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Introduction 
 

Aquaculture which involves the farming of 

commercially important fin fish and shell fish 

contributes to the cheap and nutritious fish 

protein production (Uddin et al., 2015). In 

aquaculture, a wide range of antimicrobials 

are being used for the control of diseases 

(Rodgers and Furones, 2009). Intensification 

of aquaculture practices has led to the 

development of various diseases caused due to 

pathogens and water quality issues (Bondad et 

al., 2005). The use of antibiotics for the 

control of bacterial diseases in aquaculture has 

been proven unsustainable and ineffective due 

to development of antibiotic resistance in 

pathogens (Cabello, 2006) which may spread 

to other microbes through horizontal gene 
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Aquaculture involves farming of commercially important species of finfish and shellfish. 

Intensification of aquaculture practices has led to many diseases of commercial 

importance. Probiotics are beneficial microorganisms used in aquaculture to improve the 

health and disease resistance of the cultured fish. It is considered as a safe alternative to 

antibiotics which confer resistance in the microbes when used indiscriminately. In the 

present study, bacterial isolates (PB-1, PB-2, PB-3, PB-4 and PB-5) from the selected 

commercial probiotic products used in aquaculture were assessed for their bacterial 

pathogen inhibition efficiency, antibiotic sensitivity and the presence of antibiotic 

resistance genes viz., tetK, tetL, tetM and tetO. The probiotic isolates exhibited varying 

levels of inhibition against the bacterial pathogens viz., Aeromonas hydrophila, 

Streptococcus sp., Flavobacterium columnare, Edwarsiella tarda and Vibrio alginolyticus. 

F.columnare was the most inhibited by all the five probiotic bacterial isolates. The 

antimicrobial sensitivity test showed that the isolates, PB-2, PB-3, PB-4 and PB-5 were 

resistant to oxytetracycline except the isolate, PB-1. The antibiotic resistant genes, tetK 

and tetL were found to be present in all the probiotic bacterial isolates, whereas tetM and 

tetO were absent in all the isolates. The results of the study showed that although 

probiotics exhibit inhibitory activity against the bacterial pathogens, antibiotic resistance to 

oxytetracycline and the presence of antibiotic resistant genes showed that they could also 

act as a possible source for the transfer and spread of antibiotic resistance among the 

microbes in the aquatic ecosystem. 
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transfer via plasmids and other genetic 

elements of cultured fish and humans 

(Moriarty, 1996; Holmstrom et al., 2003). 

Probiotics are used in aquaculture for the 

degradation of organic matter which reduces 

the sludge and slime formation, resulting in 

improved water quality and reduced incidence 

of diseases (Rajinikanth et al., 2010) and to 

improve the gut health in fishes (Ige, 2013). 

An ideal probiotics need to be effective over a 

range of temperatures extremes and variations 

in salinity (Fuller, 1989) and suppress the 

growth of pathogens (Parker, 1974). Although 

the beneficial effects of probiotics have been 

documented by various researchers, recent 

studies have revealed the presence and 

expression of antibiotic resistant genes in the 

probiotics used in foods and aquaculture 

(Gryczan et al., 1984; Hummel et al., 2007 

and Wong et al., 2015). As probiotics are 

being widely used in aquaculture operations, 

knowledge on how effectively they control of 

the bacterial pathogens, their sensitivity to the 

antibiotics used in the treatment of bacterial 

diseases in aquaculture and the presence of the 

antibiotic resistant genes is essential. Hence, 

this study was undertaken with an objective to 

study the bacterial inhibition efficiency, 

antibiotic sensitivity and the presence of 

antibiotic resistant genes in the bacterial 

isolates from the selected commercial 

probiotic products.  

