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Shrimps are an economically important aquaculture products produced in
many countries. Intensive researches have concentrated on maximizing shrimp
production with alternative use of antimicrobials as an eco-friendly approach.
Probiotics offer potential alternatives by providing benefits to the host
primarily via the direct or indirect modulation of the gut microbiota. Strains of
lactic acid bacteria (LAB) isolated from terrestrial, intestinal tract of aquatic
animals and fermented milk products are having probiotic activity against
pathogenic Vibrio sp. Probiotics increases favorable bacteria in the
gastrointestinal (GI) tract include the production of inhibitory compounds,
compete with pathogens, nonspecifically enhancing the immune response and
improved gastric functions. Therefore, probiotics could help improved disease
resistance, growth performance, body composition and microbial balance of
the host. This review provides an over view of the Lactobacillus probiotics on
shrimp aquaculture, specifically, vibriosis, antibiotic applications, needs of
probiotics, mechanism of probiotic supplements on intestinal colonization,
growth of the animal and the enhanced nonspecific immunity.
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INTRODUCTION
Aquaculture is the farming of aquatic organisms, including
fish, molluscs, crustaceans and seaweeds. It is important to
note that aquaculture has a long tradition in the developing
countries, which supplies 90 % of the world’s aquaculture
production. Global aquaculture sector is to maintain its current
average growth rate of 8 to 10 percent per year to 2025 (FAO
2011). Shrimp culture has become most profitable industry in
many parts of the world and has developed rapidly over the last
four decades to become an important economic activity world-
wide. Approximately 5 million metric tons of shrimp are
produced annually, current global demand for both wild and
farmed shrimp is approximately 6.5 million metric tons per
annum (Anonymous 2012). Shrimp farms are being created
throughout the world to meet out the increasing food demands,
at an annual rate of 8.8 % in the last three decades (FAO 2012).
Shrimp accounts for about 20 percent of the value of exported
fishery products over the past 20 years. The annual growth rate
of shrimp aquaculture production in the year 2012-2013 has
about 10.3%, in India, 10.9% (GOAL 2011). However, rapid
expansion of this industry has produced various ecological,
economical and social issues. In large-scale production,
Shrimps are exposed to stressful a condition, which causes
environmental deterioration and blooms diseases, result in
serious economic losses. For preventing and controlling
diseases particularly in shrimp aquaculture, the best method is
the improving health and elimination of pathogen by improving
aquatic environment (Venkateswara Rao 2007). With
increasing demand for eco-friendly aquaculture, the researchers
have demonstrated the use of probiotic bacteria in aquaculture
to improve water quality and improve the immune potential of

the animal by balancing bacterial flora in water and reducing
pathogenic bacterial load (Verschuere et al. 2000; Wang et al.
2005; Vine et al. 2006; Kesarcodi-Watson et al. 2008).
Number of documented evidences is available for the use of
Lactobacillus as effective probiotic in shrimp aquaculture. The
objective of this review is to evaluate the literature currently
available regarding the application strategies of Lactobacillus
based probiotics on practical basis and potential future research
and to discuss the problems related to the establishment of
Lactobacillus probiotics with the complex microbe-host
interactions within the gastrointestinal tract, which ultimately
influence the growth and health of the host.

Shrimp diseases

In recent years, Global shrimp production volumes have grown
in general significantly in the major shrimp producing
countries like China, Indonesia, India and Thailand especially
in Penaeus monodon (Laxminarayana 2009). Last few decades
shrimp aquaculture systems which include hatcheries have
faced severe economical losses due to bacterial infections
(Won and Park 2008; Rattanachuay et al. 2010). This problem
has been increasing in closed and recycled system of shrimp
aquaculture.  In Asian countries intensive shrimp farming is the
main aquaculture activity which has been frequently affected
by bacterial pathogens (Ruangpan 1998; Musa et al. 2008).
Vibriosis is a common bacterial disease responsible for
mortality of cultured shrimp worldwide (Chen et al. 2000;
Austin and Austin 2007). Vibriosis is expressed by a number of
syndromes which include oral and enteric vibriosis, appendage
and cuticular vibriosis, localized vibriosis of wounds, shell
disease, septic hepatopancreatitis and systemic vibriosis
(Lightner 1996). Vibriosis  in penaeid shrimp larvae may be
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caused by a number of Vibrio species, including V.
parahaemolyticus, V. harveyi, V. vulnificus, V. alginolyticus, V.
penaeicida (Ishimaru et al. 1995; Austin and Zhang 2006; Won
and Park 2008), V. spendidus, V. anguillarum (Otta et al.
2001), occasionally by V. damsela, V. fluvialis and other
undefined Vibrio species (Lightner 1996) and filamentous
bacteria such as Leucothrix mucor, Thiothrix sp, Flexibacter
sp, Flavobacterium, Cytophaga sp (Karunasagar et al. 1998).
Sivakumar and Sundararaman (2004) isolated Vibrio,
Staphylococcus, Shigella, Pseudomonas and Enterobacter from
the shrimp P. monodon intestinal tract and their environment.
Ruangpan et al. (1995) isolated both luminous and
nonluminous vibrios such as V. harveyi, V. fischeri, V. cholerae
biotype albensis and Photobacterium leiognathi from diseased
Penaeus monodon. Systemic vibriosis in Zoea II syndrome is
caused by bacteria of the Vibrio species (Gomez-Gil et al.
2001).

