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WFE P4 E(0.011 £0.001) g, 48T 30 AKX
W, 8 Kl40 B,

1.2 RREN

REMNESELURES AR E, FRNY
B, Bl £ AR B BEER EHLEE B KR,
VASE B B4 4k B ( Carboxylmethyl cellulose, CMC)
AT, ABHE A, R R B AF (R
580 51510 28% .33% .38% 43% I 48% i 5 R
WH, SMISRAR BRI RS S B
ME. EHZRVHEAREN, 2260 CHES
4.5 h BT ARk RIET 11% , 3R
Z21 mm 2 mm FER, EHSE. RRENEY
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HRF20024E5 ABHES6H26 HEN AKX
LR HTET, 3549 . RBMIE, AR
27.0~31.5C,D04.5~5.6 mg/L,pH 7.8 ~ 8.3,
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HEEBEAT Y 28% .33% \38% .43% .48% 19 5
Filue i, R PR BE 4 2 0 28 @)K ik ehiA TR
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284,334 .38A 43A F148A FR; 4 28 N B RF
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AEH . IR K f ML S B g K SR
BRARENTIE. BRI AR ARER AR
FRL,AEABRARAE . BREAEBRY. X
8:00.2:00.17 :00 FI122 : 00 FeAT40R , B i7 MIBIE
BREATE, M. X8 HICRHES, 3
K 174,

®1 RBREEEN
Table 1 Ingredients of experimental diets %

FHECFEAKTE  Protein level in diets

4 Ingredients

2% 3% 8B 3% 48%
TFREE Cosein 7.5 7.5 321 3.0 4.8
B Celatin 50 60 7.0 80 9.0
AFHE Sheimp meal 5.0 50 50 50 5.0
19 Dextrin £5.7 39 21 262 20.4
S8l Cod liver oil 40 40 40 40 4.0
RE[E1% Cholesterol L0 Lo 1.0 L0 1.0
W14 Phospholipids £8 18 1.8 18 LB
B Rt HE K CMC 3.0 3.0 3.0 1,0 3.0
TR SH"
Hineﬁ m::fe 10,0 100 10.0 10.0 10.0
RERER"" 40 40 40 40 40

Vitarnin mizwre * °

B« TAHEAY (57100 g) SRERER, 3.0: JLH, 0-7; WL
#, 0,015, GRRAEE,0.14; BERREE, 0.03; WALHH.0.05; Bk,
0.005; WATFSE, 0.15; SR 51, 45.0; KIL5E, 28.0,

» o BARER g AR A, 2500 IU/g; @R D3, 1200 10/
g BEK K3, 60 /g; B R E,50 [U/g; B BL, 10 mp/i;
#:4% B2, 10 mp/g; B4R BG, 20 mg/g; AR BIZ, 0. 15 mg/
g; MHEE, 40 mp/g MR, S mery; RS, 20 wey; HLAE, 150
mg'z; HHXK, 0.2 mg/g: HAEK C, 150 me/g.

Note: * Mineral mixture (g/100 g) :MgS0, - TH; 0, 3.0; KC1,0.7;
K1,0.015; ZnSO, « TH,0,0. 14; MnSO, - 4H,0, 0.03, CuCl;,
0.05; CaCl, + 6H,0,0.005; FeS0, - 7H,0,0.15; KH,PO, ,45.0;
CaCly ,28.0.

» = Vitamin mixiyre; Vitamin A, 2 500 JU/g; Vitamin D3, 1 200
IU/g; Vitamin K3, 60 [U/g; Vitamin E, 50 [U/g; Thiamin, 10 mg/
g: Ribollavin, 10 wg/g; Pyridoxine, 20 mg/g; Vitamin B12,0. 13
mg/g; Nicotinic acids,40 mg/g; Folic acids,5 mg/g; Ca-Pantothen-
ate,20 mg/g; Inesitol,150 mg/g; Biotin,0. 2 mg/g; Ascorbic acids,
150 mg/g.

1.4 BEREAESKELE

1.4.1 BERRR.EEHIE HURERRNE
HEOF, Foleh Bl EHIRE, BNARIFRRES,
THEREHBRIL2 ~3 g WA (H7EBEM
B Ay ~ PR OER 201 ) B R R R
B, REB ARSI, T 60 CARBER 2 h, #K

BB FFIE .

