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K B Ai (Micropterus salmoides ) J& T HL 7 (1) [A]
B S, XD A K R B, R R
oK E 1 TR BT AE AR 4 1, 4 s DRk b 2R 1 K CF- e
AR HE R R AR H 2 IR R
TR IS 75 5 1 R S s A . TR
TRk 23 3 R R B 1 A K T R I PR DA B A
PESIFRES S DRt ARG B S R (R S
R YNNI EAI 02 o8 SN YRS 379 @ = K 71 =
ARBEJT I SE R, 5 A SR DR 101 PR ot e 5 D 1
P S AR

1 HRETE
1.1 X 5E R RS

Tl IO}y DGR AR AT R Al S 4, 6
TRHEETT anZR 1 o Herp 4 A X PR BHE D -

A A 16 000 1U/kg; 4E4= 2 D, 8 000 TU/kg; H:
R 53 (mg/kg)  4E 4= 2% B, 17.60; 4k 4= 2 B, 48.00;
Ak f 2 By 30.00; 4k % By, 0.25; 484 E 1563 48/
FC800; A & K,y 14.70 5 MR B 79.00 ; 12 1R 45
73.50 5 MR 6.50; £ ) & 0.64. B ¥ i B IR R
A AL AL 43 (mg/kg) : 88 (MgSO,-H,0) 52.50; FF
(ZnSO,-5H,0) 34.40; 4 (CuSO,-5H,0) 2.10; %f
(MnSO, - 75H,0) 6.10; it (Ca (10,) ,) 1.60; £k
(FeSO,*7H,0) 21.10; i (Na,SeOs) 0.19;%k (CoCl,
5H,0) 0.24. ¥ HE 46% (XFHE) (41% (LP1) #1 36 %
(LP2) 3™k 1 BB B o E 41 %6 1 36 %0 £ 1 i)
ARk A FEE Ay b e R D A A 2 R S AR
RIR5HEARM & 55X A & R —20, 5
BICHE LP1+HAA FILP2-+AA 21 . W4 Hid )7 3
HEB RIS AR R IFURE S 0.425 mm FLARTH M5 7643

®1 BHEAREAREFMS (RFRE)

Table I Feed formula and nutrients in different group (air dry basis)

JjiH Item X #f Control LP1 LP1+AA LP2 LP2+AA
JikL/ % Ingredients
fi k5 White fish meal 50.30 44.80 44.80 39.30 39.30
KN HI Fermented soybean meal 27.60 24.60 24.60 21.60 21.60
i Soybean oil 7.50 8.00 8.00 8.50 8.50
FffiZNAE K Wheat flour 5.60 5.60 5.60 5.60 5.60
214 % Cellulose — 8.00 7.22 16.00 14.87
A R TUE A} Vitamin premix 2.00 2.00 2.00 2.00 2.00
7P TR R Mineral premix 2.00 2.00 2.00 2.00 2.00
TFHERRHN Sodium alginate 1.50 1.50 1.50 1.50 1.50
EH2EH Betaine 0.50 0.50 0.50 0.50 0.50
SAAENEEH Choline chloride 0.50 0.50 0.50 0.50 0.50
Wi A4 Ca(H,PO,), 1.00 1.00 1.00 1.00 1.00
B NE Lecithin 1.50 1.50 1.50 1.50 1.50
AR Lys — — 0.303 — 0.570
EHM Met — — 0.086 — 0.162
EFENSr Proximate analysis
K43/ % Moisture 8.89 8.88 8.85 8.52 8.41
MM/ % Crude protein 46.74 41.67 41.74 36.60 36.83
MBI/ % Crude lipid 13.18 13.22 13.29 13.35 13.27
KUKy /% Ash 9.75 10.13 10.43 9.33 10.42
fiE R /(MJ/kg) Energy 19.61 19.04 19.32 19.48 19.76
TR/ % Lys 3.153 2.809 3.112 2.465 3.035
EHR/ 6 Met 0.898 0.800 0.886 0.702 0.864
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TRAT, AR K2 300 g/kg , 183 BRAIHL (22 ELARTR
B, A A200) , K H R A 3 mm B AR 45U 1]
BE, A5 CHET 3T H 48T T — 20 CokAd h IR A7 -
1.2 FHERXW

