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. 1 ) 1 1 2 s 2 1 o 2
T Y RKEEw FOF ALK
Eﬂ%ﬁ 1,3 i;é 3*-% 1,3 EK?I 1,3 j(ljfii'i 1,30
(1. IWEREBBHERAIIERE  ILE F8  266104; 2. INEEBEBHRER PO LA FE  266104;
3. INARAWKFEBERTRESILKEE ILKR HE 266104)

W= 45 3 74T 5 (Brevibacillus laterosporu) & — f E EZ Wy £ M 7 ik A, HAEKFFRAF
s WLARE K 55 48R o R Ao ) T 2F AT T FASOS X L 44 % %t AT (Litopenaeus vannamel) 4 K | 47
R FE A EH M, DKE X (1.00£0.08) g th LA E i h At Rt %, JFR T 28d th R sL4h, L
Bk 4, GHAINEL, BAEEL S0 EXIF, 2 FEAE R0 (C 4, EAxEL), 10°(BLI
41y, 107 (BL2 41)% 10° CFU/g (BL3 41){U 745 3 74T 1 FASO5 th sLib ek, 45 R BoR, & 47575
F TP %% F(P>0.05), BL1 f1 BL2 4l xt i ik K . REMBEE A KFLEETT C 4A(P<0.05); 5
C 448 b, BL1~BL3 41 Fr 78 A o I H 20 8 2 4 1(P<0.05); 12 %+ &l 7 1t 9L & (Mibrio parahemolyticus)
J&, BLI~BL3 4 #E X %5 T C 4(P<0.05), BLI~BL3 4= [ty £ %4 & #(P>0.05); 5§ C 4
A H, BLI~BL3 41 %t 3 fn 48 A & v 55 8 3% 3 e (P<0.05), Tz 28 48 7% 1 A (ROS) = & T & & 1%
(P<0.05); BL1~BL3 41 Xt 4F &y 74 H B#(LZM) , it £ b A B (CAT) B 3 BR BR(ACP) ¥ B % 3 T C 41
(P<0.05), BL1~BL3 41z |8t LZM #n ACP 7& ¥ T T % % F(P>0.05), BL2 41 %t i iy B £ (L. BE (PO)
% % T At & 41(P<0.05), BL1 A1 BL2 41 "ty 70 £ 5% B% B (ALP)An 4 A L4 B (L B8 (SOD) . % & T
C 41 4n BL3 41(P<0.05). #F % & ¥, U 42 3F F AT 5 FASOS 1E 7 BH A An 7l & 4% (2 2F 3o 4 K | %
FERERL., BEIR AW BAERENE LK, 5L EHEN 10 CFU/g, ARESER], 7
Plm Ak FEFE 10'CFU/g, #ébat —FREaim ey e Rz,

KR LHEXES; WA F AT E FASOS; A K; #ik; R

FESZES S963  NHEKFRIEEE A 0 XEHS  2095-9869(2023)03-0144-10

L4475 %} i (Litopenaeus vannamei) X #k 1 26 e n BB IR S A 22—, FEK P2 R0  — 5 P
XTI, & X ER Rl (Penacidae) . 75X T JE (Penaeus), J& EEMA, ITAER, HEE XA IRIE AL AR, XHER
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FREHM B T AR . R IR T, RS R EL
IRBEEAL A A KT SR K BLAE R 2 A
T T D TR 2 MR PR R YL RN A AR
(EA, 2016), MAREER KI5, wHh, ik
RIRE TR ANTRK = S e W, s2m 1 X iRR
BV P fE R E R . L, YRR E SR
K A7 B AT E AL