Vibrio harveyi, a Gram-negative, luminous marine bacterium is
one of the most important pathogenic agents of mass
mortalities of black tiger shrimp (P. monodon) larval rearing
systems (Lavilla-Pitogo et al. 1998; Chen et al. 2000; Vinod et
al. 2005; Austin and Zhang 2006). These pathogens cause
discolouration of gills, low growth rate and feeding, increased
mortality both in the hatchery and grow-out ponds, reduced
feed conversion and decreased survival, thus having a negative
impact on the overall economics (Karunasagar et al. 1998;
Peddie and Wardle 2005; Lightner et al. 2009; Lightner 2011).
Oakey and Owens (2000) noted that one of the toxin producing
strains of V. harveyi (VH642) also causes infection in shrimps.
Some strains could cause acute gastroenteritis in humans, often
after the consumption of contaminated seafood (Matsumoto et
al. 2000). In addition, there is an added risk of antibacterial
resistance developing in the emerging human bacterial
pathogens from aquaculture (Heuer et al. 2009; Jawahar
Abraham 2011).

Antibiotics in shrimp aquaculture

Diseases in aquaculture practices, particularly that caused by
luminous bacterial infection, has been referred as the largest
economic loss in the shrimp aquaculture due to mass
mortalities. Luminous Vibrio sp. like V. harveyi has the main
bacterial pathogens of cultured shrimps. Antibiotics are
normally used as prophylaxis in shrimp grow-out farming and
hatchery operations in both freshwater and coastal aquacultures
(Karunasagar et al. 1994), in countries like India (Pathak et al.
2000), Srilanka (Wijegoonawardena and Siriwardena 2000),
Tailand (Tonguthai 2000), Bangladesh (Uddin and Kader
2006) and Philippines (Pathak et al. 2000). Chlorine is widely
used in hatcheries and ponds (Murray et al. 1984). Most
frequently used antibiotics in aquaculture include ampicillin,
chloramphenicol, florfenicol, nalidixic acid, oxytetracycline,
streptomycin and sarafloxacin, (Wang et al. 2004; Soto-
Rodríguez et al. 2006; Reed et al. 2006) enrofloxacin (Tu et al.
2008), other antibiotics such as chlortetracycline, quinolones,
ciprofloxacin, norfloxacin, oxolinic acid, perfloxacin,
sulfamethazine and gentamicin are also used (Holmstrom et al.
2003). Number of disinfectants, pesticides and herbicides has
been applied in shrimp grow-out forming to control pests and
conditioning the soil.

The effectiveness of antibiotics and chemicals in shrimp
aquaculture is very poor. Where as the administration of

antibiotics to infected shrimp stocks is usually impracticable in
larger scale, as the only routes of administration are through
the water or in palletized feed (Srinivasan and Ramasamy
2009). However, antibiotics have been used to control bacteria,
some bacteria can survive, either strains of the pathogen or
others, because they carry genes for resistance (Moriarty 1999).
In Asia shrimp farmers use antibiotics in large quantities which
is a potential problem in aquaculture industries and it would
lead to the development of antibiotic resistant bacterial strains
(Rhodes et al. 2000; Tendencia and de la Pena 2002).
Antibiotic resistant pathogens have caused mass mortality in
hatchery-reared larvae and post-larvae of Macrobrachium
rosenbergii in India (Hameed et al. 2003). Resistance of
marine shellfish pathogens to commonly used antibiotics has
also been reported in India (Gopal et al. 2005), Taiwan (Hsueh
et al. 2002), Japan (Saitanu et al. 1994), Denmark (Schmidt et
al. 2000) and Nigeria (Adeleye et al. 2008) etc. Sengupta et al.
(2003) reported that 56% of the luminous V. harveyi isolates
from shrimp form of West Bengal showed multiple drug
resistance which include chloramphenicol, cifrofalxacin and
oxytetracycline. Srinivasan and Ramasamy (2009) isolated 121
Vibrio spp. from shrimp culture environments, were 100%
resistant to ampicillin, cloxacillin, oxacillin, erythromycin,
vancomycin, penicillin G and furazolidone. Sivakumar and
Sundararaman (2005), isolated 83 Vibrio parahaemolyticus
from marine shrimps, among the isolates 7% were multiple
drug resistance. Talpur et al. (2011) reported that V. harveyi
and V. parahaemolyticus isolated from the Portunus pelagicus
showed single and multiple drug resistance. Hence, there is
always a risk of antibiotic usage in shrimp grow-out forming,
because higher concentration of residual antibiotics had
deposited in the flesh of shrimps, which may cause some
potentially serious side effects to the consumers such as fatal
aplitic anemia (Shotts et al. 1976), childhood leukemia,
gastrointestinal and photosensitive allergic reactions, gray baby
syndrome (McIntyre and Choonara 2004). In addition, they can
transfer their resistant genes through plasmids between
pathogenic and non-pathogenic bacteria in several
environments (Graslund, and Bengtsson 2001; Adeleye et al.
2008), and thereby reduced efficacy of antibiotic treatment for
human diseases. Several bacterial pathogens can develop
plasmid-mediated resistance. Recently, Adeleye et al. (2010)
reported non-plasmid mediated multi-drug resistant Vibrio sp.
and Aeromanas spp. from sea foods. Currently there is no
universally acceptable pharmaceutical agent approved by the
FDA for treating infections in shrimp aquaculture, even though
studies are underway to improve disease control and treatment
(Reed et al. 2006).

