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Abstract 

Lactic acid bacteria such as lactobacilli are well known to produce a large number of metabolic by-products such 

as organic acids (like lactic acid, acetic acids etc), H2O2, diacetyl and bacteriocins. Bacteriocins are proteinaceous 

in nature and play important role in combating pathogenic micro organisms. Present investigation is focused to 

study the effect of different parameters such as pH, incubation temperature and initial NaCl concentration on 

bacteriocin production. For this purpose previously isolated and identified camel milk lactobacilli isolates 

Lactobacillus fermentum CM 36 (LTZ95042) and Lactobacillus plantarum CM 114 (LS992102) were utilized. 

Production of bacteriocin and effect of parameters such as incubation temperature (30°C, 37°C and 45°C), initial 

pH (4.0, 7.0 and 9.0) and varying salt (NaCl) concentration (1%, 2% and 3%) on bacteriocin production was 

determined by using micro dilution method (Daba et al., 1991). Bacteriocin production was measured and 

represented in the form of arbitrary unit per ml (AU/ml). L. fermentum CM 36 showed maximum bacteriocin 

titre in MRS broth with incubation temperature 37°C, initial pH 7 without addition of NaCl. On the contrary, L. 

plantarum CM 114 showed optimum bacteriocin titre in MRS broth at incubation temperature 37°C with initial 

pH 4 and 7, and 1 and 2% NaCl supplemented in MRS broth. Above mentioned camel milk isolates were proven 

to have a potential probiotic qualities and study of optimum conditions for enhanced bacteriocin production can 

play essential role in large scale/ commercial level production. 
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Introduction 

Lactic acid bacteria (LAB) are prominent microflora utilized in fermented food products. LAB such as 

lactobacilli produces bacteriocins- are a group of proteinaceous antimicrobial substance inhibits the growth of 

similar or closely related bacterial strains either in the same species or across genera. Bacteriocins produced by 

LAB mostly inhibit bacteria by pore forming in cell membrane and by disrupting the proton motive force. Mode 

of action for different types of bacteriocin [1, 2]. Bacteriocins produced by LAB possess great potential in 

biotechnological applications as they are easy to produce, non-toxic to humans, shows stability at low pH and 

shows sensitivity to proteases [3]. The bacteriocin producing bacteria are considered as a promising natural food 

preservative, regarding the great distrust of the consumer against food additives such as chemical preservatives 

used to increase the shelf life of certain food and the use of heat treatment which deteriorate the nutritional and 

organoleptic properties of heat sensitive food. For enhancing the food safety and extend shelf life, use of 

antagonistic microorganisms or their products produced during metabolism to destroy or inhibit the growth of 

undesirable microorganisms is referred as preservation [4-6]. Various factors can influence bacteriocin production 

such as pH, temperature and presence of different salts in the growth medium. Effect of initial pH and incubation 

temperature are vastly covered. Camel milk possess large number of beneficial lactobacilli and the selection of 

strain from dairy ecosystem other than cow milk may provide a chance to obtain strains with unique 

characteristics to be used as bio preservative. Present investigation is focused on finding the adequate conditions 

for bacteriocin production by promising lactobacilli isolate with potent antibacterial activity and probiotic 

potential. 

 

Materials and Methods 

1. Test cultures 

To study the production and effect of different parameters on bacteriocin production, two previously isolated and 

identified camel milk lactobacilli isolates Lactobacillus fermentum CM 36 (LTZ95042) and Lactobacillus 

plantarum CM 114 (LS992102) were utilized. 

 

2. Production of bacteriocin 

Bacteriocin activity was determined by dilution method [7] with some modifications. The isolated strains were 

propagated in MRS broth (10ml) seeded with 10% inoculum (108 CFU/ml) of overnight culture and incubated at 
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37°C. After centrifugation (8,000 g) of samples at 4°C for 15 min, the supernatant was filter-sterilized (0.22 µm, 

Millex-GV filter, Millipore). 

Bacteriocin activity was calculated as follows: serial two-fold dilutions of the supernatant were made in 125 µl 

volumes of nutrient broth in a 96-well micro titer plate. Well was then inoculated with 50 µl of 100-fold diluted 

culture of the indicator strain grown overnight. The micro titer plate was then incubated at 37°C for 16 h. 

Bacteriocin activity was expressed as arbitrary unit per ml (AU/ml) and calculated using following formula: 

 

 
 

HD here represents the highest dilution that allowed no growth of the indicator strain. Optical density (OD) was 

take at 600nm using a spectrophotometer for the determination of bacterial growth 

 

3. Effect of various factors on bacteriocin production by lactobacilli 

The factors like incubation temperature, initial pH and saline conditions which were expected to influence the 

production of bacteriocin by the selected strains were optimized by selecting one parameter at a time. 

Experiment was performed in duplicate sets and readings were taken using Microtitre plate reader 

spectrophotometer at 600nm.  

