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E A RHE I R 57 € T 61 45 (Megalobrama pellegrini)4h f & & 778 % &5 FlEE, Fl
F B A0 0 F £ ) o T BT IR TA X B A 4 4 B R (G B E I R TL R A ok A T Rk
W B, LIt 5 ANEEAI A, 45 % 0.15 kg/m (50 B/4E). 0.24 kg/m’(80 B/4F). 0.34 kg/m’
(110 B/H). 0.42 kg/m’(140 B/48)F 0.50 kg/m’(170 B/AF), HH%E 3 MFAT, LREAL Y 424,
HRET, YHREE M 0.15 kg/m’ E#H FE F 0.50 kg/m® B, B E 4 kK (B E X g E A K
F)E S bR TS, AR K TR ©0.50 kg/m)H & F k2 £ K58 EKT 034 kg/m’
% F L Ih 41 (P<0.05), [l BT, S A A A4(0.50 kg/m)E R A B EE TR RS E LR A
(0.15, 0.24 F1 0.34 kg/m’) (P<0.05), ¥ 3t & 3578 % F 7 Al T R 185 4 & o £ K FnE R R . S 36
R, BEFMEEE RGBT 4 4 K ERP>0.05), &AHFEEHBEEIT%), YHRMEE
H 034 kg/m’ B, EHH4h LA E G A ELES T EMA S E LH4(P<0.05), FH
o A MAC R X ZARATENEZYH, £, 024034 kgm’ FELEH &
K B A S B S T R IR 5 41(0.15 kg/m?)Fr g 55 & 41(0.42. 0.50 kg/m’)(P<0.05); & &
RS2 41(0.50 ke/m®) i 48 A L 4 5 Ak B (SOD) it 4, fL A B (CAT) & M & 1K, 71 7 — B (MDA)
L EZH(P<0.05); AMtHRKGSH)EEXHEHAAE 034 kgm’ AHE4, PEHTEMELHA
(P<0.05). 5 1% 5 £ 525 21015 kg/m’) ) 470 5 4 & 77 3 40 £, % P450 (CYPLAVEE M %k B B %
8T8 5 % L35 4(0.42 kg/m’)(P<0.05); % /8 77 75 % JE 41.(0.50 kg/m’) £ 14 7 3% %% 5% B 7 NF-E2 #
% B F 2 (Nrf2) 3k B A8 %t ok B 5 57 , 7 46 48 b A 3 Ak B 3 P (MnSOD)AE a3k B8 1K, 5 0.34 kg/m’
F AR A A L E M E F(P<0.05), WAKRAEEDFHE T L E RN AN BIN, FRXEHA,
TR K 0.45~1.36 g W 8 4 fa B & R TE 5 h 034 kg, %4 B W5 B Mg MR F %R,
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JE£ 561 77 (Megal obrama pellegrini /A FR 12t , Ja fi
J¥ B (Cypriniformes) . ## %} (Cyprinidae) . fif] V. #}
(Culterinae) . fjJ& (Megalobrama), = %43 4f 1E K 1L
WEF R SIT L URYT. . RO TETT REBRVTAE SO
AR, TR T Ll X B R 2 B G £
HRZ—(FCHAF, 2007) SR, HH TS HL A R LA
Kot BER B AR R IR R A s2 ], S SRR 20Dk
A BT =R R (X2, 2004), BT, ROHE
g AT IR N T 8FE , HHA W TAETT R4
W, ik XTI ARTY, P, R T HA 5
VR BSOS A B AR B b R R 2 e

