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2 BRIH BB & X L4 X HR S 2 B A AN
MBS SIERERE NN

AOE, KRR, A

A, REE, ® #

(R EDK = BHA DT e s K WS P, IR 5 266071)

T LU IR X B 58 344, A a4 Rt o 0 B US Am A i R 3 BT U AL o - B A AL B i
BEEH—% A 8 AOUATH PCA63 Fr IR 58 3F #14T # PC465( H 4 & =10" CFU/g) iy 7% H A0
WL A 1 g/kg, WA I3 FLgh i A 4T vtk B % S Bl 6 M fndt WSSV RER PR W, &
20 d FRFEER E A I, G AT B LA th, 4R R o AR e R BE BF AT W B T B9 ek AL Fe R m A
BRNATHE K G W Ak L8, H 40 X AT ok B 4 BR M B BR B (ACP) % M B R B
(AKP) A&t LB (SOD) fmt AL A B (CAT) ER AT EE LA RE, FEERE
T A (P <0.05), WSSV R % J5 48 B o 75 A I 78 2 0 AT 17 08 T 09 ok 41 77 76 K (53% =
12% )Fo i mEANER KT EREFNRRZAFEE(49% £15%) B EF 7/ THEUA(P <
0.05), ERZA . AHFRMEBRFHFHERMEAELXAFTRERT UAE -—TRE
B LGN i A AT S S e U 4 WSSV R e dl Ay , bR 5O 1E R BN 35 A T AR DA DRI A
FIEg 7 AR T AIFIRIE A, T LR AT AR LM i AR BREL —

REW: LPEXNT; f£W; FHFEAL; ARG MEREF

HESES: Sl

JUARTE XTI ( Litopenaeus vannamei ) 763 [E V7
IRFRFEMY A AR B A, SR, X B
L5515 % ( white spot syndrome virus, WSSV) 7
HISEE N 2 A4, B AR IR IR A 1S L E
{CTCRI TR 7™ U IR SRR M A R 422 4
JEN TR TG RS 4 A A R, R
T R 27 25 ) vl 15 B AR ST X ERR R o T
HXTER G Z R et e R G0, P i DB A S0
BIVARCR , A 00 A 252 B Y R i 2 42 )Xo
TRRE A R RS Y

ta A TR RE I I AR AR S e T R
RAUAGIEDIRE , JlTAE E e R G0, SRR R
PEFRTRPED . Sakai 25 4 Hdr 09 11 R 5K R
PRI AT ASE A P 1) 10 240 B P e Wi 2, 06 T 4 v
BB )], ZFAIFFIR S11 AT LAGE o S B 7 6 U
AN AR I S RE BT A R 55, 3 s Hebo B
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MERFREAED : A

Verschuere 25" flRIF 58 W , 2 A0 1 AT R 45
T AT AR (o FLAAEE T R 40 4K 18 J30 0 258 R Rl
JE , TRt AT DA 5 T e 24 PGB A BRE 2 5
BT, G e g S R R IR g A R R T
XU PR A s 4 LR 81 PO P 08 e, 2 T8 T
FITIERG . AW E LA R} s
T T A R 2 A T R S8 A AR AT B TS AR
TR I L A O FLA T %o R R S i Bt
WSSV [s0e, H A2 SR G PR i) 25 2F
PRIR LTy, LA 58356 I B F ARl A )
AZSTHI AR TR RO S 32 8 LA X RS
FEGIE AT WSSV BULHE )] o

1 BPR T

1.1 LIEAEH

ES Y aE ARy 250 g/kg, TH 250 g/
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kg, I8 100 g/kg, ¥ 30 g/kg, T K ¥ 30 g/kg,
) 300 g/kg, B G E 8 g/kg JiEE Cl g/
kg,NaH,PO, - 2H,0 1 g/kg,Na,HPO, - 12H,0 2
g/kg  WPEIREN 8 g/keg , FHYIIN 20 g/kg,

