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Abstract

Fish borne disease is a common problems encountered even in these recent days, which is said to be 

the period of scientific development and awareness of hygiene. There is an urgent need in aquaculture to 

develop microbial control strategies, since disease outbreaks are recognized as import constraints to 

aquaculture production, trade and the development of antibiotic resistance has become a matter of increasing 

concern. The present study deals with bacteriocin productions from freshwater fish gut bacteria. Isolation 

and identification of gut bacteria and pathogenic bacteria, culture and protein extraction and antimicrobial 

activity were studied. The results total lactic acid bacterial count in fish Catla catla gut was found to be 6.1 × 

10
7
 CFU/g respectively. The morphological and biochemical data assures that the isolated strain belong to 

Lactobacillus fermentum, Lactobacillus casei, Lactobacillus sp., Bacillus cereus and Bacillus subtilis. The 

population density of the fish pathogens was enumerated to be 2.9 × 10
4
, 1.9 × 10

4
, 1.4 × 10

4
, 1.7 × 10

4
, 2.8 

× 10
4
, 3.2 × 10

3
 and 1.0 × 10

4 
in agar medium. The strains Vibrio cholerae, Vibrio parahaemolyticus, 

Bacillus sp., Staphylococcus aureus and Salmonella typhi, Shigella sp. and Yersinia sp. reported. The amount 

of protein was estimated to be 0.41, 0.13, 0.59, 0.24 and 0.68 mg/ml. The zone of inhibition in different 

bacterial strains against bacteriocin extraction and the various bacterial strains maximum zone of inhibition 

(9 mm) was recorded in Shigella sp. and Bacillus sp. strain and minimum zone of inhibition (1 mm) was 

observed in Vibrio cholerae, Vibrio parahaemolyticus, Staphylococcus aureus, Salmonella typhi and 

Yersinia sp. strains. The present study concluded that L. fermentum was normal in microflora in fish gut. In 

addition, this strain showed high ability to inhibit growth of freshwater fish pathogens particularly Shigella 

sp. 
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1. Introduction 

 Bacterial disease in fish is a serious threat 

to aquaculture system in India. Fish farmers have   

 

*Corresponding author: N. Susithra 
  

been facing great problems due to fish diseases 

that cause severe damage and mortality in both 

cultured and wild condition in India. Aeromonas 

spp. are commonly found in a wide range of 

aquatic systems and foods and have been isolated 

from coastal waters, lakes, rivers, drinking water, 

and a variety of foods (Santos et al., 1997). 

http://www.jpsscientificpublications.com/
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Various types of diseases such as ulcer type 

disease including epizootic ulcerative syndrome, 

bacterial hemorrhagic septicaemia, tail and fin rot, 

bacterial gill rot, dropsy, columnaris disease, 

fungal disease and parasitic disease are important 

limiting factors for sustainable fish production. In 

an investigation of the fish farms by spot 

observation it was suspected that many farmed 

fishes were suffering from disease caused by 

bacterial pathogens (Chowdhury, 1997). Bacterial 

fish diseases, especially bacterial hemorrhagic 

septicaemia and motile Aeromonnas septicaemia 

in fresh water fish cause great losses. Among all 

other bacteria, Aeromonas and Pseudomonas are 

the major bacterial fish pathogens which are 

widely distributed in aquatic organisms in nature. 

Fish farming industry is beset with problems 

related to economic losses due to a variety of 

infectious agents. Among these, the bacterial 

pathogens belonging to the genus Aeromonas, 

Pseudomonas, Edwardsiella, Flavobacterium etc., 

are responsible for severe mortality and morbidity 

of Indian major carps (Shome et al., 1996). 

Fresh water fish digestive tracts show 

remarkable differences in morphology and 

function. Differences observed at specific levels 

are related to food, feeding habits, body weight, 

shape and sex. The feeding activities of fish are 

classified most commonly according to the type of 

food consumed. In simplest form, fish are either 

herbivore if they eat plant material, carnivores if 

they consume animal material or omnivores if 

they eat a combination of plant and animal 

materials (Caceci, 1984). 

