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FHOR KA 2= AR bR 48, FRAA LI P 288 . FR5H H [A]
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&F0.5 mg/L.
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730 E .
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1735 % (Survival rate, SR, %)=N,/Nyx100

14 & % (Weight gain rate, WGR, %)=(W~W,)/
Wyx100

1Ak} 22 #(Feed conversion ratio, FCR)=Wy/(W
Wo)

85 [ J1 %% (Protein efficiency ratio, PER)=(W~
Wo)/(WxCP)x100

JIEL 3 2 (Condition factor, CF, g/cm’y=W/L’x100

FF 44 b (Hepatosomatic index, HSI)=W;/Wx100

JE A4 EE (Viscerosomatic index, VSI)=W,/Wx100
o, NN ERAS W F 22 2 08 20K TR 2 N B AN T
e 22 R IR AL Wy B PR 22 R AR a6 4 ot
T (g); WA WH 22 2 8 28 R AR i 1 (g); Welvtil
R R R & (g); CPJy Al k) it & B i 5 & (%);
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FIVKELIK 4325 B 43 R 105 °C LA T 8 1E =2 7:(GBY/
T5009.3-2003). JLIKEEIE(GB/T5009.5-1985). &
I 1l $2 ¥ (GB/T5009.6-1985) 1 550°C & #f 47 (GB/
T5009.4-1985)FEAT W & -

PEHKEEMNE RS
%, I F 013500 r/min 0 10min, XL 57 44
7RI o I TE 22 2 6 fi7p 3 JR 2 1 8 (Trypsin, TPS).
G Wil (Lipase, LPS). VEN T (Amylase, AMS)iG 1,
TR e AR TR TR, BT AR
UV-520054 73 0ot it

MBERAREGNE D 22 B 4 10375 v % 2
Jig & A JH [ £ (High-density lipoprotein cholesterol,
HDL-C). X% F i5 & M JIH [#] B (Low-density lipo-
protein cholesterol, LDL-C). Hi#H = (Triglyceride,
TG). J& JH [& E% (Total cholesterol, TC). 7% ¥4 5
¥ (Glutamic oxalacetic transaminase, GOT). 7 N #%

Z.(Blood urea nitrogen, BUN) % &, A7) & W H 54
I AR ) AR B G B, Bt B AX 48 8 Thermo-1510
RIEGFRAX o

BT B 2B 2R 2 S B W 82 K IE 28 T oK
GRU R HLA HIPES umdK %R U1 R, T 20 52 0% S
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PO S s I A I S 2 S B U I e
TG B, AT BB, vTE R DRI
51, Ff i i image-Pro PlusiE & 45 R .
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FERFIN o D E 22 )2 8 I JUE A — % (Malondialdehyde,
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SOD). %tk 5 K(Catalase, CAT). AWt HL(Glu-
tathione, GSH). £+ Bt T ik id 464 ¥ (Glutathione
peroxidase, GPX)H A4 B M, 77 &0 B e
AN TAEWE FCT
1.4 HEZIHSHH

T 5618 H Excel 20195 SEEG 45 Rt 47 4t it H

SPSS 24.013:47 WK 2= 77 Z 53 HT(Two-way ANOVA),

®1 ARAREEFRKF(FHER)
Tab.1 Composition of the diets and nutrition level (dry matter; %)