A SRS IR PCA63
( Photobacterium damsela) F1I%58 25 T 5 PC465
( Bacillus firmus) 7R SLEG 2 2006 453 2 B {5
XTURIEALIE , difb)5 - 80 CLRAF. i FHRTHEAT A
PTG LA/ NS A e B 5, B DU TR AR . DAk
ik S PORCE I R S ik 1 e 8 81 R | M w3
TP R e ) T T O R T o G 4 2 S D, ik
o2 SCU2H o PR EURHSUBRAT Fe 5 LEY = B
1228 2 mm KA ERDEL, T B AL B, 35 DI 3
mm PRI AT -4 C e A . B
HRE A 4B R 3 R R g R AR 2 10°
CFU/ g, iP5 B I 28 1 e K TR B B P 2, G
M SRR E R 1% .
1.2 LIz

fat 3 LA EEXTIF 600 2, 1 B 75 &5 0¥ F )
IFFRIE Y , AL RS BT i 24 3SR I, 1 IA WSSV
BT Scsa Xt RBEPL >y 5 4, BE4H 120 BB, %
H¥eoK 1y, H#KaE R 1735 5 H ARk 4
K, H B AH &N 500 260 ~85 g, %M 1 h J5IK
FRRRE, AR TR Y 2 DR A S Ho
Yo g2 LI SR FH ] P 45 MR T7 ik, BB SE 4 d 43R
PR, 3 d AR, 7 d — MR, A2
FIGEEH . K 24 ~26 CES A AEHTE
F7d,
1.3 X ik B2 56 % B 1 B i E

ST IE A 5.10 15,20 K, 43 I EEA
S HR R BEALIBOS R 5 ~ 10 B, T EE 1
PR 1 mL G MO I LG Fs Sl Bk B, &
I E T —>JCB Eppendorf 4 H, 4 C i B id
J&,F 5 000 r/min B.0> 10 min 43 & 1M, WX E)Z
M E T -80 CHRAR .

VIR EEGR IR F ( Micrococcus lysoleikticus ) (7
U SAE Y TR ST ) SISO S I TS T
PEo ERRANE R T8 H] 0. 1 mol/L (R Wi iR B 1
ZerPi (pH = 6. 4) Bl iKY = (OD4;, =0. 3 ~
0.5) , ZEBFPRAR PAIA 190 pL iZ &2 5 10 uL il
8, IRAT I 570 nm AbAIROB(E A, A 37T T
KR 30 min Ji5, 57 B & FoK/KiE H 10 min,
PAZE 1k S0, I W G AH Av o W HITE /) UL =

(Ay =Ay) /Ay o SIS 54, B2 T L 47
BRSO 0.001 2 1 ANEHEPEHAL(U) o

FRPERE IR it ( ACP) | BV 5 R il ( AKP) |48
AL PIE AL (SOD) Al S Ak AU (CAT) 11
PR R st AR ) AR S P A 7 1 7R s
FEo ML ACP HifiE X :100 mL (15 7E 37 CTH
FETVE] 30 min 722 1 mg By oy 1 N6 ) B
I3 AKP #fi7 2 X 100 mL [fi#57E 37 C 5 R
YEAT 15 min 42 1 mg M3k 1 AN 7 5046 5 1
' SOD i Jy 5 - Rp 2+ W i SOD fifi il %
ik 50% B T 1 () SOD [ 12 i — > 16 F1 i
(U) ;i CAT A S B2 TF L3 5 1L 2% 45
PR 1 wmol B HyO, Ay N — N5 S AL
1.4 WSSV Fitstis

BaRESLES 20 d )5, BEH BB A K /NS A —
i 30 EXTURIFAT I LR, 3 NEE . WEEL
BT — RAFE, K H L - 80 CIRAEI Ik
WSSV [R5 IR, FRECEE A5 7853 B 0 5 1R 20 B
YetR, IE B P BRI, MO i 0. 75 g/
10 2,1 h 5 W 5% 00, B H 2k 243 MR G 338 1 e} s
SRRk, 15 d JE 85 SR, SEgR It SR AE T
AL FNAE T4 I F 45+ Ff IR BB 8 22 0. 5 ~
1 g, ZJoi# Eppendorf 4 rp (45 W56 N A SEMP
SRR 200 wL) 4 CORAFF TR
1.5 HIRGITHR