LA FRIE B 28 o T L AR 7 Y T
K, WA T TR A= F2 58 f P & e it
FEIH 5% B R AR A A TR A 7 R A A Y A A
PHELZ, KON 7 58 25 B A 2 4 w5 B KA ™ o 1
Jridio SR, FRAHEEEE L, BERH a2 AR K7 A Y
e, () As 3 OK AR PR B, DATTHG R TR FE U (T 156
SF, 2020) . 7E 2 BUHE UL 02 B 5 P oan oK 3E BT
(Scophthalmus maximus)( 7¥ ¥ 45, 2014) . Jifi [C 3
(Acipenser schrenckii) (fT Jf iz 55, 2014) . M3k @
(Megalobrama amblycephala) (T i %, 2016). LK%
it (Pelteobagrus vachelli)  (Wki& 4%, 2018)F1%
4E ff1 (Oreochromis niloticus) (4 M4, 2019)# % #i
FRH P = S P AR IE R AR AN, SR
FET R 0 A B ) 2 B AR 7 A A AR B, PG
PEU(ROS) Y™ A, % Bl 4 P4 20 R 235 440 7 A= i s
MTTAE R f R . [FIRT, 2 iHAES S A i E ik
R R E R YR, SRLTHEFRICRM
Bt = (Costas et al, 2013). ML N H 8 A AL 15 1L
(SOD) . i % 1k A ME (CAT) F1 4% bt H Ik i % (GR .
GSH-Px. GST)ZAH BT A ik R BB THBRIA N Z 4
F R EE, M CRIENLA R i EE B R 20 K v 2
1 (HSP) & 73 bt H K (GSH) S5 /Nr T i, il (R4 3
A4S T i3z A i35 A9 # E (Limon-Pacheco
et al, 2009). WF5E R, FRGH L L E I AR N BT
LT PE(SOD, GSH-Px)Wliss , $uéafLaE s Kek, i
B BT 3k AR AR 7 A (PR ) o g 98 S I AR 7 4 (i
B FLIER AN K Bl ) THE (K R SR, 2019), [HXFTA L
IR, FRIH AR T IR T 1 & A,
PRI A 25 s A AR A 4, AR Y 37 A 2 Rt BR A T
TRMARCRN A, Wb FRFE I AR (Millancubillo et al,
2016), FHULTT WL, 3 B A 57 5H % B X AR50 M 2 AR K
FMg Rl = e E 2,

R, ASSC LA R0 5 40 f R IG5, BR9T 37 FH

R AR RNERE | ARSI R RE AR
LAY Ay i vy B 61 77 40 00 e R 5 7 80 L RO LA i %
DR PBERL AR

1 M5
L1 SWHES SRt

S FH JEL A0 6575 40 £ pR A2 YDV T ISR R 2R G B ik
TR, PR . FUS AR A MA 1620 J2
WG TE 4 (0.45£0.01) g, 1AK 4(3.10£0.02) cm,
S3AE T 15 DL YERT(E AR 50 em, =N 75 cm)
H SEE IR S ANEEERREEAL, AN 0.15 kg/m®
(50 FE/Af).0.24 kg/m*(80 J&/Hf).0.34 kg/m® (110 J&/H) .
0.42 kg/m*(140 E/Hf)F1 0.50 kg/m® (170 B/Hf), 4
AEPREABEE 3 AT, TR 42 d (FRAESES . S
0 0[] A R A% MR AR AR PR EE Sl 5% 1 i e (1D )1 | 3
B, FE N 33%, MAENI 0 4%), 4351T 09:00 F1
16:30 AT . R IH WK IR , Kl K (26.0+£0.5)C
At 4A(DO) M (6.02+0.20) mg/L,

1.2 HmFE

42 d FEFHSLW A WG, A SCsm Lk 24 h, 4
THEEASFRBEET h R AR R | R B S B A
i, IR DL AR A DR R -

B R (WG, %)=100x(W=W,)/ W, ;

i K (SGR, %/d)=100x(InWo—InW,)/(tr—t1) 5

TR 2R (FCR)=F/[n(W>--W))];

T (SR, %o)=Z K BEUAI IR B Ex100%.
Kb, n HEH, F MEREMHEEE, Wi, W, AP
P[] () RS2 565 485 o () S T AR R FE () o

AT REALE R 11 B, H MS-222 #H
JRIE, M BEH 5 R T mdl 58 e B
fi A5 2 BB A A, S RDE TRECR TR S NS A
HrFl RNA $2HL,

1.3 KT

KAy i KO UCETE 105 CHER I
A F 7L AT 7K 2 % KT8 (GB/T9695.15-2008)
A A& AR S bk s 2 A (X (Elementar,
TEE)(AOAC, 2005)HE4TIE ; AR & & FIFNE
A RAN (FAFBE SOX406, H [E)A HLIA 4 1k (Fr i
fit, WEFESH 60°C~90°C)iEATHLAR I Il & (GB/T14772-
2008).
1.4 BRiE SRS XI5 FRIE

