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B AT IR AL, AR R T,
FEH PR R BAER N, 2020 4E A EF5A 50 7 t, {H
B XS AR E R T B AOBF ST IRGE E >, I,
WA AERCPERE L £ RS bR LA i 38 R S
T 22 48 DA 2 PR 76 K 10 B st Al e b A T, A
07 foge PR AR I T R A A BR, R FER)
FHS PR Ry B AL BRI , [ B A 3 PR3 A S b 1
) il B LA S 3

1 MRS TA

1.1 SCIgAR

R 70 DA £ T S A B A L R A PR
AIBEAE, B EOR N T 43 G A A A

B EZ AL, RIGLETBRRIK, T8
M), FE2 e b M 1 62.00% . HHIR i
10.00%. AR 3.67% . HAMR 1.23%, HEHM
AR 87.5% ., TR 4.2 mg/g (KOH)., # & PEEh 5L
A 72 mg/100 g, DIAME IR AN . T AR
. NEEAEAIEAD, M, SRl
V5 PO JE AR DR, 2 B RS R AR 0% (R R
12.5% (PBM 12.5). 25.0% (PBM 25.0). 37.5%
(PBM 37.5) Fl 50.0% (PBM 50.0) it & 7% 5 f ¥
e 5 bS5 RS B i S It CHLER 1 49%, M
BEWT 11%) (% 1)o BRXTREZHAN, 7 A AR b
T AR MR AR, AR —E SR
— B, FRHEC DT BB SR KL 20 GDRHEURH
Wt 80 H i, B BEIR S5 il A 3 mm A 5k

BRI, RINE T 247 (kBiEAZE Wk, @ AR TE, T 4 °C WK #& M.
F1 LWIAR S KREFRKE (RFE4)
Tab. 1 Composition and nutrient levels of test diets (air-dry basis) %
i F 5 groups
items X control PBM 12.5 PBM 25.0 PBM 37.5 PBM 50.0

J&kl  ingredient

FhE757540k)  Peru steam fish meal 40.00 35.00 30.00 25.00 20.00
E =3 ¥ domestic poultry by-product meal 0.00 5.28 10.56 15.84 21.12
M1 soybean meal 18.50 18.50 18.50 18.50 18.50
FiFFEE A cottonseed protein 15.00 15.00 15.00 15.00 15.00
ANAIHEE  wheat gluten 3.00 3.00 3.00 3.00 3.00
T flour 9.00 9.00 9.00 9.00 9.00
a3 fish oil 2.00 2.40 2.80 3.20 3.60
KGO soy lecithin 1.50 1.50 1.50 1.50 1.50
X3 chicken oil 0.00 1.80 1.20 0.60 0.00
il soybean oil 4.00 1.66 1.68 1.70 1.71
A ZTIREL  vitamin premix” 1.50 1.50 1.50 1.50 1.50
Wikl mineral premix” 1.50 1.50 1.50 1.50 1.50
SALNESR  choline chloride 0.50 0.50 0.50 0.50 0.50
IR 24 Ca(HoPO,), 1.50 1.50 1.50 1.50 1.50
MEREFYEE  microcrystalline cellulose 2.00 1.54 1.12 0.71 0.30
R lysine 0.00 0.23 0.46 0.69 0.92
FEZ®  methionine 0.00 0.09 0.18 0.26 0.35
BIERS>  nutritional levels

HE T crude protein 49.42 49.42 49.41 49.41 49.41
FIEWT  crude lipid 11.31 11.35 11.35 11.36 11.35
HMA4y  crude ash 11.45 11.44 11.92 12.06 12.38

W DA ETUREL, 4i2E KA 18 mg/kg, 4iE D, 5 mg/kg, 4Ei24EFKE 150 mg/kg, 4E42%C 500 mg/kg, 4E7E#B, 16 mg/kg, 4E4E#B, 20
mg/kg, HEFEB), 6 mg/kg, 4EAEFEK; 18 mg/kg, %340 mg/kg, WIAE320 mg/kg, 7ZHR60 mg/ke, HHMRS0 mg/kg, MRS mgkg, AH)32
mg/kg, LAFEMERK100 mg/kg. 2)0 Y FRTERL, 4130 mgkg, #50 mg/kg, #6100 mg/kg, 4 mgkg, k25 mg/ke, 435 mgkg, %12 mg/kg,
fl1.6 mg/kg, 0.2 mg/kg, %50.8 mg/kg.