ARSI R SPSS 13. 0 B4} S 3 B 2E A 7
FL R 5 225747t (One-Way ANOVA) |, #7225 i
% R LSD IsE L H K

2 4k

2.1 IMiEREREEHE

BB B ( ACP) & A B 1 AL, 4%
P S50 4 X M I 37 P R T R R I 1) AR b Fa A
Se bTHE TR, 5 10 Kk e KEH. %5 5.10
K, BO ZH RIS fin R 58 2F AT R PCA65 T T Y
A J3E ST 2 IR IV T R B R I M i 2 o
HABSZIR A (P <0.05) ;55 15,20 K, B0 4 5
by S 58 2E X B I 3 P R PR B IR G M 25 SR B
(P>0.05),

A BB By (AKP) /& 7 ISP
G P S50 2 X B I 37 P B W R T 114 AR A R A
e bTHE TR, 7E55 10 KB B R MEH, 555~15
K,AL 4R B WA N 26 A £ & EAT TR PC463 K
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% ik 36 45

T TR 1) 038 SI2 6 2 R BO 2] B MEL IR o 2 5 2 44
FFHTE B PCAGS 1) 5 5 S5 98 41 X 0 IfiL 3+ i
AR S A 035 1 TR AL (P <0.05)

y
o
S

bEIAO OA1IBBOEB1EC

_15 :
HURERS A / d

experimental time

ACPiEME / (U100 mL)
ACP activi
w
(=]

B 1 &L 28 N Y8R & I 7 B R ER BRI 11

P AP35 £ bl 22 (n =3) [AATHC EAR 5B A IR
H Z G ARAR T T R 5 HA T bR T B A
B9 5 (P <0.05) , P 1] 5 B 5 5 BB VE (004195 52 2
Z(P>0.05),
(A0) TN N AR OCHF TG 18 5 (AL) BN 2E N RO 1E
KA 3 (BO) TSNS 27 FALAF PR 14 5 (B1) B in R it 25 AT
BRI 5 (C) Ty FEmb ik B4l . T 1o

Fig.1 Serum acid phosphatase ( ACP) activity of

L. vannamei fed different diets

Means within rows(n =3) with the different letters including the
group without letter between with letters are significant different
(P<0.05).

(A0) Basic diets containing P. damselae; ( Al ) Basic diets
containing ultrasonicated P. damselae; ( BO ) Basic diets
containing B. firmus; ( B1 ) Basic diets containing ultrasonicated
B. firmus; ( C) Basic diet as blank control group. The same as

following.

40 , JAOHAIBBOEBIEC

AKPJEE 7 (U/100 mL)
AKRP activity
no
)

z
BUPEI TR 7 d
experimental time
B2 &RI0HE NIRRT AR E R R EREE S
Fig.2 Serum alkaline phosphatase ( AKP) activity of

L. vannamei fed different diets

TR EEE (CAT) % A i & 3 Af L, £
FRIBE S0 2R T I A 355 e SRk ST T S R O
SRAAE RS, 55 5 KIS, BO 20 RIS i
5 ZE AT B PCA65 176 TR 1 TR 28 SE I 411 Fn B i 1P
P M0 % 538 2 A AT 7 PCA65 T T 1Y H s 5K
0 2 Xt 0 I 9 3o A A T I M v T R A
(P<0.05),

CAT{H M / (U/mL)
CAT activity

HUREIIE] /7 d

experimental time

B3 &XIWANGEXGMLELELSEE S
Fig.3 Serum catalase( CAT) activity of

L. vannamei fed different diets

AL M B ACEE (SOD) 7% A GIEER]
D, 25 B33 2 36 20 % W i 355 v R SR A0 0 8 Ak il
PR BN SR A A, e A S50 I fA]
A0 2] B MES IN2E N Kk JEAT T PC463 1 14 I
AL 2 BPEEMEAS N 58 N fa 2 JEAT B PCA63 K B
) B S5 2H X W I 3 R AR A B Ak i T 1 I
FHETXIRAL(P <0.05)

5 OA0CAlEBOEBIEC
E 120

Sh=

o 8

£

Qwn

o

wn

HURERIA] / d

experimental time

B4 &LIEMNGERTER N EE S LY L EE S
Fig.4 Serum superoxide dismutase ( SOD) activity of