% ¥ (Glutamate pyruvic transaminase, GPT)F! JK %

RE| 2H 5 Group

Item 34PSL  34PSL  34P11L  38P5L  38PSL  38PI1IL  42P5L  42PSL  42PIIL
J5 K} Ingredient
FE- 7515 K Peruvian fish meal 20.00  20.00 20.00 2500  25.00 25.00 30.00  30.00 30.00
 #fiSoybean meal 10.00  10.00 10.00 1250  12.50 12.50 15.00 15.00 15.00
SEFFHRapeseed meal 10.00  10.00 10.00 1250 1250 12.50 15.00  15.00 15.00
W1 B2 £F Brewer yeast 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
/N2 Ky Wheat flour 2620  26.20 26.20 2620  26.20 26.20 2620 2620 26.20
% %k Wheat bran 2596 2296 19.96 16.16  13.16 10.16 6.36 3.36 0.36
£ M1 Fish ol 1.00 4.00 7.00 0.80 3.80 6.80 0.60 3.60 6.60
I — 2 H5Ca(H,POy), 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
FALHEFH Choline 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
ki % 7IMould inhibitor' 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
P4 L7 Antioxidant” 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Pl Vitamin and mineral premix’ 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
41t Total 100.00  100.00  100.00  100.00  100.00  100.00  100.00  100.00  100.00
¥ /K FNutrient level'
H12 95 Crude protein 3425  34.01 33.82 3843  37.96 37.49 4283 4231 41.91
K Wi Crude lipid 5.03 8.03 11.13 4.93 7.94 11.06 4.85 7.86 11.03
HK 5 Ash 7.74 7.68 7.57 7.89 7.76 7.63 8.19 8.05 7.93

VB A 3 B P RA AU AR S A R 2 R R RIR T R 8 B T A AR IR R, Ry B S
SRTER;
Note: 'The main component of mould inhibitor is calcium propionate; *The main component of antioxidant is ethoxyquinoline; * The
remix is sourced from Qingdao Master Biotechnology Co., LTD., and the composition is referred to the previous research of the laboratory;
Measured values
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T 2K I Duncanft; 56 3817 3 J5 2 5 EL A 0 B 2EL TR
Z R ENE, BEMIKT N P<0.05, SEEGEE H <
PIEER R RN o

2 #R
21 ANSDEBRMERKENLEESEE K
Ea-3:0pA)

5 P340 F L, P38HIP424H 148 =5 % A1 & 1 i
BRI 25 TR (P<0.05), 1Ak R 20T 3 PR (P<0.05),
HP385P424H 7 . 3 7% 7 (P>0.05); S5 L5H M L,
LSZH A L1140 ) 38 8 % f &R (A 5 2808 0 & T &
(P<0.05), T B} & #2 3 F% I (P<0.05), 3+ H L8
L1153 2 5(P>0.05). JHAAK EL A0 RE 6 & 5 16
LR R i 1 7T R Bl A4 B 5 Rk g 7 7K
SPRCIE B, L114H % 35 ) T LS4 (P<0.05). Tl Kl &5
F SRR i 0 7K1 S 22 R 1 ) AE K 1 B 4R AR 48 T
3 HEW(P>0.05; % 2).

22 ARPERRIMERKENLEEY &K
Vel AL
TPV SR g 1 7 TS0 22 B2 A e AR B

A W3 HRW(P<0.05); RTINS T-7K 53 AHAR I AH
FH 2K 4 o) B 2 A IR 9 7K P 8 35 A8 HL
(P>0.05) “4RLEE TR T It s, 22 Fe i o o
EAR S ELZE ETHP<0.05), Ko ARy &85
NS, P38 SPA AR B i R W T P34
(P<0.05), HP422H & 2% = T-P384H(P<0.05); P344H7K
Gy R AR 53 65 B 30 3 = T P38 AIP424H(P<0.05). 4
DA 0 7T T i), 22 2 i e MK g 7 5 R 0 2
EFHP<0.05), /K5 E 852 T F(P<0.05; 3% 3).
23 AN ERRMERKENLEELY EFE
TSRS

T} B KT R KT ) 22 2 A i 1 g
HERE. IRV JER BT 3 58 B0 (P>0.05).
b 5 AR R SRR T K 8 v, 22 ) Tl 1 g
EEN . JRVIEE. VERBEETES 2 FAHE . P3g
5P ()R BB 57 BNy R v P R
T-P344H(P<0.05), H P4241 figi & 11 g A1 A s g v
3% = T P384L(P<0.05); LAIL1 14H ) I Iy Filg A i
1 B P B 2 T LS4H.(P<0.05), HLL114H g i
T T L8A(P<0.05; 3R 4).

x2 AR EARMARHKENZE#ELEE KRR
Tab. 2 Effects of dietary protein and lipid levels on growth of juvenile Hemibagrus wyckioides