fi A BRI AT P LR T DA S SR S
TR ALK (S/NEESE, 2020), HAAMERRE . g6, &
MRS, B HE A RN EZERN 25 Ik,
i B ZF 4 #T 1 (Bacillus subtilis)(Abdollahi-Arpanahi
et al, 2018; Fan et al, 2018; Interaminense €t al, 2018) .,
A 2F AT 1 (Bacil lus cereus)(Jiang et al, 2019; X1 3C5%
%% 2017; Navinchandran et al, 2014)F1%5 /) 2 AT 5
(Bacillus pumilus)(Liu et al, 2020)% 30 & %I 4 o+ 7
Bz 0 TR SR A R v I R A TR A W AN
LR . b AL VA TR R 20 1 2 55 ELA R R B e
YER BT, Bets U B FFRFEIN R, A H
M E R A AR K o M A % 2 S A TR (Brevibacillus
laterospor u)/E —Fh A= W i i 4 £ T, 8 DL H T
RAEY)FNE B AP PR . Khadija (2020)#158 %
B, 6L ZE AT TR AR UK F PeBL1 HA S %
it A B AT Bk F (Myzus persicae) 1975 5 5 2 95
(2020) 418, B 2 AT R B8 REREHU A M0 7
MY Purba (2020)IBFTE RN, FEvER®
el £ %5 2F #14T #i (Brevibacillus laterosporus)3; 754
A LR PR 432 V0 1] B B (Salmonel la pullorum) /g ,
A A6 867 2 ST B8 7K 7 S B v A g HH 5 D0 i, A
A 5% 38 3 1) ARk o S AN ) 7K S B ) A6 2 2 F AT T
FASOS, VITEAGILXT FLANEEXTURAE K | Bo . s )
DYSEEEZSAibb- A ISR AL v S (SR ik 8y Bl LA
RS

1 #wREFE
11 BEHFRESITE

96565 25 F0AF 1 (BL FAS05) Ky 52 56 28 {5 588 11 1k
B ZE R R AR A SR K R B A 2, BT
(] A A R P R A BB O3 P s, R
%54 CGMCC No.20038, 144 S 58 ik S5 H: ] 411 il )
1M R (Vibrio parahemolyticus) . ' 4k [G 3R (Vibrio
harveyi) %5 205 B 1A o RO AL 2FHAT I FASOS
e 1%t H2 R 3) LB 3R R s 5T, 30 C .
200 r/min RIGFRIITIEN, HEERY RKEESE.
3000 r/min B.L> 20 min, FEd EIEW, WEEEKR. H
12 g T P AE HRER K R 4 B R R B (ODgoo ) » 15 27 B

AR RDR ) i e

BRI PR e B R P A i v T Rk b AT S KA
A BEER TKORS BB BE R B R EA T TR A, B R TR A
3 AR PAT, PEE S AR RS BEREA T THEL,
TR RIS AP ATIFHE
1.2 (ARHIE

foby . SRR FOKR Oy EEE E U, A FIwEE
WM ARWTIR, /A2 A D 2, A TEOHLER |
2 LR R AF C A A AR, AR T AR 1. 1A
BHRURRZ R RE . 80 Hud bt . IREHI2IG, WA
PRI 7 e B O 000 #6062 2F AT R FASOS  JHC il 443k 2

x1 EfEBES

Tab.1 Composition of basal diets
JFkH Ingredients bl Proportion/%

fhfy Fish meal 30.0
M1 Soybean meal 23.3
1644 Peanut meal 10.0
/NZZHY Wheat flour 23.0
BEYFA Krill meal 5.0
5 4E Cuttlefish cream 3.0
WM&l Phosphatidic acid 1.5
il Soybean oil 1.5
B A5G Ca(H,PO,), 1.5
£ Multimineral 0.5
Z 4t Multivitamin 0.5
IEB® Choline 0.2

T ik (ehke THIBD: MEM, 7105 MR, 108,
SHMi(gkeg TYF): WEMA, 527; MK, 19, EEH(g/ke
THIR): MER, 5405 RURM, 34, /NEKI(eke THIR):
RLEF, 94; MR, 14, BEIPEN(g/ke THIIR): MEH, 797;
FRENT, 36, £ NaCl (99.5%), 0.767 g/kg; KCI(99.5%),
1.916 g/kg; ZnSO,4-7H,0, 80.230 mg/kg; MgSO,-7H,0 (99%),
6.145 g/kg; FeSO, 7H,0, 198.610 mg/kg; CoSO,4 7H,0,
1.667 mg/kg; MnSO,-H,O, 30.731 mg/kg; Ca(I10;), (0.99%),
0.077 mg/kg; Na,SeSOs, 0.779 mgkg, £4: HS¥% Xie
4(2012),

