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Abstract
Aquaculture is one of the fastest on rising sectors in the world today. An aquaculture system is
diversified as fresh, brackish and marine water culture systems. However, the occurrence of the disease is
a major constraint for its sustainability. Probiotics are often employed to control bacterial pathogens in
the aquaculture systems. Beneficial probiotics such as Lactobacillus, Bifidobacterium, Streptococcus
thermophilus, Pediococcus, Streptococcus and Carnobacterium spp. Bacillus, Flavobacterium,
Cytophaga, Pseudomonas, Alteromonas, Aeromonas, Enterococcus, Nitrosomonas, Nitrobacter, and
Vibrio species are used commercially. But with very limited studies have been conducted on destructive
effects of probiotics in aquaculture systems and environment. This paper is a review of both the effects of
probiotics in relation to the environment and aquaculture sustainability.
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1. Introduction
Aquaculture globally has undergone tremendous growth during the last fifty years from a
production of less than a million tonnes in the early 1950s to over 50 million tonnes in the year
2008 (FAO,2009) [22]. Aquaculture is expanding into new directions, intensifying and
diversifying. With increasing demand for environment friendly aquaculture, the use of
alternatives to antibiotic growth promoters in fish nutrition is now widely accepted. Sciencebased knowledge on probiotics and prebiotics has increased in recent years (Subasinghe et al.,
2009; FAO, 2006) [62, 20]. Aquaculture of finfish, crustaceans, molluscs, and algal plants is one
of the fastest-growing food-producing sectors today. While probiotic research in aquaculture
focused, in the beginning, on fish juveniles, more attention has recently been given to larvae of
fish and shellfish and live food organisms in aquaculture as they are important causes of
diseases in organisms and also provide health benefits to the organisms in several ways
(Verschuere, 2000) [74]. They are important sources for C, N, S cycles and any imbalance in the
micro flora of systems leads to pathogenesis (Rengpipat, 1996) [59]. The probiotics in
aquaculture, one must be concerned with their indirect effects on ecosystem cycles and food
chains. Although the use of antibiotics and chemotherapy remains the method of choice as
disease control strategy, the abuse of chemotherapeutics, especially antibiotics has resulted in
development of multiple antibiotic resistant bacteria (Kim et al., 2004; Cabello 2006; Bestha
Lakshmi et al., 2013) [40, 15, 11]. There is an increasing interest within the industry in the control
or elimination of antimicrobial use. Therefore, alternative methods need to be developed to
maintain a healthy microbial environment in the larval rearing tanks. Biological control has
been described as the utilization of natural enemies to reduce the damage caused by noxious
organisms to tolerable levels. Many years, studies focused on microorganism’s characteristic
from intestinal microbiota, and the term “probiotic” was mainly restricted to gram-positive
lactic acid bacteria, particularly representative of the genera Bifidobacterium, Lactobacillus,
and Streptococcus.
The researchers have been attempting to isolate beneficial bacteria from various sources like
soil, water and animal gut to control disease causing pathogens in aquaculture systems (Austin
and Day 1990; Munro et al., 1995; Gomez-Gil et al., 2000; Ahmed et al., 2005; SkrodenyteArbaciauskiene et al., 2006; Kim et al., 2007; Bestha Lakshmi et al., 2013) [7, 48, 30, 5, 68, 39, 11].
Probiotics that currently used in aquaculture industry include a wide range of taxa – from
Lactobacillus, Bifidobacterium, Pediococcus,
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Lake Streptococcus and Carnobacterium spp. Bacillus,
Flavobacterium, Cytophaga, Pseudomonas, Alteromonas,
Aeromonas, Enterococcus, Nitrosomonas, Nitrobacter, and
Vibrio spp., and yeast Saccharomyces, Debaryomyc (Irianto
and Austin 2002; Sahu et al., 2008; Hemaiswarya et al., 2013)
[35, 63, 34]
. While using some beneficial probiotic bacteria for
fish, some might be highly pathogenic e.g. Vibrio
alginolyticus. It will lead to destructive effect in the
aquaculture systems. So, it is necessary to take care of the
choice of probiotic before administration. The best known
probiotic strains such as Bifidobacteria, Lactobacilli, and
Streptococcus thermophilus are employed as the dietary
supplementation with probiotic bacteria in the aquaculture
industry and it will increase the efficiency and sustainability of
aquaculture production (Kim et al., 2007) [39].
2. Definition – Probiotics
The term “probiotic” comes from Greek pro and bios meaning
“prolife” (Gismondo et al., 1999) [28]. Elie Metchnikoff’s work
at the beginning of this century is regarded as the first research
conducted on probiotics (Fuller, 1989) [23]. He defined a
probiotic as “a live microbial feed supplement which
beneficially affects the host animal by improving its intestinal
balance”. This definition is still widely referred to. However,
the term probiotic was introduced until 1965 by Lilly and
Stillwell [41], as a modification of the original word
“probiotika.” It was used to describe substances produced by a
microorganism that prolong the logarithmic growth phase in
other species. It was described as an agent which has the
opposite function of antibiotics. Later, Sperti (2006) [67]
modified the concept of “tissue extracts that stimulate
microbial growth”.
Probiotics are now also being used in aquaculture. As not only
the digestive tract is important, but also the surrounding water,
the definition may therefore have to be modified. Gatesoupe
(1999) [27] defines probiotics as microbial cells that are
administered in such a way as to enter the gastrointestinal tract
and to be kept alive, with the aim of improving health. A live
microbial supplement can beneficially affect the host animal
by improving its microbial balance. Moriarty (1999) [47]
proposed an extending definition as “living microbial additives
that benefit the health of hydrobionts and increase
productivity”.
3. Effects of probiotics use in Fish/shrimp hatchery
Aquatic probiotics are mainly of two types: 1) gut probiotics
which can be blended with feed and administrated orally to
enhance the useful microbial flora of the gut, and 2) water
probiotics which can proliferate in water medium and exclude

