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(1. B R T4 T M 5106425 2. T HRMETKERIBEAERAR T4 L 528399)
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T D7 41(P<0.05); T f71e R B F il-18. il-6 F0 iF I 81 1F 371 %] B -F 4ebp-1 mRNA %k K-F T, &
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FRY I 0. DHRIRIIR . . g RS
Wi, LA P, 1O
W e A, AL GE K 7 A T RE 3 R B R
(Tacon et al, 2008), TR, /K" FRIH B WY K,
TRURAT PR OB AN R SR, Mk AR R i, SRR N
TIKT=FRE I BARTEA, BRI T 7K 7= F 580l i AT R4
K. I, R s ok 3 IR Y T & BSR4 ik
FEAARLF AT R A B ) MR ORTR)IZ L L
FaE . MARHAR, 2R EIRY, BTSSR
NP . GIERA T, 8 EEERA, o
SR N ) R R A S (R TR B A ) 1 AR K R e
JEFE AN RS (Y 4 4, 2011, ML TFHM&E A,
ik Sh R IR PUE R T EAS RS, BS
A X R 25 A DI REE N (4, 2018), Hirf,
KRN 65%~T3%E 1, SeaR .« MR M AEE R &
HEE)ERF(E 45%~60%EH, MM H 2R
S K RC A R N il )z, SRR A
AR (ER /N AE, 2022)

K IO B&S(Micropterus salmoides){BFRINM &5, E.
FAEKEEN. BE2fld | BRFEEEME, F5E
BRI 15 7 t, WIRES R REMAGRNE A,
2016), fE MR RIS, JH BT Rk 14K
kR, HR SRR R S KO R 50%
(ZEIKURAE, 2016), T A AS (AT Lok, SR
PR SSFRA ARG N, R FHRAE B E AR,
DAREAR AR 83 V5 in DT R AT AR A o BT
AR5 AT 7 AR EE Ry | G AR L S A
14 B ) 88 R K 11 SR B A K MR L i3 ik i S IE
H B PSR, PEAG R R R X A 2 ARk 1
BOR, RIE R BRI AR B A TR R AR 4

1 HEETS®
1.1 SKIEE

AWFFE LIS [E) EL A R fa0ky © XS PR . 6 R R A Bl
VIR R, S BRI IR L 7 Fh R AR 55.0%)
ERRCHAET 13.0%) I EL A A EHD1~D7). H Ak /3%
TRUKS /8 TR RS B S I 43 L4330 R 45.0/22.6/0 (% R
ZH).37.1/22.6/8.0., 28.8/22.6/16.0 . 45.0/14.5/8.0 . 45.0/
5.3/16.0. 41.6/18.0/8.0 F137.0/13.8/16.0, fal#}fc )5 I
BRI 1. S FERHERNEA TS, g
PR EORHE ST, IAK BRUIR ST, 4245 1E AL
(XBF-62, #DUR)MVER T &l Sz imel, 1540
W55 (XBF-65, 2% DU & )i A Rt o il 4 9 4 Rk B
Ja, F-20 CLRAF

1.2 KIigit

SCH AN A L Y IR P, IR E T AR K
FERHE A B RIS SR K RO (5 mxS mx2 m)
Feo BFRWINE, FHA NS iR R 25 S g R, il
LI N FRFH A o IR SCIR T AT, 25 24 h, ik
KAN—BUE L (WA R E 29 R 55 g)FEHL /M iC 2
35 LIS MAE(1.5 mx1.5 mx1.8 m)H , 441 5 M EE
AN MIFE 100 EEfa, FREEJEIH R 60 do FFE A 45K
FEWE 2 YK (06:30 FI 17:45), /Kilk N 27.4~32.3 °C, &
REEN 0.1~0.2 mg/L, [RIAF, FRME AP
TEE L, WA S0 S Ab R, 5 B fa S5 i
R E A,
13 HHEERE

FIG LI AE R T, 25 24 ho XHEASRAE T A
B—FRE, I E R, WA PIFEREHLIEI 3
i, TAEH 0.01% 2-HE SRR K, SR
RS ERIKIBCAL, I B AL . R, piE AL
FAN, B REHLEE 3 R, e NIRRT
AEE AR, TR DR L SR . A
J& BRI ERL 2 2 f0 43 50 1 D00 5 AL PR Joi A ek
IR S W

1.4 HAEBELERNE

M B A (ALB) . JRZE A (BUN), g 5k
MR(TAA). BINFEHEBFALT) . &G Z(AST). M
HH(TP) Mz (SA), FFEH A B =l . A INFe
GG S VR e R A ) TR 5 T 3
EWGE, FLARN e TR L A5 S

