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MFFRRARAGHHEE

Zod', B, ¥ O, MER', MK O, AFE, EAERY, RAE
(L. BERIMEREE MR %R, Bi§ 2000625
2. BEREREERK=R .88 8O 570228;
3. W O RP BRI R .0, 188 8O 570206)

BWE. &7 EEHSEN 20.61%.30.52%.40. 43% Fr 50. 34% ¥ 4 Fir 8B (551 CP20,
CP30,CP40 #1 CP50), Ft KB & & R B A E 3 E T (05 & EE LS 2.9 3 JF MS 22
Fud 3 HS 32) L4 A EF[€0. 01441 0. 004D g ¥  RERBER W w, WE T FRL
40 3 U o T B R A B (HIS) F B B (CP), R A 8 B, &R E 7. (DR L4 2t
W AEK REEHEMKS>EEHHBEY W (P<0.05), T AR B HOHE & i
JeRifn kDK B EZH(P>0.05), P H FLA NN ARG KT AANGHEL  KEFEH
BHH BREAHAMITRNER BRREROHKEHEEE THREE 43R (P<0.05),
MR BEEHANTRNALEKBEREEEZR(P<0.05); (DB EE RSB Lo st
WA EKkERMEREELBEEHEZ(P<0.05), HE T A HFY WAL E X (P<0.05),
ELET MITAKFEEEACENMEREERCEABT AR, % CP20 Xt 4 B
FRTHEZALABAP<0.00);EREMFARBEEAAMERETERCEATE 40.43%
MABR - RERAETE;BEHBARCENELLE T AFEEZHH T EFE(P>0.05),
CORHEERFT ZL4MERER, BEMAREARCE,. BRI EFAAEENRIH
FP<0.05), tHEHEMEA DL B AKBRBUHIBEHRAXLRABN T EZF (P>
0.0, DHEAHEZEERCERED N T LA EXIFAT RIS AR 44, %% CP30 fr CP40
YRR SEUF T MR S 2, BOR CPAO YR T NE P B T A B W Fth (R 40D 5
T # 4% CP20 4K Wt i AT MR oA 8 R BB RN, 58 B3 2 FF /MR B R T 3
2 CP50 ER M stITt IF AN A B %, E B A B AKX BEANEN T, £ 2ETF.£E5HE
HEORCERRE —ERBE Lttt A KB EA Y mBHE, EEFTHREEKERK
TRAEMAMHRER, ARTEORCEWNAET, AL R ELK, 2 R RN FER
WEMEETNHNEZRATAREWHREL A,

KR NABEMIT ;R E AR E A K REER AR AR FEN

FES %S S 963 SCERERIRAD : A

FEESFEDRN AN R RS, KFRE 15, 5 — T iR R K= SR R & .
MAIRITIE RN T KPR R BT RZ —, % JLAREEN AR (Litopenaeus vannamei) FIRAIRIE
TR—HEEMTEBAFEMNGEEEREN  CEREANMFEN—TRR, E5EEXE,
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FELERZREERGD TRENZRED .,
BRI K7 S DL A TR N B B B T
Z—  AFERE T KSR I A R BYE SR
o LMESRT LYY XT84 B 58 KB 43 LA g 7K
FIAME N R R, RELBRBIRY X B
BE , JUH AR BE ok LA 8 e i A 28 A A 75 T Y
. BRI, s A R £ BE TR LA BE X U Ay A 3
AL BE I R GEBT ST, HRA R BT LB
SIFHEFRFERAFRLET & EFREN LA
TR IR FRPER A AR L, X T PLAA e T U 54 4 B
AESFEAE TOERNALEL.

X URTERE MR BE AR AL B R R, DR N B9
PYRESE —ERIFE. BRXEYFRETH
KR BB R (R L6 4 i UE AR BR 5% i b
BB BES  fRPR R AR X IF AR A &
ZORIR, HRZBHERW KRBT RN BEERE
e R . FRTARLET,. BREARESE
ot FLEN R S R {5 PR o AR A 3 TRk
PR B R 3E BE T 1EORHEE K P X AR AR K
GBI RR© (B8 [FI2E BT FLAA%E XHF
XHERHE B BB IR B AR S B, DA R R B R
ANER BT FLAA I of HF Ry 32 B/ 4 R AT IR A
HIBFF AL .

