
 

562 Rajyalakshmi et al. 
 

Int. J. Biosci. 2019 

 
    

REVIEW PAPERREVIEW PAPERREVIEW PAPERREVIEW PAPER                                                                                                                                                                                                                                                                                                                                                                                                    OPEN ACCESSOPEN ACCESSOPEN ACCESSOPEN ACCESS    
 

Role of probiotics and their mode of action in aquaculture: 

A review 

 

K. Rajyalakshmi, DSD Suman Joshi, M. Kishore Babu, Marwah Ali Oudah, 

A. Krishna Satya* 

 

Department of Biotechnology, Acharya Nagarjuna University, Nagarjunanagar, Guntur, 

Andhra Pradesh, India 

 
Key words: Probiotics, Aquaculture, Antibiotics, Antagonistic activity, Disease management 

http://dx.doi.org/10.12692/ijb/14.2.562-575  Article published on February 28, 2019 

Abstract 

The extensive and discriminate practice of antibiotics has affected severe biological and ecological problems, 

mainly the development of antibiotic resistance. Probiotics, known to be beneficial, non-pathological microbes, 

are being suggested as an adequate and eco-friendly alternative to antibiotics. More than three decades ago 

probiotics are first used in aquaculture farming, but the effective application had been given only in the recent 

years. Different probiotics have been identified and used in aquaculture and many of them are observed as host 

origin. Alternatives used for aquaculture (antibiotics) up to now have a unilateral mode of action, whereas an 

indefinite number of potential probiotics has multiple modes of action conferring various health benefits to the 

host. Recent studies suggest that a number of probiotic research publications in aquaculture focus on disease 

resistant and health-promoting alternatives and immune development for cultured fish and shrimps. This paper 

gives updated information on the use of probiotics in aquaculture farming specially targeted on the mechanism 

of action. It analyzes the enhancement of immune responses, antibacterial, antifungal, the antiviral activity of 

probiotic microbes, and water quality management in farming and inhibitory metabolites. 
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Introduction 

Aquaculture farming is rapidly growing and nowadays it 

is considered as a major contributor to the worldwide 

food production. As per the United Nations Food and 

Agriculture Organization, the production of aquaculture 

division is greater than any other types of animal food 

production systems (FAO/WHO. 2001). To reach the 

global demand, the growths of aquaculture species have 

been enhanced to a higher extent in technological and 

practical measures (Tuan et al., 2013). On the other 

hand, aquaculture production growth was inhibited by 

uncertain mortalities, which are affected due to 

pathogenic microorganisms. Majority of the pathogenic 

microbes are naturally existing saprophytes, which are 

adapted for the use of organic and mineral matter in the 

aquatic environment for their growth and proliferation. 

Most of the bacterial disease in fishes and shrimps are 

caused by punctiform/small, Gram-negative rods which 

belong to the families Pseudomonadaceae, 

Enterobacteriaceae and Vibrionaceae. These bacterial 

diseases are majorly observed in aquaculture even 

though chemicals like drugs and antibiotics are 

administered to control disease and health 

management (Newaj-Fyzul and Austin, 2014). 

Initially, antibiotic application for health 

management has been an active method, later on, 

residuals remaining in the rearing climate exert a 

pressure for long periods of storage and became a 

problem (Lakshmi et al., 2013).  

 

The main aim of the review is to discuss that the 

antibiotics and chemicals used previously are 

harmful and diminish the environmental conditions 

and we observe the major loss in aquaculture 

(Bachere, 2000). Accordingly, severe loss due to an 

immediate spread of diseases has been highly 

recorded. A different alternative process has been 

introduced to increase the growth and quality of 

aquaculture farming (Rekiel et al., 2007; Li et al., 

2006), to replace those pathogenic agents we are 

using probiotics which are rapidly using in 

aquaculture now a day’s. In this review, we discuss 

updated information on probiotics use, its mode of 

action and antagonistic activity. Of all those 

methods, probiotics have been selected as the best 

application method and also plays a crucial role in 

aquaculture (Skjermo and Vadstein, 1999).  

But for this probiotics till now researchers don’t know 

the complete mechanism of beneficial bacteria role in 

aqua and the human body, for better interpretation of 

mode of action might be used for effective and 

appropriate administration of probiotic in aquatic 

farming. Along with it, the selection of appropriate 

administrative process provides the great advantage 

of optimum condition for probiotics which are able to 

perform the better mode of action. Probiotic 

supplementations have been widely applied in water 

and feed additives (Moriarty, 1998; Skjermo and 

Vadstein, 1999) with either in single or a combination 

two or more cultures or along with the mixture of 

prebiotic and vitamins (Hai and Fotedar, 2009). 

 
Definition of Probiotics  

Metchnikoff, noble laureate researcher detected 

probiotics for the first time in fermented dairy 

products, who recorded that some acid producing 

microbes might eradicate fouling in the large intestine 

and thus aid to a prolongation of the lifespan of the 

consumer (Metchnikoff E, 1908). Lilly and Stillwell 

(Lilley DM and Stillwell RH, 1965) reported beneficial 

bacteria as a substance deposited by one 

microorganism that can encourage the growth of 

another. It was evaluated that an agent which has the 

inverse activity of antibiotics. Later, Sperti (G. S. 

Sperti, 1971) updated the concept of “tissue extracts 

that stimulate microbial growth.” In 1974 Parker used 

the term microbial feed/food supplement (R. B. 

Parker, 1974). Parker described it as “organism and 

substances that contribute to intestinal microbial 

balance. Fuller defined the definition to live microbial 

food supplement that benefits the host by increasing 

the microbial growth balance of the host and later 

intimated that it may be effective in a range of higher 

temperature and salinity diversity. Later, authors 

suggested that probiotics are “monoculture or mixed 

culture of microorganisms applied to animals or 

humans, which benefits the host by elaborating 

properties of indigenous microflora” (R. Havenaar 

and I. Huis, 1992). Later many authors recognized 

probiotics as microbial cell preparation or microbial 

cell component, which have a beneficial action on 

health and well being of the host (Fuller R, 1989; 

Salminen S et al., 1999; FAO/WHO, 2001). Guarner 
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and Schaafsma in 1998 reported that probiotics are 

live microorganisms which, when administrated in 

adequate amounts, confer health benefits to the host 

(F. Guarner and G. J. Schaafsma, 1998). In 1999, 

Gatesoupe distinguished them as “microbial cells 

consumed in a certain way, which reaches the 

gastrointestinal tract and remain alive for improving 

the health (F. J. Gatesoupe, 1999). At the same time, 

research was carried out on the pathogenic 

inhibition by using probiotics; this work suggests 

that live microbial cell supplement gives health 

benefits to the host by enhancing its microbial 

growth (L. Gram et al., 1999). 

 
Usage of probiotics has been increased nowadays as 

these microbes have an antimicrobial activity 

through modifying the intestinal microflora, 

secreting antibacterial substances which fight with 

the pathogen to prevent their attachment to the 

intestine, oppose for nutrients required for pathogen 

survival, and producing an antitoxin effect. 