Notes: 1) vitamin premix, VA 18 mg/kg, VD3 5 mg/kg, VE 150 mg/kg, VC 500 mg/kg, VB, 16 mg/kg, VB4 20 mg/kg, VB, 6 mg/kg, VK; 18 mg/kg,
ribofflavin 40 mg/kg, inositol 320 mg/kg, calcium-D-pantothenate 60 mg/kg, niacinamide 80 mg/kg, folic acid 5 mg/kg, biotin 2 mg/kg, ethoxyquin 100
mg/kg. 2) mineral premix, Na 30 mg/kg, K 50 mg/kg, Mg 100 mg/kg, Cu 4 mg/kg, Fe 25 mg/kg, Zn 35 mg/kg, Mn 12 mg/kg, I 1.6 mg/kg, Se 0.2 mg/kg,
Co 0.8 mg/kg.
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®2 AREKFBAKEALRPEERERESE (FHR)

Tab.2 Composition and content of amino acids at different levels of poultry by-product meal feed (dry matter) g/100 g
S 5 groups

amino acid XHR control PBM 12.5 PBM 25.0 PBM 37.5 PBM 50.0
RITAZR  Asp 3.96+0.17 3.92+0.18 4.05+0.15 3.88+0.19 3.85+0.12
HHEER  Glu 8.21+0.34 7.88+0.36 8.22+0.30 7.80+0.38 7.78+0.25
YRR Ser 1.94+0.08 1.89+0.09 1.98+0.07 1.800.09 1.76+0.06
H&E® Gly 2.47+0.10 2.40+0.11 2.48+0.09 2.42+0.12 2.41+0.08
WA Ala 2.47+0.10 2.40+0.11 2.45+0.09 2.2740.11 2.22+0.07
&% Pro 2.3140.10 2.29+40.11 2.37+0.09 2.38+0.12 2.40+0.08
%% Tyr 1.41£0.06 1.35+0.06 1.36+0.05 1.36£0.07 1.34+0.04
Y% His 1.08+0.04 1.25+0.06 1.2940.05 1.22+0.06 1.20+0.04
AR Arg 3.52+0.15 3.430.16 3.50£0.13 3.44+0.17 3.46+0.11
IR Thr 1.80+0.08 1.78+0.08 1.82+0.07 1.58+0.08 1.54+0.05
HER  Val 2.12+0.09 2.08+0.10 2.10+0.08 2.02+0.10 2.01+0.06
FABR  Met 0.85+0.04 0.86+0.04 0.87+0.03 0.84+0.04 0.87+0.02
AL ER e 1.8140.08 1.79+0.08 1.80+0.07 1.74£0.09 1.73+0.06
TR Leu 3.16£0.13 3.09+0.14 3.14+0.11 3.00+0.15 2.96+0.09
KN Phe 2.09+0.09 2.04+0.09 2.09+0.08 1.97+0.10 1.97+0.06
B Lys 2.87+0.12 2.83+0.13 2.92+0.11 2.95+0.15 2.93+0.10
TAA 42.07+1.77 41.29+1.90 42.62+1.56 40.65+1.99 40.40+1.29
EAA 14.76+0.62 14.48+0.12 14.73+0.19 14.13+0.30 14.10+0.08
SEAA 4.55+0.19 4.68+0.04 4.76+0.06 4.62+0.10 4.56+0.03
NEAA 22.77+0.96 22.14+0.18 22.82+0.30 21.90+0.46 21.74+0.13

H: TAABZEIER, EAANLTHEIER, SEAAFUTHEIERE, NEAAALLIIAKER.
Notes: TAA. total amino acid, EAA. essential amino acid, SEAA. semi-essential amino acid, NEAA. non-essential amino acid.