the pathogenic bacteria by consuming all available nutrients.
Thus, the pathogenic bacteria are eliminated through starvation
(Sahu et al., 2008) [63]. Moreover, it will act as antagonistic
against pathogens; enhancement of the immune response and
disease resistance, improving enzyme activity, feed
digestibility and feed utilization, fish health and performance
(Verschuere et al., 2000; Balcazar et al., 2007) [74, 10]. The first
type probiotics are used mainly in finfish aquaculture and the
second type in shrimp aquaculture. Commercially available
probiotics include pure strains, defined mixture of specific
strains, and also consortia of strains and undefined mixtures.
Generally, probiotics proposed as biological control agents in
fish aquaculture are applied in the feed or as a water additive
supplement.
The introduction of microbial control practices by means of
probiotics may have a beneficial effect on the cultures in
hatcheries. A relatively dense, nonpathogenic and diverse
adherent microbiota present on the eggs would probably be an
effective barrier against colony formation by pathogens on fish
eggs (Hansen and Olafsen, 1989) [33]. This rationale has been
tried with cod eggs. He attempted to manipulate the egg
microbiota of cod (Gadus morhua) by incubating gnotobiotic
eggs in cultures of defined inhibitory bacterial strains;
however, these strains failed to prevent colonization of the
eggs by the microbiota naturally present in the incubator.
Nevertheless, it should be noted that the choice of strains is
very important.
The screening and preselection of potential or putative
probiotics should be based on extensive experimental work
performed in vivo. Therefore, it would be better if the
experimental setup described by Hansen and Olafsen (1989)
[33]
was used as a preselection tool, not to verify the effect of
selected bacteria, as is often done now. The experimental
evidence suggests that the bacteria may have provided
essential nutrients not present in the algae, or improved larval
digestion by contributing enzymes. A clear distinction has to
be made between the probiotic function of a bacterium and
that of a feed. Probiotic organisms colonize the digestive tracts
of their hosts and out compete potential disease-causing
organisms. There is evidence that probiotics inhibit a wide
range of fish pathogens, with a common added benefit of
appetite stimulation, which can last longer than the probiotic
treatment period (Brunt et al., 2007) [14]. Hence, successful
application of the principle of competition to natural situation
is not easy and this remains as a major task for microbial
ecologists (Sahu et al., 2008) [63].
4. Beneficial use of probiotics in fish and shrimp culture
systems

Beneficial effects
Reduction of nitrogen compounds, Improved water quality, Increase
oxygenation, and growth rates

Production of fingerlings in females
Reduced chemical oxygen demand; Better digestive enzyme activities; Better
growth performance and feed efficiency
To enhance the immune responses

Species
Nitrifies, Sulphur bacteria,
Bacillus spp, Pseudomonas
spp. Bacillus spp., Bacillus
toyoi, Streptomyces
L. acidophilus, L. casei, E.
faecium, and B.
thermophilum
Bacillus sp.
Lactobacillus plantarum
V. alginolyticus (NCIMB
1339) and V. gazogenes

Antagonistic activity towards shrimp pathogen vibriosis
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(NCIMB 2250)
Antioxidant defences and oxidative stress of Litopenaeus Vannamei

Pediococcus acidilactici

Compete with other bacteria in pond and clearing the organic matter
To overcome the temperature-associated stress, also substantially improved
the fish growth.
Increased production of erythrocytes and leukocytes

Bacillus Licheniformis
B. subtilis, L. lactis and S.
Cerevisiae
Lactobacillus sporogens

Increase the digestibility in fish and shrimp

B. subtilis, B. licheniformis,
and B. Cereus

Enhance the cellular and humoral immune responses in fish

Carnobacterium
maltaromaticum B26
Carnobacterium divergens

Increased resistance to Aeromonas spp. and Salmonicida sp.

Lactobacillus rhamnosus

Positive effects on growth and increased in body weight in European sea bass

Lactobacillus delbrueckii
Lactobacillus rhamnosus
GG

Enhance the growth performance and immunity in Oreochromis niloticus
Enhanced the non-specific immune parameters; Improved resistance against
Edwards iella tarda infection; Higher growth performance, survival rate and
feed utilization; Enhanced fish resistance against Aeromonas hydrophila
infection in Oreochromis niloticus

