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FU 20 7% X R A 4K 14 e 7Y =2 Wi

R, EHFT,

nEE, ERE,

x|l F

(JHRUFEER 2K =240, T 4 HETT 524088)

WE: AR AREAME G & & AT TR 8, 50 UL A % x4 8T 8 B At &, U
B EW AN EX A, R E R B R R A AR AN R A, R &R & AR (MET) 4 4
SRl B 3 A E A E Ry R, MET 4 B #% % 4 5] % 2(7:00 7 21:00) ,4(7:00,
12:00,18:00 F2 21:00) #2 6 % (7:00,9:30,12:00,15:00,18:00 #121:00) , IE xf f& 41 o 1 xf
AAHERA K. HRWER(1.2720.01) g XMl K3 A, FA3NEL, FELI0R
WL B, KE29~30Co HRET, HHR6 KM MET A B ExF AL 27
TEZF 2N MEASEDFS T HH R4 KW MET 4 5 & & 8 & 1% 18R KB o 5
ML HBERARMO RN EAGENBAZRTEZE . ERKY, ZAAE IR WEO6
R GEEEARANNEMTHHEET AEANN AL EABNERRARE, E R

MEAANTRE B ERERNANARE,

KW LB A% BREAR; EKMERE

HESES: S 963

BB A DA ROM R R R R (CAA) L,
DL CAA 972 Fl T 4% 8 1 2 5L R ok = 19 1) B}
SR, K ZE Bh W R H O AS X AR ( Penaeus
japonicus) "> 7 FIBET X R ( Penaeus monodon )
Xt CAA [ FI L0748 i . Cowey 461 ik
CAA W ISR TE R H 455 B Z MR Z 1, AT
A RN OACE M, X T E OB X IR
( Fenneropenaeus chinensis ) W) W} 3¢5 7 15 2| B
HE et X CAA HEAT MUK 2 10 5 S
55 5 10 IR AR AV HG A ) B o R RE R B, M T
CAA R~ 0 i 55— Fh % CAA
R it oAy SO R T A RS B AR MR BCAS (H AT
DGR HE XS W A G R 55 3 1 4R B 1 5803 Ak
TR BT AR I CAA MR AL A SR
PR M W W R i R R A R AR

ARSI B T S e 5 ) A AR B 5 LA I X

Y %5 B 89 :2012-08-27 &8 B #3:2013-01-28

XHEIR RS A

¥R ( Litopenaeus vannamei) % CAA 11 W W F) FH &%
B PR A5 A5 R () B A A R A [ Ui S BRI A
HHELE BRI TR W BB F A, DU 4 s
UGN BERT IR A= K P RE

I R SRS

1.1 R E#

ARy R A BB 1 D T2 B R
3MERFERLRER (X 1) L@k sy
TE X IR, DU #0453 ELAS U8 0 25 0 BR 4 o T TR
H, AR =R (MET) 354 o g 20 o 4t
AT A RO 2R 1, 60 H B, R A R I A
U 19 IR AOBURAT S RL AL (F-26 11, 4 pg B TR
WD) B R B AR 1.5 mm SR, 78 60 T
fEIR T T4 1 h, BT J5 86, & - 20 C ke &
ML AR SRR 2,

BETE - fi ATk (R0l ) BHIE T (201003020 ) 57 4245 1 22 A BR VT2 4 1 B B0 4% 3k 2 (GDUPS-2011 ) 5 VLTI B 45 B G 34
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Tab.1 Ingredients and nutrient composition of the basal diet( % dry matter)

T Bk f 55/ % content

ingredients i i A ppagi i R R AL
positive control negative control MET
fi 4y fish meal 32 16 16
P #) meat and bone meal 7.8 28 28
LY % £ beer yeast 3 3 3
M1 soybean meal 23 23 23
55 N IE# cuttlefish viscera meal 4 4 4
T A flour 17 17 17
i il fish oil 1.6 1.4 1.4
W lig lecithin 1.5 1.5 1.5
Bk —A4% CaH, PO, 0.5 0.5 0.5
Z 4k vitamin mix 0.5 0.5 0.5
% %" mineral mix 1.5 1.5 1.5
4k 2 C ascorbic acid 2-Poly PhosPhat 0.03 0.03 0.03
AL JHTH choline chloride 0.5 0.5 0.5
21 4k % cellulose 7.07 3.07 2.79
% % # methionine * 0.30
B I 4 4t proximate composition (dry matter basis)
Hl % 1 crude protein 41.65 41.63 41.82
HJE W7 crude fat 7.7 7.74 7.83
% & 8 methionine 1.00 0.82 1.01

T« R E ARy L-E AR (L5, k) .

