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Abstract

Probiotics, which have been widely used in livestock rearing, have recently been applied to aquaculture. Probiotics are
defined as live cells or a substrate that provides benefits through stimulation of growth, improved digestion, and improved
immune response. Probiotics can also improve water quality. This review summarizes the current understanding of the use
of probiotics in aquaculture, including the definition and mechanism of probiotics, and describes their application, and
prospects and difficulties associated with their use in aquaculture. This review includes general knowledge of probiotics
from previous studies and evaluates the efficacy of probiotics in aquaculture.

© 2013 Universal Research Publications. All rights reserved

1. Introduction

Aquaculture, which is now the fastest growing food-
producing sector in the world, is moving in new directions,
intensifying and diversifying (Bondad-Reantaso et al.,
2005). With the increase in the intensification and
commercialization of aquaculture production come many
challenges, such as combatting diseases and epizootics,
broodstock improvement and domestication, development
of appropriate feedstuffs and feeding mechanisms, hatchery
and grow-out technology, as well as water-quality
management (Subasinghe, 2003). Of these, disease
outbreaks are one of the important problems that affect
aquaculture production, suppressing both economic and
social development in many countries (Qi et al., 2009).
Moreover, the availability of feed for aquaculture is another
significant challenge in the intensifying aquaculture
industry, as feed accounts for up to 70% of operating costs
for most aquaculture species (Muzinic et al., 2004). Feed
quality and feeding methods therefore need to be
thoroughly considered in order to improve growth
performance and feed efficiency of the cultured animals.
Several previous reports have suggested that probiotic
supplementation can reduce disease outbreaks by
enhancing the immune system of fish and shrimp (Kim and
Austin, 2006; Mohideen et al., 2010; Wang and Gu, 2010),
and can decrease culture costs by improving the growth and
feed efficiency of fish (Wang and Xu, 2006;

Soundarapandian et al., 2010; Faramarzi et al., 2011,
Mohapatra et al., 2012; Peterson et al., 2012). In addition,
by improving animal physiology, the application of
probiotics can lead to an improvement in water quality, as
better feed efficiency may result in fish producing less
waste (Boyd and Gross, 1998; Velmurugan and Rajagopal,
2009; Ngan and Phu, 2011; Nimrat et al., 2012).

The application of probiotics in aquaculture has been
widely used as a means of controlling disease, enhancing
immune response, providing nutritional and enzymatic
contributions to the digestion of the host, and improving
water quality (Qi et al., 2009). Probiotics are also regarded
as an environmentally friendly treatment method. The
probiotics may be added to feed as live microorganisms to
create a balanced indigenous microfloral community in the
gastrointestinal tract (Rengpipat, 2005). Moreover,
probiotics are being considered for use as therapeutic
agents and some farmers are already using them
preferentially over antibiotics (Fuller, 1989). The use of
probiotics, which control pathogens through a variety of
mechanisms, is increasingly viewed as an alternative to
antibiotic treatment (Verschuere et al., 2000). This review
summarizes studies on probiotics and evaluates further
applications of probiotics in aquaculture.

2. Definition of probiotic

The term probiotic has its origins in Greek words meaning
“for life” (Gismondo et al., 1999). It was originally used by
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Lilley and Stillwell (1965) to describe one of the
substances produced by protozoans that stimulates other
microorganisms, and it was later used to describe animal
feed supplements that benefit the host animal (Fuller,
1989). Fuller (1989) revised the definition to “a live
microbial feed supplement which beneficially affects the
host animal by improving its intestinal microbial balance”.
This definition highlights the essential component of
probiotics as being live cells and not only “substances”.
Other definitions used in aquaculture indicate that a
probiotic is a live microbial food supplement that confers
health benefits or disease resistance to the host (Lara-Flores
and Aguirre-Guzman, 2009). The concept of aquatic
probiotics is a relatively new one, and methods for
evaluating the efficacy of probiotics are needed. Fuller
(1989) proposed that a good probiotic has the following
characteristics: (1) effectiveness in application; (2) non-
pathogenic and non-toxic; (3) existing as viable cells,
preferably in large numbers; (4) surviving and being
actively involved in the metabolism of the gut environment
and (5) being stabilized and remaining viable during long
periods of storage and under field conditions.

The difference in the intestinal flora of aquatic and
terrestrial animals is a consequence of the differences in the
surrounding environment. The intestinal microbiota of
aquatic animals, therefore, mostly resembles the microbiota
in the water environment. In aquatic animals, probiotic
strains with two sources, indigenous and exogenous
microbiota, have been isolated. Gram-negative facultative
anaerobic Dbacteria, Vibrio and Pseudomonas, are the
predominant indigenous microbiota of marine fish species.
Other major indigenous microbiota of freshwater fish
species include Aeromonas, Plesiomonas, representatives
of the family Enterobacteriaceae, and obligate anaerobic
bacteria of the genera Bacteroides, Fusobacterium and
Eubacterium, but lactic acid bacteria are generally sub-
dominant in fishes (Rengpipat, 2005; Balcazar, 2006;
Kesarcodi-Watson et al., 2008). However, the population
dynamics of the indigenous gut microflora that colonize the
gut are very complex, with many interrelationships among
different microorganisms and among microorganisms and
the host (Fuller, 1989). The maintenance and stability of
microbial flora within aquatic animals is related to external
environmental factors (Lara-Flores, 2011). This stability is
not exhibited in bivalve larvae because of the short time for
the transit of bacteria in bivalve larvae (Jorquera et al.,
2001). Moreover, the effect of probiotic using on intestinal
flora balance was defined and demonstrated only for some
cases (Lara-Flores and Aguirre-Guzman, 2009). Tannock
(1997) defined probiotics as “living microbial cells
administered as dietary supplements with the aim of
improving health”.