1.5 AR ENE

JUL PR J5 Ray 4R 1 A FH B 44 4 (Universal TA &1, |7
B P AR A BR 2 e FE T, HAR 2 RS
2% Ma %(2020): FCF LA AL, 78 TPA 0T,
i TA 25/1000 %3k, MBS MEKHT S B N
2.00 mm/s, 3K H R 4 1.00 mm/s, JE4EHR 75%,
HIJE 2 WRRRT ] [E] B 2 so
1.6 EHARDNE

JULPA A4 8 BB i 2 772 % Li 46(2017)
F1Li 45(2008) 0 F %o K43 FLARIT . HLER 1 K 53
A3 R TR RICHR L . UL e /A k D
SRR I E .
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Tab.1 Composition and nutrient levels of experimental diets/%

GE =R b BE4 Dietary treatment

Dietary composition D1 D2 D3 D4 D5 D6 D7
& F; Peruvian fish meal 45.0 37.1 28.8 45.0 45.0 41.6 37.0
¥ H Porcine meat meal 8 16 8 16 8 16
¥ Poultry by-product meal 22.6 22.6 22.6 14.5 5.3 18.0 13.8
= E M Peeled soybean meal 4.6 4.6 4.9 4.7 5.5 4.7 53
Hi#FEE F Cottonseed protein 5 5 5 5 5 5 5
KTl Soybean oil 6.7 5.7 4.9 6.0 5.6 5.9 5.2
Wik Gluten powder 2 2 2 2 2 2 2
AEH) Tapioca flour 11 11 11 11 11 11 11
KR G5FR Rl Largemouth bass premix' 1 1 1 1 1 1 1
W — 445 Ca(H,PO,), 1.5 2.0 2.5 2.0 2.5 2.0 2.5
S ALJEFE Choline chloride 0.6 0.6 0.6 0.6 0.6 0.6 0.6
L-#i % B2t B2 £k L-lysine hydrochloride 0.2 0.5 0.2 0.3 0.2 0.4
L-77% % L-threonine 0.1 0.1 0.1 0.1
DL-#E% R DL-methionine 0.1 0.1 0.1 0.1
$3t Total 100 100 100 100 100 100 100

1A E F7 4> Nutrient composition of diets
7K 4% Moisture 5.11 5.49 5.67 5.92 4.71 6.03 5.71
HLZE 9 Crude protein 54.99 55.39 55.73 54.72 55.38 55.63 54.94
LS Crude lipid 13.28 13.21 12.90 13.48 13.80 13.82 13.24
K4y Ash 12.85 13.90 14.10 13.56 13.29 12.54 12.35
TR R A4 Amino acid composition of diets

REZIR Asp 436 4.56 4.54 4.44 435 4.01 3.96
FREMR Thr 2.08 2.11 2.09 2.10 2.04 2.16 2.22
22 Z R Ser 2.09 2.15 2.15 2.18 2.05 2.09 2.10
BEMR Glu 7.41 7.62 7.63 7.58 7.34 7.19 7.12
HEM Gly 4.10 3.71 4.14 4.74 4.03 3.68 3.91
HER Ala 3.48 3.49 3.58 3.70 3.84 3.98 4.05
AR Val 2.48 2.60 2.56 2.57 2.48 2.37 2.34
HEE R Met 1.11 1.16 1.17 1.08 1.17 1.05 1.05
e AR e 2.04 2.24 2.15 2.00 2.03 1.99 1.90
RN Leu 3.65 3.88 3.81 3.65 3.65 3.74 3.65
T4 &2 Tyr 1.59 1.78 1.75 1.56 1.54 1.87 1.84
RINZA TR Phe 2.14 2.32 2.30 2.09 2.16 2.24 2.18
HZ MR Lys 3.56 3.72 3.84 3.66 3.66 3.33 3.38
AR His 1.40 1.43 1.46 1.39 1.42 1.78 1.21
WA Arg 3.35 3.36 3.49 3.61 3.23 3.05 3.09
It 4 B2 Pro 2.75 2.59 2.75 3.13 2.42 3.12 3.30
W A LR A EAA? 21.82 22.82 22.87 22.13 21.83 21.71 20.99

W 1. BT R BRI &4 Vi 100 71U, Vp; 25 5 TU, DL-o-‘E By ZHHE 8.0 g, Vk;2.0g, Vg 2.0 g,
Ve, 1.6 g, Ve 1.6 g, Vi, 5.0 mg, D-IZH45 7.0 g, MABEAZ 12.0 g, MHR 0.4 g, D-AEWE 16 mg, NLEE 24.0 g, L-Fi¥RilL
FiR-2-WEARlE 62.0g, Zn1.5g, Mn1.25g, Cu0.7g, Fel2g, Co0.15g, 10.1 g, Se0.015g, Mg3.5¢g, K6.0g, ik
H T AR PE T K RHECA PR w424t