Notes: * methionine additive ; crystalline L-methionine , MET ( Adisseo, France) .

R2 ANPERERSE

Tab.2 Amino acids composition of experimental diets

1A B S 5/ % content

R iF % B PO b A
amino acids positive negative E R
control control MET
#i A Lys 2.80 2.61 2.41
SRR Thr 1.80 1.90 1.79
% B Val 2.16 2.21 2.24
MR Met 1.00 0.82 1.04
B Tle 1.88 1.80 1.77
4R Leu 3.44 3.64 3.29
i &= MR Arg 2.82 3.38 3.27
41 Z R His 1.02 0.92 0.84
MR Phe 1.78 2.20 1.72
ErEEER
R Asp 4.08 4.03 4.04
225 R Ser 2.01 2.51 2.33
A AW Glu 6.78 7.28 7.06
H 4% Gly 2.45 3.13 3.00
MR Ala 2.27 2.39 2.23
P& W Cys 0.22 0.24 0.31
Mt 5% Tyr 1.40 1.67 1.50
% Pro 1.99 2.30 2.29

1.2 FFEE

FrFE S 50 A T AR AR v B 1 B R AT B
PR A B LA Xof AR A P M R 7R 2 R S
7. BT 3 ANEE, BDEE G 30 B
BR[HH Ry (1.27 £0.01) g7 300L Bl 589 77 58 Al
BRI SR AR T, AR A A U O R R AR
B U MR AT BR A, TS PR T S AR R A A
BHEEAAR, TR ], 24 h fE A, % i 4 10045 ~
10.5 mg/L, /K% 29 ~30 C,pH 7.8 ~8.0,F: 54 5¢C
BRHFLE 5 JE o XS R AL A GO FE A 3 4 Yk O MET
AR R R 2 4 F6 IR (FK3) .

R3 BRIRMEMRIREE
Tab.3 Feeding frequency and feeding time
PR i)

feeding time

B A/ (I /d)

feeding frequency

2 07:00 21:00
4 07:00 12:00 18:00 21:00
6 07:00 09:30 12:00 15:00 18:00 21:00

1.3 HRBERKLESN
T 35 S UG 25 S, 2806 24 h, %A 8 AT B9 %)
URHEAT AR, BEHLIE R 5 RALIUA B G , BA -20
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CUKFIIRAT o TVRE A R A0 LA BB 3 BT R
FA AOAC ™ {51k . Horh K SH i 5E 105 C
b1 R 5 ML A E D LG R (RN x
6.25, FOSS Kijeltec System 2300, Sweden ) , Jig lii
B 5 Sk 2% IG 4l 3% ¥E ( Extraction System B-811,
BUCHI Labortechnik AG, Switzerland ) ; ¥ K 43 4
I Ry 4 2 B 550 TR bek o ikl A 3k iR
F 0 % SR 2 R A 3l 43 Hr AL ( Biochrom 30, GE
Health care Co. Ltd. ,USA) ,

BEAHLEE S RIBUF AR, A - 80 C vk f&
A0 T8 A il I 1 e I T M (R e R, A
B0 &) o ST R T8 Y XL 25 K h gk T e
1: 10 #i B, 10 000 x g &0, B b 15 WAL I 7 il %
PE o B AR R AR O T e DA RS R B
(azozasein, Sigma) N JIE#), 10 wL BEWRINA & A
1.5% {8 % W2 [ 19 50 mmol/L Tris-Hel 25 #h i ,
pH 7.5,25 CF MW 10 min, i A 0.5 mL 20% =
ACTRYE L, IR A YAE 6 500 x g B.0> 5 min,
L WAE 366 nm TR