Probiotics definition

In order to prevent and control diseases particularly in aquaculture,
the best method is improving health status of culture organisms
and elimination of pathogen by improving aquatic environment. In
aquatic environment beneficial microbes can called probiotics,
which purify the water, improve the digestion of food materials
and competitively eliminate pathogenic microbes. The term,
probiotic is the Greek words “pro” and “bios” which means
“prolife” (Gismondo et al. 1999). Earlier, Elie Metchnikoff
(1907) was described the positive role played by some bacteria
among farmers who consumed pathogen-containing milk and that
“reliance on gut microbes for food makes it possible to take steps
to change the flora of our bodies and to replace harmful
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microbes by beneficial microbes”. The term 'probiotic' was
first used by Lilly and Stillwell (1965) to describe the
“substances secreted by one microorganism that stimulates
the growth of another”. Parker (1974) proposed that
probiotics are “organisms and substances which contribute
to intestinal microbial balance”. The most widely accepted
definition was made by Fuller (1989), defined as “a live
microbial feed supplement which beneficially affects the
host animal by improving its intestinal balance”. Guarner
and Schaafsma (1998) defined as “probiotics are live
microorganisms which, when consumed in adequate
amounts, confer health benefits to the host”. Later, the
definition has been changed as “living microorganism mono
or mixed culture in sufficient number with or without by-
products, leading to the benefit of host health by improving
intestinal microbial balance and of environment (Fuller
1997; Gatesoupe 1999; Verschuere et al. 2000; Irianto and
Austin 2002). The concept of probiotic activity has referred
that active modulation of the gastrointestinal tract (GIT)
could confer antagonism against pathogens, provide
nutritional benefits and help development of the immune
system (Vaughan et al. 2002). FAO has designated the use
of probiotics as a major agent for the improvement of
aquatic environmental quality (Subasinghe et al. 2003).

Currently, the term probiotics are referred as “functional
foods” for humans and growth supplements in animal
husbandry (Sullivan and Nord 2002; Senok et al. 2005).

Probiotics in shrimp aquaculture

Probiotics are chosen as the best alternatives to chemical
antibiotics and they act as natural immune enhancers, which
provoke the disease resistance in shrimp farm and to modify or
manipulate the microbial communities in water and sediment,
reduce or eliminate pathogens. The probiotic potential of
different bacterial strains, even within the same species, differs
by means of adherence (site-specific), specific immunological
effects, and actions on a healthy vs. an inflamed mucosal
surfaces may be differ from others. At present the probiotic
researchers, aimed to characterize probiotic potentials of
normal healthy gut microbiota of different aquatic species to
understand microbe–microbe interactions in intestinal tract,
host microbe interaction (include competitive exclusion of
pathogens), their immunomodulations and nutritional
importance (Soccol et al. 2010).

The use of microbial probiotics in aquaculture is now widely
accepted alternative disease management process (Mohanty et al.
1996; Gatesoupe 1999; Sharma and Bhukhar 2000; Gomez-Gil et
al. 2001; Verschuere et al. 2000; Irianto and Austin 2002; Vine et
al. 2006; Wang 2007). Generally, probiotic strains have been
isolated from indigenous and exogenous microbiota of aquatic
animals.

Number of species of probiotic bacteria and their mode of action
has been well documented. The most commonly used probiotics
are the strains such as Lactobacillus, Bifidobacterium (Ross et al.

Table 1 Importance of lactic acid bacteria in aquaculture
Probiotic organism Study References

Lactobacillus acidophilus
Comparison of two strains of Lactobacillus acidophilus as dietary adjuncts for young
calves

Gilliland et al. 1980

Lactobacillus plantarum
Psychrotrophic Lactobacillus plantarum from fish and it’s ability to produce
antibiotic substances

Schroder et al. 1980

Lactobacillus reuteri
The effect of yoghurt and milk fermented with a porcine intestinal strain of
Lactobacillus reuteri on the performance and gastrointestinal flora of pigs weaned at
two days of age

Ratcliffe et al. 1986

Lactobacillus
The effect of three strains of lactic bacteria on the production rate of rotifers,
Brachionus plicatilis, and their dietary value for larval turbot, Scophthalmus maximus

Gatesoupe 1991

Lactobacillus
Influence of lactic bacterial additives on turbot Scophthalmus maximus L. larvae
culture

Garcia-de-la-Banda et al.
1992

Lactobacillus Genetics of bacteriocins produced by lacticacid bacteria Klaenhammer 1993

Lactobacillus sp.
Probiotic effect of lactic acid bacteria in the feed on growth and survival of fry of
Atlantic cod (Gadus morhua).

Gildberg et al. 1997

Lactobacillus spp Probiotic use of Lactobacillus spp. for black tiger shrimp, Penaeus monodon Phianphak et al. 1999

Lactobacillus rhamnosus
Immune enhancement in rainbow trout (Oncorhynchus mykiss) by potential probiotic
bacteria (Lactobacillus rhamnosus).

Nikoskelainen et al. 2003

Lactobacillus
Probiotic effects of lactic acid bacteria against Vibrio alginolyticus in Penaeus
(Fenneropenaeus) Indicus (H. Milne Edwards).

Ajitha et al. 2004

Lactobacillus
Effect of feeding Lactobacillus- based probiotics on the gut microflora, growth and
survival of postlarvae of Macrobrachium rosenbergii (de Man

Venkat et al. 2004

Lactobacillus sp. Effects of lactic acid bacteria cultures on pathogenic microbiota from fish. Vazquez et al. 2005

Lactococcus lactis
An antibacterial effect of Lactococcus lactis isolated from the intestinal tract of the
Amur catfish, Silurus asotus, Linnaeus

Sugita et al.  2007

Lactobacillus sp.
Lactic-acid bacteria increase the survival of marine shrimp, Litopenaeus vannamei,
after infection with Vibrio harveyi

Vieira et al. 2007

Lactobacillus plantarum
Time-related action of Lactobacillus plantarum in the bacterial microbiota of shrimp
digestive tract and its action as immunostimulant

Vieira et al. 2008

Streptococcus faecium
and Lactobacillus
acidophilus

Effect of the inclusión of a bacterial mix (Streptococcus faecium and Lactobacillus
acidophilus) on growth, feed utilization and intestinal enzymatic activity of Nile
tilapia(Oreochromis niloticus).

