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Vibriosis is the one of the major pathogenic bacterial disease in shrimp
aquaculture. Improving the health status of culture organisms using beneficial microbes
as probiotic  is the better method to control the pathogens.  In this present study the
Lactobacillus sp AMET1506 (Which shows strongest antagonistic activity against
pathogenic bacteria such as, E.coli, V. cholerae, V.parahaemolyticus, Salmonella sp.
and Shigella sp) was previously isolated from curd sample. While checking the
antibacterial activity of Lactobacillus sp (AMET1506) against V.harveyi maximum
inhibition activity was observed. So, the strain was potentially chosen and it was
incorporated in shrimp feed by standard method.  A total of 400 Penaeus monodon and
Litopenaeus vannamei (each 200) shrimps larvae were obtained from a commercial
shrimp hatchery located in Marakanam, Kanchipuram District, Tamil Nadu, India. After
acclimation of seven days, the average weights of the shrimps were divided into twelve 50
L plastic tanks each containing 25 juvenile shrimps. The experimental tanks were treated
with feed supplemented with 106 CFU g-1 of Lactobacillus sp (AMET1506), and the control
tanks were fed with a control diet. Shrimp in all the groups were fed twice daily at 5.0%
of biomass and the water temperature was maintained at 28 ± 1°C.  After 30 days of
culture, shrimp in all the control and experimental tanks were exposed to V. harveyi (105

CFU ml-1) for 10 days. During the experiment, the accumulated mortality of the shrimp
and the microbial load in the shrimp and culture water was recorded. Among that, the
shrimp P.monodon treated with Lactobacillus sp AMET1506 resulted in 6% final mortality
as compared to 80% in the control group and in L.vannamei treated with Lactobacillus
sp AMET1506 resulted in 12% final mortality as compared to 100% in the control group.
Based on these results, the work has suggested to use this potential strain Lactobacillus
sp AMET1506 as a probiotic in shrimp aquaculture feeds to improve the shrimp
microbiota (GIT) and also to control the vibriosis in shrimp aquaculture.
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Shrimp farming is one of the most
important aquaculture in worldwide especially in
Asia due to their economic value.  Recently, it is
estimated that approximately more than 5 million

metric tons of shrimp are annually produced but
the current global demand for both the wild and
farmed shrimp is approximately more than 6.5 million
metric tons per annum. So, in recent times there are
many shrimp farms are being created throughout
the world to solve this increasing food demands
(FAO 2012). However, fast development of these
shrimp industry has produced various ecological,
economical and social issues. In general, intensive
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shrimp farming is the main aquaculture activity
which has been frequently affected by bacterial
pathogens especially in Asian countries. Among
that, vibriosis is the common bacterial disease
responsible for mortality of cultured shrimp
(Sivakumar et al., 2014).  Using antibiotics and
chemotherapeutic agents to be an important
disease controlling measures has developed drug
resistance microorganisms (Verschuere et al., 2000).
In recent times, an alternative that has been widely
engaged in the aquaculture industry is the dietary
supplementation with probiotic bacteria, because
probiotic bacteria are a “live microbial cells
administered to cultured organisms to colonize the
digestive tract and improve their immune response”
(Vine et al., 2006).

Researchers also have demonstrated
about the use of probiotic bacteria in aquaculture
to improve the water quality and immune system
by balancing bacterial flora in water and reducing
pathogenic bacterial load (Kesarcodi-Watson et
al. 2008). Among the probiotic bacteria used in
aquaculture, the lactic acid bacteria are found to
be great due to their easy multiplication, production
of antimicrobial compounds (bacteriocins,
hydrogen peroxide, organic and lactic acids) and
the stimulation of the non-specific immune
response of the host (Gatesoupe, 2008). Some,
studies also have demonstrated about the
beneficial effect of lactic acid bacteria bacteria in
several aquatic species culture by their nutritional
benefits and strong antimicrobial activity against
pathogenic microorganisms (Gilliland et al., 1985;
Rossland et al., 2003; Ajitha et al.,2004; Gatesoupe,
2008; Qi et al., 2009; Ismail and Soliman, 2010 and
Sivakumar et al., 2012) but no probiotic bacteria
has been employed especially against the shrimp
pathogen Vibrio harveyi. Thus the present study
was carried out to evaluate the probiotic potential
of Lactobacillus sp (AMET1506) to control the
pathogenic Vibrio harveyi in juvenile shrimp
(Penaeus monodon and Litopenaeus vannamei)
culture at laboratory scale experiments.

