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 E. fEEMER (T ERA) B 4RI N 0. 2% B-H R4 0. 05% HEZL
¥5.0. 4% H B SEHE 175 mg/kg BB PT, AR 1R 1RE Hy (4.55 £0.08)
g W9 JLYRIEXT AT ( Litopnnaus vannamei) 6 J& , %5 ZE % FLAATEXTHFAE R PERE |
I AR S e S AL BTSRRI . 25 SRR . S R L, AR
FENIN 0. 2% B-HIFNE 0. 4% H BB FEWE [ 175 mg/kg AR PT 7] 433148
B LGSR E 2 16.19% 12.78% ,11.25% (P <0.05) , FEEAE &
%10.10.0.09.0.09(P <0.05) ; &4 3 LH 7E L A /K 43 K 43 LG o Ak
EAGRELBEER(P>0.05) ; EMEEFERERENE, & 20,
FREFIE AR N4 3 B2 4R M vE By & ALEETE 1 (P <0.05) , %M
0. 4% H 58 FEH AT 18 = VA B G DR R ER EYE 77 (P < 0.05) , 7NN 0. 2% B-
HITME 0. 4% H B LM ] 8% 18 = B AL W B AL BEYE 1 (P <0.05) ;7
THACEGTE P T8 , BN 175 mg/kg 28 [ 8 PT 7] I 25 42 5 P R AE 26 1 66
JE Wi BN 2 B BHE 1 (P <0.05) , %540 0. 2% B-Hj R HE 2 0. 4% HE& 3
W] AR B AT R AR BB VS (P <0.05) . RiRZERE
B ARDRL R R 0. 2% B-H SR M 0. 4% H BB LN 175 mg/kg B ([ PT 7]
PR FLGNERTIR A R AR G TH AL B E o , R SRBEA H B SR B A
2 1M G A4S S BRI T BE , TR I 0. 05% B 2 WEX) FLAA X AR 14 &

MRRS: B-EREEIR
BEHRFIEIR R FEARE
WRE,HEEZH. HEXE
WEEOBETEPRR
1R/, H B = 53 26 75 i ) 4
FRCRM R, &AL
PREXTIF AN 5, 5 58
I B T LA B IRl x
KRR WA B JH LS
PN M B IR B R e de b
R, ATk 20 SRR AR
I BEE X SR RDRE R B 5 2L
FAR LR YE

KB FLAEXER AR
THALEE; R TIRE; 20 5
¥ B

FESES: $963.73

ENIRCEIZ SRR R U

UTARR AR SR B MY PR A2 J (9 [R] B, i i B
TINSETG R K= S0 J1 T R A e 45
A1 ; [l phy A ¢ A% B3k, A E B R
W, B RHA AR R R FR&KE . 3F
PR RS IR 2 B K 7= S8 I S R o
BRI R TEX T7 T, SR S0 D RE 1 SE 0%
57 PR R R B SRR W e R, SRR LA
FBETNBE, PR E TR Y BRI AL R I AE AT 32 B 2
Mo

BRI SRME A Oy S BE 3 5T 7K = 3h ) BB

YR EHE: 2012-04-11 {&E B 2012-06-11

XEERERE: A

A LR E" T EAR 5, R R
0.2% B-# & ¥ A B #F & & JL 91 & X 4F
( Litopnnaus vannamei )} 5 R RSV E A8
SRk A R B SR AL B S 5 TR 10 g/kg
W) B-1, 3-% R AH, AT LR &5 BE 35 X F ( Penaeus
monodon) JEYL A BELE A AL T 5 M7E TR R &
Eeme T BBt Eam Y Emak
HIBFSE A — 24 38, (7R AR S Th A SR 4B 1
B, AAE DL FLGTE R UF W50 52, ZE 1Rk
HarHI A 0. 2% B-A M 0. 05% B EE L HE .

