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Abstract 
A total of 38 strains of Lactococcus lactis ssp. lactis, were isolated from gastrointestinal tract of coastal 

fish: sardine (Sardina pilchardus) and bug (Boops boops). These isolates were tested for their ability to produce 

bacteriocins against Listeria innocua, Brochothrix thermophacta, Salmonella sp., Staphylococcus aureus, Bacillus 

cereus, Aeromonas hydrophila, Pseudomonas aeuroginosa Escherichia coli and Methycilin resistant 

Staphyococcus aureus. However characterization of the antimicrobial substances showed that only 04 of isolates 

produced antimicrobial activity in the neutralized cell-free supernatant treated with catalase against indicator 

strains. The compounds produced by the selected strains were fully or partially inactivated by some of the 

proteolytic enzymes (trypsine, α-chymotrypsin and  proteinase K), which indicates their proteinaceous nature. 

The antimicrobial activity of crude supernatant fluid was stable after heating at 100 °C for 30 min and declined 

thereafter. It was also active over a wide pH range (4–8). Selected strains in this study might be valuable for 

practical application as source of bacteriocin, providing future scope for the biopreservation of seafood products. 
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Introduction  

Owing to some of their metabolic 

properties, lactic acid bacteria (LAB) play an 

important role in the food industry, because they 

significantly contribute to the flavour, texture, and 

in many cases to the nutritional value of the food 

products. The lactic acid bacteria (LAB) produce an 

array of antimicrobial substances (such as organic 

acids, diacetyl, acetoin, hydrogen peroxide, 

reuterin, reutericyclin, antifungal peptides, and 

bacteriocins  

 

(Holtzel et al. 2000, Magnusson and Schnürer, 

2001). However, the leading role in the explanation 

of the antagonism of lactic acid bacteria is assigned 

to specific antimicrobial substances of a protein 

nature, bacteriocins. Many bacteriocins produced 

by LAB exert strong antagonistic activity against 

many related and unrelated microorganisms, 

including food spoilage organisms and pathogenic 

bacteria such as Listeria, Clostridium, 

Staphylococcus, Bacillus spp. Brochothrix, 

Aeromonas, and Vibrio spp. (Gonzalez-Rodriguez et 

al. 2002, Budde et al. 2003, Brillet et al. 2005). 

Bacteriocins produced by LAB are small, ribosomally 

synthesized, antimicrobial peptides or proteins that 

possess activity towards closely related Gram-

positive bacteria, whereas producer cells are 

immune to their own bacteriocin . Activity against 

Gram-negative bacteria such as E. coli and 

Salmonella has been shown, but usually only when 

the integrity of the outer membrane has been 

compromised, for example after osmotic shock or 

low pH treatment, in the presence of a detergent or 

chelating agent, or after pulsed electric field or high-

pressure treatment (Stevens  et al.1991). 

Hence, the last two decades have seen intensive 

investigation on LAB and their antimicrobial 

products to discover new bacteriocinogenic LAB 

strains that can be used in food preservation. 

Indeed it has been demonstrated that lactic acid 

bacteria   isolated from marine environments such 

as fish and fish products, are expected to show 

additional capabilities compared with milk- and 

plant-derived.  

In spite of overwhelming information 

about  biopreservatives properties  of dairy lactic 
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acid bacteria (LAB), only few publications are 

dedicated to LAB from marine bacteria. Indira K. et 

al.  (2011) have isolated Lactobacillus fermentum  

from fish gut (Mugil cephalus) and prawn muscle 

(Peneaus monodon) and they revealed that 

Lactobacillus strains of marine origin are having the 

potential to use as biopreservatives especially in 

seafoods and  the production of bacteriocin from L. 

fermentum, seems to be ideal for industrial scale 

production and commercial utilization. A 

bacteriocin produced from Lactobacillus brevis was 

isolated from fresh water fish mrigala (Cirrhinus 

mrigala) by Banerjee et al. (2011). Also Campos et 

al. (2006) isolated three bacteriocin-producing LAB 

from the muscle of turbot (Psetta maxima). All 

strains were identified as Lactococcus lactis subsp. 

lactis  subsp. lactis, Enterococcus faecium and E. 

mundtii. 