1.4.2 KA KASTEROAE KUETHMERE
FRTE(105 £2) CHEHETHTERE, HEANER
Rk g, KRR 500 CRICKEIAN
o

2 BREGEAERD
Table 2 Nutrient composition of experimental diets %

18415 Diet o,

-
Nutrient composition 284 334 3BA  43n 484
288 338 3B  43B  48B
R Leu 2.3 2.86 332 38 4.1
HANRS Val 1.69 2.05 237 273 3,07
AR Thr 1.16  1.40 1.63 1.8 2.09
HPREM FPhe .39  1.68 1.95 223 2.52
W RE Lys 2.20 2,66 3.09 3,54 3.9
BER Met 079 095 109 125 1.40
REEEE Te 1.28 1.55 1.8l 2,19 235
WEE A 1.3  1.67 193 220 2.47
STEM His 0.78 0.9 109 1.26 1.42
fﬁf‘pﬁ i 26,7 33.0 381 426 48.1
’gﬁiﬁpﬂ 711 711 o8 711 T2
7K 43 Moisture 10.1 9.8 9.8 5.9 1.1
R4t Ash 123 123 12,3 1.4 123
el Energy

.8 1593.5 . . .
(k}/100g) 1558.8 1593 1602.4 1598.6 1616.9

Ee/ ek PE
g protein/kl) L7 207 238 2.6 297

1:(D28A.33A 384 434 MI48A LK 2 MEHEREARAE
41513 28% .33% . 38% .43% #148% ., (D28B.33B.38B.43B Hi
488 fb I 28 B84 B0RHE 15 K 2 B 28% (33% \38%
43% Hl 48%

Note: (I) Nos. 284, 33A, 38A, 434 and 48A refer 1o the diets used
at salinity 2, whose protein levels were 28% , 33%, 38% , 43% and
48% , respectively.

{2 Nos. 288, 33B, 38B, 438 end 48B refer 1o the diets used at alaini-
ty 28, whose protein levels were 28% , 33% , 38%, 43% and 48% ,

respectively.

1,4.3 #HEROAE BEEREBRWERME
42 6 mol/L £L MK M5, F H 37 835 - 50 E R
B AT EAERNERFRERE
2 h, FRECO. 4 ~0.5 g BXPUFLPIRE &, A 4% 10
BEEE KR, FE /RS R BRI R, RS 7E 10 000
/mind CFE.L 30 min, B EHEE, BHI12¥
4% R K B Bt T3 AU H SR
TS TF R B RSL 10 min, L EFFWEASK 1 K
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Mm%

EHHSR, B 4% WHREXKGREE 100 oL, B
0.5 mL {EH H 37 835 - 50 B AR & sha- o i
Mo

1.44 MBAMAFENE BHEERE2hE
A 12 B BOLATBR, GHRE, TERK T
#2120 ~28 h, B URES .+ (12 000 r/min )20 min 18 k3§
¥, BTRERRIR M, B2 Na - X PR - AR
BHRREL (TAME) fETE#. BAMA 0.2 mL Tris - 3288
e o, KRl R inA 0,20 oL JHAER
¥ , Al Beckmam 4366 T TF 247 no M5ERHAE
(A),BF8 30 s FENC1 3R, 363 2 min, HRASIE] - R
JEAERG X2 4R A W B R 43, 3 R G 0 g
Kt HEE OIS, BEROMNEER LA
1 mg HH 1 min NP4 BRI K /LB (F
B) k7 ([ Ao/ (mg - min) ],

1.4.5 WiEa® SREREERES . TES
B, B3 B ¥ B (Duncan 3% ) ZHHLEIER
STATISTICA $#H4b 28,

2 ERSHW
2.1 FEARARAFHANBEREMITFEKNE

N

% IR ARAD AR B S R 3 3, FEEh B O 2
A RPESH S, BAHRANNERER, I
9844.27% , B T E BAHXBEERN (P>
0.05) BERHB THMEL (P <0.05) ;L 28 By
BEALS4 D, M HEEL 3B AR
(9937.15%) , A S B FHAEFLH(P <0.05). A
RN ,28A 4R HE R (87, 50% ) ,38A
f&(70.83% ) , R E R BF(P <0.05), 5HAh
HHEH LR EER(P>0.05), B R4+ ,43B
0 3L B ) (86. 67% ) ,38B HBAK(77.50% ),
BEAARXLEHFER(P>0.05),