EEWH: RETRE"RHECR” B RBOETH (2009 -6 -6) ; Rl SR RI H (Y1101)
{EE B WEE(1986—) , 55, WL WA , 5807 18] K = 3h W) 37 51Kl E-mail : tjxiaotan@ yahoo. com. cn

BEEE: ¥IE,E-mail: xjleng@ shou. edu. cn
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0.4% HEEIEM 175 mg/kg & FEE PT, HEIF L
BIUFH IS 0 550 XoF L 49 38 X M AR 4 B UL Y AR
o THACEEE P | L3 AR 45 5 vk S R R AR N, D
20 TR R W X R AR A B R 3R
PRI o

U RPR

11 Rt 5@

TEZERH AR 20 B I O (X R ZH) 0. 2% B-
HRME MR IRAE R IR AR, B-
WREAME RN 25%) 0. 4% H T FEHE (Bt
R EYBHA R A R, HER S &
H12% ) | 175 mg/kg I EE PT( fiin &K JEFO
NFEIRRME, Sy —Fhi iR A B g ) 0. 05%
WS ( LB ARERAFARY, £
BRI 35% B HE K 11% BEH W) , 3L 5
AREERAE o FERERI R B SR IR 1. 1A
BHEORL 5 60 B i, 2R FH 2 G 1R S 1 7 56 IR
FHES , L ANLE BE R 1 mm 56 0RL DT
PERRE,95 CJa 2L 25 min, B X T, 4CHRFF
o

®1 EiAREH REFENK

Tab.1 Formulation and chemical composition

of the basal diet %

4R o B o
iR 23.00 | MEH 40.28
Tk 26.55 | AjSH 6.56
SH 20.00 || 7K4> 8.69
iy | 10.00 || K4 11.30
0 Py 5.00
NG e 3.00
BER S5 2.00
60% FEALHEDK 0.60
W 5.00
e R BURK 0.25
T oe R BUR R 0.50
[ 0.10
KEBER 1.50
opigs 0.50
faih 2.00
Bt 100.00

AR E RBURRH R BRI A B B RS RSO 17 ] 6

1.2 R AIRRIAFEE

I AR T b T T XK R SR
TP EE )G, EHRAEMFE (2.5 mx1.2 mx1.0
m) H, 5 E TR (5.0 mx3.0 mx 1.2 m)
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Hh, FAEE A 1) kL B4 — JA], LASE I 1) RS BR B
WHE R 4.55 ¢ A h USSR B
1 000 BRI ER kT . I iFSLh S 4,5
HNEL, BB —TEL, BERE S0 B
IF, BRFME 3 K (5:30,12:30,18:30) , H % /H
B EIMKER 3% ~5% , R EEEL L B
WRE) 70% , FHARIELPME LGS LR . IR
3 d s EHK, REFKR. FREEMEIKIE 25 ~
30 C,DO >5 mg/L,pH 7 ~8,NH, "-N <0.2
mg/L, FEFEAF[E] 7 2011 428 H 6 H & 2011 £4£ 9
H 16 H,3t 6 i, &1t 42 d. FEAKE FigHE
FERFF LR RIK = IR T

1.3 EKEeE

FAHIRI ARG IR 24 b, 7R E, it
B3 E R (Rye) EHRBE (P ) BUE
(Rs) AR ZREL(Fer) o

Ry =100 x (W, - W,) /W,

Pep = (W, =Wy) /Wy

Ry =100 x Ng/ N,

Foo =F/ (W, -W,)

KA W, JPFRRIGRIAE (g) s W, A FHAR K
H(g);W, WEBRBRE (g);F NERFE
(g) s Ns J s BEG Ny B R EL

1.4 AERBS

FISE ARG, BEERIFS B, RULPH &
=20 CHE AR T H IR 247, FE G AR
Fi AOAC 535 o 7K 4l R 105 CHtFE
Hk HE B I E R LR R LR T
R IR -F B vk, LK 20 %€ R Y 550 °C 4 45%
1.5 miFEFERERBER

FIERI AR, I AT YLIR 24 h, 5 bE
PLEER 15 B2, B HF A K B R S 4 A BB O fis BB
WER, ETELEH,4 C,5000 r/min, Z.0 10
min , B W0 1 I AF 4 e 1 S B S8 AR B
E o HrPVAEE ALY B AL S SR B AR |
P R R P A AR ) AR ST T A R
R &M E .