2. WA RILIR L AIEE Lys, Phe, Met, Thr, Ile. Leu. His, Arg Fl Val,

Note: 1. Largemouth bass premix per kg contains: V, 1 million IU, Vp; 250 thousand U, DL-alpha-tocopherol acetate 8.0 g,
Vi3 2.0 g, Vg1 2.0 g, Vg, 1.6 g, Ve 1.6 g, V> 5.0 mg, D-calcium pantothenate 7.0 g, niacinamide 12.0 g, folate 0.4 g, D-biotin
16 mg, inositol 24.0 g, L-ascorbate-2-phosphate 62.0 g, Zn 1.5 g, Mn 1.25 g, Cu 0.7 g, Fe 12 g, Co 0.15g,10.1 g, Se 0.015 g, Mg

3.5 g, K 6.0 g. The premix is provided by Guangdong Daynew Aquatic Sci-Tech Co., Ltd.
2. Essential amino acids (EAA) is the sum of Lys, Phe, Met, Thr, Ile, Leu, His, Arg and Val.



36 ook B

5 44 4

1.7 FBEXREER. FFEZEBRAEER mRNA &
EENE

FRAE 0 AR A MR RE RN ZH 28 1 7 b, ke th X TR
(D1 4). EREIA(D3 4)d K 2241(D7 4),
P T 3 21t (AR 2R 5 B L A PR 1A O
FEHRIBKF, DR E D3 ki BEa I R A
KRR MW ENLE] . B A FAEZH 215 RNA SR A
Simply P Total RNA extraction kit (Bioflux)$2H, H{&
AR DL UL A . SR AL ZUE RNA H 1% 35

BHEES KA RNA (1958880 o TR 0 B 30 5
RNA W&, 2 )5 R R 5% SRR & PrimeSript™ RT
regent kit (TaKaRa)FZH 215 RNA K% 5% cDNA,
SAE AT R A A A5G I B LA K B-actin
514 7 51 4 F 4 NCBI H A 56 K R F Premier 5.0
VTR ESIYI(R 2). R EMZOEERE PCR Y
(BIO-RAD, Z[E)HI Thunderbird® SYBR qPCR Mix
R £(TOYOBO)#E 177 1t PCR, W F2 ¥R H
Wik 95 CHIZEYE 30s, 95 CAEPE 55, 60 “CHE/fi
30s, k40 MEF, FdERH 27T IR AR R,

R2 LWMRHKEE PCREIH
Tab.2 Primer sequences for real-time quantitative PCR

A Gene 1EM 5% Forward primer JZ [ 5] 4 Reverse primer LK J¥ 1% Gene serial number
f-actin ATCGTCCACCGCAAATGCTT TGGTGTGGTTGTTTTGCACAG XM 038695351
il-18 AGCCGTCATTGAACATGGGA GAAACATCAGGGGGTGACCA XM _ 038733429
tnfa TACAGCCAAGCGTCCTTCAG GGACCAGCGCTGAACAGTAT XM _ 038733429
il-6 CGCGCAATTTGCCGATGATA CGTTGTTGCTGGTTGCATGA XM 038732985
il-10 CCACCAGAATGACTCCTCGG TGGTTGTTGCACATGGGACT XM 038696252
tgf-p1 CTTTACTACGTGGGCAGGCA ATAGGTTTGAGGCGAGGCAG XM 038693206
tor CCAAAGACGTGCTGTTCACC GAGCCTTCAGAAACCTGCGA XM 038702468
pi3k GGATGAGACACAGAAGATGCGA CCTCAGGTTTCCCAGTTGGT XM 038715187
akt TCTGGAGCATGTCTGCCAAT TTTTTGCCAAAGGACAGCCG XM 038701564
debpl ATATCCGATACAGGCGCGTT TGGTCTTCTGGCAGTCAGTG XM 038703877
s6kl GATTCTTGTGTGCGCCGTTT ACCTACGGAGAAAGCAACCG XM 038694705

1.8 tEAR

SCEG R R | REE AR R R S
RNEWEE L AL | BER EUR H AR R AR A

BT R(WGR, %)=(Z K 2 H ) i £ Y 5)/47]
TR IR > 100

F55E A KR (SGR, %/d)=[In(4 K 4.3 F )—In(H]
U 0 2 ) /97 5 R A< 100

T B 22 E(FCR)=HE A 9 1R Ak o B /(K i -
NGRS

BTG 2R (SR, %)= K i (K B /40 Uh £ R B0
x100

JEL 5 13 (CF )= A Fi i/ (fa M4 4 )X 100

JHAA FE (HST, %)= i 2 /46 R /< 100

AR VST, %)= Ik B f/ 40 {4 FE 1< 100

H B R (FR, %)= A MGk s /[0 B Ak
AR AR E)/2)/57 5 KB < 100

1.9 #HHEAbE

K HH SPSS 25.0 B4 X B AT 224081, I
Tukey test #1725 AL, A P<0.05 fE R B EPE2E 5.