5. Water quality management using Probiotic microbes
Fish or shrimp farmers are using chlorine in water to eliminate
pathogens between crop cycles, and also add chemicals
detrimental to bacterial survival throughout the grow-out
periods (Boyd, 1998)[13]. Later on probiotics are used, where
they directly uptake or decompose the organic matter or toxic
material and improve the quality of water (Hemaiswarya, et
al., 2013) [34] by reducing the disease (including Vibrio sp. and
Aeromonas sp.) incidences, enhancing zooplankton numbers,
reducing odours and ultimately enhancing aquaculture
production. The addition of a probiotic solution should ensure
that sufficient bacteria are present to decompose the organic
matter of the sludge and release nutrients for oxygenproducing phytoplankton, thereby improving the overall
quality of water in the pond (Moriarty, 1999; Visscher and
Duerr, 1991) [47, 76].The microbial cultures produce a variety of
enzymes such as amylase, protease, lipase, xylanase and
cellulase in high concentrations than the native bacteria, which
help in degrading the waste. These bacteria have a wide range
of tolerance for salinity, temperature and pH (Hemaiswarya et
al., 2013) [34]. The philosophy of this type of biotechnology
recognizes that the root of the water quality problem is not the
water or the shrimp, but the bacterial populations.
Probiotics are now widely used for reducing ammonia, nitrite
and nitrate in the rearing water, which are harmful for fish
larvae. Some of the probiotic strains are more efficient in
converting organic matter or large polymers into smaller units,
reducing the organic load in the aquatic environment. By
speeding up the rate of organic matter breakdown, free amino
acids and glucose are also released, providing food sources for
the beneficial microorganisms. Inorganic forms of nitrogen,
such as ammonia, nitrate and nitrite are also reduced. Grampositive genus Bacillus group is more efficient than gramnegative in transforming organic matter to CO2. It is suggested
that maintaining high levels of probiotics in production ponds,
fish farmers can minimize the accumulation of dissolved and
particulate organic carbon during the growing season. In
addition, this can balance the production of phytoplankton
(Balcázaret et al., 2006) [8]. However, published evidence for
improving water quality is limited; except for the nitrification
(Verschuere, 2000) [74].
Methane-reducing bacteria use carbon dioxide as a source of
molecular oxygen. Methane diffuses into the air and thereby

Micrococcus luteus

Bestha Lakshmi et al. (2013)
[11]

Moriarty, (2005) [45]
Mohapatra, et al. (2014) [45]
Mohapatra, et al. (2014) [45]
Raida et al. (2003);
Merrifield et al. (2010) and
Vine et al. (2006) [56, 44, 75]
Kim and Austin (2006a) [38]
Nikoskelainen et al. (2001)
[52]

Carnevali et al. (2006) [16]
Pirarat et al. (2008) [54]
Taoka et al. (2006a) [70]
Abd El-Rhman et al. (2009)
[2]

improves the water quality (sahu et al., 2008) [63] as methane
diffuse into the air it causes environmental damage.
Meanwhile, Wang et al. (2000) [78] showed that a commercial
product made from Bacillus sp., Saccharomyces cerevisiae,
Nitrosomonas sp., and Nitrobacter sp., had the ability to
increase the beneficial bacterial micro-biota of Penaeus
vannamei shrimp, (Jiqiu et al., 2007) [36]. Probiotic strains are
a completely natural and ecologically harmless method of
maintaining proper pond chemistry and environments for
shrimp and fish aquaculture operations, but aquaculturists have
the trend to change the water regularly from the hatchery
(Raja, 2011)[57] and so organic matter is washed out of the
system and microbes are lost in that way.
6. Use of Probiotics in Live feed
Live feeds are very important for shrimp larvae. Unicellular
algae (Cheatocerous and Skeletonema), brine shrimp Artemia,
and Rotifer are the two live feeds widely used in shrimp seed
production (Naessens et al., 1997) [50]. Uni-cellular diatoms
and algae are given as feed before the nauplii moults into zoea.
Devi et al. (2004) [19] reported that micro algae species,
Artemia, and rotifers play a vital role in larval growth and
survival of shrimp and fishes (Munro et al., 1995; Fukami,
1997; Suminto, 1997) [48, 24, 66]. Both algal culture and Artemia
hatching should be done in exclusive sections using
disinfected sea water and screened for pathogen presence
before giving to the larvae (Verschuere, 2000) [74], because
more Vibrio pathogen population are present in live feed
(Raja, 2011) [57]. Vibriosis has been reported as a severe barrier
to further development of shrimp aquaculture in India
(Karunasagar et al., 1994) [37]. However, many authors
reported that Artemia nauplii represent as a vector for
introducing potentially pathogenic bacteria into the hatchery
systems (Austin and Allen, 1982; Gomez-Gil, et al., 1994;
Lopez-Torres and Lizarraga-Partida, 2001; Vandenberghe et
al., 2003; Kennedy et al., 2006) [6, 29, 42, 73, 12]. Artemia nauplii
harboured and introduced considerable population of luminous
bacteria (log 2.44 cfu.42/g) into the post-larval rearing tanks
(Abraham et al., 2004; Villamil et al., 2003; Thomson et al.,
2005) [3, 77, 72]. Careless use of Artemia nauplii has been found
to be responsible for the development of disease and mortality
of P. monodon larvae in hatcheries (Hameed et al., 2002) [64].
However, the shrimp hatchery operator has not used the
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effective pathogen screening methods for their larval rearing
systems (Raja et al., 2013) [58], hence, to avoid pathogen entry
into post-larval tanks, the Artemia nauplii need to be enriched
with probiotics (FAO, 2007) [21]. Widely fish and shrimp
hatchery operators has applied mass population of Artemia for
external disinfection by using probiotics, but still the
methodology is not clear to identify and screening of microbes
in infected Artemia.
Rotifers are indispensable as the first live feed for larvae of
most cultured aquatic species due to their small size and they
are more accessible to larvae. Planas et al., (2004) [53] reported
that the lactic acid bacteria to increase the growth of the rotifer
Brachionus plicatilis and obtained best results with the
addition of Lactococcus casei, Pediococcus acidilactici, and
Lactobacillus lactis. Thus, rotifers are a live feed employed
mainly in the rearing of fish larvae (Gatesoupe et al., 1989) [25].
Even though, the rotifer is carrier of pathogenic microbes in to
the fish larval rearing systems, contaminated rotifer will be a
risk for fish hatcheries. Hence, the enriched or treated
probiotic is essential for healthy fish larvae production.
(Gatesoupe, 1990; Harzevili et al., 1998) [26, 32]. It has also
been reported that the inoculation of a probiotic bacterium, B.
toyoi used for rotifer disinfection and enhanced growth rate of
turbot against Vibrio spp. in fish rearing hatchery.
7. Use of Probiotics in Fish/ Shrimp health management
Fish fed with probiotics showed lower blood glucose levels;
this might be due to the capability of probiotics to reduce the
effects of stressors (Mohapatra et al., 2014) [45]. Probiotics for
bacterial diseases like vibriosis is well reported but for viral
diseases the authentic strains still need research. According to
Bestha Lakshmi et al. (2013) [11] probiotics acts as anti-viral
agents that was a novel approach. Probiotics have the
capability of enhancing the immune response in fish and
shrimp. For the protection of shrimp from viral diseases, no
specific drug was designed; besides the use of antibiotic gives
rise to a new type of resistant strains. Enhancement of the
disease resistance in animal and the development of the
immune power are the best option to prevent and resist the
viral infections. For this purpose, a proper understanding of the
immune system and the type of immune response in the animal
is necessary. The nutritional effect of probiotic bacteria on the
growth and survival of fish and shellfish larvae have been
studied (for review see Tinh et al., 2008) [71]. Hence, successful
application of the principle of competition to the natural
situation remains as a major task for microbial ecologists
(Sahu et al., 2008) [63].
8. Impacts of Probiotics on temperature