VA TR SR L IR A & B (U/ml) =
(€& FECE UT, - WEEEEE UT,) / (Fri
EBELE ST, - iR ELRE ST,) x inEE R E
(200 U/mL) x FEA IR B A £ B R A s
{LHEE(SOD) « 3R A B IR e A AL BEYE, 1 4> SOD i
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FIBAL(U) & B2 IIE H SOD # i #ik
50% sf i X B ) SOD & ; B R B (AKP) : 1
AL (U) 8 B 2T MG LE 37 C 5ERE
FH 15 min 4 1 mg B} ; 7§ —EE(MDA) R g
EL % AR (TBA) 5 ; My LG : LA TR Z BN R
Yy, 28 ASHIDA 1 SODERHALL" {75 3 447
BelE. 4 3 ZFMBERRELZE v (0. 1 mol/L, pH
96.4) 100 pL IfiLiE &% 100 pL - je % EAEE R
TIRAT,490 nm KT, 5 2 4B BOLEE %A .
LA OD o0 % 2 7 BF [B] 1 &, LA SE 56 554 F 55 20
25 B (E R /0. 0012 1 & HEBAAL(U) 6
1.6 H{LEs

TERRH B A VKIE T A F I, BB i
RS, -20 CIRFFE. MERT 4 CHEGR, A
10 FE AR AR EZEK,4 CHH, B0 10 min
(5000 r/min) , B _FIEW, B A A BV

% 2 8 DIVAKARAN F1 OSTROWSKI'?
FE#HTNE. B REE BB REER 1
mg B ZTE pH 43508 3.0.7.2.9. 8 B4 35
KRR E A 1 ng BREBRY — BT VAL
(U); RehyEe. vEk B E 242k A M ot A9
TTREWESE i A 7 0 &, B T B 8 SR

FE3T CHRMT, BRALEAERRM AR
5IRYIRNL 1 min, FEFE 1 pmol K — >
& SR (U/g) 5 VEA B I T 2 SR P B-VE B LU 5
%, BRAAEBLE 37 CHEWAEA 30 min, K
fift 10 mg Y& E XN 1 ASTE K0 BEIE 1 547 (U/
g)o
1.7 #H\EHT

PRI EEREHE LI 1E + prvEERA, R A
SPSS 16. 0 #H 1T F B E 4T M L H LK
(Ducan (&%) , 2R BE/KFEH P <0.05,

2 4R

2.1 SRR R ERF AR R0

Z0E SRR R X LA X AR A K P R
BRI R 20 50 BRALAE L, 4R
HERAN 0. 2% B-HI KM 0. 4% H FEFEHE (175 mg/
kg & H B PT 43 5l 42 & JL 43 5 XF 4R 38 &
16.19% ,12.78% \11.25% (P <0.05) , £ HEH
JRAK 8. 67% 8. 32% 8. 04% , AR 1A kL & %%
0.10.,0.09.0.09 (P <0.05) ; HHE LMt A £
PR R R B RAOR, PR AR R R B %, (3
X RAERARE(P>0.05),

x2 SR BRREAEWEEANIERERR AR AN
Tab.2 Effects of dietary polysaccharides, oligosaccharides and protease on growth performance
and feed utilization of Litopenaeus vannamei

- 451
b XA R FEL L IR EEWA
FHYIRE g 4.61 +£0.05° 4.49 +0.06* 4.50 +0.09* 4.52 +£0.09* 4.52 +£0.12°
THRRE/ g 14.71 +0.23* 15.83 £0.60° 15.08 £0.13%* 15.57 £0.36" 15.39 £0.39%¢
W R/ % 216.8 +4.83% 251.8 +15.78" 235.3 £7.85% 244.5 +15.35" 241.0 £16.15"
TR REL 1.21 £0.01° 1.11 +£0.05* 1.18 +£0.05% 1.12 £0.05* 1.12 £0.02°
B H TR % 205.2 +1.13* 223.0 +11.29° 211.1 +8.51% 222.3 +9,33" 221.7 +4.95"
RIS % 99.0 +1.16° 97.5 +3.79* 98.5 +3.00° 99.0 +1.16* 99.5 +1.00*

AT A ANE P RER R RZE R B (P <0.05) , I &R A,

2.2 XALAIR S BRI

WM LR 3. S A KD HE B AR

L0 R E BB LN EXIFILA RS KRB EZER(P>0.05),

*3 SR BREREOENNHREITURALA S HR 0
Tab.3 Effects of dietary polysaccharides, oligosaccharides and protease

on muscle composition of Litopenaeus vannamei %
b A
it B LB WKL HEgsEmA E A
Ko 76.02 £0.46* 75.94 £0.57* 75.94 +£0.23* 76.11 £0.34° 76.09 £0.39*
HEH 82.40 £0.52° 82.42 +0.58* 82.40 +0.37* 82.42 £0.41° 82.53 £0.44°
HLIR W 5.16 £0.06* 5.18 £0.14* 5.18 £0.09* 5.23 +0.05* 5.20 £0.10*
HLK S 6.31 +0.12* 6.38 +0.15* 6.26 +0. 08" 6.35 +0.07* 6.40 +0.11*