Jo A W PR E 2B i T R R - ATk
20T NI BE-L-Arg 2 (BAEE, Sigma) ff:
R T & A AR Tris-HCl pH A 7.6, %%
PP, 25 C oKW R EEAT RN, or BPIR A F
253 nmkb o, fEZELE S min ARG 1 2 Bh IR
WG IE B R S B O B Y OB A E E O Ik
i ) AL sE L LA BAEE g W) S 0 W pH {E
7.6,25 C, M ARFL 3.0 mL, 64 1 cm {5104
TLIE AA G BT AAL,, 0. 001, Ji2
LV T 1S 0 £ i S — 4> BAEE S0 AR
ity T 0 15

DA min % Hi BT HL
0.001 x 0.2
By F41 80 253 nm AL G A ( AA g -
DAL ) 0. 001 5 — i 8.4 45 4 50 0 1 4 ¢
0.001,0.2 2 fit FI A BB AR (mL) o BT ) = il
/A& R (mg/mL) x0.2],

e e L A 1 I 1 A I A LA BR AT N R
i 22 2 7R N 24 R -2- ) il 3 K ik ( SAPPN, Sigma)
IR, 2 B8 Del Mar %87 i1 )7 1, 46 25 CHE R
T,A0.69 mL 15 0.1 mmol/L SAPPN JiE 1%
WL, VEF pH 7.8 4 0.01 mol/L CaCl, 7 0.1 mol/
L Tris-Hel 28 il W01 10 L. £ 30 86, 1 7 2

= BAEE #f

IKAZIEWOGRE  7E 410 nm PN & fR 0.5 73 5h ik
WO S, M 3 min, T A3 b RO BE Y R ME
RAEE M ik THEH B A RS IN(E ( AA/
)N AA, ummin = DA — DAL

it 35 3 B E LR < By BB 1 wmol/L Y
7 N T o A T A

Bt LE 3% J1 (B L/ mg) = AA,pummn X 1.5/
(8.8 mghf/mL Sz G W) o

SAPPN 7& 410 nm A4b B /R 156 & 50 8 800
mol/cmol,

B AW E R sk
1.4 HESHESHR

5 42 K & (special growth rate, SGR,d/% ) =
(LaW, -LaW,)/d x 100

7K 1 Jf %% % (protein efficiency ratio, PER) =
(W, =W,/ (W, xP,)

1 H K (weight gain, WG, % ) = (W, - W,)/
W, x 100

B 2 (feeding rate, FR,% /d) =100 x W,/
[dx (W, +W,)/2]

"%l 2 % (feed conversion rate, FCR) = W,/
(W, - W,)
A, W AR IR TR (g), W, MR IR BT & (),
PR E R SR (%) W BB THE(2) .
5 b B A B A SR F XU 2R 5 22 03 #r, 24 AL B2 1]
ZE5 L (P <0.05) I, ] LSD #5 4 vk i 47 #4910
] 2 L B 4e ik e A B R BKfF g SPSS
11.5,

2 45

2.1 HERKMEEEMZME

25 A PR XF R BTG 2R R 94 % ~ 98 % , ] AT
0 45 Ak B X W S A A (R 4) .
MET £ 3 0 & i $5 1] 450 4 1 35 fin g 48 o, H 4%
ME2 A4 A AL A B A8 FIEXT R4l (P <
0.05) . IEX}HE 4 PER SGR & % & F MET &
21, MET £ PER Fl SGR 7E A~ [m] % fii] i %6 & 22
SAEECP>0.05), 1IEXF 4] FR fil FCR &
FART H A A (P <0.05) , Bl 4 52 ) 2 A
JZE 6 & ,MET 411y FR F1 FCR ¥ F & , {H 2% 5%
e
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Tab.4 Effects of feeding frequency on growth performance of shrimp fed diets with crystalline methionine