AICBISE T HPRLEE A R & B A RIEREE T ML
IEERTIRAE B TSR AR AR B BRI, &
T T ERBEAMEDRIER F i S PIE o FLAABEXTRAY
ZHAE, FHBIFE T PR A S B FLANEEXTIR
FFBRARA R L S BRI, U E A REE TN
INEERPIRSR A W R BB, I A R BE L
TEXP AR AR T (LRSS

1 BRIk

1.1 R EH

R R ERR, Al BEE A
FEARIHIR, BH T EA RSB 512020.61%.,
30.52%.40. 43% F1 50. 34% F VO Foh 5 6 B 1 1H
B ERUR RS i 60 B, SIR-E TS
BRI EAR N 2 mm 5 BURL R, R A
s BARROK A& )& BT E 4 Bk B E A
PR KRS DNS B BB E%E H Kk 23. 73
KT, g 39. 69 KT, Bk b &4 17. 22 KT 73,
B R 1,
1.2 KWL .S EMEE

I 4T UF I B ¥ RE SC B T2 3CHFE 3,
W EESKREES 1A, RAEAG KR
(28.5 + 0.5) C.pH 7.5 % 0. 2 ,RFEHALH

o

1 ABWAEMBSRSE
Tab, 1 Compositions of experimental diets

1EB¥ 4 ingredients Bpdicts

CP50 CP40 CP30 CP20
##  fish meal 60. 00 48.00 36. 00 24.00
T# soybean meal 30. 00 24.00 18.00 12.00
F#k wheat gluten 0.50 1.50 2.50 3.50
¥ wheat starch 0.00 17.00 34.00 51.00
£ fish oil 2.00 2.00 2.00 2.00
JH[E®E cholesterol 0.50 0.50 0.50 0.50
HE5HAERD vitamin premix 2.00 2.00 2.00 2.00
245 ¥ 2 mineral premix 2.00 2.00 2.00 2.00
HRBERE lecithin 1.00 1.00 1.00 1.00
K547 binder 2.00 2.00 2.00 2.00
EH (%) crude protein 50. 34 40.43 30.52 20. 61
R (K- kg Ddiet 163.20 162.93 162. 65 162. 38

W DEASAR (g kg™ 1HRED 484 K B10. 5, 484K Bsl. 0,3 K 3. 0,72 8245 5. 0, [HmiEL 5. 0,413 0. 05, 1184 0. 18, 4=
£ B120. 002, & ALAEH 100. 0, ULEES. 0, 44 K 2. 0, 454 F A5, 0,44 E D3 0. 002, {4 E E 8. 0, a-4F 4 865. 266, 2)E LW WK
(g - (100 "1 HiiEH) : CoClz 0. 001,CuSOy « 5H20 0. 0625, FeSO41. 0, MgSOys » 7H20 7. 0995, MnSO; » H2O 0. 1625,KI 0. 0167,
NazSeOs 0. 0025,ZnS0y » TH20 3. 298, #4k 83. 3573, DA FI NI HI - LK =AREE &7
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SRS B RAKRATER B, #AT Yk, BRI
WWHEER 2, YHLBRREFRRS AEBE
40. 02% HEAG R 8. 5% /K4 10. 2% F K4 12%
FIR LR, fr o BIRZE BAREh BE ChRERBE 2,
Hih B 22 FimEh B 32) R e, SRR A
B R IERRE , ARS8 — A # ik 3 N P17, 8
AMEL(60 cm X 50 cm X 50 cm) FLAF 40 H [ HE
(0. 0144+ 0. 0047) g, bk K (1. 424 + 0. 265) g, 3k
12 ANAb T4 (36 MDD , H #5002 ¥R, - BI7E 8 : 00
#0120 © 00 FAT, R AR B FIRE, & BRI
IR TIE YR . e 8 .