Extension of the probiotic concept was applicable 

when administrated microbes survive in the 

Gastrointestinal tract (GIT) otherwise, general 

condition were recommended such as biocontrol 

when the treatment is antagonistic to pathological 

agents whenever water quality is improved. Despite 

for the first time probiotics were tested in fish were 

commercial preparations formulated for terrestrial 

animals. Then, these probiotics strains have been 

isolated from both aquatic and non-aquatic animals. 

On the other hand, those aquatic sources might be 

endogenous or exogenous microorganisms and the 

identified strains from endogenous sector might 

depend on genetic and environmental conditions. 

Moreover, these isolated probiotic strains have 

multiple modes of action conferring to health 

benefits. Based on functional role i.e. immunity 

development, the growth of the bacteria, disease 

resistant and as a supporter these probiotics were 

selected. Generally, in aquaculture the following 

probiotics are frequently used, Enterococcus 

faecium, Lactobacillus acidophilus, Pediococcus 

acidilactic, Lactobacillus lactis, Bifidobacterium 

animalis, and Lactic acid Bacillus, morphological 

colonies in agar plates are illustrated in fig. 1.  

 

Fig. 1. Illustrates the list of Probiotic cultures used in 

Aquaculture sector for growth and development A- 

Enterococcus faecium, B- Lactobacillus acidophilus, C- 

Pediococcus acidilactic, D- Lactobacillus lactis, E- 

Bifidobacterium animalis, and F- Lactic acid bacillus. 

 

Selection of Probiotics 

It is essential to identify and characterize the 

mechanism of action of potential probiotic and its 

ability on the pathological agents and viability and 

safety of the aquatic species. A Probiotic selection 

criterion is based on Gomez-Gil (Gomez-Gil et al., 

2000) which was done through many in vitro and in 

vivo experiments. 

1) Background information collection 

2) Addition of potential probiotics 

3) Assessment of the efficacy of potential probiotics 

to fight against pathogenic strains 

4) Evaluation of the pathogenicity of potential 

probiotics 

5) Estimation of the effect of the potential probiotics 

on the host and  

6) Economic benefit analysis 

 

Later on, the United Nations has suggested several 

numbers of conditions that should follow when the 

probiotic product is preferred and approved (Lee K 

and Salminen S, 2009). And the list of the 

specification includes: 

1) The Viability of the potential probiotic strain 

should survive in the GIT which when administered 

to the host. 

2) Multiplication and growth of the probiotic should 

occur when probiotic available in the GIT of the host. 

3) For adhesion to the intestinal surface probiotic 

bacteria should fight against the pathogenic bacteria, 

and it should happen successfully.  
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4) The probiotic should be capable of inhibiting 

pathogenic bacteria according to in vitro tests 

5) To the other contaminant agents or disinfectant 

probiotic bacteria should be tolerant. 

6) For identification of a probiotic product, it should 

be marked on the label by genus and species name as 

per the international norms. 

7) Usage, dosage, and date of expiration should be 

mentioned on the label and  

8) Data mentioned on the product will not infect 

immune compromised animal is essential. 

 

Probiotic Benefits 

A few of the beneficial effects of probiotic uptake 

include: the balancing of microflora leads to 

improvement of intestinal tract health and activation 

and progression of the immune system, integration, 

and production of bioavailability of nutrients, 

suppressing signs of lactose intolerance and reducing 

the risk of some diseases. Mechanism of probiotics in 

the host body and its effects are mostly unknown but 

parts of its modification are understood based on the 

modification of gut of pH, inhibiting the growth of 

pathogens by the productions of antimicrobial 

substances. In this review, we clearly update on some 

of the benefits of probiotics and its mode of action in 

the aquaculture sector. 

 
Enhancement of Survival and Growth 

In aquatic animals the survival and growth 

performance was enhanced by the following 

probiotics: In larvae of the crab Thalassobacter utilis 

(Portunus trituberculatus)  (Nogami et al., 1997), in 

channel catfish (Ictalurus punctatus) Bacillus sp. 

(Queiroz F and Boyd C, 1998), in turbot 

(Scophthalmus maximus) rotifers with food additives 

are having lactic acid bacteria or Bacillus spores 

(Gatesoupe FJ, 1991).  

 

In juvenile P. monodon Bacillus sp. (Dalmin G et al., 

2001) Bactocell (P. acidilactic) and Levucell (S. 

cerevisiae) in Artemia cysts and naupili (Gatesoupe 

FJ, 2002). In Nile tilapia (O. niloticus) Lactobacillus 

acidophilus and Streptococcus faecium and the yeast 

S. cerevisiae (Lara-Flores M et al.,, 2003), In post-

larval stage of freshwater prawn (Macrobrachium 

rosenbergii) Lactobacillus sporogenes and 

Lactobacillus acidophilus (Venkat HK et al., 2004) 

Vibrio P62,Vibrio P63and Bacillus P64 in shrimp 

(Gullian M et al., 2004), juvenile tilapia and 

freshwater prawn Bacillus subtilis (Gunther J and 

Jimenez-Montealegre R, 2004).  

 

In hybrid striped bass yeast (GroBioticR-A)  (Li Peng 

et al., 2005), in gilthead sea bream larvae (Sparus 

aurata) Cytophaga sp., Roseobacter sp., Ruergeria 

sp., Paracoccus sp., Aeromonas sp. and Shewanella 

sp. (Makridis P et al., 2005), Lactobacillus 

delbrueckii in sea bass juveniles (Carnevali O et al., 

2006), on juvenile dentex Bacillus toyoi, T, and 

Bacillus cereus, E (Hidalgo MCA et al., 2006). In 

India major crap (Labeorohita) Bacillus subtilis 

(Kumar R et al., 2006), In fingerling diet of Nile 

tilapia (Biogen®)  (El-Haroun ER et al., 2006), 

whereas in newly hatched larvae of fresh prawn and 

L. vannamei- Bacillus subtilis bacterium (Keysami 

MA et al., 2007) and in adult shrimp V. alginolyticus 

UTM 102, B. subtilis UTM 126, Roseobacter 

gallaeciensis SLV03 and Pseudomonas aestumarina 

SLV22 was used for survival and growth of the fresh 

prawns (Balcazar JL et al., 2007).  

 

In gilthead, sea bream lactobacillus species were 

provided (Suzer C et al. 2008). B. subtilis in 

Cirrhinusmrigala (Hamilton) (Ghosh S et al., 2008); 

L. acidophilus and Saccharomyces cerevisiae in 

juvenile common carps (Cyprinus carpio) and in 

fishes (Ramakrishnan CM et al., 2008), Bacillus 

pumilus in tilapia and shrimps (Aly SM et al., 2008); 

Based on the above evidence it is well known that 

probiotics have been extensively suggested to improve 

the growth and survival rate and feed utilization and 

to improve the production ratio.  

 

Method of administration, strains of micro-

organisms, species, age, variability in farm practices 

and its diet were influenced by the effects of 

probiotics on animals. On confirmation by the recent 

research, probiotics can improve aqua and animal 

activity through competitive exclusion with pathogens 

in the digestive process. Summarised in the table 1. 
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Table 1. List of Aquatic animals and its beneficiary organisms. 

