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PUEALRE J1(T-AOC)IE 35 42 155 0.05%SHAL X ifi b E2 R 14 B3 BR BfF (ACP) TG 14 IfL bk B2 T-AOC K i iR SOD
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fitg . i 0y B AN 4T 4k B VE M, (R HEE AL,
AR E G 0 PR RS B 2E R T 5 A
BHE, FEm T b oG EE R 3Rk, 1B 1m0 A 2500R 5
M5 TR, 3 s &Y. KewcharoenZ!™
FE DR} A A AR B 2 SR T ) M i S PR, R R
5% (A GHER AT IR AN I 40 B HH ALF. LSZ. SOD%%:
FER R IEKE T, AT B e i bk B 400 ) 37 ok
BRGNS YE . Ak, S MR, A 2R
T T B8 PR BB 8 7 2B 2 B BT TR S R, X K R TR
W RS AEIURENAEKREH LA R EMN
VR Y. 7E ST S BT IR AT R N, 1 R
I AR F it G A B AR B R, BE S R BRI R R
P 5% 0 i ) I R, 0 ) K A R I 1 AR
Koo SR, H FT IS TR 5 2 AT B 00T IR AR FH 260R
(IR 90 2 oy IR - B — sl /D S0/ FH 2 T 25 4%, Wk
ZIEIIFIE. KRR, PUERE . B R
PEG R . DAV TR e fe 115 HAth L 4t
IR L 2 AN 2 AV BHE AT
HF 50 R X IR ANR B D A B A AR L N
50—130), BEARANEAS /IS, 45 A 1 5% 5 22 ) At X
DL J S bR 27 5 PR A 853, A 70 45 SR AN FH 5K
G Yl SN

IRl 1, ASHIF SR FH s 3 52 s 7R B A 55 1 /K e b,
FRLIGARRE, Wi &, EKMERE. JiA
RREFT . AR St S A . R i T B R e
fe 11 5 HoAth A% G0 2590 1) 2850 R ) bH 55 22 A 4 X A
TR R B R 55 R IR B RUR AT T SRR
PEAL o B R A T VEAh A B 2F AT B R R 57 5
MV P B, SR T IR SR 0 77l T 4R kR A
BEER R .

1 #R5RE

1.1 SRR

& A XTIRZHIR4500 2, T4 T 1 2 % AE 5k
MV R A T, 146 4K 5. (0.95£0.25) g, HITAEK AN
(5.07+0.45) cm. 4 5 & Bk 2 s SR JE A I, G
WSSV. AHPNS. IHHNVAFIEHPZ: 5 G Ge . Al
FOEARRT B R, W E TR R AE A R A F, A&
FEHES20220221. =B EUE E LT E 2 S #
BIRA A, 774520170502,
1.2 SEIGEE

Z T REMF AR B B 1 PerkinElmer /A & ; SZ}
5E = PCRIX (%4 5 CRX96). 1 £ PCRAX (45 BIO-
RAD T100)/ 4 3£ [ BIO-RAD/A 7 ; UV-1750 148
AMAT WG4 e FE T H A B A 7] ; HH-S2 £
SARR KRG B H N T IR EETT 8 .

1.3 FEREET

7 55 IR BE L 43 S, 43 3 o s A xR
H. 0.05% =T ELZ W5 1E(0.05% SH)ZLF10.2%A
EZEFORT T 175 (0.2% BS)ZH .« 0.4%4 5 2F F AT B
1] 51 (0.4% BS)ZH . 0.8% /i B 2 7t #F B il 771 (0.8%
BS)AH, &F2H900E . FHAWEINERH, BNEK
#3002, HFET 1 m KRBT . 2 0 HR 4
PRI RSN, A 52 3 Tl H M R N 2
Vi kL, B H M3, IR M iR R IR
SR 3%, MR R A S, RS
ThFTF75R A, TR 8 T b 175 I K i 18 38 T v ) e 45
M, DARIEXT IR AR K TR oK . g IR42d. 18
SE 0 8] S A M L KA R R S . WA
TRER S /. WA S R pHIM A4k, AT 7K
R, S M AIDO=4 mg/L, Ki29—31°C, 3
FE17%o0, T3 RAIK IR, B IR IR BN S K ERI/3,
1.4 E£KMEEENE