1.2 AFEE

S FH R 1 R ok 11 SR DR TR B X A e
Y, wishEEIfE 10d, 258 24 h, 1 0.01% MS-
222 R JG AR o FEALEUMEEER | RUAK A — 20
KT R [ W) BR AR E (9.25+0.13 )] 43 M 5 4L 3R
H, BN MARIANEL, BIEE 30 B,
TEE IR KGR TR R G (AU FLA 200 L)
R 8 JAl . B H B 2K (8: 30 Fil 18: 30), #%
T i R AR 1 3%~5%. FRAE/KIF MRS H KK,
FRFEIK IR N 25~29 °C, pH K 6.7~7.2, IRl >7.0
mg/L, % % <0.1 mg/L, W fi R+ %(<0.01 mg/L,
WA Yk 2 <0.05 mg/L, SGJEMI (L : D) 2 12/12,

1.3 HEMHIE59H

ok FIH LR ZE R AT 24 h )5,
FH 0.01% MS-222 R G FRE, FFEEiTH R S5 A
WK O R, AR REALERR 3 BT
S A0E AT I E . BASE R REPLE S B,
DR . R, FEUKEE B0 B e
WEREFI B G PR, T IR RIS AR, RS
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TR . i gl SV IS, AR S T80 °C
KEETP IR . BAEE RIS B, H—
YR A T R E UL, BT 4 °C WK )E
4 000 r/min &0 10 min, YCEEIM T, —80 °C VK4E
TR . BAEEREIUR 3 B, e hiF
JE, FEARER AL VI 1 em® (OIFRE, FH T4
HAY) . BAEEHILI 6 B, TR ERME
G ARG, fifi FHTSE 5Bk RNA BT 5 A i
Mg, B K O SR G AR S T, AR )R
PLELZ) 3 mm’ BRI i A2 URE N, BT
500 uL RNA {475 (TaKaRa, H7S) [1JC RNA fif}
I ELE T, WAEAKE-80 °C vKAAH IR AT,
JFH 5 DRAR X 238 s A I o S50 0 AR P RN
DU SE SIS sh WS B, R IS sh
TR PRZE 51 2 A L 2 1) B R T

A, a8 FAERRSGMNE R
] I 38 A v D7 vk e sk o A R R R oy
R E o K3 R 105 °C 8 5 0 €
FHLEE 1 0T & i R L0 ZUE I E s HLARIG & &
TR AR 5 MK E 2R 550 °C 5
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FRAPIBRE IR R 5 ARG I P R S0 - Ik
W 5 JFF A R FH ot A A ) TR A 52 T ik
FIEME , W TS I G Ui 5 517 o

i BA BAR 48 A7 2 AL 1k
fifg (SOD) i PE (WST-1 %), & H L= H (CAT) i
M GHIR B ) LA SN —# (MDA) & i (TBA %),
L% D-3LFR (D-lac) & &t (ELISA). & %6 b i}
(DAO) i 1 (ELISA). JRZ ¥ (LPS) Iif 1 (ELISA)
YR @ Ay TR R PR e, B
I 5 Ty 2 BRR S UL Bk T .