Aquatic animals Beneficiary Organisms Reference 

Nile tilapia  B. subtilis and Lactobacillus acidophilus Aly et al., 2008a 

Bacillus pumilus Aly et al., 2008a 
Streptococcus faecium and Lactobacillus 
acidophilus1 and the yeast Saccharomyces 
cerevisiae 

Lara-Flores et al., 2003 

 (Biogen®)  EL-Haroun et al., 2006 
Nile tilapia and freshwater prawn (M. 
rosenbergii)  

Bacillus subtilis Gunther et al.,  (54)  

Shrimp (Penaeus vannamei)  Photosynthetic bacteria and Bacillus sp. Keysami et al.,  (63)  
Adult shrimp L. vannamei, V. alginolytcus UTM 102, B. subtilis 

UTM 126, Roseobacter gallaeciensis SLV03 and 
Pseudomonas aestumarina 

Balcazar et al.,  (29)  

White shrimp (Litopenaeus 
vannamei) post-larvea 

Vibrio alginolyticus Garriques and Arevalo, 1995 

Juvenile Penaeus monodon Bacillus sp.  Dalmin et al., 2001 
Shrimp Macrobrachium rosenbergii Vibrio P62, Vibrio P63 and Bacillus P64, 

Lactobacillus sporogenes and Lactobacillus 
acidophilus  

Gullian et al., 2004 
Venkat et al., 2004 

Larvea of the carb Thalassobacter utilis Nogami et al., 1997 
Indian major carp Bacillus subtilis Kumar et al., 2006 

Allogynogeneticcrucian carp  Rhodopseudomonas palustris-loaded 
montmorillonite 

Wen et al., 2008 

Juvenile common carp  L. acidophilus and S. cerevisiae Ramakrishnan et al., 2008 
Channel catfish Bacillus sp.,  Queiroz and Boyd, 1998 
Hybrid striped bass Yeast (Grobiotic R-A)  Li et al., 2005 
Gilthead sea bream larvae Cytophaga sp., Riseobacter sp., Ruergeria 

sp., Paracoccus sp., Aeromonas sp., and 
Shewanella sp. 

Makridis et al., 2005 

Juvenile dentex Bacillus toyoi, T, and Bacillus cereus, E  Hidalgo et al., 2006 
Seabass juveniles Lactobacillus delbrueckiidelbrueckii Carnevali et al., 2006 

Gilthead sea bream Lactobacillus spp. Suzer et al., 2008 
Cirrhinusmrigala Bacillus subtilis Ghosh et al., 2008 
Rainbow trout fry Bacillus spp. Bagheri et al., 2008 

Mode of Action 

 

During the last decade advanced research studies 

have been published on probiotics. Even though the 

methodological and ethical limitation of animal 

studies is difficult to understand the mechanism of 

action of probiotics, only the limited explanation is 

present. Some beneficial applications of probiotic in 

host have been reported by several authors: (i) 

Competitive exclusion of pathogenic bacteria 

(Garriquesand Arevalo, 1995; Moriarity, 1997; 

Gomez-Gil et al., 2000; Balcazar, 2003; Balcazar et al., 

2004; Vine et al., 2004a);  (ii) upgrade of immune 

response against pathogenic agents (Andlid et al., 

1995; Scholz et al., 1999; Rengpipat et al., 2000; 

Gullian and Rodriguez 2002; Irianto and Austin 2002; 

Balcazar et al., 2004); (iii) Production of Inhibitory 

substance (Servin, 2004; Panigrahi and Azad, 2007);  

(iv) Source of Vitamins and Nutrients (Dall W and 

Moriarty DJW, 1983; Sakat T, 1990). (v) Source of 

Enzymes (Prieur G et al., 1990);  (vi) Water Quality 

Management (Nogami K et al., 1997);  (vii) 

Antibacterial activity (Zhou et al., 2010; Balcazar et al., 

2008; Zapata and Lara-Flores, 2013), (viii) Antiviral 

activity (Kamei Y et al., 1988; Girones R et al., 1989).  

 

(i) Competition Exclusion 

Most of the pathogenic agents desired to adhere to 

the mucosal layer of the host gastrointestinal tract to 

activate the effect of disease (Adams, 2010).  

 

An important mode of action in beneficiary bacteria is 

competition for adhesion sites, known as competitive 

exclusion. The Ability of bacteria to colonize the gut 

and attachment to the epithelial surface and equally 

prevent the adhesion of pathogens is an essential 

criterion in the opting of probiotics (Balcazar et al., 

2006; Lazado et al., 2011). Lactobacilli which are 

non-pathogenic intestinal bacteria encounter with 

pathogenic microbes for attachment to the intestinal 
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mucosal layer, especially on intestinal villus and 

enterocytes (Brown, 2011).  

 
Addition of probiotic is well suggested as an initial 

husbandry practice in larviculture considering the 

competitive exclusion for adhesion sites might supply 

supportive rearing conditions (Irianto and Austin, 

2002a). On the basis of a physiochemical agent, 

adhesion of probiotics may be non-specific or specific 

on the basis of attachment of beneficiary microbe on 

the surface of the adherent bacteria and receptor 

molecules on the epithelial cells (Salminen et al., 

1996; Lazado et al., 2015).  

 

(ii) Role of Probiotic in Immune response 

The immune system of an aquaculture species has 

mainly two basic parts which include innate or 

nonspecific and the adaptive or specific immune 

system, unlike higher vertebrates. Cellular, as well as 

series of humoral factors, are engaged in the 

activation of both immune systems. Probiotics 

support defence mechanisms against pathological 

agents through the stimulation of aqua animal 

immune responses by damaging the negative impact 

of antibiotic and chemotherapeutic agents. The 

substances produced by the beneficiary bacteria are 

capable of intensifying the immune response of fish 

and crustacean (Sakai M 1999). Upon these 

Lactobacillus acidophilus and Bacillus subtilis can be 

administrated efficiently to develop the health status, 

thus improving the disease resistance ability of Nile 

tilapia and development of colonizing response by 

increasing the non specific immune response (Aly 

SM, 2008) By the supplement of compound probiotic 

diet in Cobia results in improved growth performance 

by increasing feed utilization, immune response and 

survival against Vibrio harveyi, which it might be due 

to improvement in the non specific immunity of Cobia 

after feeding with probiotic diets (Geng X et al., 2012) 

Immunoglobulin and lysozyme are the one of the 

important antimicrobial peptide present in the blood 

serum of fish, which can play as the act of defence. 

Additionally, they have the ability to prevent the 

growth of the pathogenic microbe, which leads to the 

prevention of disease (Alexander JB and Ingram GA, 

1992). Lysozyme function in fish has been recorded to 

improve at the time of challenged with pathogenic 

bacteria or at the update of natural bacterial 

infections (Balcazar JL, 2007). Similar results have 

been observed when various experiment conducted 

where higher lysozyme content was produced in the 

blood serum of snakehead fish supplemented with 

LAB diet (Talpur AD et al., 2014). Similarly, another 

most important humoral immune factor in a fish body 

is an immunoglobulin, which plays a crucial role in 

the prevention of pathogenic organisms.  