3. Probiotics in aquaculture

3.1 Mechanisms of probiotics

Application of probiotics in aquaculture is recent and is a
new concept compared to its use in mammals and other
terrestrial livestock, such as cattle, swine, and poultry. The
benefits of probiotics were evaluated alone or in
combination for each probiotic. Numerous studies have
examined the mechanisms by which probiotics improve the

feed efficiency, control microbiota, or confer resistance to
diseases, including (1) competitive exclusion of pathogenic
bacteria through habitat competition, nutrient competition
and alteration of enzymatic activities of pathogens; (2)
contributing to nutrient availability and improvement of
feed digestibility and feed utilization by enzymatic
contribution; (3) bacteria-mediated direct uptake of
dissolved organic material; (4) enhancement of the immune
response against infectious pathogens; (5) antiviral effects
(Balcazar, 2006; Kesarcodi-Watson et al.,, 2008).
Furthermore, probiotics are also useful for improving soil
and water quality (Boyd and Gross, 1998).

3.2 Methods of application

Probiotics have been supplied directly through feed, in
some cases using binders for stabilization (Kolndadacha et
al., 2011). Supplementing feed with probiotics is common
in aquaculture; the aim of this method is to introduce live
cells of probiotics to the host animal gut in order to
establish a balanced gastrointestinal microbial flora and to
improve digestive function or immune system responses.
Probiotics, including bacterial strains, yeast and extracted
substances, are generally supplied by this method of
application. Probiotics are diverse and are usually derived
from the intestines of the host animals (Tovar et al., 2002;
Chantharasophon et al., 2011; Chu et al., 2011; Sun et al.,
2012), cultured in diverse environments (Wang and Xu,
2006), and come have been developed into commercial
products which are also introduced and used (Abraham et
al., 2008; Fernandez et al., 2011). Some probiotics that
have been supplemented in animal feed include bacterial
species, such as Lactobacillus spp., Enterococcus faecium,
Bifidobacterium  thermophilum,  Streptomyces  spp.,
Micrococcus spp., Pseudomonas fluorescens, as well as
yeast, such as Saccharomyces cerevisiae, as well as herbs
and extracted substrates, such as azadirachtin.

Further, probiotics have been applied directly to culture
ponds to improve water quality (Boyd and Cross, 1998) and
the survival of cultured animals (Moriarty, 1998). The
effectiveness of probiotics can be explained by
bioaugmentation or biocontrol mechanisms by which the
microbial ecology of the water and sediment is improved
(Rengpipat, 2005). Several biological products, such as live
bacterial inocula, enzyme preparations, and plant substrates
extracts have been used as water and soil quality condition
improvement factors in aquaculture ponds (Boyd and
Cross, 1998). Probiotics include numerous strains of
bacteria. In addition, the method of injecting probiotic
products into aquatic animals has been used to stimulate the
immune response of fish against bacterial pathogenic
infection (Anderson and Siwicki, 1994; Sahoo and
Mukherjee, 1999). Freeze dried probiotics can also be used
as vaccinations in fish (Austin et al., 1995) because the host
animal probiotics stimulate the immune system by
promoting the activity of antibodies. However, it is difficult
to inject probiotics into cultured fish, especially into small
animals, and to treat large numbers of fish in this way.

4. Functions of probiotics

Numerous studies have demonstrated the benefits of
probiotics for aquatic animals, such as the stimulation
of growth or to improve feed digestion, immune responses
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and water quality control.

4.1 Growth and digestive process promoter

Supplementing the diet fish with probiotics can reduce the
use of antibiotics and synthetic chemicals in the feed
(Fuller, 1989). Consequently, the addition of probiotics to
fish diets has become widespread on aquaculture farms.
The application of probiotics results in reduced feed costs,
which plays an important role in determining the practices

of aquaculture. Interestingly, previous research findings
have shown that the beneficial effects of probiotics can
manifest as enhanced feed utilization of cultured aquatic
animals through the supplementation of digestive enzymes,
improved feed efficiency and higher growth, the prevention
of intestinal disorders and the pre-digestion of anti-
nutritional factors present in mixed feed (Balcazar et al.,
2006; Suzer et al., 2008). The function of probiotics in the

Table 1. Probiotics used to stimulate aquatic animal growth and digestive processes

Probiotic genus or species

Target host(s)

Reference

Bacillus

Lactobacillus

Enterococcus faecium
Psychrobacter sp.,
Carnobacterium divergens
Pseudomonas pseudoalcaligenes
Micrococcus
Streptomyces

L. acidophilus, Streptococus cremoris, L.

bulgaricus- 56, L. bulgaricus-57
B. subtilis, L. lactis, S. cerevisiae
Saccharomyces cerevisiae
Debaryomyces hansenii, S. cerevisiae
Lactococcus lactis, E. faecium
Lactic acid bacteria MM1 and MM4
Biogen (El-Salam Veterinary Trading
Company, Taiwan)

Mannanoligosaccharide, fructooligosaccharide,

galactooligosaccharide
Inulin

Oncorhynchus mykiss

Catla catla

Acipencer persicus
Cyprinus carpio
Carassius auratus,
Xiphophorus helleri
Epinephelus coioides

Litopenaeus vannamei

Penaeus monodon
Penaeus vannamei
Macrobrachium rosenbergii
Babylonia areolata
Oreochromis niloticus

Epinephelus coioides

O. mykiss
Sparus aurata
O. niloticus
E. coioides
Gadus morhua
Labeo rohita
O. niloticus
X helleri

Peaneus indicus

L. rohita
C. carpio
Dicentrarchus labrax
E. coioides
E. coioides

O. niloticus

Salmo salar

Huso huso

Bagheri et al. (2008)
Merrifield et al. (2010a)
Merrifield et al. (2010b)

Bandyopadhyay and Mohapatra
(2009)
Mohideen et al. (2010)
Faramarzi et al. (2011)
Wang and Xu (2006)

Abraham et al. (2008)