MATERIALS AND METHODS

Bacterial Strains
The Lactobacillus sp (AMET1506) strain

used in this study was previously isolated from
curd sample by dilution plating on de Man, Rogosa

and Sharpe (MRS) media (Himedia, India) and it
was identified by biochemical examination using
Bergey’s Manual of Determinative Bacteriology
(1989). The strain has shown strongest
antagonistic activity against different seafood
bacterial pathogens such as, E.coli, V.cholerae,
V.parahaemolyticus, Salmonella sp and Shigella
sp (Karthik et al., 2013).
Antibacterial activity of Lactobacillus sp
(AMET1506) against V.harveyi

The potential culture of Lactobacillus sp
(AMET1506) was grown in 100 mL MRS broth for
24 h at 30°C. After the incubation period it was
centrifuged at 10,000 rpm for 10 min and the
obtained supernatant was passage through a 0.25
µM syringe driven filter and neutralized (pH 7.0)
with 2 N NaOH.  The pathogenic bacteria V.harveyi
was obtained from AMET Microbial Culture
Collection Centre. Mueller-Hinton agar plates were
prepared and swabbed with 100 µL of V.harveyi.
The sterile disk (6 mm), impregnated with 20 µL of
filtered supernatant (Obtained from Lactobacillus
sp (AMET1506)) were positioned on the plate and
kept for 24 hours incubation at 30°C. After the
incubation period the diameter of the clear zone
around the disk was measured (Sivakumar et al.,
2012).
Preparation of Lactobacillus sp (AMET1506)
incorporated feed

The strain Lactobacillus sp (AMET1506)
was grown in MRS broth in a shaking incubator at
30°C for 24 hours. After the incubation period, the
cells were harvested by centrifuging at 2000 rpm
and the obtained pellet was washed twice with
phosphate-buffered saline (pH 7.2) and re-
suspended in the same buffer. Then, the
absorbance at 600 nm was adjusted to 0.25 ± 0.05
in order to standardize the number of bacteria (106

CFU mL-1) by dilution plating method. The
commercial shrimp feed was obtained for the
supplementation of Lactobacillus sp
(AMET1506). In order to reach a final concentration
(106 CFU g-1) the bacterial suspension was slowly
sprayed onto the feed for mixing. The amount of
Lactobacillus sp (AMET1506) in the feed was
determined by standard plate count method on
MRS agar (Ajitha et al., 2004).
Probiotic treatment and Vibrio challenging study
of shrimp

A total of 400 Penaeus monodon and
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Litopenaeus vannamei (each 200) shrimps larvae
were obtained from a commercial shrimp hatchery
located in Marakanam, Kanchipuram District, Tamil
Nadu, India. After acclimation of seven days, the
average weight of the shrimps were divided into
twelve 50 L plastic tanks (Six tanks for Penaeus
monodon and another six tanks for Litopenaeus
vannamei) each containing 25 juvenile shrimps. In
both the culture experiments, six tanks (Three tanks
for Penaeus monodon and another three tanks for
Litopenaeus vannamei)  were treated with feed
supplemented with 106 CFU g-1 of Lactobacillus
sp (AMET1506) for 30 days, and the another six
tanks (Three tanks for Penaeus monodon and
another three tanks for Penaeus vannamei)  were
served as control and they were fed with a control
diet during the entire trial period.  Shrimp in all the
groups were fed twice daily at 5.0% of biomass and
the water temperature was maintained at 28 ± 1°C.
After 30 days of culture the weight and the survival
of the shrimp were recorded and three shrimps were
removed from all the control and experimental tanks
for microbiological examination.  After 30 days of
probiotic supplementation, the experimental
infection was carried out by the immersion method.
V. harveyi was grown for 24 h at 30°C in TCBS broth
(Himedia, India). Shrimp in all the control and
experimental tanks were exposed to V. harveyi  (105

CFU ml-1) for a period of 10 days and the
accumulated mortality of the shrimp was recorded
(Sivakumar et al., 2012).
Microbiological analysis