 
(iii) Production of Inhibitory substance 

Beneficiary bacteria produce a substance with 

bactericidal or bacteriostatic effects on other 

microbial populations such as bacteriocins, hydrogen 

peroxide, siderophores, lysozymes, proteases and 

many other ( Panigrahiand Azad, 2007; Tinh et al., 

2007). Along with some bacteria produces an organic 

acid and volatile fatty acids likewise lactic, acetic and 

butyric and propionic acid this can helps in lowering 

the acidic condition in the gastrointestinal lumen, 

thus inhibiting the growth of pathogenic bacteria 

(Tinh et al., 2007). On recent studies evidence that a 

compound indole (3-benzopyrole) was identified in 

some microbes which have antifungal and 

antibacterial capability to inhibit the growth of 

pathogens (Gibson et al., 1999; Lategan et al., 2006).  

 

(iv) Source of Vitamins and Nutrients 

Probiotic might serve as an additional source of food and 

microbial efficacy in the intestinal tract also can be a 

source of vitamins or essential amino acids (Dall W and 

Moriarty DJW, 1983). By supplying fatty acids and 

vitamins, Bacteroides and Clostridium sp. contribute 

nutrition to the host (Sakat T, 1990). Agrobacterium sp., 

Pseudomonas sp., Bervibacterium sp., Microbacterium 

sp. and Staphylococcus sp. supply nutritional 

development in some fishes Arctic charr (Salvelinus 

alpines L.)  (Ringo et al., 1995).  

 

(v) Source of Enzymes 

A few probiotic strains may involve in the digestion 

mechanism of bivalves by yielding extracellular 

enzymes, such as lipases, proteases along with it these 

probiotic stimulates essential growth factors (Prieur G 

et al., 1990). Some researcher’s similar observation has 
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been reported in adult penaeid shrimps by microflora, 

where few enzymes for digestion and synthesize 

substances which administrated. (Wang et al., 2000).  

 
(vi) Water Quality Management  

In water, the amount of Vibrio sp. was reduced by 

using Thalassobacter utilis (Nogami K et al., 1997) Use 

of Bacillus sp. in water improves the quality and also 

helps to maintain the health status of juvenile Penaeus 

monodon (Dalmin G et al., 2001). Rhodopseudomonas 

palustris-loaded montomorillonite indicatively reduces 

the concentration of ammonia, nitrogen, nitrite, nitrate, 

and sulphide (Wen JH et al., 2008).  

 

(vii) Antagonistic Activity 

(a) Antibacterial activity 

It was documented that some probiotics in 

aquaculture have been possessing antibacterial 

influence against identified pathogens. Few examples 

are listed below, Microbe L. lactis RQ516 have been 

using in tilapia (Orechromis niloticus) which shows 

inactivation against Aeromonas hydrophila (Zhou et 

al., 2010). Later Balcazar et al., 2008 concluded that 

this L. lastis had inhibitory activity against fish 

pathogens Aeromonas salmonicida and Yersinia 

rukeri. The growth of the pathogenic agents in fish 

Nile tilapia (O. niloticus) was inhibited by the 

probiotic strain Leuconostoc mesenteroides (Zapata 

and Lara-Flores, 2013).Bacillus subtilis automatically 

lessen the number of motile Aeromonads, 

Pseudomonas and total Coliforms in fishes (Newaj-

Fyzul and Austin, 2014). Lactic acid bacteria 

(Lactobacillus buchneri, Lactococcus lactis, 

Lactobacillus acidophilus, Lactobacillus fermentum 

and Sterptococcus salivarius) which are isolated from 

the intestinal part of Spanish mackerel 

(Scomberomorus commerson) has the antibacterial 

activity against the Listeria innocua (Moosavi-Nasab 

et al., 2014). Dhanasekarann suggested that 

Lactobacilli identified from the intestine of catfish 

(Claris orientalis), Hari fish (Anguilla sp.), Rohu fish 

(Labeo rohita), Jillabe fish (Orechromis sp.) and 

Gende fish (Punitus carnaticus) exhibited noticeable 

inhibiting activity against Aeromonas and Vibrio sp 

(Dhanasekaran et al., 2008). Other applications are 

summarised in Table 3.  

 

(b) Antiviral 

Some promising probiotics have antiviral effects even 

though the exact mechanism of probiotics are not 

known, the inactivation of viruses activity can be 

acquired by chemical and biological contents likewise 

extracts of marine algae and extracellular agents of 

bacteria (Kamei Y et al., 1988). Antiviral activity 

against the pathological disease hematopoietic 

necrosis virus (IHNV) can be inactivated by the 

strains of Pseudomonas sp., Vibrio sp., Aeromonas 

sp., and Coryneform groups (Kamei Y et al., 1988).  

 
For poliovirus, high specificity and more antiviral 

capacity were showed by Moraxella (Girones R et al., 

1989). Antiviral activity against IHNV and 

Oncorhynchus masou virus (OMV) by two strains 

(NICA 1030 and NICA1031) Bacillus and Vibrio sp. 

shows positive results against white spot syndrome 

virus (Balcazar JL, 2003).  

 

(c) Antifungal  

In a culture of eels (Anguilla australis Richardson), 

antagonistic activity of Saprolegnia sp. was inhibited 

by the Aeromonas media (strain A199) which was 

isolated from freshwater (Lategan MJ and Gibson LF, 

2003). Aeromonas media reduces the effect of 

Saprolegniosis in fishes (Lategan MJ et al., 2004). 

 

Table 3. Antagonistic activity of Probiotics. 

Aquatic Animals Pathogenic Agents Probiotic Used Reference 

Fish 
 

Aeromonas hydrophila, Aeromonas salmonicida, 
Lactobacillus sp, staphylococcus epidermidis, Serratia 
liquefacians, Vibrio anguillariam, Vibrio sal 

Tetraselmis suecica Austin et al., 1992 

IHNV 
Pseudomonas sp., Vibrios 
sp., Aeromonas sp., 
coryneforms 

Kamei et al., 1988 

A. salmonicida and to a lesser extent after exposures to V. 
anguillarum and Vibrio ordalii 

V. alginolyticus Austin et al., 1995 

Saprolegniosis 
Aeromonas media (Strain 
A199) 

Lategan et al., 2003 

A. hydrophila and V. anguillarum C. butyricum CB2 Pan et al., 2008a 
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Aquatic Animals Pathogenic Agents Probiotic Used Reference 

Finned-fish Vibrio Bacillus sp. Dalmin et al., 2001 

Catadromous fish Edwardsiella 
Enterococcus faecium SF68 
and B. toyio 

Chang and Liu 2002 

Ornamental Fishes Aeromonads, Pseudomonads and total coliforms B. subtilis Ghosh et al., 2008 

Atlantic cod fish Antagonistic activity against Saprolegnia sp. 
Aeromonas media (strain 
A199) 

Lategan and Gibson (2004); 
Lategan et al.,  (2003) 