TEA2dFEHE SR IR S5 R a2 D & % 4 me 55
MU ARG . AR, THRIEE AR IR IE R R
o WER, WKER, HE R HE A

1 HE R (Yo)=(Z& R A FE AT 43 K B ) /A4 4 7k
100

K (Yo)=(Z& R AR KT R K )T i kK
100

TR R E =R B /(AR AR B Ia A )
1.5 EREENEREEMNE

T 5 SO0 5 R i, AR 2 RS I 4 vk E A
JF R RR 2522407, TR ARG S5 PR A7 T-80°C & - IfiL
W PR M R ER R (ACP). Bl ME SR B (AKP). &
WM (ALT). RARIRA L LR (AST). i@
ALY B AL B (SOD) AL T 84K BE 11 (T-AOC) ) il
R BT B R 4H 2 P SOD . T-AOC 7% 4 1 7™
& BN B O H R Rt AR ) TR 58 i) Ut B
FoEAT I E o AP T R A A 2H 21 5 A B
IKARFR QLB HEAT IR &, FRAE UK T HEAT AL 2T
I, 7E4°C T 12000 r/minf > 10min, 48 5 B L3
BEATISE
1.6 Ei&HIE

HCHH R A7 1 B 9B B A, BT 100 mLf
LurialA)7% H(LBX5 37 %, Sangon Biotech) & 75, 180 r/
min, 37°C 5 3%24hJ5, 8000 r/min, 4°C &> 10min, 2
B EIE R, NS B0 B A AR B ER /K LB SR A
22 I EE kv, 7600 nmis £ b I 52 4 e Yo FEAE,
THELEH B VR B, P 4 R Y RT ARV AE T B A AR
FRER K o, 3 g R B R K A5 R A D 10°,

10°. 10°. 10°#110" CFU/mL I 18 23 .
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1.7 EliamalE R sL i it

RS SRS My DAL A A= S 1 35 ot 5 B 1) 7
A PPAGXFUR I PTINEE BE 77 HUS40)2 % X6 R4 %
IF, BEHLS 10° 107, 10°. 10°A110" CFU/mML4
FNAE PR ER ARG IR A AN 3ANPAT, A TAT30E
XCF I, 43 T3 S 6 I 94 T4 B 7R 0.1 mL/ 2, AR PR
ARG A S BN TCEAE K. BE6hGiit
LIRS RO FRH FIBE T4, L4 i 248h. MR E I
D0 72 B I 5B X6 R 3B X R 48h I LCs, 115
N

1gLCyy= 1/2E(X;+ X1 )(Piv1—P;)
Sso=iX[(EP-2P?)/(n—1)] x 0.5

LCso [T {5PR = 1g™ (1gLCq % 1.96XS,s0)

R, S50 NIGLCsoMIFRAE IR ; X N FE XT3, oA
T3, F/NECR IR iR AR 1 4L 57 6 B 2 2%
R B

Pkt SR IE TEA24%: 2545 R 5, 43 BN
0.05%SHZH . 0.2%BS#H . 0.4%BSZH F10.8%BS4H.
B HL Pk £ 90 2 7 38 11 XHER, 43 ) LRI SRR B N
LCsoI I MR, 48 J5 7 2220 LKA H e 8210
FEWLEZ48h; 75 A X R 4L A 45 B i AR B 2R UK,
FHREFERME B BT XE 50 6hy 12h.
24h 1484t 11 7% S 56 20 m 52 (X HR I FE T I, 11

mRNARIA /K, B 5140 b 5 4 Je AR R
BIRAF A, 517 5103% 1R,
19 BIESH

K SPSS 23.0%F M A £ 2547 73 A, 8 P fs
Bl P Y B bR v 1% (mean=SD) & /N, & HL R R
7243 M1 (One-way ANOVA)J5, # 1T Duncan% = b
B, B RVNG FRER R 22 7 1835 (P<0.05); JA A
AR KE FRER IR Z 78 35 (P<0.01); JAE A AR TR
FREEARR R A 2 7% (P>0.05).