Shrimps and the culture water samples
were taken on 30th day (before Vibrio challenging
study) and 40th day (after Vibrio challenging study)
from all the control and experimental tanks. Total
heterotrophic bacteria (THB), Lactobacillus sp
and Vibrio sp load in the shrimp intestine and
culture water was enumerated by growth on Zobell
Marine agar, MRS agar and TCBS agar (Himedia,
India) respectively.  For isolation of other
pathogenic bacteria such as, E.coli, Salmonella
sp, Shigella sp and Listeria sp MPN technique
was followed using EMB agar, SS agar and
PALCAM agar (Himedia, India) respectively
(Sivakumar et al., 2012; Karthik et al., 2013).
Statistical analysis

All the experiments were repeated at least
3 times, and the data were expressed as the mean
standard deviation (±SD).

RESULTS AND DISCUSSION

In normal, diseases in aquaculture
practices are mostly caused by luminous bacteria
Vibrio harveyi, and it has been referred as the
largest economic loss in the shrimp aquaculture
due to mass mortalities (Natesan et al., 2014). To
control the pathogens, the use of probiotics in
aquaculture is increasing demand for its more
environment friendly aquaculture practices (Petlu
Nitya et al., 2013). The Lactobacillus sp
(AMET1506) strain used in this study was
potentially selected due to its strongest
antagonistic activity against different seafood
bacterial pathogens such as, E.coli, V. cholerae,
V.parahaemolyticus, Salmonella sp. and Shigella
sp (Karthik et al., 2013). While checking its
antibacterial activity against Vibrio harveyi the
maximum inhibition zone (18mm) was observed
around the well. Natesan et al., 2012 also observed
the maximum zone of inhibition (16mm) against V.
alginolyticus using their strain L. acidophilus 04.
The previous authors also described that, the
antibacterial activity of Lactobacillus sp against
the pathogenic microbes may be due to the
production of its metabolites such as, organic acids
(lactic and acetic acid), hydrogen peroxide, diacetyl
and bacteriocins (Valenzuela et al., 2010).

Nowadays, the use of probiotics in
aquaculture might represent a valuable mechanism
to increase shrimp growth and survival rate. In
general, the gastro intestinal tract (GIT) of the
aquatic animal is mainly composed of gram negative
bacteria (Vine et al., 2006). So, the incorporation of
beneficial gram positive (probiotic) bacteria in feed
can modify its gastro intestinal tract (Vieira et al.,
2007). In our study, the potential strain
Lactobacillus sp (AMET1506) was incorporated
in the range of 106 CFU g-1 in shrimp feed using
standard protocols. The Lactobacillus sp
(AMET1506) incorporated feeds were fed to the
shrimps in the experimental tanks and the control
diet was fed to the shrimps in control tanks. The
experiment was carried out for 30 days with zero
water exchange. During the culture period the water
temperature was maintained at 28 ± 1°C. After 30
days of culture, no shrimp mortality was observed
in both P.monodon and L.vannamei culture in all
the control and experimental tanks. The higher
survival of shrimp fed with probiotic supplemented
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feed might be related to an immune reactive effect
of probiotics on the host immune system, and the
lactic acid bacteria are the main microbes which
produce extracellular compounds to stimulate the
non specific immune response in vertebrates
(Marteau et al., 2002; Gill, 2003).

Moreover, while measuring the final
weight of shrimps in all the groups, a significant
difference was observed. The maximum mean final
weight of P.monodon (Control-1.1 ± 0.1 gm in
Experiment- 1.6 ± 0.3) and L.vannamei  (Control-
0.96 ± 0.1 gm in Experiment- 1.5 ± 0.3) was observed
in the experimental groups fed with probiotic
Lactobacillus sp (AMET1506) supplemented feed
compared to control groups fed with
unsupplemented control diet (Fig 1). Similar, results
were observed by previous authors while checking
other probiotics for the same purpose (Li et al.,
2006; Far et al., 2009). Rengpipat et al., 2000, also
observed the better growth in shrimps when fed
with Bacillus S11 (probiotic) supplemented feed
in Penaeus monodon. But, our results were
comparatively better than Dennis et al. (2000).
Because, in their studies, they used commercial

bacteria as a supplement for the culture of L.
vannamei and they reported that it did not show
increase mean final weight and FCR of the shrimps.
So, the potential strain Lactobacillus sp
(AMET1506) as proven its probiotic effectiveness
in both P.monodon and L.vannamei shrimp culture
at laboratory scale experiments. Venkat et al., 2004,
also reported that the dietary supplementation of
Lactobacillus acidophillus and L. sporogenes for
Macrobrachium rosenbergii increased shrimp
growth rate.