Catadromous fish V. anguillaram 
Pseudomonas fluorescens 
AH2 

Gram et al., 1999 

Nile tilapia 
 

Vibrio harveyi 
Paenibacillus spp. and B. 
cereus 

Ravi et al., 2007 

Vibrio parahaemolyticus 

L. vannamei, V. 
alginolyticus, B. subtilis, R. 
gallaciensis and P. 
aestumarina 

Balcazar et al., 2007 

A. hydrophila and P. fluorescens B. subtilis and Lactobacillus Aly et al., 2008a 

A. hydrophila 
B. pumilus, Bacillus firmus 
and Citrobacter freundii 

Aly et al., 2008b 

Rainbow trout 

Vibrio Clostridium butyricum Saikai et al., 1995 
A. salmonicida, A. hydrophia, Streptococcus iniae, V. 
anguillarum, Listeria monocytogenes 

C. maltaromaticum (B26) 
and C. divergens (B33) 

Kim and Austin 2008 

Vibrio anguillarum C. divergens Gildberg et al., 1997 

Mycobacterial infection Yeast (Grostbiotic R-A) 
Li Peng et al., 2005 
 

Shrimp larva Aeromonas infection Bacillus subtilis AB1 Newaj-Fyzul et al., 2007 

Shrimp 
 

Vibrios Arthobacter XE-7 Li et al., 2006 

A. salmonicida spp. salmonicida 

Lactobacillus lactis ssp. 
lactis, Leuconostoc 
mesenteroides and 
Lactobacillus sakei 

Balcazar et al., 2003 

A. hydrophila Yeast glucan Selvaraj et al., 2005 

IHNV and OMV 
Vibrio spp. (NICA 1030 and 
NICA 1031) 

Direkbusarakom et al., 1998 

Protection against white spot syndrome virus Bacillus and Vibrios sp. 
Balcazar 2003 

Vibrio harveyi Vibrio sp. 

Vibrio harveyi (S2) 
Vibrio P62, Vibrio P63 and 
Bacillus P64 

Gullian et al., 2004 

V. harveyi, V. vulnificus, Vibrio parahaemolyticus, Vibrio. 
alginolyticus, Vibrio fluviali, Aeromonas spp. 

Pseudomonas sp. PS-102 Vijayan et al., 2006 

Black Tiger Shrimp 
Vibrio spp., V. harveyi, V. anguillarum, V. vulnificus and 
Vibrio damsel 

Bacillus BT21, Bacillus BT22 
and B. subtilis BT23 

Vaseeharan and Ramasamy, 
2003 

Carp Furunculosis 
A. hydrophila, Vibrio 
fluvialis and 
carnobacterium sp. 

Irianto and Austin, 2002 

Fishes, Shrimps, and 
carp 

Poliovirus Moraxella Girones et al., 1989 

Escherichia coli and Pseudomonas aeruginosa Lactobacillus Oyetayo 2004 

 
Conclusion  

Present food crisis and increasing production costs 

required focused on government and the 

international community to assure an adequate 

amount of food supply for the growing population. 

Aquaculture is presented as a way to accommodate 

the growing demand for fresh water food and to face 

challenges to the ongoing globalization of trade, 

intensification, and augmentation of aquaculture 

farming, improvement in technological innovation for 

food production, development in ecological system 

and human behavior. These challenges will give the 

advantage to improve aquaculture practices and also 

will become an important alternative for modification 

of aquatic ecosystems caused by capture fisheries. 

Now a day’s use of probiotics can potentiate the 

benefits against the pathological agents, improving 

survival and growth performance, immune responses 

in the field of aquaculture. It is necessary to 

understand the mode of action in order to define 

selection criteria for potential probiotic. Hence, more 

information is required for microbe interaction in 

vivo and development of monitoring tools are 

essential for better fig. out the composition and 

function of the microbial culture of probiotics.  

 

Probiotics are an important aspect of aquaculture as 

they are an alternative to the use of antimicrobials 

and low usage of vaccines. Furthermore, regulation 

and legislation for the small scale and large scale 

administration of probiotics in aquaculture should be 

increased and implemented to keep the biological 

balance in an environment and to avoid undesirable 

biological interaction.  

 

Conflicts of interest  

All authors have none to declare. 

 

Acknowledgments 

Authors are grateful to the Department of Science and 

Technology, KIRAN DIVISION Women Scientist 

Scheme-B, SR/WOS-B/467/2016 (G), 11-09-2017, 

New Delhi for the financial support. 



 

570 Rajyalakshmi et al. 
 

Int. J. Biosci. 2019 

Reference 

Adams CA. 2010. The probiotic paradox: live and 

dead cells are biological response modifiers. Nutrition 

Research Review 23, 37-46. 

 

Alexander JB, Ingram GA. 1992. Noncellular 

nonspecific defense mechanisms of fish. Annual 

Review of Fish Diseases 2, 249-279. 

 

Aly SM, Abd-El-Rahman AM, John G, Mohamed 

MF. 2008a. Studies on Bacillus subtilis and 

Lactobacillus acidophilus, as potential probiotics, on the 

immune response and resistance of Tilapia nilotica 

(Oreochromis niloticus) to challenge infections. Fish and 

Shellfish Immunology 25(1-2), 128-136. 

 

Aly SM, Abd-El-Rahman AM, John G, Mohamed 

MF. 2008b. Characterization of some bacteria isolated 

from Oreochromis niloticus and their potential use as 

probiotics. Aquaculture 277(1-2), 1-6. 

 

Andlid T, Vazquez-Juarez RV, Gustafsson L. 

1995. Yeast colonizing the intestine of rainbow trout 

(Salmo gairdneri) and turbot (Scophthalmus 

maximus). Microbial Ecology 30, 321-334. 

 

Austin B, Baudet E, Stobie M. 1992. Inhibition of 

bacterial fish pathogens by Tetraselmis suecica. 

Journal of Fish Diseases 15, 55-61. 

 

Austin B, Stuckey L, Robertson P, Effendi I, 

Griffith D. 1995.A probiotic strain of Vibrio 

alginolyticus effective in reducing diseases caused by 

Aeromonas salmonicida, Vibrio anguillarum and 

Vibrio ordalii. Journal of Fish Diseases 18, 93-96. 

 

Bachere E. 2000. Introduction: shrimp immunity 

and disease control. Aquaculture 191, 3-11. 

 

Bagheri T, Hedayati SA, Yavari V, Alizade M, 

Farzanfar A. 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(1), 43-48. 

Balcazar JL, de Blas I, Ruiz-Zarzuela I, 

Cunningham D, Vendrell D, Muzquiz JL. 2006. 

The role of probiotics in aquaculture. Veterinary 

Microbiology 114, 173-186. 

 
Balcazar JL, de Blas I, Ruiz-Zarzuela I, 

Vendrell D, Calvo AC, Márquez I. 2007b. 

Changes in intestinal microbiota and humoral 

immune response following probiotic administration 

in brown trout (Salmo trutta). British Journal of 

Nutrition 97(3), 522-527. 

 

Balcazar JL, de Blas I, Ruiz-Zarzuela I, 

Vendrell D, Muzquiz JL. 2004. Probiotics: a tool 

for the future of fish and shellfish health 

management. Journal of Aquaculture in the Tropics 

19, 239-242. 

 
Balcazar JL, Rojas-Luna T, Cunningham DP. 

2007. Effect of the addition of four potential probiotic 

strains on the survival of pacific white shrimp 

(Litopenaeus vannamei) following immersion 

challenge with Vibrio parahaemolyticus. Journal of 

Invertebrate Pathology 96(2), 147-150. 