A A 3 HIF- B AR fE 1R (Mean+SE) &R o

2 #R
21 AEMEAREEAAOZHERKEERSEEM
B4

AN TR ) e 3 M2 £ P A K P i X 4 0 H R R 4
R 3 R, fEAEKYERE T, D1~D7 4, D3 4
AR, MER e RKRRE K, BEm T HA
4 (P<0.05), ikt R/, BEM T A4
(P<0.05). #AfmpRewEEE . FFRE . BEIREE . BGIE
RITC D F 22 5(P>0.05) . 16210 HUS 75 1
S 7K A K43 T i 3 25 5+(P>0.05) . D3 44>
BN SR DEST D5 4H(P<0.05), S5HAbA T
2 5(P>0.05), D3 Hemmislisa B E KT
D4 Hl D6 2 (P<0.05), 5 HAh4H o i % 2 5 (P>0.05),

22 AREARMEIRARXOFRLGHRAELIER

AR R S A AR b LR 4. &4
AY LY PR 2R A TR I PR R 5 o, LT
JUEAS TR e 2 I 1 42 G S5 1R 22 5 (P>0.05) . e,
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x3 AERMAMEBAXOBZRHFNERKEEREEENRS
Tab.3 Growth performance and whole-body composition of Micropterus salmoides fed with different diets
i H fAkH b #4 Dietary treatment
Items D1 D2 D3 D4 D5 D6 D7
WG AT IBW/g 55.10£0.92  56.06+0.04  55.30+0.15 55.25+0.13  55.86+0.28  56.16+0.15  55.70+0.31
LARKE FBW/g 167.61+2.75% 169.58+0.96" 180.76+2.19* 171.45+2.26" 168.48+1.55° 169.57+0.95° 165.42+1.71°

&K WGR/%

F5E A K % SGR/(%/d)

ikt =% FCR
H 45 % FR
T B CF
AR e HST/%
A L VST/%
L % SR/%

204.22+1.44% 202.50+1.69" 226.86+3.69* 210.32+4.19°

1.87+0.01
0.98+0.01
1.65+0.01
2.50+0.07
2.28+0.16
8.22+0.15
95.20+1.39

W HLL 4> Composition/%WT

7K 43 Moisture

#EE 1 Crude protein

HAEWS Crude lipid
K53 Ash

68.41+0.54
17.57+0.10
9.53+0.23
3.81+0.06

b 1.85+0.01%

0.96+0.01°
1.60+0.01°
2.49+0.03
2.06+0.11
7.79+0.18
96.20+0.58

ab

ab

68.43+0.21

17.54+0.05%
9.26+0.19"
3.87+0.06

ab

be

1.97+0.02°
0.91£0.01°
1.60+0.02°
2.43£0.02
1.93+0.01
7.51£0.12
95.33+2.19

69.14+0.35

17.78+0.09*
9.15+0.18°
3.97+0.22

1.8940.02°
0.97+0.01°
1.64+0.01%°
2.61+0.06
2.10£0.02
8.12+0.17
95.75+0.63

68.23+0.42

17.20+0.29%

10.29+0.27%
3.94+0.21

201.60+2.04% 201.94+1.93% 196.97+1.46°

1.84+0.01°
1.00+0.01%®
1.64+0.01%°
2.52£0.04
2.28+0.13
8.17+0.40
95.00+1.08

68.50+0.20
17.06+0.06°

9.63+0.32°

4.09+0.12

1.84+0.01°
0.98+0.01°
1.62+0.01°
2.35£0.14
1.82+0.13
7.68+0.14
94.80+1.32

68.44+0.11

17.30+£0.11%°

10.73+0.14°
4.06£0.25

1.82+0.01°
1.01+0.01*
1.67+0.03*
2.52+0.08
2.30+0.10
7.94+0.15
95.00+0.58

68.46+0.27

17.36+0.12%
9.94+0.17°
3.95+0.11

T W17 AR NG TR A LR A 35 22 5(P<0.05), R,

Note: Values in the same row without common superscript letter means significant differences (£<0.05), the same as below.