2 4R

21 HKMeE

F R XTI E KRR B UL 2, FEA I
SEEG42d)E, 0.2% BSAMAK . RE, K Z, 1
ERYEE ST 2 A5 R 41(P<0.05), 0.05% SH.
0.4% BSH10.8% BSHMAK . fiEH ., KR, 1
BRI E T 2 AR R4 (P<0.01). BEAM, ¥
JHSHAN 2751 & [ BS A i I 35 PR U 1) 7R R 40
(P<0.05); HeH, f/EBSZHH, 0.4%F10.8% I BSER II &
R0 ML R ER T-0.2% A &
2.2 SRS NAEXEEM

N T IR GO B ZE FRUMT B ) RN R 3B X R R
RSV G RE MRS, DU A8 T AN [FIA B 2F AT B

x1 EEASIHF7

Tab. 1 The sequence of gene primers

FARTE 2, I R 5 LLAE I PR T R iR 4 2 R A = W5 5] e
Yo 0 V%S P . Gene Primer sequence (5'—3") Gene number
ER)E ﬁﬁﬂ: 80°C %Fﬁ\ ° ﬁjﬁzﬁﬁfﬁ B-actin  GCGAGAAATCGTTCGTGACA XM _027364954.1
AT 5 (Yo =24 A B B /) A B < 100 GGTCATCTCCTGCTCGAAGT
: . N Hsp70  CCTCCAGGACTTCTT XM_027369405.1
ST 3k b T 5 42 o S ST B4 ) 1) % 4L T i B-GBP-  CGAGAACGGACAAGAAGTGG XM _027365374.1
: \ ey HDL AGG
R FE A, A8 FH TRIzoliak 711l $2 IUE RNA, Fl 58 Hogk ATCGACGAACACGCAGGGAA
e g o N . TG
JEERE I, 28 J5 H4 AR A5 1 15 RNA L I SPARK script Crustin ~ ACGAGGCAACCATGAAGG XM _027352254.1
i A (T % AACCACCACCAACACCTAC
Il 1st Strand cDNA Synthesis Eltﬁb 'J‘mfi BRI Gpp CATGTCCAACTTCGCTTTCAG XM 0273584311
BRHEAEYIE AR R A )BT 3%, 19 5]cDNA A
e ATCACCGCGTGCCATCTT
Fi B, 3 H12xSYBR Green qPCR Mixif 7l & (W H il Lysozyme GGACTACGGCATCTTCGAGA XM _027352840.1
ATCGGACATCAGATCGGAAC

RERHEE Y BORA IR =) )R AR 5% 2 (5] )

R 2 HEEIFIRAT RS R 3k B AR K BRI RN

Tab.2 Changes in growth performance of Litopenaeus vannamei (mean+SE, n=30)

2053 Group 7% X% HB Control 0.05% SH 0.2% BS 0.4% BS 0.8% BS
#kK:Body length (cm) 7.7240.09° 8.43+0.13" 8.130.12" 8.36+0.11° 8.38+0.14"
R EBdoy weight (g) 2.54+0.10° 3.48+0.19" 3.00+0.13" 3.13+0.15® 3.21+0.16"™
14K % Length gain rate (%) 52.3+1.7° 66.3+2.6" 60.4+2.4° 64.942.1° 65.3+2.7"

