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Abstract; [Objective) Effects of L-methionine enriched Artemia nauplii on growth performance,amino

acids composition and related enzyme activities of the first feeding larvae of bighead carp (Aristichthys no-
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bilis) were studied. [Method) Newly hatched Artemia nauplii, enriched with 4 levels (0,400, 800, and
1 600 mg/L) of LL-methionine for 16 h, were used as starter food for rearing larvae. The body length and
body weight of the fish were determined at the 7th,14th and 21st days,respectively. The amino acids com-
position and related enzyme activities were also determined at the 21st day. [Result) At the 7th and 14th
days,there were insignificant differences in SGR and BLGR (P>>0. 05). There was significantly (P<C0. 05)
higher growth performance in 400 and 800 mg/L. groups than in the control and 1 600 mg/L. groups at the
21st day. The L-methionine contents of Artemia nauplii and larvae had significantly differences (P<C0. 05)
between treatments. The content of amino acids in 800 mg/L. group was higher than that in the control and
1 600 mg/L groups (P<C0. 05). Compared to the control and 1 600 mg/L groups,the content of Lys, Arg
and Cys in the 400 and 800 mg/L groups were significantly (P<C0. 05) higher. The contents of Gly and Ala
in the 800 mg/L group were significantly (P<C0. 05) higher than in the control and 400 mg/L groups. The
content of Thr in the 800 mg/L. group was significantly (P<C0. 05) higher than that of the others. Phe con-
tent in 800 mg/L group was significantly (P<C0. 05) higher than the control group. The activities of CK
and v-GT in 800 mg/L group were significantly higher (P<C0. 05) than that of the others. The activities of
Na™ K"-ATPase in 400 and 800 mg/L groups were significantly higher (P<C0. 05) than that of the others.
[ Conclusion] In this experiment, the first feeding larvae of bighead carp (Aristichthys nobilis) fed with 800

mg/L. L-methionine enriched Artemia nauplii showed the best growth performance.
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zyme activity

H 2 MR (Methionine) J5 B F i 2 IR » 2 £ 28 1)
Woits F A AR . HARRA S M H B 4R
SRR . R DL S YRR 2R 1) B AR Ry 25 A
& W W AL R 2 S PR R 2 AR 7R . ot
Hb AR A B UM R A eI A R 1Y i
Wy B, OF 2 5 e mE g I B . ULER 1Y AR A
B B e AT 4rh LN D AL, FE s P ik
WL ALG Bl . D BB L BIR A T2
BARM AR . Tk, NIRRT KX T
A S R 0 I B )y £ IR AR R i B 5 B IR
BT R R A A A0 2 AR KA MR AL A
T G T 2 24 R WA £ A BRATL R 52 el () T 9 32 22 4
TR K AT A T A O LR R X R K a2
L R DR M 10 ) A7 10038 AR 1 52 i BF 50 0
DLHRAE . A7 fa I 2 AR R A R R, T B R
BN BE R K G LR HE 1 DL 35 1E R 2R
A st e T R SR . T ) a2k
TR 5 RS AR ) R X S8 A W R
DAY 1) I R AR DR O R S A
— ol R A R AR R E R S,
% (Aristichthys nobilis) 2% E Fr A W24 07 v 2,
FEFIESY . AT E NS R 5 3 R AR
FUA B R E PPy TE RO AR A 0 SR
Py I3 % B A R AR5 o (9 BF S ARG B D AR

W] L8 2 R, i i L35 2 R -1 e e 7 &)y 1A T
W7 B B B R SN IR 12 2 R A% 34 B B 0T 1 AR
N AR L 2R 2 R 0 5 T 100 8 2 K B R R 2
B VIR WG L v-4% BB 6 A2 g . Na” K -ATP i i 1
(R S & TR BT 10 R 8 A BOR i BE— 28 58 3 I 8
BRI R IRAMT SIS %