x4 AEMARHEEE X O ZB 65 7% 0BT RE £ L IR HR

Tab.4 Serum and liver biochemical parameters of Micropterus salmoides tfed with different diets

WH fAAHE B4 Dietary treatment
Items DI D2 D3 D4 D5 D6 D7
1l Serum
1 10.86£0.35®  12.52+0.61°  11.62+0.29®  9.70+0.07°  12.77+0.45*  11.91£0.45"  12.15+0.55
ALB /(g/L)
RER 5.36+0.30 5.70+0.43 5.99+0.03 4.76+0.20 5.56+0.30 4.7140.24 5.56+0.21
BUN /(mmol/L)
R R 85.39+7.61°  93.98+7.56" 117.93+9.52°  82.77+4.44° 103.01+£3.54  97.14+4.86™ 100.75+5.59%°
T-AA /(umol/mL)
BN 4.95+0.35 4.33+0.50 4.91+0.93 5.71+0.92 4.62+0.86 5.09+0.86 4.20+0.45
ALT (U/L)
A RS 4.04+1.11°  3.90+0.50®  2.81+0.48" 3.47+0.15° 6.48+0.45° 3.88+0.28" 3.37+0.81°
AST /(U/L)
MEH 36.46£0.70°  39.88+1.50"  41.53+1.21"  39.84+£229"  41.29+0.70  43.76+0.69"  39.48+1.65%
TP /(g/L)
[ 1876.89+ 1520.80+ 1360.51+ 143252+ 163230+ 1377.70+ 1511.50+
SA /(umol/L) 162.81 169.86 107.12 94.65 70.77 116.41 156.09
JFAE Liver
BTG 22674245  24.11£2.66  24.86+0.68  28.1243.74  27.40+0.87 23234096  26.52+1.55
ALT /(U/g prot)
o B 19.69+1.41°°  19.24+0.48°  20.92+1.73®®  2531+1.08°  17.10+0.73°  20.01+1.97®°  19.14+1.72%
AST /(U/g prot)
BEETPAgL)  528+0.10°  5.17£0.13®  5.89+0.29° 4.85+0.58™  5.01+0.08°  5.68+0.20" = 4.62+0.41°
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D3 4 £ A IR 24 B B (. D3 4 B v B
. AN EANS EMdmE ¥y
(P>0.05). D3 41ff Y I35 B LR & = i % 5 T DI
A D4 4 (P<0.05), HEEEAGHEE ST D7
ZH(P<0.05), 5 HALTC #2257 (P>0.05); 1fif D3
A A RN, BET DS 4
(P<0.05), 5 HAhd] Jo i 3125 5 (P>0.05).

23 AE{ARREAXOEEALAE NS HRAE
ik

AN TR) ) e 43 ML 20 JUL PR A AR R B 43 A
5 PR TENLP AR RRE T, ALk | B
PEFZE R M4 TC 12 25 22 5 (P>0.05) . D3 ZH LA iy Al 2
MR EE B ZET D4 4H(P<0.05), SHALA T B
PE2: 5:(P>0.05). D3 A AILPA A RE I & I8 T D6 41
(P<0.05). D3 gL EE M EE/NF DI 4
D7 #1(P<0.05), 5 HABL I . 2% 5 (P>0.05)., 7EML
PRVH LR 7 T, ALK S . ML L AR D A K

Sy R E 22 5(P>0.05), Ho, D3 LA

HEE A& RS, Kodaail.

2.4 AEMARHZIRE X OB &7 & i B FF1FFAE R
HABRREHEXERERAKF

AN TR) ) e} 45 R 2 £ g 3 AR RE PR T A OGS PR 2 3k
KWK 1A, £ D1, D3 #1 D7 i, D3 4miE R
R THEHA il-18. tnfo F il-6 mRNA ik K5Ik,
Hrp, il-1p M1 il-6 mRNA £ik/KF BT D1 4H
(P<0.05). D3 HmiEHLR K FEK il-10 1 1gf-p
mRNA RikAKF A, Hf, il-10 mRNA FikKF-
BEET DT H(P<0.05),

AN TR) ) e} 43 PR 2 £ P 2 1 5 A 56 3 R
KIKEDLIE 1B, 7E D1, D3 Fil D7 4+, D3 HEH
{RIBHR A tor 56kl . akt A1l pi3k mRNA Fik /K-,
WEET D7 4 (P<0.05), 5 DI AEBFEER
(P>0.05), D3 ZEIPEANEIE - debp-1 FikKT 3
T D1 41(P<0.05), 5 D7 A% %25 (P>0.05),