Bacteria in the gastrointestinal (GI) tract of 

fish are considered to be transient (allochthonous), 

whereas others exist as members of the established 

microbial associated with the intestinal mucosa 

(autochthonous) (Kim and Austin, 2008). 

Numerous fish studies have been conducted to 

characterize the microbial diversity of the GI tract 

using molecular methods to characterize 

culturable bacteria as well as culture-independent 

(non-culturable bacteria) studies. Fish receive 

bacteria in the digestive tract from the aquatic 

environment through water and food that are 

populated with bacteria being rich in nutrient the 

environment of the digestive tract of fish confers 

favourable conditions for the microorganisms. The 

importance of intestinal bacteria in the nutrition 

and well being of their hosts has been established 

for homoeothermic species, such as birds and 

mammals. However, there is limited information 

for fish, the poikilothermic vertebrates. Gut micro 

flora plays an important role in the digestive 

process, growth and disease of the host body. 

However some bacteria which possess the ability 

to tolerate the low pH in gastric juices resist the 

action of bile acids, lysozyme secreted in 

intestines, immune responses and the mucus or 

enteric wall surface could persist for a relatively 

long time and eventually make intestinal micro 

flora specific to each host animals. It is clear that 

bacterial species presents in the gut can influence 

the health and robustness of the host. The 

influence of the gut bacteria on the host is clearly 

of great (Caceci, 1984).   

The beneficial effects of probiotics have 

been attributed to their ability to promote the 

immunological and non-immunological defense 

barrier in the gut, normalization of increased 

intestinal permeability and altered gut microflora 

(Harikrishnan et al., 2010). The research on the 

live cell preparations in aquatic organisms is being 

increased to sustain the aquaculture industry. The 

Lactobacillus spp., Bacillus spp., Saccharomyces 

cerevisiae, and Lactococcus spp. are the 

commonly used probiotics in carps (Geng et al. 

2012). Bacillus species are economically and 

industrially important strains compare to others, 

because they produce endospores that tolerant to 

heat and longer shelf life to produce diverse 

amount of secondary metabolites. Bacillus species 

are good secretors of proteins and metabolites. 

Most species of Bacillus strains have a high 

capacity to secrete a variety of extracellular 

enzymes such as amylase, arabinase, cellulase, 

lipase, protease, and xylanase, and these enzymes 

play important roles in many biotechnological 

processes (Cherry and Fidantsef, 2003).  
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With the increasing intensification and 

commercialization of aquaculture production, 

disease is a major problem in the fish farming 

industry. It has been well documented that the use 

of antibiotics develops drug-resistant 

microorganisms with antibiotic residues retained 

in fish flesh and environment. In addition, 

antibiotics can affect the normal microflora of the 

digestive tract which is beneficial to host and may 

be inhibited by treatment with the antibiotics. In 

this respect, use of probiotic bacteria is a new 

approach, which is gaining acceptance in 

aquaculture to control potential pathogens (Lara-

Flores, 2011). Keeping above points into 

consideration; the present study was therefore 

undertaken to identify and characterize the 

potential probiotic bacterium from Indian major 

carp Catla catla and its evaluated antimicrobial 

activity. 

2. Material and methods 

Isolation and identification of gut bacteria and 

pathogenic    

Indian healthy and infected major carp 

Catla catla (50 g) and infected fish were collected 

from KRP Dam at Krishnagiri district, Tamilnadu, 

India and brought alive to the laboratory. Ventral 

surface sterilization was done using double 

distilled water followed by 70% ethanol. Under 

sterile conditions, the fish gut region was dissected 

out and homogenized with 5 ml of normal saline. 

The homogenate was kept in a boiling water bath 

at 80 ºC for 20 min and kept in normal tap water 

immediately. The homogenate was used as 

inoculums which was serially diluted and plated 

on Nutrient agar medium and incubated at 37 ºC 

for 24 hrs. Single isolated colonies were picked 

and purified on another nutrient agar medium. The 

isolated potential strains and pathogens were 

identified up to species level based on Bergey’s 

manual of systematic bacteriology (Buchanan et 

al., 1974). 