LB

L1 # #

i BN, ARGENTEMIA ™ f, 5= 3 32 K
AR WEOK L N TR ER BE A 20900 TGO AL ) AR AT
JTR B LA R W A B s AR R A TR
ONED AR R 99. 0% s B FF 11 L W A 7 AR AT
mid K= AT,

.2/ &

L2.1 mEk#y@iRmki  Hpg duop. 5 /KR (28 +
1) C .40 20%, . pH 8~ 9 W44 >3 mg/L .G
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A PR FEFR A KR T B S 3~5 mL L 4
53 A 0 Ak 2 pl Y B R M g A R R R L TR
5 IR R e SR L 42 0,05 mim A3 AE 0 I i
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mol/L #:#8 17. 5 mL, & 110 °C % 4t 56 /K f# s 7K fig
24 h gl B H 2=, KB NEYWHE E 50
mL &P, H 7. 5 mol/L NaOH 11 & pH %
Hy2. 2. 3 M E 2S5 000X g B0 10 min, £
BB D R 0,22 pm o JEN IS UE S . LT
PR 7K fife 5 O 45 AR U A Oy < ME A AR BURE 5 50 mg,
A 20 mL PG AR B . A 6 mol/L #h & 10 mL, A&
WA R R 15 min, BHEE & T 110 C 1 HEH kK
fif s KA 24 b BUR R A 2= S /N s - A
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) AR 7 R R 0 A LR T - A I e B R
Na' K" -ATP B PE R 2% 5 52 #0602k
M.
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Effects of L-methionine enriched Artemia nauplii on growth performance in first feeding larvae of

bighead carp(Aristichthys nobilis)

L~ 2 WK/ FRES FRVIPS 521 K
(mg+ L1 7th day 14th day 21st day SR
[-methionine . . . \ . < ’
level SGR BLGR SGR BLGR SGR BLGR
0(CK) 3.6040.31 a 5.97+0.18 a 7.05£0.30 a 4.06+0.06 a 8.99+0.12 a 3.6640.13a 90.3742.78 a
400 3.8040.95 a 6.35+0.11 a 7.37%0.34 a 4.42+0.19 a 9.84+0.32 b 4,0440.10 b  91.3243.59 a
800 4,07+0.75 a 6.33+0.12 a 7.69+0.66 a 4,43+0.11a 10.1340.17 b 4,07+0.10 b 91.55+5.54 a
1 600 3.93+0.71 a 6.21+0.11 a 6.52+0.99 a 4.26+0.29 a 8.92+0.36 a 3.62+0.12a 90.80+2.93 a

VE < [ 9B 5 A R RN 7 b 2 25 5 8 (P<0.05), F .

Note: Different lowercase letters in each column indicate significant difference (P<C0.05). The same below.



%13

TP A5 L L-2E R SR A p O T B A K R R 2 K B A S T T Y 5 ) 17

T 1ERER EXEE 7 M 14 R L-ER
iR % 5 JF 1 ¥ A9 SGR A BLGR JC i 35 5% i (P >
0.05), KA 21 K 400 Fl 800 mg/L L-EE WA
5 FF O 1 9 SGR il BLGR 22 %8 8 3 (P>>0. 05) ,
AR E T 0 f 1 600 mg/L L-H AWML (P<<
0.05), B FF 1 i 22 Bl L35 S R /K F (9 T s 1
SIS TR S AR B A & a0 2 22 TR O W 2
F(P>0.05),
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SREENTIN

d 1 AT LA H e ORI T 1R A N 1) B R
AR LS R KT i T i R, HOAN TR
IKOF LR AR A B 2 [a] 34 22 7 3 (P<C0. 05).,

2.3 L EEBRBEIYIHAMNBEAFOEEANESERA
B Y 5% i

M1 % 2 W] L, BT OB R N A SR R R R
LA T @ 2T & 5 T B %,
MR AR IS INK R 800 mg/L B i T 11 7 4K
ML M ER 0 fil 1 600 mg/L L-ERA MR B %
F & (P<<0.05) ,fH5 400 mg/L L-EAMAEF A
B #(P>0.05),