R 5 ARARHERARX O RE B A E M S 0 B

Tab.5 Muscle texture and composition of Micropterus salmoides fed with different diets

fALAL PHEH Dietary treatment

i H Items
DI D2 D4 D5 D6 D7

HHL 7 Composition/(% wet weight basis)

7K 4% Moisture 76.76£0.65  75.94+1.43  77.21£0.71  74.80£1.48  76.98+0.14  76.92+0.48  76.93+0.23

HLZE I Crude protein 19.47+0.23  19.90+0.50  20.28+0.41  19.64+0.36  19.97+0.11  19.34+0.20  19.88+0.15

HLBE Crude lipid 3.28+0.27  4.07£0.12  3.34£0.47  3.760.31 3.86+0.17  3.52+0.17  3.35+0.45

JK4Y Ash 1.3540.09  1.2740.04  0.98+0.08  1.37+0.16  1.24+0.11 1.05+0.04  1.19+0.11
JE AR Muscle texture

fifi ¥ Hardness/gf 82.39+3.12 69.25+4.41° 68.45+3.66° 96.06+3.83" 85.17+5.68" 71.38+4.47° 83.06£3.01%

iﬁdhesiveness/(gf_mm) PE 046:006 0545003  068£0.08  071£0.09  0.54:0.07  055£003  0.68£0.04

#iPk: Springiness/mm 0.56+0.01  0.57+0.02  0.56£0.02  0.59+0.01  0.57£0.02  0.58+0.01  0.57+0.01

NHIE: Chewiness/gf 30.46+1.57% 27.93+2.47° 28.18+1.63° 36.06+£2.38" 37.79+3.34™ 41.68+3.89* 31.38+2.25%®

e Gumminess/gf S1.1742.58%® 47.3443.57° 47.93£2.54° 65.7742.80° 58.91+5.64%° 54.67+4.46° 50.52+2.23%

FhEE Pk Cohesiveness 0.64+0.01  0.64+0.01  0.63:0.01  0.65+0.01  0.63£0.01  0.64+0.01  0.65+0.01

[ %4 ¥k Resilience 0.82£0.02*  0.77+0.02°°  0.73£0.01°  0.77+£0.01*®  0.81£0.02°®  0.81£0.02®  0.83:0.02°
3 Wi AR S AR BT 40%~60%1Y ks ELA AR TR] A2 A=

RAWFFERM], 7K BlE iRy 8 I e A
[F], HARAE R RE @R RO A —#E, HEH S
OB IR . SRR RNSS | AR AL il PR
A FGRERIRIES, 2022; BRIAEILSE, 2022; Ma et al, 2020;
Mohammadi et al, 2020; Khalil et al, 2021; Hang et al,
2022), TEZASABEA(E. lanceolatusS * E. fuscoguttatus

MBI B B, A BT oy X IR (55% fa k),

RACR , M4 mR R B R 11% 3G AR THE 44%,
AR (0 1 F R RIRE A A K R A W E il (Wang et al,
2020), B IERIF(2020)F 58 &I, 3 R AR L
BN L 45% (FE Rl R S 55 %) X i fiE
(Monopterus albus)BJ £ TC T RZ W, TR 60%7H
A W) A T AR PERE . ALY E . Huang
45(2022)7E BIIE BB 65 (Trachinotus ovatus)™h & B, J& 1A
AR P 30% by (LA AR R SRy 30%)% AE K
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Fig.1 Relative mRNA expression of intestine inflammatory factor (A) and liver protein synthesis (B)
in the Micropterus salmoides fed with different diets

TR INE “FRE R IR AT 3 28 5 (P<0.05)

Values without sharing a common letter means significant differences (P<0.05).

PERE TG 7 1A 5Z M, 10 248X B 3 30% ) I8 25 FRAIG
TAR R ARFFSE R, D3 4R O R R
et KFRER THAL, BB R80RE KT H
flngd, UEHH 28.8% K3 /16.0%5 N K5 /22.6%3 P Y
Tk Bl Py IR AL A A R TR H R AR