Culture and extraction methods 

For mass scale culture, 100 ml bacteriocin 

production medium (Nutrient broth) was prepared 

based on optimized parameters. The cell free 

supernatant was collected and precipitated by 

solvent extraction method. The precipitation was 

made by the solvent extraction method. To the 

filtrate obtained 70 % Methanol and 10 % of 

Trichloroacetic acid (TCA) were added in equal 

proportion and kept for 48 hrs at room 

temperature. This precipitate was dissolved in 

deionised water and dialyzed through a 1000 

molecular weight cut of dialysis membrane against 

deionised water. The dialysis was done for 24 hrs 

and then centrifuged. The precipitate was 

lyophilized and used for further analysis (Balcazar 

et al., 2008). 

Protein estimation 

The Folin - Ciocalteu phenol method of 

Lowry et al. (1951) was used for the estimation of 

the total protein in the sample.  

Antimicrobial activity 

Bacillus probiotic crude extract was tested 

for inhibition against the fish pathogenic bacteria. 

Microbial assay were carried out by disc diffusion 

technique followed by Kelman et al. (2001).   

3. Results 

Isolation and identification of gut bacteria 

In the present study five bacterial strains 

were recovered from Catla catla gut region of 

healthy fish. After analysis of the samples (Fish 

gut), the total lactic acid bacterial count in fish gut 

was found to be 6.1 × 10
7
 CFU/g respectively. The 

morphological and biochemical data assures that 

the isolated strain belong to Lactobacillus and 

Bacillus sp. by comparing characteristic features 

as given in the seventh edition of Bergey’s manual 

of deterministic bacteriology. The strains B1 - 

Lactobacillus fermentum, B2 - Lactobacillus 

casei, B3 - Lactobacillus sp., B4 - Bacillus cereus 

and B5 - Bacillus subtilis showed in Figure - 1 and 

Table - 1. The isolated strains were cultured and 

extracted to against the pathogenic strains were 

selected for further antibacterial study.  
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Table - 1: Biochemical characteristics of isolated gut bacteria 

Biochemical test B-1 B-2 B-3 B-4 B-5 

Gram reaction + + + + + 

Shape Rod Rod Rod Rod Rod 

Methyl red - - - - - 

Catalase - - - + + 

Indole motility - - - - - 

Motility - - - + + 

Voges Proskauer test - - - + + 

Nitrate reduction - - - + + 

Lactose + - + - + 

Mannitol + + - - + 

Glucose + + + + + 

Maltose + + + + + 

Arabinose + + + - + 

Oxidase + + + + + 

Nylose - - - - + 

Citrate + - - - - 

Skim milk + + + - + 

Starch + + + + + 

(+) = positive,   (-) = negative 

Isolation and identification of pathogenic 

bacteria 

The population density of the fish 

pathogens was enumerated to be 2.9 × 10
4
, 1.9 × 

10
4
, 1.4 × 10

4
, 1.7 × 10

4
, 2.8 × 10

4
, 3.2 × 10

3
 and 

1.0 × 10
4 

in agar medium. In the present study 

seven bacterial strains were recovered from Catla 

catla gut region of infected fish. The 

morphological and biochemical data assures that 

the isolated strain belong to pathogenic sp. by 

comparing characteristic features as given in the 

seventh edition of Bergey’s manual of 

deterministic bacteriology. The strains F1 - Vibrio 

cholerae, F2 - Vibrio parahaemolyticus, F3 - 

Bacillus sp., F4 - Staphylococcus aureus and F5 - 

Salmonella typhi, F6 - Shigella sp. and F7- 

Yersinia sp. showed in Figure - 2 and Table - 2. 

