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WEm! masl #H o oFE L
(1. FEAKFER2AV R BT KPR T ARR A SR K SRR EPIR B SL S H SIEERR S H AR S E R L

By =W R S E Y e M BRI R R H SRR TR S SRR E SR E HS 266071;
2. LR Sg4ar2Ele B 2013065 3. AT RAAKTGRAF ExW 222100)

H=E X F 1B X # B #, # (Pseudoalteromonas sp.) KL-3 2010 #2437 #F H# (Exiguobacterium sp.)
KL-C2 2014 1k % % 4 B, 347 L4 7 xt &F (Litopenaeus vannamei )% & 52 16, #F 58 b 3£ B wk x4 2 2t
MW AEKEHFEN T, BXHEBE KL-3 2010 x5 & M I B IR 30 7 8l v o 91 & (Mbrio
parahemolyticus) (VP ampnn 20130629002S01)7H 4 4701 Fl # i1 4 & & B vE M, /AT B KL-C2 2014
AN E A BEGE M, FRITEZ AN A IR AR B (WSSV) . B A M AT iR IR R 30 8| 7% o 91
(VP appnp) 7 5T BT M S (EHP) 55 [ M, 238 A8 60 d By FRFE LK, R B, 5% 8% 38 ForEx
Byt E AR B, AR R KL-3 2010 &y 3THF 708 4R 8 T 213%+43% (P<0.01); & A/
AT KL-C2 2014 B9 387 T34 4 K RA4RE T 105.5%+28.1% (P<0.05); K&K B 2 AR 0y 4o 77 0% &
BT 184%+52% (P<0.05), FHAKREZ T 70.6%+32.8%., M At HEHERW, 2 4%
HARNHREED W T AT FERB AL, KAAR W ETENRARE AR NHE
B i i A K i F B

KA FEXIT; AW Ky BiE; ZREWH

FESES S963  XEKARIREE A XEHRS  2095-9869(2020)02-0121-10

LY I %] T (Litopenaeus vannamel) & 3 B X IR SR TPOR T BLAME SR HEIE T L A KRR L HR
FEl s R K AR R e B XTE B AE SR Ml Y AT AR (i BRE A R T Ik ™ R
FREAME o UTAEAR, XU IR AT AE 22 Tl A% 4% fif}(Crab et al, 2012; Bachére, 2000; Lafferty et al, 2015),
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2 R ERAES

TER T R, SRR, T
FRHE = 4, 5IR T AL S SCEREE, SR HE
S 1) fit B 77 FE AR R FR A & R 3B VD oK

i 2B BRI AT P R0 T DA 32 SR Bl )
fEFEMA A, AR, FON ARSI R R, 28]
K= F2 508 # 0 e o i A2 TR VR A5 $2 4L 5 37
T 3 WA F AR VETE AL . ISP B 3 AR
DOLINEIAE FMAY . BRI OGS KT 3
AR ) A e S 92 4 v B T A (R PEAE, 2009),
S — AT B AR 2 W i SR L TRDRLES R, FE BT X IR
(Penaeus monodon)(Moriarty, 1998)., H 7<% #F(Marsu-
penaeus japonicas)(Zhao et al, 2012)7F1 ML 44 i X iF
(Ziaei-Nejada et al, 2006; #1%5%, 2008; Rengpipat et al,
2000; Lin et al, 2005; F &A%, 2015) ., F 6
(Paralichthys olivaceus)( T 4# 3%, 2005)% 1) 325
BIRAG T B r 45

I, R3S # i T4 (Pseudoalteromonas spp.)
MK FFIA S P Aw IR — 2R, 2R
RENS 73 Wb Z Pl AN A= W TG R T, 2 B BUAnT
PUE T A5 5505 P (Rodrigues et al, 2015; Isnansetyo
et al, 2009; PFEIAE, 2014; FEF5, 2005; Holmstrém
et al, 1998, 1999; Bowman, 2007; Chen et al, 2010;
Lucas-Elio et al, 2005). f#{/]MT i (Exiguobacterium spp.)
ol E B AER, FERRR K LA E
E I (KEESE, 2013; Selvakumar et al, 2009; Bharti et al,
2013; Dastager et al, 2010), %K FHA & E K MANEA
FETE T, Hur, WA RIS s N\ a SBomifER,
ATDAER A A . CAME RN, 208 B IgIRTT
YR N SWIS2 A 48 S H G, rde
SBUAY 1 X 2 1 ELA AR TS 1 ((Lei et al, 2016;
RIS, 2014) 5 17 H 3 B BTN CFR26M fiE
SIS E U, [RIEE, AR T A AR BT (Kumar et al,
2014),

