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FH BT AER KA G S B E 4 5 R A EL
KERL REMERS 3’ 5- WA KR,
B BRRTE R 23.617 KJ/g, JBN 39.501 kI /g, Bk
KALE Y 17.138 K/ g #ATHHE, BAKEDR R4
R 1, A ERRH EEBRE R R 2,
1.2 Rz S AFER

I R4 EF I B R S B TS 3CHIF | 3, i
BRI ERFR 7 4, 8EH 16, ABHERA D
BRI BRAKTETT R, AT B, 2L A T TS
R 2/d, YIFMIERRE Y A KRS, 24 b
[o PILEAR BRI EF B A EH R 40. 02%
FLAERS 8. 5% /K43 10. 2% FIIK 53 12% BRI AR]
B, FaREZE BRREE 3 122 FREE, B H
B R, G E RS, e — A iR 3 4
AT, BT (60 cm x50 cm x50 cm) BAF 40 H
[ (0.014 4 £0.004 7) g, K (1. 424 =
0.265) cm], 3t 12 MALZHA, H R 2 K, 5351
7E 8:00 120:00 #47, RAVEERIRE, REER
X BR R IR O T SRR . oA 40 d,
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Tab.1 Composition of the experimental diets

, i FRH(g/100 g)diets
1B 4 ingredients T 5 3 2 5 p

f¥ fish meal 0.00 13.00 25.00 36.00 48.00 60.00

K E W45 EH soybean protein concentrated 56.00 44.00 33.00 22. 00 11.00 0.00
JNEVERS wheat starch 32.50 31.50 30.50 30.50 29.50 28.50
£ fish oil 2.00 2.00 2.00 2.00 2.00 2.00
K31l soybean oil 2.00 2.00 2.00 2.00 2.00 2.00
BUREAE lecithin 1.00 1.00 1.00 1.00 1.00 1.00
JHEEE cholesterol 0.50 0.50 0.50 0.50 0.50 0.50
8444 E vitamin premix () 2.00 2.00 2.00 2.00 2.00 2.00
45 Y5 mineral premix @ 2.00 2.00 2.00 2.00 2.00 2.00
%547 binder'® 2.00 2.00 2.00 2.00 2.00 2.00
ML crude protein 36.40 36.73 37.08 36.80 37.15 37.50
BB gross energy kcal/100 g diet 17.07 17.08 17.07 17.00 17.10 16. 69
ZhAE Y& H kL animal/plant protein ratio 0/38 7/30 14/23 21/16 29/8 36/0

B (D)ESEER (o/ke TR 44K B,0.5, 484K Bel. 0, R K 3.0, 3ZFRY5 5. 0, JEHRER 5.0, 2K 0. 05, R 0. 18, 4 A=
£ By, 0.002, 5 fLiEFH 100.0, JLEE 5.0, AR K 2.0, 454K A5.0, 454K D, 0.002, 4K E8.0, a-4F 45K 865.266, (2)ESH Y
i (g/100 g WiEH) ,CoCl, 0.001,CuSO, - 5H,0 0. 062 5,FeSO, 1. 0,MgSO, - 7H,0 7.099 5,MnSO, - H,0 0.162 5,KI 0. 016 7,
Na, SeO; 0.002 5,ZnSO, - 7TH,0 3.298,3{% 83.357 3, (3)5-EFNItE M HI - LK F=RRRE &5

Notes; (1) Vitamin premix (g/kg premix) thiamin HCL 0.5, pyridoxine HCL 1.0, riboflavin 3. 0, DL Ca-pantothenate 5.0, nicotinic
acid 5.0, biotin 0. 05, folic acid 0. 18, vitamin B, 0.002, choline chloride 100. 0, inositol 5.0, menadione 2.0 vitamin A acetate (20 000
IU/g 5.0), vitamin D3 (400 000 IU/g) 0.002, DL-alpha-tocopheryl acetate (250 IU/g) 8.0, alpha-cellulose 865.266. (2) Mineral premix
(g/100 g premix) , cobalt chloride 0. 001, cupric sulfate pentahydrate 0.062 5, ferrous sulfate 1.0, magnesium sulfate heptahydrate 7.099 5,
manganous sulfate monohydrate 0.162 5, potassium iodide 0. 016 7, sodium selenite 0. 002 5, zinc sulfate heptahydrate 3. 298, filler 83. 357 3.
(3) Binder; Jingbao HJ-1.
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Tab.2 Analyzed amino acid composition of the experimental diets % dry weight
SBER fHL diets
amino acids 1 2 3 4 5 6