AB BRI &4, EH R B (R) HHEEAEARER
RERGHMNMRE, ANEESEREORYR
(op) BREABMBAR Ry =1.952 9 -0.016 Sp,(r
= -0.850 30,P <0.05), #E 2 By A BZFid,
48A AN R B (1.21), B B AR T HAEN
H(P<0.05) 28A BF(1.49) , 5 BAAXEEE
BINP>0.05) , BB THMA(P <0.05) ;7
28 BB 4, R 48 HIEN REBIE
(1.09),28B AR ZW B (1.52),

B3 DRANER
Table 3 Result of the feeding experiment
“e PN/ g 2L O HxEE % AHEX REE % p: {51 ¢ &
Diet no. Initial BW Final BW Weight gnin Rye Survival rate Reg
28A 0.01it 1. 105 9 B44,27 £ 372,35 1.49 £0.04° 87.50 12, 50° 2.42 £0.06"
BA 0.0101 0.908 8 883,48 1537, 12* 1.46 0,05 96.67 =2, 88 2,08 £0.07*
a8A 0.0105 0,857 7 656,63 229, 55° 1.34 20.06" 70.83 =7, 64° 1,96 £0, 10
434 0.0110 0.856 8 064.95 +296. 92° 1,33 20.02" 78.33 £3.82% 1.76 £0.03¢
484 0.0109 0.923 8 396,12 +611.88% 1.21 £0.05* 79.17 £7. 64" 1.72 £0.07°
28B 0. 0101 0.864 8 463.78 £ 112.61% 1.52 20.09° 85.00 +5.00% 2.46 +0.15*
1B 0. 0109 1.083 9937.15 £871. 16 1.35 +0.01* 80,83 £ 1. 4% 2,26 £0,24%
388 0.0102 0.914 B 832,82 + 145,26 1.32 £0.08" 77.50 +5.20% 1.99 £0, 12¢
438 0.0116 0.988 8 426,41 £250,25% 1.21 £0.05% 86.67 £3.82% 1.94 £0.08%
488 0.0112 0,974 8 634,20 1 196, 25 1.09 +0.07* 8417 +6.54% 1.92 £0.13%

¥ :(D28A 334384 434 M1 484 1R 2 BT A AR B A AT 49 % 28% \33% ,38% \43% M 48% , (D28B.33B 388,438 #1488 94
HE28 R ARBEARK TN 8% 33% 38% £1% A 48% , QE—AFRAR LEFHNHTEHEANEMERBE(P <0.05),
Netes: (D) Nos. 28A, 334, 38A, 43A and 48 A refer to the diets used at salinity 2, whosa protein lavels were 28% , 33% , 38% , 43% and 48% , =

apectively.

(@)Noe. 288, 33B, 38B, 43B and 48B refer to the diets used at slainity 28, whose protein levels were 28% , 33% , 38% , 43% and 48% | respactive-

Iy.

(3) ‘The different superscripts in the same column mean significant difference (P <0.05}.

SR FAE (R ) AN B R A R (0p)
HEMENRAB S, MANEO RRRSANE

ARAREWHBHAEEXER:
Ry =3.25-0,031 5g,(r=-0,820,P <
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0.05) A RMAD R, LL28A HBH(2.42), 8%
HTHAMARL (P <0.05), B R4 P 28B IR
(2.46) B8 33B 4h, RER THML(P <0.05),
2.2 NAERaXesBnNEd
FAMENARERER(FAA)SETHAE
HAATEER(EAA) JEOMEER(NEAA)
ERRE4, HE2HARANED, RR LR, 284
B FAA X MER, i ERB, S 4 E LR &
25 (P<0.05), 5 BF 28 (9 B E 54,338 i FAA
ERBH, DEHTHMH(P <0.05) A BHEE
FAA RSB, 5 28BAEBEER(P>0.05).8