X T 2 SE R (A I 9 Bl T F L 800 mg/L
L5 22 1R A B0 4 Fp 85 JF 1 ¥ 4 P 95 & 82 ( Thr) & 42
BEE T HALA 4 (P<<0.05), HKHFEM (Phe) &
0 TR (P<<0.05), Y4 L-BRA KT H
400 F1 800 mg/L A, i HF 11 ¥ 1A PO OKS & R (Arg) Fil

ool D EEG 4 Artemia naupi . MR (Lys) F R R T 0 M 1600 mg/L LA
OO B8 Bighead carp 4 FRLH (P<<0. 05) . HJ5 W4 2 1] 22 5% A . 3% (P>
I R + 0.05), L-8 2 % 6 IF 11 7 9 4R IR (Val) | 57
e ) LR (Tie) AL R (His) 52 E MR (Lew) & kM
I a BEHI(P>0.05),
"“E 040] rﬂ m o I 00 7 A R (FEAS I 6 ) T L LB A R
wor K-S 800 mg/ L B 8 F 11 R P9 i H & #R (Gly)
0005k 40 0 Te00 FRLR R T 0 M 400 me/L LA AR MR 4L (P <

L-E AR /KF/(mg « L")

L-methionine level
B FE AR [ /NG 7B 3R 7R AN ) Ak 30 4 ] 25 5 5 3% (P<<0. 05)
Different lowercase letters indicate significant difference

among treatment groups (P<C0.05)

1 ANFKE LA 2 i AL 3 g dRn i T D i
B2 R T R R
Fig. 1 Effects of different L.-methionine levels on content of

methionine in Artemia nauplii and bighead carp

(Aristichthys nobilis)

0.05).fH5 1 600 mg/L HIBFEXEF (P>0.05),
800 F11 600 mg/L L- %4 R 4H 8 JT 17 ¥ 1A N 19 N
AR (Ala) 825 A HFH (P>>0.05) ,H 8 &
F 0 F1 400 mg/L 4H(P<C0.05), 400 1 800 mg/L
L7528 4L T 1 1R 9 1 2B e =08 (Cys) & & 5
AR EP>0.05 . H¥BEHF 0 Ml 1600 mg/L
4 (P<C0.05), L-# S B % T 1l R B K T4
IR (Asp) A ER (Glw) (B R (Tyr) & 1 JG 2
L (P>>0. 05),

F2 AEAKFLESBRENNEANEAOECASERARNZIT

Table 2 Effects of L.- methionine enriched Artemia nauplii on amino acids composition in

first feeding larvae of bighead carp(Aristichthys nobilis) mg/g
L-BEBRAKFE/(mg L1 IR AR SRR KN A R AR HHR LR
L-methionine level Thr Val lie Phe Lys His Met Arg
0(CK) 43.3+£2.5a 23.0+£1.2a 15.640.8 a 19.4£1.0 a 34.8%1.6a 13.640.7 a 7.6+0.5 a 5.7£1.0a
400 46,0+1.8 a 24.84+1.6a 17.0£1.2 a 21.4+1.3ab 47.3+1.2b 15.7+1.5a 10.44+0.7b 13.1£0.2 b
800 56.1£2.4b  28.7£0.7 a 19.6%0.4 a 24.0£0.6b 42.2F£1.6b 15.1£0.6a 12.8%+0.4 ¢ 13.0£0.6 b
1 600 44,5+1.9a 29.0%+3.8a 19.6£2.6 a 21.0+1.4ab 30.3%£2.9a 15,1+1.0a 14.8£0.7d 7.64+0.5a
L-HEEMRAKFE/(mg+ L71) bR KITL AR R HER WA 2 i 1 R ik = IR B
L-methionine level Leu Asp Gly Glu Ala Cys Tyr Total amino acid
0(CK) 34.3+1.8a 12.2+1.6 a 35.2+1.7a 64.0+3.1a 27.6+0.8 a 6.54+0.5a 17.0£1.0 a 363.5+12.9 a
400 37.0+2.5a 18.6F4.5a 36.84+1.5a 73.7+8.7a 28.64+0.4 a 7.64+0.6b 20.3%+3.0a 428.3421.3 be
800 42.5+1.0 a 18.7£4.3 a 45.2+1.4b 75.0x1.8a 40.94+2.0b 9.440.3 b 21.0%0.6 a 464.2%+17.0 ¢
1 600 42.0£5.0 a 11.84+2.1a 39.941.9ab 69.1+4.6a 36.5+E4.1b 6.74+0.5 a 18.04+1.4 a 392.3422.2 ab