Sun et al. (2010)
Geovanny and Shen (2008)
Nimrat et al. (2012)
Rengpipat et al. (1998)
Zhou et al. (2009)
Deeseenthum et al. (2007)
Thao and Ngan (2011)
Jatoba et al. (2011)
Son et al. (2009)

Sun et al. (2012)
Faramazi et al. (2011)
Suzer et al. (2008)
Wang et al. (2008)

Sun et al. (2011)
Gildberg et al. (1997)
Chaudhary and Qazi (2007)
Osman et al. (2010)
Dharmaraj and Dhevendaran (2010)

Fernandez et al. (2011)

Mohapatra et al. (2012)
Mazurkiewicz et al. (2005)
Tovar et al. (2002)
Sun et al. (2012)
Yang et al. (2010)
El-Haroun et al. (2006)
Khalafalla (2010)

Grisdale-Helland et al. (2008)
Reza et al. (2009)

improvement of growth and feed utilization in fish was
noted as related to the improvement of nutrient digestibility
(Faramazi et al., 2011). Most probiotics colonize the host
and affect the digestive processes through increased
numbers and production of microbial enzymes, improving
the intestinal microbial balance and consequently the
digestibility and absorption of feed and feed utilization (El-
Haroun et al, 2006; Mohapatra et al., 2012). After
transitioning through the stomach, the microbes colonize
the intestines and utilize a large number of sugars

(carbohydrates) for growth and to produce a range of
digestive enzymes (amylase, protease and lipase) (El-
Haroun et al., 2006). However, it is important to consider
the treatment processes for feed preparation in order to
avoid deactivating or killing useful probiotic species in the
culture (Mohapatra et al., 2012).

Some microorganisms, such as Agrobacterium sp.,
Pseudomonas spp., Brevibacterium spp., Microbacterium
spp., and Staphylococcus spp., may contribute to nutritional
processes in Arctic charr (Salvelinus alpinus) (Ringo et al.,
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1995). The microbiota may serve as a supplementary
source of food and microbial activity in the digestive tract
and may be a source of fatty acids, vitamins (Sakata, 1990)
and essential amino acids (Balcazar et al.,, 2000).
Practically, a variety of microorganisms and substrates
have been reported to have stimulatory function as a
probiotic in specific growth rate, feed digestibility and
utilization efficiencies and survival of the aquatic animal
species (Table 1). In fact, the digestive organs are very
sensitive to food composition and affect immediate changes
in the activities of the digestive enzymes (Mohapatra et al.,
2012). In the case of enzymes, secreting proteases breaks
peptide bonds and produces free amino acids that can then
be absorbed by the host (Mohapatra et al., 2012). However,
using higher concentrations of probiotic does not always
lead to improved growth performance (Son et al., 2009).
Different probiotics have different functions in promoting
growth and nutrient utilization in different fish species
(Mohapatra et al., 2012). Thus, the effectiveness of
probiotics in the culturing of aquatic animals depends on
factors such as hydrobiont species, body temperature,
enzyme level, and genetic resistance of the host, and water
quality (Cruz et al., 2012). Moreover, host life stage also
plays an important role in the evaluation of the efficiency
of probiotic implementation. This was clearly evident in the
attempts to introduce beneficial bacteria in bivalve larvae,
as the transit time of bacteria in bivalve larvae was too
short and it seemed to be difficult to establish bacterial
populations (Jorquera et al., 2001; Kesarcodi-Watson et al.,
2008).

In addition, prebiotics are known as non-digestible food
ingredients that are beneficial in stimulating the growth of
health-promoting bacteria in the intestinal tract in order to
improve the balance of the host’s intestinal bacterial
population (Gatesoupe, 2005). Nevertheless, some
researchers have noted that the supplementation of
prebiotics had no positive effect on growth and feed
digestibility in fish (Grisdale-Helland et al., 2008; Akrami
et al., 2009). To some extent, the continuous supply of
substrates in the intestine carries the risk that the pathogens
could metabolize the compounds in the intestine
(Gatesoupe, 2005). Thus, more studies on the effectiveness
of using prebiotics for aquaculture diets are needed before
implementing the application of prebiotics in farms and
hatcheries for fish or shrimp.

4.2 Immune system promoters

The use of beneficial bacteria to displace pathogens
through competition is being used in the animal industry as
a preferable method to administering antibiotics and is now
gaining acceptance for the control of pathogens in
aquaculture (Moriarty, 1999; Nikoskelainen et al., 2003).
Among the protective microflora that has been reported to
be effective for forming a barrier against infectious
pathogens (Rengpipat et al., 2000; Rengpipat et al., 2008;
Wang et al., 2008; Bandyopadhyay and Mohapatra, 2009;
Dhanasekaran et al., 2010; Yang et al., 2010; Sun et al.,
2012) and for the production of regulatory factors, such as
short-chain fatty acids and bacteriocins, in the fish digest
tract (Herich and Levkut, 2002). The immune systems of
larval fish, shrimps and other invertebrates are less well

developed than they are in the adult stages. Consequently,
larvae are typically more dependent on nonspecific immune
responses for their resistance to infection. However, recent
studies have demonstrated that the non-specific immune
responses of the species listed in the table above can be
stimulated by the supplementation of probiotics to the diet
or to the culture water. The colonization rate of bacteria in
the digestive tracts has been reported to depend on the level
of bacteria in the feed (Bagheri et al., 2008). Other studies
have tried to clarify the different mechanisms by which
probiotics modulate the immune system of fish, including
the stimulatory effect of pro-inflammatory cytokines on the
activity of immune cells, antibodies, acid phosphatase,
lysozymes, complement, and antimicrobial peptides, in
response to invasive pathogens (Pirarat et al., 2006; Lara-
Flores and Aguirre-Guzman, 2009). Generally, probiotics
actively inhibit the colonization of potential pathogens in
the digestive tract by antibiosis or by competition for
nutrients and space, as well as alteration of the microbial
metabolism and stimulating host immunity (El-Haroun et
al., 2006). Nevertheless, the efficiency of different
probiotics against pathogens differs depending on the
defense mechanism of the fish species to different
pathogens and the pathogenic mechanisms of the pathogen
(Son et al., 2009).