L. vannamei fed different diets

mAB((UL) &S WS nl L, & st
B AR ML A RS VR BT BRA Lk
e AEER 10 KA B B R A, H 2 35 o T 0 IR
(P<0.05) . 7EREASCEGIIH], AO ZH BRI SE
NHEIEATTE PCA63 1% A BO 21 BRI IIN U 56
ST PCAGS {1 1 1A e S U A X AR LT HH 4
PRS2 2 TR (P <0.05) o

—~ %

T 030 aDAODAlWBOBlEC
2 2025

<% 020

R3S 015

Y010

25 005

= 0 : :

& 15 20

10
HREI IR / d

experimental time

ES5 SXWAMNGEIIRLFESEEEN
Fig.5 Serum lysozyme ( UL ) activity of

L. vannamei fed different diets
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2.2 WSSV B fE LRI ERTFEE E

I WSSV JRYL S8, HARTE IR Z 5 4 ~
13 d H[E)AS [] S3e 2H 2 18] FLAR TR IR A7 22 00 A8
ftadh, NFE 1 ATLIE & SLm A TR IR 556 5
RIFMEAEIG R BB s, 559 ~13 K
B, 5 F0 P38 S 3 4 X MR A7 3 6 B 2 i T 0 R
(P<0.05), fEXHEESLERAT 13 KIF, Al ZHE4%

MRS N 26 N f RO HT T PCAG3 I T 1Y He 9% 21
AFG N (49% +15% ) (BO 2 R4 IR 45 i 1
S ZF AT PCA65 1% I 1Y S B L I A7 15 R
(53% +12% ) , LR A5 R R WA B s 5 A £
FOOEFFER PCA63 I T 1 0 58 25 4T i PC465
I REAE— & R B b3 X AR AT o

K1 HLBAMNMEXEREL WSSV FHIERER

Tab.1 Survival rate of L. vannamei with WSSV infection in test groups

&Yt ]/ d 2l %] group

time A0 Al BO Bl C

4 0.97 +0.33 1 0.94 +0.4% 0.94 +0.4% 0.96 +0.6°
5 0.88 +0.2° 1 0.89 +0.5° 0.89 +0.5° 0.74 0. 5%
6 0.7 +0.33* 0.99 £0.2 0.86 +0.11° 0.83 +0.1° 0.72 £0.19%
7 0.63 +0.33* 0.98 £0.2 0.84 +0.1° 0.79 £0.13% 0.53 +0.6°
8 0.58 £0.5% 0.94 £0.5% 0.76 £0. 16" 0.73 £0.9° 0.38 +0.4°¢
9 0.54 0.5 0.64 0.2 0.73£0.18 0.6+0.1 0.29 +0.2°
10 0.5+0.33 0.56 £0.16 0.67 £0.13 0.52£0.8 0.16 £0.5°
11 0.43 +0.3° 0.5+0.15® 0.63 +0.12° 0.38 £0.2° 0

12 0.39 0.5 0.49 +0.16° 0.53 +0.12% 0.27 £0.6° 0

13 0.39 0.5 0.49 +0.15° 0.53 +0.12% 0.27 £0.6° 0

T R A T = AREZE (n =3) RIATEOR _EAR T BEAN 5 Z [ G 6 AR bt 5 Bk R 5 HAD T A AR TE T TR 22 50 (P <
0.05) , 5 ARl 5= BFE R 7 BEAR I A9 2 22 5 A 135 (P >0.05) o (AO) BSINSE AU RDEAT IR TG 15 (A1) SIS N A R DEAT I KIE 5 (BO)
TIN50 2 FEUAT BRI T 5 (BL) WA 3 2T T KT 5 (C) Sy kb fal e g I 4

Notes : Means within rows(n =3) with the different letters including the group without letter between with letters are significant different( P <

0.05). ( AO) Basic diets containing P. damselae ; ( Al ) Basic diets containing ultrasonicated P. damselae; ( B0 ) Basic diets containing B. firmus;

(B1) Basic diets containing ultrasonicated B. firmus; ( C) Basic diet as blank control group.