Note: Each kilogram of fish meal contain 710 g crude
protein dry matter and 108 g of crude lipid dry matter. Each
kilogram of soybean meal contain 527 g crude protein dry matter
and 19 g crude lipid dry matter. Each kilogram of peanut meal
contain 540 g crude protein dry matter and 34 g crude lipid dry
matter. Each kilogram of wheat flour contain 94 g crude protein
dry matter and 14 g crude lipid dry matter. Each kilogram of krill
meal contain 797 g crude protein dry matter and 36 g crude fat
dry matter. Multimineral: NaCl (99.5%), 0.767 g/kg; KCl (99.5%),
1916 g/kg, ZnSO4 7H,O, 80.230 mg/kg, MgSO, 7H,O (99%),
6.145 g/kg, FeSO,7H,0O, 198.610 mg/kg, CoSO4 7H,O, 1.667
mg/kg, MnSO,-H,0, 30.731 mg/kg, Ca(I0s), (0.99%), 0.077 mg/kg,
Na,SeS0O;, 0.779 mg/kg. Multivitamin: The composition of
multivitamin refer to Xie et al (2012).
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4 10° CFU/g (BL1). 10" CFU/g (BL2). 10° CFU/g (BL3)
Sz aR R, X BRZH (C) TSR BRI A BER KRR 5
St G355, BOKE & AT, R REHEUR AL
BRI AL A, iR 2T, 37U 1.5 mmx3~
5 mm R, BEEDENT, TR TR RAE

1.3 HFEEHE

S8 FH LN X IR I H Ll AR A48 gt i L LT
+ W R OXE R SR G &, S0 5 T 4R HT R T IR A
25~28 °C . £hFE K 27~30 KGR RE 7% 2 A
DIGE I PR o B 77 30 1) 4 R R ety e sk o B P ok 1k o
(1.00+0.08) g A XFHFBEMLIL AL E] 12 4> 100 L 93 S ET
TS

SCEGFLUEE 1 AT RRALR 3 AN [k B A Ak
H, B 3 ER, BNER S50 BIF. FET
i, 4 R4y 4 RIEME(06:00 ., 12:00, 17:00 Fi 22:00),
IR BRER A, 0 SRR MR E R . R
Bk 1k, HoKE N BRI 2/3, A E —K
XTHR AR IR, FRE St BN B BT e <, Al
HAMKT 5mg/L, ZASEMT 0.03mg/L,

14 HmXE

FEFH SIS RS 24 h, 85 W ERCT kA B
IR o ST IR ot 90k L 4 I AR AR, AT IR
SLAZI AN E .

1 2 A BLBERIAY 1 mL JG TR T 57 2% MUK I i) Bl
O PAIEBURLIM E o PsER S bk AR R 1 0 1,
HEATCHAY 1.5 mL 2508, 3 ORI A —
B MWk B, A1 PBS JH R i 40 i ik F
10° cell/mL, HEATHFWETGVERIE WL IR & 286, 44k
B

WAL X M I Y (AN 3 0 0] 9 X R I bR L 4°C ik
B, 3500 t/min B0 10 min, WA 3G FAT
JERRHZUE TW AR, fEfET-80 C, HIT M
KB PER M, BAAEER 8 ASEAT . T E
438 g X W TR AR S A PBS A) 3 G2 v Hh o
0% IERERY, 4 °C L 2500 g B0 10 min, Y&
R FREBIESRKBO RSN G B R H
15 RHX

TR SRR EE A, HEAT U] 1 ] B0 I I R =
GESZHsy, P FH I 00 5K B oA o R 2 g A 5 2
FE T LSl R 5 JEM DA g FLAA 06 B o 3
PeAto BAPIBEL T ER 50 LKA 25 HATIR, Ik
JE2 10" CFU/mL (Y &I MR i o (24 00 ) A3