TS AH T AR R O 1) R F BB 500 2 1) [ 1)
Jb e L IR Ml & A BR 2N |, A h ROk R 2k
FrFE M SR FR AW (42 120 em, 1 130 em) HR gk
FTFR0 , 0 i AR rh SR B AR 2 W KB X, A R
o7 R 0 AV BSRAE  BR A TS e, K 4006~
50% , HERF RAFMIFREK T . B F% 2 JHJE , B AL
VEHL 450 ) iR 4 Bt (31.52+0.62) g pyikEh fa, 4
ANFRIEAR L 30 BB, AR E 3N EE . TR
08:00 il 18: 00 % ME &)y £ {4 5t 12t 3%6~6 26 A I35 1)
Ko RIS BRI, KR AR 25~28 C, 2 A
S (0.2540.12) mg/L, pH A 7.240.2, 1 72 i 56 Ky
W8,
1.3 HRRERSW

FEHH FE 45 T 150 24 b, O BT AT IR
FH MS-222 5 PRI , 10 57 R 111 B8 6 fry 2SR AR BT it
A7 R DL R AR SR o A~ e 2 B L B 3
FAE g 4t ke A — 80 CYkAR B R ARTE B33
AR PR L 3 R i 00t JC R AR N R R IR 1S 2 25
DAL R IO 5 R B 2 3 S AR A R A, oAy i fa
SR HUTFFIE WL PA) 220 R il B AR 285 80, 43 B
M3 B —80 CURFI-AE T 5 B FR 1 B
Tt 2 Bt B R T
1.4 MEEHRSIHERE

D)0 5E 6 b o R 56 45 o0 xE K 1 2 g i R
(WGR) FrE £ KR (SGR) Ji B 2 E(FCR) A7
HR(SR) JEAR (VST A L (HIS) B (CF) |
B R(PR) SRR (FD &R0 E , 2
IRET A RS BRI E B

2) M 7k o A A AL K 2 SR
105 “CHET1 5 B rroREL 2 155 s 00 e >R FH L TG R
25 R 07 D0 7 X0 P 2% DA B 3, R 43 R
FHE 3R 550 “Crag il Ky bevk ; falkh S B & il 2 >R H
SRS 5 ) ol 2 TR A R R 1 R FH (LR B
143 B (Hitachi, Model 835-50, Hitachi, Tokyo, Ja-
pan) 3T o o FH R A A AR ) TR 5 T B A
TR GRT IR I A4 B 2 B (GOT) i 1 (C010-
2-1) A NHEE B (GPT) 36 (C009-2-1) VB AL
1B A (SOD) 1 11 (A001-3) 3 8k AUl (CAT) i
PE(A007-1-1) B E AL RE T (T-AOC) (A015-2-1) .

T (MDA) & 2 (A003-1) | 1% £ 4 (ROS) /K
(EO04-1) HEATINAE o B & (4 AT 390 4 B LA B3 52 Ty 2%
2 AR G U I A5, R I A PR O R i 3 2 ol A
P AR AR DN A2 22 i3 B — 2 A R 4L, A
TV A AR K AR 1: 9 il i 513, #E 4 °CTF 3 000
r/min BOHLEEAT 0 10 min, BUELO G FETE R, %
—JE W IR R Je T 1 I 27 Ui AT SR A R b s
G3HT
1.5 RIGEELIE

Fiz B FE B 1) 2 2O BT A5 1 i 1 A 7 S
fifi 11 SPSS Statistics 25 £ {48 #E 47 5L K % 7 22 50 B
(One-way ANOVA) , 2 7 g % 44> #t H Duncan’ s
HEEAT £ E R, B KT «=0.05, BT A $E LA
OEEME AR RN

2 ZERESH

21 REAABANBESBRESESERN KOESS
KR

22 Al A, LP1+AA 4K 10 R 6549 FBW,
WGR . SGR \FCR Fl PR 5 % B8 4 22 [0 AN A77E i 3 22
5 (P>0.05) ; HAh 45 41 1 FBW \WGR 1 SGR 5 %f
HR A Ho 1 8 PERAAR , FCR A PR B - ETH i (P<<
0.05) . Wi iR 5 HE AR LP1+AA Fl LP2+
AA AT A LR B LP1 M LP2 41/ FBW .
WGR . SGR A — & B F+ i , FCR Hl PR AHXT AL, %
T FUAADREZH K 10 B 6 1) FTSAIG T %o BRZH, 8 im ot 4
1% 55 2R R 1A 5 A5 A VS n ) A B AH LA i T
LB T B M 25 F(P>>0.05) o 44K 1 R )
SR¥J4100% (P>0.05)
22 REAAMRNHREBRSEI®RITKOEL
A 28 B AN AR SE 4B AR R 22 i