EHT B RIHAMA(P<0.05), ARVEASB R
UL ELgE, BT & FAA HXTEAG,

ELREEM(NEAL) F B, A BHE T, 284
HERER, 5480 AXBEZRH(P>0.05),8
BB THARHA(P<0.05);B RAEPLUIIB &
BEH, ERTHMBA(P <0.05), HMAER
(EAA) &3k, A RAVA P, 484 B, HIRE 434,
BART, SHEHEE WABELER (P <
0.05) ;B RFUAPLL 388 I BREF, BE BT HMA
#H(P<0.05),

4 DRRRESHNTEILAANEERSE(s=3)

Tabhle 4 Free amino acids profile in muscle of experimental P. venramei{n =3) %
# & Diet no.
AW Amino acids
2BA 334 384 434 48A 288 33B 388 43B 48B
XEW Leu 0.066°  0.055° 0.068° 0.059° 0.049¢ 0.046° 0.074* 0.060° 0.044% 0.051°
AWM Val 0.073¢  0.060° 0.068° 0.070Y 0.063° 0.040%  0.096* 0.096* 0,053 0.078
M8 Thr 0.215°  0.201° 0.149¢ 0.185° 0.181° 0.157¢ 0.270° 0348 0.174*  0.239¢
T Phe 0.045° 0.0379  0.040° 0.042° 0.043° 0.037¢ 0.050° 0.043° 0.037° 0.035¢
AN Lys 0.107*  0.086> 0.059¢ 0.063° 0.063° 0.056* 0.102*  0.082% 0.078%  0.064°
FHW Met 0,047  0.034°  0.043° 0.045° 0.037° 0.034° 0.050* 0.048" 0.0M° 0.038°
REXM Lo 0.039° 0,031 0.037° 0.038® 0.032% 0.028¢ 0.047* 0.038" 0.0280 0.0329
MW Arg 0.472°  0.502° 0.570 0.586° 0.723* 0.580¢ 0.471° 0.821" 0.719° 0.660°
#H50® His 0.060"  0.037° 0.040% 0.049™ 0.040% 0.046% 0.068° 0.062" 0.0 0.046°
SEER EAL 1.125%  [.043°  1,075°  1.138%  1,230® 1,033 1.228% 1,588 1.211% 1, 242%
HHB Cly 0.349° 0,357 0.401¢  0.266" 0.450¢ 0.732% 0.554° 0.416° 0.882* 0. 43¢
PR Als 0.361%  0.346°  0.375% 02117 0.232°  0.305% 0.422* 0.238% 0.362> 0.302¢
£ Gln 0.218° 01617 0.143% 01667 0.143¢ 0,128 0339 o4’ 01524 01700
RIT& AW Asp 0.039" 0.035° 0.046° 070 0018 0,020 0.044* 05 0.028¢  0.029¢
HE® Pro 0.830% Q.73 0.653"  0.784°  0.857% 0.635% 1.252*  1.193% 0.757%  0.95%"
H AW Ser 0.068% 0,055 0.055° 0.068® 0.059% 0.0487 0.073* 0.052' 0.062° 0.053%
BCEAR Cya 0.012° 0.010° 0,007 0.006° 0.007° 0.013* 0.019* 0.010* o0.011* 0.014"
EEER Trr 0.047 0.043° 0.035° 0.050° 0.025° 0.053° 0.054° 0.060° .046¢ 0.044%
B4 Om 0.008° 0.008° O0.011% 0.042° 0.015* 0.014* 0.012° 0.096* 0.021* Q.09
FE L M MRS NEAA 1.93zd  p752c 1L726% 1.5807  1.806°% 1.948% 2,769  2.179° 2321 21027
X% Toal amino acids 3.057°  2.795¢ 2,801° 2.MM8*  3.036°  2.981° 3.997 I.717% 3,532 33440

1-D28A.33A,3BA 434 FO4BA 30/F 2 WS AR IS RAT 250 28% 33%
B 28 B A 1R B K 5 B0 28% 33% .38% .43% M1 48% . DE—FIFEARF LRGSO THENEZ RNEREF (P <0.05),
Note; {[) Nos. 28A, 33A, 384, 43A and 48 A refer to the diets unad gt salinity 2, whose protein levels were 28% , 33% , 38% , 43% and 48% , re-

spactively.

ly.

(@ The different superscripts at the same mw mean significant difference (P <0.05).