B (8] 48K IR BE T 2 B R T K iR
KAREREE R R AT B #EAT I E , IR AT,
BRAEHRABEOCNERE pH ENE K&R
A pH H 2~3 3K, AR A &tk
JE. BAFEFEBIN, KRR 27.4~29.3 C, i5 i@
3% 6.63~7.34 mg » L1, BAR<0. 0l mg »
L',pH{H 8.3 + 0.2,
1.3 BEERIERLTE

REEWE , S S LS M FEPLAA
BEHETBUE 10 R AR SRE AT E , HEREY A
B 5 Rl iAok 5 LR F B AR B B K 3 &
B, KAUERH 105 CHT L, B B RIE R
RBIECE Rk, MR I AR 4343 IR R X g
EMIDEY 550 CHEE#HITIE . K HEHE
ProR F3E B 28 (weight gain, WG) FIRFEEIE K 3
(specific growth rate,SGR) , Hit B ARN :

WER(%) = CRE — /&) /#IE X100

FRRAENK AR (%) = 100X (Ln RIAE -
Ln #1{fAE) / SLERE

A KK #R (%) = 100X (Lo K&K -
Lo #1AK) /SEERE

A% #. (survival rate, SR)HEARXRH

BB (%) = LG HE MME N U/ LR T
TR A%< 100

BEEZHHEAX R

JFA3E ¥ (hepatosomatic index, HIS, %) =
JFE /R <100

A% B (condition factor, CF, %) = 100 X
hE/ K
1.4 FHELABHEESTH

Hr R BE (MS) T & Ak 38 4 I J iR T 3 PR

J& » ) ] Bouin [R¥K [EE 24 h, B A 8,
HM-325 8% Y1 i Blvl i, HE 326, Y1 i BB
5 um, OLYMPUS BX51 &M MEHBEE.
1.5 Zitam

B LOF-HME £ irdE2E (mean +SD) RIR,
RIS SPSS 14. 0 s TA 3, 7EXU A
AT EPHERM L, R Duncan [KE&E LE
TR RIZERP=0.05) ,

2 GR
2.1 ENEARSEXNTEHET AR
KPR  R2ESTEHREARSEN

W AR =kl BE R LA BT R B R Rk
AR ERS KRN, WE2ALEH, &
BEAVEBHE A R & B 1 8 3 B W LA EXT R Y
BAEKIEIR(P<0.01), XFUFAYHE E R AR
KA EEERYHEENEARSEARME
BT IR T LN E IR & A K AR 38 B3
KT F . REE TR E AR E R
R MR ER BE T, MR CP40 Fn CP50 1 kt41 3 8.
EB THE CP20 4 (P<<0.05), M CP30 4
H5HE 3SHBAMXRIKAREERE AR
MER BE, T IR AR B A R A B R
FIXTHR R B A dr A K i g, Hoop, B 0R CP30.
CP40.,CP50 fXH iR & a3 m FH B R R R
BEAREERBH TR A, HXNE R 4
rE R R [ A B AR B LN XTI A
KM HEA 525 (P>0.05),

BB H B B X LI X AR e B R A
[ (R 3), bR A& B AR B A T X iR
B PR S SR AR W6 BE (P<C0. 01) , B & ¥ i 1)
BEHREEABMES AR, FAE 2 CP50
BHEIREE ThE. SEET , S5 4 X IR SIS R
BIFEIE CP20 1R B B fiS, (HR B E A& &
S RIEREEABEP>0.05, 5HEAKRSE
ANTRY » 8 5 3 B MR T %o M 4 A 376 BE A A S =R
(P<<0.01), HH, M CP20 Ayt UF 5 ATk 35
BEERTRBHEEARSEHARNSIFP<
0. 05) , T X FAE R BE , MR CP40 F1 CP50 41 %t
IFEHE R ER THERREBH(P<0.05), A
BRSO , XoF R A 8 S0R IR BE S pa st
BEARSEIEMIE, E 40. 43 % AR,
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£2 FTELEANRPERFEIEERMFFHRIGKER
Tah.2 Growth performance of L. vannamei of different treatments