K, BRASMERNER, & 12 h S —RIE TS
L, JEF BT AEAR IS

1.6 3EHRAME

1.6.1 AKEIME TEFRFE SR R, 2 JA
TETFEHLEE I 8 & X iR I AR AR, Jf 5 e
W o SCIREE A, WA RO UR AT, T AT
#(survival rate, SR), HE{#i# (condition factor, CF)Fl4F
5 4 K K (specific growth rate, SGR),
SR(%) = hLifk R/ S B AL x 100
CF = W,/L¢ x 100
SGR(%/d) = (InW; — InWp)/t X 100

K, Wo S XTERPI G-, W Ay S0 25 TR0t
BRFEIARTE, L R Segm gl gm0, t 3%
B S B A ]
1.6.2 AR P IR 6 Hem) K AR T4
P E SRR AR R B R, IR R . R
1 mL FRFEKRE, 433 0K B A BEER K 84T 10, 107,
10° Al 10* BERERRE, FEHU 0.1 mL R BRI A T
TCBS Kigfdk b, MAMBMERE 3 P17, 28 C
K595 2 d, BEHOT- 49 58 75 B7E 30~300 22 (8] - AR T8
THEE T T L £ (CFU) .,
1.6.3 i 4m 0L S 95 R R B WG « S8 5 ik
1 Delaporte 55(2003) 1) 77 ik 5L At - FEVEM& B, A7 4n
T A PBS VR i 40 E R 10° cell/mL; B 4 pL,
25%MPE GBI 400 uL M4t , BEH2,
18 C FREEHFE 1 hs A 26 nL £ 5 RS L 11 I
4°C, 800 g &L> 10 min LPREZAMBOEMER; WA
400 pL PBS S 400, R 404X FL-1 @8
G AT I 200 1 2 €25 s o SR FH A W BB % i 4 i
ECE 20 S B A R SRR A T A

WP . I 200 R I % 7 AR 1 ROS W LUK
AP 123 (DHR)RAM R K ZOEME FH 123
(RHO) (Kalgraff et al, 2011), 2040 {SREm , W
SV P10 i A R B8 L L 1 40 %) O O B 2 R o g i
IS I 40 B R AR 10° cell/mL, F 25 C. BIK;
FAFFEE 10 min, WINN ZEEH BEES IR R (PMA)
2R BE i 5 0.1 pg/mL, ZEZEMEE 10 min J5 FR M
DHR, fffi DHR &%k 2 pg/mL, 44ZE07F 30 min,
SR AN EAY FL-1 38 38 AG I 40 B I R 4% ) g £y
A% i .
1.6.4 BEgpEhmE  JFFBERR P S A SC RS ), dn
HE Y LB (superoxide dismutase, SOD) . I 1k
A Ji§ (catalase, CAT). P2 1M:WBEERMNE (acid phosphatase,
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ACP) . &P WM& B4 (alkaline phosphatase, ALP) AL
G A ST 7, W 4 fL i (phenol oxidase, PO).
VA B it (lysozyme, LZM)4JR I g 50 £ iiialsn] &l & .
JHF TR B AR 10 355 A 2 S BRI 3 = K BCA SRR
JEE I ) 0 o

1.7 HIBELESHH

S gk B D S {E 45 1 22 (MeantSD) RN, K
FAGE 4% SPSS 16.0 X T8 £t 47 5 N 2y 224
#r(one-way ANOVA), it EMH/KFH P<0.05; KA
LSD J7 2= 55 M A 50 75 1 Pl A 45 S 50 b R 21 55 % B2
B 25 5

2 SLIGEER

2.1 EARSRNMNAEEFRTE FASS 3T HIEST
LN -0k A

LR A I A 2 AT I FASOS X ML i Xt
WRAE KRB R SE M AN I 1 T o 45 26 IR 1Y) 36 G
WEZRE 1A, P>0.05), FEFRHH 14 KAf, BLI
1 BL2 20 1) Xt B 0 A R0 R i I 3 v T IR (C 4
(P<0.05), %3250 2l = ] i) M 4 R4 8 G Wl 3% 25 5%
(B 1B, C, P>0.05); BL1 1 BL2 4 % o1 AR B 5