   

Table – 2: Biochemical characteristics of isolated pathogenic bacteria  

Biochemical test F-1 F-2 F-3 F-4 F-5 F-6 F-7 

Gram reaction - - + + - - - 

Shape Rod Rod Rod C Rod Rod Rod 

Methyl red + + - + + + + 

Catalase + + + + - - - 

Indole motility + + - - + - - 

Motility - - + - + + + 

Voges Proskauer test + - + - - - + 

Nitrate reduction + + - + - + - 

Lactose +- + - + - - + 

Mannitol + + - + - + + 

Glucose + - + + + + + 

Maltose + + + + - - - 

Arabinose - + - - - - - 

Oxidase + + + - - - - 

Nylose - - - - - - - 

Citrate + + - - + + + 

Skim milk - - + - - - - 

Starch + - + - + - + 

(+) = positive,   (-) = negative 



N. Susithra/Life Science Archives (LSA), Volume – 6, Issue – 2, 2020, Page – 1790 to 1800                    1794 

©2020 Published by JPS Scientific Publications Ltd. All Rights Reserved 
 

 
Figure – 1: Culture of gut bacteria      

 
Figure – 2: Culture of pathogenic bacteria 

 

Antimicrobial activity 

The zone of inhibition in different bacterial 

strains against bacteriocin extraction is shown in 

(Figure 3 and Plate - 1). Among the various 

bacterial strains, maximum zone of inhibition (15 

mm in dm) was recorded in Shigella sp. and 

Bacillus sp. strain and minimum zone of inhibition 

(7 mm in dm) was observed in Vibrio cholerae, 

Vibrio parahaemolyticus, Staphylococcus aureus, 

Salmonella typhi and Yersinia sp. strains.    

 

    

 
B1- Lactobacillus fermentum (A), B2- Lactobacillus casei (B), B3- Lactobacillus sp (C), B4- Bacillus cereus 

(D) and B5 Bacillus subtilus (E), Control (C1) 

Figure – 3: Antimicrobial activity of gut bacteria 
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Plate – 1: Antimicrobial activity of gut bacteria 

 

 
Figure – 4: Estimation of protein from Bacteriocin 

Estimation of Protein Content 

 The procedure was made with the crude 

bacteriocin extracted from the strains B1 - 

Lactobacillus fermentum, B2 - Lactobacillus 

casei, B3 - Lactobacillus sp., B4 - Bacillus cereus 

and B5 Bacillus subtilis. The amount of protein 

was estimated to be 0.41, 0.13, 0.59, 0.24 and 0.68 

mg/ml (Fig. 4). 

5. Discussion 

Probiotics are commonly used as 

alternative medicine for chemical antibiotics and 

supplemented along with feed in many livestock 

production sectors. The addition of probiotic to the 

water or diet of fish could improve the water 

quality and the immune system. The use of 

probiotics, which control pathogens through a 

variety of mechanisms, is increasingly viewed as 

an alternative to antibiotic treatment. 

Nevertheless, some possible benefits linked to the 

administering of probiotics have already been 

suggested as: competitive exclusion of pathogenic 

bacteria, source of nutrients and enzymatic 

contribution to digestion direct uptake of dissolved 

organic material mediated by the bacteria 

enhancement of the immune response against 

pathogenic microorganisms and antiviral effects 

(Balcazar et al., 2004). 

Bacteria isolate and their relationship with 

the fish as it is known that some bacterial species 

complement their fish host by producing enzymes 

that help the fish to consume and digest food. 

There are several possible sources for the 

establishment of intestinal gut bacteria and it is 

generally believed that the processes of bacterial 
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colonization in fish are complex and depend upon 

the bacterial flora of live feed and water. The 

stability of the ecological balance of microflora of 

the digestive tract of aquatic organisms depends 

upon the trophism, productivity, toxicity and other 

chemical and physical parameters of water bodies. 

Kvenberg (1991) classified the bacteria pathogens 

associated with fish into two: the non-indigenous 

bacteria pathogen and the indigenous bacteria 

pathogens. The non-indigenous pathogen 

contaminate fish or fish’s habitat in one way or the 

other and the pathogens include Clostridium 

botulinum, Listeria monocytogenes, 

Staphylococcus aureus, Salmonella species, 

Shigella species, Escherichia coli, etc. The 

indigenous bacteria pathogens are those naturally 

living in the fish’s habitat. The list included 

Staphylococcus aureus, Salmonella, Vibrio 

parahaemolyticus, Monocytogenes, Shigella, 

Aeromonas, Yersinia and Pseudomonas. 