R 1 A R AR B A B R B IR R 2 S
iR | 2 S R A R A R R A A R E
febr. T A LRI iR N E b g, LB =Y
S WET B, A S AL S SE R o i A I
TEAR DG, 2 R /K 5 MR B 1 56 B E A G
(PRILBESE, 2014; Wang et al, 2020), JFFIF 4 55 5
il . 2% VR I T R R R S e A S LR R B R
A RIEAR G (A H 4, 2009), TEKE 804 7 il (Takifugu
obscurus) W9 WF 5% 1, & B4 RE S P R B AR
15%~60% B4 f Ry (6 B AL K A 45%) /A 23 8 352
ORI SR T (BB, 2022), Li % (2019)% K
FTER G (O F 9 & B0, A E T X BERDREZH (5 1% 8,
KRS A AR AR 10%~30% 20k, X I3 L
5T E W X VAR 63 (Acipenser baerii
Brandt) [ AH A GE & B, TR R AN 5% 100 P A AN
2 50 LT IR D9 e 0 e, R B e I
W (Zhu et al, 2011), ARFFFTH, D3 4L AY L%
P eI, T LI R A I R RN TR A A A
FIZ AL AR R T 2R B AR

5B, mTOR AW B 41 B P9 1 78 772 R AR
fb, MMM T 4E 45/ % A 1 (4EBP-1), bk
HEH S6 WE(SOK ) ERER 1, 768 H & b
B EEAEHJing ef al, 2016; Kim ef al, 2003; Ma e al,
2009), [FIEF, FEEE LA AR, PIBK/AKT {55
T P R CHEVE T, PIBK/AKT {55 % vl 38 i
#% mTOR {558 M . W AR BIPES, Vi
2R A A W (Rommel et al, 2001; Terada et al,

1994), X} BE(Cromileptes altivelis)IWI3E X, 5
Xf B4 (69.18% A EL, Tk HE A EHGY A
By IMLLTE LR FIR 58 ) EAR 21%~63% 1 ki A
2 REHITIE ror F1 s6kl ) mRNA k7K
(Geng et al, 2022), Irm %5(2020)7E 2285 (Acanthoparus
schlegeliin)H &3, TaRHHOE R B AR 30% A9 £a8 O
TR GRS S i 40%) 2 3 B HTFIE or
s6kl . pi3k. akt ) mRNA FiEKF, RFEEARE
o Li FFQO2DRIAE, HHEH 45%m+17%M Y EH
A, TRFREIN 35% MY . 5.4%K IR A AT 23.4%
Y E A W LR TR T BB FAE for B9 mRNA ik
K-, R T T HFIE 4e-bpl ) mRNA kK
o ARWEF T, D3 HRFNE tor, s6kl . pi3k X akt )
mRNA kKB Em T D7 4, 4ebp-1 35K
FART D141, FRHH D3 41 a0k ol i 0% I E TOR
5538 B, $Em LR A I 2R A 7K, AT
P R T R A Y A KR B

T et B 1 R R 24 R R 1) 7 R K A g R B fa AR
HEEALTT L (T K, 2016; Ti et al, 2022), TiHLAZE AL
o 3 2 S BURAE ) K o FE T RAE I i f
TNF-a, IL-1B #l IL-6 {2 R, 51 & RIER N ;
I IL-10. TGF-B SFHi R K FRESE M RAE, XAHLIAR
By EH (Liang et al, 2018), Gaudioso Z£(2021)7E
WL 88 (Oncorhynchus mykiss)MFFE R & B, kI
T 17.8%5% 36.0%X5 A A AN 252 He il il-18. il-10
B tgf-B 1) mRNA Fih7K -, 78K 1 SR (14 FH SCAF 5%
H, GRDEHS N 36.5% 0 85 K il ) 2 ik 2 4 v
BEPLRIEE il-10 N tgf-f (HFiKIKF-(Sheng et al,
2022). Li Z5(2022)0 %8, 5%F BE2H(59.14%83)
I, Mk 8 LN 100% 0 fly 2 EiH kR
frlp A AR R FIRE, TMMABETRHETFHE
ko ABFFE A, D3 4ty il-18. il-6 mRNA Fik
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A DR AT R AR SR S N, A S i (e Rl . DA g AR
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TR, X R D3 AARA R TR e H LA R
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Effects of Dietary Animal Protein Source Composition on the
Growth Performance, Intestinal Health, and Protein M etabolism of
L argemouth Bass (Micropterus salmoides)

JIANG Kunsheng'?", CHEN Fang'’, ZHANG Guanrong', HUANG Zekui',

GUAN Junfeng', MA Yongcai', CHEN Yuhang?, XIE Dizhi', LI Yuanyou'"

(1. College of Marine Sciences, South China Agricultural University, Guangzhou 510642, China;
2. Guangdong Daynew Aquatic Sci-Tech Co., Ltd., Foshan 528399, China)