 
Balcazar JL, Vendrell D, de Blas I, Ruiz-

Zarzuela I, Girones O, Muzquiz JL. 2008. In 

vitro competitive adhesion and production of 

antagonistic compounds by lactic acid bacteria 

against fish pathogens. Veterinary Microbiology 

122(3-4), 373-380. 

 

Balcazar JL. 2003. Evaluation of probiotic bacterial 

strains in Litopenaeus vannamei. Final Report. 

National Center for Marine and Aquaculture 

Research. Guayaquil, Ecuador. 

 

Brown M. 2011. Modes of action of probiotics: 

resent developments. Journal of Animal and 

Veterinary Advances 10(14), 1895-1900. 

 

Carnevali O, De Vivo L, Sulpizio R, Gioacchini 

G, Olivotto Iand Silvi S. 2006. Growth 

improvement by probiotic in European sea bass 

juveniles (Dicentrarchus labrax L.), with particular 

attention to IGF-1, myostatin and cortisol gene 

expression. Aquaculture 258 (1-4), 430-438. 



 

571 Rajyalakshmi et al. 
 

Int. J. Biosci. 2019 

Chang CI, Liu WY. 2002. An evaluation of two 

probiotic bacterial strains, Enterococcus faecium 

SF68 and Bacillus toyoi, for reducing edwardsiellosis 

in cultured European eel, Anguilla anguilla L. 

Journal of Fish Diseases 25, 311-315. 

 
Dall W, Moriarty DJW. 1983. Functional aspects of 

nutrition and digestion. In: Mantel LH, editor. The 

Biology of Crustacea, Internal Anatomy and Physiological 

Regulation. Academic Press, New York 5, 215-261. 

 
Dalmin G, Kathiresan K, Purushothaman A. 

2001. Effect of probiotics on bacterial population and 

health status of shrimp in culture pond ecosystem. 

Indian Journal of Experimental Biology 39, 939-42. 

 
Dhanasekaran D, Saha S, Thajuddin N, 

Panneerselvam A. 2008. Probiotic effect of 

Lactobacillus isolates against bacterial pathogens in 

Clariasorientalis. Medicine Biology 15(3), 97-102. 

 
Direkbusarakom S, Yoshimizu M, Ezura Y, 

Ruangpan L, Danayadol Y. 1998. Vibrio spp. the 

dominant flora in shrimp hatchery against some fish 

pathogenic viruses. Journal of marine Biotechnology 

6(4), 266-267. 

 
El-Haroun ER, Goda AMAS, Kabir CMA. 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. 

 
FAO/WHO. 2001. Report of a Joint FAO/WHO Expert 

Consultation on Evaluation of Health and Nutritional 

Properties of Probiotics in Food including Powder Milk 

with Live Lactic Acid Bacteria. FAO/WHO. 

 

Fuller R. 1989. A review: probiotics in man and 

animals. Journal of Applied Bacteriology 66, 365-378. 

 

Garriques D, Arevalo G. 1995. An evaluation of 

the production and use of a live bacterial isolate to 

manipulate the microbial flora in the commercial 

production of Penaeus vannamei postlarvae in 

Ecuador. In: Browdy CL, Hopkins JS. (Eds.), 

Swimming through troubled water. Proceedings of 

the Special Session on Shrimp Farming, Aquaculture 

’95. Baton Rouge, World Aquaculture Society 53-59. 

Gatesoupe FJ. 1999. The use of probiotics in 

aquaculture. Aquaculture 180(1-2), 147-165. 

 
Gatesoupe FJ. 1991. The Use of Probiotics in 

Fish Hatcheries: Results and Prospect. ICES, 

Copenhagen, Denmark. 

 
Gatesoupe FJ. 2002. Probiotic and formaldehyde 

treatments of Artemia nauplii as food for larval Pollack 

Pollachius pollachius. Aquaculture 212(1-4), 347-360. 

 
Geng X, Dong XH, Tan BP, Yang QH, Chi SY, 

Liu HY, Liu XQ. 2012. Effects of dietary probiotic 

on the growth performance, non-specific immunity 

and disease resistance of cobia, Rachycentron 

canadum. Aquaculture Nutrition 18, 46-55. 

 

Ghosh S, Sinha A, Sahu C. 2008. Dietary probiotic 

supplementation in growth and health of live bearing 

ornamental fishes. Aquaculture Nutrition 14(4), 289-99. 

 

Gibson LF. 1999. Bacteriocin activity and probiotic 

activity of Aeromonas media. Journal of Applied 

Microbiology 85, 243-248. 

 

Gildberg A, Mikkelsen H, Sandaker E, Ringø 

E. 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. 

 

Girones R, Jofre JT, Bosch A. 1989. Isolation of 

marine bacteria with antiviral properties. Canadian 

Journal of Microbiology 35, 1015-1021. 

 
Gomez-Gil B, Roque A, Tumbull JF. 2000. The use 

and selection of probiotic bacteria for use in the culture 

of larval aquatic organisms. Aquaculture 191, 259-270. 

 
Gram L, Melchiorsen J, Spanggaard B, Huber 

I, Nielsen T. 1999. Inhibition of Vibrio anguillarum 

by Pseudomonas fluorescens strain AH2, a possible 

probiotic treatment of fish. Applied and 

Environmental Microbiology 65, 969-973. 

 

Guarner F, Schaafsma GJ. 1998. Probiotics. 

International Journal of Food Microbiology 

39(3), 237-238. 



 

572 Rajyalakshmi et al. 
 

Int. J. Biosci. 2019 

Gullian M, Rodrı´guez J. 2002. Immunostimulant 

qualities of probiotic bacteria. Global Aquaculture 

Advocate 5, 52-54. 

 

Gullian M, Thompson F, Rodriguez J. 2004. 

Selection of probiotic bacteria and study of their 

immune stimulatory effect in Penaeus vannamei. 

Aquaculture 233, 1-14. 

 

Gunther J, Jimenez-Montealegre R. 2004.Effect 

of the probiotic Bacillus subtilis on the growth and 

food utilization of tilapia (Oreochromis niloticus) and 

prawn (Macrobrachium rosenbergii) under 

laboratory conditions. Revista de Biologia Tropical 

52(4), 937-943. 

 

Hai NV, Fotedar R. 2009. Comparison of the 

effects of the prebiotics (Bio-Mos_and [beta]-1,3-D-

glucan) and the customised probiotics (Pseudomonas 

synxantha and P. aeruginosa) on the culture of 

juvenile western king prawns (Penaeus latisulcatus 

Kishinouye, 1896). Aquaculture 289, 310-316. 

 

Havenaar R, Huis I. 1992. The Lactic Acid Bacteria 

in Health and Disease. Edited by B. J. B. Wood, 

Elsevier. New York. NY. USA 1. 

 

Hidalgo MCA, Abellan SE, Arizcun M, Cardenete 

G. 2006. Dietary intake of probiotics and maslinic acid 

in juvenile dentex (Dentex dentex L.) : effects on growth 

performance, survival and liver proteolytic activities. 