ZH0 2RI E I E A TRkl R 3 E AR YRS JIRINEY i T
Group FBW (g) WGR (%) FCR MFPER SR (%) HSI VSI CF (g/em’)
P34L5 78.47£1.40° 161.86+4.96" 1.95+0.04" 1.51+0.03" 96.67+1.93 1.95£0.09 16.85:0.81  1.55:0.08
P34L8 83.34+1.75" 178.5245.66 1.74+0.07° 1.69+0.07" 97.78+1.11 2.1340.11 17.05£0.83  1.63%0.02
P34L11 91.03+1.64 204.03+5.87° 1.56+0.04° 1.88+0.05° 093.33+1.93 2.24+0.14 18.012044  1.56+0.04
P38L5 86.88+1.85" 189.15£5.99™ 1.63£0.05" 1.61£0.05° 97.78+1.11 2.11£0.10 16.35+0.12  1.70+0.05
P38L8 104.1943.94° 248.33+13.07° 1.2740.06° 2.07+0.10° 96.67+1.93 2.13£0.07 17.12+0.13  1.56+0.02
P38L11 105.10+3.85" 250.19+12.84° 1.24+0.06" 2.14+0.12° 98.89+1.11 2.19+0.14 17.59+0.72 1.61+£0.04
P42L5 93.36+3.43° 211.68+11.73° 1.49£0.09° 1.62+0.10° 96.67+1.93 2.17+0.10 16.13£0.76  1.53+0.09
PA2LS 105.8242.95" 252.84+9.54" 125+£0.06" 1.92£0.10" 96.67+1.93 2.20+0.03 16.82+0.49  1.62+0.04
P42L11 109.79£0.75" 267.31x1.53°  1.19£0.02" 1.99+0.04° 094.44+1.11 2.37+0.07 18.40+0.50  1.74+0.06
TkHE A Fi7KF Dietary protein level (%)
P34 84.2842.00" 181.4746.72° 1.75%0.06" 1.70£0.06° 95.93+1.08 2.1140.07 17.30£040  1.58+0.03
P38 98.72+3.41° 229.22+11.46° 1.38+0.07° 1.94+0.09° 97784079 2.14+0.05 17.02+0.28  1.62+0.03
P42 102.99+2.81° 243.94£9.42°  13120.05' 1.8420.07° 95.93+0.93 2.25+0.05 17.124045  1.63+0.05
TR} ig 5 7K *F Dietary lipid level (%)
L5 86.23+2.46" 187.56+827" 1.69+0.07° 1.58+0.04° 07.04+0.87 2.08+0.06 16.44x034" 159+0.04
L8 97.78+3.92° 226.56+13.01° 1.42+0.09° 1.89£0.07° 97.04+0.87 2.16£0.04 17.00£0.28" 1.61+0.02
L1l 101.97+3.07° 240.51£10.30° 1.33+0.06" 2.00:0.05° 95.56+1.11 2.26+0.07 18.00+0.31° 1.64+0.04
Two-way ANOVA
1Ak A Dietary protein 0 0 0 0.005 0.293 0.217 0.843 0.497
AL B Dietary lipid 0 0 0 0 0.447 0.098 0.015 0.567
%% H Interaction 0.268 0.246 0.530 0.496 0.362 0.816 0.821 0.056

E: Bl AR N BMEEARAERR, (75 R R AR SO iR AR 7 BEA R RER 22 57 B35 (P<0.05), 1A

Note: Values are presented as means+SE. Letters in the same row with the same superscript or absence of superscripts indicate no

significant difference (P<0.05). The same applies below
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Tab. 3 Effects of dietary protein and lipid levels body composi-
tion of juvenile H. wyckioides (dry weight basis)