O IR UK 2N LATH Bt
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2.3 xtmiERBEEREZIE

208 SRR R B XS LN SR A L3 S
TEPRIRE I LR 4. 55X IRALAR L, Rk A
0. 4% H B& ZEHE T 225 48 =0 ¥ R g e P R
WEPE(P <0.05) ;%50 0.2% B-# M 0. 4% H &

FEBE AT B 3 1R Rl A L B L RS R (P <
0.05) 5 4% %5 in 57 28 ¥ 0 2 48 = B 48 AL g 5 1

(P<0.05) ,HAEAN _BEEFOLEEER
(P>0.05),

®4 SHR.BEREOBNALARENFREERE

Tab.4 Effects of dietary polysaccharides, oligosaccharides and protease on immune index of Litopenaeus vannamei

- 451
bkl xR g FE LA IR EEWA
YA/ (U/mL) 22.22 £1.43% 27.78 £1.82% 22.86 £2.11% 28.87 1. 14¢ 22.02 +1.50°
iy 4L/ (U/mL) 1.42 +£0.15* 2.02 +0.10% 2.19 +£0.21% 2.47 +0.13¢ 1.93 £0.17°
SOD/(U/mL) 85.50 £4.18* 98.70 +5.12°¢ 89.10 £5.61% 99.60 +1.75¢ 88.80 £6.37%
AKP/ (4 [GH47/100 mL) 6.17 £0.25* 7.10 £0.65% 7.12 £0.53% 8.04 +1.48" 7.39 £0.20%
MDA/ (nmol/mL) 24.68 +0.70* 24.44 +0.77* 24.62 +0. 46* 24.41 +0.65* 23.87 +0. 60*
2.4 MHWAEEEERRIE PE(P <0.05) ;%541 0. 2% - 2RHE 0. 4% HEE S

L0 SRR BN LN BT R H S A
BHETERI R W W S B3R 5 AT, 4R s i
0.05% B EZHE 175 mg/kg I H PT o] B35 42
R PLAAEEXT MR TR I 2 3 B 4 (P < 0. 05) 5 ¥
175 mg/kg F EEE PT 7] {2 48 = 7 35 B WS

x5

WA R ERSEEABEE(P <0.05); KN
0.2% B-Hi%NE 0. 4% H B LM 175 mg/kg K [
fif PT 248 & PR B 7 B 75 M (P < 0. 05) 5 4%
HEMEEE BB EE TR EEZR (P >
0.05),

ZHE E PR E A B LR IR A LUE L BRI R I

Tab.5 Effects of dietary polysaccharides, oligosaccharides and proteaseon on activities

of digestive enzymes in tissue of Litopenaeus vannamei

- 413
bkl xR R FE LA [z EEWA
JFF I 2R 1/ (U/mg) 8.89 +0.26* 9.88 +0.62% 10.42 £0.47° 9.44 £0.14* 10.04 +0. 10
% 1§/ (U/mg) 1.59 +0. 12* 1.62 £0.08% 1.57 0. 12* 1.72 £0.05%¢ 1.79 £0.06°
BH&EEEY (U/mg) 1.32 +0.05* 1.67 =0.08" 1.34+0.11* 1.69 £0.03" 1.28 £0.04*
JFIEERE G/ (U/g) 1.84 £0.11* 2.04 +0.17° 1.96 £0.14% 2.07 +0.08" 2.47 £0.08¢
FFIE YR (U/g) 100.80 +7.7* 101.20 +10.3® 105.60 +8.98* 107.40 +11.32 111.50 £12.9°