i 2 3 A0, 5% AL AH L, K 2B LA
OB A& R BR LP1+HAA %A &2 R4
(P=0.05) , H: 43 4% 41 34 i P FEAIK (P<<0.05) 5 %
Ry S = B N <A B i = T o A mbt e
(P>>0.05) o #shnigi = 1R 5 & 2 W2 1 LP1-+AA i
LP24+AA 4 5 %5 W 19 LP1 FLP2 2440 He LA Aok
H A E A W AR (P=>0.05) , {1 4= fo v f
EHEEFE,LP2HAA 4 B M T LP2 4
(P<<0.05) , K 1 6o JUL P F 4 £ L Ath 35 5% i o 1 oK
R 2 5 (P>>0.05) o

FH 2 4 P45 R ARDRE AR 1 dnb 35 AR 17 R 1 R B
440 B4 A L (HST) (P<<0.05) , {H 41 % iR & F K F
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2 REAAMPTINRERSESBREROEHFEREENTL (n=3)
Table 2 Changes of growth performance of largemouth bass supplemented with lysine and methionine
in low protein diet (n=3)
#6475 Index it & Control LP1 LP1+AA LP2 LP2-+AA
VIR AR /g IBW 31.45+0.12 31.374+0.45 31.59+0.49 31.454-0.13 31.604-0.13
KRR R /g FBW 66.3041.18a 59.30=43.43bc 63.77=44.32ab 55.5241.15¢ 58.77+2.45b¢
WK/ Y% WGR 110.86+£4.37a 90.02-£11.46bc 101.854-12.43ab 76.51-£2.94c 85.99--8.36bc
FrE AR/ (%/d) SGR 1.3340.04a 1.14+0.11bc 1.2540.11ab 1.01£0.03¢ 1.1140.08be
Haht/(g/ ) FI 53.12-+3.23 46.58+5.81 51.4047.20 44.48+4.78 45.36+4.11
TR R E FCR 1.5240.05¢ 1.6540.02ab 1.6040.07be 1.71+0.02a 1.6740.04ab
FITER B/ % PR 24.54+1.14c 26.56+4.08b 25.04+0.41bc 28.080.92ab 30.62+3.61a
WU/ % SR 100.00=0.00 100.00=0.00 100.00==0.00 100.00==0.00 100.0040.00

T [RAT R G AR 1 3R 22 5 1. 35 (P<0.05) , AR F] SR s SR 3R 22 57 A i 3 (P>0.05) . R 3K[Al. Note: Values within the
same line with different letters are significantly different (P<C0.05),same letter or no letter indicates non-significant difference (P>>0.05). The

same as below.

®3 REAEMPRNBESRSESREAOZYIASEEETFTRINETL

Table 3 Changes of muscle and whole fish nutrient composition of largemouth bass supplemented

with lysine and methionine in low protein diet %
1845 Index X & Control LP1 LP1+AA LP2 LP2+AA
LA Muscle
JK43 Moisture 79.8740.48 80.07+0.47 80.15+0.43 80.30+0.18 80.22+0.13

##E 1 Crude protein 18.42+0.49a 17.3940.29bc 17.91+0.39ab 17.04+0.35¢ 17.65+0.07bc

HMIE T Crude lipid 1.28+0.04 1.26+0.05 1.25+0.04 1.29+0.02 1.274+0.01

MRSy Ash 1.26+0.01 1.27+0.02 1.23+0.04 1.29-40.04 1.25-40.02
4>ffi Whole fish

K43 Moisture 74.624-0.45 74.807-0.44 74.934-0.65 74.5840.83 74.354-0.82

HLEE 11 Crude protein 17.01%0.11a 16.16=-0.40b 16.38=-0.42ab 15.310.48¢ 16.13220.25b

HLIEIF Crude lipid 5.1240.05 5.324-0.23 5.300.06 5.48+0.47 5.5640.12

KBS Ash 3.024:0.27 2.944-0.13 3.07+0.15 3.184-0.29 3.15740.04

x4 REAEMDFIMHBESRSZSREAORGPEAEFEIRHEL

Table 4 Changes of physique indices of largemouth bass supplemented with lysine and methionine in low protein diet