Cited in Shoba Joe Kizhakudan et al. 2014 [61]

Fish are poikilothermic vertebrates that inhabit aquatic
ecosystem and are most susceptible to seasonal and diurnal
variations in water temperature. Reported that Shoba Joe
Kizhakudan et al. (2014) [61] the Sea Surface Temperature
(SST) has increased from 1906 to 2010, it’s indicated that
increasing water temperature in upcoming years. The rising
temperatures have an adverse effect in aquaculture when there
is change of negative average rainfall (Muralidhar et al., 2012)
[49]
. The aquaculture has distributed around global. However,
the rainfall level is not equal in all the geographical regions.
Increase in temperature will affect all chemical and biological
processes in fish and it will have a direct effect on food
requirements and food conversion efficiency (Boyd, 1998) [13].
Therefore, the food conversion efficiency can be increased
using probiotic species such as bacillus licheniformis, bacillus
cereus and bacillus subtilis (Vine et al., 2006; Merrifield et
al., 2010) [44, 75]. Elevated water temperature alters several
hemato-immunological parameters, enhances the synthesis of
stress related proteins production and induces apoptosis;
ultimately resulting in an overall reduction of fish growth.
Fluctuation of temperature increases the vulnerability of fish to
Vibriosis in aquaculture system; high fish mortality has been
noticed to occur during high water temperature and Vibrio
species to be the most abundant bacteria exist in diseased fish
and shrimp (Raja, 2011; Albert and Ransagan, 2013) [57, 4]. The
fluctuation of temperature is not only increase bacterial
pathogens but also will influence viral virulence for mortality
in the aquaculture species (Rodriguez et al., 2003; Albert and
Ransagan, 2013) [60, 4]. Temperature is known to regulate the
growth and other physiological and biochemical functions of
fish. A three species combination of probiotics (B. subtilis, L.
lactis and S. Cerevisiae) has been used to overcome the
temperature-associated stress, which has also substantially has
improved the fish growth (Mohapatra et al., 2014) [45].
9. Destructive effects of probiotics in Aquaculture system
The use of probiotics is receiving considerable attention as an
alternative approach to controlling microbiota in aquaculture,
especially in hatching facilities. However, application with
consistent results is hampered by insufficient information on
their modes of action (Marques et al., 2004) [43]. In natural
populations of aquatic animals, the microflora of the gut might
reflect that of the aquatic environment. However, in massive
artificial larval cultures, the balance can be altered by the use
of disinfected water. As a result, a protective microbial
community may not develop either in the environment or the
digestive system of the larvae (Gomez-Gil et al., 2000) [30].
Aquaculturists have the trend to change the water regularly
from the hatchery (Raja, 2011) [57] and grow-out farms, the
outlet of organic matter will lead to the environmental
degradation and aquatic pollution.
The effect of probiotics in aquatic environment, showing the
causal link between the beneficial effects of the probiont and
in vivo suppression of a pathogen is rarely noticed. According
to Verschuere et al. (2000) [74] the use of probiotics as
biological control agents should be considered to be a kind of
risk insurance that may not provide any notable benefit when
the culture is performed under optimal conditions and in the
absence of (opportunistic) pathogens. The mode of mechanism
is still not clear because nutrients and other microbes also
involved; more in-depth studies of the competitive processes
between bacteria must be carried out, and the ecological
relevance of the different processes in-situ remains to be
elucidated. Also, the interaction between the cultured aquatic
species and its associated microbiota deserves further research
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into possible immunostimulative effects (Verschuere et al.,
2000) [74]. Therefore, the need for in-depth research on both
beneficial and destructive effects of probiotics with reference
to a specific type of water, species and geospace of aquatic
culture systems is suggested.
When culturing the aquatic species, microbial populations in
the intestinal contents are much higher than those in the
surrounding water. This indicates that the intestines provide
favorable conditions for these organisms (Stefan Denev, 2009)
[69]
. So, there is a chance of risk associated with the
transmission of resistant bacteria from aquaculture
environments to humans.
The beneficial probiotic bacteria are used as oral
administration along with feed to improve the fish/ shrimp
digestibility (Nageswara and Babu 2006; Sahu et al., 2008) [51,
63]
. However, the role of individual microbes play in the health
and nutrition of fish is still poorly understood. There are no
reports of any harmful effect of probiotics but it is found that
the biological oxygen demand level may temporarily be
increased with its application. Therefore, it is advisable to
provide subsurface aeration to expedite the establishment of
probiotics organisms. A minimum dissolved oxygen level of
3% is recommended during probiotics treatment (Stefan Denev
et al., 2009) [69].
Development of suitable probiotics for aquaculture requires
empirical and fundamental research, full-scale trials as well as
the development of appropriate monitoring tools and
production under stringent quality control. A performing
mixture of probiotic strains can be designed after evaluating
the ability of individual strains to grow in low/high salinity
under micro-aerophilic or anaerobic conditions, produce
various enzymes and more importantly, produce a range of
inhibitory compounds (Decamp, 2004) [18].
The hatchery operators need to strengthen the implement of
the recirculatory systems in larval rearing aquaculture (Raja et
al., 2013) [58]. It can be established well in static or low water
exchange systems (re-circulatory system) and are effective if
only applied as soon as the water medium is sterilized before
contamination with other microbes (Sahu et al., 2008) [63].
There is evidence that probiotics are effective at inhibiting a
wide range of fish pathogens, but the reason for the inhibitions
is often unstated (Irianto and Austin 2002) [35]. The balance
between the phytoplankton, zooplankton and beneficial
bacteria during the culture process play a crucial role in the
maintenance of pond health (Irianto and Austin 2002) [35].
Hence, the pond probiotics also have a special blend of
denitrifying bacteria that remove the algae’s primary source of
food namely nitrogen from the pond water. This drastic
reduction in nitrogen concentration makes it difficult for the
algae to bloom (Hallegraeff, 1993) [31]. According to
Verschuere (2000) [74] probiotic microorganisms have the
ability to release chemical substances with bactericidal or
bacteriostatic effect on pathogenic bacteria that are in the
intestine of the host, thus constituting a barrier against the
proliferation of opportunistic pathogens. The probiotics can
easily be destroyed by any other chemical or drug which
generally interferes with the establishment of useful microbes.
When the temperature is raised, fast digestibility occurs in
aquatic organisms and so the organic matter is passed out in
excess to reduce this effect. Probiotics should be used as
biofilters but the proper mechanism is not known for
biopurifications.