Effects of probiotics on immune response and bacterial
loading in aquatic organisms and the environment are well
documented. It has been demonstrated that oral
administration of Clostridium butyricum bacteria to
rainbow trout enhanced their resistance to vibriosis by
increasing the phagocytic activity of leucocytes (Sakai et
al., 1995). The administration of probiotics by live food
and/or culture water dramatically decreased bacterial
activity in some teleosts such as Sparus aurata,
Paralichthys dentatus, Scophthalmus maximus and Salmo
salar (Suzer et al., 2008). The rod-shape beneficial
bacteria, lactic acid bacteria (strains MM1 and MM4) were
reported along with the secretion of hydrogen peroxide and
bacteriocin-like substances, which have strongly inhibitory
activities against pathogens of gram-negative Vibrio
metschnikovii and V. harveyi, and gram-positive
Staphylococcus aureus that infects orange-spotted grouper
(E. coioides) (Yang et al., 2010); further, the phagocytic
activity and phagocytic index, serum lysozyme activities,
serum complement C3 levels and serum IgM levels of E.
coioides were high in Bacillus-treated fish groups (Sun et
al.,, 2010). Nikoskelainen et al. (2003) showed that
administration of lactic acid bacterium Lactobacillus
rhamnosus (strain ATCC 53103) at a level of about 10° cfu
g feed stimulated the respiratory burst in rainbow trout (O.
mykiss).

Unlike higher vertebrates, which have an acquired immune
response, shrimp have an innate immune response
(Rengpipat et al., 1998; Rengpipat et al., 2000; Zhou et al.,
2009; Ismail and Soliman, 2010; Soudarapandian et al.,
2010; Wang and Gu, 2010; Zokaeifar et al., 2012;
Purivirojkul, 2013). Due to the relatively simple immune
system, probiotics were expected to play an important role
in the stimulation of the immune response in shrimp
(Lakshmi et al., 2013). Rengpipat et al. (2000) determined
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that the use of Bacillus sp. (strain S11) provided disease
protection by activating both cellular and humoral immune
defenses in tiger shrimp (P. monodon). The administration
of a mixture of bacterial strains (Bacillus spp. and Vibrios
spp.) positively influenced the growth and survival of white
shrimp juveniles and gave a protective effect against
pathogens V. harveyi and white spot syndrome virus. This
protection was attributed to the stimulation of the immune
system by increasing phagocytosis and antibacterial activity
(Balcazar, 2006). Bacillus spp. was used to improve and
control the Vibrio spp. infection to penaeid shrimp
(Moriarty, 1998; Moriarty, 1999). In addition, Vibrio spp.
cells, lipopolysaccharide (LPS), peptidoglycan, f-1-3
glucan, fucoidan, laminaria, yeast glucans have been
experimentally tested in small-scale cultures, and the
results suggest that these can be used as important elements
in the control of disease in shrimp or crustacean through
immunostimulation (Lara-Flores and Aguirre-Guzman,
2009). Moreover, the probiotic bacteria L. plantarum and
B. subtilis (strains L10 and G1) were reported to promote
immune responses and gene expression in white shrimp (L.
vannamei) when supplied in the diet. L. plantarum
improved phenoloxidase, prophenoloxidase (proPO),
respiratory bursts and superoxide dismutase activity, and
clearance efficiency of Vibrio alginolyticus, peroxinectin
(PE) mRNA transcription, and survival rate after challenge
with V. alginolyticus for 168 h when supplied to shrimp at
10" cfu probiotics/kg diet (Chiu et al., 2007). The B.
subtilis (strains L10 and G1) enhanced the up-regulation of
immune-related genes comprising proPO, PE, LPS- and f3-
1,3-glucan-binding protein and serine protein after
challenge with V. harveyi for eight weeks when probiotics
were supplied at 10° and 10® cfu/g feed to shrimp (Zokaeifa
etal., 2012).

4.3 Water quality improvement

The susceptibility of cultured aquatic species to high
concentrations of nitrogenous compounds, such as
ammonia, nitrite and nitrate, is generally species-specific
but high concentrations of these compounds affect animals
in aquaculture and likely cause high mortality. The
application of gram-positive Bacillus spp. is generally more
efficient than the application of gram-negative bacteria
species for converting organic matter back to CO,, which
results in the conversion of a greater percentage of organic
carbon to bacterial biomass or slime (Verschuere et al.,
2000). The effectiveness of aerobic gram-positive
endospore-forming bacteria, such as Bacillus spp., for
improving water quality by affecting the composition and
abundance of waterborne microbial populations associated
with farmed species was evaluated (Bandyopadhyay and
Mohapatra, 2009). Bacillus spp. were associated with
improvement of water quality, reduction of pathogenic
vibrios in culture environment, enhancement of survival
and growth rate, and the improved health status of juvenile
Penaeus monodon (Dalmin et al., 2001; Ngan and Phu,
2011). In parallel, other beneficial bacterial species in the
genera Nitrobacter, Pseudomonas, Enterobacter,
Cellulomonas and Rhodopseudomonas, and probiotics
derived from plant sources, including yucca extract,
potassium ricinoleate, tannic acid and citrus seed extract

were also reported to have been used in culture systems
noted to have considerable improvement in water quality
(Boyd and Cross, 1998; Verschuere et al., 2000). The
requirement for the use of candidate probiotics in
aquaculture ponds is the enhanced decomposition of
organic matter, reduced nitrogen and phosphorus
concentrations, improved algal growth, improved
availability of dissolved oxygen, suppressed cyanobacteria
blooms, controlled ammonia, nitrite, and hydrogen sulfide
concentrations, lower incidences of disease, greater
survival, and improved production (Boyd and Cross, 1998).
5. Prospects and challenges

The use of probiotics in aquaculture is becoming more
popular. As described herein, the use of probiotics confers
many advantages, such as improved growth, feed
efficiency, enhanced immune system response, as well as
improved water quality. Further studies are needed to
thoroughly understand the mechanisms of probiotics.
Probiotics are more effective when used in the early stages
of culture. As aquatic animals are in direct contact with
their environment, supplementation to the water can be an
effective. For example, exposure to probiotics in the feed at
the larval stage may lead to the development of a positive
transient intestinal flora that may become established at
later stages. Further, regular application of probiotics
through feed to animals reared in captivity can be used to
maintain the microbial population in the gastrointestinal
tract at a level that can express sufficient functionality.