LW ERE# FAA

AR BR arginine 2.57 2.57 2.21 2.31 2.26 2.25
FAE B phenylalanine 1.83 1.8 1.73 1.73 1.76 1.68
£H 4 PR histidine 0.69 0.73 0.73 0.74 0.77 0.83
AR lysine 1.91 2.07 2.12 2.23 2.33 2.50
HEFR valine 2.07 2.08 2.06 2.07 1.92 1.93
FEH FR methionine 0.97 1.22 1.00 1.3 1.47 1.46
FRER B isoleucine 1.89 1.84 2.22 1.87 1.73 1.85
&R leucine 2.94 3.00 2.91 3.04 2.99 3.00
FEER threonine 1.11 1.18 1.1 1.19 1.29 1.33
e B S EE NEAA

R TEBR aspartic acid 3.94 3.90 3.61 3.54 3.34 3.26
228 PR serine 1.43 1.49 1.33 1.35 1.56 1.50
BE PR glutamic acid 6.4 6.29 5.98 5.67 5.20 5.09
HEER glycine 1.46 1.58 1.64 1.77 1.89 2.03
P& R alanine 1.72 1.8 2.03 2.14 2.21 2.44
BEEER cystine 1.11 0.88 0.96 0.74 1.00 1.12
EREBR tyrosine 1.34 1.16 0.88 1.14 1.18 1.14
& ER proline 1.49 2.06 1.72 1.69 1.57 1.66
BEEEE TAA 34.87 35.65 34.23 34.52 34. 47 35.07

ERPERESR 3 M ERKTFHE

Notes : Each value in this table is the mean of three replicates

RIS HA ) K AR B T B B R ALK IR,
KEEE SRR E , HTEY, 8
JAA & B R S A 55K pH U E 400 %8 7K 4
VB AREF pH 2 ~ 3 IR, AR AR SR 2
BAFREBE, KRN 27.4 ~29.3 C,BHEN
6.63 ~ 7. 34 mg/L, B A <0.01 mg/L, pH
(8.3x0.2),

1.3 WEFMERNE

BTG , ST RIS RS, T2 A
K BEMHREE, FERFREFSBERRF
& RET 70 CHkAE, & M. EMERITTREL
XA

M4 % (weight gain, WR,% ) = (RE - %]
) /P)E x100

Ji% #R (survival rate, SR, % ) = LB ARG
SRR LB FF IR B AR AN < 100

A48 %1 ( hepatosomatic index, HSI, %) =
JHFFERRE /R E x100

AE3% B ( condition factor, CF, %) = 100 x
hE/ K’

FFRRIR T R & B R 2 1 R PR E
G, BB ARBKB T AEIEHK, 10000 xg T
B0 15 min, B EE , #0850 £5 /5 , R AR E v

BEATIE , BA/NA- IR 2R B D s vE R A VEE
%™,

AR ERARNE  BURE0.5 g, HERZ
HBEEBRRAG TG, 6 mol/L #ER(F0.1%
H9ZE 8 ) 110 TR A% 22 h, 4R /5 A H 51 835-50 #
FER BTN EZERTE,

1.4 ZitaHr

B PFHE s 2R R, RBRERA
SPSS 14. 0 A BT B, 78 W & 22 4017
HEA I, R A Duncan (X2 F ARG KR AN
2%(P=0.05) ,

2 HR55H
2.1 FRAZEVEALAFHFHEET LA
R HIERRAIR I

F3MKAHHBART WRIELE 3 F122 &
T R R S )8R H EL DR FLANBE AR A
KOS BESES R AT RRTEEEA S
&, GitatrRW, WAERE T AR YE A
B EE W T LA X AR & T E S8R, PEE
T, A EIR S R R R S & H
BENRENRRES BEEMPIEYEALL
H29:8 I WEERAEBET R, H22 X T



43

T, % PR T LB X MR B E A L 653

APEMNIFHEREES T 3 21 F T LYAEX
HRo FLASBEXTHR B FEE B | BT S0 o B T
HEATEHEI LR EYE A TR
M, Y E A R 29:8 B, AR R B {H,
22 T AHEMNIFRERMERESERT
TR 3 LR, B 2 B ot FL 4% 8 ok A i i T