Aquaculture Nutrition 12(4), 256-266. 

 

Irianto A, Austin B. 2002. Use of probiotics to control 

furunculosis in rainbow trout, Oncorhynchus mykiss 

(Walbaum). Journal of Fish Diseases 25, 333-342. 

 

Irianto A, Austin B. 2002a. Use of probiotics to 

control furunculosis in rainbow trout, Oncorhynchus 

mykiss (Walbaum). Journal of Fish Diseases 25, 1-10. 

 

Kamei Y, Yoshimizu M, Ezura Y, Kimura T. 

1988. Screening of bacteria with antiviral activity 

from fresh water salmonid hatcheries. Microbiology 

and Immunology 32, 67-73. 

Keysami MA, Saad CR, Sijam K, Daud HM, 

Alimon AR. 2007. Effect of Bacillus subtilis on 

growth development and survival of larvae 

Macrobrachium rosenbergii (de Man). Aquaculture 

Nutrition 13(2), 131-136. 

 

Kim DH, Austin B. 2008. Characterization of 

probiotic carnobacteria isolated from rainbow trout 

(Oncorhynchus mykiss) intestine. Letters in Applied 

Microbiology 47(3), 141-147. 

 

Kumar R, Mukherjee SC, Prasad KP, Pal AK. 

2006. Evaluation of Bacillus subtilis as a probiotic to 

Indian major carp Labeo rohita (Ham.). Aquaculture 

Research 37(12), 1215-1221. 

 

Lakshmi B, Viswanath B, SaiGopal DVR. 2013. 

Probiotics as antiviral agents in shrimp aquaculture. 

Journal of Pathogens 2013, 1-13.  

 

Lara-Flores M, MOlvera-Novoa MA, Guzman-

Mendez BE, Lopez-Madrid W. 2003. Use of the 

bacteria Streptococcus faecium and Lactobacillus 

acidophilus, and the yeast Saccharomyces cerevisiae 

as growth promoters in Nile tilapia (Oreochromis 

niloticus). Aquaculture 216, 193-201. 

 
Lategan MJ, Booth W, Shimmon R, Gibson 

LF. 2006. An inhibitory substance produced by 

Aeromonas media A199, an aquatic probiotic. 

Aquaculture 254, 115-124. 

 
Lategan MJ, Gibson LF. 2003. Antagonistic 

activity of Aeromonas media strain A199 against 

Saprolegnia sp., an opportunistic pathogen of the eel, 

Anguilla australis Richardson. Journal of Fish 

Diseases 26, 147-53. 

 
Lategan MJ, Torpy FR, Gibson LF. 2004. 

Control of saprolegniosis in the eel Anguilla australis 

Richardson, by Aeromonas media strain A199. 

Aquaculture 240(1-4), 19-27. 

 
Lazado CC, Caipang CM, Estante EG. 2015. 

Prospects of hostassociated microorganisms in fish 

and penaeids as probiotics with immunomodulatory 

functions. Fish Shellfish Immunology 45(1), 212. 



 

573 Rajyalakshmi et al. 
 

Int. J. Biosci. 2019 

Lazado CC, Caipang CMA, Brinchmann MF, 

Kiron V. 2011. In vitro adherence of two candidate 

probiotics from Atlantic cod and their interference 

with the adhesion of two pathogenic bacteria. 

Veterinary Microbiology 148, 252-259. 

 

Lee K, Salminen S. 2009. Handbook of Probiotics 

and Prebiotics.2nd edition. John Wiley & Sons, Inc., 

New York. 

 

Li J, Tan B, Mai K, Ai Q, Zhang W, Xu W, Liufu Z, 

Ma H. 2006. Comparative study between probiotic 

bacterium Arthrobacter XE-7 and chloramphenicol on 

protection of Penaeus chinensis post-larvae from 

pathogenic vibrios. Aquaculture 253, 140-147. 

 

Li Peng, Delbert M, Gatlin III. 2005. Evaluation 

of the prebiotic GroBiotic1-A and brewer’s yeast as 

dietary supplements for sub-adult hybrid striped 

bass (Moronechrysops M. saxatilis) challenged in 

situ with Mycobacterium marinum. Aquaculture 

248(1-4), 197-205. 

 

Lilley DM, Stillwell RH. 1965. Probiotics: growth 

promoting factors produced by microorganisms. 

Science 147, 747-748. 

 

Makridis P, Martins S, Vercauteren T, Van 

Driessche K, Decamp O, Dinis MT. 2005. 

Evaluation of candidate probiotic strains for 

gilthead sea bream larvae (Sparus aurata) using an 

in vivo approach. Letters in Applied Microbiology 

40(4), 274-277. 

 

Metchnikoff E. 1908. The Prolongation of Life. CP 

Putnam and Sons, New York. 

 

Moosavi-Nasab M, Abedi E, Moosavi-Nasab S, 

Eskandari MH. 2014. Inhibitory effect of isolated 

lactic acid bacteria from Scomberomorus commerson 

intestines and their bacteriocins on Listeria innocua. 

Iran Agriculture Research 33(1), 43-52. 

 

Moriarty D. 1997. The role of microorganisms in 

aquaculture ponds. Aquaculture 151, 333-349. 

Moriarty DJW. 1998. Control of luminous Vibrio 

species in penaeid aquaculture ponds. Aquaculture 

164, 351-358. 

 

Newaj-Fyzul A, Adesiyun AA, Mutani A, 

Ramsubhag A, Brunt J, Austin B. 2007. Bacillus 

subtilis AB1 controls Aeromonas infection in rainbow 

trout (Oncorhynchus mykiss, Walbaum). Journal of 

Applied Microbiology 103(5), 1699-1706.  

 

Newaj-Fyzul A, Austin B. 2014. Probiotics, 

immunostimulants, plant products and oral 

vaccines, and their role as feed supplements in the 

control of bacterial fish diseases. Journal of Fish 

Disease 14, 12313-12318. 

 

Nogami K, Hamasaki K, Maeda M, Hirayama 

K. 1997. Biocontrol method in aquaculture for rearing 

the swimming crab larvae Portunus trituberculatus. 

Hydrobiologia 358, 291-295. 

 

Oyetayo VO. 2004. Short communication: 

Phenotypic characterisation and assessment of the 

inhibitory potential of Lactobacillus isolates from 

different sources. African Journal of Biotechnology 

3(7), 355-357.  

 

Pan X, Wu T, Zhang L, Song Z, Tang H, Zhao 

Z. 2008a. In vitro evaluation on adherence and 

antimicrobial properties of a candidate probiotic 

Clostridium butyricum CB2 for farmed fish. Journal 

of Applied Microbiology 105(5), 1623-1629. 

 

Panigrahi A, Azad IS. 2007. Microbial 

intervention for better fish health in aquaculture: the 

Indian scenario. Fish Physiology and Biochemistry 

33, 429-440. 

 

Parker RB. 1974. Probiotics, the other half of the 

antibiotics story. Animal Nutrition Health 29, 4-8. 

 

Prieur G, Nicolas JL, Plusquellec A, Vigneulle 

M. 1990. Interactions between bivalves molluscs and 

bacteria in the marine environment. Oceanography 

and Marine Biology: An Annual Review 28, 227-352. 