In P.monodon culture, whereas checking
the microbial load in the culture water and shrimp
intestine from both the control and experimental
groups on 30th day, the higher total heterotrophic
bacterial count was observed in shrimp intestine
(2.5 ± 0.2 × 107) and culture water (3.8 ± 0.2 × 107) in
control groups fed with unsupplemented control
diet, and it was slightly decreased in shrimp
intestine (1.5 ± 0.2 × 108) and culture water (1.7 ±
0.2 × 108) in the experimental groups fed with
probiotic Lactobacillus sp (AMET1506)
supplemented feed. Moreover, the higher vibrio
load also observed in shrimp intestine (0.8 ± 0.2 ×

Fig. 2. Survival (%) of shrimps on 40th day (after challenging study) after feeding
with control and probiotic Lactobacillus sp (AMET1506) supplemented feeds

Fig. 1. Mean final weight gain of shrimp (on 30th day) fed with probiotic of  Lactobacillus sp (AMET1506)



302 KARTHIK et al., Biosci., Biotech. Res. Asia,  Vol. 11(Spl. Edn. 1), 297-305 (2014)

Fig. 3. Isolation of bacterial strains from shrimp intestine and culture water

108) and culture water (1.0 ± 0.2 × 108) in control
groups fed with unsupplemented control diet,
however it was mostly decreased in shrimp intestine
(0.1 ± 0.2 × 108) and culture water (0.1 ± 0.2 × 108) in
the experimental groups fed with probiotic
Lactobacillus sp (AMET1506) supplemented feed.
Similarly, the Lactobacillus sp count was
decreased in the shrimps intestine (0.3 ± 0.2 × 108)
and not even a single colony was isolated from the
culture water samples in control groups fed with
unsupplemented control diet, but it was increased
in shrimp intestine (8.8 ± 0.33 × 106) and culture
water (5.1 ± 0.33 × 106) in the experimental groups
fed with probiotic Lactobacillus sp (AMET1506)
supplemented feed. Moreover, when assessing
other pathogenic microbial load in the shrimp and
culture water using MPN technique, the maximum
pathogenic bacterial load was observed in the
control groups and minimum in the experimental

groups respectively (Table 1). Sivakumar et al.,
2012 also observed the similar results, when
incorporating L. acidophilus 04 has potential
probiotic to control pathogenic V. alginolyticus in
P.monodon shrimp culture.

Comparable results were observed in
L.vannamei culture, the maximum total
heterotrophic bacterial count was observed in
shrimp intestine (2.8 ± 0.2 × 107) and culture water
(4.2 ± 0.2 × 107) in control groups fed with
unsupplemented control diet, and it was slightly
decreased in shrimp intestine (1.8 ± 0.2 × 108) and
culture water (1.7 ± 0.2 × 108) in the experimental
groups fed with probiotic Lactobacillus sp
(AMET1506) supplemented feed. In addition, the
higher vibrio load also observed in shrimp intestine
(1.1 ± 0.2 × 108) and culture water (1.5 ± 0.2 × 108) in
control groups fed with unsupplemented control
diet, however it was mostly decreased in shrimp
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intestine (0.2 ± 0.2 × 108) and culture water (0.4 ±
0.2 × 108) in the experimental groups fed with
probiotic Lactobacillus sp (AMET1506)
supplemented feed. In the same way, the
Lactobacillus sp count also decreased in the
shrimps intestine (00.1 ± 0.2 × 108) and not even a
single colony was isolated from the culture water
samples in control groups fed with
unsupplemented control diet, but it was increased
in shrimp intestine (8.5 ± 0.33 × 106) and culture
water (6.1 ± 0.33 × 106) in the experimental groups
fed with probiotic Lactobacillus sp (AMET1506)
supplemented feed. Furthermore, when assessing
other pathogenic microbial load in the shrimp and
culture water using MPN technique, the maximum
pathogenic bacterial load was observed in the
control groups and minimum in the experimental
groups respectively (Table 1). Jeevan Kumar et
al., 2013 also reported that, they observed increase
growth pattern of Penaeus vannamei when fed
with B.subtilis incorporated diet and L.rhamnosus
incorporated diet compared to control groups.
Therefore, the reduction of pathogenic microbial
load in the shrimp intestine and culture water may
be due to the production of acid end products and
antimicrobial peptides produced by the lactic acid
bacteria (Vinothkumar et al., 2013).