In principle, probiotic bacteria were directly isolated from
the gastrointestinal tract and were then applied to this host
species, but recently, many commercial probiotics have
been developed and used. Probiotics have the potential to
positively or negatively impact both the animals in
aquaculture and the surrounding environment. The identity
of the bacteria strain and host is extremely important and
determines the characteristics of the relationship.
Therefore, the selection and source of probiotics play an
important role; in particular, optimization of the probiotic
application is important to avoid unnecessary expense.
Moreover, mutations may occur in the natural environment;
thus, dominant populations of supplied probiotics may
become pathogenic and may be harmful to host animals,
which are stressed or weakened state of health.

A number of probiotic products have been researched as
evidenced by their efficacy in aquaculture. Beneficial
bacterial inocula that are species-specific probiotics have
become widely available to the aquaculture industry. These
preparations have been refined to have more effective
function as applied probiotics. Further, the quality control
of probiotic products should be thoroughly considered. The
application of new analysis methods, including molecular
methods, for the evaluation of probiotic products and for in
vivo validation, is expected to significantly improve both
the quality and functional properties of probiotics.

6. Conclusions

In conclusion, the specific functions of probiotics in
aquaculture may not be denied. Probiotics confer benefits
of increased disease resistance, improved nutrient
digestibility and growth in the host animals, and they also
improve culture water quality. Although numerous reports
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have demonstrated the efficiency of probiotics, most of

these
laboratory conditions.

were conducted and evaluated under
Therefore, the application of

studies

probiotics under culture conditions is necessary in order to

accurately

evaluate their use. In particular, the

consideration of species, source, quality and application
methods will be needed to evaluate the use of probiotics.
References

1.

10.

11.

Abraham, T.J, S. Mondal and C.S. Babu, 2008. Effect
of commercial aquaculture probiotic and fish gut
antagonistic bacterial flora on the growth and disease
resistance of ornamental fishes Carassius auratus and
Xiphophorus helleri. E.U. Journal of Fisheries &
Aquatic Sciences, 25(1):27-30.

Akrami, R., H. Abdolmajid, M. Abbas and A.K.
Abdolmohammad, 2009. Effect of dictary prebiotic
Inulin on growth performance, intestinal microflora,
body composition and hematological performance of
juvenile Beluga Huso huso (Linnaeus, 1758). J. World
Aquac. Soc., 40(6):771-779.

Anderson, D.P. and A.K. Siwicki, 1994. Duration of
protection against Aeromonas salmonicida in brook
trout immunostimulated with glucan or chitosan by
injection or immersion. Prog. Fish. Cul., 56 (4):258-
261.

Austin, B, L.F. Stukey, P.A. Robertton, I. Effendi and
D.R.W. Griffith, 1995. A probiotic starian of Vibrio
alginolyticus effective in reducing disease caused by
Aeromonas Salmonicida. Vibrio anguillarum and
Vibrio ordali. Journal of Fish Diseases, 18:93-96.
Bagheri, T., S.A. Hedayati, V. Yavari, M. Alizade, A.
Farzanfar, 2008. Growth, survival and gut microbial
load of rainbow trout (Onchorhynchus mykiss) fry
given diet supplemented with probiotic during the two
months of first feeding. Turkish Journal of Fisheries
and Aquatic Sciences, 8:43-48.

Balcazar, J.L., 1. de Blas, I. Ruiz-Zarzuela, D.
Cunningham, D. Vendrell and J.L. Muzquiz, 2006. The
role of probiotics in aquaculture. Review. Veterinary
Microbiology, 114:173-186.

Bandyopadhyay, P. and P.K.D. Mohapatra, 2009.
Effect of a probiotic bacterium Bacillus circulans PB7
in the formulated diets: on growth, nutritional quality
and immunity of Catla catla (Ham.). Fish Physiol.
Biochem., 35:467-478.

Bondad-Reantaso, M.G., R.P. Subasinghe, J.R. Arthur,
K. Ogawa , S. Chinabut , R. Adlard, Z. Tan, M. Shariff
, 2005. Disease and health management in Asian
aquaculture. Vet. Parasitol., 132:249-272.

Boyd, C.E. and A. Gross, 1998. Use of probiotics for
improving soil and water quality in aquaculture ponds.
In:  T.W.Flegel (Ed.) Advances in shrimp
biotechnology.  National Center for  Genetic
Engineering and Biotechnology, Bangkok.
Chantharasophon, K., T. Warong, P. Mapatsa and V.
Leelavatchramas, 2011. High potential probiotic
Bacillus species from gastro-intestinal tract of Nile
tilapia  (Oreochromis  niloticus).  Biotechnology,
10(6):498-505.

Chaudhary, A. and J.I. Qazi, 2007. Influence of a

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

probiotic Pseudomonas pseudoalcaligenes fermented
feed on growth performance of rohu (Labeo rohita)
fingerlings. Punjab Univ. J. Zool., 22(1-2):41-56.

Chiu, C.H., Y.K. Guu, C.H. Liu, T.M. Pan and W.
Cheng, 2007. Immune responses and gene expression
in white shrimp, Litopenaeus vannamei, induced by
Lactobacillus  plantarum.  Fish &  Shellfish
Immunology, 23:364-377.