A28 22 3 40 A e R, EAR TR
MYIERZ) 1 em’® WFAEZHEY, T A4S R,
IE IR ARG LY (HLE) G o, 7E6F Wi
(OLYMPUS, DP73, JElf, HA) F%,

WA, BB EARSH R RB R AT N
Ik % W38 5. RNA i RNAiso Plus i3] (TaKaRa,
HA) $#2H¢, f# H NanoDrop2000 #8 f# & 43¢t &
1T (Thermo Fisher, 3¢[E) 2 & RNAWRE . b5
fifi F 5 %% 53877 & FastKing-RT SuperMix (KA A4

R A RRA A, Jbat) B Iy B RNA [ 5k
5 cDNA, Jf ] DEPC /K #E17#5 B¢ J5 & F 20 °C
PRAF £ . SEE 966 2 B PCR (RT-PCR) 1K &
20 uL, Horf FRUEGI45 1 L. cDNA 2 pL.,
10 pL 2xNovoStart SYBR qPCR SuperMix Plus
(Novoprotein, i) #1 DEPC 7K 6 uL. & @ {{#
g 52} 5E H PCR X (Bio-rad - CFX96), 52} E
PCR MUFEF M 95 °C 4L 1 min, 1 ME¥; 95 °C
Fi%E 205, 60 °C 542 1 min, L1} 40 MEFF, Z
Ja . AT R 2 AR 38 51 PCR RO HA 14
PCR 724, 5I¥F% T NCBIi%it, W 3. il
U NI R R s | I e NI i 7 )
cDNA, DI& A cDNA MM, 8 id E &
PCR 15 3 & %) 51 ) B > W B2 cDNA ) C,fH, Dk
CAH MY ALAR, g+ DL Stk debr, L&
13— C,(EREHE DIECB A AL 54, Hia il
HAAFN ELARIR (Slope) Hl E=[105°7—1]1x100%,
XSS 88 (E). SR pfaffl J5 200 &
H 3R s ",

%3 LEPEIHEE (RT-PCR) 3|493% 3+ 55

Tab.3 Primers pair sequences for real-time PCR

B A LG I(5-3") NFTI(5-3") Gag
gene forward primer (5'-3") reverse primer (5'-3") GenBank no.
cat TGGTGTTCACGGATGAGATGG GGAGAAGCGGACAGCAATAGG XM_038704976.1
sod CCACCAGAGGTCTCACAGCA CCACTGAACCGAAGAAGGACT XM_038713969.1
1L-10 CGGCACAGAAATCCCAGAGC CAGCAGGCTCACAAAATAAACATCT XM_038696252.1
TGF-$ GCTCAAAGAGAGCGAGGATG TCCTCTACCATTCGCAATCC XM_038693206.1
IL-18 CGTGACTGACAGCAAAAAGAGG GATGCCCAGAGCCACAGTTC XM_038733429.1
IL-8 CGTTGAACAGACTGGGAGAGATG AGTGGGATGGCTTCATTATCTTGT XM_038704088.1
TNF-a CTTCGTCTACAGCCAGGCATCG TTTGGCACACCGACCTCACC XM_038710731.1
Claudin-1 CCAGGGAAGGGGAGCAATG GCTCTTTGAACCAGTGCGAC XM_038713307.1
Occludin GATATGGTGGCAGCTACGGT TCCTACTGCGGACAGTGTTG XM_038715419.1
Z0-1 ATCTCAGCAGGGATTCGACG CTTTTGCGGTGGCGTTGG XM_038701018.1
p-actin AAAGGGAAATCGTGCGTGAC AAGGAAGGCTGGAAGAGGG XM_038695351.1

14 HELR

FrE KR (specific growth rate, SGR, %/d)=
(N —In W) £x100%;

W4 W K (weight gain rate,
[(W =) Wo]x100%;

£t & % (feeding ratio, FR, %/d)= F/[(W, +
Wo)2 % f]%100%;

T [ U Z4R (protein efficiency ratio, PER)=
(W=W)(FxF);

WGR, %)=

https://www.china-fishery.cn

1) B} 22 # (feed conversion ratio, FCR)= F/

W=Wo);

B35 SR (survival rate, SR, %)= N/Nyx100%;

JEALE (viscera somaticindex, VSI, %)= W,/Wx
100%;