A B R ) 2 - VERRARIBU I REAS T IE %
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5 0.1 mol/L BEMRELZE M4 s AR FHLL 12 9 1R
A, HETUKIBAINE, 4°C 12,000 r/min #5015 min,
WA LB REE B B0, B T80 CUKFR PR A7 FF
W, EEA SR ER I BCA b BAEIYE
{L B (SOD)HPEAI F WST-8 #eillg ; ikt
(T-AOC)FI ] ABTS %5 TN [ (MDA)F & F ALt
EEb 2 R i I 52 5 38 SRR 45 e H K (GSH) & &t 1
DTNB ik . Hrr, i %1k S (CAT) G M1
MDA &5l R 2~ KA & (Ll K AEY
FARBGIRA T, HoAts 3 Fhg 00 52 2% e 5t ik
IR & (P Bt U TR ST

15 BESRUNMHBXEERRES T

FIH Trizol 357 ¥ (Invitrogen, 32 [&] )i B JE i
il s RNA, HI 1.0%IR SR BEI L Ik A 6 RNA 5¢
| 2 R I 5 50 & (PrimeScript RT Master Mix,
TaKaRa)Ui B4, # RNA 5558 cDNA, 7E5 G E
i PCR {¥(QuantStudio 6 Flex, Applied Biosystems,
i) b HEAT SCE A6 5E ik PCR (QPCRYIIAE , %528
SN AR ZR A 10 ul, £345 5 uL TB Green Premix Ex Taq
(TaKaRa, Ki%), 45 0.2 pL IEZ514)(10 pmol/L), 4.1 pL
JCH%HE DEPC /K F1 0.5 pL ¢cDNA, qPCR L F ¥ 4
T: 95°C, 10 min; 95C, 155s, 56°C, 60 s, 404
PEER; 70°C, 20 s. SIYFFIMRAE NCBI | fa2AH ¢
H Y3 A 750 Premier 5.0 %11, Wik IE 4 J5 {4 H,
IR 1. 7584 PCR V)G, ¥ 34
RT3 B S W ) B — ) AnifE T 2R H 8 AN [F]
Wi BV BE (A 3 P AT), PSR E=
10C11oPo_1 14 H B DR R IBKP iy 2740 iR A

1.6 #HIBEZITHH

B e S Y8 (8 £ 45 ME 1% (Mean=SE) £ /n, K H
SPSS 20.0 K fF #t 47 # N & Jr 22 4 Mr (one-way
ANOVA)FI Tukey’s ZEK K, P<0.05 WZEFRE,

F1 ZIHREEEERRESIMFT
Tab. 1 Primers used for real-time quantitative RT-PCR (qPCR)

FHEAFR FF T H 5 BIHIREF(5~3")

Gene  Gene sequence .
name number Primer sequence
CyplA DQ517445.1 F: GTCCTGGGCTGTCGTCTATC
R: TGGTGAAGGGAAGGAAGGAG
MnSOD KF195932.1 F: GGTGATGTGACGACCCAAGT
R: GAAATGAGCCAAAGTCACGC
HSP90 KM201321.1 F: TGCAAGAGAGGTTTCGAGGT
R: GCCTGTTTGATACGGTGACC
Nrf2 1X462955.1 F: CGCGACTGGTTAGGACACA

R: GCAGTACGTTTGTTCCTATCT

2 SLIGEER

21 FEFTEMEMEHEER, WRFARRE
ES: g A

mFk 2 fis, JEMmL K R IRE .
R FVRE A 2B KR il 77 5 8 B i K 5T b
THE TR R a2 dR AR E A K RIE R
0.34 kg/m® 5y , d 25 1o i o0 2 P AL B (0.5 kg/m?)
(P<0.05), H 55 H: fihy 2% Ji Ab 30 41 ) G\ 2 22 5 (P>
0.05), fakRREE 0.5 kg/m® B AN e m, W
ZET 0.15,0.24 1 0.34 kg/m® 25 3 40 P ZH (P<0.05),
At 45 2 1) )} R AR 2 AN 2 (P>0.05) 48 i SR AE
0 P I VA 1 PSR 0 TR SRR AIG, S A AL AR R
Wi, 225853 (P>0.05),