EhEE Tkt WHEE (%) SRR EHRE(%) R R IR R (%)
salinity diets weight gain SGR(W) SGR(L)
LS CP20 2431. 452 + 563. 7262 5.725%0. 4412 1.943+0.1432
CP30 5436. 248 + 2883, 861tc 6. 932 % 0. 990t 2. 336+ 0. 302%
CP40 7485. 320 + 2511. 277 7.656%0. 5174 2.530%0. 1904
CP50 8287. 433+ 3539. 4784 7.745%0. 8394 2. 569+ 0. 2604
MS CP20 3948. 099 + 1496. 00520 6. 496+ 0. 677° 2.170+ 0. 2459
CP30 8213. 755+ 3317. 6264 7.764%0. 7264 2.563 0. 2304
CP40 13152. 937 + 3641. 433¢ 8. 664 * 0. 506¢ 2.841%0. 147¢
CP50 14822. 499 + 3892. 870¢ 8.88310. 471¢ 2.913+0. 145¢
HS CP20 4014. 826 +1263. 10320 6. 559+ 0. 566° 2.192+0. 195
CP30 6772.176 + 2801. 731bed 7.439+0, 654 2.475+0. 2104
CP40 12455. 084 + 3174. 974¢ 8.582 0. 433¢ 2.812+%0. 144¢
CP50 14204. 581 + 4348. 890¢ 8.79510. 510¢ 2.912+0. 203¢
258 (P {H)
BWMER factors P%fiﬁf:f\;:}:% AN(f/A
FEH R protein 0. 000 0. 000 0. 000
#HE salinity 0. 000 0. 000 0. 000
FEHF X #H)F protein X salinity 0. 056 0. 844 0. 802

E . RP AR AR B RARA BE R (P<0. 05)
Notes: The different superscripts of the same column values are significantly different (P<Z0. 05)

£33 AEBEEAANEI R EE P a8 po g
Tab.3 Survival rate, HSI and CF in L. vannamei of different treatments

HhE ke JF TR H (%) FE3 BE (%) BRIEH (%)
salinity diets HSI CF survival rate
LS CP20 3.768 0. 608° 0.471+0. 023° 68.333% 3. 8198
CP30 4.686+1.438 0. 479+ 0. 040 70. 833+ 6. 2920
CP40 5.565 + 0. 8650 0.518:+0, 03304 71. 667+ 6. 2928
CP50 4.958+0. 6440 0.510 0. 03180 72.500% 6. 6148
MS CP20 4.575+0.764b 0. 497 +0. 057 85. 000 % 7. 500°
CP30 5.079+0.521° 0520+ 0. 0244 93,333+ 3, 819
CP40 5.112+0.707 0.540+ 0, 0324 92. 500 % 5. 000°
CP50 4.900+0. 8250 0.540 0. 017 94,167+ 3, 8190
HS CP20 4.849+0, 768" 0.494+0, 017 84,167+ 11. 815>
CP30 5.019+0, 723" 0. 505+ 0, 0515 92. 500 % 6. 614>
CP40 5.085 +0. 6000 0.541+0. 032 95. 000 % 5. 000>
CP50 5.181+0.781° 0.517++ 0. 0450t 93,333+ 7. 638
HIEE  factors P vl of ewway ANOVA
B protein 0. 000 0.001 0.072
£hi¥ salinity 0.301 0.000 0.000
1R X 0.071 0.909 0. 962

protein X salinity

E . RP AR AR B RARA BE R (P<0. 05)
Notes: The different superscripts of the same column values are significantly different (P<Z0. 05)
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TMEMAE TR, (REREET LTI B S R
BERTH . SHEHP<0.05, M. BF
EHMIFRERERABE(P>0.05), WH
RFZ0ERER, mBER R &M BT
LA T AU BE A B v SR AS ELAE A, % R4
HRBEWAEEP=0.07D,

2.2 EREARSEXNTEEETAARITIF
EARERE X4 B8R TARLHEALRA
EXTIMA AL Sy A4k, FTLLE o R R
12 B A R BE Xt L4 358 XoF B A9 447K 43 FHEL RS
& B MR A 83 (P>0.05), HEH T
SRR E A AK 5 A AR .. RHE

AEEESEEMMIFAEEASTE (P
0.0D, EFRBIE AR S EH = mEH =K
B MEEXNMIFRHER S BE WA B E
(P>>0.05) , &1 30 40 X MR A A RL RS i & &
BEZER, TELEE N B2 ML 0 iR R
FERP<0.01), B AR UL, KL BE T X HR K
SEEPHRK BERTP. HHREH P
0.05), WHERFTZHMERER, FABERR
S EAERBE X L9 B X IR AR K 43 HLZE AL
JE 1 T 5.8 32 B.AE FH (P>>0. 05) , T % %o #F 44
K IR B AR 8.3 (P<0.05),

F4 FELBAAMRMPHEELRBEE
Tab.4 Body compositions in L. vannamei of different treatments