Chu, W., F. Lu, W. Zhu and C. Kang, 2011. Isolation
and characterization of new potential probiotic bacteria
based on quorum-sensing system. Journal of Applied
Microbiology, 110:202-208.

Cruz, PM., AL. Ibanez, O.A.M. Hermosillo and
H.C.R. Saad, 2012. Use of probiotics in aquaculture.
ISRN Microbiology, doi:10.5402/2012/916845

Dalmin, G., K. Kathiresan, A. Purushothaman, 2001.
Effect of probiotics on bacterial population and health
status of shrimp in culture pond ecosystem. Indian J.
Exp. Biol., 39:939-942.

Deeseenthum, S., V. Leelavatcharamas and J.D.
Brooks, 2007. Effect of Feeding Bacillus sp. As
Probiotic Bacteria on Growth of Giant Freshwater
Prawn (Macrobrachium rosenbergii de Man). Pakistan
Journal of Biological Science, 10(9):1481-1485.
Dhanasekaran, D., S. Saha, N. Thajuddin, M.
Rajalakshmi and A. Panneerselvam, 2010. Probiotic
effect of Lactobacillus isolates against bacterial
pathogens in fresh water fish. Journal of Coastal
Development, 13(2):103-112.

Dharmaraj, S. and K. Dhevendaran, 2010. Evaluation
of Streptomyces as a probiotic feed for the growth of
ornamental fish Xiphophorus helleri. Food Technol.
Biotechnol., 48(4):497-504.

El-Haroun, E.R.,, AM.A.S.Goda and M.AK.
Chowdhury, 2006. Effect of dietary probiotic Biogens
supplementation as a growth promoter on growth
performance and feed utilization of Nile tilapia
Oreochromis niloticus (L.). Aquaculture Research,
37:1473-1480.

Faramazi, M, S. Kiaalvandi, M. Lashkarbolooki and F.
Iranshahi, 2011. The investigation of Lactobacillus
acidophilus as probiotics on growth performance and
disease resistance of rainbow trout (Oncorhychus
mykiss). American-Eurasian Journal of Scientific
Research, 6(1):32-38.

Fernandez, R., M. Sridhar and N. Sridhar, 2011. Effect
of lactic acid bacteria administered orally on growth
performance of Penaeus indicus (H. Milne Edwards)
juveniles. Research Journal of Microbiology, 6(5):466-
479.

Fuller, R., 1989. Probiotics in man and animals.
Journal of Applied Bacteriology, 66:365-378.
Gatesoupe, F.J., 2005. Probiotics and prebiotics for
fish culture, at the parting of the ways. Aqua Feeds:
Formulation & Beyond. 2(3):3-5.

Geovanny, G.R.D. and M.A. Shen, 2008. Influence of
probiotics on the growth and digestive enzyme activity
of white pacific shrimp (Litopenaeus vannamei). J.
Ocean Univ. Chin., 7(2):215-218.

Gildberg, A., H. Mikkelsen, E. Sandaker and E. Ringe,

94 |

International Journal of Research in Fisheries and Aquaculture 2013; 3(3): 89-97



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

1997. Probiotic effect of lactic acid bacteria in the feed
on growth and survival of fry of Atlantic cod (Gadus
morhua). Hydrobiologia, 352:279-285.

Gismondo, M.R., L. Drago and A. Lombardi, 1999.
Review of probiotics available to modify
gastrointestinal flora. Int. J. Antimicrob.
Agents,12:287-292.

Grisdale-Helland, B., S.J. Helland and D.M. Gatlin II1,
2008. The effects of dietary supplementation with
mannanoligosaccharide,  fructooligosaccharide  or
galactooligosaccharide on the growth and feed
utilization of Atlantic salmon (Salmo salar).
Aquaculture, 283:163-167.

Herich, R. and M. Levkut, 2002. Lactic acid bacteria,
probiotics and immune system. Vet. Med. — Czech,
47(6):169-180.

Jatoba, A., F.D.N. Vieira, C.C. Buglione-Neto, J.L.P.
Mourino, B.C. Silva, W.Q. Seiftter and E.R. Andreatta,
2011. Diet supplemented with probiotic for Nile tilapia
in polyculture system with marine shrimp. Fish
Physiol Biochem, 37:725-732.

Jorquera, M.A., F.R. Silva and C.E. Riquelme, 2001.
Bacteria in the culture of the scallop Argopecten
purpuratus (Lamarck, 1819). Aquaculture
International, 9:285-303.

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

Khalafalla, M.M.E., 2010. Growth response of
Oreochromis niloticus fingerlings to diets containing
different levels of Biogen. J. Agric. Res. Kafer El-
Shiekh Univ., 36(2):97-110.

Kim, D.H. and B. Austin, 2006. Innate immune
responses in rainbow trout (Oncorhynchus mykiss,
Walbaum) induced by probiotics. Fish & Shellfish
Immunology, 21:513-524.

Kolndadacha, O.D., I.A. Adikwu, A.N. Okaeme, R.Y.
Atiribom, A. Mohammed and Y.M. Musa, 2011. The
role of probiotics in aquaculture in Nigeria- a review.
Continental J. Fisheries and Aquatic Science, 5(1):8-
15.

Lakshmi, B., B. Viswanath and D.V.R. Sai Gopal,
2013. Probiotics as Antiviral Agents in Shrimp
Aquaculture. Journal of Pathogens,
http://dx.doi.org/10.1155/2013/424123.

Lara-Flores, M. and G. Aguirre-Guzman, 2009. The
use of probiotic in fish and shrimp aquaculture. A
review. In: N.P. Guerra and L.P. Castro (Eds.)
Probiotics: Production, evaluation and uses in animal
feed. Research Signpost 37/661 (2), Fort P.O.,
Trivandrum-695 023, Kerala, India.

Lara-Flores, M., 2011. The use of probiotic in
aquaculture: an overview. Int. Res. J. Microbiol.,
2(12):471-478.