22 &k aER

JEL 0 5 &)y £ (A 21 B 32 ) 3R B 4 Ytk R

(% 3). MHEFIERE BT, iR R R B

5GBTS TR S IR N 0.34 kg/m®
I, JEL a0 A £ 4 £ KA P MDRLLR 17 5 2 3 i T

x2 FEFEEWEMEHEERKKERF RN
Tab. 2  Effects of stocking density on growth and feed utilization of juvenile M. pellegrini

miH FRFE ¥ Stocking density/(kg'm™)

Items 0.15 0.24 0.34 0.42 0.50
WA YR Initial body weight /g 0.45+0.01 0.45+0 0.46+0 0.45+0 0.44+0.01
L R-A4R T Final body weight /g 1.24+0.02° 1.28+0.05% 1.36+0.04° 1.220.03° 1.09+0.02°
14 T % Weight gain rate/% 177.6%9.1° 184.1+12.4 196.4+9.2° 169.1+9.7% 146.9+7.5"
58 A2 K K Specific growth rate/% 2.43+0.08" 2.48+0.11% 2.58+0.07° 2.35+0.09%° 2.15£0.07°
15k} Z 3% Feed convetion rate 1.47+0.09° 1.41£0.11° 1.30+0.06" 1.51£0.09%° 1.79+0.10°
% % Survival rate /% 98.0+1.15 97.9+1.10 99.1+0.52 99.1+0.63 97.5+1.68

T A7 B AR R 7 by AR R LR 35 22 57 (P<0.05), T A

Note: Data with different superscripts in each row are significantly different (P<0.05). The same as below
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TR A 2 i 38 Bt 4R L v BE A4 52 ) 109

145 525 2H (P<0.05), N fe i B8 BEALFRZH (0.5 kg/m®) 4
A EA MM S E R ERT HMES LR
(P<0.05),

23 FEmEUEEEEXIER

W 4 PR, TG540 fh s b A AL R DS S5 A
3 B SR A R o IR EA(0.15 kg/m?)
FIFEE 2% BE 2H.(0.42 1 0.50 kg/m®) iz il B E AL AE
T BZEALT 0.24 F1 0.34 kg/m® 25 3 4L BHLH (P<0.05).,

JiE SOD Fll CAT T P Fifi 77 5 2% i 4 K 2 I 2 A 1Y)
B, FRBE N 0.50 kg/m® i, 1A SOD Fl CAT
TEPERAL, H 0T HAth 45 2 3140 (P<0.05). GSH
S SR KRG B TR TR,
{HHEFTE 0.34 kg/m® A FRA, H W& T Hitb 4 5286
#(P<0.05). /55 F7 7 % i 20 (0.50 kg/m’) i MDA
BB T HA A AL FA (P<0.05), 1M 0.24 kg/m®
WA RIS MDA S f, Jf 5K T HARS
AL FRZH (P<0.05).,

x3 FEEEMEMSEGHEEEERSHEM
Tab. 3 Effects of stocking density on whole-body composition of juvenile M. pellegrini

EN RN FIa% ¥ Stocking density /(kgm ™)

Whole-body composition 0.15 0.24 0.34 0.42 0.5
7K 43 Moisture /% 72.49+0.01°% 72.98+0.03% 73.55£0.01° 72.19+0.01° 72.38+0.01%
HLZE 1 Crude protein /% 15.80+0.07° 15.9620.02° 16.06£0.03* 15.5620.06¢ 15.24+0.04°
HLAR T Crude fat /% 8.60+0.04° 9.56+0.05° 10.69+0.05% 7.98+0.01¢ 6.73+0.02°

R4 FETENEMRGHERERSNEFTENEITE
Tab. 4 Effects of stroking density on intestinal antioxidant enzymes activities of juvenile M. pellegrini
YA AT T FIUHEE Stroking density /(kg-m™)