1 : Thr,Val.lie,Phe ,Lys,His,Met,Arg, Leu Jy &b 3 ; Asp.Gly.Glu, Ala,Cys, Tyr JylE b 75 2 22

Note: Thr, Val, lie, Phe, Lys, His, Met, Arg,and Leu are essential amino acids; Asp,Gly,Glu, Ala,Cys,and Tyr are non-essential amino acids.
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2.4 L-ESBRBMAXHRXEFOEENIEXER
E3=0k-A1)
Hi 32 3 AT BT 1 8 O P9 B0 UL B -5
B 5% R Bl Na ™ K -ATP il 3 A 0976 PE 8 bl -5
R IKF- 1 T B e T S B AR B 5. 800 mg/L

L2 G 1R AL 63 FF 10 A N %) UL U g R -4 2 Tk e
o Bl 3% PE 2 3w T HU 3 41 (P<<0. 05) 5400 FI 800
mg/L L-HARAGEFF O ARNE Na™ K™ -ATP [
WEHERABFE(P<0.05),BHEFE T 0 M
1 600 mg/L L-ER& R4 (P<C0.05),

£ 3 AREKF L-EREEN KRNI O EEANHEXEFEN D

Table 3 Effects of L-methionine enriched Artemia nauplii on activities of related enzymes in first feeding

larvae of bighead carp(Aristichthys nobilis)

L-H &M KF/(mg - L1

L-methionine level

WURR B /(U mg™1)

Creatine kinase

Na®K"-ATP /(U + mg 1)
Nat KT -ATPase

YA AR/ (U g™

v-glutamyltransferase

0(CK) 2.7840.05 a 1.796+£0.5 a 16.31£0.9 a
400 2.9040. 04 ab 2.3414+1.0b 18.21%£1.3 a
800 3.2240.07 ¢ 2.376+1.6 b 25.5942.0b
1 600 2.954£0.04 b 1.978+0.8 a 20.03%1.3 a
. . Mot
31 ® N .
3.2 L ESBMEARMNBEAOBENSERA
3.1 LESBRENHENBEAOBEEKNF N X B 22 i

AR AE R K A 3h ) f B B 1 R a4 (L i 2
— AR B AR AN R RS B EE
MVER . RIEFFE R, B R v] 2 S i
it KO AR R, B 21
K HHMNE L2 R 197K F- 2 800 mg/ L i, B - 1
Hi i SGR Ml BLGR 73k 3| £z 5 (P <C0. 05), A] I,
LR ] DL R o O i AR KL X 5 o
FEL RN H S X o G B ST A R AL, LR
SR AT DL e M A K SRR . — 5 T T BEAEAT
PPN T Y R B A Sy A R M 3R A S R e, B T
FE ST i L RE M TH Fb 38 7R A5 A i A R R 4 B T
F 3R T & B m KT 38 &R 1 b o, AR N 3 &
M2 & T s T AR R R P S S R s T A L AL AR R
FUBAR A e ek TAF i E R EE 55—
7 L2 S R i v 3l 3k 2 550G e G e B 4 i 43 34
AXWALE W B & . 02 3 40 M 1 58 Fn ) W) A
K,