JF 1 Lt (hepatopancreas somatic index, HSI,
%)=,/ WX 100%

A5 B (condition factor, CF, g/em’)=W/L’x100

K, W, Wy 43 5 Ry 4R A A ) 4 £

T KPR 25 3246 sponsored by China Society of Fisheries



RAETH, 55

K77 2E4R, 2023, 47(10): 109605

R (g); t WFRTIRKE (d); FRHEHEE (2);
N, Fll Ny 43 5 2R BRIt AL 8); w ok
K (g); LMK (cm); W, WNEE (2); W,
HINFIRIEE (2); F, ARPREHE F BT (%)
1.5 TS

S 06 K5 35 LA 34 (B 445 ME 2% (meantSD)
7N, R SPSS 22.0 BT T 22 55 MK IR A1 AL A

E 72501 (One-Way ANOVA), #iA3 &K,
NJEAT Tukey [RZH A, BEKFEHR P<0.05,

2 #EH

2.1 EFSAMEREMRITKORSE KM
A

FALHRLH K T PR ZOR KT (FBW), WGR |
SGR LA & FR Fl FCR ¥ & i # 2 5 (P>0.05),
PBM 12.5 4 PER I & & T X B4 (P<0.05), 1Y
PBM 25.0, PBM 37.5 il PBM 50.0 2 L4 0] £ 5 .
25 2 I A K 1 SR ) TG R 100% (GR 4).

R4 EFCAREREMIAORSE KRNI

Tab. 4 Effects of different levels of domestic poultry by-product meal instead of fish meal on

the growth performance of M. salmoides

A1 groups

T H

items XH  control PBM 12.5 PBM 25.0 PBM 37.5 PBM 50.0
Wik E/g  IBW 9.27+0.02 9.29+0.09 9.28+0.05 9.21+0.08 9.26+0.06
ARBkE/g FBW 68.57+0.40 67.44+1.14 69.29+3.24 70.37+0.90 70.82+3.08
WER/% WGR 639.53+6.23 625.73+5.13 646.9134.60 664.19+3.16 665.1138.32
FEEEKE/(%/d)  SGR 3.34:0.03 3.3020.02 3.35:0.08 3.39:0.03 3.39+0.08
HMEBULE  PER 1.92+0.02° 2.05£0.01° 2.02+0.06™ 2.0040.04" 1.99+0.06®
BEEH/(%/d) FR 2.68+0.03 2.57+0.04 2.62+0.07 2.66:0.03 2.66+0.12
Tk RE FCR 1.09:+0.02 1.02+0.02 1.03+0.03 1.04£0.02 1.05+0.03
TEHG#%/% SR 100.00 100.00 100.00 100.00 100.00

e AT EAE B AR A R AR R 4 ) 2 e 16 3 (P<0.05), R IFl.

Notes: Values in the same row with different letter superscripts were significantly different between groups (P<0.05), the same below.

22 EFBRHEREHRITADORESRE R
jIZOF LA

K H 5 CF, VSIAI HSIJG 41 (8] 2% 5% (P>
0.05) (3% 5). [ PBM 2 ACLLGI3E I, 4=k AR i
S R AR (P<0.05), 4xfuksy. HIER . M
IR 53 VAR SR S A0 I R M 5 et e 4 ] 22 5%

23 EABAMEREMNAOREITERER
A

JIFAE SOD 11 CAT RGPt PBM £# X LAl 11
ThER G B AN (P<0.05), 4% 52K 4H HTIE MDA &
TR AL (P<0.05) (3 6).