Abstract Terrestrial animal protein sources contain less antinutritional factors, high protein content,
and functional factors, which are beneficial to fish health. Among them, poultry byproduct meal
(containing 65%—73% protein rich in vitamins) and porcine meat meal (containing 45%—60% protein and
high contents of proline and glycine) are the most widely used meals in aquatic compound feeds, and are
important fish meal replacement sources. As a carnivorous fish species, largemouth bass (Micropterus
salmoides) is highly dependent on dietary fish meal, and the level of fish meal added in its commercial
feeds is up to 50%. However, the rising price of fish meal increases the farming cost of M. salmoides.
Therefore, it is necessary to identify a suitable alternative protein source to reduce the amount of dietary
fish meal and the feed cost. Therefore, seven compound feeds (D1-D7) were prepared in this study. The
added ratios of fish meal/poultry byproduct meal/porcine meat meal were as follows: 45.0/22.6/0,
37.1/22.6/8.0, 28.8/22.6/16.0, 45.0/14.5/8.0, 45.0/5.3/16.0, 41.6/18.0/8.0, and 37.0/13.8/16.0. Juvenile
M. salmoides (initial body weight ~55 g) were fed the above diets for 60 days with five replicates in each
group. The effects of the animal protein source combination on the growth performance, tissue
biochemical indices, muscle texture characteristics, liver protein metabolism, and intestinal inflammatory
factor-related gene expression were evaluated. The water temperature during the feeding trial was
27.4-32.3 °C and the ammonia nitrogen concentration was 0.1-0.2 mg/L. After the feeding experiment,
three fish were randomly selected from each cage to collect the serum, liver, intestinal tract, muscle, and
other samples, which were then stored at —80 “C. In addition, three fish were randomly selected from each
cage to determine their morphological indices. At the same time, two fish were selected from each cage to
determine the muscle texture characteristics and the whole fish proximate composition. Physiological and
biochemical indices of serum and liver tissues, albumin, urea nitrogen (BUN), total amino acid (T-AA),
alanine aminotransferase (ALT), aspartate aminotransferase, total protein (TP), and blood ammonia (SA)
levels), were determined using commercial Kits, and the texture characteristics of muscle were determined
by using a texture analyzer. The moisture, crude fat, crude protein, and ash contents of whole fish and
muscle were determined by atmospheric drying, Soxhlet extraction, Kjeldahl nitrogen determination, and
Muffle furnace incineration, respectively. Real-time quantitative PCR was used to determine the
expression levels of genes related to liver protein metabolism and the intestinal inflammatory response.
All test data were expressed as the meantstandard error, and multiple comparisons were made by the
Tukey test, with P<0.05 indicating a significant difference. The results showed that, compared with other
groups, the final body weight, weight gain rate, and specific growth rate of fish in the D3 group were
significantly higher, and the feed conversion ratio was significantly lower (P<0.05). There were no
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significant differences in the condition factor, hepatosomatic index, viscerosomatic index, and survival
rate among all groups (P>0.05). The whole-body crude protein content in the D3 group was significantly
higher than that in the D1 group, and the crude lipid level in the D3 group was significantly lower than
that in the D6 group (P<0.05). In terms of tissue physiological and biochemical indices, there were no
significant differences in the activities of BUN and ALT in serum, SA content, and ALT activity in the
liver among all groups (P>0.05). The serum T-AA content of fish in the D3 group was significantly higher
than that in the D1 and D4 groups (P < 0.05), but the AST activity in the D3 group was significantly lower
than that in the D5 group (P<0.05). The liver TP content in the D3 group was significantly higher than
that in the D7 group (P<0.05). There were no significant differences in the serum TP and liver ALT
contents in the D3 group compared with those of the other groups (P>0.05). In terms of muscle quality,
the muscle hardness, adhesion, and mastication in the D3 group were significantly lower than those in the
D4 and D6 groups, respectively (P<0.05). There were no significant differences in the muscle
adhesiveness, elasticity, cohesiveness, moisture, crude protein content, crude lipid content, and ash
content among all groups (P>0.05). In addition, the mRNA expression levels of intestinal i/-/0 and liver
tor, s6kl, akt, and pi3k in the D3 group were upregulated, and were significantly higher than those in the
D7 group (P<0.05). The mRNA expression levels of i/-1f and i/-6 in the intestines and 4ebp-1 in the liver
of the D3 group were significantly lower than those of the D1 group (P<0.05). These results indicated that
combined use of 28.8% fish meal, 16.0% porcine meat meal, and 22.6% poultry byproduct meal had the
best growth promotion effect on M. salmoides, and was able to improve liver protein synthesis and
maintain intestinal health. The results of this study provided technical support for reducing the
dependence of M. salmoides compound feed on fish meal.

Key words Micropterus salmoides; Animal protein source; Growth performance; Protein synthesis;
Intestinal health