BHEASTERRARE, HE 3 AXFAE
BSERE R S Y R B L TR T, R ARRL Bl
HYEAE 14:23 JFETHES, ML 22 4
JUREESTAF A AR S SRR S R E R &
Tl B AR T (BEERE 22 T FLASEEXT AR AT
HRBERTHE 3 4,

®3 #HE3I TAELEAAMNEXNFHERKBRE AESEFSENMERTIEEASE
Tab.3 Growth, survival, morphological index and HP soluble protein content of
shrimps fed different diets at salinity of 3

Liip WER(%) RIS %) RWEE(% ) BEE(% ) AIEEEASER( mg/g)
diets weight gain HSI conditional factor survival rate HP soluble protein

1 810.95 +84. 42° 6.15 0. 62 0.39 £0.022 58.75 +2.172 102.4 +3. 812

2 1287. 71 £199. 842 5.59 £0. 312 0.42 £0.032" 57.50 +1. 442 134.14 +26.27%

3 2909. 54 +763.01° 8.32 £0.74° 0.44 £0.01%* 61.25+2.17%® 158.85 +21.15 ¢

4 3892.85 +285. 86" 8.12 +0. 46" 0.44 £0.01%* 67.50 +2.89° 183.26 +22. 30

5 5610. 88 +628.22° 6.30 £0.29* 0.47 £0.02° 71.25 +0.72¢ 219.95 +7.95¢

6 5743.69 +692.16° 6.20 +0. 38* 0.46 +0. 01> 66.25 +0, 725 190.39 +7.11%

ERPE—FIEEE AR b B ARAE BEER (P <0.05)

Notes; Values within the same row with different superscripts are significantly different (P <0.05)

x4 BE2 TRERLEARNENHERKBRE AESFSEAMERTIEEARE
Tab.4 Growth, survival, morphological index and HP soluble protein content of
shrimps fed different diets at salinity of 22

Liip WER(%) RIS %) RWEE(% ) BEE(% ) AIBEEEL AR (ng/g)
diets weight gain HSI conditional factor survival rate HP soluble protein

1 901.19 +187.95% 5.98 £0.55% 0.42 £0.012 82.5+1.442 93.02 +3. 722

2 1919. 84 +416. 182 6.75 £0.40* 0.46 0. 02" 81.25 +0.722 131. 44 +13.26°

3 5861. 6 +666. 3° 5.72 £0.51% 0.49 +0.01% 83.42 +2.17° 142.34 +£13.48 b°

4 9322. 36 +1193. 58° 6.55 0. 36* 0.49 0. 01" 98.75 +0. 72° 173.24 +15.26%

5 10070. 03 £943.17° 5.84 0. 30* 0.52 £0.01° 100. 00 +0. 00° 189.10 +15.29¢

6 10633. 44 +932. 97° 5.87 £0.21% 0.51 +0.02° 100. 00 +0. 00° 180.21 +7.29¢

ERPE—FIEEE AR EnF B ARA BEER (P <0.05)

Notes : Values within the same row with different superscripts are significantly different (P <0. 05)

2.2 HEMEARNENER YRR Z
E{EM

2% 5 R ER 7 208 3 3 DR &
B FARDSET PLAAEE X AR 250 RE 18 4R S MR B9
iRo WLIA M, BRI ST PLANEE 3 A AR A v
BHEASTEYWARER, REMERSEY
EARIX AR AR B . AR
S YR H LT LT XHAR Y 32 FRMe E ZAR B
TE FLANIEE AT AT B 3 B R | AT ORI B 22 , T X

oA i34 S 0 A AR B T A 2 R B R A
B3, % 22 TRAMSIAYES LI EER,H
HRBR, FRABAT, UHE 22 HpRRes)
YreE L RDRE R X AR 3 R B K, 10 633.44% o
T T 22 LLER B 22 4 P RR 2 s YE A E
BHAISIEYIE B0y 29: 8 K FEBHA N IR R =, Oy
100.00% o H RIS B SRR 3 T R
TSI YIS H HOy 142 23 BRDBHE PLARIEE XHAR
H,48.32%,

x5 WERAESHER
Tab.5 Two-way ANOVA values for each parameter

4R index
B factors WEHR(%) (%) FEWEEE (% ) REHE(%) AEEED (mg/g)
weight gain HSI conditional factor survival rate HP soluble protein
L salinity 0.000 0.013 0. 000 0.000 0.121
1% diet 0.000 0.004 0. 000 0.002 0. 000
L8 x 1A%} salinity x diet 0.003 0.003 0.955 0.002 0.939
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EAL