 

574 Rajyalakshmi et al. 
 

Int. J. Biosci. 2019 

Queiroz F, Boyd C. 1998. Effects of a bacterial 

inoculum in channel catfish ponds. Journal of World 

Aquaculture Society 29, 67-73. 

 
Ramakrishnan CM, Haniffa MA, Manohar M, 

Dhanaraj M, Arockiaraj AJ, Seetharaman S. 

2008. Effects of probiotics and spirulina on survival 

and growth of juvenile common carp (Cyprinus 

carpio). Israeli Journal of Aquaculture/ Bamidgeh 

60(2), 128-133. 

 

Ravi AV, Musthafa KS, Jegathammbal G, 

Kathiresan K, Pandian SK. 2007. Screening and 

evaluation of probiotics as a biocontrol agent against 

pathogenic Vibrios in marine aquaculture. Letters in 

Applied Microbiology 45(2), 219-223. 

 

Rekiel A, Wiecek J, Bielecki W, Gajewska J, 

Cichowicz M, Kulisiewicz J, Batorska M, 

Roszkowski T. 2007. Effect of addition of feed antibiotic 

flavomycin or prebiotic BIO MOS on production results of 

fatteners, blood biochemical parameters, morphometric 

indices of intestine and composition of microflora. 

Archives Animal Biology 50, 172-180. 

 

Rengpipat S, Rukpratanporn S, 

Piyatiratitivorakul S, Menasaveta P. 2000. 

Immunity enhancement in black tiger shrimp 

(Penaeus monodon) by a probiont bacterium 

(Bacillus S11). Aquaculture 191, 271-288. 

 

Ringo E, Strom E, Tabacheck J. 1995. Intestinal 

microflora of salmonids: a review. Aquaculture 

Research 26, 773-789. 

 
Sakai M. 1999. Current research status of fish 

immunostimulants. Aquaculture 172, 63-92. 

 
Sakat T. 1990. Microflora in the digestive tract of 

fish and shellfish. In: Lesel R, editor. Microbiology in 

Poecilotherms. Elsevier, Amsterdam 171-176. 

 

Salminen S, Isolauri E, Salminen E. 1996. 

Clinical uses of probiotics for stabilizing the gut 

mucosal barrier: successful strains for future 

challenges. Anton van Leeuwenhoek 70, 347-358. 

Salminen S, Ouwehand AC, Benno Y, Lee YK. 

1999. Probiotics: how should they be defined. Trends 

in Food Science and Technology 10, 107-110. 

 
SCAN. 2003. Opinion of the Scientific Committee on 

Animal Nutrition on the criteria for assessing the 

safety of microorganisms resistant to antibiotics of 

human clinical and veterinary importance, European 

Commission Health and Consumer Protection 

Directorate-General. 

 

Scholz U, Garcia-Diaz G, Ricque D, Cruz-

Suarez LE, Vargas- Albores F, Latchford L. 

1999. Enhancement of vibriosis resistance in juvenile 

Penaeus vannamei by supplementation of diets with 

different yeast products. Aquaculture 176, 271-283. 

 

Selvaraj V, Sampath K, Sekar V. 2005. 

Administration of yeast glucan enhances survival and 

some non-specific and specific immune parameters in 

carp (Cyprinus carpio) infected with Aeromonas 

hydrophila. Fish and Shellfish Immunology 19, 293-306. 

 
Servin A. 2004. Antagonistic activities of lactobacilli 

and bifido bacteria against microbial pathogens. 

Microbiology Review 28, 405-440. 

 
Skjermo J, Vadstein O. 1999. Techniques for 

microbial control in the intensive rearing of marine 

larvae. Aquaculture 177, 333-343. 

 
Sperti GS. 1971. Probiotics. AviPublishing. West 

Point. Miss. USA.  

 

Suzer C, Coban D, Kamaci HO, Saka S, Firat K, 

Otgucuoglu O. 2008. Lactobacillus spp. bacteria as 

probiotics in gilthead sea bream (Sparus aurata, L.) 

larvae: effects on growth performance and digestive 

enzyme activities. Aquaculture 280(1-4), 140-145. 

 

Talpur AD, Munir MB, Mary A, Hashim R. 2014. 

Dietary probiotics and prebiotics improved food 

acceptability, growth performance, haematology and 

immunological parameters and disease resistance 

against Aeromonas hydrophila in snakehead (Channa 

striata) fingerlings. Aquaculture 426-427, 14-20. 



 

575 Rajyalakshmi et al. 
 

Int. J. Biosci. 2019 

Tinh NTN, Dierckens K, Sorgeloos P, Bossier P. 

2007. A review of the functionality of probiotics in the 

larviculture food chain. Marine Biotechnology 10, 1-12. 

 

Tuan TN, Duc PM, Hatai K. 2013. Overview of the 

use of probiotics in aquaculture. International 

Journal of Research Fish Aquaculture 3(3), 89-97. 

 

Vaseeharan B, Ramasamy P. 2003. Control of 

pathogenic Vibrio spp. by Bacillus subtilis BT23, a 

possible probiotic treatment for black tiger shrimp 

Penaeus monodon. Letters in Applied Microbiology 

36, 83-87. 

 

Venkat HK, Sahu NP, Jain KK. 2004. Effect of 

feeding Lactobacillus-based probiotics on the gut 

microflora, growth and survival of postlarvae of 

Macrobrachium rosenbergii (de Man) Aquaculture 

Research 35 (5), 501-507. 

 

Vijayan KK, Bright SIS, Jayaprakash NS, 

Alavandi SV, Somnath PS, Preetha R. 2006. A 

brackish water isolate of Pseudomonas PS-102, a 

potential antagonistic bacterium against pathogenic 

vibrios in penaeid and non-penaeid rearing systems. 

Aquaculture 251, 192-200. 

Vine NG, Leuke WD, Kaiser H. 2004a. In vitro 

growth characteristics of five candidate 

aquaculture probiotics and two fish pathogens 

grown in fish intestinal mucus. FEMS Microbiology 

Letter 231, 145-152. 

 

Wang X, Li H, Zhang X, Li Y, Ji W, Xu H. 2000. 

Microbial flora in the digestive tract of adult penaeid 

shrimp (Penaeus chinensis).Journal of Ocean 

University of Qingdao 30, 493-498. 

 

Wen JH, Wang YB, Han JZ. 2008. Effect of 

probiotics-loaded Montmorillonite on water quality 

and growth performances of cultured allogynogenetic 

crucian carp. Fisheries Science/Shuichan Kexue 

27(11), 557-560. 

 

Zapata AA, Lara-Flores M. 2013. Antimicrobial 

activities of lactic acid bacteria strains isolated from 

Nile tilapia (Oreochromis niloticus) intestine. Journal 

of Biological Life Science 4(1), 123-129. 

 

Zhou X, Wang Y, Yao J, Li W. 2010. Inhibition 

ability of lacticacid bacteria Lactococcuslactis, against A. 

hydrophila and study of its immunostimulatory effect in 

tilapia (Oreochromis niloticus).International Journal of 

Engineering Science and Technology 2(7), 73-80. 

 