Thus, the intent of present study was 

therefore to screen a number of Lactococcus lactis 

ssp. lactis, isolated from gastrointestinal tract of 

coastal fish for their ability to produce bacteriocins. 

Stability at different pH values and temperature 

conditions of bacteriocin were also studied. 

Materials and methods 
Bacterial strains and growth media 

38 strains of Lactococcus lactis ssp. lactis, 

used in this study, were isolated from 

gastrointestinal tract of coastal fish: sardine 

(Sardina pilchardus) and bug (Boops boops), 

characterized by physiological and biochemical 

tests (Stiles and Holzapfel, 1997 and Collins et al. 

1989).  Carbohydrate fermentation reactions were 

recorded by using (API System Biomerieux SA, 

France). They were maintained at -20°C in MRS 

broth with 10% glycerol and enriched twice in MRS 

broth before use. The organisms used for testing 

antagonistic activity were all either spoilage 

bacteria or pathogens (Table 1). 

 
Screening of antagonistic activity 

The spectrum of antimicrobial activity of 

isolated LAB was detected by agar-spot test 

(Schillinger and Lücke, 1987). In this case, colonies 

of the strains were grown on the surface of MRS 

containing 1.5% agar for 24 h at 30 °C. The indicator 

strains, as described in Table 1, were inoculated (1% 

v/v) into 7 ml of soft agar medium (containing 0.7% 

agar) specific for each strain, at a final concentration 

of 105CFU/ml. The soft media were poured on the 

plate where growth of the producers occurred and 

the plates were incubated at the optimal growth 

temperature for the indicator strains, for 24 h. 

Inhibition was recorded positive in presence of a 

detectable clearing zone around the colony of the 

producer strain. 

 

Bcateriocin preparation  
Strains that showed antimicrobial activity 

were investigated for their potential to produce 

bacteriocins as described by Ammor et al. (2005).   

The assay of bacteriocin was carried out as follow; 

the cell-free supernatants (CFS) of LAB were 

adjusted to pH 6.5 using 1M NaOH  to exclude the 

antimicrobial effect of organic acids. Inhibitory 

activity of hydrogen peroxide was eliminated by the 

addition of catalase at a final concentration of 

1mg/ml. Untreated and treated (neutralized and 

neutralized + catalase) CFS placed in the wells were 

allowed to diffuse into the agar for 1 h at room 

temperature. The plates were then incubated at 

37°C in microaerophilic conditions for 24 h. The 

diameter of inhibition zone formed around the 

wells was calculated as the difference between the 

diameter of the total inhibition zone and the 

diameter of the well. The inhibition is noted positive 

if the diameter is superior to 2 mm (Thompson et al. 

1996). 

Effect of enzymes, pH, and temperature on 
bacteriocin activity 

Sterile cell-free supernatants at pH 6.5 

were treated with the following enzymes (0.2 mg 

ml-1): proteinase K (pH 7.0 Sigma USA); trypsin ( pH 

8.2 Merck, Germany ) ; α chymotrypsin (pH 8.0, 

Sigma, USA) ; lipase (pH6 Sigma, USA), α-amylase 

(pH 7, Sigma, USA). All these solutions were filter-

sterilized and then added to supernatants (v/v, 1/1). 

Untreated bacteriocin and enzyme solutions were 

used as controls. All samples and controls were 

incubated at 37°C for 2h. 

The pH and temperature ranges tested 

were chosen based on their usual levels in foods and 

in their processing operations. To determine the 

activity of bacteriocins at different pH levels, sterile 

cell-free supernatants were adjusted with sterile 2N 

NaOH or HCl to different pH values (2.0, 4.0, 6.0, 7.0, 

8.0, 9.0, 10.0 and 12.0) and was incubated at 37°C 

for 2 h. The pH-treated samples were neutralized to 

pH 6.0 before measuring the residual bacteriocin. 

Buffer solutions (100mM) without supernatants 

were used as control  

To evaluate thermostability, aliquots of 

sterile cell-free supernatants were heated to 60°C, 

80°C, 100°C at 15min /30 min, and 121°C/15 min, 

immediately cooled in ice and tested for 

antibacterial activity. The effect of Refrigeration 

temperature (4 °C) and freezing temperature (-20 

°C) on bacteriocin stability was also evaluated. At 

different time interval (every 30 days) the 

bacteriocin were taken from the stored materials 

for detection of antimicrobial activity using well 

diffusion assay. 