Antioxidant enzymes activity 0.15 0.24 0.34 0.42 0.5
MPiEALEE ST T-AOC /(U-mg™) 4.67+0.08° 6.68+0.14° 5.69+0.06° 3.50+0.04¢ 4.6940.03°
ALY AL SOD /(U-mg™) 121.3+0.10° 120.6+0.08° 120.7+0.04° 116.6+0.12¢ 112.3+0.11¢
W FERIAEH K GSH /(umol-g™)  44.09+0.01¢ 51.40+0.12° 52.21+0.04 51.34+0.05° 50.53+0.07°
i AL S CAT /(U'mg™) 34.69+0.37° 33.36+0.44% 32.28+0.37* 30.98+0.34% 29.93+0.41¢
P Z % MDA /(nmol-mg™") 4.63+0.09° 4.25+0.04¢ 5.16+0.02° 4.78+0.09° 5.71+0.08"

24 BESUNHBXEERRIE

W 1 PR, SR 4t i 1 Hsp90 3 K A 7F
9% FE AL R 8] T I 35 2% 5 (P>0.05), CYP1A LA
T 5 5 8 B KA TR ke A, o, B IR S
Z1(0.15 kg/m®) LA 4 £ i CYPLA 3[R % 5A i
ik, H'5 0.42 kg/m® S840 A4 W #1122 5(P<0.05),
HoAth £ A FR 2 (0] UG o 250 22 5 (P>0.05) . fi =i FRFH %
JE4H(0.50 kg/m’)faAkiziE Nrf2 JE K R kK Fm,
R T 0.15 F100.34 kg/m® 25 B A0 B4 5 1 fa 44 fig 1
MnSOD & [K 3 15 77 fit 125 77 58 45 BE 21 (0.50 kg/m’) . 3
I T35 P SR 4% B 41(0.34 kg/m’)

3 it

S B 19 9 9 X8 L0 A K T A O A ) %
ST, IR, LR FA A P U 2 1
EE A, AR, i TR (0.50 kg/m)
o S D A A O 6 K, T O 7 A

(0.34 kg/m’*) 25 T fa M3 B R BB R (E ., [FlRE, 76
K 1 2 fifi (Micropterus salmoides)(fid 4 4: %%, 2020) . %
e (AR, 2019) . ZENINZK 5 i(Solea senegalensis)
(Andrade et al, 2015) KBt 5 X E#f(I ctalurus punctatus)
(Refaey et al, 2018) 5SS FMF 5T R R B, FRIH % 1
iy B EE R AR XIS (2014) I,
B P FRTE AR A X A S B Y I PO 2 2 B v X g
HEAIEFE LA KA BRI, DT £ 2R 0E R AR R
A, M ER AN, SR, EAE A
(Argyrosomus japonicus) {1 [ IfF 5T & B, $ 5 5F 5 25 T
REAS (2 fo A AR R IR FE G D0 S i 23 4 il £ 44 A
K(Pirozzi et al, 2009; Millancubillo et al, 2016). [FEE,
FEE (Pampus argenteus) 4 fi 7EAR 2 FE R AE 41 AR K
LT R B, SR > M A IR %
BEAFIFHA K (5585, 2020), DL EOFSRRI, 5
B BEX AR A R B e SRS | AR BT B . S
DI RS S EVIA G . RIIL, A7 W BT I F75H
XTI Fdl FRAH A R, NI A B i SR R S AR
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Fig.1

Effects of stocking density on intestinal oxidative stress related genes expressions of juvenile M. pellegrini

ANTR/ING FREFR IR 22 53 .35 (P<0.05)

Different small letter mean significant differences (P<0.05)

FEBH % P A v 4 G o R ) £ B ) B A B
TiE sl ok B, T SR BV A G N sl 5 e S Ao AR Y A
At e, RGP R4 K (Calabrese et al, 2017).
ARAFFREE AR, MIR5E % i = 0.50 kg/m’)
JEE 51 fi75 &)y 00 ) RL R BN 3 TR o 7E 24 AL i (Channa
maculata x C. argus)(5= i 4E, 2017) ., Jiti [GEFH(Li et al,
2012) %40 B Y IF 58 it S B 28 s 2 1 [l
Wk BRI A SR TE % R T, BRI AR R
1%, FW] 3k v A S 0 2 FE AR T fa R o ARk fry A1) 28
o gkmisgm A K, HEYEAZEBS, 2019).
A1k #7(Qi et al, 2016)5F MR T s, FRAE%
JEEXT A A R R BT A, AR SIS A R, T
S 20 0 R B RIS R, AR A B R B RS
Iguchi 5$(2003)IAR, 7EiG BEFRGH % BIGHIA, flk
LI A7 B SR 5 2 B R AN, R T — B A
i, G R A B B T TR, xR R
B v A0 A B 2R TR A7 B 55 B % B 3 R IR 1Y)
FEFER 1M Aksungur £ (20075 BN, FR5H %
Ik 1o PGS £ 28 33 B B0 58 0 S AR, R, R0
255 8 o) 0 28 T R 1 R M LA 1 2 M DA 56