151 Koy MeEEm AR HLIR Sy
érou Moisture Crude protein Crude lipid  Crude ash
P (%) (%) (%)

P34L5 71.36+0.39° 52.73+0.68" 28.330.83" 10.60+0.28
P34L8 70.07+0.28% 53.04+0.28" 33.73+0.50° 10.56+0.60
P34L11 68.6140.46" 53.1240.55" 37.22+0.88° 10.05+0.68
P38LS  70.60+0.15% 54.49+0.73"°31.58+0.42" 10.07+0.17
P38L8  69.26+0.04% 54.97+0.57"33.65+0.80"  9.64+0.20
P38L11 67.67£0.33" 56.33+0.60°°36.35£0.77°  9.1740.05
P42L5 69.81£0.25% 56.69+0.63* 31.54=1.14°  9.6140.18
P42L8 69.37+0.21% 57.99+0.74° 33.81£1.06° 9424036
PA2L11 67.5140.06" 54.7140.43" 37.86+0.08° 9.26+0.07
1kHE A Fi7KF Dietary protein level (%)
P34 70.0140.44° 52.96+0.27" 33.09+41.35 10.40+0.29"
P38 69.18+0.44" 5526+0.42° 33.86:0.77 9.63%0.15'
P42 68.90+0.36" 56.46+0.57° 34.40+1.03 9.43%0.13"
TRRLHE 7K P Dietary lipid level (%)
L5  70.5940.26° 54.63+0.67 30.48+0.69" 10.09+0.18
L8  69.57£0.16" 553340.77 33.73:0.41" 987027

L11  67.93+0.24" 54724053 37.1440.40° 9.50+0.24
Two-way ANOVA

TR &R
Dietary 0 0 0.151 0.009
protein

AL
Dietary 0 0.317 0 0.146
lipid
% H.
Interaction
24 EARPEBRMAEHKEX £ E® 4t miE
HLIBPRAY SN

TRLE A AR KPS HDL-C. LDL-Cy TG+
TC. GOT. GPT. BUNZEIME TR ARYTC i 3
L HFE (P>0.05). B & Tk A 5 KF I3 s,
22 JF8 (8 1135 o A JH [E B (TC) H il =8 (TG). &
2% 55 g 2K 1 JIH [ B2 (HDL-C) I35 15 g 25 1 I [
(LDL-C). JRZEZ(BUN). &M M (GOT)F A
A ¥ 2 (GPT) 2 L FH# %, (HGOT. GPTHIBUN
A 52 (P>0.05), P38 5 P424HTC. TGAHILDL-
C& & i 2 7 T P3441(P<0.05), HDL-C % 2 7£ P42
IR FTHWP<0.05); BE & RE T AP B3 &, 1
EHTC. TG. LDL-C. HDL-C. GOTHIGPTY L
FHta#, fFEL1 145 5 2% _EFH(P<0.05; % 5).
2.5 AR EE RSB 7K X 22 FE e 4 £ BT B
YRR ERMm

EF IR AL gt ), 2[R — & A KFE R, 5LS
FLS i i 2L AH b, LR o 25 A AR 35 1 Ak REURD £
R N (P<0.05); 1A — e Wi7K-F T, B 1A ek

0.484 0.010 0.106 0.933

A FACE R =, IR AR AR A B 2.(P>0.05;
Kl 1),
2.6 AR ERRMIEHKFETLE#EL &R
mMEHKEENRE N

) KL R SR 7 7K ST xS A H SOD A B
2 H §2 0 (P<0.05), %F HFIE 1 GPX. GSH. CATHI
MDA & 2 28 H. {1 (P>0.05). B % 1Ak & [ R
KB4, 22 R I rh 2 b H R O Ak ) il
(GPX). 75 Bt H BK(GSH)FIHE % 10 4 B AL T (SOD)
EYE R ET A, 5P344HAH B, P385P424 GPX.
GSH. SODiEMEE# FFH(P<0.05), HP422HGPXid
P 52 75 T P38 (P<0.05); B & 1ALk} 5 7K °F- 42
&, FFE R GPX. GSH. SOD. CATHIMDAJF 1
PR ETHEH L8AMILI14HGSH. SODAICAT %tk
% m= T LS54 (P<0.05), L112HGPXHIMDA & & 5.
FETL5 5L841(P<0.05; % 6).