B PBM B AR K F B3, E AR 5¢ 20 i
- IL-8 Fil TNF-a F8 % 2235 ft bk 25 A1 (P<0.05) 1]

SR RGN T IL-1p W Rk &, M, I
JIET 2 A M P F IL-10 Bl TGF-B /) AR XT3 3k 2 Bl
PBM /K- B T &5 1 5 25 3G hin (P<0.05) (&1 1), W
BRI, F£LEANFEEEYS) . i, g
ZURWIREE, FFANMRFIE R, 4l HES) 5 55

R E K722 4 /8 sponsored by China Society of Fisheries

iRy SERE, AMUELA IR | R M (KRR

24 EFSAMBREMTXKORFFERR
A

b % PBM B XK 34 m, B4 iE SOD Al
CAT BEIH M S HIE B (sod F car) BIFEXS Fe ik B i
EFHE, 1 MDA & R FEAR (P<0.05) (151 2). Ml
B REER M Occludin, ZO-1 F Claudin-1 #)
AHXT 2K Bt Bl PBM S AR /K Y- 11 388 i it % T
= (P<0.05) (& 3), MAh, IMi¥h D-lac Fl LPS % &
B PBM AR 7K S (14 386 i i 4 35 P AIK (P<0.05), i
T HE ARG (DAO) 1 M TCA R 22 5% 7).

3 e

AR, EXG R 50% kA4
SEM R 1 PR R A K PERE (B 5 1 20%, XS AR
Frim 21.12%) 0 X5 PATETE R T A6 1 (A 5E 45 5%
FRABL, DR e M % PR R VS 0 £ D 10% 38 T 5]
40% (fa A M\ 30% FEARE] 0) AN 2 X A 1 B iy ) A
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Tab.5 Effects of different levels of domestic poultry by-product meal instead of fish meal on morphological indexes and

body composition of M. salmoides

415 groups

TiH

items XTI control PBM 12.5 PBM 25.0 PBM 37.5 PBM 50.0
JEAI8F%  morphological measurements
NEi# % /(g/em’)  CF 2.37+0.12 2.39+0.20 2.35+0.17 2.29+0.22 2.26+0.15
JEAEL/% VST 9.33+1.00 8.71+0.71 8.15+0.95 8.87+1.05 8.73+1.18
JFAAE/%  HST 1.58+0.17 1.51£0.10 1.41+0.04 1.40+0.15 1.38+0.09
A4/ body composition
JK53/%  moisture 68.66+1.38 68.78+0.35 68.30+1.03 69.15+0.62 68.55+0.89
FE A /%  crude protein 17.01£0.26 17.15£0.19 17.00+0.18 17.25+0.69 17.51£0.31
FLHEN/%  crude lipid 10.66+0.05° 10.07£0.13° 9.7620.01° 9.09+0.23* 9.22+0.20°
HIHKS3/%  crude ash 3.88+0.06 3.76:0.04 3.87+0.24 3.94+0.05 4.04+0.05
JIFHE )/ (mg/g)  liver glycogen 47.96+5.02 44.48+6.22 38.83+5.21 34.5146.64 36.5240.78
JFESG i /%  liver lipid content 3.26+0.72 2.82+0.52 3.32+0.72 4.59+1.02 4.40+0.54

F 6 EmBRMBEREMITKOESITIINELEE NN
Tab. 6 Effects of different levels of domestic poultry by-product meal instead of fish meal on
hepatic antioxidant capacity of M. salmoides
T H 205 groups
items X[H control PBM 12.5 PBM 25.0 PBM 37.5 PBM 50.0

AL 1 RH(U/mg prot)  SOD S01.306.86"

567.84+25.08"

603.67+12.68°

718.19+£3.92°

711.51£28.39°

4 AL A /(U/mg prot)  CAT 27.10+1.36° 33.03+0.66° 33.65+2.66° 35.43+1.90 44.60+0.92°
7 % /(nmol/g prot) MDA 0.85+0.02° 0.66+0.09" 0.66+0.08" 0.65+0.00" 0.56+0.05"
KRR A S, PR R, 7R DR 6565
o 411 coniol i W2 (Trachinotus ovatus) {7 B U NI 18% X5 PR ¥y (Fa %)
o .
4 | wEBM250 BN FFRER 22%) A FEm A AR ™