R FR A o B TR AN O SR i,
b WOREL AL S R, o — o B SR BT T R

U MR A A i 3l HAER S W DR 1 BT . AR D7 55
A, FATAERK %G, ks BRig T KF
RENS 15 I 0 2B RN . M BRIFDRHE =2 51, 77
B I RN 37 B o B 4 o £ A B i B 3 R T
(Toko et al, 2007), ARFFRLER IR, fe ey 2 B S0
ST AR S i ORLER FURDRLIR I & AR T i
IR B A 0 35 R, A B A5 SR T 5 s % B
25 (Omar, 1996). Ren ZFQ0INWFFL LI, I
A 235 LR 108 7 B IR 7 B mRNA 3K 8 FEAIK,
I S8k O Tl A 2 B P 0 2 AR o mRNA Fik & T,
M3 2% FE WL A IR G & i ik fR T 0L, 78
1o B B SR A SR T AR A 32 25 X 258
it A s o, A L HLAR I i BE R
B PR KM A, FR5H 60 d A, R A fa A
PSR R, MO R 2= R P
2 2014). TTHUEZEQO016)HFFT o, Hk &4 i fa
KB 107 2 i DU ot 5 7 4 288 P8 - v Tl SRR AR, AL
B AR [R] 0 3% 58 % B 20 Z /AN AR AE 0 Y
Z 5o ATEE G (F IR AE, 2014)F1 5L K Hi A
(WEIEHE5E, 2018) AT, i % B A T f R LA
FELRG D5 7 it R TR B 4

a2 AT IE B A2 A i Sk, 20 AR AN B A R
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R 3 (A AR 32 B AN AR B, R = A i
Z [ AL UNASRE BB I D)2 X6 240 B o3 -5 LA
FEAfEE . KEFIE R, S H N IR 5 2 3L
FAR AR RO N, AT AR R E R BE(ROS)
SOD Fil CAT J& sh ¥ 1A Hi S8 1k 2 5 i) B 2L 20 LR
gy, RERSIERRIANZ A A%, R A Sz 8L
fi(Barton, 2002), ABFFELE R Wk, JEMUG;4)) )i 18
SOD (i PEFN CAT i 1 Fifi 57 58 %% B A 15 R 5t Wl 25 T B
B, [FEE, fERAT 4 BT i (Epinephelus coioides)
GRR =%, 2013)F1KZE6F(Liu et al, 2016)BF 58
K, 1iE SOD i HEAFIE SOD . CAT i M Ffi % 7%
B TL i R M. LA, SR S EE, R
5 97 4 £l R Bt R AL KX PR MDA 5 i g
i, FW R4 0 5 ALK 28—, SR
B R, SR SR S-S 3G 1 A il £4 (Carassius
cuvieri) I BIFFE I AE R B, = % B A L T N AL i
MDA 0l 2 Th i, B e R A 1 5 S R 4
Pl B PR (R LAE, 2014), SR, 7Ef 1 farh
WHoE R B, I B S 500 T ik 3 5 4b F R
A, 55 A AE L B R A IR R O 2
JK-(Pirozzi et al, 2009), AT UL, AS[A]£f 206} 77 4
W 2 AR AR R 22 5%, FLh s | e i 2 3 AR 1k
WA A