Lara-Flores et al. 2010

Lactobacillus plantarum
The effect of a Lactobacillus plantarum-supplemented diet on shrimp growth,
digestive tract bacterial microbiota, survival, and some hemato-immunological
parameters after an experimental challenge with Vibrio harveyi was studied.

Vieira et al. 2010

Lactobacillus plantarum
Effects of Dietary Heat-killed Lactobacillus plantarum on Larval and Post-larval
Kuruma Shrimp, Marsupenaeus japonicus Bate

Thanh Tung 2010

Lactobacillus acidophilus
Efficacy of Lactobacillus acidophilus on the sperm quality and regeneration of
spermatophores in Penaeus monodon (Fabricius, 1798)

Badhul Haq et al. 2011

Lactobacillus acidophilus
Probiotic effect of Lactobacillus acidophilus against vibriosis in juvenile shrimp
(Penaeus monodon

Sivakumar et al. 2012
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2005; Senok et al. 2005; Gursoy and Kinik 2006), Streptococcus
(Shah 2007), Bacillus (Duc et al. 2004; Barbosa et al. 2005), and
few non pathogenic Vibrio sp. This review highlights the
importance of lactic acid bacteria in shrimp aquaculture.

Lactic acid bacteria

The term “probiotic” inevitably refers to Gram-positive bacteria.
Lactobacillus are in general characterized as Gram-positive, non-
spore-forming and non-flagellated rods or coccobacilli (Hammes
and Vogel 1995), technologically are regarded as non-pathogenic
and safe microorganisms (Soccol et al. 2010). Lactic acid
bacteria (LAB) convert lactose into lactic acid, thereby
reducing the pH in the gastro intestinal environment and
naturally preventing the colonization by many bacteria
(Klewicki and Klewicka 2004). Lactobacillus is distributed in
various ecological niches throughout the gastrointestinal tracts
and constitutes an important part of the indigenous microflora
of aquatic animals (Ringo and Gatesoupe 1998). LAB has been
used as probionts against shrimp pathogens (Gatesoupe 1999;
Corcoran et al. 2004; Ross et al. 2005; Senok et al. 2005).

LAB is great producers of bacteriocins and organic acids
(lactic and acetic acids) which have inhibitory effects in vitro
on the growth of some aquatic pathogens (Planas et al. 2004).
These antimicrobial substances have facilitating their
environment with a competitive advantage over other
microorganisms to be used as probiotics (Salminen et al. 1998).
Probiotic preparations with Lactobacillus (Desmond et al. 2002;
Balcazar et al. 2008; Sivakumar et al. 2012) have recently
received considerable interest in aquaculture. Lactobacillus
bulgaricus, Lactobacillus casei, Lactobacillus delbrueckii ssp.
Bulgaricus, Lactobacillus fermentum Lactobacillus helveticus,
Lactobacillus lactis, Lactobacillus paracasei, Lactobacillus
rhamnosus, Lactobacillus plantarum, Lactobacillus reuteri and
Lactobacillus salivarius has been used as commercial probiotics
(Soccol et al. 2010). Some important evidences for the use of
Lactobacillus as probiotic for aquaculture are listed in the Table-1.

Antimicrobial compound – Bacteriocins

Probiotics prevent the growth of pathogens by production of
antimicrobial substance such as organic acids, hydrogen peroxide
and bacteriocins (Reid et al. 2001).

Bacteriocins are a heterogeneous group of short peptides or
proteins which are generally only toxic to bacteria that are
closely related to the producing strain (Klaenhammer et al.
1988). These peptides normally contain between 30 and 60

aminoacid residues (Eijsink et al. 1998). Some bacteriocins
undergo posttranslational modification and are called
lantibiotics (Schillinger et al. 1996). Numerous reports have
proved the ability of Lactobacillus strains to produce
“lactocidin" bacteriocins (Klaenhammer 1993; Klaenhammer
and Kullen 1999; Fooks and Gibson 2002; Chumchalova et al.
2004; De Souza et al. 2005). The first study on the production
of bacteriocins by L.acidophilus has been reported by Barefoot
and Klaenhammer (1983). Number of bacteriocin derivatives
like lactacin B (Barefoot et al. 1994), Lactacin F (Muriana and
Klaenhammer 1991), Acidophilucin A (Toba et al. 1991),
Acidocin A (Kantani et al. 1992), Acidocin B (Chumchalova et
al. 1995), Acidocin D20079 (Deraz et al. 2005), Acidocin 1B
(Kyoung-Sik et al. 2007), has been characterized from different
species of the genus Lactobacillus. Bacteriocins have Antagonistic
effects against Pseudomonas sp., Staphylococcus aureus,
Salmonella sp., Listeria monocytogenes (Leroy and De Vuyst
2004; Chiang et al. 2000; Gravesen et al. 2002) and Vibrio
parahaemolyticus (Carraturo et al. 2006).