In general, among the aquatic pathogens
vibrio species are highly dangerous and it will
detached with shrimp epithelium and affect highly
by eliminating the two layers which protects the
shrimp from infections and finally end with high
mortality (Martin et al. 2004).  Normally, probiotics
may prevent the pathogens from the shrimp gut
by production of antimicrobial compounds
(Balcazar et al., 2006a). Whereas, to check the
probiotic potential of Lactobacillus sp
(AMET1506) to control the pathogenic microbes
and to increase the shrimp growth as well as
survival rate, the shrimps (P.monodon and
L.vannamei) in the both control and experimental
tanks were exposed to V.harveyi  (105 CFU ml-1) on
31st day (Only once) and the experiment was carried
out for 10 days with zero water exchange by
maintaining the water temperature at 28 ± 1°C. After
10 days of culture, the final mortality of the shrimps
was observed. In P.monodon treated with
Lactobacillus sp AMET1506 resulted in 6% final
mortality as compared to 80% in the control group
and in L.vannamei treated with Lactobacillus sp

AMET1506 resulted in 12% final mortality as
compared to 100% in the control group (Fig 2).
The results, were comparatively better than, Ajitha
et al., (2004) who observed the survival of shrimp
P.indicus (56 to 72%) when treated with probiotic
supplemented feed groups challenged with
V.alginolyticus.

Whereas analyzing the microbial load in
P.monodon culture groups on 40th day, the
maximum total heterotrophic bacterial count was
observed in the shrimp intestine (4.2 ± 0.2 × 106)
and culture water (4.8 ± 0.4 × 106) and it was
decreased in the shrimp intestine  (0.9 ± 0.2 × 108)
and culture water (1.1 ± 0.02 × 108) in the
experimental groups. Besides, the higher vibrio
load also observed in shrimp intestine  (4.4 ± 0.2 ×
108) and culture water (4.6 ± 0.4 × 108) in the control
tanks, however it was mostly decreased in shrimp
intestine (5.1 ± 0.2 × 108) and culture water (6.1 ±
0.02 × 108) in the experimental tanks.  Moreover
checking Lactobacillus sp load,  not even a single
colony was isolated from the culture water samples
collected from control tanks, but it was increased
in shrimp intestine (7.8 ± 0.33 × 106) and culture
water (4.1 ± 0.33 × 106) in the experimental tanks
fed with Lactobacillus sp (AMET1506)
supplemented feed. Moreover, when assessing
other pathogenic microbial load in the shrimp and
culture water using MPN technique, the maximum
pathogenic bacterial load was observed in the
control groups and minimum in the experimental
groups respectively (Table 2).

Parallel results were observed in
L.vannamei culture on 40th day, the maximum total
heterotrophic bacterial count was observed in the
shrimp intestine (4.3 ± 0.2 × 106) and culture water
(5.0 ± 0.4 × 106) and it was decreased in the shrimp
intestine (1.0 ± 0.2 × 108) and culture water (1.3 ±
0.2 × 108) in the experimental tanks. Moreover, the
higher vibrio load also observed in shrimp intestine
(4.4 ± 0.2 × 108) and culture water (4.5 ± 0.4 × 108) in
the control tanks, however it was mostly decreased
in shrimp intestine (6.3 ± 0.2 × 108) and culture
water (7.1 ± 0.2 × 108) in the experimental tanks fed
with Lactobacillus sp (AMET1506) supplemented
feed. In addition, checking Lactobacillus sp load,
100% mortality was observed and not even a single
colony was isolated from the culture water in the
control tanks, but it was increased in shrimp
intestine (7.5 ± 0.33 × 106) and culture water (5.1 ±
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0.33 × 106) in the experimental tanks  where the
shrimps were fed with Lactobacillus sp
(AMET1506) supplemented feed. While assessing
other pathogenic microbial load in the shrimp and
culture water using MPN technique, the maximum
pathogenic bacterial load was observed in the
control groups and minimum in the experimental
groups respectively (Table 2).  The effect of
commercial probiotic in aquaculture has been
investigated by previous researchers but some of
their research results has not shown any positive
effects on the growth parameters or survival rate
(Jeevan Kumar et al., 2013).  Based on the shrimp
survival rate, pathogenic microbial load and water
quality in the experimental groups in both the
P.monon and L.vannamei culture, our results were
comparatively better than previous authors, who
reported about the effect of lactic acid bacteria on
the inhibition of V. harveyi in invitro (Vaseeharan
and Ramasamy, 2003; Vieira et al., 2007). From the
results, the study concluded that the Lactobacillus
sp (AMET1506) strain will be helpful to manage
the pathogenic luminous bacteria V. harveyi and
other pathogenic bacteria. The study also
suggested that, incorporating this kind of potential
beneficial bacterial strain in feed will enhance the
shrimp production in ecofriendly aquaculture
practices.