&l 1 3k Ffi Broken-Line #5253 51| &1 % A 7]
R BE FLANE ST G B 2R A BT L BT 2R AT i g
VSRR B RS 83 LN EAAF B b FDR S Y
BARM TSGR, LA, 85 3 4 ALHNE

SR B 1 B S Y R H B 29.12:7.79 ~
30.29:6. 71, TiEh B 4H 3 PLANEE S 4R B i B B A
Y17 H HFERE N 26.05:10.95 ~29.03:7.97, 3
3 4 NLANEEXHAM BB B DR S MR 1 b g
J¥ 22 2H FLEATE SRR TR 55 o

100 -
3
90
=g
= i .
4o 5 80 y=0.714 35+91. 964
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—
é > 240 y=-4. 222 9x+342. 41
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35 220
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8© 180 R=0.9971
55 160l iy=1. 27%+225. 93
[= b}
2% 140
J& . -
8 120 x=27. 96 Cx=29.21
2 100 ¢ (27.96,/9. 04). © (29.21/7.79)
80 wii.

0 5 10 15 20 2% 30 %
G SR 1 R /%

dietary animal protein content

Bl AMAENTREMEAMIENEALL(RE3: 0,8F22:0)

The results of Broken-line model analysis for the optimal dietary animal to plant

protein for the juveniles L. vannamei at the salinity of 3( @) and 22 ( O) respectively

12 000
10 000+ N
= y=80. 487x+7 735.9
=7 8000 y=355. 89x+561. 35 Re=1
w0 R=0.945 1 ¥=18. 973x+5 060. 7
# . 6000
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g1-= 4000f
B
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2000 ] )226. 05/10. 95) ;(30.29/6.71)
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j=Ts]
- £
Y 0.54 ¥=0. 001 4x ™~
g8 0.521 120,003 2x+0.430 7 Re=1 1
B 0.50F R=0.9219 . 4
=& (48t é Oy=0.001 4x+0. 5114 T
W 0.46] H
EE o0.mr P
=2 (. 42F x=28.41 5%
2 0.40f (28.41/8.59) x=29. 46 iy
S 0. 38 "y=0:002 5x+0.396 5 [(29.46/7.54) &
. R=0.9332 i B
0. 36 0 5 10 15 20 25 30 35
ki SmEAEE /%
dietary animal protein content
Fig. 1.
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ARRRR, FE A E R LT B &Y
mal LRI XA AE K AL TE R, sl T E B S &
e HEAR—EKE, ZEENFBE, T
SERB T JAERTAN BRI B — KR
MYHEOSE AR ER, FFARRGREN
A K PERR, BT A T RREBUR B AR TR AR o
—E WWHISE Y E AR B A, W LA R
HRAMEBT AL, EF RS HLHIEEA
KPS B =B, MK =R B &K

REKEET T . SHYBRARERTREASE
HERAFS, Wik 7E AR B H ) - dfr e
RKRER. #T R EERNTHVEATE
BT, R AR VAR EER AR,
HARAMAIRKTEYNERFABHBEE.
LA, BT LA 4 i X S R A R T PRI XHIF IE #
MAT ERIEPITREEERENER. BR
EIRIA S LN %o AR 3o X Se A AL IR Y BB 7 oK
PR 3 SE @ BB PLANEE ST AR A B WA B BIE T i
43z 0 S PEHTHHIF ( Penaeus monodon ) &
H ABAF (Marsupenaeus japonicaus) BB 50l Bk
HA, REIR R R RN 7 RUBR S S X AR E 3 A KA
A RA FAREMER™ T 7R
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3.2 HEMAMDENER R LAREMTITE
KX EER