Classification of Bacteriocins

Bacteriocins are bacterial secondary metabolites produced by
both Gram-positive and Gram-negative bacteria. Bacteriocins
of Gram-positive bacteria are generally more important and
they are divided into three classes (Lee and Kim 2011). Class I
bacteriocins are named as lantibiotics, which are small peptides
(<5 kDa) (Kanatani et al. 1995; Sahl, and Bierbaum 1998;
Field et al. 2007), post translationally modified, and
incorporated with unusual amino acids such as dehydroalanine,
methyl-lanthione, dehydrobutyrine, and lantionine (Cleveland
et al, 2001). Nisin and lacticin are the well studied bacteriocins
of this group (McAuliffe et al. 2001). Type A comprises
of relatively elongated, positively charged, amphipatic, flexible
molecules with molecular mass of 2 to 4 kDa and they generally
act through pore formation eg., nisin and lacticin. Type B
lantibiotics, are heat stable peptides having globular in structure
and interfere with cellular enzymatic reactions with molecular
mass of  2 to 3 kDa and either they have no net charge or a net
negative charge (Cleveland et al. 2001). Class II bacteriocins are
non-lantibiotics, small (<10 kDa), heat-stable peptides that are not
post-translationally modified (Heng et al, 2007).

Class II is also subdivided into two subgroups. Class IIa are
pediocin-like or Listeria-active peptides, which contain a
conserved N-terminal sequences (YGNGVxCxxxxCxV) e.g.,
pediocin PA-1, sakacin A (Patton and Don 2005). Class IIb

Table 2 Bacteriocins from Lactobacillus spp.
Bacteriocin Producing Strain Reference

Lactacin F L. johnsonii spp. Muriana and Klaenhammer, 1991
Plantaricin EF, Plantaricin W,
PlantaricinJK, Plantaricin S

L. plantarum spp
Diep et al. 1996; Kleerebezem et al.
2003

Acidolactin A L. acidophilus TK9201 Kanatani et al. 1995
Curvacin A Lactobacillus curvatus LTH1174 Tichaczek et al. 1993
Plantaricin A L. plantarum Nissen-Meyer et al. 1993
Sakacin A and 674 Lactobacillus sake Lb674 Holck et al. 1994
Lactacin B and Lactacin F L. acidophilus LAPT 1060 Muriana and Kalenhammer 1991
Acidocin B Lactobacillus acidophilus TK8912 Tahara et al. 1992
Acidocin J Lactobacillus acidophilus JCM 1229 Tahara et al. 1996
acidocin D. L. acidophilus DSM 20079 Kanatani et al. 1992; Zamfir et al. 1999
Sakacin P Lactobacillus sakei strains Lb674 and LTH673 Holck et al. 1994
Acidophilicin LA-1 L. acidophilus LA-1 Dave and Shah 1997
Acidocins LF221A & B L. acidophilus L. AcidophilusLF221 Bogovic-Matijasiic et al. 1998
Acidophilin 801 L. acidophilus IB801 Zamfir et al. 1999
Acidocin D20079 L. acidophilus DSM20079 Deraz et al. 2005
Acidocin D20079 L. acidophilus AA11 Abo-Amer 2007
Acidocin 1B L. acidophilus GP1B Kyoung-Sik et al. 2007
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bacteriocins require the synergistic activity of two peptides to
be fully active (Nissen-Meyer et al. 1992) e.g., Lactacin F and
lactococcin G (Daw and Falkiner 1996). Class III bacteriocins
are generally large (>30 kDa), heat-labile proteins, for
example, helveticin I by Lactobacillus helveticus
and enterolysin by Enterococcus faecium (Todorov and Dicks
2005). Type IIIa are bacteriolytic enzymes called
bacteriolysins, e.g., Lysostaphin (Schindler and Schuhardt
1964). Type IIIb are non-lytic bacteriocins, e.g., Helveticin J
(37 kDa) (Joerger and Klaenhammer 1986).

Bacteriocins from LAB would belong to either class I or class
II (Rodriguez et al. 2003). The class I group contains the so-
called lantibiotics (Klaenhammer 1993). Most of the
Lactobacillus producing bacteriocins are small (<10 kDa)
cationic, heat-stable, amphiphilic and membrane
permeabilizing peptides. The LAB bacteriocins have greater
antibacterial activity at lower pH values (pH >5.0) (Zacharof
and Lovitt 2013). Few common bacteriocins produced by
Lactobacillus species are summarized in Table 2

Probiotic attributes of Lactobacillus sp.

Modes of Actions

The probiotic applications in aquaculture is now widely
accepted with growing demand for eco-friendly aquaculture
(Wang and Xu 2006; Qi et al. 2009). Several studies on
probiotics have been published during the last three decades.
These aquaculture probiotics has multiple benefits to the host,
like competitive exclusion of pathogens (Gomez-Gil et al.
2000; Vine et al. 2004), improve the intestinal digestion by
secreting enzymes (Garriques and Arevalo 1995; Ramirez and
Dixon 2003), enhancement of the immune response against
pathogens (Rengpipat et al. 2000; Irianto and Austin 2002) and
improve their environment (Moriarty 1999; Ma et al. 2009).
Probiotic Lactobacillus sp. has been postulated several modes
of action in the host which includes competition for nutrients,
non-specific immune modulation, production of antimicrobial
compounds and competition for site attachment. If the bacteria
act as good probiotic must have the following properties, (1)
adhere to intestinal epithelium, (2) exclude pathogens, (3)
compete for essential nutrients, (4) stimulate the immunity of
the host, (5) persist and multiply, (6) produce antimicrobial
substances and antagonistic to pathogen growth, (7) be safe and
nonpathogenic, (8) improve the intestinal digestion, and (9)
maintained the balanced microflora in the intestinal tract
(V´azquez et al. 2005; Balcazur et al. 2006, Tinh et al. 2007).
The following mechanisms are mainly used to screen suitable
probiotics for the aquaculture system.