1 % % Weight gain rate (%) 167.7+10.9° 266.3+20.3° 215.3+13.9° 229.4+15.3" 238.2+17.3"
Pk 2 $(Feed conversion ratio 3.78+0.64" 2.38+0.29" 2.93+0.40° 2.76+0.37" 2.66+0.35"

e FATEE B AR ANF NG P REROR ZE R R 3 (P<0.05); T [

Note: Different superscript lowercase letters in the same row indicate significant differences (P<0.05); the same applies below
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K Ak 3L T 6o W P 2% Bl RN B SR Ak B S PR (B 1)
S5 IR, 0.05%SHAE (AR RS 0 B 4%\ 25 3 5
URARACPIEME, 3 FRIRALT/K - (P<0.05), H. &% %
7 I3k B T-AOC J2 AT i i SOD(P<0.05).  7F ¢ i
BSJi, R 35 FOHR Lk B2 AR i ACPFIAK P 14 5 25
T HEZHAH P35 W35 2 7 (P>0.05). 575 EXt
HEZH AR L, ] PREAS 7] 7K P PR Al 5 25 0 AT B 325 BB A
2 PRAK R 95 1 I If oAk R AL TS $£:(P<0.01), £ 52
Z R E T-AOCTE P (P<0.01). 4% M 51 & 4 0.4%

151
a

+

S
&
H

ACP{E 4 ACP activity
(King unit/100 mL)
W
o

0 1 1 1 1 1
22X 0.05% 02% 04%  0.8%
Control ~ SH BS BS BS

so-c_T_ .
S 40t ab N €T
S T 7

#Z 50l b

= » 30

=2 -

2820t
=
w0
< 10t

0 1 1 1 1 1
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=
y
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S
o
o
_|

Ik ELSOD
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s 8

0 , , , , ,
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N

W
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—_
T

JFREESOD
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)
_|
_|

S

ZEEXIE 0.05% 02% 04%  0.8%
Control SH BS BS BS

i, PR LAk B2 A R AS T 1 3 25 A T2 e R L
(P<0.05). A7 N0.8%KT, MR I HH ISOD
TR =T A A IR A(P<0.05) .

1 T iR 4 23 v, 0.4%BS41 F10.8%BSZH.
SODYE LI 2 5 T2 A IR ZH (P<0.01). T H
X BE 21 ) T-AOCHE 4 5 0.05%SH4L . 0.2%BS4 .
0.4%BSHAH LU TG i 3 1 22 73 (P>0.05), {HA 2 E 1K
T0.8%BSAL(P<0.01). Z¢ bR, TR A 10.4%
0.8%BS50.05%SHAE it 3 X035 B 55 11 4 R 11 50 %%

81p
b a
=0
=8 6 T ab ab
2 T
;% ab b L
<E 4 T
# 5 =
g
S 2r
<
01— : : : .
= oY i . 0 . 0 . 0 . (1]
ZEXIE 0.05% 02%  04%  0.8%
Control ~ SH BS BS BS
150
d
= a
g 1000 T
>
52 b b
5 & b - b T
Q o o
<E sof
—
<
0

22X 0.05%  02%  0.4%  0.8%
Control ~ SH BS BS BS

o
o0

f

o
[*)}
T

o
©

_|

1M ET-AOC
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j=]
t ~

S
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Fig. 1 Immune and antioxidant activities of Litopenaeus vannamei (mean+SE, n=22)



5 KR R

2025, 49(11): 102517

KyiERE ST
2.3 EIiA Mo RS

A 55 0T B 28 L PR 3 5 A ) 790 o ) ) o
W, AR TR R 3R, 4% IR IS B 35 A 0t
M 1 3% e B 5 10 9 4 19 48h FILCsp A 10™ CFU/mL,
LCsoft) AT 15 PR =1.094—1.095, Sx5,=0.003. # 5 2
0T 1 1) 7110 % B 5 1 % M Ja G i 9 . 9 1 1
RO 207~ . ForR, 7R RIS I 90 B i e 48h 5,
0.2%. 0.4%-. 0.8%BS#1 }70.05%SHZH F5 3 (4 %t HiF
(AEIE R 525w T 25 U IR, 90 B A7 0 R 42
THZE66.7% 76.7%- 73.3%F180.0%.
2.4 BHERBR R EXEERIAKTE

W 3afli s, 7E B 9 G5, 0.05%SH
YHNTER I Hsp 70315 8 258 ETHE TR LA
e, T Y 5 12 —48h, 0.2%BS4H . 0.4%BS4H
F110.8%BS L % I [ Hsp 701 6 ik B ¥4 B 2% = T
D BB ZH (P<0.01), HH10.2%BSHL 1) 3145 B 351K
BEETHRKHP<0.01).