3 e

fit A2 RS F B0l Al 25 T T ) 1 F
GER TR, A E W LR . 8 A I TE K
Pl R TR A A, H R A2 1 A
DA AN GEAL AN T | 2 FAT TR LB T L 9T
i B P 5 B AR X K 7 37 58 E RESE 1Ry
i A TR A A 0 v TC WA R R o ARSI T
FHZE N ARG TR PCAG63 FIR 5 ZF L PC465
Y5325 19 At BT SRV A0 T8, 38 ) 22 4 M S SR
ST PLAA Xt IR TR 2 1 2R AT
K FREEA T B )z B #R AR R 2 —, BT LA
& 12 BIAFHE X I ( Penaeus monodon ) FAFE 3 |
PR R e AR DR A IR BOR LR 2F
FFF RS BA KRG RE 1, 7 A= 0w Ik, - RE 2
PRTE B I e BE L S A R OBAT
W AT 5| 75 B P T 48 6% ( Trachinotus ovatus ) |
VG E 85 ( Cynoglossus semilaevis) | = JE iR T &

( Portunus trituberculatus) %7 A PERs =T,
AW H N e N ARG R S5 BUW T
(HARHE R PR A B B SE IR RUAF AR 22 720 0 A
SR 2o LA PR R A T T AR O 2 S Y S A
SRR WSSV R J5 A7 15 SRR A T H AR,
T 1 8 3k 144 iR ML A Y T R SR 5 1% 47 1) 7
PR TERR, [F, A S 06 208 ) — PR3 AN ROk
FER 2T FLATEE X RIS, BUAS 1 AT DA 8 4T B 1fi
T S BERHG VE AR WSSV e 45 512
3.1 EANEZAFEMREFAFEI AR
X R AEHE S 1 e i B 1 R MM A EE B

Xof BV i e 3 B R LK L Y —
A S P R T 9 A DR 95 PR - R P Tl R G
B B R Tl ok AR T il e A A 1 A il 55 3 [
Z: 5T UR B AR G2 , (R 2 I A AT I, A B R
FNEEI , 7 A 25 W) 5T 55 B W A T S e B AR , 28 i
S H A B PR TR RE S o TEARBEFE D, 1Rk
PRSI0 25 2E TR TR IR TR RETEAS [RI R B4R
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36 &

JLA I X MR A A S g PR A P G,
W iR ZE AT TR 5 TR ) S se 4 LA T R A 7 A
PR R TR PE BRI DR ME IR G |8 S 1L
P RERN o 40 Ak S0 G P B T B4 (P <
0.05) o FAMESE" HL3E i 25 A T RETE A [ R
AR 2 LA I o MR A A S B A O R T
Rengpipat 25" FH 25 fUAT B S11 B bk ] WL B35 %
IR HLIRS T 2RSSR A5

PR A TR T T 1 B R 2 A 1 T2 E Wk P
PP EOK RS, 2 5 2GR, 7RI
WHIZES S5 mRILIA B A, Hr, mid
T APl T B G ) 7K A S 17 5 R A 7
SN, BE N 40 R A B ORI | 76 TR 52 3 vh i
ACP 3k [ FJ0k7 20 i 110 UKL AR | 2 V5 It R 16 11%) B
G 5 J5 S — TR RR RGN , AT AL BT A BB R
BP9 7K A 52T B B R R A £ 6 R N, B
Z 5RO BRI S . (R AR 28
oo DAk e I R R R T I B G 2 LA
PR MR Rl TR i AV W A I 5 TG
S 5 2H AR REZH (P < 0. 05), X HR2E2
A R X R ARDRE o R0 2 ST T 5 A X
M LR P e ot il R M W R G 5 i 3 T oy
(1 45 AR

ok SR A U A W TR A I R P R
PRIz — , 5 A H,O, 20, TH B i S Ak
S, 95 15 R SRR TE B, AR A M R A 2 e % 7
EMEEAERH . ARTLRAEE S5 d f10 d B, Rk
H R IR B, 2 PR % T 1) S8 2 PN 8 068 1
R AL AR TS M S T IR (P <
0.05) , HAtZH 2 F AR %

A AL R — 2 A E TLE MR Y
4 R I, S AL R BT T (077 ) R A Ak
R, A s A A A (H,0,) TR (0,) |, i 1A 4
A4 R, A W R BT AL SRS R e i R
BRI, FE AR AR PR P9 I M T AT
PRI LR G 32 15 M SR 03 RN R LA X i o 35
HIBH I RE )1 55 7 A EEAE R o AEARSE I, 4]
b v VR I 25 A T I TR B 0 T S e 2 L
A% I R A Tb P S A g ( SOD ) 1 P I 2 & F
XIRLL(P <0.05) .