i) Competition for adhesion

Microbial interactions are one of the ecological processes play
a major role to maintain the equilibrium between competing
beneficial and potentially pathogenic microorganisms.
Bacterial antagonism is a common phenomenon in nature,
through this mechanism microbial flora in the gastrointestinal
tract of aquatic animals can be modified by ingestion of
selected beneficial microorganisms (Balca´zar 2002), and is
known as competitive exclusion. Microbial manipulation in the
gastrointestinal tract constitutes a viable tool to reduce or
eliminate the incidence of opportunistic pathogens (Balcázar
2002). Through the competitive exclusion principles, a
probiotic microorganism induces small changes in the

microbial composition of the host gastrointestinal tract.
Therefore, the probiotic microorganism can dominate the host
intestinal tract and to eliminate the opportunistic pathogens.
Indeed, the dominant microorganism can compete by secreting
antimicrobial compounds which may kill or inhibits all their
competitors (Moriarty 1999; Gatesoupe 2008). The probiotic
strains Lactobacillus acidophilus, L. sporogenus were found to
have inhibitory effect against the Gram-negative bacterial flora
present in the gut of shrimp (Venkat et al. 2004).

Adhesion and colonization of the mucosal surfaces are possible
protective mechanisms against pathogens through competition
for binding sites and nutrients, or immune modulation
(Balcazar et al. 2006). Since bacterial adhesion to intestinal
mucosal surface is important during the initial stages of
pathogenic infection (Krovacek et al. 1987), competition for
adhesion receptors with pathogens might be the first probiotic
effect (Montes and Pugh 1993), which can competitively
excludes the pathogenic bacteria (Gatesoup 2008). Adhesion
varies between strains to strain and of the same species
(McCartney et al. 1996; Vine et al. 2004). Little evidences in
the previous literature to demonstrate the property of probiotic
Lactobacillus by competition for adhesion sites. On
colonization in the gastrointestinal tract Lactobacillus form a
natural ecological barrier and prevent pathogenic microbial
adhesion. LAB is commonly found in the gastrointestinal tract
of various endothermic animals (Ringo et al. 1998). Probiotics
LAB can colonize fish and crustacean intestinal tracts (Joborn
et al. 1997; Rengpipat et al. 2000). LAB probiotics have been
shown to colonize in host gut and enhance the nutrition,
immunity, growth rate, and survival rate of a wide range of
host species. Different lactobacilli have reduced the adhesion
of Aeromonas salmonicida, Carnobacterium piscicola and
Yersinia ruckeri to intestinal mucus from rainbow trout
(Balcazar et al. 2006). Nisin is a ribosomally synthesized
antimicrobial peptide produced by certain strains of
Lactococcus lactis and has been proven to act against human
multidrug resistant pathogens such as Streptococcus
pneumoniae, Staphylococcus aureus, Staphylococcus
epidermidis, Enterococcus faecalis, and others (Gatesoupe
2008). Mucus provides protective functions in the
gastrointestinal tract and plays an important role in the
adhesion of Lactobacillus species to host surfaces (Van Tassell
and Miller 2011). Mucin binding proteins of the Lactobacillus
sp. involved cellular adhesion (Macías-Rodríguez et al. 2009).
Cell surface proteins are able to directly interact with the
mucosal surfaces, efficiently adsorbed to the gut mucosa and
molecular cross-talking (Sanchez et al. 2008; Kleerebezem et
al. 2011; Lebeer et al. 2007; Sanchez et al. 2010), specifically
with glycoproteins (Laparra and Sanz 2009). Binding ability of
the bacteria has been affected by several factors. The following
factors may influence the colonization of bacteria on intestinal
mucosa:

(i) Host factors such as body temperature, level of redox
potential and, intestinal enzymes.

(ii) Microbial factors such as antagonistic potentials of the
probiotics, enzymes, bacteriocins, lysozymes, and pH
values by the production of organic acids (Ringo and
Galesoupe 1998; Balcazar et al. 2006).

ii). Intestinal digestion

Probiotic microorganisms have a beneficial effect on the
digestive processes of aquatic animals, particularly by
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supplying fatty acids, vitamins minerals, trace elements and
digestive enzymes (Suzer et al. 2008; Avnimelech 2009). The
beneficial effects of probiotics include higher growth and
feeding efficiency, prevention of intestinal disorders and pre-
digestion of anti-nutritional factors present in the feed
(Himabindu et al. 2004). Some bacteria may participate in the
digestion processes of aquatic animals by producing
extracellular enzymes and providing necessary growth factors
(Balcazur et al. 2006; Vine et al. 2006). Recent evidence
supported that the nutritional status of shrimp is improved by
the addition of probiotic supplements (Audelo-Naranjo et al.
2011).

The nutritional benefits of LAB as probiotic have been proven
in shrimp and a number of other aquatic organisms. The LAB
has been reported to improve nutrition, growth and aquaculture
output (Skjermo and Vadstein 1999; Verschurere et al. 2000;
Planas et al. 2004). LAB such as L. bulgaricus, L.
acidophilus,, L. sporogenes, L. casei, L. plantarum and
Streptococcus thermophillus has been used as feed
supplements for the growth of shrimps (Jacobsen et al. 1999;
Seenivasan et al. 2012). Lactobacilli have complex nutritional
requirements for fermentable carbohydrates, amino acids,
nucleic acids and other substrates (Hammes and Hertel 2006).
It also noticed that probiotic bacteria could produce some
digestive enzymes, which might improve the digestion of
shrimp, thus enhancing the health status of the shrimp (Ninewe
and Selvin 2009). Lactobacillus spp. produces active dietary
enzymes like lipases (Kim et al. 2008; Padmapriya et al. 2011),
β-galactosidase (Sumathy et al., 2012), hydrolases (Novik et al.
2007), amylase, phytase and protease (Ziaei-Nejad et al. 2006;
Kim et al. 2007). L. acidophilus produces amylases and
proteases, these supplementary digestive enzymes improve the
intestinal digestion of the host bacterium (Kongnum and
Hongpattarakere 2012), additionally it improves mean standard
growth and feed conversion ratios (FCR) of the shrimps
(Sivakumar et al. 2012).