J38% 43% F1 48% ., B28B.33B.38B.43B 0 48B fi#h

(@ Noa. 288, 338, 3388, 43B and 48 refer to the diets used at slainity 28, whose protein levels were 28% , 33% , 38% , 43% and 48% , respective-

RRACKIATEEEEERS B0 —F
B3E b, HAB AL F A Bl 0 2 F1 T A R W) S I
e ILFERALTEERIEER (Arg) .8
R (Lys) AIEER( M) BT 247, L 2 B9 A %

P, 28A H Arg S REME(0.472% ), BEHKT
H b (P <0.05) T Lys F1 Met FEE, 234
0.107% #10.047% , B E BT HIBH (P <0.05) ;1
28 BB R P,33B 4 Ag FERBRKE
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Frg

(0.471% ) BERTFTRME(P <0.05), T Lys §
Met & BHL B 5, 43 518 0. 102% F01 0.050% , B
BFHAML(P <0.05),

RREHANEEERSTRTELEERAR 2 —
BOHED A FRHRLTEERTERER(C.V)
BRAHEBER0.2D),BIHEEFRER
(0.07) U MEEMTERREBAMEXIL
HE(0.42) B/ YR L BE(0.11); T B £74l
HUMEER T TR RBR AR FER0.43),
BNRERERO0.16) , L BHEERPTRE
BWERAWBSER0.38), BIHREAR
(0.12),
2.3 HNGBGE AR EL

ZHEN R B E RS ELE L E2 A
R H, RECEIEEL 484 HEB R ,33A BT,
BR 28A 415h, H4IRE OMEH RN ER RS
BT SR 5 28 1 B R4 RE OB
BHUBBHRR.BERTHMBY(P <0.05);
48B 41 S, % 288 441, RAARE i MG HERE R
BE R F& R G

050

o
3

E

Az (g.min-1)
H

£
=

=
2

(D28A3IA 38A 434 I 4BA £ 2 M EAFBEORA T

J28% \33% 38% 43% F148% . (Z28B.33B.38B.438 F48B jRE:

B 28 af B PR E B FOKF-4 8008 2% 33% 38% 43% HI48%

Note; (D) Nos. Z8A, 334, 38A, 43A and 484 refer 1o the diets used at

salinity 2, whoes protein levels were 28% , 33%, 38%, 43% and

48% , respectively.

(@ Nos.28B, 338, 38B, 43B and 488 refer to the diets used at stainity

28, whose protein levele were 286 , 33% , 38% , 43% and 48% , re-

spentively.

H1 2#HFEERSESRAREARENTNEGRNE
-]

Fig.1 Effects of dietary protein level on irypsin activities

of P. vannamei

3 itie
49 RMRRERER, HH N 2 0F, 284 414

X E AR (9 844.27% ) ;3L E 7 28 i ,33 B 4
BE(9937.15% ), REEEEE, AAESEY
BN RERAE R AR, MEAN R
AN EARSRAOMNEREYEE. XY
Colvin %1V HE FYENHERTUR ( P. indicus ) B SRR R
BORER—B, EREF R 28A #1338
HEARREADEE BT 5. IR EaR SR
EEE S UARRERXBELER(P <0.05),
HERERAEZR ARNROREMRNERESE
HOHE I B A B9 84 35, Colvin ™A1 Alava %1% 43
FIEEEEXTIR(P. indicus ) 1B X HAF ( P. monodon)
FAREARERERHT P OBHMLUNGER. BE
B TR A ROTE, AT AER, 1
HMRARATEERRY . ANBORS R,
fEAERARTMEREHOEOES, Jik, FREA
BARREE, EQRFHRR WS, BE YL,
A FBREH 284 IEEHBRMA Y E®(2.42);B &
Fith 288 Rl (2.46) , KR 33B(2.26) . &4
MER BARNERRFEREERE, F 2w,
26.7% WREO RS EBIEH; 5 28 5,33.0%
ENEAMSBREE. 2 HANNEAGREL Y
¥4 1.71 F0 2,07 mg protein/k] .