3 g

3.1 pEEEX LaR R E KM FEESES
o G O B

B- RMEAE S e 5 3 5 N AE AR i K 7= 3h )
K SR N TR A B RkE
TE X HF ) B 5E P 3R B, 76 ARRE A 4 B
0.2% 1} 0. 4% B-H#i W™, ¥y 7] BE R E A
YREXTEFEE R, AR R A AR, 1Rk
HSIN 0. 2% 3-8 SRBE T 48 /55 FLAN T XS R 3 2
16.19% P& KRR 2% 0.10(P <0.05), HX
B-H MR A KA FALHI A2, 0 B-f 2R

http: //www. shhydxxb. com

WA LR BB B, T AZ B 5 29 2 A W 1E
}EH[B] R

XHUR RS R G P AR AE & R B B SRR I 45
BEE,YPEMGS G, 456 YT 5 B0
EESZAARSE &, NTTEOS e R o BFgE &
B[] T PR B4 SR FT LA (S FLAA IR R 1)
P I AERSTE— R HKOF, T R e e 55
FERRHR AN 2 o/ kg BEREAHARE I 2 ¢/kg B-Hi
SOBE T R = FLAA I R MRV T G R AT B AL
T 48k W 0V, 3R B LR PR RE 1 B
0.09% B-1,3-HIHHH , 7] B3 $& = K3 M V5 W
WEE T, R A EEE T, B E RS KR
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A 2 PG B B BB 3 (P <0.05) Y 5
0.5 mg/mL.1 mg/mL - R MBI RIB BT
XTUFLHAR 7T 45 5 B R AL S h R i .
CHANG % 5t &8 . 3 10 g/kg 9 B-1,3-%
BRSO AAR B B R R 1 B A AE R
JEHIFEIE R . AR I 7E SRR AP IR 0. 2% B4 3R
T B354 5 LA o R I 5 7 48 Ak 0 B A T
Fe B EALBERE H7 o
3.2 HESENAHEIIFOERLE

HELSHEEENRREREE TR
K, BAGBERHAF DI, PFRFEHN, R F
NN 0.04% BE LS, BERR T 57 0 3LE M
RFUARIR T 0. 5% HE L8, 15
B4 T A 20. 94% , 7] it 3 v 2 A IS DT
WA R A K AR, T ELE il
f S BENL BB o 7 FL 2N 8 X 0 R 38 ks 0 5 0. 1
ml/ B BIFE" (FERS I AS BT MEE
ZHE) 72 h 5, BRYEBEER G K 08 B R B I 1
BEFT BRI B R, S
A X U 200 T 2Ky L 5 4 e B 4
B T-o P2 BEREER . AR5 7E kR
R AIN0. 05% 2 T 208 , X FL 44 Xt iF 46 2 5 |
TG B R4 S S R T3 76 B S, X T
BEESRESHNRMBR RA X, 455 4%
BHESHRR R INEEE, LS REERM
Ho
3.3 HEEEXMRTIFEK, HLEHEY
RmiEEES SR E N0

H R SRR I T A 200 0 BE rP 3R B — 2K 57
FUHIRIE Y IR , 2 ph - W 280 25 00 L A P B2
W, BFRRRM R PR 0.2% 0. 4% H B
FERE B E R E RN ER 15.6% \14.5%
WN0.5% .0.75% HBEEH A HRERE P M
WE R 13. 7% 13, 1% , FEAK A B & %8 0. 21,
0.207  FRur ' wmt #Eim O ks
0.2% H 5 ZLWE 7T 3 32 32 7 A B R IR
TR R R AR RN 0. 4% H B LR AT
7 FLAEE iR % 12.78% (P <0.05) , [%
AR R $00.09 (P <0.05) 5 H BF Mt FLAh i
XU B A2 K AE T, 7T B 55 0 35 i 1 1 A 0 B
B ARV TG 25 B 0 A K, O I P ER S, A
EEERYRELRERD Y,

T PR i B 5 T 4R 7 7 SRR R A

., HET, A RH IR 30 Y1 4 BT 1R % 1w
HHRER D . EF AR RN 0.75% H &%
FhE, RS TYREARHEDH LR
14.3% 4.9% ") ARG LERE P ER N 0. 4%
HBEW R ERE S & OB LT R NERE b BT
o HEESEEGEREEIER, TRe 5 H &
VA 2 TR b R 0 HED ), FF RB lE 1
BEFEE JEEAET . S5 R HI1E LT
HMHALTE IR, I35 E R R AL R AT
Wi5E , LAF K B8 B RIS

HBEERWEAE Y A KRR, Bl
KM RIERG . PRI 0.75% H 88 5505, 7I
WEIRE R e Ak LT B A ALY B AL B B R
PEREBREHE M s BN 0.2% HBEM B RS
WS 4R 3 A R s AR IR E LN
S UF AR AR N 0. 4% H BE M, AT [RI AR B 4R
o LY S T R T 4R I R Sk B A I
PERRRREEE 1 , T3 L0 i 2 0F (AT 2 AR 4 5
R T, HBREERS IR FERED
RE,FTRE S H SRl MR A R A K M
HAERE AL A FVIRA S —2
5%