B = KA (% HE 1% YRR (%) B %
salinity diets moisture crude protein crude lipid ash
LS CP20 78.515% 6. 177 11. 181+ 1. 0202 2.959+0.716 2.646+0. 07720
CP30 78.108 % 1. 60620 12. 669 + 1. 3352 2.770+0.612 2. 450+ 0. 5000
CP40 78.033 % 4. 28120 12. 749+ 1. 2282 2.805+0.218 2. 888+ 0. 0972
CP50 77. 447+ 2, 428 13.182%0. 8512« 2.692+0. 240 2.919%0. 134abe
MS CP20 75. 651 * 4, 72420 11. 594+ 0. 7320 2.804+0. 366 3. 308+ 0. 285
CP30 77.343% 3. 754 13. 693+ 1. 578 2.454+0. 480 4,043+ 0. 2974
CP40 76. 476+ 2. 28120 12. 783+ 1. 1802 2.830+0.153 2.846+ 0. 3182
CP50 75.713%1. 7512 13. 775+ 0. 205 2.784+0.249 2.963 £ 0. 1642
HS CP20 75.184 + 2. 8592 11. 545+ 1. 758 2.791+0.038 3.129+0. 0722
CP30 75. 785+ 2. 2202 13. 416+ 0. 5432t 2.501+0. 863 3.023 £ 0. 0892
CP40 79. 469 + 3. 435Y 14. 039 0. 947¢ 2.633+0.349 3.430+0. 8234
CP50 79. 182+ 3. 58440 14.109 1. 641¢ 2.770+0.363 2.679+ 0. 7852
B factors fﬁﬁ?ﬁ%ﬁfﬁiﬁﬁ%
EHE protein 0. 472 0.002 0.631 0.416
¥ salinity 0.123 0.235 0. 766 0. 007
FEHF X B protein X salinity 0. 156 0.940 0. 984 0.010

E . RP AR AR B RARA BE R (P<0. 05)

Notes: The different superscripts of the same column values are significantly different (P<Z0. 05)

2.3 EHEARSEXNARMNIFFARFE
fap®m BWRERTARENEAERSR
PR E BT LA T X SRR R A R 2 45
WA, ATEIE H, BR CP30 A1 CP40 178
JUGATERT U A BRAR G5 A X I3, JF /M 52
B HEA KRBHNAMAKR R 4. MK
T, MR CP20 4 LA T X 8F AT JB A 358 0 /N
PREE AR , 43 WA 4H L (B 48 D R RS AR K, HL

R B R/D . TR CP50 41 FLAV X AR AT
JBRAR B AT /MR AR X AR /D, HESUAR K%, H B 48

MARFERERNREY R,
3 it

ARG, A TR T ALY X EF 35 1
BEARSEABSNERHBRFHNEKEE B
FISR UL , 5 HAN A B4 A Eb , $E0E CP20 4H A ALY
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Plate Hepatopancreas histological structure of L. vannamei fed with different levels

of protein at medium salinity
a. REREH R & R 20% KR K FLAVE MR AT BRIR 41 41 22 5544 » BRAMF/MA (Tubule) 2 ARHER - R BB R b R %
B RS B2 30% HRDEH 9 FLAA T SR T R AR 4L 4 2 254 /M HEFI R 5 s 0. RBRE LR & B8 30% B KL FLAB I
SURFFBRIR R A5, PR E R 400 d. R BURE AR E BN 50% B9 LRSS SR B IR LR 2 254, JIF /MR HES 37t

WERE,.BARNHARBRABEDRE,

a. Photomicrographs of the hepatopancreas (HP) from L. vannamei fed with CP20. The basal membranes of many tubules

were damaged, and there were less R cells. b. Photomicrographs of the hepatopancreas (HP) from juvenile L. vannamei fed

with CP30. The structure of the tubules appears very normal with integrated basal membranes. c. Photomicrographs of the

hepatopancreas (HP) from juvenile L. wannamei fed with CP40. There are many R cells in the tubules with integrated mem-

branes. d. Photomicrographs of the hepatopancreas (HP) from juvenile L. wannamei fed with CP50. Tubules arranged very

tightly, and many unknown materials existed in the R cells.

