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(Shewanella haliotis)

(Bacillus cereus) (Aeromonas bi-
, 3 valvium) [4]
2:1:1 (ALP)
, (ACP) (SOD) (lysozyme)
[3] ,
, , 1.2
, Salinas (Shewanella haliotis)
5-61 , ( (Bacillus cereus) (Aeromonas
) bivalvium) 3
Aly , 2:1:1, ,
, 3 ;
3 . LBY (D
1.3
3 , 3 2216E 24 h
3 )
2:1:1 , 9 , 10° cfu/g, 3
, 29 ((S1=Sv) ,
, 4C ,
, 1 ,
1.4
1 1.4.1
1.1 1.2
(Litopenaeus vannamei), 10 0.7 m’ ,
) 30 )
(6.5+£0.6) cm, (5.0£0.5) g 3 , 150
) 7d , 7d 14d
3 , 21d 284, 20 ,

F1 EXTEERKTE

Tab.1 Orthogonal experiment factor levels

factor
level A B C
Shewanella haliotis A Bacillus cereus B Aeromonas bivalvium C
1 2.5 1.25 1.25
2 5 2.5 2.5

3 10 5 5
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Tab. 2 Ratio of the three probiotics
D,: D, : Dis
group . . . . . .
Shewanella haliotis Dy . Bacillus cereus D7 : Aeromonas bivalvium D5
S 211101
S, 1:1:°1
S3 2:3:3
S4 4:1:2
Ss 4:2:3
S 4:3:1
S; 6:1:3
Sg 6:2:1
So 6:3:2
, , 12000 r/min, 4°C )*x100%, 120
10 min, , (ALP) 5
(ACP) (T-SOD)
4 2.1
-, 1/3; ,
6 mg/L; 24~30°C; 15~20, pH 7.8~8.4 ,28d
1.4.2 28d (
(3 ) Py 9 S7
40 , 120 Ss Sy S; (129.40+7.61)>
NH,CI , S5 (125.55+5.71)>S, (111.35+4.91);
, 26.67 mg/L" ; S7 Ss Sy ,
2h , ,16d S7 (1.29+0.05)>S5 (1.26+0.04)>S,4 (1.16%0.04)
, 4, . S 6:1:3)
, 6 mg/L; 24~30°C
15 2.2
SPSS 17.0
, 2.2.1 (ACP)
LSD ( 1),21d ,
+ (X +SE) , P<0.05 ,P< S1 S 83 Ss S¢ S5 S
0.01 (P<0.05), S4  Sg
)= _ y (P<0.05); 28 d .S S» S; Ss Se
100%; Sy (P<0.05), S4
(SGR, %)=100%x(InW,—InW, )/ (P>0.05), S So
(t2-11), L ot (P<0.05); S S,
(d) @, w, W, S; Ss S¢Sy
5 ACP (P<0.05), S;(2:3:13) Ss(4:
(%0)=( / 2:3) Sy(6:1:3)
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Tab. 3 Influence of the compound bacteria in different proportion on the growth performance of Litopenaeus vannamei

X +SE; n=3; %
/g /g /g 1% /%
group initial body weight terminal body weight weight gain weight gain rate specific growth rate

D 4.90+0.12° 7.894+0.04" 2.99+0.158 61.13+4.58° 0.74+0.05"

S, 4.97+0.12° 9.35+0.18% 4.38+0.23%" 88.44+6.38°% 0.98+0.05°%

S, 5.04+0.09* 9.29+0.48% 4.25+0.57¢" 84.74+12.57% 0.94+0.114

Ss 5.03+0.06" 10.26+0.17¢ 5.24+0.11° 104.13+0.94% 1.11£0.01%

S, 4.94+0.13" 10.44+0.19% 5.49+0.16° 111.35+4.91% 1.16£0.04™

Ss 4.92+0.03° 11.09+0.23% 6.17+0.24° 125.5545.71° 1.26+0.04°

Se 4.96+0.04° 9.52+0.14% 4.56+0.18%f 91.93+4 .47 1.01+0.04°¢

S, 5.00+0.1° 11.45+0.29° 6.46+0.31° 129.40+7.61° 1.29+0.05°

Sg 5.03+0.15° 9.01+0.09° 3.99+0.20" 79.68+6.43° 0.91+0.05°

So 4.93+0.05" 9.91+0.03% 4.98+0.05"¢ 101.18+2.11°¢ 1.08+0.02°¢

: (P<0.05).
Note: The two items with different letters in the same column are significantly different (P<0.05).
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(P<0.05).

Fig. 1 Influence of the compound bacteria in different proportion on the ACP activity of Litopenaeus vannamei
Different letters above the bars indicate significant differences (P<0.05).