ARIF BRI B LT REF AR, iHE
B— R, FR A SN EAREER
BA—-FER, X TERENFREHRANKR
PR VERR R RR U R RAR T ESE AR
MERM. AiLeas 5 5 BB XHEF (P. indicus ) By
43% ") BEAS ST HF ( P. monodon ) B 40% %, B A%t
AR P. japonicus) B 54% U R E XHHF (2. chinensis }
i) 44 %" BERESRE A CEEAL, 5 Cobvin
4503 B 5y By 3 9 SHUR ( P. Vannamei ) AR89 30% 5
RRTEERS RWEIL, I Smith P R R IF
R REREA NG IFRER 36% U L BRERE
ERERMK, X SARRGFBIER Tk
R FEREA T RERNYR N TERAR,
TREOXIT, BEA IRHE O RENH RS
A 99. 1% M1 97. 3% , & B A4 9] B# 80.
THH74.6% 1, BARKREHER 4K, T
Smith A HALNE2 K. i FAFIRERR,
HREARBSERERERERMNE I RE",
Roberison &' e R 4L K M hBFE T A SR
BESEFRENFERAXIFE REWHERE, RAE
HE 46 Bk P HNEC TSR 45% B %
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EIXTURA K b 35% 71 25% B p s 4, ARk BE 12
Rk ,45% B 9 T B R A KRR I 35% 0
5% EEEAR, RXBRER, T 2 6 26.7% &
BHEARSERLE B HNECRBRERR
(33.0% ) {, 5 Robertson 4" BFoY 45 BATHE — 5
Y. EFEEERKEPEEERANE D A TRIE
BIRE, o] RE SUT AL (8] 0 R K 1 o Ay 4 AR i
A {LE %, Dalla™ FIRAEF 4 " B R, B
AR BE KB PR, AR D E.
A 28A MBI HMA R, BEREA RS
B, XRERRE - CHENNRKEOREE
FREEA R KGN IFE L TR. BARHT
H— B,

FRBER BN, FRAEO RS ERHRE, 1P
HBE AT R, X R R R
HWESRARESRYEEMEEA X, IWE
S PP, N B A R R A B 8 R
EARHEE — T . BEAMEETL,
e B AR o s EERR A AL R IR .
FARFFEEEE & E R R UL A iR S AR
(FAA) BERESERW (P <0.05) , AFEEE
BRARSHEECHSRZAFRENBHHEX
#, hTESRIRVREON BEBHSEYS
EREEW BREOBSRESHHKRBEEEE
B (Arg F Lys) MO R0 . B, R RS
Hat, 2 HER BB SEREURPRE
RASERSHR BE2 A R F 2844
Ag BEBME, BERTHMBH(P <0.05), 1 Lys
A Met A B SRE 28 M) B R4 H,33B 4 Arg
S REAL, T Lys §0 Met T BOEG, XH Lys B
i Arg BENBL R ATBER Lys 5 Arg M EFEH T H.
Arg FEXERK FAA vh BRI A (41 16% ) 1T
KFHENSHEA R (E9% ), 7 LR, M
EEAEBRABERT A AEFRZ . A&
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Protein requirements in compounded diets for
Penaeus vannamei juveniles

HUANG Kai' , WANG Wu?,LU Jie'
(1. College of Animal Science and Technology, Guangxi University , Nanning 530005 China;
2. Fisheries College, Shanghai Fisheries University, Shanghai 200090 China}

Abstract: The average body weight of the juvenile Penaeus vannamei was (0.011 £0.001) g. The main protein
source of the experimental diets was supplied by casein and gelatin and the diets protein levels were designed at
28% , 33% , 38% , 43% and 48% , and two experiment salinity levels were 2 and 28, The experiment period was
49 d, during which the water temperature was 27.0 -31.5 C, DO 4.5 -5.6 mg/L and pH 7.8 -8.3. The final
results show that the feed conversion ratios and protein efficiency ratios both decrease with the increasing levels of
dietary protein. The effects of dietary protein level on trypsin activities and essential amino acids compositions in
shrimp muscle were significant( P <0.05). The optimum level of dietary protein for P. vennamei juveniles is about
26.7% at salinity 2 with the weight gain of 9 844.27% , and at salinity 28 the optimum level of dielary protein is
33% at salinity 28 with the weight gain of 9 937.15%. The conclusion is that within certain range of dietary pro-
tein level, the diets with low protein level and high energy may get much high protein efficiency rate and good cul-
ture effects compared with high protein level diets.

Key words; Penaeus vannamei; juvenile; dietary; protein requirement
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