A (7, % P450 (CYPAS0) 2L WA N &4 2 Fhi
FKIG CYPAS0 I 217 (A s A R 25 A s il 2, 1A=
Witn & Tz W T s e i o, HE A
o AR KA AL RE A% S e fa A A B ) R 38 I R
(FHENGE, 2014) MHUAAZ 200 HF A, 40
32 B4 3 DT SO PR B VB G L R RE 2 () 454
AR A TIRETER o VA 78 2 1 (Heat shock proteins,
HSPs) /2 A W (A AE S I35 o SR 5 26 1 —
HEAF, Hp, HSPOO v] LUIE it kit &, &
SRR T, B v A0 AR T 3 5 Y I a7 M (R ST e 5
2018). AWFFTRM, 7Ef S FR % (0.42 kg/m’)5&
1T A 4t 7 E CYPLA R Rk KB Em T
BARB L (0.15 kg/m®), Liu Z5(2016)7E K26
R VTN 3 S 1 1= 242 R i IS O R Nl o)
FER7 i, FFAE CYP1A I HSP70 3 [H 263k /K F 8 3% |
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Effects of Stocking Density on Growth, Feed Utilization and
Intestinal Oxidative Stress Resistance in Juvenile
Megalobrama pellegrini (Tchang, 1930)

WANG Yao, CHEN Chenguang, ZHANG Jieruo, GAO Yujie"
(Ocean College of Hainan University, Haikou, Hainan 570228, China)

Abstract This study aimed to determine the optimal stocking density for juvenile Megalobrama pellegrini.
Meanwhile, enzymology and molecular biology analyses were performed to analyze the effects of stocking
density on the intestinal antioxidant enzyme activities and the expression of stress-related genes in this fish
species. 5 density treatments groups, including 0.15 kg/m® (50 tails/barrel), 0.24 kg/m’ (80 tails/barrel), 0.34
kg/m® (110 tails/barrel), 0.42 kg/m® (140 tails) /Barrel), 0.50 kg/m® (170 tails/barrel) were set up in triplicate.
The experimental period was 42 days. The results showed that fish growth performance (weight gain rate and
specific growth rate) increased as the stocking density increased from 0.15 kg/m® to 0.34 kg/m’, but no
significant differences were found among the groups (P>0.05). When stocking density continued to increase,
fish growth performance decreased, and significantly lower growth was found in fish reared at a stocking
density of 0.50 kg/m® compared with the 0.34 kg/m’ group (P<0.05). Meanwhile, the highest density group
(0.50 kg/m®) had a significantly higher feed conversion ratio compared with the low and medium stocking
density groups (0.15 kg/m®, 0.24 kg/m’, 0.34 kg/m’) (P<0.05), which indicated that the higher stocking density
had side effects on fish growth and feed utilization. The results also showed that increasing the stocking density
did not significantly affect the survival rate of M. Pellegrini (P>0.05), and the survival rate of each group was
very high (>97%). The crude protein and crude fat content of the whole-body in the fish of the 0.34 kg/m’
group were significantly higher than those in other experimental groups (P<0.05). The intestinal antioxidant
enzymes and other related indexes of fish were significantly affected by stocking density. Specifically, the
0.24 kg/m’ and 0.34 kg/m® groups had significantly higher total antioxidant capacity than the lowest-density
group (0.15 kg/m®) and the higher-density groups (0.42 kg/m®, 0.50 kg/m®) (P<0.05); the activities of intestinal
superoxide dismutase and catalase were lowest at 0.50 kg/m’, while content of malondialdehyde was the
highest (P<0.05); the highest value of glutathione content appeared in the 0.34 kg/m’ group and was
significantly higher than that of other experimental groups (P<0.05). The lowest density experimental group,
0.15 kg/m®, had the lowest intestinal CYP1 A gene expression, but a significant difference was only found
between the 0.42 kg/m’ experimental group (P<0.05). Fish in the 0.50 kg/m’ group had significantly higher
relative expression levels of the Nrf2 gene and significantly lower relative expression levels of MnSOD
compared with the 0.34 kg/m’ density treatment group (P<0.05), which indicated that the intestinal oxidative
stress response was induced when the stocking density was too high. The results of this study indicated that
M. Pellegrini at the weight of 0.45~1.36 g could be cultured at a density of 0.34 kg/m’, which will provide a
theoretical basis for improving breeding efficiency and promoting the restoration of the resources of M. Pellegrini.
Key words Megalobrama pellegrini; Stocking density; Growth; Feed utilization; Intestinal oxidative
stress

D Corresponding author: GAO Yujie, E-mail: yujiegao@hotmail.com