X} HR 20 JGH f. 22 5 (P>0.05), BL3 2H A9 X SR B 6 )
100 [ o 12rp
. § |=c
S [ £ 107 9 BLI
% g 80T I g | EmBL2
g T l i I < g | EEBL3
&z T B
g 60 e
A M 6
®
40 ="¢ BLl BL2  BL3 0
#H Group
5 0ol =
2097 E=BL2
£ 0.8 I BL3 ab
p= 2ababp
2071 a
S 06
gl
£ 0.5
B
0.4
0 14 28
At ] Time/d
&l 1
Fig.1

FR T X BE4H (P<0.05) (& 1D). 7EF7%H 28 d i}, BL1
Al BL2 4 AR K 38 5 T BL3 41(P<0.05), IR B #E 4%
SEHGZH TG 2 2% 5 (P>0.05), BL1 44 Ak B b &
1 X HRE1(P<0.05), FRFEZSH S, BL1 Al BL2 411
FEARKRDER T RAE 1E, P<0.05), X505
P AREE A KR ER AR R E(P>0.05), ZEa3Ras
SRR, TR S 5 2E AT B FASOS R LA
PE LG IR IR A A, EG HA7 0 R 2 R

2.2 ERRRMN A EFRTE FASS Xt WEXT
R 3% 5 7k 45 o o S A 20

FLGA T AR S K AR T B e il 2 7% . B
FRIEEE 7 Rify, SXFRRAIM L, £ 5250 410 5 R 2.
FIEAK(P<0.05), H— H 4k F57E $2 MK /KF . BL2 1 BL3
N BT BL1 41, BL2 5 BL3 4 [al 3K
WEILTFRAZES
2.3 {ARRRMMNAEF AT E FASOS Xt L4 EXT

LIS TR A

1R YR M RER 5, PLANEE X IR A 7736 2 an ] 3
iR o RYAFLEZE 46 h B, BSLIRA R YA 16 R
BER TR BRYEER, XTI R AT
RN AS%IEAT, TSR AOAT I R E] 80%LA |, 4%
SHG A Z A 25 N

6
c C (1]
ada® E°
5 4
S
bbb g3
m
2
i
®1
0
14 28
B} ] Time/d B B8] Time/d
~~ 7_
g E b b ab
s 1 +
BB | | |
%5 S l
4%
HE 4T
Fe
g 3-
o
L)
C BLI BL2  BL3
2 Group

ek v A I 6 065 2E AT B FASOS % FLAA T XoF R A= K R 1) 5% i)

Effects of adding B. laterosporu FASOS to feed on growth performance of L. vannamei

C: XMR4H; BL1: 10°CFU/g #Rin4l; BL2: 107 CFU/g #iZH; BL3: 10° CFU/g B4, RFFRFOR AR B3 (P<0.05). T,

C: Control groups; BL1: Add 10° CFU/g B. laterosporu groups; BL2: Add 10" CFU/g B. laterosporu groups;
BL3: Add 10° CFU/g B. laterosporu groups. Different superscript letters are significantly different from each other at P<0.05.
The same as below.
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o s g
2 5 0|
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25 22 60l
Gy m - C
S 200 = -
3 250k BL1
g g —a— BL2
3 100 1 1 1 1 1 ? 40 i . BL3
= 0 7 14 21 28 0 20 40 60 80 100 120

fistA] Time/d {2YLifE] Time post infection/h

B2 e b s £ 56 28 AT T FASOS X PLA IR X R 57
BEL KA T 5 ) 52 )
Fig.2 Effects of adding B. laterosporu FASO5 to feed on
vibrio quantity in cultured water of L. vannamei

