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Fig.1 Serum superoxide dismutase (SOD) activity of Litopenaeus vannamei in test groups
Values with different letters mean significant difference (P<0.05) between groups. Control: normal diet; Compound group one: im-
mune group with addition of live B. firmus (1.0x10°CFU/g) and 1% inactivated P. damsela; single group: immune group with addition
of live B. firmus (1.0x10®CFU/g); Compound group two: immune group with addition of live B. firmus (1.0x10°CFU/g) and 1%

inactivated V. alginolyticus.
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Fig.2 Serum alkaline phosphatase (AKP) activity of Litopenaeus vannamei in test groups
Values with different letters mean significant difference (P<0.05) between groups. Control: normal diet; compound group 1: immune group
with addition of live B. firmus (1.0x108CFU/g) and 1% inactivated P. damsela; single group: immune group with addition of live B. firmus
(1.0x10%CFU/g); compound group 2: immune group with addition of live B. firmus (1.0x10°CFU/g) and 1% inactivated V. alginolyticus.
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Fig.3 Serum acid phosphatase(ACP) activity of Litopenaeus vannamei in test groups
Values with different letters mean significant difference (P<0.05) between groups. Control: normal diet; compound group 1: immune group

with addition of live B. firmus (1.0x108CFU/g) and 1% inactivated P. damsela; single group: immune group with addition of live B. firmus
(1.0x10%CFU/g); compound group 2: immune group with addition of live B. firmus (1.0x10°CFU/g) and 1% inactivated V. alginolyticus.
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Fig. 4  Serum total nitric oxide synthase (TNOS) activity of Litopenaeus vannamei in test groups
Values with different letters mean significant difference (P<0.05) between groups. Control: normal diet; compound group 1: immune
group with addition of live B. firmus (1.0x10°CFU/g) and 1% inactivated P. damsela; single group: immune group with addition of

live B. firmus (1.0x10°CFU/g); compound group 2: immune group with addition of live B. firmus (1.0x10°CFU/g) and 1% inactivated
V. alginolyticus.
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Fig.5 Serum inducible nitric oxide synthase (iNOS) activity of Litopenaeus vannamei in test groups
Values with different letters mean significant difference (P<0.05) between groups. Control: normal diet; compound group 1: immune
group with addition of live B. firmus (1.0x10°CFU/g) and 1% inactivated P. damsela; single group: immune group with addition of

live B. firmus (1.0x108CFU/g); compound group 2: immune group with addition of live B. firmus (1.0x108CFU/g) and 1% inactivated
V. alginolyticus.
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Fig.6 Serum lysozyme (UL) activity of Litopenaeus vannamei in test groups
Values with different letters mean significant difference (P<0.05) between groups. Control: normal diet; compound group 1: immune
group with addition of live B. firmus (1.0x10CFU/g) and 1% inactivated P. damsela; single group: immune group with addition of
live B. firmus (1.0x10°CFU/g); compound group 2: immune group with addition of live B. firmus (1.0x10°CFU/g) and 1% inactivated
V. alginolyticus.



1364 18

90r —— fERY]  —A— i —E— 541 —e— K {5412 n=30
control single compound 1 compound 2 x+SE
80
701 c
[y
. & ¢ C
3 60
#* B
1 E s0f
= E 401 bl b by b b
Bk E
o 301 y a an ab
h ab, a
201 ) 4 ab
2 b a a
10F 1 a a i a
— 5 K ] H 4
0 ——o a0 o —— N 1 1 1 L 1 1 1 I
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

JiE e 15 ] /d infection time

7 WSSV
(P<0.05), (P>0.05). : ; 1:
(1.0><108CFU/g) ( 1%) ; : (1.0><10%CFU/qg) :
2: (1.0<108CFU/g) ( 1%)

Fig.7 Cumulative mortality of L. vannamei after challenged with WSSV
Values with different letters mean significant difference (P<0.05) between groups. Control: normal diet; compound group 1: immune
group with addition of live B. firmus (1.0x10°CFU/g) and 1% inactivated P. damsela; single group: immune group with addition of
live B. firmus (1.0x108CFU/g); compound group 2: immune group with addition of live B. firmus (1.0x108CFU/g) and 1% inactivated
V. alginolyticus.
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Effects of probiotics from the shrimp intestine on the non-specific
iImmunity and antiviral capacity of Litopenaeus vannamei

LI Guiying™?, SONG Xiaoling®, SUN Yan" 2, MAI Kangsen®, XIE Guosi®, HUANG Jie?

1. The Key Laboratory of Mariculture, Ministry of Education; Ocean University of China, Qingdao 266003, China;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
3. Shanghai Ocean University, Shanghai 201306, China

Abstract: We evaluated the effects of probiotics on the non-specific immunity and antiviral capacity of Lito-
penaeus vannamei. We fed groups of shrimp (body weight 3.2 g+0.26 g) a diet supplemented with either 1.0x10°
CFU/g Bacillus firmus (live) plus 1% Photobacterium damsela (inactivated), 1.0x10® CFU/g Bacillus firmus (live),
or 1.0x108 CFU/g Bacillus firmus (live) plus 1% Vibrio alginolyticus (inactivated). The control groups were fed a
non-supplemented diet. Each diet was fed to triplicate groups of 60 shrimp that were reared in aquaria. We ran-
domly selected 10 shrimp per group every 5 d and measured a range of humoral immune parameters (superoxide
dismutase SOD, acidic phosphatase ACP, alkaline phosphatase AKP, nitric oxide synthase NOS and lysozyme UL)
in each individual. The shrimp were challenged with white spot syndrome virus (WSSV) after two weeks. We then
calculated the cumulative mortality of each experimental group. Supplementation with bacteria significantly in-
creased serum SOD, ACP, AKP, and NOS compared with the controls. There was significantly lower cumulative
mortality in shrimp that were fed the probiotics diet (10.7%, 39.3% and 26.2%, respectively) compared to the
control (64.28%). Our results suggest that supplementing the diet with shrimp intestine probiotics improves im-
munity and the antiviral capacity of Litopenaeus vannamei.
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