= PBM 50.0
i)

FHXT RIS
relative expression level
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Fig. 1 Effects of different levels of domestic poultry
by-product meal instead of fish meal on the expression of
immune related genes in the liver of M. salmoides
1. IL-16, 2. IL-8, 3. TNF-a, 4. IL-10, 5. TGF-f. The different letters

above the histogram indicate significant differences between groups
(P<0.05), the same below.
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Fig. 2 Effects of different levels of domestic poultry by-product meal instead of fish meal on the expression of

antioxidant enzymes (a) and antioxidant genes (b) in the intestinal of M. salmoides

(a) 1. SOD, 2. CAT, 3. MDA; (b) 1. cat, 2. sod.
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Fig.3 Effects of different levels of domestic poultry

by-product meal instead of fish meal on the expression of
tight junction protein genes in the intestine of
M. salmoides
1. Occuldin, 2. ZO-1, 3. claudin-1
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Tab.7 Effects of different levels of domestic poultry by-product meal instead of

fish meal on intestinal permeability of M. salmoides
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Effects of replacing fish meal with domestic poultry by-product meal on growth,
liver health and intestinal barrier of Micropterus salmoides

WU Jiaxuan', LIAO Ruisheng', KUANG Wenming', SUN Hao ',
CHEN Yongjun', TAN Beiping®, LIN Shimei "
(1. Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of Education, College of Fisheries,
Southwest University, Chongging 400716, China;
2. College of Fisheries, Guangdong Ocean University, Zhanjiang 524088, China)

Abstract: Animal protein is an indispensable source in the feed of carnivorous fish. Fish meal, as a high-quality
animal protein, has high price and limited source due to the adverse impact of resources, storage and recent inter-
national situation. Because of its rich nutritional value, high digestibility, balanced amino acids and high biolo-
gical conversion rate, poultry by-product meal has attracted much attention from the animal protein source produc-
tion market. Therefore, the application effect of poultry by-product meal in the feed of Micropterus salmoides was
systematically evaluated in order to understand the quality and safety of domestic poultry by-product meal, and to
provide a theoretical basis for rational use of meat meal. To evaluate the feasibility of replacing fish meal with
poultry by-product meal, five isonitrogen-isolipid experimental diets (control, PBM 12.5, PBM 25.0, PBM 37.5,
PBM 50.0) were formulated. M. salmoides [initial body weight (9.25+0.13) g] was fed the system for 8 weeks. The
results showed that there was no significant difference in the weight gain rate(WGR) , specific growth rate (SGR)
and feeding ratio(FR) of each group during the breeding period of M. salmoides. Compared with the control group,
the activities of total superoxide dismutase (T-SOD) and catalase (CAT) of all experimental groups in liver were
significantly increased, while the content of malondialdehyde (MDA) was significantly decreased. With the
increase of replacement level, the relative expression levels of anti-inflammatory cytokines (/L-10, TGF-f) in liver
were significantly up-regulated, while the relative expression levels of pro-inflammatory cytokines (/L-8, TNF-a)
were significantly down-regulated, but had no significant effect on the clinical symptoms of liver tissue structure.
In addition, with the increase of replacement level, the relative expression levels of intestinal antioxidant genes
(sod and cat) and intestinal tight junction protein genes (Occludin, ZO-1 and Claudin-1) were significantly up-reg-
ulated, while the contents of D-lactate (D-lac) and lipopolaccharide (LPS) in serum were significantly decreased.
In conclusion, replacing 50% fish meal with poultry by-product meal in the basal diet (40% fish meal) did not
inhibit the growth of largemouth bass, but also it can enhance the antioxidant capacity and immunity of fish, and
improve the liver and intestinal health of M. salmoides. Therefore, poultry by-product meal can be used as a high
quality protein source for M. salmoides feed.

Key words: Micropterus salmoides; poultry by-product meal; liver health; intestinal barrier
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