3biEr, MIFURERGY B %2 e f548h, 0.05%SH
HAXTUFILGBPRIARIIIMHA R E & XA, &l
5 1 5N B AT AR B 1], 0.8%BSZH X 4 [FILGBP
KIEEWEZ 5 T2 A R4 P<0.01). KI5
6—24h, BS#%- 5 & Ab # 240 I LGBPR 1A & 5 25 (A Xt
HBZHAH UM B N (P<0.01).  HiA 7E T E:0—24h,
0.8% BSHl| & 4H 1) 1A & 5 =1, F1E6hA 1A B U1,
Wi 2 = T0.2%BS4 . 0.4%BS4L. 0.05%SHZLAll
75 [ 5T B2 (P<0.01), 48hif ik R AKX, 525 A X
R ZH T 2 38 1 22 57(P>0.05) . HI 1] 3¢k, B I K
FR NG 3L TINS5, oI BT R AR () -G BP-
HDLF:RIARX Rk & 26 BTG TR # %, 12h8)
KIEER . 0.05%SHA [FFE 2 5 %5 A A F 1
R, HERIAER IR K, 76 1200 53 & T
R . 6hi, 0.2%F10.4%BS4H ) B-GBP-HDL#
IREM R T A AR (P<0.01).  12hF124hi,
BS &7 & AL B4 Y B-GBP-HDL % ik &1 i & & T
7 X R ZH.(P<0.05)

7 GV 19N B R YL 48h P, o IR A R I o
Crusting & & 2 I [F AR B (B 3d). g E
12h, 0.05%SHZH. %} i [ Crustinge i5 & 5 %} 18 21 5
B FHFE R HERKYL 5240, 48hi T 2 w5 T xR
. 6hitF0.2%BSHL ] CrustinZ it BN EEmH T %
X IR ZH.(P<0.01). [ 25 I L B[R] 038 in, BS & 711
B AF A () Crustin® i B X BT, 525 A xR
YA EE B A i 25 25 5:(P<0.01) . FLrh, 48hiFt, 0.4%
BSHL 1) 3R 1A 5k Bl f K H, 2 3E = T0.2%BS41
F10.8%BSZH(P<0.01). H1 & 3em] 5, X iR B GLF %
I3 B (K 1 12h, 0.05%SHZH %} U [ Lysozyme % i&
=X A Y, 76 12h )5 W2 2w T iR dl . 78
TR TT AR, 0.2%BSA ) Lysozyme 3R A & i, J&
Ju6hitf 0.4%BSA KA & Eifi, WE 5 AR
YA L 2 W B 2 2 5 (P<0.01).  {E 12h 124,
0.2%7£10.8%BSAL L 4H ] LysozymeRiA & 52 H A
AH LB 2 2 ETH(P<0.01). {E48hH, & BSAL# 4
MRIEEI 62 T B, (AR5 T2 X
ZH(P<0.05).

DL b 25 SR B, 78 1 36 E R IR EAR HH s I BS
SHEE 1 32 =1 5 I 50 2 AH O R PR 3R IR /K, Hor
BSTINFI & A0.4%F10.8% I R HE 7 4.