2.4 fARE M 5 EF AT B FASOS 34 ML 40 iE 3t
R 1 208 B 62 9 i 1 B B2 M

TR S AN AR ZEHLAT I FASOS X FLARTE X
O I 20 L A B VS PR R I A B 4 B . SR RRZE A
e, R 28 d J5, kbbb 1A ke 2 AT I
FASO5  Fo 0T I Il 448 7 05 252 5k 25 389 11 (P<0.05), BL2

o A
% Tr c b
g b I ,
#Z6f I :
el
° T
Zgsr| ¢
5
=
g 4r
-
= 3
C BL1 BL2 BL3
#H Group
& 4
Fig.4

2.5 AR M 5 F AT E FASOS X4 ML 40iE 3t
R 50 9% HH K EE B9 220G

Tk kb 7 00 98 ZEFUAF T FASOS BRSNS [R) 72
JE by 52 g A O 35 T A v A G 928 A OC 1 I 1
(Kl 5)o 5 SCBn 2 X R H S TR 2o S fb Sl AR P
BRI 85 T C 4H(P<0.05), S2364H 22 8] i 15 T
R VPR I T TR Wl 01 1 W 3 22 57 (P>0.05) . BL2 4
A B AR AL I S T L4 4, BL1 RN BL2 4t
) A W TR il R 4B A AL B T C 4, BLI
1 BL2 2 2 0] i A 2 5% (P>0.05), C 45 BL3 4=
(B AN AR I 25 2% 57 (P>0.05),

PR 3 R W i

B 3 AR IO A 4 ZEFFT B FASOS X JLYH e

X MR 77 4 5
Fig.3 Effects of adding B. laterosporu FASO0S5 to
feed on disease resistance of L. vannamei

HAF R B E T BL1 M BL3 #H(P<0.05), BLI
1 BL3 2H 2 H) 22 5 A8 Wi 2 (B] 4A, P>0.05) frpRLrfogh
6T T ZF AT FASOS it o) I il 40 i P 0 4 o
TEPERIIM AN ROS =it B EFE{IK(P<0.05), BL2 Fl
BL3 414 U 15 3 P 2 35K F BL1 41(P<0.05),
BL2 il BL3 4 [1] 22 5 A8 i 2 (IX] 4B, P>0.05).

o B [
S 60 f T
2 [ b
> 50 '[ a
£ T
E 40 I i [
g [
jo)
R 30
(=}
s 20+
o
Gy
B0t
2
&
0
© C BLI BL2 BL3
2 Group

ARk e S I 6 2F AT B FASOS Xof FLAVES X I 1l 248 A 56 5 156 P 114 52 i)
Effects of adding B. laterosporu FASO05 to feed on blood cell immune activity of L. vannamei

3 it
3.1 ARRRMNAEFETE FASS 3t FL4ERT
HRfEE A K0

FEARHIFFE A, ALk A I 03 B R R A 9 e 2 A
FFH FASO5 Xif FLYATE AT A A7 35 S 25 50, 1560
L S T P 00 960 25 FLFT A FASOS S A48 42 11 o
— B ZE AT B A W R R G, AR e R
KT EFRYFRA, FE3EK = 5P i K
(%2 2018; Z/NEE, 2017). AHIHE, R0 0
96055 2 AT B FASOS WA o 7 Mg st iF i 4= e o
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= A o 607 =
g 025 ) H %’ g [P a b a 2 50t C i
& N R ! : o #e a0l ; b
4w & 020 T J | i 2 g0l 1 i =g . ] I :
£ o5t 2 ! g2 I &5 30} .
230 ] 83307 e I
®E o010t BE 4l NE 20 f
S 005f g ol ﬂjﬁ‘f g 10l
s o 10 A S
5 0 I n I I 0 n L L n 8 0 L n n L
C BLl BL2 BL3 C BLl BL2 BL3 C BLl BL2 BL3
24 Group 2 Group 24 Group
= 40 1D b = E b b = 45 (F b
#HE 351 b g3sf 2 40l b b
g 5 3 L # 5 [ | » 5% [ L
BE 30 , | : a3 wmgE30f a | [ [ Mg s 2 [ I I
25t t
g% 20 I E%%' } I %% 0f {
82 15t 22 0! g2 2
=B I Culh HE 90|
&S 10 BS &0
a L A 15T & 5L
=g 3 2
1] 0 ' L L ' 10 L L L L 10 ' L L '
c BLI BL2 BL3 C BLI BL2 BL3 c BLI BL2 BL3
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& 5 AEDRL RS N A LE TR B FASOS X FLAK TR X MR S0 28 0 S Bl 1 52 1l