TEH IR B A R R DL N BT SR A B A, UL B 1ERL
HEARGEMN LAEN ARG EE ZXRE
BRI, R BRI A A (BB R AL X iR
IEW AT, AT LA R AR AT BB R A AR K
BE, i AR A AR R BB & B & B IR A K
S8, E R T M. Wb, B xR ARER
B BB LR BT SR AT B R Y 21 R 2 A
IRE IR CP20 FEFATBRARR B — LA 38 R
RURRIE, THEA A/ MR R EA SRR =
FAEARIR X — B — P ENIE T R R
NUREEXHIF A K R B #HA EZEM, BT
TR AR A B 20% A B8 i B LGNt
IFHUARRIER R MBE R, & BT E—

RETRBE RO AR AL » DA T B2 My P4 52 ot A B4 IE
ARG ER, T LGEHIF A E A R
BRERNHFTER T Colvin F1 Brand™ f
Wl A TAKH LSRR ER B AR E AT
EIE 30%~35% 28, Smith ZEFBFFEEIARN
ANESHIF S R7EN K P EARFREN KT
36%., I4h, Kureshy F1 Davist®™ #1855 & 3L N
MESHIFFEREREKNENEARSERN
32%., ITAER, E 3 RITR 22 3 o Xt LAy EEXT IR
BB HBE AT RBT T RKEMHR. &
IESIBIIA N E N 2 i, SEF BB E B R &
R 26. 7%, TR BE N 28 B, WHAF I BRE H R E N
33.0%. TXIHRMEES A RAREE T A~
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D) A EXTIF B ERBE RS EN 40%, &
T 30% BT R XHR—E A B A . it ah, X
SESEIAG A R A B A REL RS
HWE G, ARG R R AE =R A E A S
BH36%AE. NARBMNERRE, RIER
CP20 MyXTIF A A KB AT, HEd ik
BT AE KRGS, B CP30 F1 CP40
FIXTER M AF ME R H RS RIIER . TR
CP40 ZISHEFIF/IMEN B T REM A THAHE
FEY R A 40 L, T MR CP50 A4 o SR 4 F) i
MEHIHES) R R N AT e SRR R R R
B mA 6, HX X HUR A AL R I,
WEHE BN, GEARRRMERMEE
H B IRIE , 7] UG H Ly i SRR B R
B RAZTE 30% ~40% , o B B 3K, # LT
IR EA F—E R EAREM. TR R
ARSI RIEERE R RERFRE R 2
5, AT B8 5 SE PR B FRFE A 4 A BR AR I i (o FH A 1
B LB X,
FREBREREZWKAESNYEREW EE
BEEFZ—, AEIEFBFRAE. AR ERE
REENE LN XTIR IR i A4 15 S0 358 H A
YR ST 1 BRE 2 H A B B, Xk BE Y J= i P
AFCRI ARG AR . DA Sk BE X LA
EXAFERMA R EEEPERN T E. —J7
TR R T LGRS R B 4 26 BE A BT 5%, (B 45 SR A
ARAH R, S B 4 5 72 5~27, Huang %3 #i5H
THANEMIFREAERKEERN 20 £4, % H
2 J5 ,Bartlett 20 #1 Ponce-Palafox 24015 # %
M FRIEEL BE Sl 30~45 ZEIE, A K EERS
WERE. 1Sh, Bray FRAAN R R, HEE
95 #0115 B, SERA A K EERHR T HEHE
AU, HEKRE, — AR, Ly ExT iR A 5
WL 20 £AM . ARG REH, B
AR & A KERSE TRRMEREBH
BHALTEA , X — &5 R AR EPIE T LA X HR A
KMEEHEMEER 20 24, A—FHEREXRT
FUGA TR MR Xt £ BE A8 Ak i A 38 g J A [ b BE
TRAEMNIFHEFAAER. SRR
EES R B FASEMEE R R RET L
Y SO MR AR AR ER BE S5 5 B B A < B R A TR 3R,
REEEBFEISHEREREUREERKY I
LA TR IS B3 HX STk R