AT, EESEEER 1 HRIBSE R
# KL-3 2010 F1 1 #RHU/MTFH KL-C2 2014, #fiiAiX
2 BRBEXT FLAATEXT IR A BUWAEH o A5 ik
2 PR Y T VR T R AR ] MR T T 1 PL g T
XTURZIER, XU A0 . AR JERE S T e
SR B R AR A, DU R 25 A R B R B
2%

1 #MR57EZ%
1.1 SRIEHH

111 SE¥sbdE NLENEXTERTF 2016 45 8 H 28 H

W F VL9 3% = ik wap e X R R0 Y, &R T HER
#80 cm x 150 cm BZE N BB Kt , FHikE K
(0.42+0.02) g.

1.1.2 ZBAR A LA KL-3 2010, 2010 4F
10 A4388 A LI AR B B AR ZE 6T (Scophthalmus maximus)
s, ORAFT-80°CUKAR 5 /NI KL-C2 2014
T 2014 4F 10 A 43 25 A VLI B T AR5 58 % i e
PRAFTF-80°C UK AR 5 B S0t T FBE IR I8 28 I 3 1 5K 1R
(Vibrio parahemolyticus)VP aupxp 20130629002S01 . 24
FT 1% (Bacillus sp.) KL-Y 2013, [§%+} 5 (Saccharomyces
sp.) KL-5 2016 B ARG 2 738y, IRAF T80 CUKAR.

1.2 SRIGAHE

121 SBHAEHE 51 9 H VKA PR A B A SE F
FARIEEKL-3 2010/ MFRKL-C2 2014 FVE 75, &
FE2216E VM b RIZ TG, PRHCER IR 75 2270 F2216E
KRR IR 5L, T28 CREIRIR G R 240, SRR
A A i B 29 10" CFU/mIL,
1.2.2 2 % AT VPaupnp 20130629002801 #4354t 5 36
TE 2216E W & K 3% % 1 5 5 VPaweno
20130629002S01, H(100 pl 1.0x107 CFU/mIE# 14 i
TR ()22 1 6B A B5 372 36 A L, TG o B~ I L
5h ¢ 6 mmi JC E U8 AR 7 55 IR B T0CE 7E TR AT VP anenn
20130629002S01 Ay -4 I, 43 5IHCS i 38 %5 B i 1
KL-3 2010F1/MTFBEKL-C2 201414357 ff 50 T8
CH b, 28°CHEFE24 him WA E
1.2.3 2 AR 0RO B S AN T il A% 2 AR
(Dang et al, 2009), MRS T IH 4 & 6 mm o
RS AT 7R P L S5 B RS, A I 8l s
AR KL-3 2010 FIf/INT B KL-C2 2014 11437 fif B
W TUEACH b, 28°CHEFR 24 h e WEE AR . H
ZEHFF R KL-Y 2013 FIfEEE B KL-5 2016 1 A %) If
[ 738
1.2.4 24kBE e Ak BOLGHEXTHR 270 B2,
WEXT AT 2 DA, BAHIANER, BIEE
¥ 30 B, FRTE 10 L R R 20 AU K S0
KA S0 I A8 i 14 {1 5 5 BB A KIL-3 2010 A/
FFH KL-C2 2014 H, W EE N 1.0x10° CFU/ml,
WML 72 h, X UR B TE B B AR
1.2.5 SRAEAMGHEE  THE 0SS XTER
BBHOE KERBRRA A, & 35%HE A, Rl
&£ 0.5~1.0 mm 1 1.2 mm, FEEARAF. YL EGEERHLL
BREEE 1:0.5 (Wig : VimD)B IR B Al E KL-3
2010(P T RhE i/ MTF R KL-C2 2014(E kbW, f
TR R SR 10" CFU/g 247, EiRIZ1E 10 h