iii) Acid and Bile tolerance

The practical use of probiotics emphasizes that the
microorganisms should colonize the gastrointestinal tract of the
host, and should be able to survive in the intestine, exhibiting
resistance to low pH and other antibacterial influence in the gut
(Fuller 1992; Kirjavainen et al. 1998). Tolerance to bile salts is
a prerequisite for colonisation and metabolic activity of
bacteria in the small intestine of the host (Grosu-Tudor and
Zamfir 2012). This will help LAB to adopted in the small
gastrointestinal tract and contribute in balancing the intestinal
microflora (Tambekar and Bhutada 2010). Bile tolerance is an
absolute need of probiotic bacteria, and it is an important
criteria used to select potential probiotic strains (Dunne et al.
2001). The sensitivity of dairy isolates of lactobacilli to bile
salts was demonstrated by Gilliland and Speck (1977), and it
used for probiotic (Gilliland et al. 1984). Number of
researchers reported the importance of bile tolerance in the
selection of lactobacilli (Buntin et al., 2008) such as L.
acidophilus (Gilliland et al. 1984; Jacobsen et al. 1999), L.
rhamnosus (Jacobsen et al., 1999), L. plantarum and L.
fermentum (Chateau et al. 1994), L. gasseri (Usman and
Hosono 1999), L. crispatus and L. casei (Jacobsen et al. 1999).
Bile tolerance of the lactobacillus is varying from one isolate
from other. Gilliland et al. (1984), studied two strains of L.
acidophilus, isolated from calves, exhibiting a different degree

of bile resistance when assayed in vitro and in vivo feeding
trial with calves. Lactobacillus sp. PSC101 grew even in 1%
bile salt (Dunne et al. 2001).

Tolerance to bile salts and low pH levels is vital for bacteria to
survive and grow in the gastrointestinal tract (Havenaar et al.
1992). Bacteria are generally sensitive to the intestinal pH
(Conway et al. 1987; Feena´ndez et al. 2003), however, some
bacteria can survive and grow at relatively low pH (3.5 pH)
because they have a system to adapt such environments.
Different LAB survives and grows at this environment (Buntin
et al., 2008). Although acid tolerance in lactobacilli is highly
strain specific, members of the genus Lactobacillus are, in
general, acidophilic, albe to grow at pH 4.0 in foods containing
a fermentable carbohydrate (Alakomi et al. 2000).
Lactobacillus GG survived pH 3 for 4 h (Goldin et al. 1992), L.
casei and Lactobacillus GG exhibited good growth at pH 2.3
for 3 h (Charteris et al. 1998) and Lactobacillus plantarum
(Ramirez-Chavarin et al. 2013) grow at pH 3.5. L. acidophilus
was the most interesting species, because it showed high values
of resistance to gastric juice and bile salts (Vinderola and
Reinheimer 2003). Mishera et al. (2005) showed, three of their
seven isolates of L. casei tolerated pH 2.0 - 3.0. Hence, to
screen new probiotics, stability to acid and bile is of key
importance (Dunne et al. 2001).

iv). Enhancement of Immune Response

Number of documented evidences has been available for
probiotics to modulate differential non-specific immune
responses in shrimps. Several studies have provided explicit
evidence that specific strains of probiotics are able to stimulate
as well as regulate several aspects of immune responses (Gill
and Prasad 2008; Gatesoup 2008).  The role of LAB as
immunomodulators in improving nonspecific defenses is well
known in aquatic animals (Nikoskelainen et al. 2003; Balcazar
et al. 2007; Balcazar et al. 2008). The stimulation of immune
system by probiotic lactic acid bacteria has some arguments
(Gill 1998; McCracken and Gaskins 1999), but Rengipipat et
al. (2000) reported that the immune response were more
pronounced with probiotics treated shrimp when compared
with the control. The administration of a probiotic strains
positively influenced the growth and survival of juveniles of
shrimp and presented a protective effect against the pathogens
Vibrio harveyi (Ajitha et al. 2004; Vieira et al. 2007; Vieira et
al. 2008; Vieira et al. 2010). So far, several Lactobacillus
strains have been shown to enhance cell-mediated immune
responses, which include activation of macrophages and
phagocytic induction (Kirjavainen et al. 1999; LeBlanc et al.
2002). The bacterial cells or cell components such as
peptidoglycan, teichoic acid, and exopolysaccharide are having
immunomodulatory activities (Amrouche et al. 2006; Chiu et
al. 2007; Liu et al. 2012). Several species of LAB such as
Lactobacillus acidophilus, L. rhamnosus and Lactococcus
lactis are effectively induced phagocytic activity in several
animals (Nikoskelainen et al. 2003; Liu et al. 2011;
Delcenserie et al. 2008). Some hydrolytic enzymes are also
involved in these processes such as lysozyme (Somboonwiwat
et al. 2006; Burge et al. 2007).

v). Probiotics in Water Quality Improvement

Increasing demand of shrimps, the maintenance of good water
quality is essential for optimum growth and survival of
shrimps. The primary importance of the shrimp aquaculture is
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to provide good healthy environment for higher production of
shrimps. During the production of shrimps in ponds large
amount of discharged organic waste materials errand the
positive propagation of microorganisms and decreasing the
water quality (Sundarapandian et al. 2010). Excess uneaten
feed and the shrimp bio-waste decreases the water quality
specifically increases eutrophication of the pond and cause
mass mortalities (Guillaume et al. 1999).