Mazurkiewicz, J., A. Przybyt and W. Mroczyk, 2005.
Supplementing the feed of common carp (Cyprinus
carpio) juverniles with the biosaf probiotic. Arch. Pol.
Fish., 13(2):171-180.

Merrifield, D.L., A. Dimitroglou, G. Bradley, R.T.M.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Baker and S.J. Davies, 2010a. Probiotic applications
for rainbow trout (Oncorhynchus mykiss Walbaum) 1.
Effects on growth performance, feed utilization,
intestinal microbiota and related health criteria.
Aquaculture Nutrition, 16:504-510.

Merrifield, D.L., G. Bradley, R.T.M. Baker and S.J.
Davies, 2010b. Probiotic applications for rainbow trout
(Oncorhynchus mykiss Walbaum) II. Effects on growth
performance, feed utilization, intestinal microbiota and
related health criteria postantibiotic treatment.
Aquaculture Nutrition, 16:496-503.

Mohapatra, S., T. Chakraborty, A.K. Prusty, P. Das, K.
Paniprasad and K.N. Mohanta, 2012. Use of probiotics
in the diet of rohu, Labeo rohita fingerlings: effects on
growth nutrient digestibility, retention digestive
enzyme activities and intestinal microflra. Aquaculture
Nutrition, 18:1-11.

Mohideen, M.M., A. Kader, T.S. Mohan, S.P.
Mohamed and M.I.Z. Hussain, 2010. Effect of
Probiotic Bacteria on the Growth rate of Fresh Water
Fish, Catla catla. International Journal of Biological
Technology, 1(2):113-117.

Moriarty, D.JJW. 1998. Control of luminous Vibrio
species in penaeid aquaculture ponds. Aquaculture,
164:351-358.

Moriarty, D.J.W., 1999. Disease control in shrimp
aquaculture with probiotic bacteria. /n: C.R. Bell, M.
Brylinsky and P. Johnson-Green (Eds.) Microbial
biosystems: New frontiers. Proceedings of the 8th
International Symposium on Microbial
Ecology.Atlantic Canada Society for Microbial
Ecology, Halifax, Canada.

Muzinic, L.A., K.R. Thompson, A. Morris, C.D.
Webster, D.B. Rouse and L. Manomaitis, 2004. Partial
and total replacement of fish meal with soybean meal
and brewer’s gains with yeast in practical diets for
Autralian red claw crayfish (Cherax quadricarinatus).
Aquaculture, 230:359-376.

Ngan, P.T.T. and T.Q. Phu, 2011. Effects of Bacillus
bacteria (B8, B37, B38) on water quality of black tiger
shrimp  (Penaeus  monodon)  cultured  tanks.
Proceedings of the 4th aquaculture and fisheries
conference, 28-41.

Nikoskelainen, S., A.C. Ouwehand, G. Bylund, S.
Salminen and E. Lilius, 2003. Immune enhancement in
rainbow trout (Oncorhynchus mykiss) by potential
probiotic bacteria (Lactobacillus rhamnosus). Fish &
Shellfish Immunology, 15:443-452.

Nimrat, S., S. Suksawat, T. Boonthai and V.
Vuthiphandchai, 2012. Potential Bacillus probiotics
enhance bacterial numbers, water quality and growth
during early development of white shrimp
(Litopenaeus vannamei). Veterinary Microbiology,
159:443-450.

Osman, H.AM., T.B. Ibrahim, W.Soliman and O.
Aboud, 2010. Improvement growth and immune status
using a potential probiotic bacteria Micrococcus
species among culured Oreochromis niloticus. New
York Science Journal. 3(10):5-11.

Peterson, B.C., N.J. Booth and B.B. Manning, 2012.

95 |

International Journal of Research in Fisheries and Aquaculture 2013; 3(3): 89-97



51.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Replacement of fish meal in juvenile channel catfish,
Ictalurus punctatus, diets using a yeast-derived protein
source: the effects on weight gain, food conversion
ratio, body composition and survival of catfish
challenged with Edwardsiella ictaluri. Aquaculture
Nutrition, 18:132-137.

Pirarat, N., T. Kobayashi, T. Katagiri, M. Maita and
M. Endo, 2006. Protective effects and mechanisms of a
Piyatiratitivorakul, 2008. Evaluations of lactic acid
bacteria as probiotics for juvenile seabass Lates
calcarifer. Aquaculture Research, 39:134-143.
Rengpipat, S., 2005. Biocontrol of bacteria pathogens
in aquaculture with emphasis on chage therapy. In: P.
Walker, R. Lester and M.G. Bondad-Reantaso (Eds.).
Diseases in Asian Aquaculture V, pp. 543-552. Fish
Health Section, Asian Fisheries Society, Manila.
Rengpipat, S., S. Rukpratanporn, S. Piyatiratitivorakul
and P. Menasaveta, 2000. Immunity enhancement in
black tiger shrimp (Penaeus monodon) by a probiont
bacterium (Bacillus S11). Aquaculture, 191:271-288.
Rengpipat, S., W. Phianphak, S. Piyatiratitivorakul, P.
Menasveta, 1998. Effects of a probiotic bacterium on
black tiger shrimp Penaeus monodon survival and
growth. Aquaculture, 167:301-313.

Reza, A., H. Abdolmajid, M. Abbas and A.K.
Abdolmohammad, 2009. Effect of dietary prebiotic
inulin on growth performance, intestinal microflora,
body composition and hematological parameters of
juvenile beluga, Huso huso (Linnaeus, 1758). Journal
of the World Aquaculture Society, 40(6):771-779.
Ringo, E., E. Strom and J.A. Tabachek, 1995.
Intestinal microflora of salmonids: a review. Aquacult.
Res., 26:773-789.

Sahoo, P.K. and S.C. Mukherjee, 1999. Influence of
the immunostimulant, chitosan on immune responses
of healthy and cortisol treated rohu (Labeo rohita). J.
Aqua Trop., 14:209-215.