3 Tig
3.1 HEFEFENFEEBMNEME KRR

M B AT B B A IR BUR A K B 1
e e S 2 A e E Y, AT R X R TG
Y. TR . AWK, R R I0.2%.
0.4%7F10.8%BSHE 1 i & $& =1 7 9 11 %S R [ 3 =
R HERKOREAE KM RESRAR, IR R 2. Ala-
garasus I TS, G I I £ kb ZoAE B S FAT
77 3, REfS W 1R M 38 W R AR E . B,
ELAEKR, FHHEKEMARR, X—4 15K
W90 1 25 5 — 3 FRE, ShenZs ! B et 3 B, 76
S H140d ) 1R 77 A B P, A R R 2 AT B A A
TRRIN, A S P IR 118 A2 K 3 5 0 2 40 T A R ]

#3  APUESRRERMINER % B X ER48hAILCS,

Tab. 3 LCs of Vibrio parahaemolyticus-infected Litopenaeus vannamei after 48h intramuscular injection

RT3t DRV FHFE() 6hFET-#(FE)  12hBET-#i(B) 24hETH(E)  48hIET-#(E)

Mo (i‘e»;?in fection Concentration of Number of shrim: Number of deaths Number of deaths Number of deaths Number of deaths
bacterium (CFU/mL) P after 6h after 12h after 24h after 48h

WliF Intramuscular 4= ¥ £ 7K Normal saline 90 0 0 0 0
ALiEIntramuscular 10° 90 0 0 0 0
WliE Intramuscular 10’ 90 10 3 1 0
WiF Intramuscular 10° 90 18 9 0 3
ALiEIntramuscular 10° 90 33 26 18 9
JJ17% Intramuscular 10" 90 41 32 12
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i F 2B KB ; 1% A 7E Bissa s i 9 Hh 45
BIIUE . X LRSS AHE 54T I S5 AR, i —
PR BABSTE AR A A I B 52 R AR KA
3.2 HEIFBATE XA IMUE L EE S AT
FRARINBERIFZ M

B 3% ERTIE & TR B HESh Y, H 3 ZEHO ARy
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(1. College of Animal Science and Technology, Guangxi University, Nanning 530004, China; 2. Guangxi Key Laboratory of Aquatic

Genetic Breeding and Healthy Aquaculture, Guangxi Academy of Fishery Sciences, Nanning 530021, China,
3. Guangxi Technology Innovation Center for Shrimp Breeding Industry, Nanning 530021, China)

Abstract: To comprehensively evaluate the effects of dietary supplementation with Bacillus subtilis (BS) on the
growth, immunity, and resistance to Vibrio parahaemolyticus infection in Litopenaeus vannamei, 4500 shrimp
[(0.95+0.25) g] were randomly assigned to five groups, including a control group without BS, experimental groups
supplemented with BS at 0.2%, 0.4%, and 0.8%, and a positive control group with 0.05% Sanhuang Powder (SH). A
42-day feeding trial and a 48-hour V. parahaemolyticus challenge were conducted. Results showed that BS and SH
supplementation significantly improved body length, body weight, specific growth rate, weight gain rate, and feed
conversion ratio. Compared with the control group, the 0.4% BS group exhibited significantly reduced activities of
aspartate aminotransferase (AST) and alanine aminotransferase (ALT) in hemolymph, while the 0.8%BS group showed
significantly increased superoxide dismutase (SOD) content and total antioxidant capacity (T-AOC) in hemolymph and
hepatopancreas. The 0.05%SH group exhibited significantly enhanced acid phosphatase (ACP) and T-AOC in
hemolymph and SOD content in hepatopancreas, while the activities of ALT decreased significantly. Furthermore, BS
and SH supplementation significantly upregulated the expression of immune-related factors such as Hsp70, LGBP, f3-
GBP-HDL, Crustin, and Lysozyme in the hepatopancreas after V. parahaemolyticus infection and improved the survival
rate of shrimp. Specifically, the survival rates in the 0.2%, 0.4%, and 0.8%BS, and 0.05%SH groups increased from
43.3% (control) to 66.7%, 76.7%, 73.3%, and 80.0%, respectively. This study demonstrates that dietary supplementa-
tion with appropriate amount of BS enhance the growth performance, nonspecific immunity, and hepatopancreas
immune gene expression in L. vannamei, thereby improving resistance to V. parahaemolyticus infection.

Key words: Bacillus subtilis; Vibrio parahaemolyticus; Nonspecific immunity; Antioxidation; Litopenaeus vannamei
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