In all the cases the residual activity of treated and 

untreated samples was determined against the 
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indicator strain against S.aureus (ATCC25923) by 

using agar well diffusion method. All experiments 

were performed in triplicate. 

 
Results and discussion 
Results 
Screening of antagonistic activity 

38 strains of Lactococcus lactis ssp. lactis, 

were isolated from gastrointestinal tract of coastal 

fish: sardine (Sardina pilchardus) and bug (Boops 

boops). Firstly, these isolates were investigated for 

their antibacterial activity against both Gram 

positive and Gram negative bacteria as shown in 

Table 1.  Thirty two strains showed antimicrobial 

activity   against at least one of the target strain 

(Figure 1). Six strains showed no antibacterial 

activity. 

 
Characterization of the inhibitory agent 
Selected stains were analyzed for their antibacterial 

compounds. The results showed that among the 

isolates that exhibited antagonistic properties 

against target microorganisms, twenty six kept their 

antimicrobial activity in neutralized culture 

supernatants (pH 6.5).  From this group, twenty two 

lost their antimicrobial activity when samples were 

treated with catalase. This explains that the 

inhibition was due to the production of hydrogen 

peroxide. Only four strains of Lactococcus lactis ssp. 

lactis ( Lc 07, Lc 64, Lc 29, Lc 69) kept their 

antibacterial activity against S. aureus in neutralized  

and catalase-treated culture supernatants. Also, 

Addition of proteinase K; trypsin and α-

chymotrypsin stopped their antibacterial activity.   

The other enzymes tested in our study (amylase and 

lipase) did not cause inactivation. This confirmed 

that carbohydrate and lipid moieties if existing were 

not required for the inhibitory activity thereby 

providing further evidence of the proteinaceous 

nature of the substance responsible.  

 
Effect of temperature and pH on the antibacterial 
compound 

The effect of enzymes, pH and heat 

treatments on the activity of the bacteriocin 

produced by Lc 07, Lc 64, Lc 29 and  Lc 69 are 

presented in Table 2. Sterile cell-free supernatants 

of Lc 64 remained stable at pH values between 4.0 

and 10. However sterile cell-free supernatants of 

other strains remained stable at pH values between 

4.0 and 8. In all cases, the antimicrobial activity was 

unaffected by temperature at 60, 80, and 100oC for 

15 and 30 min. Only activity of Lc 29 was detected 

even after autoclaving (Table 2).   The results 

suggest that partial purified bacteriocin is strongly 

heat resistant. Furthermore, the stability of 

bacteriocin were also determined at various storage 

temperature of -200C and 40C.It doesn’t show any 

considerable changes in their activity after 120 

days.  

 
Discussion 

It is well known that LAB species are parts 

of the gut microbiota of finfish (e.g. Ringø and 

Gatesoupe 1998, Campos et al. 2006; Balcázar et al. 

2008, Itoi 2008, Valenzuela  2010, Indira et al.2011 

Merrifield et al. 2014). For this purpose, is 

interesting to note that the presence of these 

bacteria in the intestinal tract of marine fish may 

reflect the high adaptability to various 

environments. 

As cited above, thirty eight allochthonous strains of 

Lactococcus lactis ssp. lactis were isolated from 

gastrointestinal tract of coastal fish: sardine 

(Sardina pilchardus) and bug (Boops boops). They 

were screened for their antagonistic activities 

against indicators microorganisms such Listeria 

innocua, Brochothrix thermophacta, Salmonella sp., 

Staphylococcus aureus, Bacillus cereus, Aeromonas 

hydrophila, Pseudomonas aeuroginosa Escherichia 

coli and Methycilin resistant Staphyococcus aureus 

(MRSA). Thirty two strains showed antimicrobial 

activity   against at least one of the target strain. The 

inhibitory effect, which was observed by the 

formation of clear and distinct zones around the 

wells, may be due to the production of several   

antimicrobial   compounds; organic acids, H2O2 or 

bacteriocins (Corsetti et al. 2004). 
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Table1. Inhibitory spectra Lactococcus lactis ssp. lactis strains exhibiting antimicrobial activity 

       – =no antimicrobial activity; + = inhibition zone < 10 mm (the smallest inhibition zone was 4mm); ++ = inhibition zone > 11 mm; 

       +++ =   inhibition zone > 20 mm. 