3 g
31 ARPEARMERKENZE#ELEEK

MERE. RS R BAETH L BB RIS
R R R AR RE I OGBRE A R,

4 ARPEE IR T 2 R B4 S BRI RIS
Tab. 4 Effects of dietary protein and lipid levels on digestive
enzymes activities of juvenile H. wyckioides

JRE A EFTPS HERTEELPS JE# BFAMS

#3l Group (U/ug prot)  (U/gprot)  (U/g prot)
P34L5 2.10£0.02" 10.57+0.34° 0.53+0.04"
P34L8 2.1120.08" 12.67+0.39" 0.64+0.06™
P34L11 1.93+0.03°  17.44+1.21° 0.73+0.05"
P38L5 2.1940.05™ 18.17£0.72° 0.72+0.04™
P38L8 2.2240.07% 20.76+0.46° 0.80+0.05%
P38L11 2.3440.02™" 24.84+0.64° 0.810.09"
P42L5 231£0.11™" 22.26+0.88" 0.64+0.07"
P42L8 2.4240.05%  23.89+1.20% 0.830.09"
P42L11 2.54+0.15"  26.28+0.63° 0.93+0.08°
Rl H 57K P Dietary protein level (%)
P34 2.05+0.04" 13.56+1.08" 0.64+0.04"
P38 2.25+0.03° 21.26£1.02° 0.78+0.04°
P42 2.4240.06°  24.14+0.75° 0.80+0.06"
T RIIE 5 7K P Dietary lipid level (%)
L5 22040.05 17.00£1.75" 0.63+0.04"
L8 2254006 19.11x1.72° 0.76+0.05°
L11 22740.10  22.86+1.44° 0.82+0.05"
Two-way ANOVA
T} [ Dietary protein 0 0 0.015
kL 5 Dietary lipid 0.513 0 0.008
4% H Interaction 0.103 0.357 0.657
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10 R, AR — 8 Y B A REER B K T e
kAR KRR ISR T, E 22 R AT FE £2.(1.96 g)
XA R D 7 SR B AT, AR K (44% A
39%) I A% B2 B0 24 R 6 I A Ktk e EBUN
FIAK 1) 22 JF fitE (14.88 )i & (A I I 75 SR Wi 92 1, 22
JF2 i 384 B 22 6 5 1A k) B B K I T (37 %
43%F149%), 25T+ 5 I FEAR B 5, 7E43%4
KB BIE K AR, BT 9045 AR, B 1R
B B KT, RO 22 i 4 £ 1) AR K
PERE IR TR A, A2 2 B, E42%E A
KPS . —J7 10, IX T REAE T4 4 ok
AR B, T 2 0 B 4R 1 RE B H AR
DL S RELR AL AU A KT, kR A
IS5 AR EE T axX — W e, RIRE A R R
B, sl Ea S ES N, &EARTTR R Y
I AR EZN EH. A—H, STEEN
KGR H B SR A A A L, Y3 X R 77 5E T Re A 22
JEHESRAT T 2 G sh s (8], 30 7 T RE EVH AER
EAFSCH™ . 7R A BE i (Epinephelus lanceo-
latus)~ 288 (Channa striata)® 1 R I T AL B
Fog PO BRI, BRI R KT RE A
22 JEHEI K, (H538% 5 H /K AH L, 42% 85 17K

x5

- B SR R AR . IR 9 2 K sh i &
AR FEAR TG R, BRI D KT T
e, 22 R A KA R MR A R 2 ETHEas. |
LR BT, TR AT HE RTINS 1 22 2 S 1T
Forb, AR AR A R Ko B TR AR 17 2K Y B T e T
S ETHES. sbA, FERRLER B UK P AR [F 1
T, R A mAH T AL, A B
JIE 107 7K T i T T, 3R] RE TR A 22 6 R % Vi
AR IO B i K P RO BRDRL AR 7 b, kel
I It S B R AR B R Y 29 RN, A P38LS
YH 22 R Y R 2 R T PA2LSH . R 5 R e M
(Carassius auratus)m]\ 22 15 4 % i (Stephanolepis
cirrhifer)™'F1 £ 5 5(Sillago sihama)” ({5 45 B
=8 & A PSR R IR 0 K T
T8 T3, X 5 Y K il (Sebastes schlegelii)
WFFEH R 45 RIS, X R W ADRH TG 7 7K1 B T s E
4 24 2R 1R A 3k 22 R A P A KT

o TE S A Bl S ) R R AE — e R R b O £ 2R
SHRDRL R R I AR ARSI, ¢
R4 iyl R g . RRTRE . Uk B 1t 24
W ke SR D K P T e B BT,
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Tab. 5 Effects of dietary protein and lipid levels on serum biochemical indexes of juvenile H. wyckioides