10. Conclusion
Probiosis is based on the principle of competitive exclusion
and involves the use of living bacteria in the diet or culture
water to ensure that the gut of the cultured species is initially
colonised with beneficial micro-organisms to improve
digestion. This approach is being actively investigated, but
work is still at an early stage. Moreover, many private
industries have promoted their probiotic product without
understanding the environmental impacts. In addition, the end
users also may not be aware of the proper method of
administration. Hence, effective probiotic species in relation
with the environment research studies and farmer awareness
are required for sustainability.
11. Reference
1. Abasali H, Mohamad S. Effect of dietary supplementation
with probiotic on reproductive performance of female live
bearing ornamental fish. Research Journal of Animal
Sciences 2010; 4(4):103–107.
2. Abdel-Rhman AM, Khattab YAE, Adel ME, Shalaby
AME. Micrococcus luteus and Pseudomonas species as
probiotics for promoting the growth performance and
health of Nile tilapia, Oreochromis niloticus. Fish
Shellfish Immunol 2009; 27:175-180.
3. Abraham TJ, Palaniappan R. Distribution of luminous
bacteria in semi-intensive penaeid shrimp hatcheries of
Tamil Nadu, India. Aquaculture 2004; 232:81–90.
4. Albert V, Ransangan J. Effect of water temperature on
susceptibility of culture marine fish species to vibriosis.
International Journal of Research in Pure and Applied
Microbiology 2013; 3(3):48-52.
5. Ahmed H. Al-Harbi T. Uddin MN. Bacterial diversity of
tilapia (Oreochromis niloticus) cultured in brackishwater
in Saudi Arabia. Aquaculture 2005; 250:566-572.
6. Austin B. Allen D.A. Microbiology of laboratory hatched
brine shrimp (Artemia). Aquaculture 1982; 26:369–386.
7. Austin B. Day JG. Inhibition of prawn pathogenic Vibrio
spp. by a commercial spray-dried preparation of
Tetraselmis suecica. Aquaculture 1990; 90:389-392.
8. Balcázar JL, De Blas I, Ruiz-Zazuela I, Cunningham D,
Vandrell D, Muzquiz JL. The role of probiotics in
aquaculture. Veterinary Microbio 2006; 114:173-186.
9. Bagheri T, Hedayati S, Yavari V, Alizade M, Farzanfar A.
Growth, Survival and Gut Microbial Load of Rainbow
Trout (Oncorhynchus mykiss) Fry Given Diet
Supplemented with Probiotic during the Two Months of
First Feeding. Turkish J Fisheries Aquatic Sci 2008; 8:4348.
10. Balcazar JL, Rojas-Luna T. Inhibitory activity of probiotic
Bacillus subtilis UTM 126 against Vibrio species confers
protection against vibriosis in juvenile shrimp
(Litopenaeus vannamei), Current Microbiology 2007;
55(5):409–412.
11. Bestha Lakshmi, Buddolla Viswanath, Sai Gopal DVR.
Probiotics as Antiviral Agents in Shrimp Aquaculture.
Journal of Pathogens, 2013; Article ID 424123:13 pages.
12. Bob Kennedy MN, Venugopal, Indrani Karunasagar,
Iddya Karunasagar. Bacterial flora associated with the
giant freshwater prawn Macrobrachium rosenbergii, in
the hatchery system. Aquaculture 2006; 261:1156–1167.
13. Boyd CE. Water Quality for Pond Aquaculture.
International Center for Aquaculture and Aquatic
Environments, Alabama Agricultural Experiment Station,
Auburn University, Alabama. Research and Development
Series, 1998, 43.