Fig.5 Effects of adding B. laterosporu FASO05 to feed on immune related enzymes of L. vannamei

AWFFEH, 10° F1 107 CFU/g B ¥R 1 ] @ 242
TR R MR DL R AR KR X5 24 5E(2018)
FIX I A SR (201 8) BT 45 S ARG, BRI GS hnf2: 1
25 BE 5 AR R K.

3.2 AR A EF AT E FAS0S 3t L4 iE*T
R 3% 8 7K ER 4 oI 1 2 9 22 0

A U Gl A A v PR 3l A7 L 1 HARELR
T [ — A A5 0L 22 Bl BR 5T S A ) =22 8]l et 8 5 =S
6] 35 4 | oA Ak 2R B 400 T 2R 5 1 ) b Bl 2 Y
BR(ERIM, 2016), ABFFEAIR TR, BREA M
TR AT FASOS Y GRDRE AT LR AR A M o B e
RohE, X AT BER T iR e G 0 At 2 AT R FASOS
R AR E AL TR U6 , [ 20— i HE 2 57 5 PR 45
Hh R BT IR A A o (R 25 ST R FASOS
FR I A0 0 A1 5 o i o R N e &R, BT
IRV B2 R MR 25 AT I FASOS BIUEAT 4 oI & £
KEfE .

3.3 (AR MM S FEAE FASOS X ML HiERT
HR L% 1 B9 22 0

3 T e A BELA O MR 3 B 7 M & e ) L PR 2
X AR 2P SRR IR L5651 B #5347 PirA Fil PirB
T 1 HE R Y w0 R BT B0 A, 2016; X e LA,
2018). Pieters 55 (2010) K43N 4 A5 T 1) fa) BB LA
TEXTUR , i T BE /)75 2148 51 . Vaseeharan %5(2010)
WEGE & B, Ak B 2E ST TR AT LA BE 55 X M (Penaeus
monodon)/E& 4 i 2k FC A B J5 LT 280 20 90% o At

ST S = AN 1 S R | R BT IR e R b ooy ]
FASO5 Bf,  FLAAEE XTI ) w95 1 90 B 42 YL A7 15 6
45%32 = F) T 80%LA L, FAr RIE T RBEB A
R MR AR G A 06 26 5 M 908 2E FATF P FASOS R N
W BEVAT AH G, 31 BT o 3 g 0 et 2 A AT
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Effects of Adding Brevibacillus laterosporu FASO5 to Feed on the Growth,
Disease Resistance, and | mmunity of Litopenaeus vannamei

YU Daode', LIU Kaikai', SONG Jingjing', GUO Shaojing', ZHU Ancheng’,
WANG Xiaolu'?, FAN Ying'?, WANG Youhong'*, LIU Hongjun'*"

(1. Marine Science Research Institute of Shandong Province, Qingdao 266104, China;
2. Shandong Marine Forecast and Hazard Migitation Service, Qingdao 266104, China;
3. Key Laboratory of Mariculture Disease Control of Shandong Province, Qingdao 266104, China)