REFERENCES

1. Vaseeharan B, Ramasamy P , Control of
pathogenic Vibrio spp. by Bacillus subtilis BT23,
a possible probiotic treatment for black tiger
shrimp Penaeus monodon. Lett Appl Microbiol.
2003; 36 (2): 83-7

2. Martin  Gary G., Nicole Rubin, Erica Swanson
Vibrio parahaemolyticus and V.  harveyi cause
detachment of the epithelium from the midgut
trunk of the penaeid  shrimp Sicyonia ingenti.
Diseases of Aquatic Organisms. 2004; 60: 21–
29.

3. Rengpipat, S., Rukpratanporn, S.,
Piyatiratitivorakul, S. and Menasveta, P.,
Immunity enhancement in black tiger shrimp
(Penaeus monodon) by a probiont bacterium
(Bacillus S11) Aquaculture 2000; 191: 271-288.

4. Venkat H.K., Narottam, P. Sahu and Kamal K
Jain., Effect of feeding Lactobacillus-based
probiotics on  the gut microflora, growth and
survival of postlarvae  of Macrobrachium
rosenbergii (De Man). Aquaculture  Research,

2004; 35: 501-507.
5. S. P. Borriello, W. P Hammes, W. Holzapfel, P.

Marteau, J. Schrezenmeir, M. Vaara, and V.
Valtonen. Safety of Probiotics That Contain
Lactobacilli or Bifidobacteria, Clinical Infectious
Diseases 2003; 36:775–80

6. GILL, H.S. Probiotics to enhance anti-infective
defences in the gastrointestinal tract. Best. Pract.
Res. Clin. Gastroenterol., v.17, p.755-73, 2003.

7. Vieira F N, Pedroti F S, Buglione C C, et al,
Lactic-acid bacteria increase the survival of
marine shrimp, Litopenaeus vanamei, after
infection with Vibrio harveyi, Braz. J. Oceanogr,
2007; 5: 251-25.

8. Natesan Sivakumar,  Gopal Selvakumar,
Ashokkumar , Perumal Varalakshmi  and
Balasubramaniem,  Lactobacillus SP. a potent
probiotic for disease free shrimp aquaculture
International Journal of Recent Scientific
Research, 2014; 5: 1031-1045.

9. Verschuere  L, Rombaut  G, Sorgeloos  P and
Verstraete W, Probiotic bacteria as biological
agents in aquaculture,  Microbiol Mole Biol Rev,
2000; 64: 655-671.

10. Vine  NG, Leukes W D and Kaisher  H,
Probiotics in marine larviculture, FEMS
Microbiol, 2006; 30: 404-427.

11. Kesarcodi-Watson A, Kaspar  H, Lategan M J
and Gibson L, Probiotics in aquaculture, The
need, principles and mechanisms of action and
screening processes, Aquaculture, 2008; 274 :
1-14.

12. Gatesoupe F J. Updating the importance of
lactic acid bacteria in fish farming: natural
occurrence and probiotic treatments, J Mole
Microbiol Biotechnol, 2008; 14 (1-3): 107-14.

13. Gilliland S E, Staley T E and Bush L J,
Importance of bile tolerance of Lactobacillus
acidophilus used as a dietary adjunct, J. Dairy
Sci, 1984; 67: 3045-3051.