TR R ATE H AR B A Tz () — Fh oK A 1
BB AN FUIH- R 9l 1000 3 s 0 o = SO 1T, A R
P S R B S I T LAY, T MR 2 S Pl

BER, T A ETZMAL IR b, B W
I P 2 W S A LR T A S e 1) T B4
PRZ—o ASHFFE AR, Ak e o 0 I8 5 2 LT B
R P S8 2 L 498 5 X M 7 T G S 5 v T X I
(P<0.05),

3.2 ZEANBERTEMBEFHFETAMNER
XtERET WSSV f5 5 2 ImiI bb 5

WSSV ELA AR 5 1 = Y v A0 42 R e Sy, ml
V2 ST R LR A0 3 2 R 1 4o M A
7~10 d N R ZHUR AFET . BEAF 25 X IR F5 5l
b3 LT AC TG 28 PR 2, 72 T W 0 I 2 4
b B AT R L R B, 1995 4F i B i TR 41 4
(OIE) J4 [E A 2141 (FAO) L) K IE K HiL X 7K
PRI K M 4 vl (NACA) 4 H A hy 7 24l 15
(K A S e R 2 —

ASSZIG A TSI R 5 ZE A AT R e AL b
WSSV 7155 (0. 53 0. 12) 535 & T X B ALY
FEIE 3, () ) TR G5 B B s vl I a1 1l 1 g
b AL s AL RN 2o S AL B TG T R TR
WRLH AR REAR DC RS M5 PLAA X SR BT g 4
BT I, TTRE IO R R S 25 A A B B A
S IR MY IR, st T 2 WA
JOT, RO WA PR B 928 22 5953 W A O 1) 928 TR 1,
T 325 ) o 0 SR A S P A 38 B ) ARG R
T E

A S o 3 N A T B R 5 S R 2 7
FF B 6% B A LU, T2 AR A8 o 1 322 25 LA i %)
R S M S B i A 05 ) BT WSSV Ho 35 I
P ATREE T35 A f RO R R A
B2 B 0 RE I ORI A A A S g R4,
B H AR R, 78 bl 72 v P s w8 0 1 =4
P ERAG B 055 25 196 A2 o), DT SR AL A2 199 e
Wik

Sk
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Effects of digestive tract probiotics on immune enzyme activity and
anti-WSSYV ability of Litopenaeus vannamei

LIU Jun, SONG Xiao-ling* , LIU Li, CHAI Peng-cheng, HUANG Jie
(Yellow Sea Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Qingdao 266071, China)

Abstract; A 20 days feeding experiment was conducted to study the effects of probiotics on immune enzyme
activity (alkaline phosphatase AKP,a cidic phosphatase ACP, superoxide dismutase SOD, catalase CAT and
lysozyme UL ) and anti-WSSV ability of Litopenaeus vannamei. Diets were supplemented with
Photobacterium damsela(live, =10" CFU/g or inactivated,1 g/kg) or Bacillus firmus(live, =10" CFU/g
or inactivated,1 g/kg). Controls were fed non-supplemented diet. In this experiment, feeding the bacteria
species (inactivated P. damsela ;live Bacillus firmus) significantly increased serum ACP, AKP,SOD and CAT
compared with controls (P <0. 05) , at the same time, their cumulative morality were (49% = 15% ) and
(53% = 12% ) respectively, which were significantly increased compared with controls (P < 0.05). The
present results suggested that the diets supplemented with B. firmus(live) or P. damsela ( inactivated ) could
improve immune enzyme activity and anti-WSSV ability of shrimp, and the probiotics with the function of
preventing disease could be used as one of effective ways of biological prevention and control to WSSV.

Key words: Litopenaeus vannamei; probiotics; non-specific immunity ; white spot syndrome virus( WSSV)
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