Sakai, M., T. Yoshida, S. Atsuta and M. Kobayashi,
1995. Enhancement of resistance to vibriosis in
rainbow trout, Oncorhynchus mykiss (Walbaum), by
oral administration of Clostridium butyricum bacterin.
Journal of Fish Diseases, 18:187-190.

Sakata, T., 1990. Microflora in the digestive tract of
fish and shellfish. /n: R. Lesel (Ed.), Microbiology in
Poecilotherms. Elsevier, Amsterdam, pp. 171-176.
Son, V.M., C.C. Chang, M.C. Wu, Y.K. Guu, C.H.
Chiu and W. Cheng, 2009. Dietary administration of
the probiotic, Lactobacillus plantarum, enhanced the
growth, innate immune responses, and disease
resistance of the grouper Epinephelus coioides. Fish &
Shellfish Immunology, 26:691-698.

Son, V.M., C.C. Chang, M.C. Wu, Y.K. Guu, C.H.
Chiu and W. Cheng, 2009. Dietary administration of
the probiotic, Lactobacillus plantarum, enhanced the
growth, innate immune responses, and disease
resistance of the grouper Epinephelus coioides. Fish &
Shellfish Immunology, 26:691-698.

Soundarapandian, P., V. Ramanan and G.XK.
Dinakaran, 2010. Effect of probiotics on the growth
and survival of Penaeus monodon (Fabricius). Current

52.

53.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

probiotic bacterium Lactobacillus rhamnosus against
experimental Edwardsiella tarda infection in tilapia
(Oreochromis niloticus). Veterinary Immunology and
Immunopathology, 113:339-347.

Qi, Z.Z., X.H. Zhang, N. Boon and P. Bossier, 2009.
Probiotics in aquaculture of China- Current state,
problems and prospect. Aquaculture, 290:15-21.
Rengpipat, S.,  T. Rueangruklikhit and S.
Research Journal of Social Sciences, 2(2):51-57.
Subasinghe, R.P., D. Curry, S.E. McGladdery and D.
Bartley , 2003. Recent technological innovations in
aquaculture. Review of the State of World
Aquaculture, FAO Fisheries Circular, pp. 59-74.

Sun, Y.Z., HL. Yang, R.L. Ma and W.Y. Lin, 2010.
Probiotic applications of two dominant gut Bacillus
strains with antagonistic activity improved the growth
performance and immune responses of grouper
Epinephelus coioides. Fish & Shellfish Immunology,
29:803-809.

Sun, Y.Z., HL. Yang, R.L. Ma, C.X. Zhang and W.Y.
Lin, 2011. Effect of dietary administration of
Psychrobacter sp. on the growth, feed utilization,
digestive enzymes and immune responses of grouper
Epinephelus coioides. Aquaculture Nutrition, 17:733-
740.

Sun, Y.Z., H.L. Yang, R.L. Ma, K. Song and J.S. Li,
2012. Effect of Lactococcus lactis and Enterocossus
faecium on growth performanec digestive enzymes and
immune response ofgrouper Epinephelus coioides.
Aquaculture Nutrition, 18:281-289.

Suzer, C., D. Coban, H.O. Kamaci, S. Saka, K. Firat,
0. Otgucuoglu and H. Kucuksari, 2008. Lactobacillus
spp. bacteria as probiotics in gilthead sea bream
(Sparus aurata, L.) larvae: Effects on growth
performance and digestive enzyme activities.
Aquaculture, 280:140-145.

Thao, N.T.T. and P.T.T. Ngan, 2011. Effects of
Bacillus based-probiotics during larval nursing of
sweet snail (Babylonia areolata). Proceedings of the
4th aquaculture and fisheries conference, 55-64.

Tovar, D., J. Zambonino, C. Cahu, F.J. Gatesoupe, R.
Vazquez-Juarez and R. Lesel, 2002. Effect of live
yeast incorporation in compound diet on digestive
enzyme activity in sea bass (Dicentrarchus labrax)
larvae. Aquaculture, 204:113-123.

Velmurugan, S. and S. Rajagopal, 2009. Beneficial
uses of probiotics in mass scale production of marine
ornamental fish. African Journal of Microbiology
Research, 3(4):185-190.

Verschuere, L., G. Rombaut, P. Sorgeloos and W.
Verstraete, 2000. Probiotic bacteria as biological
control agents in aquaculture. Microbiology and
Molecular Biology Reviews, 64(4):655-671.

Wang, Y.B. and Q. Gu, 2010. Effect of probiotics on
white shrimp (Penaeus vannamei) growth performance
and immune response. Marine Biology Research,
6:327-332.

Wang, Y.B. and Z.R. Xu, 2006. Effect of probiotics for
common carp (Cyprinus carpio) based on growth
performance and digestive enzyme activities. Animal

96 |

International Journal of Research in Fisheries and Aquaculture 2013; 3(3): 89-97



77.

78.

Feed Science and Technology, 127:283-292.

Wang, Y.B., Z.Q. Tian., J.T. Yao and W.F. Li, 2008.
Effect of probiotics, Enteroccus faecium, on tilapia
(Oreochromis niloticus) growth performance and
immune response. Aquaculture, 277:203-207.

Yang, H.L., Y.Z. Sun, R.L. Ma, K. Song, K. Wang and
W.Y. Lin, 2010. Antagonistic property of lactic acid

79.

bacteria mm1 and MM4 isolated from the intestine of
grouper  Epinephelus  coioides. Oceanologia et
Limnologia Sinica, 41(4):544-548.

Zhou, X.X., Y.B. Wang and W.F. Li, 2009. Effect of
probiotic on larvae shrimp (Penaeus vannamei) based
on water quality, survival rate and digestive enzyme
activities. Aquaculture, 287:349-353.

Source of support: Nil; Conflict of interest: None declared

97|

International Journal of Research in Fisheries and Aquaculture 2013; 3(3): 89-97