%2

Y/ NFERE: EDRL RN £ A T X 220 5 BH 1 ) PLAA T B AR 5 A7 B S 123

Vi Ry S 56 20 FR AR RE . X BB 2 Al Sl 32 BB LE 1
0.5(W/g : Vimly¥s 0 51 1 5 Fokiiakl 5 0 2216E
WARKESRILIR G, TEIREE 10 h(C HEh,
1.2.6 92 3o % 3T 64 % JR Ae ) it AL S 6 %) MR
30 BB, ok 2 AEESEE T A IR, S A
J1 R VITBO R AP | 822 FIILA 4L EY, LA 95%Z.
FEQG AARBONRAE . RELRE)G, BTN
2H 21V 2 DNA 42 Bl 55 & (K M) 1 RNAiso
Plus(TaKaRa)/ I HE UL A7 L1 2111 . DNA FLEL RNA,
43 51$# OIE (2016)F1 Tourtip 25(2009) 75 1 %t X4 1
BELRAIEIRBE(WSSV) . ALYt fe N K il 4 213858
B (IHHNV) . UFF7 i B (EHP) . B2 M AR I8
HERI MR TR (VP anenn) « BEFILZE B IERREE(TSV) . 8
SIHEE(YHV) ALY LR FE R 2 IMNV) FI {7 85
K2 (CMNV) (Zhang et al, 2014)#E1T PCR ¥,
127 ZBRHWEBAGFIER  (EILIE R X
WFFRFE I BEHLEUSL I X HF 1680 B, 2008 T 12 4
80 cm x150 cm W EITEAKVEH, KK 0.5 m?, HEA
FCE 140 B fEIER A REIF b Z a0, T
15d BFF, Ao, XHT aEHEHT (1) )5
HEFTREI

SCEVE P, E4H. PE AR HXE C4H,
A 3 A FAT. SEEXUR R RN 3 1K(07:00., 13:00
F119:00), MR A XTERARE Y 3%~5% (B T8 ) H]
MG Hodr, C 482 C 1kl P 41l) 6 d AR,
Hi3 d M PAERE, J5 3 M C IRkl E4IL) 6d
R JEM, T3 d R E MRk, J5 3 d R C ikl PE
HLL6d AW, 13 d ARG RAERME E R
Pkl J5 3 d B4R ME C 1Rk, 1T 30 d #2200 5/
B, J5 30 d B 1 SRR, FRAE ST 60 do BERE 2 d
Bk 1R, Bk 30%, KIKRE NQ6+2)TC, i
JEN 15+1, pH 8.1x0.1, #HLLFA, B KK A X HFHE
B RAETEE M, B i B LT X
1.2.8 AKdgiEnle  FREA R, AR 1S d B9
FAEEE 20 B, Pl FRE S FA R R, AR
FEARR SRR, 0 A X MRAF I B,
A A TR A G RN S G 25 AR A AR R, 1A 45 L X IR
PIFETE A Goit o AU IR AR W i, 115
Tk R A

1705 2R (Survival rate, SR)(%)=f71% B/ M EE
x100

¥ E 42 K % (Specific growth rate, SGR)(%/d)
:[T(Msﬂii’;jﬁii_ﬂ —T—ﬂjﬁii]/('r, ¥ﬂ1¢$x 15)>< 100

-2 H: K K (Average growth rate, AGR)(%/d)=(4¢
AP R U5 - YR EE /(R 4R T3 1R % 60) % 100

ik} 2 8(Feed conversion ratio, FCR)={% & Tk}

/(AR E AR AER)
1.2.9 METERAMRGA S BEL TEFRHH 2 5 1)
HE (40, 50 F1 60 )N e X M 7 18 20 T O S5 A
W E J5 B T 2 YRR (2006) Y 778, 4211 2 d W&
FEHLEL 8 FRAF, B T ff i K g 77, AFemiak
FrHEE B NAEY G, TREEBOT T A, &K
FRE KR IEVEIE 210, K iE S 3 R R, 4%
T B BE B 3 A0 AT 2216E “FHe, T 28°CHiFE
FATPREFE 24 h JE, PRBUS AEARCR AR TR, iE
B aifb i,