AR S5 R R, AR L2 2R 1 K F- ik 3
1 600 mg/L B, FF 0 B A K I 4 R B T B
PO UL LR SR — o KT JE 85T 1 i 2R K
IS %L X 5 Zhou 251 1 BF 5 45 SR R L
LT PR — 7 1T A RS2 ARk v 45 o R TR A5 I L
(91 1O A 65 20 0 A B L > T e G i 1 o A 7 et
TR R (5T A ZE R BRI, 22 4% 9 20 35 1R 8 1
I8 R AR FH B 22 A A R R S B A S R i Y D
77 4 35 AR R, DA A A= K 2 BB 5 55— O T, AT
AE 2o 5 1 B S TR £ el I A 2 R e 1) T kg LAt A 7
AR T f R R &M X AR R T A T S

SN ES S I WE R S B Wik & G /138 S N o 8
B /INEEER R K 2 S AR ST RE Y 10, 865, 1
HEBESAF AR K, FEIERET T
S NN CD B AL St DN AR IR N R NS A
R E TS . AR 5 U LR R -
557 1R B W B R AR LB A R AT 3 B I T
TV A PN L300 38 39 i 3 5 JF 10 1 A S PR 4 R 1y H
B . SRR ARIKE L2 2 R 5 Ak v JUik iy iy
HE R & M AME L &R K 19 T = i T
H 4N Bz xS B (P<0.05, X 5H
b — B A O IR AR Ak IR 90 A5 R M — B, B
FFO R LSRR 7 v i o o (AR N R
REmpiz Tt E, B4 MRz Y25 B E
(P<<0.05),

A BEE LR AR K0T 8 F 0
TN LR E LR Thr.Phe.Arg 5 Lys & & &
B E T I (P<C0. 05) . R K AT RE S K R i ik
ZH A rh (1) 06 75 2 AR 7K AR R T 2 2 TR B A
N TR — b 7 SR R Y N T ] R s
FICH At 1E 5 7K - 11 06 75 S Ik R 1) Ak AR RS
AR o, Bl AN IR TR I L8 A R K W T, £
UNERC N Esd b = S N AT R R R =
AR 0 R DT 4 o I 6 T A B R 1 & .
Ah BEE BT RN R AR S R T AR TR
FEWR 1 L el T b A SRR 1) AR T A R R Y
AL, AT LR AR T A,

BE & SR LB 2 R /KT 1 T e B AR Y
A EETR P Y Gly, Ala, Cys & 8 5 75 i 3
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(P<C0.05), AT AR P MHE—1 & A
LR F — B IR R AT 5% B w19 4F FH R T AR B SRR AT
EE R, 20— R A A0 N 7E P9 AR T R
Cys. 1 A BB & IR . B AR 56 (19 Cys & &2 bl
L&A T e i 7t . Thr ml Ay 95 20 0% 19 46
it 4 Ak 22 it 2B Gly 28 ARG P %5 Thr &5
T Gly Wb 2 T, AR 0 T & R A
R ETE LIRS LR AR A — R L
T SR o S SR R T DT B T A 0 R
AR,

H T TR 5 Al b T IR R 1 TN 4 R T
LB LR AR KT B BT R R R
LR B R SSE T U BRI  Hh DL LR
IR NK VR 800 mg/L B ffE.

3.3 LESBREMNHNBEAOEINERRE. v &
SEERE. Na K -ATP BiE %N Mm

K AL 3 M T N 1R W A T S L TR K
YA A B R B Na™ KT -ATP fig >, HAr. &
T 8 R G £ T 1R B T AL RE ) B 5 I A R AL
HiH . X gl R R A DA O R . R AR ]
B P A AN 5 8 i Na™ KT -ATP B y-%8
S EE RS LR Sl TG . WA B R
H R b s n 2 22012 Be 6% 12 1= 4 % 7K A 2h i s 3 1 T
Wehg e,
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