In the present study, five bacterial strains 

were recovered from Catla catla gut region of 

healthy fish. After analysis of the samples (Fish 

gut), the total lactic acid bacterial count in fish gut 

was found to be 6.1 × 10
7
 CFU/g respectively. The 

morphological and biochemical data assures that 

the isolated strain belong to Lactobacillus and 

Bacillus sp. by comparing characteristic features 

as given in the seventh edition of Bergey’s manual 

of deterministic bacteriology. The strains B1 - 

Lactobacillus fermentum, B2 - Lactobacillus 

casei, B3 - Lactobacillus sp., B4 - Bacillus cereus 

and B5 - Bacillus subtilis showed. Ringo et al. 

(2005) reported the gut microbiota of fish was less 

diverse than in terrestrial animals, the 

gastrointestinal tract of fish is not as simple as 

believed. Previously the qualitative composition of 

bacteria in the digestive tract of Tilapia guineensis 

caught from the river and the culturable bacterial 

genera in the digestive tract of fish were identified 

as Aeromonas, Bacillus, Pseudomonas, 

Staphylococcus, Salmonella, Vibrio, Escherichia, 

Flavobacterium, Lactobacillus, Micrococcus and 

Enterobacter (Pond et al., 2006). Few studies have 

focused on the functional relationships between 

fish and their intestinal microbiota, although it 

seems that these microorganisms play an 

important role in host nutrition and digestion. The 

results reveal that dense bacterial populations 

occur in the digestive tract of fish. The bacterial 

counts were significantly high their numbers in the 

digestive tract. This indicates that the digestive 

tract provides favourable ecological niches for 

these organisms. These results are in accordance 

with those found for other fish species. 

In the present study seven bacterial strains 

were recovered from Catla catla gut region of 

infected fish. The population density of the fish 

pathogens was enumerated to be 2.9 × 10
4
, 1.9 × 

10
4
, 1.4 × 10

4
, 1.7 × 10

4
, 2.8 × 10

4
, 3.2 × 10

3
 and 

1.0 × 10
4 

in agar medium. The morphological and 

biochemical data assures that the isolated strains 

F1 - Vibrio cholerae, F2 - Vibrio 

parahaemolyticus, F3 - Bacillus sp., F4 - 

Staphylococcus aureus and F5 - Salmonella typhi, 

F6 - Shigella sp. and F7 - Yersinia sp. noticed. 

Aeromonas and Pseudomonas fluorescens are 

normally found in the intestine of tilapia (He et 

al., 2009), being a major route of infection in fish. 

The control Aeromonas population is of 

paramount importance, since some species of this 

genus, such as Aeromonas hydrophila, are highly 

pathogenic to fish (Li and Cai, 2011). Pinar 

Kaynar and Yavuz Beyatli (2012) reported that the 

thirty Bacillus species were isolated from various 

fish samples such as 30 Bacillus strains as 4 

Bacillus pasteurii, 3 Bacillus badius, 3 Bacillus 

circulans, 3 Bacillus licheniformis, 3 Bacillus 

megaterium, 3 Bacillus thuringiensis, 2 

Brevibacterium brevis, 2 Bacillus cereus, 2 

Bacillus sphaericus, 2 Bacillus subtilis, 1 Bacillus 

coagulans, 1 Bacillus lentus, and 1 Bacillus 

pumilus. The viable counts of bacteria in the 

digestive tract of tropical estuarine fish species 

(Tilapia guineensis, Sarotherodon melanotheron 

and Liza falcipinnis) caught from Bonny River, 

New Calabar River and Sombriero River are 

investigated by Ariole and Kanu (2014). Some 

certain strains of these bacteria isolated in this 

study possess the virulence factors necessary to 

induce disease. It has been proposed that fish 

digestive tract is a reservoir for many pathogens. 

The presence of opportunistic pathogens in the 

intestine of investigated fish indicates the potential 
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for epizootics if the fish species are stressed by 

environmental contaminants.  