FioK A (e R4S 2002) 32 HUDNAfE Jy i
M, HANFE16S tDNA M 5 ¥ #5417 PCRY 1Y (£ %
:02006); K ek e TAY TR(EE)ABRA A
MY o
1.2.10 kSRR K E LEARLIGIFNE T
FHALIREE W R, MERILER 24 h J5, AEHE 10 B XTI,
F 1 ml JCR S AR RRLC B i bk 2, g
MO IR S E T EREE.OEY, T 4Cokdahine s
%, 3000 r/min B> 10 min, B )2, B T-80C
AR VKFE PRAT, R,

PR 1 W R i (ACP) . ML AL F(SOD) ., it
SA AL Tt (PO D) I TRl 114305 77 LA B S 8 P %) v 3
FE F5 R FH I 8 (e o A A 9 TR 5 T ) 4% Uk BH 5
ke, Hob, 1A ACP 35 1B R I iEAE 37°C
SIEYVER 30 min 724 1 mg B ; 1 4> SOD i J 54
g R SOD ARk 50%; 1/ POD 3 1 B
3T CHA TR ™A 1 ng BI77H0 5 1 T
T 1 B Ry v BE K B (Mlicrococeus lysodeikticus) 7E
pH=6.4 1 37°C T % 30 min Zf#fH 570 nm AbEm (B
TR H R (Hultmark et al, 1980), A 2 11 3k i 4R 48 il
PERIFFEEH Cu® iR Fh Cu'fs, 5 BCA i{HIE
B AY), FE 562 nm AbIE G 5 EL 0V B AR
o o HHh 06 17 3R T A

1.3 HiESHh

ST B R FH SPSS 18.0 Bk AT BN E Oy 22
437 (One-way ANOVA), P<0.05 WERRFE, L
S W% W17 Duncan Z & A, WEMEAKTEN
P<0.05,

2 R

2.1 2 BRBEIXT VPgenp 20130629002S01 B35 HT1EH

BB KL-3 2010 FIfU/MTE KL-C2
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2014 FHUEAE A MG BT VP Aupnp 20130629002S01 ¥
MAFH, 4 24h Bigfls, WELE] KL-3 2010 X
VP anenp 20130629002S01 HATHEHUAEN, T B2
J9(10.42+0.23) mm , 1fj KL-C2 2014 XF VPaupap
20130629002S01 BA W RFEPIRCE(E 1),

' PKL-32010

25 EIXT R
Blank control .

® !
E.KL-C2 2014
B M SR /

V,parahaemohiicus

B AR AT KL-3 2010 FIU/NT
KL-C2 2014 X} VPppnp 20130629002801 53 1E
Fig.l Antagonism of Pseudoalteromonas sp.
KL-3 2010 and Exiguobacterium sp. KL-C2 2014
against VP ppnp 20130629002S01

22 2HEMEINEREEEG

AR MEE KL-3 2010 FIU/NFRE KL-C2
2014 7EFK 8 O M L T REIE s B e, X R B ik 2
FFF IR KL-Y 2013 ¥ A7 g2 & BB, o5 — PR BT
PREERE B KL-5 2016 X425 B & . B 2KL-3 2010
1 2KL-C2 2014 ¥ HA7 Ha bR H B (B 2)

EXKL-C2 2014

Q/ @

Xof B TA R

Control strains |

o .//

4

P.KL-3 2010

-

F 2 MR KL-3 2010 Ff/MT#
KL-C2 2014 i #M 5 FH i 6

Fig.2 Extracellular protease activity of Pseudoalteromonas
sp. KL-3 2010 and Exiguobacterium sp. KL-C2 2014

23 2HKREXNLAEX A LM

SRR 1.0x108 CFU/ml MRS AU KL-3
2010 FI{L/ M KL-C2 2014 323 JLANTEXTEF 72 h,
KB AT AR X HRFE T F5 5 R AE, R IAIX 2 BRE L
YR XT R T B

2.4 SCI6 FAMERE S

SIS FH FLANERTHER ] PCR 5 %) 2295 I R4 746
W, AR, FrRAEFEAES 2 % PCR U3kl 7
VPaupnp. WSSV I EHP FHME:, 22 IR RS 4%,
Hrr, WSSV Hl VPapenp £ 2 NI HA 14
HILAM:, EHP 78 2 A IR TR
[HHNV . TSV, YHV. IMNV 1 CMNV ¥ HFHM:EE 1),