 

Materials and Methods 

 

Bacterial strains and culture conditions 

 

Samples of probiotic products were collected 

from the fish and shrimp farms in Tamil Nadu 

and Andhra Pradesh, India. Five different 

probiotics products were selected randomly 

and the bacterial strains were isolated from the 

products following spread plating method on 

tryptic soya agar (TSA) with and without salt 

(1%). The individual colonies were sub- 

cultured, purified and five isolates were 

randomly selected, one representative isolate 

from each probiotic product, coded as PB-1, 

PB-2, PB-3, PB-4 and PB-5 and used for the 

study. The confirmed isolates of bacterial 

pathogens viz., Aeromonas hydrophila, 

Streptococcus sp., Edwardsiella tarda, 

Flavobacterium columnare, Vibrio 

alginolyticus from the culture collection of 

State referral laboratory for aquatic animal 

health, Tamilnadu Fisheries University or 

ATCC were used to study the bacterial 

inhibitory activity of the probiotics isolates. 

The young cultures of the bacterial pathogens 

grown in tryptic soy broth (TSB) with or 

without NaCl or Brain heart infusion (BHI) 

broth were used. The probiotic isolates were 

serially diluted, spread plated on TSA and the 

pre-grown suspension of the bacterial 

pathogens (10 µl) were spotted on the plates, 

allowed to absorb and incubated at 37
o 

C for 

24 to 48 h and the observations were recorded. 

 

Antibiogram of the probiotics isolates 

 

Sensitivity of the probiotics bacterial isolates 

(PB-1, PB-2, PB-3, PB-4 and PB-5) to 

oxytetracycline (OTC) was assessed by agar 

disc diffusion technique on Mueller Hinton 

agar (Bouer et al., 1966). The agar plates were 

incubated at 35±2
o
C for 24 h and the diameter 

of zone of inhibition (mm) was measured. 

Sensitivity to oxytetracycline was assessed 

based on the zone size interpretation chart 

(CLSI, 2012). 

 

PCR detection of resistant genes 

 

The presence of antibiotic resistant genes in 

the probiotics isolates PB-1, PB-2, PB-3, PB-4 

and PB-5 were screened by PCR. The targeted 

genes include tetracycline efflux proteins viz., 

tetK and tetL, ribosomal protection proteins 

viz., tetM and tetO. DNA was extracted using 

a commercial DNA extraction kit (Qiagen, 

Germany) from the probiotic bacterial isolates. 

PCR screening for tetK, tetL, tetM and tetO 
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was carried out following the published 

protocols (Table 1). The PCR products were 

analysed on a 1.5% agarose gel containing 0.5 

μg/mL ethidium bromide in 1x Tris-borate-

EDTA (TBE) buffer and visualized under a 

UV transilluminator. 

 

Results and Discussion 

 

Assessment of the bacterial pathogen 

inhibitory activity of the probiotic isolates PB-

1, PB-2, PB-3, PB-4 and PB-5 showed that 

isolates PB-3 and PB-5 possess the highest 

inhibitory activity against F. columnare and V. 

alginolyticus. F. columnare was the most 

inhibited by all the five probiotic isolates. 

Whereas, E. tarda was the most resistant or 

the least inhibited by the probiotic isolates 

(Fig. 1 and Table 2). Antibiogram for the 

probiotic isolates against oxytetracyline 

showed that the isolate PB-1 alone was 

intermediately sensitive and the other isolates 

PB-2, PB-3, PB-4 and PB-5 were resistant to 

oxytetracycline. All the five probiotic bacterial 

isolates were observed to carry the antibiotic 

resistant genes coding for tetracycline efflux 

proteins viz., tetK and tetL. However, tetM 

and tetO genes, which are involved in the 

bacterial ribosomal protection were absent in 

the probiotics bacterial isolates (Fig. 2).  