F% Index %f 18 Control LP1 LP1+AA LP2 LP2+AA
i EE /(g/cm®) CF 2.09+0.06 2.05+0.09 2.10+0.01 2.07+0.23 2.11+0.03
e L/ % VST 6.41+0.18 6.02-0.84 6.2740.07 6.50-£0.44 6.32:20.03
A/ % HST 1.35-40.06a 1.2740.02b 1.324:0.05ab 1.284:0.01b 1.264:0.01b

WA R 5 E R IG R A RETEAA R S0 (GOT) M4 W% & M (GPT) WG 1E 2 7 A B 3%

AR A B E 2T (P>0.05) . AR E (CF) A
WA (VSD ¥ TE B8 22 5
23 REARABANBEBRSESBIT KOEE
HREEENZME

P 1 AT AL, KT B A R

(P>>0.05) ; X BEZH 1M 75 h GPT A6 M i 35 K1 LP2
20 (P<<0.05) , 5 HA X0 2H 0 b Ve 22 7 .
24 REAAMRRNHREBRSEIBRITKOELS
%h & BT T R AL B8 S B0

FH ¢ 5 A A1, S50 BEAH B, LT+ AA BFIE P 5 1
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S5 10 e 50 25 55 5
£ é T 23 9 2 ©
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= SR LPLLPI+ LPYLP2+ = Xt1E LPILPI+ LP2 LP2+ &£ JHME LPI LPl+ LP2 LP2+ = X LP1LP1+ LP2 LP2+

Control AA AA
2 5 Group

Control AA AA
2 5 Group

A (ROS) 5 xF BRALAY LA BT E AL RE ST (T-AOC) |
i E AL A (CAT) 16 M AT @ (MDA) & =¥
WEME 25 (P>0.05) ; LP2 1 LP2+AA 41 ROS #
BEVET R (P<<0.05) 5 FEK H R P AR AR I
T-AOC SRR (P<<0.05) ; LP2 26 JF JiE MDA
B A CAT 136 M A HF X B2 22 57 1B 3 (P<<
0.05) , HAh % 2 ] 22 5 24 5838 5 JFF U oo 481k )
B AL (SOD ) By % P 78 4 20 8] 35 ¢ W 3% 1 25 5+
(P>0.05) .

x5 REAEMRNBERSESRERNOERSERTEMLEE

Control AA AA
215 Group

Control AA AA
215 Group

HPE SRS R RS A 3 22 57 (P<<0.05) MR A sk T F R R 22 A 3% . Different letters on the column in the figure indi-
cate significant difference (P<C0.05), ,same letter or no letter indicates non-significant difference(P>>0.05).
Bl REAMDFINREBREEERAOESY)EEIEHEEHETL
Fig.1 Changes of transaminase activity of largemouth bass fed low protein diet supplemented
with lysine and methionine

25 REAARTNHBEBRSESBEXKORE
miEmEEE TR0

i 2% 6 n A, T Rl 2 K P 469 BR E 36 %
B, K T B G If T ROS /Y 5 & & A4 i AR
b (P<<0.05) , B EMR &= 41% B2 TC B M %4 H
(P>0.05) o ) Ak £ 17K F i 46 %0 B AIR 2 41% 5%
36 %6 B I YE H CA'T A9 T P I 35 PR B IR (P<<0.05)
RN T2 0 T5 S L R A5 31 0t ol 3% 5 X BB 4 2 18] G
MR (P>0.05), 546% HEAKFEM L, H
4% 4 1fi 3 FP T-AOC . MDA F1 SOD 4 JC i 3% %
ER,

M

Table 5 Changes of liver antioxidant capacity of largemouth bass supplemented with

lysine and methionine in low protein diet

FEFR Index

%} R Control

LP1

LP1+AA

LP2

LP2+AA

T 4 ROS
BPEALRE ) /(U/g) T-AOC

1.00£0.09¢
0.3840.01a

1.07+0.08¢

0.324-0.02b

1.04+0.07¢
0.364-0.02a

1.84+0.09a
0.3040.01b

1.45+0.07b
0.3140.02b

HEAL AR/ (U/g) CAT 11.77+0.78a 12.25+0.47a 11.63+0.75a 8.68+1.39b 12.17+0.70a
R /(U/g) MDA 1.910.30b 2.1474-0.20ab 1.99+0.05b 2.4140.11a 2.224-0.21ab
A ALYIEALRE/(U/g) SOD 32.03+1.72 33.324+1.88 30.60+2.43 33.2142.15 31.964-3.04
*k6 REAAMTAIMBRERESEEBRANEHFMERELENHETN
Table 6 Changes of serum antioxidant capacity of largemouth bass supplemented with
lysine and methionine in low protein diet