~ 157 ~

International Journal of Fisheries and Aquatic Studies

14. Brunt J. Newaj-Fyzul A, Austin B. The development of
probiotics for the control of multiple bacterial diseases of
rainbow trout, Oncorhynchus mykiss (Walbaum) J Fish
Dis 2007; 30:573–579
15. Cabello FC. Heavy use of prophylactic antibiotics in
aquaculture: a growing problem for human and animal
health and for the environment. Environ Microbio 2006;
8:1137-1144.
16. Carnevali O, de Vivo L, Sulpizio R, Gioacchini G,
Olivotto I, Silvi S et al. Growth improvement by probiotic
in European sea bass juveniles (Dicentrarchus labrax, L.),
with particular attention to IGF-1, myostatin and cortisol
gene expression. Aquaculture 2006; 258:430-438.
17. Das S, Lyla PS, Ajmal Khan S. Application of
Streptomyces a probiotic in the laboratory culture of
Penaeus monodon (Fabricius), Israeli Journal of
Aquaculture 2006; 58(3):198–204.
18. Decamp O. Probiotics in Aquaculture: A commentary
based on some recent observations. Aqua Feeds:
Formulations Beyond 2004; 1(4):12-13.
19. Devi CPA, Sudarsanam D, Rosalin CD. The influence of
live and supplementary feed in the growth of post larval
stages of Penaeus monodon (Fab.) Mar Biosci Res 2004;
139-150.
20. FAO. Fisheries statistics: Aquaculture production, 88/2.
FAO, Rome, Italy, 2006, 12.
21. FAO. Improving Penaeus monodon hatchery practices.
Manual based on experience in India. FAO Fisheries
Technical 2007; 446:101.
22. FAO. The state of world fisheries and aquaculture. In.
Department FFaA (ed). Rome: Food and Agriculture
Organization of the United Nations, 2009, 178.
23. Fuller R. Probiotics in man and animals. J Appl
Bacteriology 1989; 66:365-378.
24. Fukami K, Nishijima T, Ishida Y. Stimulative and
inhibitory effects of bacteria on the growth of microalgae,
Hydrobiologia 1997; 358:185–191.
25. Gatesoupe FJ. Continuous feeding of turbot larvae
(Scophthalmus maximus) and control of the bacterial
environment of rotifers, Aquaculture 1989, 139–148.
26. Gatesoupe FJ. The continuous feeding of turbot larvae,
Scophthalmus maximus, and control of the bacterial
environment of rotifers. Aquaculture 1990; 89:139–148.
27. Gatesoupe FJ. The use of probiotics in aquaculture.
Aquaculture 1999; 180:147-165.
28. Gismondo MR, Drago L, Lombardi A. Review of
probiotics available to modify gastrointestinal flora,
International Journal of Antimicrobial Agents 1999;
12:287-292.
29. Gomez-Gil B, Abreu-Grobois FA, Romero-Jarero J, de los
Herrera-Vega M. Chemical disinfection of Artemia
nauplii. J. World Aquac Soc 1994; 25:579–583.
30. Gomez-Gil B, Roque A. Turnbull JF. The use and
selection of probiotic bacteria for use in the culture of
larval aquatic organisms, Aquaculture 2000; 191:259–
270.
31. Hallegraeff GA. Review of harmful algal blooms and their
apparent global increase Phycol 1993; 32:79-99.
32. Harzevili ARS, Van DH, Dhert PH, Swings J, Sorgeloos
P. Use of potential probiotic Lactococcus lactis AR21
strain for the enhancement of growth in the rotifer
Brachionus plicatilis (Muller), Aquaculture Research
1998; 29:411–417.
33. Hansen GH, Olafsen JA. Bacterial colonization of cod

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.
47.

48.

49.

