) Accession
numbers
GTGCTGCTCTGCTG
agpF 1166
agp R AGGTGTCACAGGG 58 NM_001328012.1
GTCGC
e ST 00T
some R ACATGCAGAGGTG 58 NM_001083051.1
AATACAGTC
ipli3a F iégii%%TGACAAG
TGTGCCAGACGCCC % MK?770673
pl3aR o

®3 AEERRE KR

Tab. 3 Growth parameters of Chinese perch

. WMERWGR HERFI R A EEESR
Ti H Item (%) (g/d) FCR (%)

(3.3%(2@3) 52.10£1.50° 115.63+5.21° 1.34+0.08" 100

LD b a a
49.00+1.12° 109.50+4.75" 1.40+0.05
©.51 ke/m’) ¥ 9:50+4.7 100

a s.gl?g/m’) 18.8041.15° 148.59+4.46" 4.04+0.03 100

oL O?Eg/mg) 15.7041.48" 125.912.71° 4.24+0.09° 100

(2559}11(2 ) 14:8542.00" 120.0043.98" 4.40:0.05° 100

S8 pa g
— o
[=]

g
g ¢ .. £
54 ab @ a g
e =
= 2 il
E =
E o io

ELD LD MD HD EHD

ELD LD MD HD EHD

(P<0.05), 5 A, MDZH F) B\ B8 =0(P<0.05)
22 [MiRE IR

W 1T, EHD AL I 3 6 2 8 K P i
(P<0.05)(E 1A), 5 %2 1 H i = e /K- HILAELD
#H(P<0.05; & 1B), X T & JH[E §E K, LD. MDA
EHDA FIME =i (P<0.05; & 1C).
23 R#MHEXERRIE

& 277, HDZH ) 5R 25 R AH 5 25 E (agrp)
mRNAE X 2% TELD. LD. MDFEHDZ.(P<
0.05; &1 2A). LDZH T Fr i i F2 57 2 Ji7 3 (Kl (pomc)
Fik 5 # & TELDAIEHDZH.(P<0.05; & 2B).
24 RIHIERR

Wil 3F77~, EHDA LK SOD A CATIE M i &
K F H A% 2H(P<0.05). #H =, Bl % 130,
GSH-PxiEME 2 T FE#a %A (K 3C). MDA B 1A
I 2 TR 3G 0 . 3% T =, HDZAMD AYE 7 fx i
(P<0.05), EHDZHMDA % 1 A% (& 3D).
3 iTig

TEAHIF 50, 7558 2 i S0 38 50 M B 1) A
FE . SRR RIA AR EALRE AT, AR T
HIWE L H I R E R KR . R SR A K
PERE I 3 B 2R IR A A S, FHz b, o
e T 2 P ARV B R R I AR K e, RO
(IR 1. AT AR RN A A IR RRAE
TR B4y BN 1.47. 4.80F112.18 kg/m B &
B (Carassius gibelio) 4G (Acipenser sinen-
sis)FIBE . X E M (Ictalurus punctatus) £ K153
TR, AR, RS, M /E ELDZH
(3.34 kg/m’)FILDZH.(9.51 kg/m’) & 77 50 i 1 18 5 %
(WG)FHEE &f [ Wl LG AL 3R (FCR; 3% 3). P& F7E
RGN, PS8 (W G MIFCRIZMT PRI, Hs %
FEA . o A PR A ] 2 7 B 2, U s %
JE FRFE X R R B A AR . X AT REE T
2% ) P 38 IR 2 5 77 4 e e AR ) 52 s, [

C c c

S = N W A~ W

JSANHEEE TC (mmol/L)

ELD LD MD HD EHD

BU1 AR A BN ML AR R (A H T =R (B) AR IR B (C) 7K S () 5 i
Fig. 1 Effects of different stocking densities on glucose (A), triglycerides (B) and cholesterol (C) in the plasma
1B P BB AE 22 (n=6) 2R KR, AN [F)_Lbr - BER R SR 2 7] 22 57 18 3 (P<0.05); T IA]

Data are represented as mean+SD with 6 replicates, different superscript letters show significant differences between the experimental

groups (P<0.05). The same applies below
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TEAHFE b, EHDFRAE 1) 3845 1 48w 0 LR %
BEAELKF, X ] RS I H A N CH 5% . EHDZH % &)
BRI JEL ] P 7 T v T BE O SR 0 AR A O B
SRR EAREE K KIEE(Scophthalmus ma-
ximus)~ & kWi (Sparus auratus). 7 8(Paralich-
thys olivaceus)~ Z % NHLIG (Cirrhinus mrigala)
FNZE W IN/R 5 (Solea senegalensis) L3 H 1) 55 %7 4
KT e, 2 WA e TR R 2 R TR SR AR R, AR
e RN A, H =R A A AR EOR IR,
DLIE REANIE S TR % B FEAHIE U, FRIE %
FRALEH I = B8k F 2 FELDALR .