R RN K A S Y A RS R BN A
TZ—, AREPVEFHRAE R RS MERE
RN AP R B AR S R
P TE PLANIE X 38 B 22 L TR ORI i 2R
3 ER LA BER B M SHIFEE RN
BTSRRI R HBE E R 22 THRRHEX &
S YE B R e 2, T SR8 I H BRAE
3 B TR EA AR, BA7ENL
RIEXTIFR R R SRS R P, Tl B SRR
TR SR A H, R 18 R LA BET AR B A=
KEREMAEE R, MALLE 22 FLYEITIFE 7+
FE AR, R 4 0 AR S Y P B HIR
EABERMERAERA, SHENRERAR,
HhE 3 HAHNEMIFE T REREE R THE
22 A XHIR. BT SRSl B R AR O B
LB AR AR B R PR A8 F , RACE R #EAT
EBGP, RIS W R AT E SR
Yiim, WA B R B R AR R ACE IR RS , T ELAF R
BB SRR R B S LR E SRR
PR AR T LN S A R4 50 R, T R 5
HERRKERTRAE X, BIRAL BN
3.3 WEiET AL4EX iMA R RER B E Y
E{=]

AR R BELSE 3 T PLAEER AR5l 1okt 30
HYEAN N 29.12:7.79 ~30.29:6. 71, & T
HEN 22 T AFRERMHHEYEALL, Y
26.05:10.95 ~29.03:7.97, ot HIRH KL E
R FR IR B, AR AE TR AR P RIS L Y
BRYBCRERAERER, EFAH—HoEE
AT HOURILRE 5 EREB I8 . KEHISCER
B &L E R W Fe s Y BE A T R e
BFRENEN, LHERTHA AR NEARH
SR BRI 5 MEER™ T, #Ei
XL R ERIEARRITIR A AR & &
(ARG AE R, BT LAHEBRTESL) , WT LA
REMBARMA ARMEHYHEA TR R T
m L, MAARNH ERIEEIHEAS 'S
MiFtE . B, 7 AR HE T, A R —RE R

BT LREXHIF B B R R EIEM, T
RIVNEBERNEHIERILFMEMAE R,
RABI|—E LB, FLAEETAF A RE R KR R
M T RS B30 , CRAF IE H AR BDIR TS, AT ERA5
RERERER,
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Optimal dietary animal to plant protein ratio for
the pacific white shrimp, Lifopenaeus vannamei at two salinities

LI Er-chao', ZENG Ceng”, YU Na', XIONG Ze-quan',
CHEN Xue-fen”, LIU Li-he*, CHEN Li-giao'”
(1. School of Life Science, East China Normal University, Shanghai 200062, China;
2. Aquaculture Department, School of Marine Science, Hainan University, Haikou 570228, China;
3. Aquaculture Division, E-Institute of Shanghai Municipal Education Commission ,
College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
4. Department of Feed Science, Wuhan Polytechnic University, Wuhan 430023, China)

Abstract ; Protein is one of the most important components in crustacean diets, which should be optimally
utilized to achieve faster growth rate of the cultured animals. To enable the preparation of a cost-effective
feed at the farm level, the ratios of protein derived from the various animal and plant sources in the feed
need to be optimized. In this study, the factorial effects of ambient salinity and animal to plant protein ratio
on growth and survival of juvenile white shrimp, Litopeneaus vannamei were investigated. Six diets were
formulated using soy protein concentrated and fish meal as plant and animal protein sources respectively, of
which the dietary animal to plant protein ratios were 0: 38, 7:30, 14:23, 21:16, 29: 8 and 36: 0
approximately. Each diet was fed to three replicate groups of shrimp for 40 d. The results showed that
dietary animal to plant protein had significant effects on the shrimp weight gain, hepatosomatic index
(HSI), conditional factor, survival rate and the hepatopancreas soluble protein. Weight gain increased
when the dietary animal to plant protein ratio increased, while for other indexes measured, they exhibited
the tendency of increased first with the dietary animal to plant protein ratio increasing, and then decreased
slightly. Increasing salinity significantly increased the weight gain, survival and the conditional factor, and
significantly decreased shrimp HSI, while no significant differences of salinity were observed in shrimp
HSI. Shrimp weight gain, survival and HSI were significantly affected by the interaction between ambient
salinity and dietary animal to plant protein ratio, while shrimp conditional factor and the hepatopancreas
were not significantly affected by the interaction between ambient salinity and dietary animal to plant protein
ratio. Combined, the results in this study indicate that dietary amino acids content and profile would change
with the change of dietary animal to plant protein ratio, and though L. vannamei has different demand for
protein, it could be met by regulating dietary animal to plant protein ratio in the practical diets. The Broken-
line model analysis showed that the optimal dietary animal to plant protein content in the diets for the white
shrimps at the salinity of 3.0 and 22. 0 ranged from 29.12:7.79 to 30.29:6. 71 and from 26. 05: 10. 95 to
29.03:7. 437 approximately.
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