In the present study intestinal five 

microflora of fish Catla catla were assayed for 

their ability to inhibit the growth of seven target 

strains Vibrio cholerae, Vibrio parahaemolyticus, 

Bacillus sp., Staphylococcus aureus and 

Salmonella typhi, Shigella sp. and Yersinia sp. It 

was found that the inhibitory effects of intestinal 

bacterial isolates were varied with different target 

strains. The zone of inhibition in Lactobacillus 

fermentum bacterial strains against bacteriocin 

extraction was studied. Among the various 

bacterial strains maximum zone of inhibition (15 

mm) was recorded in Shigella sp. and Bacillus sp. 

strain and minimum zone of inhibition (1 mm) 

was observed in Vibrio cholerae, Vibrio 

parahaemolyticus, Staphylococcus aureus, 

Salmonella typhi, and Yersinia sp. strains. 

Jiranvanichpaisal et al. (1997) emphasized the use 

of Lactobacillus sp. as the probiotic bacteria in the 

giant tiger shrimp (Penaeus monodon). Kalayli 

(2001) determined that Bacillus strains isolated 

from milk and fermented products did not show 

any antimicrobial activities against Lactobacillus 

casei, but the strains inhibited the growth of 

Lactobacillus plantarum. Rengpipat et al. (2008) 

confirmed growth inhibition on Aeromonas 

hydrophila using a cell-free cultured broth of five 

LAB. Kim and Austin (2008) determined the 

antibacterial ability of two probiotic strains that 

were isolated from rainbow trout intestine against 

Aeromonas hydrophila and Aeromonas 

salmonicida. These strains inhibited the growth of 

both Aeromonas hydrophila and Aeromonas 

salmonicida. Moreover, similar results for 

Lactobacillus delbrueckii were reported by Pan et 

al. (2008). Fish intestinal tract and faeces can 

serve as an enrichment site for pathogenic bacteria 

such as Aeromonas and Vibrio species, the use of 

probiotics with antagonistic activity may be used 

to reduce or inhibit pathogens activities (Balcazar 

et al., 2008). In general, lactic acid bacteria 

species have different ability to inhibit growth of 

pathogenic bacteria. Therefore, the findings in this 

study suggest that B6 and B3 strain may have high 

potential probiotic and anti adhesion effect against 

pathogens. 

The protein purification was done by 

methanol and trichloroacetic acid precipitation 

followed by dialysis against deionised water. 

Extraction of bacteriocin using organic solvents 

indicated that bacteriocin was removed from the 

aqueous phase and could be recovered from the 

organic phase. This suggests that at least part of 

the bacteriocin molecule has a hydrophobic 

character, and shares this property with most other 

bacteriocins. During the purification procedures, 

each step resulted in a considerable loss of protein 

concentration while specific activity increases. 

The optimal bacteriocin recovery was achieved by 

including ammonium sulphate precipitation and 

Trichloroacetic acid precipitation. This agreed 

with the findings of Ivanova et al., (2000). In the 

present study also tricholoacetic acid precipitation 

at the rate of 70 % methanol and 10 % 

Trichloroacetic acid aggregated bacteriocin from 

ell free broth and it had antibacterial activity, also 

observed the same in the separation of bacteriocin. 

The procedure was made with the crude 

bacteriocin extracted from the strains B1 - 

Lactobacillus fermentum, B2 - Lactobacillus 

casei, B3 - Lactobacillus sp., B4 – Bacillus cereus 

and B5 Bacillus subtilis. The amount of protein 

was estimated to be 0.41, 0.13, 0.59, 0.24 and 0.68 

mg/ml. The present study showed that the 

bacteriocin of Lactobacillus fermentum is protein 

substance with antimicrobial effects on some 

clinically important fish pathogens.  

The normal microflora of aquatic 

organisms occupies vital niches on the surface of 

the body and in the digestive tract, thus preventing 

intrusion of pathogenic microorganisms. It was 

also proved that the microflora of the digestive 

tract of fish plays an important role in the 

formation of resistance to infectious diseases, for 

it produces antibacterial materials preventing 

pathogenic bacteria from getting into an organism. 

The present study concluded that Lactobacillus 

fermentum was normal in microflora in fish gut. In 

addition, this strain showed high ability to inhibit 

growth of freshwater fish pathogens particularly 
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Shigella sp. Therefore, it seems that Lactobacillus 

fermentum has high potential probiotic needed in 

aquaculture systems for development of 

sustainable fish production.   
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