IR UEL , MEAKE,  HAER/ . -
. 4b 38 TR/ % RO " FRRE  ORIER/ %
feeding (% /d) (% /d) .
treatment WG PER FCR survival
frequency SGR FR
4 1E %} I8 positive control 556.75 £26.62°  1.31 £0.25% 4.85 +0.08" 6.34 =0.76° 1.65£0.22° 97.73 £3.22
4 £ % i negative control  460.41 £76.13%  0.98 £0.21™ 4.37 £0.31*® 8.32 +1.35* 2.32+0.49* 94.21 +2.29
2 MET 399.68 £22.10°  0.92 +0.10° 4.23 +0.19° 8.53 +0.68" 2.42+0.27* 95.77 +4.17
4 MET 403.04 £56.15°  0.90 £0.13° 4.11 £0.27° 8.56 +0.84" 2.48 +0.36" 95.06 +4.28
6 MET 463.03 £46.54™ 0.86 £0.04° 4.30+0.01° 9.33+0.23" 2.61 £0.06" 94.31+2.82

TE RPN TPHME(n=3) [ -5 EARAR S EARFIRR A B 25 (P <0.05) , N,
Notes: Values are presented as means of triplication. Means in the same column with different superscripts are significantly different from each
other( P <0.05). The same as the following.

2.2 KRR EY R AT T HBR 4 KA (P <0.05), 5 H A5 20 H He 22

PR BRAER] 25 Ab BRL PLANIE XS 2Rk 73 A RARE (P >0.05) o 1EX 2 4 0F K 73 7 & F
RN IDG & BcA BRI (P >0.05) (£5) . HHM 6 i MET i L Z R AW F (P >
MBS R MET 2 dF i E R SR 2 ER  0.05) (2R T HALA(P<0.05).
f, B 6 iy MET £ iFHER S E B E S

x5 HRAMENBERBEGAEESBRANENRENEFRONEZN(%TE)
Tab.5 Effects of feeding frequency on whole body compositions( % dry matter) of

shrimp fed diets with crystalline methionine %
M UCEL b F Ka¥ HEA HLAE Wi HUR 53
feeding frequency treatment moisture crude protein crude lipid ash
4 1E X} BR positive control 75.12 +1.20 75.91 +£3.48% 10.56 £+0.17 12.77 £0.54%
4 1 %} B8 negative control 75.61 £0.04 79.11 £0.61%°® 8.96 £1.07 10.34 +0.70°
2 MET 75.57 £0.26 76.27 £3.04% 8.81 +0.87 11.23 £0.25%
4 MET 74.88 £0.36 71.92 £8.94° 11.69 +3.56 11.23 £0.35"
6 MET 76.75 £2.07 83.17 £6.62° 9.99 +3.39 11.86 £0.51%
2.3 EEAMEHENIN MET 2H &4 25 1 Il 176 14 il 45 R v 50 o 16 hm, H

MET 4 B 5 PEAE 500 4 O 2w SR 4 O 6 IR A R 55 0 0 IR 4 28 S AN (2 3%
T2 A6 AL BEZH (P <0.05) . MET 2 (P>0.05), 23 @ T 5o IALANH B0 2 K
B s P £ O P B SR R i B e ARPE4E (P <0.05)

B H R B EAR T IE AR AL (P <0.05),

F6 REANEMNBEREEEBRANRNTHZEBRELOBENHZN

Tab.6 Effects of feeding frequency on protease enzyme activities of

shrimp fed diets with crystalline methionine U/mg protein
Edli2V fib 7 B R Joe 5 3L Al SR O
feeding frequency treatment trypsin chymotrypsin total protease
4 1E X} IR positive control 3979.50 £863.11° 4.05 £0.31° 75.25 £6.59*
4 1 % B& negative control 1759.84 +66.57" 3.24 +0.24° 52.43 +2.36°
2 MET 1 115.66 +89.35°¢ 0.90 +0.34¢ 56.46 +2.11°
4 MET 2197.28 +118.28"° 1.14 £0.10¢ 67.70 +1.38"
6 MET 1318.85 £189.41°¢ 2.04 £0.55° 73.36 +£0.78"
2.4 HRBEENFIE W (P <0.05), H & FHM T IEX AP <