 

In aquaculture, use of probiotics confer 

beneficial effects to the cultured species by 

reducing stress caused due to various biotic 

and abiotic factors in poor environment 

conditions, unbalanced nutrition (Kautsky et 

al., 2000). In recent decades, prevention and 

control of animal diseases has focused on the 

use of chemicals and antibiotics, which 

generate significant risks to public health by 

promoting the selection, propagation, and 

persistence of bacterial-resistant strains 

(FAO,2006 and WHO, 2012). Probiotics are 

considered as safe and viable alternatives for 

the health management for improved 

production in aquaculture (Martinez et al., 

2012). Recent studies have shown the 

presence of genes that confer antibiotic 

resistance thereby posing a danger of 

transmission of such genes to pathogenic 

bacteria through horizontal gene transfer 

(Imperial et al., 2016). Tetracycline resistant 

genes viz., tetK, tetL tet M, tetO associated 

with tetracycline resistance have been reported 

in bacterial isolates. The tet K and tetL genes 

code for efflux proteins, which prevent 

tetracycline from accumulating within the cell 

tetM and tetO code for ribosomal protection 

proteins, which reduce the affinity of 

tetracycline to the ribosome (Ullah et al., 

2012). The presence of tetracycline resistant 

genes (Uddin et al., 2015) and the genetic 

determinants conferring resistance to 

aminoglycosides, erythromycin, tetracycline 

tetK, tetL and tetM, and lincosamides lnu(A) 

and lnu(B) have been documented in the 

probiotics bacterial isolates (Munoz-Atienza et 

al., 2013).  

 

The bacterial inhibitory activity against the 

bacterial pathogens observed in the study 

show that probiotics could be used for the 

control the bacterial diseases in fish. Various 

mechanisms viz., secretion of antimicrobial 

substances, competitive adherence to the 

mucosa and epithelium have been documented 

related to the antagonistic effects of probiotics 

on the microorganisms (Collado et al., 2010).  

 

Antibiotics are widely and intensively used in 

aquaculture for microbial disease control and 

prevention, however, indiscriminate use 

results in the prevalence and persistence of 

antibiotic resistant bacteria and their resistance 

determinants in the environment (Dang et al., 

2007). Proper regulation on the use of 

probiotics in aquaculture will avoid the 

potential risk of transfer of antibiotic resistant 

genes to other microbes in the culture systems 

and subsequently to the other microflora of 

shrimp that has a potential risk transfer to the 

consumers. 
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Fig.1 Bacterial pathogen inhibition by the probiotic isolates 

 

  
AH- Aeromonas hydrophila, S- Streptococcus sp., ET- Edwardsiella tarda, FC- Flavobacterium columnare, V- 

Vibrio alginolyticus 

 

Fig.2 PCR amplification of the antibiotic resistant genes in the probiotic bacterial isolates 

 

 
Lanes: M-100 bp molecular weight marker;1-3 PCR amplified product of tetL gene (1077 bp) 

and tetK gene (360 bp) 
 

500bp 

1077bp 

360bp 

M  1    2    3      M  1    2    3      

IHHNV 
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Table.1 PCR primers used to study the antibiotic resistant genes in probiotics isolates 

 

 

Table.2 The level of inhibitory activity exhibited by the probiotics  

Isolates against bacterial pathogens 

 

Sl. 

No  

 Bacterial pathogen  Inhibitory activity by the isolates  

PB-1 PB-2 PB-3 PB-4 PB-5 

1 Aeromonas hydrophila  - + - - - 

2 Streptococcus sp. - + - - + 

3 Edwardsiella tarda  - - - - - 

4 Flavobacterium 

columnare  

+ + + + + 

5 Vibrio alginolyticus + - + - + 

 

Probiotics are used in aquaculture to improve 

the water quality of the production systems 

and to improve gut health and immunity in 

the cultured fish. The result of this study has 

show the presence of antibiotic resistant genes 

like tetK and tetL in the commercial 

probiotics used in aquaculture which pose the 

danger of transfer of antibiotic resistant genes 

to the native microflora in the aquatic 

environment. Hence, it is concluded that it is 

important to put forth suitable regulations on 

the use of probiotics in aquaculture to avoid 

the risk of spread of antibiotics resistance in 

the aquatic eco systems. 
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