4151 wmme  mem SRR WERE sewam snsam  maEm
Group TC (mmol/L) TG (mmol/L) LDL-C (mmol/L) HDL-C (mmol/L) GOT (U/L) GPT (U/L) BUN (mmol/L)
P34L5 7.1340.60° 7.21£0.54"  7.93+0.21° 2304002  30.44+0.85° 3.27+0.26° 5.1040.39
P34L8 7.14+0.16"  7.97+0.06"  8.06+0.30" 224+0.06°  31.34+0.56" 4.08+0.18"™" 5344054
P34L11 7.75+0.18" 8.2340.24"  8.36+0.22" 2.68+0.05  34.43+0.38% 4.64+034™ 4171025
P38L5 8.75+0.25% 8.03£0.45"°  8.46£0.41™ 2.58+£0.04™"  30.89+0.33" 4.40+041™" 4974040
P38L8 8.97+0.15° 8.13£0.10°  8.79+0.32" 2.36+0.06"  31.16+0.97" 3.82+0.66"°  4.5240.52
P38L11 10.0240.50%  9.05+0.19°  9.43+0.08° 2.56£0.10™  37.25+0.27° 5.0040.03“  570+0.58
P42L5 8.66£0.26™ 8.05+0.28"  8.8620.15™" 23840.19™  29.71£0.57° 3.40£0.10°  5.98+0.29
P42L8 9.40+0.17 8.53+0.18"  8.95+0.07° 2.67+0.15°  33.87+2.22% 4.63+0.55™'  4.88+0.81
PA2L11 10.6940.35°  9.24+0.09°  9.59+0.39° 2.83+0.06" 38.83+1.18°  5.33+0.43° 5.20+0.60
kL& A B 7K ¥ Dietary protein level (%)
P34 7.34+0.21°  7.80+0.23" 8.11+0.14" 2.41x0.07" 32.07+0.68  4.00+0.24 4.87+0.27
P38 9254026 8.40+0.22" 8.89+0.21° 250+0.05"  33.10+1.08  4.41+0.28 5.06+0.31
P42 9.58+0.33" 8.61+0.20"  9.13+0.17° 2.63£0.10°  34.14+151 4.45+0.35 5.36+0.34
T} 7 7K P Dietary lipid level (%)
L5 8.18+0.33"  7.76+0.26" 8.4240.19" 2.4240.07" 30.34+£0.35"  3.69+0.23" 5.35+0.24
L8 8.514036" 821+0.10"  8.60+0.19" 24240.08"  32.13£0.84° 4.18+0.28° 4.9140.34
L1l 9.48+0.48° 8.84+0.18°  9.12+0.23" 2.69+0.05°  36.84+0.74° 4.99+0.19" 5.02+0.34
Two-way ANOVA
1%} [ Dietary protein 0 0.007 0 0.039 0.064 0.300 0.515
T kHIg i Dietary lipid 0 0.001 0.012 0.004 0 0.002 0.565
%% H Interaction 0.354 0.745 0.877 0.060 0.107 0.207 0.190
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FEVRVIR K H) T i, 42 R4 IS TG, TC.