MET 2 7E# W 2 YR i) 25 TN % & 8 ( GPT) Al 0.05) . M2 4 Yk iy MET 41 GPT 1 GOT Ry 3 M
A5 B U (GOT) 14 36 1 2 i3 T W 4 ki 4b BEMTAAMBA(P<0.05)(F£7),
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x®7T REAMENBERBEEEBRALNES
B IR BR 5 S BE A S 80 S0
Tab.7 Effects of feeding frequency on transaminase
activities in liver of shrimp fed diets with

crystalline methionine U/mg protein

PR EL e e e e e et
. b A (AN
feeding
N treatment GPT GOT
frequency
XS R
4 . 125.51 £3.21* 241.04 +18.02°
positive control
% B
4 . 107.43 +3.35" 102.98 +3.14°
negative control
2 MET 99.68 +6.20% 124.12 +3.54°
4 MET 80.01 £1.97%  75.97 +4.83¢
6 MET 94.64 +2.01° 103.28 +4.49°
3 g

3.1 BEASMENBERAESRAMOANE
X 4F A 1< 1% BE BY 2 1

SR TR R — A R R G
B BEIRT TR Y $5 IR SR S 0 %o W 9 A ROIR B
e L3 bR o M A AR A R AT LA ik L 44
Xof MR AR PR RE , B BRIl 3 Yk/d B #)
S W/ d, PLAAE S EF R B AR R E AR KR AE
A0 R A 3 R R T AR R B0 B A
SR, Velasco 28 1 Smith 257 1 sz 56 F2 B, 14
TN AR ) 1 23 5 A A L T SR R B %o R 6 A
A X ] AR 5 ] A A8 1 1A AR IC T R S R
Y EIA AR DL G

SEE A RS, B SR AR A N (2 .46 IR/
d) ,MET 4 L5 R34 5 327 i i L 76 H 430
6 YCHS FITE A B ALM He 2 5% A . Wl 2 46
A TE H SRRy 2 M3 RIS BT 7EfR
s 15 - S T A R ) W T NE 2 L o = e
( Carassius auratus gibelio) ¥4 T R I 5% W, (B 7E H
PRy 4 Y, B0 AR R B X S 7 AR A
WEREAERKAE R . AR50 ook FLAN i ) 8F i 6
FERB YA AT AR AL I, MET 41 /938 54 R
SRA T HG N, AELIE R A% BT A L 22 Sl A B 3
[ W% 3], PER & F K%, H 2 0T 1E X id
A, R UL, B AT N 2 UCHE A 6 WK, I AR Bl
AR R AR . Zarate 257 AR A% R HUR
W% 1) S VL B o5 X R 8 ( Ictalurus punctatus) FEWE 5
R AR A RIOR 35 v T3 2 0, (L2 A [] A 450 i
U BB A5 625 B A0 BHEZH 396 35 5 T V5 0 & 1R 6
AR AL HZE . 38 55 R AN SGR it 43 1) 45 35 (14 38 i

MR B A KA NI IE X B4 . FR
I FCR 5 25 5 1] 1 3 19 18 Jonn s 3, 3875 18 i 48
TR T FRAE A BAS o (HAR T R, Rk R
I H RS R AR ML 2 5 A8 B3, dogh
VARSI 5T ARSI 5 75 X5 FLAA i % iR
AREIMAK,
3.2 BEAMENBRRAEZESRAMOANE
PN YNGR A

HIX TR A4S 4B AR 5 , Zarate 45>
AT i A0 2 T T A K 1) 5 i - 98 A 3 e 1 o 4%
T A T ek (H MR 2 ORI S W), HARME 5 K
FL IR 2 7k AR Al A5 4 v B S SR AR 2R A
i, (H R AN S BT A5 SRR R A 0 A A2 B
BARSAZRA FEM o AS S5 v, Y 5 G AR SR 4 i 3
6 YK REMS B 3542 = MET 4 2R & 1A & &, &
WY o AR B R R 1 O 1 4 R L 5 48 4%
MRV AT 3 el 3
3.3 BEAMENBRAAESRAMOANE
PORAN-=Tian g = 0b- A

B 25 1 I R MR O P AR R Y R T IR EE Y U
iff , 2 PLYAUE X AR A Y £ B | A B, AN S8
55t MET 2 76 £ W 4 YR BT 1B 85 11 it 0% ) e i, TR
S 7L AR 1 R AR A M I A S Bk g
TN, 42 7 5 0 ey 4 2 202 1) ) B AE H %R 6
I B0 T BB A% 5 4 1) 42 28 28 1 5 T Ak i 1 5
AL AR 57 .
3.4 HEAMEWNBRRAGESRAMOANE
Xof 4K R B i 14 O R T