 
Table 2. Effect of enzymes, pH and temperature on antibacterial activity 

 Treatment  Lc07 Lc64 Lc29 Lc69 

Enzyme α -Chymotrypsin 

proteinase K  

trypsin 

Lipase 

amylase 

Catalase 

- 

- 

- 

+ 

+ 

+ 

- 

- 

- 

+ 

+ 

+ 

- 

- 

- 

+ 

+ 

+ 

 

- 

- 

- 

+ 

+ 

+ 

pH  4-8 4-10 4-8 4-8 

Heat 
treatment 

60,80,100°C /15min 

60,80,100°C /30min 

121°C/15min 

+ 

+ 

- 

+ 

+ 

- 

+ 

+ 

+ 

+ 

+ 

- 

 
Four strains ( Lc 07, Lc 64, Lc 29, Lc 69)  have 

exhibited inhibition zones for neutralized culture 

supernatants and catalase treated supernatants. 

Results from enzyme inactivation studies confirmed 

that antimicrobial activity was lost after treatment 

with the proteolytic enzymes like proteinase K; 

trypsin and α-chymotrypsin, whereas treatment 

with lipase and α-amylase , did not affect the 

activity of antimicrobial substance produced by the 

test isolates. The destruction of the antimicrobial 

activity by proteases suggested that this compound 

could be a peptide or bacteriocin-like inhibitory 

substances (BLIS). These results were comparable to 

those obtained by Ayad et al. (2002), Campos et al. 

(2006), Vescovo et al. (2006) and Díaz-Ruiz et al. 

(2012).  

bacteriocins from LAB usually are 

ineffective against Gram-negative bacteria and 

rather relate to a narrow antimicrobial spectrum 

(Cleveland et al. 2001), both presumptive 

bacteriocins Lc 64 and Lc 69 showed broad 

antimicrobial activity against several genera of 

Gram-positive and Gram-negative bacteria. These 

results were comparable to those obtained by 

Ghanbari et al. (2013). Recent studies have shown 

that several marine bacteria may produce inhibitory 

substances against bacterial pathogens in 

aquaculture systems (Indira et al. 2011). Hence the 

use of such bacteria releasing antimicrobial 

substances in now gaining importance in fish 

farming as probiotics or as antibiotics in the seafood 

industry (Verschuere et al. 2000, Galvez et al.2008; 

García et al. 2012; Pilet and Leroi 2011). All 

supernatants were stable to heat treatment and to 

a wide range of pH values. These results are in 

agreement with (Bromberg et al. 2005, Tuncer and 

Ozden 2010). This stability could be exploited in 

biopreservation of acid and non-acid foods. Also, 

they were stable at low temperatures. this property 

could be used as a potential barrier to inhibit the 

growth of psychrotrophic or mesophilic spoilage 

and foodborne pathogens, such as Brochothrix 

thermosphacta, L. monocytogenes, S. aureus, B. 

 Lc 07 Lc 64 Lc 29 Lc 69 

Listeria innocua (LRSE 12) +++ + ++ ++ 

Brochothrix thermophacta (LRSE58) ++ ++ ++ ++ 

Salmonella sp (LRSE 05) ++ ++ - + 

Staphylococcus aureus ++ ++ ++ +++ 

Bacillus cereus (LRSE 01) - +++ ++ ++ 

Aeromonas hydrophila (LRSE 04) ++ ++ _ ++ 

Pseudomonas aeuroginosa (ATCC27853) _ +++ ++ + 

Escherichia coli (ATCC25922) _ ++ + ++ 

Staphyococcus aureus (MRSA) (LRSE41) ++ ++ +++ +++ 
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cereus, and Clostridium perfringens frequently 

found in foods stored under refrigeration. 

 
Conclusion 

The results obtained in this study revealed 

that LAB strains derived from marine fish possess 

potentially important properties. Selected strains in 

this study , might be valuable for practical 

application as starter, adjunct and protective 

cultures or as source of bacteriocin, providing 

future scope for the biopreservation of food  

products.  
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