FEAGE B 0, A ST o 3R W, 72 rp e M1 A1
A7 7 T A0 R0 ] R A IR R 4, P I AR
TG U2y SRRk - O N d75F i
F1(AGRP) 2 —Fl AT 45 B BN 119 B0 A A U,
AR DB PR R 2 8 £ 3R B2 U R S5 (POMC) 2
T & A e N & EART A4, HD
HBERE T agrpMIRILKF. HAL, FRATIE S Hr

fﬂg&.éZ.SA Hefam o

D54 20 wsg

BSELs Regs be

BE2E B2z b

LRy 2L )

52200 XL :

g eV g e
@&&@%\Q@x@ &&@«29@29

2 ARBGRE X T L = E (agrp)(a) IR & R
Bl (pomc)(b)mRNA 7K {5

Fig. 2 Effects of different stocking densities on orexiggenic
(agrp) (a) and anorexiggenic (pomc) (b) mRNA level in hypothalamus

g A g B
22 40;bpb b 2 40y _—
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SZoh 225 5
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¥a 0 & 0
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gf C D
aF 250 £33 15
LEE 20| & =z £ ¢ ¢ be
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nEE 10 TEE  |a
=5 < 100 b ab ab Hggg 5
S2E 5 52,
245 =
-
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Bl 3 AN[R)BR] 37 2% B X L3R AL R T s
Fig. 3 Effects of different stocking densities on antioxidant

indices in the plasma

T pomc B ImRNA 1k Bl 5 % & /K ~F 138 hn 2.2 5
= R NI ESA, R FRIE % A g2
AR ORE e

MPTEA B R Gk s T, =
E AR E RIS A i i R B A
BRI RS (ISOD. CAT. GSH-Px Al
MDA )k i G 842 5 24H 2R 40 4%, 1X e R G 4 AR 4
W P 457Y . SELD4 H g, EHD4HSOD.
CATFIGSH-PxF#AIK, UL FIER APy SOD. CAT
FIGSH-Px )25t i 25 37 5% i 1y 1 B ™
AR, i 5T S0 IR 26 7= P (MDA it 35 % 2 (1) 38 i
N, #W7E3.34 kg/m’ ELDIREE ~, B 67 g 52
VEBRANE B .

gE b, KW IR T IR S B e % A K
MR AERRE . AR B 5o . = B4 &
o RN T AR, TSGR SR
T, T R A A R ] K P T RE 2 0 ] R
BRI A K . RIS (6] 97 5E % R B R N I E H
Al B SagrpMpomcH . R, HEFEE KGR RS
e B 13 LR P A6 3.34—9.51 kg/m’
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THE INFLUENCE OF STOCKING DENSITY ON THE GROWTH, BLOOD
BIOCHEMISTRY, AND ANTIOXIDANT CAPACITY INDICATORS
OF CHINESE PERCH (SINIPERCA CHUATSI)

2

LU Ke"?, ZHANG Yan-Peng"”, LIANG Xu-Fang"” and TANG Shu-Lin"

(1. College of Fisheries, Chinese Perch Research Center, Huazhong Agricultural University, Wuhan 430070, China; 2. Engineering
Research Center of Green Development for Conventional Aquatic Biological Industry in the Yangtze River Economic Belt,
Ministry of Education, Wuhan 430070, China)

Abstract: The present study was to explore the influence of stocking density on the growth, blood biochemistry, and
antioxidant capacity indicators of Chinese perch (Siniperca chuatsi) cultured in the bank (60 cmX 60 cmx40 cm) based
recirculating systems for 40d. Fish (average weight 175.76+15.85 g) were reared in triplicate under five densities: extra-
low stocking density (ELD; 3.34 kg/m3); low stocking density (LD; 9.51 kg/mS); medium stocking density (MD; 15.82 kg/ms);
high stocking density (HD; 21.05 kg/m3) and extra-high stocking density (EHD; 25.99 kg/m3). After 40 days, growth
performance, biochemical parameters, appetite-related genes expression and stress indicators of fish were evaluated.
The results showed that the ELD and LD groups showed better productive performance for weight gain (WG) and feed
conversion ratio (FCR) (P<0.05), and increased plasma superoxide dismutase (SOD), catalase (CAT) and glutathione
peroxidase (GSH-Px) activities, and decreased the formation of malondialdehyde (MDA) (P<0.05). Additionally, the
EHD group performed higher glucose levels, cholesterol levels and lower triglyceride levels in plasma (P<0.05). The
mRNA expression of agouti gene-related protein (agrp) was riesd in LD group, whereas gene expressions of pro-
opiomelanocortin (pomc) resulted in a down-regulation in ELD group. In sum, the suitable stocking density for cultur-
ing Chinese perch in recirculating systems is recommended to be between 3.34 and 9.51 kg/m3. It is of great signifi-
cance to select the best stocking density for improving the economic benefit of fish culture.

Key words: Stocking density; Growth; Appetite; Stress; Siniperca chuatsi
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