~ 158 ~

(Gadus morhua L.) and halibut (Hippoglossus
hippoglossus) eggs in marine aquaculture. Appl. Environ.
Microbiol 1989; 55:1435–1446.
Hemaiswarya S, Raja R, Ravikumar R, Carvalho IS.
Mechanism of Action of Probiotics. Braz Arch Biol
Technol 2013; 56:113-119.
Irianto A, Austin B. Use of probiotics to control
furunculosis in rainbow trout, Oncorhynchus mykiss
(Walbaum). J Fish Diseases 2002; 25:333-342.
Jiqiu L, Beiping T, Kangsen M et al. Comparative study
between probiotic bacterium Arthrobacter XE-7 and
chloramphenicol on protection of Penaeus chinensis postlarvae from pathogenic Vibrios. Aquaculture 2006;
253(1–4):140–147.
Karunasagar I, Pai R, Malathi GR. Mass mortality of
Penaeus monodon larvae due to antibiotic-resistant Vibrio
harveyi infection. Aquaculture 1994; 128:203–9.
Kim DH, Austin B. Innate immune responses in rainbow
trout (Oncorhynchus mykiss, Walbaum) induced by
probiotics. Fish Shellfish Immunol 2006a; 21:513-524.
Kim DH, Brunt J, Austin B. Microbial diversity of
intestinal contents and mucus in rainbow trout
(Oncorhynchus mykiss). J Applied Microbiol 2007;
102:1654-1664.
Kim SK, Bhatnagar I, Kang KH. Development of marine
probiotics: prospects and approach, Department of
Chemistry, Pukyong National University, Busan, Republic
of Korea 2004.
Lilly DM, Stillwell RH. Probiotics: growth promoting
factors produced by microorganisms. Science 1965;
147:747–748.
Lopez-Torres MA, Lizarraga-Partida ML. Bacteria
isolated on TCBS media associated with hatched Artemia
cysts of commercial brands. Aquaculture 2001; 194:11–
20.
Marques A, Dhont J, Sorgeloos P, Bossier P. Evaluation
of different yeast cell wall mutants and microalgae strains
as feed for gnotobiotically- grown brine shrimp Artemia
franciscana. J Exp Mar Biol Ecol 2004; 312(1):115–136.
Merrifield DL, Bradley G, Baker RTM, Davies SJ.
Probiotic applications for rainbow trout (Oncorhynchus
mykiss Walbaum) II. Effects on growth performance, feed
utilization, intestinal microbiota and related health criteria
post antibiotic treatment, Aquaculture Nutrition 2010;
16(5):496–503.
Mohapatra S, Chakraborty T, Prusty AK, PaniPrasad K,
Mohanta KN. Beneficial Effects of Dietary Probiotics
Mixture on Hemato-Immunology and Cell Apoptosis of
Labeo rohita Fingerlings Reared at Higher Water
Temperatures 2014; PLoS ONE 9(6): e100929.
Moriarty DJW, Decamp OP. Probiotics in Aquaculture,
AQUA Culture Asia Pacific Magazine, 2005.
Moriarty DJW. Disease control in shrimp aquaculture
with probiotic bacteria In: Microbial Biosystems:
NewFrontiers- proceedings of the 8th international
symposium on microbial ecology. Bell, CR, Brylinsky, M,
and P. Johnson- Green (eds). Atlantic Canada Society for
Microbial Ecology, Halifax. 1999.
Munro PD, Barbour A, Birkbeck TH. Comparison of the
growth and survival of larval turbot in the absence of
culturable bacteria with those in the presence of Vibrio
anguillarum, Vibrio alginolyticus, or a marine Aeromonas
sp. Appl Environ Microbiol 1995; 61:4425–4428.
Muralidhar M, Kumaran M, Jayanthi M, Muniyandi B,

International Journal of Fisheries and Aquatic Studies

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.
60.

61.

62.

63.

Ponniah AG, Udaya S et al. Case study on the impacts of
climate change on shrimp farming and developing
adaptation measures for small-scale shrimp farmers in
Krishna District, Andhra Pradesh, India, Network of
Aquaculture Centers in Asia-Pacific 2012, 126.
Naessens E, Lavens P, Gomez L, Browdy CL, McGovernHopkins K, Spencer AW et al. Maturation performance of
Penaeus Íannamei co-fed Artemia biomass preparations.
Aquaculture 1997; 155:87–101.
Nageswara PV, Babu DE. Probiotics as an alternative
therapy to minimize or avoid antibiotics use in
aquaculture. Fishing Chimes 2006; 26(1): 112-114.
Nikoskelainen S, Ouwehand A, Salminen S, Bylund G.
Protection of rainbow trout (Oncorhynchus mykiss) from
furunculosis by Lactobacillus rhamnosus. Aquaculture
2001; 198:229-236.
Planas M, Vázquez JA, Marqués J, Pérez-Lomba R,
González MP, Murado M. Enhancement of rotifer
(Brachionus plicatilis) growth by using terrestrial lactic
acid bacteria. Aquaculture 2004; 240:313–329.
Pirarat N, Ponpornpisit A, Rodkhum C, Chansue N.
Lactobacillus rhamnosus GG. A Potential Human-derived
Probiotic Candidate for Tilapia (Oreochromis niloticus)
Culture. Proceedings the 15th Congress of FAVA, 27-30
October, Bangkok, Thailand, 2008, 141-142.
Porubcan RS. Reduction in chemical oxygen demand and
improvement in Penaeus monodon yield in ponds
inoculated with aerobic Bacillus bacteria, in Proceedings
of the Program and Abstracts of the 22nd Annual
Conference and Exposition, World Aquaculture Society,
Puerto Rico, Spain, June 1991.
Raida MK, Larsen JL, Nielsen ME, Buchmann K.
Enhanced resistance of rainbow trout, Oncorhynchus
mykiss (Walbaum), against Yersinia ruckeri challenge
following oral administration of Bacillus subtilis and B.
licheniformis (BioPlus2B). J Fish Dis 2003; 26:495-498.
Raja S. Studies on Adoption and Efficiency of Standard
Operating Procedures in Seed Production of Tiger Shrimp.
Penaeus monodon (Fabricius, 1798). Ph.D. Thesis,
Central Institute of Brackishwater Aquaculture, University
of Madras, India, 2011, 119.
Raja S, Kumaran M, Ravichandran P. Implementation of
Biosecurity Measures in Commercial Shrimp Hatcheries
in India. The Israeli Journal of Aquaculture 2013; 65:881,
6 pages.
Rengpipat S. Microbes and black tiger shrimp culture,
Thai J Aquat Sci 1996; 3:42-51.
Rodriguez J, Bayot B, Amano Y, Panchana F, De Blas I,
Alday V et al. White spot syndrome virus infection in
cultured Penaeus vannamei (Boone) in Ecuador with
emphasis on histopathology and ultrastructure. J. Fish Dis
2003; 26:439-450.
Shoba Joe Kizhakudan, Raja S, Gupta KS, Vivekanandan
E, Kizhakudan JK, Sethi SN et al. Correlation between
changes in sea surface temperature and fish catch along
Tamil Nadu coast of India- an indication of impact of
climate change on fisheries? Indian Journal of Fisheries
2014; 61(3):111-115.
Subasinghe R, Soto D, Jia J. Global aquaculture and its
role in sustainable development. Reviews in Aquacul
2009; 1: 2-9.
Sahu MK, Swarnakumar NS, Sivakumar K, Thangaradjou
T, Kannan L. Probiotics in aquaculture: importance and
future perspectives. Indian J Microbio 2008; 48:299-308.