P L PxL
P 0.139 0 0.171

N s s L, Protein
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20
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MMZLOGL (IR L
Oil red O staining area ratio (%)

—|_|N
oo

11 32.03+0.54¢
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Fig. 1 Results of liver oil red O staining of juvenile H. wyckio-
ides (Amplification factor 400x)
1. P34L5%0; 2. P34L84H; 3. P34L114H; 4. P38L54; 5. P3SL84;
6. P38L114H; 7. PA2L54; 8. PA2L84; 9. P42L114H Ld. flg ¥,
AN X N. A0 A%, R 18 ) s
1. P34L5 group; 2. P34L8 group; 3. P34L11 group; 4. P38L5
group; 5. P38L8 group; 6. P38L11 group; 7. P42L5 group; 8. P42L8
group; 9. P42L11 group; Ld. lipid droplet, red area in the figure;
N. nucleus, blue dots

HDL-CHILDL-C/K VTt 5, 3X 5 2 il £ XU 4 1
(Nibea diacanthus)f K 3 i (Pseudosciaena crocea
ROT W50 245 R — 8 FFIE R TCRITGAR
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TRBE A 11% 18 W7 7K P39 00 1 22 2 666 JH- 0k 1 3 2 =
FARER, 51 G D IR, 3X AT B & 4 BRI I 4 LE
B A . i 2 RO AE I R, BRI
FELT 41 DL 48 S50, ST S AR LE 3 et
B S g (GOT) A 45 T % S B (GPT) & B BE 8 S
AP AU A BEIR 00, 76 IR W 5 0L T, X P Mg AR AE T
JH A2 B, 224 P I D e 52 4 R = R i ) i i
5| #2 LI Hh GOTAIGOTHITF ™. WF e 45 R A,
22 J2 6 IfL 75 GPT GOTVE JJ #E 1% 7 /K - 2H ik
B, L m T 5% 8% i Wi 2H, 1 B AL KT
NEWT 5 IERI T B, nraeds K 1 IR DRt fs -
33 ARPEBRAAER KT R 4 & AT Bk
MEKBENRFEMN
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g . FERLCAE LR, W2 B R T R E R
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J7 1, W RE 2 BT A B AR s N PR AR R A R
AT F ™. 7T, & A BRI AE
% A A SROBE, Fe e Y I AR R AN LT I DT IR 1)
BT WUl 2 5 R PR AL, TR R AN IR Iy R
AW T4 FAR W, Bl R D7 K- B T, 22 2
fite &)y €0 IE - MDA K V- 2.2 Tt 51, MDA iR iy i
FALI ), A R T U B R oo A A S R
ol o Rk e 2 RG0S B T s T 4R
P2 = R, R R B I e A IR R ) A AL,
SV IpN etV i TN EE - W INTTR S §in B IR e
W R TS SRR, 767 5 Bk
tt (Oreochromis niloticus)' " F1 K 1 2 i (Micropte-
rus salmoides)” "BF 78 45 F bt K BL T FF S A AL
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Tab. 6 Effects of dietary protein and lipid levels on the antioxidant capacity of liver of juvenile H. wyckioides
ZH 50 B BCH IR A B I H K AP A T EA ARG [
Group GPX (U/mg prot) GSH (umol/g prot)  SOD (U/mg prot) CAT (U/mg prot) MDA (nmol/mg prot)
P34L5 16.8940.39" 18.26+0.50" 55.67+1.33" 47.05+1.52° 0.86+0.06"
P34L8 16.11+1.13" 20.39+1.87% 62.34+1.21° 52.04+0.67™ 0.8940.03"
P34L11 18.3620.69™ 20.74+1.16™ 67.29+0.71 53.06+1.34™ 1.11£0.02°
P38LS 17.750.60™ 19.32£1.09® 63.74+1.73" 50.95+1.54™ 0.92+0.04"
P38LS 19.11+0.54™ 22.28+1.50™ 67.98+0.78" 53.75+1.80™" 0.92+0.07"
P38LI1 21.1120.74% 24.93+1.37" 68.27+0.95" 56.3420.69" 1.05+0.02"
P42LS 19.91+1.05" 21.96+0.73" 66.50+0.47" 49.41+0.41° 0.90+0.01°
P42L8 21.59+1.20% 24314122 68.40+1.24" 54.28+2.48% 0.930.02"
P42L11 23.10+0.66° 25.44+0.44" 69.62+1.68" 55.50+1.30° 1.12+0.04°
1A K} R 7K F-Dietary protein level (%)
P34 17.1240.52° 19.80+0.76" 61.77x1.77" 50.72+1.11 0.95+0.04
P38 19.32+0.58" 22.17+1.05° 66.66+0.96° 53.68+1.05 0.9620.03
P42 21.53+0.68° 23.91+0.67° 68.17+0.77° 53.06+1.24 0.98+0.04
1Ak} 5 7K “F Dietary lipid level (%)
L5 18.18+0.58" 19.85+0.68" 61.97+1.75" 49.1440.85" 0.89+0.02"
L8 18.9440.94° 22.3340.96° 66.24+1.12° 53.36+0.97" 0.92+0.02°
L1l 20.86+0.77" 23.70+0.92° 68.39+0.68" 54.96+0.76° 1.09+0.02"
Two-way ANOVA
1%} 2 (I Dietary protein 0 0.002 0 0.051 0.690
1%} Big i Dietary lipid 0.003 0.003 0 0 0
%% H Interaction 0.570 0.745 0.021 0.939 0.651
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DIETARY PROTEIN AND LIPID LEVEL ON GROWTH, SERUM BIOCHEMI-
CAL INDEX AND LIVER ANTIOXIDANT CAPACITY OF JUVENILE ASIAN
RED-TAILED CATFISH (HEMIBAGRUS WYCKIOIDES)