817 Index %t 8 Control LP1 LP1+AA LP2 LP2+AA
TP ROS 1.00+0.07¢ 1.04-0.08c 1.03+0.10c 1.610.11a 1.35+0.07b
BPtE LRI /(U/mL) T-AOC 0.42+0.03 0.44+0.05 0.38+0.03 0.41+0.01 0.42-+0.03
it AL E R/ (U/mL) CAT 48.08+5.08a 36.5245.18b 42.09+5.29ab 37.224+2.12b 40.02+7.41ab

N /(U/ml) MDA
AP AL /(U/mL) SOD

34.69+5.12ab
88.7646.42

35.85£0.91ab
81.55+2.15

32.39£3.05b
82.70+1.34

39.63£3.30a
81.50+3.88

36.7541.60ab
82.64+6.07

3 3 i
AT AT R R AR e T 2 P i TR
PANIREELY ) KERE R G- R KR R R DA S € i

X 5 R AR ARDRE R 1 BT K P X S A 85 (Scortum bar-
co0) " A A s S B R A — B (AR AR
AR kb FE R 2R 5 2 R T DA B K 1 SR i)
1 L KAERE , X 5T ( Oncorhynchus mykiss) YA
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FE A1 (Rachycentron canadum )" i A0 = WF 55 45 5
FEAR—F, A RHE R, B DR A 1 PR
PH VS I A2 R ) A I R TR A PR 1k 2 R TR
85 24 5350 43 £00 JE TF 4 AR A (EE 2 R Hh B
IRV B — 7 12, BRIV 7 i 2 1 A 2 2 R 55 PR
il P R , £ 28 1 A PR R 23 PR O HoAth R
F e = X A B RS . BRI S AR
PR 8 KO B AIR 3590 BE N b 75 SE R J5
R R A KA REAT 35T 4500 S H KP4
Yamamoto 25 Vs T 68 ( Oncorhynchus mykiss) i F}
B FIKOF At 4520 BRI A 30.6 %0 1, A U SRR U
T IR B T R Y 1.2 % A4 BE AR R B 0 A K, OF
HAE S m AL fRL h 8 BT R IR . Ak,
XA #7543 A 540 (Crenopharyngodon idellus)
AAPERE , e B R EE 1 o O 2906 HY ISR 4 AR
RIS MAFER O T P TREA &R R 31 % 1
TR S A I R 5 s = TR A et . X Rl
SAHIRPRE bR Ao et B AT SR 1 2 o R
P2 2 8 ik e F A 35 B T, DA 3 £ ) A G
PERE T %,

ENIE R T RN CIE S i -4 S N i i 1] S IS
B ol 8 S BN R S8 kb s A R AN AR R
JE A — S BCEVE FT  T R /N QA 6 AR 5
(Sinilabeo decorustungting ) W57 45 H B, ik 2
FI7K 28 AR 25 5 R fa oM 8 1 & i o 35
A AH 23X WL AR 2R A % o 32 o W S RS e, T
A FE b AR AR AR KPR DR R 4 £ LA
ARG 7 ORI 53 R K G345 78 95 o0 AR 1
RN TRV A8 R B S G R DGR
IR A IR . AW ST PR R 1 2H K 1 R B HST
W T X IR (H 4100 K PR A E S R e
EIXT R AR LA W Ve 22 5 o A0 i i 4 2R m]
#b T R 5 AR AR R 0 AT R g £ £ A 2R
14 5 o AR AR T (A 2 FE A, 3k 7 A S 1 R
w0 IR et B R 4 SR

It ol LA R 1R A o R v %) SC B, O
AR LIRS T L R AR B BT
O WLV (5 B S i 0 Y P 32 31 4
SR AU, e 2 2 e T Y L e
23 NEHZUHE A B LT , DTS B0V v A 2 il 5
BT ARBIR G P R R R P BT T SR g
JUFE 35 B — 7 AR 4540 L (H P BE R S 1 GPT
REAG, 55 0 BRZH TG Wl 8 M 22 5, 3K — 45 SR SR W] B A Am]