®1 KBANEHEFRT
Tab.1 Detection of multiple pathogens in experimental shrimp
IR g WSSV IHHNV EHP VP anpnD TSV YHV IMNV CMNV
Pooling samples nPCR PCR nPCR nPCR RT-PCR RT-nPCR RT-nPCR RT-nPCR
1 N N P/2 N N N N N
2 P/2 N P/2 P/2 N N N N

{¥: nPCR: £x PCR; RT-nPCR: [#%%%E:{ PCR; P/2: £ PCR % 5 MM N Btk
Note: nPCR: Nested PCR; RT-nPCR: Reverse-transcript nested PCR; P/2: Positive in the second run of nPCR; N: Negative

2.5 FELEPHIMFEERENTH

15 d #HATRYREE AR KRR GETHE R RN, BOR
16~30 d FZHXFHF AR EE KR 0~15d 1A T
JF, {HRT 30 d ] P. E I PE X UFp 45 E L KRS
X HEZH A L A B 35 22 55 (P>0.05); 7E55 31~45 K,

XTHRAH R e A KR M B T, P 4181 PE 415
16~30 d FEARKE R — 1K, MmEHRE LI, %
SIS 20 X6 U ) AR R R I 2 v TN R (P<0.05) 5 FE
55 46~60 K, SAAKEEAANFRREN TR, HP
LU B 4L 4 8 A RAT SR AR5 78 558 5 1 7K F- , 5 1
F TR R4 (P<0.05) (1 3),



52 4 SR/ DR N 35 2 B X 2000 B B 1 LA 5 X IR 2 K 5 7 5% 1 B ) 125
I oc er 5 S AL A 1 0K VAP R R B H AT
D T S 59 5(P<0.05)(% 2). \ESEIEHK N PE 41(702.55

% s . be 1 L 64.2). P #1(626.7£97.6). E £(422.7£67.6)F1 C 41

ﬁé al - = (138.2+10.8) g/m®, Zr =X HRZH Y 511%£71% . 456%+

E g3l & - 92%Fl1 308%+63%; E 4 . PE 401 P 2 i)k R 40
€2} - -] SR ALY 68.6%9.2% . 73.0%+5.1%F1 76.3%=
S1f - ] 1.0%, £ %% 5 (P<0.05)(3 2).

0 0~15 16~30 31~45 46~60 2.7 BiEEENTFEFEEEKRN
FEFEI Cultivation period/d

K3 BemREAS AN [] £ A= TR fRDRL i R v
AL IR A KR A i e
Fig.3 Special growth rate of L. vannamei fed with
diets with different probiotics addition

C: Pt M ekl P B IR B s M o
KL-3 2010 falkHP 1k}, B: BEMEAS i/ TR KL-C2 2014
TERLE tREL; PE: [H]FR 0 P ARDEL A B AR
PR AR R NG SRR IR TC 1 3 22 5¢:(P>0.05), ARyEARE/N
B R A % R (P<0.05), TR
C: fed with commercial feed; P: fed with Pseudoalteromonas
sp. KL-3 2010 added feed (P feed); E: fed with
Exiguobacterium sp. KL-C2 2014 added feed (E feed); PE:
fed interruptedly with P feed and E feed. Columns marked
with same lowercase mean no significant difference (P>0.05);

different lowercases mean significant difference (P<0.05).
The same as in following tables

2.6 FLWEBEMIFEK. FERESHN

FEH 60 d Ji, NASLAXTURRER | A0 R AR
RBGHATEIT . G5 R BN, X IRALAETE RAUH 25.5%
1.8%, 1M P ZHXTURAEIE 5K 79.3%+7.6%, HLXTHRA
ET 213%+43% (P<0.01); PE ZHXJUFFETG R K
72.1%%=10.1%, FEXTRRALER R T 184%+52% (P<0.05).
Xof BEZH 347 34 4 K 2% 8(7.69+0.30)%/d ; E 2H XHIF 345
Py KON (15.78+1.76)%/d, HXTIEZHERE T 105.5%+
28.1%(P<0.05); PE ZH %] HF 557 34 42 K 3 Hy(13.10+
2.12)%/d, FEX IR T 70.6%+32.8% (P<0.05); P
ZHRFHR SO P A4 KRk (11.16+0.71)%/d, Hexf B2 42
T T 45.3%+12.5% (P<0.05),