3.4 ZEQH PT 3 LIRS U £ K il L B i
3z b A1)

EHEG PT 2 — Rl = 5 1 B M 2 B g, A<
SC5G % OSE HEG PT 227K 74 R i (9 B A I
TREZMVIR . EREW EAHRETERN 10% K&
6% HIBRERL RIS N 175 me/kg B HEG PT, ¥
FREEER, BN R  Ean s
B 26. 4% 1) LI X KR 4 SRR 8L R AR i 175
mg/kg 7 H B PT, A] 42 = 34 5 % 10. 8% (P =
0.096) . AR HE— KRR NS B
H23.0% ¥R HN 175 mg/kg % [ PT, 4551 B8
PR LGN X R4 B 2R 11. 25% (P <0.05) , [%
Rk 7= %00.09(P <0.05) , 5§ iR —3. [
AR INES PT J5, /1@ FFRAEE B S
1 25 [ g S JR A R T B Y& 1 (P < 0..05) . 7B
H S PT 7E(R ok & B ek K = sh i A K Mg
ARERH THEMRERFZGT  EYEASER,
FIHALEE B R RIS, B BR A S A -5, 5 &b
BEE R Y B AR, B E R R A A
R T3 S A KM R B AR R e
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Effects of polysaccharides, oligosaccharides and protease on growth,
digestive enzyme activities and serum nonspecific immunity of white shrimp
( Litopenaeus vannamei)

TAN Chong-gui' , LENG Xiang-jun'?, LI Xiao-qin'**, SU Xiong-gao', LIU Bo', CHAI Xian-qi'
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of
Freshwater Aquatic Genetic Resources, Ministry of Agriculture, Shanghai Ocean University, Shanghai 201306, China)

Abstract: A 6-week feeding trial was conducted to study the effects of supplementation of polysaccharides,
oligosaccharides and protease in diets on growth performance, serum nonspecific immunity and digestive
enzyme activities of white shrimp ( Litopenaeus vannamei). Graded levels of 0.0% ( control group), 0.2%
B-glucan, 0.05% astragalus polysaccharides, 0.4% mannan oligosaccharides and 175 mg/kg protease PT
were supplemented to diet. Each diet was randomly fed to four cages of white shrimp with initial average
weight (4.55 +£0.08) g in 20 cages(2.5 m x1.2 m x 1 m) for 6 weeks. Compared with control group,
weight gain rates (WGR) of shrimp fed with 0.2% B-glucan, 0.4% mannan oligosaccharides and 175 mg/
kg protease PT were increased by 16. 19% , 12.78% , 11.25% (P <0.05), and feed conversion rate
(FCR) decreased by 0.10, 0.09, 0.09(P <0.05). There were no significant differences in contents of
muscle moisture, ash, crude fat and crude protein among treatments (P >0.05). In respect of serum
nonspecific immunity, phenoloxidase were significantly increased by all additives groups compared with
control group (P <0.05), but no difference was found in MDA among groups( P >0.05). Shrimp fed with
diet adding 0. 4% mannan oligosaccharides had a significantly higher lysozyme and alkaline phosphatase
activity, meanwhile activities of superoxide dismutase of 0.2% B-glucan and 0.4% mannan oligosaccharides
groups were enhanced compared with control group (P <0.05). In respect of digestive enzymes activities,
hepatopancreas protease activities of 0. 05% astragalus polysaccharides and 175 mg/kg protease PT groups,
intestine protease activity of 175 mg/kg protease PT group, stomach protease activity of 0.2% B-glucan and
0.4% mannan oligosaccharides groups, hepatopancreas lipase activity of 0. 2% B-glucan, 0. 4% mannan
oligosaccharides and 175 mg/kg protease PT were all significantly higher than those of control group (P <
0.05). Results above showed that the addition of 0.2% B-glucan and 0.4% mannan oligosaccharides in diet
could improve the growth performance, serum nonspecific immunity and digestive enzyme activities; addition
of 175 kg/kg protease PT could improve the weight gain rate and digestive enzyme activites; addition of
0.05% astragalus polysaccharides had no influence on weight growth rate, serum nonspecific immunity and
digestive enzyme activities.

Key words: white shrimp; growth; digestive enzymes; immune function; polysaccharide; oligosaccharides;

protease
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