222 (ALP)
( 2), 21,  Sg , T-SOD ( 3 :
8 (P<0.05); Si-So (P<0.05)
28 .Sy Ss Ss S¢S T-SOD
(P<0.05), S; S, Sg , S (2:1:1)
(P>0.05), S, , 1 T-SOD
(P<0.05) Sy S+ Ss Sg 2.2.4 (4,
S, 21 ., S S
ALP Ss(4:2:3) S,(6:1:3) (P<0.05),

; 28 ,
2.2.3 (T-SOD)
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Fig. 2 Influence of the compound bacteria in different proportion on the ALP activity of Litopenaeus vannamei

Fig. 3

Fig. 4

Different letters above the bars indicate significant differences (P<0.05).
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Influence of the compound bacteria in different proportion on the T-SOD activity of Litopenaeus vannamei
Different letters above the bars indicate significant differences (P<0.05).
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Influence of the compound bacteria in different proportion on the lysozyme activity of Litopenaeus vannamei

Different letters above the bars indicate significant differences (P<0.05).
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0~12 d ,
(4, Se(4:3:1) So(6: 13 ,13~14d
3:2) 4 20% , 14~16 d
: D) 2 , l6d 41.67%; So(6 : 3 © 2)
: 8 53.33%, 16d ,
16 d 81.67% Se(4:3:1)  70% 4

x4 SRELAFHTNAENMNEYRITIETE

Tab. 4 Average cumulative mortality rates of Litopenaeus vannamei under the condition of high concentration of ammonia

nitrogen
x £SE; n=3; %
/d exposure time
group 0 4 8 12 16

D 0.00£0.00° 6.67+0.00° 53.33+17.32° 58.33+14.43" 81.67+0.96°

S 0.00+0.00* 0.00+0.00? 3.33£1.92° 14.17+8.17¢ 57.50£12.99°

S, 0.00+0.00* 0.00+0.00¢ 1.67+0.96° 5.83+3.37° 40.00+1.92%

S5 0.00+0.00° 0.00+0.00° 3.33+1.92° 8.33+4.81° 44.17+1.44%

S4 0.00+0.00° 2.50+1.44% 12.50+7.21° 43.33+£23.09 57.50+14.91°

Ss 0.00+0.00* 0.00+0.00° 1.67+0.96" 6.67+3.85° 52.50+1.44°

Ss 0.00+0.00* 0.00+0.00* 0.00+0.00° 0.00+0.00° 41.67+0.00%

S; 0.00+0.00° 2.50+1.44° 3.33+1.92° 23.33£10.59™ 82.50+0.48"

Ss 0.00+0.00° 0.83+0.48*¢ 0.83+0.48° 9.17+0.48° 42.50+3.37

Sy 0.00+0.00° 2.50+1.44° 4.1742.40° 13.33£0.96° 25.00+4.81°

(P<0.05).
Note: The two items with different letters in the same column are significantly different (P<0.05).
3
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Effects of different proportions of a group of compound bacteria on
growth, innate immunity, and ammonia nitrogen resistance in Pacific
white shrimp, Litopenaeus vannamei

XIA Lei"?, ZHAO Mingjun', ZHANG Hongyu" ?, TANG Xia’, YANG Keng’, YANG Runging'

1. Chinese Academy of Fishery Sciences, Beijing 100141, China;
2. Beijing Xinyang Fisheries High-Technology Co. Ltd, Beijing 102488, China;
3. South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, China

Abstract: Nine different proportions of a group of bacteria, including Shewanella haliotis, Bacillus cereus, and
Aeromonas bivalvium were isolated from the gut of Pacific white shrimp, Litopenaeus vannamei. The shrimp were
fed fodder with 10° cfu/g compound bacteria for 28 d using an orthogonal experimental design, and the effects on
growth and innate immunity of the shrimp were assessed. Ammonia-nitrogen was adjusted to 26.67 mg/L with
NH,CI after 16 d, and ammonia-nitrogen resistance of the shrimp was tested. The results show that shrimp growth
improved after the 28 d probiotic feeding regime, compared to that of the control (P<0.05), and the 6 * 1 © 3 pro-
portion was better than the others. These results suggest that the compound bacteria promoted growth through se-
cretion of nutrients and improved feed digestibility. Moreover, the positive effects of the compound bacteria on
innate immunity and ammonia-nitrogen resistance of L. vannamei were eventually expressed as improved growth.
The activities of acid phosphatase (ACP), alkaline phosphatase (ALP), and total superoxide dismutase (T-SOD)
were also enhanced compared to those in the control (P<0.05), but the effects were different. The 2 3 1 3,4 0 2 © 3,
and 6 - 1 : 3 proportions increased ACP activity significantly more than the others (P<0.05), and the 4 * 2 : 3 and
6 . 1 : 3 proportions increased ALP activity significantly more than the others (P<0.05). The 2 : 1 : 1 proportion
increased T-SOD activity significantly more than the others. No changes in shrimp serum lysozyme activity were
detected in any of the bacteria-tested groups compared to the control. The results that serum ACP, ALP, and T-SOD
activities were enhanced compared to the control show that the different proportions of bacteria positively affected
shrimp innate immunity. In addition, the 4 © 3 © 1 and 6 - 3 2 bacterial proportions significantly enhanced am-
monia-nitrogen resistance in Pacific white shrimp (P<0.05). These results show that the compound bacteria had
positive effects on ammonia-nitrogen resistance of L. vannamei and suggest that ammonia-nitrogen resistance is
associated with the immune system.

Key words: Litopenaeus vannamei; Shewanella haliotis; Bacillus cereus; Aeromonas bivalvium; growth; innate
immunity; ammonia nitrogen resistance
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