It Tl AL U TR 5 T R =2 ) 2 SR e S 1Y
— 2, A T AW O LB AR
Z: 5 @ B W) oy G, Hob L GPT #1 GOT
N E I GOT 3 A7 A6 5 I IIE 5% i 22 3 1% 1Y)
G R AR . A S g, 3R 4 YR MET 44
BRGNS 7 0 AR T IE A B 4R R AR A R
A RE 235 W T I S LB A A A E A
fig B 78 S SRR AR AT B vh = A TR 22 I S
S SIS ) AT AR . A R AR W, DR g
T2 W ST ] b 11 22 55 BB 65 -5 3500 40 2 ik TR 4 4o i
AR A2 A IR 1 5 0 R L 1 4%
£ AW R 10 3 e B SR ) A R
14 T R T AR A R R R A A S Ak
% 3] 3K i T8 T A 7 A 00 B TR R TR, AT S SR
R ZES . A — RO A S R Y
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GESENCE-E - Xw R RUE R A
Batterham" ™' $5 i, 3 % 119 F 50 U B0 FOR R
TR TR B S AS WIS o AR v A R R
SN, T i 32 WL R R A St 1 2% wh i 7 19
SEA T 5 00 55 Gl 2 5 R IR R A IR 4 R AR
BTG PE. AT, R AR 4R R 4 K, MET 4
GOT FI GPT {15 1 i 3 I T 1E % MR 41, W[ fig
P R b SR A R TR O B A R (AR N
PRE R BR MR Z W RS L. D, i
Fit AR 0 R R A T A58 R A S0 25 43 T R K e 75 e
26 1 2 2 R B A i A 57 5 1) B B o B B L
2 Y52 X R R 2 P AR o o R RO R A
JR (A R FE TR PR 2 ) AT RE A — Al L3RS
B RAERK B AK EAE .
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Effects of feeding frequency on growth performance of
Litopenaeus vannamei fed diet with crystalline methionine

CHI Shuyan, TAN Beiping*, YANG Qihui, DONG Xiaohui, LIU Hongyu
(Laboratory of Aquatic Economic Animal Nutrition and Feed ,College of Fisheries ,

Guangdong Ocean University , Zhanjiang 524088 , China)

Abstract; This study focused on evaluating the effects of feeding frequency on growth performance of
Litopenaeus vannamei fed diet with crystalline methionine. The growth experiment was conducted to test three
dietary treatments including fish meal (32% ) as positive control, fish meal (16% ) with methionine deficiency as
negative control,and fish meal (16% ) with crystalline L-methionine ( MET ) as the test diet. Feeding frequency
trial was conducted in order to explore the difference in absorption of crystalline methionine and amino acid
from intact protein ( positive control and negative control). Shrimp were fed MET dietary in feeding frequency
2(7:00 and 21:00) ,4(7:00,12.:00,18.00 and 21:00) ,and 6 times-day(7:00,9:30,12.00,15.:00,18.:00 and
21:00) ,the positive control and negative control were fed 4 times per day only. Each treatment was randomly
assigned to triplicate groups of 30 shrimps(initial weight 1.27 +0.01 g) per aquarium. Shrimp were maintained
in aquaria for 5 weeks at water temperature that ranged from 29 to 30 C. The results showed that shrimp fed
MET diet 6 times per day had no difference in weight gain with positive control (P >0.05). Crude protein
contents of shrimp body of shrimp fed MET 6 times per day were significantly higher than that 4 times per day
(P <0.05). Total protease activities of shrimp increased with feeding frequency increased, which fed MET 4
times per day and 6 times per day had no difference with positive control( P >0.05). These results indicate
that the shrimp fed low fishmeal diet supplemented with methionine had better weight gain, body protein
deposition and total protease activities with feeding frequency from 4 to 6 times per day. Increased feeding
frequency could improve utilization of free amino acid.
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