64. Sahul Hameed AS, Murthi BLM, Rasheed M, Sathish S,
Youganandhan K, Murugan V et al. An investigation of
Artemia as a possible vector for white spot syndrome
virus WSSV transmission to Penaeus indicus.
Aquaculture 2002; 204:1–10.
65. Sorgeloos= P, Lavens P, Leger P, Tackaert W, Versichele
D. Manual for the culture and use of brine shrimp Artemia
in aquaculture. Artemia Reference Center, Faculty of
Agricul ture, State University of Ghent, Ghent, Belgium
1986: 318.
66. Suminto K and Hirayama K-Application of a growth.
Promoting bacterium for stable mass culture of three
marine microalgae. Hydrobiologia 1997; 358:223–230.
67. Sperti GS. Probiotics. West Point, Miss, USA: Avi
Publishing; 1971. P. Jiravanichpaisal, B.L. Lee, and K. S
oderhall, Cell-mediated immunity in arthropods:
hematopoiesis,
coagulation,
melanization
and
opsonization, Immunobiology 2006; 211(4):213–236.
68. Skrodenyte-Arbaciauskiene V, Sruoga A, Butkauskas D.
Assessment of microbial diversity in the river trout Salmo
trutta fario L. intestinal tract identified by partial 16S
rRNA gene sequence analysis. Fisheries Sci 2006; 72:597602.
69. Stefan Denev, Yordan Staykov, Rumyana Moutafchieva,
Georgi Beev. Microbial ecology of the gastrointestinal
tract of fish and the potential application of probiotics and
prebiotics in finfish aquaculture. International Aquatic
Research 2009; 1:1-29.
70. Taoka Y, Maeda H, Jo JY, Kim S, Park S, Yoshikawa T et
al. Use of live and dead probiotic cells in tilapia
Oreochromis niloticus. Fisheries Sci 2006a; 72(4):755767.
71. Tinh NTN, Dierckens K, Sorgeloos P, Bossier P. A
Review of the Functionality of Probiotics in the
Larviculture Food Chain. Marine Biotech 2008; 10:1-12.
72. Thomson R, Macpherson HL, Riaza A, Birkbeck TH.
Vibrio splendidus biotype 1 as a cause of mortalities in
hatchery-reared larval turbot, Scophthalmus maximus (L.).
J. Appl. Microbiol. 2005; 99:243–250.
73. Vandenberghe J, Thompson FL, Gomez-Gil B, Swings J.
Phenotypic diversity among Vibrio isolates from marine
aquaculture systems. Aquaculture 2003; 219:9–20.
74. Verschuere L, Rombaut G, Sorgeloos P, Verstraete W.
Probiotic bacteria as biological control agents in
aquaculture, Microbiology and Molecular Biology
Reviews 2000; 64 (4):655–671.
75. Vine NG, Leukes WD, Kaiser H. Probiotics in marine
larviculture, FEMS Microbiology Reviews 2006;
30(3):404–427.
76. Visscher PT, Duerr EO. Water quality and microbial
dynamics in shrimp ponds receiving bagasse-based feed.
Journal of the world aquaculture society 1991; 22:65-76.
77. Villamil L, Figueras A, Planas M, Novoa B. Control of
Vibrio alginolyticus in Artemia culture by treatment with
bacterial probiotics. Aquaculture 2003; 219:43–56.
78. Wang YG, Lee KL, Najiah M, Shariff M, Hassan MD. A
new bacterial white spot syndrome (BWSS) in cultured
tiger shrimp Penaeus monodon and its comparison with
white spot syndrome (WSS) caused by virus. Diseases of
Aquatic Organisms 2000; 41(1):9–18.
79. Yanbo W, Zirong X. Effect of probiotics for common carp
(Cyprinus carpio) based on growth performance and
digestive enzyme activities. Animal Feed Sci Technol
2006; 127:283-292.

~ 159 ~