Abstract Litopenaeus vannamei is one of the important crustaceans in aquaculture in China. In recent
years, the shrimp culture industry has gradually developed into an intensive and high-density model,
which can lead to environmental deterioration and large-scale outbreak of diseases. The widespread use of
antibiotics has led to the increase of pathogen drug resistance, environmental pollution, and ecological
imbalance, resulting in secondary pollution in the water. Probiotics are live microbial additives that
promote good health and are environmentally sustainable and safe for use. They are often used as
important substitutes for antibiotics. Brevibacillus laterosporu, as a biocontrol probiotic, is commonly
used for disease control of crops, animals, and poultry, but its use is rarely reported in aquaculture. A
28-day breeding experiment was carried out with L. vannamei weighing (1.00+0.08) g, to study the effects
of adding B. laterosporu FASO5 in the feed on the growth, disease resistance, and immunity of
L. vannamei. The experiment was divided into four groups with three replicates in each group, and
50 shrimps in each replicate were fed with the experimental feed supplemented with 0 CFU/g (group C, as
the control group), 10° CFU/g (group BL1), 10’ CFU/g (group BL2), and 10° CFU/g (group BL3) of
B. laterosporu FAS05. B. laterosporu FAS05 was isolated from the aquaculture pond with a low number
of Vibrio in summer. The bacterium was added into the basic feed with fish meal, soybean meal, and corn
meal as the main protein source, fish oil and phospholipid oil were added as the fat source, wheat flour as
the main sugar source, and inorganic salts and vitamins as supplements. L. vannamel was purchased from
a prawn farm in Weihai City, Shandong Province. The temperature was 25-28 C and the salinity was
27-30. During the breeding experiment, eight shrimps were randomly selected in each tank every two
weeks and their body length, weight, and plumpness were measured. The phagocytic activity assay was
modified on the basis of the method reported by Delaporte et al (2003). Fl-1 channel flow cytometry was
used to detect and analyze the offset of respiratory burst peak. The blood lymphocytes, serum, and
hepatopancreas of shrimp were collected 24 hours after the experiment. The activities of immune related
enzymes in hepatopancreas, such as superoxide dismutase (SOD), catalase (CAT), acid phosphatase
(ACP), and alkaline phosphatase (ALP) levels, and the activities of immune related enzymes in serum,
phenol oxidase (PO), and lysozyme (LZM), were determined by kits. The phagocytic activity was
measured, and the assay was modified on the basis of Delaporte et al (2003). FI-1 channel flow cytometry
was used to detect and analyze the offset of respiratory burst peak. After the feeding test, a one-week
infection test of Vibrio parahaemolyticus was carried out to determine disease resistance. The
experimental results were expressed as Mean+SD. One-way ANOVA analysis was conducted for all data
using statistical software SPSS 16.0, and significance level was defined as P<0.05. LSD homogeneity of
variance test was used to compare the differences between experimental treatment groups and control
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groups. The results showed that there was no significant difference in survival rate among all groups
(P>0.05), and the body length, body weight, and specific growth rate of shrimps in the BL1 and BL2
groups were significantly higher than those in group C (P<0.05). Compared to that in group C, the
abundance of Mibrio in the aquaculture water in the BL1 to BL3 groups was significantly decreased
(P<0.05). After infection with V. parahemolyticus, the survival rate of group C was about 45%, while the
survival rate of the BL1 to BL3 groups was more than 80%; therefore, the survival rate of the BL1 to BL3
groups was significantly higher than that in group C (P<0.05), and no significant difference was found
among the BL1 to BL3 groups (P>0.05). Compared to that of group C, the phagocytizing rate of shrimp
blood cells in the BL1 to BL3 groups increased significantly (P<0.05), while the production of ROS in
blood cells decreased significantly (P<0.05). The LZM, CAT and ACP activities of shrimps in the BL1 to
BL3 groups were significantly higher than those in group C (P<0.05). There was no significant difference
in LZM and ACP activities among the BL1 to BL3 groups (P>0.05). The PO of shrimps in the BL2 group
was significantly higher than those in other groups (P<0.05). The ALP and SOD in the BL1 and BL2
groups were significantly higher than those in group C and BL3 (P<0.05). The above results showed that
B. laterosporu FASOS5 as a feed additive could promote the growth of shrimp, activate the immune system,
improve disease resistance, and inhibit the growth of Vibrio in the surrounding environment. The
reference dosage was 10° CFU/g. When the infection is serious, the dosage can be increased to 10’ CFU/g
to further improve the non-specific immunity of shrimp. The results of this study can provide basic data
for the application of B. laterosporu FASO5 in shrimp culture and production.

Key words Litopenaeus vannamei; Brevibacillus laterosporu FAS05; Growth; Immunity; Disease
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