ZHANG Yao-Zheng-Tai', XIE Kai', SHI Yong', LI Xin-Ping’, XIAO Tiao-Yi', HU Yi' and DAI Ji-Hong'

(1. Fisheries College, Hunan Agricultural University, Changsha 410128, China; 2. Xishuangbanna Indigenous Fish Research and
Breeding Center, Xishuangbanna 666109, China)

Abstract: A 3x3 interaction experiment was conducted, manipulating protein levels (34%, 38%, 42%) and lipid levels
(5%, 8%, 11%). Nine experimental diets were prepared in total. Juvenile Asian red-tailed catfish (Hemibagrus wyc-
kioides) with an initial body weight of (29.96+0.08) g were subjected to an 8-week feeding regimen. This study aimed
to investigate the effects of dietary protein and lipid levels on growth, serum biochemical parameters, and liver antioxi-
dant capacity. The results indicated an increasing trend in the average weight gain rate and protein efficiency ratio with
higher dietary protein and lipid levels. The P42L11 group exhibited the highest weight gain rate, accompanied by the
lowest feed coefficient. However, no significant differences were observed in the P42L11 group and the P38LS,
P38L11 and P42L8 groups (£>0.05). The P38L11 group exhibited the highest protein efficiency, although no signifi-
cant differences were found when compared to the P34L11, P38L8, P42L8 and P42L11 groups (P>0.05). Notably, the
11% lipid group displayed the highest average whole-body lipid content, viscera-body ratio, as well as serum total
cholesterol, triglyceride, high-density lipoprotein cholesterol, and low-density lipoprotein cholesterol levels, which
were significantly higher than the 5% lipid group. Oil red staining of liver tissues revealed noticeable fat accumulation
in the 11% lipid group. Moreover, average serum alanine aminotransferase and aspartate aminotransferase activities
were significantly elevated in the 11% lipid group compared to the 5% and 8% lipid groups (P<0.05). Additionally,
average intestinal digestive enzyme activity, liver antioxidant enzyme activity, and malondialdehyde (MDA) content
increased with higher dietary protein and lipid levels. In summary, within the context of pond cage culture, the weight
gain rate of H. wyckioides increased proportionally with rising protein and lipid levels. The most favorable outcomes
were observed in the 42% protein and 11% lipid groups. However, the 38% protein level yielded the best protein effi-
ciency, while the 11% lipid level led to liver fat deposition and damage. The activities of digestive enzymes and antioxi-
dant enzymes were augmented with higher dietary protein and lipid levels. Considering the factors such as growth,
protein utilization efficiency and fish health. The recommended protein level for juvenile H. wyckioides feed is approxi-
mately 38%, with an upper limit not exceeding 42%. Similarly, the optimal lipid level is around 8%, and it should not
exceed 11%.

Key words: Protein; Lipid; Growth performance; Serum biochemical indexes; Antioxidant capacity; Hemibagrus wyc-
kioides
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