FRIEER 40, 50 F1 60 K, HUas i 2 d HE=s
AYXFHR I, ATV 8 PN AR R 3 TR s R S E
RN, o AL TSN B R fR RS ISR 2 T
ENEEMLA R, EFRFE 40 d B, X REZE XTI
() 1 18 e AR DA i D, O AR SRR L i P A
T A A A 1 PR G X S R NG, X bk
Bl MR PEAT T pirA 1 pirB LIRS, 255 525
P, FKHIRHAE VPareno B HE; 50 d B, P 4AiE &M
P OE R B BR T B N iR 2 7 38 A\ & 6
(Photobacterium damselae), Tfi E 211 PE 21 il & Hl
AR AL BB ) 43 5310 A i 22 Q9B (Vibrio shilonii ) ATt BL
[CHH (Shewanella sp.), WAL 36 N & CHF I 5
TE 60 d B, X B A 7 i AR A 36 N £ R AT B AT
ERTA (Paracoccus sp.)2 FROEHE ; 1 P 2H 1Y W38 % fE
A AT s E 4R PE 41l @M I3 A 28
Wi SCHr IR A (Vibrio owensii),  HLAG 3B 1 25 B B [ %
FRZAAR SR 2 B, Horb, S8 A ROEHTRE
X HECAH R S 56 4 A B A Y R TR AR (R 3) .

2.8 StERREIRIREIEL

TEFRHE S 45 R, X 45 4 PLAA V2 X 0 i 975 428
A OG5 o LA SRR R FE R AT T SE , 25 R Wow
P 41 E HAXHERAY LT ACP. SOD #il POD B i & T
X BEZH (P<0.05); E 40/ ACP. POD. SOD FlIfil i &
B 1 M B v TN R ZH (P<0.05) 3 {H PE ZH % T SOD
5 T X B 2H (P<0.05)4h,  HoAth S e $8 bR B A% F %t
AL 4)

x2 BRRFMAREZREWARPALMENFER, FEMESHE

Tab.2 Growth, survival, and production properties of L. vannamei fed with diets with different probiotics addition

sl WA AR E A E peanp TR AR s TR REL
Group (n=2) Initial body weight (g) Final body weight (g) SR (%) AGR(%/d) Production (g/mS) FCR

C 0.4240.02° 1.94+0.07° 25.5+1.8% 7.69+0.30° 138.2+10.8%%  1.38+0.04°

P 0.42+0.02° 2.81+0.18° 79.3+7.6* 11.16£0.71° 626.7497.6°°  1.05+0.04°

E 0.42+0.02° 3.98+0.44° 37.9+2.9° 15.78+1.76° 422.7+67.6° 0.94+0.11°

PE 0.42+0.02° 3.30+0.54° 72.1+10.1° 13.10+2.12% 702.5+64.2°°  1.00+0.07°

W BRTEPEANAH R B R B 2 22 B (P<0.01)

Note: Duplicate lowercases mean very significant difference (P<0.01)



126 W B B 41 %
*3 EIWANMMHEREENRLEER
Tab.3 Dominant bacteria colonized in midgut of the experimental shrimp
KEL Days C 4 Control group P 4 Group P E 2H Group E PE 2 Group PE

55 40 RAYPLHA A b, AU R 1 I R ND ND
Dominant on day 40 No dominants V. parahaemolyticus
5 40 KAYUAL ¥ ¥ ND ND
Subdominant on day 40 No subdominants No subdominants
55 50 RALH A ND R 1 S B Jiti 2 QAR Jiti B LR T
Dominant on day 50 V. parahaemolyticus V. shilonii Shewanella sp.
%5 50 REYRAL A ND EINV S itid:| FLNMFOCH NI
Subdominant on day 50 Photobacterium damselae P. damselae P. damselae
%5 60 RIYPLHAH F NMRCF T (GRE) RS I DR ST SR BT
Dominant on day 60 P. damselae Microbacterium sp. V. owensii V. owensii
%60 R HIEREH Paracoccus sp. Jite & FCIREA V. shilonii ¥ T