Probiotics are having the ability to remove the organic waste
inputs through decomposition and maintain the aquatic
environment healthy. In addition, beneficial heterotrophic
bacteria also participating the maintenance of C: N ratio
management (Gatesoup 1999; Avnimelech and Ritvo 2003).
Beneficial bacteria are helpful in nutrient recycling and
degradation of organic material and thus clear the environment
(Moriarty 1997). Several researchers have assessed
microorganisms as biological improvers for water quality:
Douilett (1998) used a probiotic additive in intensive
production systems improved water quality in fish and
crustacean cultures by enhanced mineralization of organic
materials and ammonia which leads to reduce pathogenic
bacteria. The use of probiotics in the aquaculture has
significantly increased dissolved oxygen and reduced total
inorganic nitrogen and chemical oxygen demand (Wang et al.
2005). Lower dissolved oxygen, higher ammonia and higher
bacteria were accounted in shrimp pond without addition of
probiotic feed (Janakiram et al. 2000; Sivakumar 2006).
Generally, decomposition of organic waste via both respiration
and fermentation, nitrification/de-nitrification (such as
ammonia to nitrate) and sulfate reduction (sulfate to sulfite)
(Avnimelech and Ritvo 2003; Kantachote et al. 2005). The use
of commercial probiotics in P. vannamei ponds can reduce
concentrations of nitrogen and phosphorus, and result in
increase in shrimp yields (Wang et al. 2005). The feasibility of
using Lactobacillus spp. JK-8 and JK-11 for the simultaneous
removal of pathogenic bacteria and nitrogens from shrimp farm
water was explored by Ma et al. (2009). When addition of
probiotic Lactobacillus to the shrimp grow out ponds would be
very useful for controlling the pathogenic microorganisms and
water quality (Rossland et al. 2003). Lactobacillus species are
important microorganisms that have been recognized for their
fermentative ability as well as their health and nutritional
benefits. In all respect, the applications Lactobacillus sp. is
beneficial to the shrimp aquaculture and their environments
especially quality of water.

Selection of suitable Lactobacillus as probiotic for shrimp
aquaculture

It has been widely accepted that selection of probiotic bacteria
has usually been an experimental process based on certain
properties of the isolates (Verschuere et al. 2000). Selection
steps have been defined, but they need to be adapted for
different host species and environments. The primary function
of probiotics in aquaculture is to remove pathogenic microflora
and produce a proper relationship between beneficial
microorganism’s and their environment (Vine et al. 2004). This
is a crucial step in selecting a probiotic bacterium, which
includes the ability to out-compete potentially pathogenic
strains and viability of the probiotic strain within the host
environment, adherence to host surfaces and to prevent the
establishment of potentially pathogenic bacteria. Figure 1
shows the active steps needed for selection of potent probiotics.

If any of these properties are mislaid it is hard for a probiotic
isolate to benefit the host. The following strategies are
followed to screen effective probiotics for shrimp aquaculture.

1. Origin of the isolate: based on the ecological prospective,
the native isolates (isolates from host intestine) have a
better chance of out-competing allochthonous bacteria
and establishing themselves productively (Rengpipat et
al. 2003).

2. Host acceptance: The isolate should have the competency
of surviving in or colonizing the intestinal tract of shrimps
by adhesion and can compete harmful strains (Savage
1984; Verschuere et al. 2000).

3. Benefits to the host: Probiotics possess antagonistic
activity against pathogenic microbes, which includes
production of bacteriocin like substance, lysozymes and
organic acids (Verschuere et al. 2000; Irianto and Austin,
2002; Kongnum and Hongpattarakere 2012), provide
health benefits to the host by secreting growth
promoterors, vitamins and enzymes for improving the
host intestinal digestion. Probiotics should improve feed
conversion ratio (FCR), feeding efficiency, and mean
growth rate of the host.

4. Immunomodulatory effects: Probiotics should stimulate
the immunity of the host by increasing the nonspecific
immune responses of the shrimp (Delcenserie et al. 2008;
Balasundaram et al. 2012).

5. Stability of the probiotics: probiotics should be stable for
long periods under storage as well as in field conditions
(Fuller 1992), and resistance to bile salts, low pH, and
proteases (Vine et al. 2004; Tambekar and Bhutada
2010).

6. Absence of virulence: probiotics should not contain any
virulence factors like pathogenic, toxic or antibiotic
resistance genes.

Figure 1 Selection strategy of potent probiotic bacteria.
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7. Improving water quality: probiotic should have efficient
mechanism to remove waste materials and should
improve water quality by balancing bacterial load and
nutrient abundance, and replacing the use of antibiotics or
disinfectants in some cases and creates probiotic
environment within pond eco-system.

CONCLUSIONS
Increasing demand of food for a growing population,
aquaculture is an alternative source of food. Due to its demand,
aquaculture has been intensified and diversified, which pose
disease problem in aquaculture. Probiotics have been
extensively studied and used in aquaculture all over the world.
Numerous reports have demonstrated the efficiency of
probiotics in aquaculture. The probiotics especially
Lactobacillus sp. can improve disease resistance, intestinal
digestion and growth of the host, and it offers viable
alternatives for improving culture water quality. Probiotics can
be used to generate a higher-quality livestock’s in aquaculture.
Most of the studies were carried out and to evaluate their
potentials under laboratory conditions. Hence, the use of
probiotics under intensive culture conditions is necessary in
order to perfectly assess their values.
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