B A MR DARDRHR R D
BREKE, HFRANTHRNBEE REKHAS 4
KU, W hsR A R T L E MR R A
FREREHENARTEEBHE, RHRRARNHE
BHENNTE AN TEHREARSE.BE
ot FLARLE X UF A K | IS AR A Ak Ry B B
EFHEAREER. &GREH, EMEREA
FERYEBERMIFAEKNEERNE. M
ob T X R PR TR 2R 5 R B 2 X W 0 3 3 MK
TFHERIRELEA , HREAKENSHRET
SRS RN B35, UL BARA W LGRS IR
FREAR S ERERSERE T LESTIFK
ARFEEMEAEARSE, HERKEET,HAR
BB LAV EST IR LS R, RN R LT
TXEREVHE, KEAAHMEARS ENER
H> AR FERE THRESE . BRRHR
X FRIERWFR S RS EA R 2ME, B
—ERE Wi TREESEARSBAER
T U RS ST AR AN, (R IR B S
PEPRLEE AR A AR 6, (R T I M &
R .

R P s R KMHSE,. BEF
BRFR R, B FIOEHE 3 W T B AR (R P BB D
FIRRER A LTI B8, BE R BRALIR A B SRR S, X T
G E AL, 7T DUAZE DA A KRR s =R
RS RS SRR A L BAEEE
EPTEAZ R, L EXHIF A B H 52 shY
—E, HOF R ARt 2 B 2 TN /N, /D
AR RABIA Ay 2 o MR AT ok R 9 Ak I e Bl BB &
HESMEA RN, FF/MER 22 b E R 40 = A
FE/NE =F0 43 R, 40 PR LB 4 FRgiiE,
B R4 B (E 41D 2035 40 e (B 41 B FEAE 4R
(R 400 FRef4 40 i (F 4000 . AP Z I, 15
HMEARSESENER T /MR AR %E
¥, 1R VRS TE 1R (CP20) F X R A4 B4 BF /M
R R A T R, B B & R
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Effects of dietary protein levels on growth, survival, body
composition and hepatopancreas histological structure
of the white shrimp, Litopenaeus vannamei ,
at different ambient salinities

LI Er-chao', CHEN Li-giao', ZENG Ceng?, XIONG Ze-quan’,
LIN Chen?, SUN Xin-jin', WANG Yong-qiang?, HOU Li-sen®
(1. School of Life Science, East China Normal University, Shanghai 200062, China;
2. Aquaculture Department s School of Marine Science, Hainan University, Haikou 570228, China;
3. Zhongke Tropical Marine Research and Development Center , Hatkou 570206, China)

Abstract: An 8-week trial was conducted to investigate the effects of dietary protein levels which
were 20. 61, 30.52, 40.43 and 50. 34% (named CP20, CP30, CP40 and CP50 respectively) on the
growth, survival, body composition of the white shrimp, Litopenaeus vannamei, at three ambient
salinities which were 2, 22 and 32 respectively. The results showed that ambient salinity had
significant effects on shrimp growth, survival, conditional factor (CF) and body ash, while no
significant differences were observed in the hepatosomatic index (HSI), body crude protein, lipid
and moisture. Shrimps at 22 were the highest in all the parameters followed by these at 32 and 2.
Weight gain, specific growth rate for both weight and body length of shrimps at 32 and 22 were
significantly higher than those at 2, while no differences were found in shrimps at 32 and 22.
Dietary protein levels only significantly affected the growth performance, body crude protein, CF
and HSI of the shrimps. Weight gain and the body crude protein content of shrimps increased with
the increasing of dietary protein level, and shrimps fed with CP20 showed significant lower growth
performance and body crude protein. CF and HSI increased with the dietary protein levels
increasing to CP40 firstly, and then decreased slightly when fed with CP50. Dietary protein levels
had no effect on the survival shrimp at all the ambient salinities. Ambient salinity and dietary
protein level only had significant interaction on the body ash content, while no significant
interaction effects were observed in other parameters. Tubules of shrimp fed with CP30 and CP40
had the normal structure, though CP40 increased the number of R cells. Tubules of shrimps fed
with CP20 had relatively fewer R cells and arranged incompactly. And the basal membranes of
partial tubules were in disrepair. While tubules of shrimps fed with CP50 compactly arranged with
much ambiguous materials in B cells. The results indicated that though the growth performance and
conditional factor could be increased by increasing dietary protein level, low survival rate at low
salinity did not enhance. And improper content of dietary protein, especially extremely lower
dietary protein, would result in pathological changes of the hepatopancreans’ histological structure.
Key words ; Litopenaeus vannamei ; protein; salinity; growth; survival; body composition; histological structure