Subdominant on day 60

2 N\ A0 R CFFH P. damselae No subdominant

No subdominant

7 : ND: KMk Note: ND: Not detected

R4 AEAEE RN R LR X R 5 & B R

Tab.4 Effect of different dietary probiotics on immunity of L. vannamei

4 51 [iry T i AL ALY V5 S E V¥ Total protein
Group (n=3) ACP(x10” U/ml) POD (U/ml) B4k E# SOD (U/ml)  Lysozme (U/ml) concentration (mg/ml)
C 4.7740.34° 23.23+0.10° 118.5243.50° 0.07+0.01° 42.36+0. 77
p 5.73+0.22° 25.38+0.05° 134.71+7.06° 0.09:0.03° 47.77£3.70°
E 5.36+0.34° 24.69+0.38° 154.78+20.49° 0.08+0.01° 50.87+1.24°
PE 4.41£0.00° 20.36+0.11° 152.15+9.24° 0.06+0.01° 37.60+7.98°
3 it ARAT LT HR 20 I 2 B8 w5 073 26 X O H i o 5T

995 B A 2 T R SR A T I A S — 2
AT, 22358 e s RSN BE g, (45 #5717 99 s 114
WV R AP AT A, 25 950 T U R & B ik
(FEFESE, 2016), 1R AT FFJR I LUAdE 3 R 1 ok Xt
S0 25 4 BN R ARGE W R AR AT R B AN 237 F)
SZUO T G AR B HE AT R A R A AE T R, X R
A YA 05 2R AR T AN 25 2 TR A S 50 A1 B R4
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Effects of Probiotics-Supplemented Diets on the Growth and Survival of
Litopenaeus vannamei Carrying Multiple Pathogens

LIAN Xiaojun'?, ZHU Kailing', ZHANG Qinggi’, WAN Xiaoyuan',
XIE Guosi', GUO Chengcheng', HUANG Jie'*"

(1. Qingdao Key Laboratory of Mariculture Epidemiology and Biosecurity; Laboratory for Marine Fisheries Science and Food
Production Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao); Key Laboratory of Maricultural
Organism Disease Control, Ministry of Agriculture and Rural Affairs; Yellow Sea Fisheries Research Institute, Chinese Academy of
Fishery Sciences, Qingdao  266071; 2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306,
3. Lianyungang Qiming Aquculture Ltd, Lianyungang 222100)

Abstract Current shrimp farming industries face difficulties associated with disease outbreak caused
by pathogens on shrimp larva. The application of probiotics may provide a solution to problems
associated with disease. We used Pseudoalteromonas sp. strain KL-3 2010, which has antagonism against
acute hepatopancreatic necrosis disease-causing Vibrio parahaemolyticus (VPaupnp) and extracellular
protease activity, and Exiguobacterium sp. strain KL-C2 2014, which has extracellular protease activity,
as probiotics in a feeding test of Litopenaeus vannamei to investigate their effects on the growth and
survival of shrimp. These two bacterial strains had no pathogenicity to L. vannamei in an immersion
challenge at 10> CFU/ml. Weak positive signals for white spot syndrome (WSSV), VPaypnp, and
Enterocytozoon hepatopenael (EHP) were detected in the population of shrimp juveniles used in this study.
L. vannamel was fed for 60 days with Pseudoalteromonas sp. KL-3 2010-supplemented diets (P group),
Exiguobacterium sp. KL-C2 2014-supplemented diets (E group), alternation of the two diets (PE group),
and normal diets (C group), respectively. Compared with the control group, the survival rate of the P
group significantly improved (by 213%+43%; P<0.01), the average growth rate of E group significantly
increased (by 105.5%=28.1%; P<0.05), and the survival rate and average growth rate of the PE group
simultaneously improved (by 184%+52%; P<0.05 and by 70.6%+32.8%, respectively). Feeding with
Pseudoalteromonas sp. KL-3 2010 and Exiguobacterium sp. KL-C2 2014 diets significantly affected the
species of dominant microflora colonizing the shrimp gut, but these added probiotic bacterial strains were
not detected in the re-isolated and cultivated dominant bacteria colonies. The addition with these
probiotics to diets significantly increased some serum immune indexes, such as superoxide dismutase.
The study showed that diets supplemented with the above probiotics may provide a practical approach for
disease prevention and growth promotion in shrimp farming, even for shrimp positive for multiple
pathogens.

Key words Litopenaeus vannamei; Probiotics; Growth; Survival; Positive multiple pathogens
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