14. Rossland  E, Andersen Borge G I, Langsrud  T
and Sorhaug T, Inhibition of Bacillus cereus by
strains of Lactobacillus and Lactococcus in milk,
Int J Food Microbiol, 2003; 89: 205–212.

15. Natesan Sivakumar,  Muthuraman Sundararaman
and  Gopal Selvakumar,  Probiotic effect of
Lactobacillus acidophilus against vibriosis in
juvenile shrimp (Penaeus monodon), African
Journal of Biotechnology, 2012; 11: 15811-
15818.

16. Ajitha  S, Sridhar M, Sridhar N, Singh I S B and
Carghese V,  Probiotic effects of lactic acid
bacteria against Vibrio alginolyticus in Penaeus
(Fenneropenaeus) indicus (H. Milne Edwards),
Asian Fish. Sci, 2004; 17: 71–80.

17. Qi Z, Zhang  X H, Boon N and Bossier P,



305KARTHIK et al., Biosci., Biotech. Res. Asia,  Vol. 11(Spl. Edn. 1), 297-305 (2014)

Probiotics in aquaculture of China — Current
state, problems and prospect, Aquaculture 2009;
290: 15–21.

18. Ismail M M, Soliman W S E, Studies on Probiotic
effects of lactic acid bacteria against Vibrio
vulnificus in freshwater prawn Macrobrachium
rosenbergii, J. Am. Sci, 2010; 6: 781-787.

19. Ramachandran Karthik, Subashchandrabose
Gobalakrishnan,  Ajmath Jaffar Hussain and
Radhakrishnan Muthezhilan, Efficacy of
Bacteriocin from Lactobacillus Sp. (AMET
1506) as a Biopreservative for Seafood’s Under
Different Storage Temperature Conditions,
Journal of Modern Biotechnology,  2013; 2:  59-
65.

20. Balca´zar JL, de Blas I, Ruiz-Zarzuela I,
Cuningham D, Vendrel D and Mu´zquiz JL.,
The role of probiotics in aquaculture. Veterinary
Microbiol 2006; 14: 173– 186.

21. Li J, Tan B, Mai K, Ai O, Zhang W, Xu E, Liufu
Z, Ma H, Comparative study between probiotic
bacterium Arthrobacter XE-7 and
chloramphenicol on protection of Penaeus
chinensis post-larvae from pathogenic vibrios,
Aquaculture, 2006; 153: 140-147.

22. Far H Z, Saad C R B, Daud H M, Harmin S A,
Shakibazadeh S, Effect of Bacillus subtilis on
the growth and survival rate of shrimp
(Litopenaeus vannamei), Afr. J. Biotechnol, 2009;
8: 3369-3376.

23. Vinothkumar P, Sheik Mohamed  P, Aysha O S,
Valli S, Nirmala P, Reena  A, Elumalai E K,
Microbial Product Act As a Probiotic against
Human Intestinal Pathogens, Int. J. Pharmaceut.
Biol Arch, 2011; 2: 1172-1174.

24. Ndaw A D, Faid M, Bouseta  A and Zinedine  A,
Effect of controlled lactic acid bacteria
fermentation on the microbiological and chemical
quality of moroccan sardines (Sardina
pilchardus), International Journal of Agricultural
Biology, 2008; 10: 21–27.

25. Valenzuela  A S, Ben Omar N, Abriouel  H,
Martinez Canamero M and Galvez  A,  Isolation
and identification of Enterococcus faecium from
seafoods: Antimicrobial resistance and
production of bacteriocin-like substances,
International Journal of Food Microbiology,
2010; 27: 955–961.

26. petlu nitya jeevan kumar, sangeetham jyothsna,
malapati hanuma reddy  and sreemanthula
sreevani, Effect of Bacillus subtilis and
Lactobacillus rhamnosus  incorporated probiotic
diet on growth pattern and enzymes in penaeus
vannamei, 2013; 3: 2250-0480.

27. Sivakumar N, Sundararaman M and Selvakumar
G., Probiotic effect of Lactobacillus acidophilus
against vibriosis in juvenile shrimp (Penaeus
monodon). African J Biotechnol. 2012; 11(91):
15811-15818.