PHE B A L B R S M A R A — R
AT RIS R AT Z AL . LA S AT S
AR R KPR B S T GPT S T 26
UGB 24558 % G2 FF I HH B4 45 B8 ML 2 1
R RE 1 HE I R A 5 1 L R GPT 1 GOT 6 1
BT B R R K BT B T
GPT W& PE T i B4, Ui W fpek v 2 1 B K1 3 sy
1 A I R R N e NN TR =8 W A
AR 5 7 B AR AR R R B 1 5 it ) ] s b 70 2 R
AT DA T B i 3 GPT & P, fELILIEE R Ty
i ( Takifugu rubripes)'™ NRIFFEA G HRE | 1i 4]
BRSNS R, 4185 2R Dy i i GPT
(AT PR R AR LI R R O

T-AOC 1725 Ak A T 52 BRAILAA 32 F1) 71 S fil e
XFE ST AR DA R AR T i K. S LA
J 5t S AL LG I 4R v SOD 1 T-AOC (35 PE A 7
PR Y . MDA & B R ML & A R it A AL S
SR A AR, B A AR 2 0 I A AL R
FERRTE ) AR SE P AR R AR T CAT 3% 4
FFAE T-AOC 5 % B8 2 A0 FL#B MK , MDA 7E IfiL 1
B 9 25 18 T b e 22 R 5 A R 1 1)
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Effects of methionine and lysine supplementation in low protein diets
on growth performance,body composition, antioxidant capacity and
immune enzymes of largemouth bass (Micropterus salmoides )

GUI Cong', DENG Qiqi', YANG Huijun',MO Aijie', SHEN Zhigang', YUAN Yongchao'*

1.College of Fisheries ,Huazhong Agricultural University/Key Lab of Agricultural Animal Genetics,
Breeding and Reproduction of Ministry of Education/Key Lab of Freshwater Animal Breeding,
Ministry of Agriculture and Rural Affairs, Wuhan 430070, China;
2.Engineering Research Center of Green Development for Conventional Aquatic Biological
Industry in the Yangtze River Economic Belt,Ministry of Education/Hubei Province Aquatic
Animal Disease Control Engineering Technology Research Center/ Wuhan 430070, China

Abstract To investigate the effects of methionine and lysine supplementation on growth perfor-
mance, transaminase , body composition and antioxidant performance of juvenile Micropterus Salmoides ,
three dietary protein gradients (46% (control),41% (LP1) and 36% (L.P2)) were set.On the basis of
41% and 36% protein diets, crystal lysine and methionine were supplemented to keep the contents of lysine
and methionine consistent with the control group , which were recorded as LP1+AA group and LP2+AA
group, respectively. Each experimental group contained 3 biological replicates and the feeding period was 8
weeks. The results showed as follows : compared with the control group, there were no significant differenc-
es in weight gain rate (WGR) , specific growth rate (SGR) , feed conversion ratio (FCR) and protein re-
tention (PR) in LP14+AA group, but significant changes were observed in other groups. With the decrease
of protein level, crude protein content in muscle and whole body was significantly decreased, but not in
LP1+AA group compared with the control group.There was no significant change in crude fat and ash con-
tent. The hepatosomatic ratio (HSI) in low protein diet group was significantly decreased , but there was no
significant decrease in LP1+AA group compared with the control group.Compared with the control group,
the levels of liver reactive oxygen species (ROS) and total antioxidant capacity (T-AOC) of fish in LP2
and LP2+AA groups were significantly changed. The T-AOC of liver in LP1 group was significantly de-
creased , but it was significantly increased in lysine and methionine supplementation groups.Reducing dietary
protein level (5% or 10% ) had no significant effect on liver transaminase activity.Although serum glutamic-
pyruvic transaminase (GPT) activity changed significantly in LP2 group, there was no significant difference
when lysine and methionine were added compared with the control group.The results showed that when di-
etary protein content was reduced from 46% to 41% and supplemented with essential amino acids, the
growth performance was not significantly affected , but when the dietary protein content was reduced to
36% , lysine and methionine supplementation could not effectively alleviate the negative effects of low di-
etary protein on growth performance.

Keywords Micropterus salmoides ; low protein feed ; lysine ; methionine ; growth performance
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