 

Temperature: The effect of different temperatures (30°C, 37°C and 45°C) on bacteriocin production was tested 

for 24 h using MRS broth at an initial pH of 6.8 without agitation. Bacteriocin production (AU/ml) was 

calculated using the formula as described in previous section. 

 

pH: The effect of initial pH of medium on bacteriocin production was tested at 37°C for 24 h. MRS broth were 

adjusted to three different pH i.e. 4.0, 7.0 and 9.0 by using 6M HCl or 1M NaOH and then autoclaved. 

Bacteriocin production (AU/ml) was calculated using the formula as described in previous section. 

 

Salt concentration: NaCl at various concentrations 1%, 2% and 3% were added to MRS broth at an initial pH of 

7.0 and then autoclaved. Bacteriocin production (AU/ml) was calculated using the formula as described in 

previous section. 

 

Results 

Production of bacteriocin and selection of indicator organism 

Selection of indicator organism was done by determining the bacteriocin titre of the cell free supernatant 

neutralized with 1 N NaOH of all Lactobacillus isolates against indicator organisms. 

Lactobacillus fermentum CM 36 and Lactobacillus plantarum CM 114 produced maximum bacteriocin activity 

2048 and 512 AU/ml against B. cereus respectively. L. fermentum CM 36 and L. plantarum CM 114 produced 

maximum bacteriocin activity 4096 and 1024 AU/ml against B. subtilis respectively. L. fermentum CM 36 and L. 

plantarum CM 114 produced maximum bacteriocin activity 4096, 512 AU/ml against E. coli respectively. 

On the basis of maximum sensitivity against Lactobacillus isolates, E. coli was found to be most effective test 

organism and was further used as test organism for studying the effect of pH, temperature and salt on bacteriocin 

production. 

 

Factors affecting the production of bacteriocin 

The effect of various factors such as incubation temperature, initial pH and salt concentration on bacteriocin 

production by Lactobacillus isolates namely Lactobacillus fermentum CM 36 and Lactobacillus plantarum CM 

114 was studied. In each set up, effect of incubation temperature, initial pH and NaCl concentration was 

determined on bacteriocin titer in terms of activity unit (AU/ml) was measured after 16 h of incubation. For each 

experiment two replicates (microtitre plates) were prepared. 

Three different incubation temperatures i.e. 30°C, 37°C and 45°C were used in the study and bacteriocin titre in 

terms of AU/ml was determined. The bacteriocin titre produced by lactobacilli isolates against E.coli varied from 

64 to 4096 AU/ml. At 30°C, maximum bacteriocin titre was observed for L. fermentum CM 36 was 512 AU/ml 

followed by L. plantarum CM 114 with 256AU/ml. At 37°C incubation temperature, higher bacteriocin titre then 

30°C was observed for the lactobacilli isolates. Highest bacteriocin titre was observed in L. fermentum CM 36 

i.e. 4096 AU/ml followed by 512 AU/ml for L. plantarum CM 114 respectively. At 45°C incubation 

temperature, sharp decline in bacteriocin titre of all the lactobacilli was observed. Highest bacteriocin titre was 

observed for L. fermentum CM 36 i.e. 512AU/ml, followed by 128 AU/ml for L. plantarum CM 114 The data for 

the same is presented in Fig. 1. Among the three incubation temperatures, best bacteriocin titre was observed at 

incubation temperature 37°C therefore for further experiments 37°C was used. 

Three different initial pH i.e. 4, 7 and 9 were maintained and bacteriocin production in the terms of bacteriocin 

titre was determined. At pH 4, 512 AU/ml bacteriocin titre was observed for both L. fermentum CM 36 and L. 

plantarum CM 114. At pH 7, maximum bacteriocin titre 4096 AU/ml was observed for L. fermentum CM 36, 

512 AU/ml for L. plantarum CM 114. At initial pH 9, sharp decline was observed, 128 AU/ml bacteriocin titre 

for L. fermentum CM 36 and 64 AU/ml was observed for L. plantarum CM 114. The data for the same is 
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presented in Fig. 2. Among the three pH, best bacteriocin titre was observed at pH 7 therefore for further 

experiments pH 7 was used. 

Three different salt (NaCl) concentrations were maintained and bacteriocin production in terms of bacteriocin 

titre was determined. At 1% NaCl concentration, maximum 1024AU/ml was observed for L. fermentum CM 36 

followed by 512 AU/ml for L. plantarum CM 114. At 2% and 3% NaCl salt concentration bacteriocin titre seems 

to decline as concentration increases. At 2% NaCl concentration bacteriocin titre 512 AU/ml was showed by 

both lactobacilli isolates. And at 3% NaCl concentration highest bacteriocin titre 512 AU/ml was observed for L. 

fermentum CM 36, followed by 256AU/ml by L. plantarum CM 114.The data for the same is presented in Fig. 3. 

 

 
 

Fig 1: Effect of incubation temperature of MRS medium on bacteriocin production by Lactobacillus isolates 

after 16 h of incubation period against E. coli 

 

 
 

Fig 2: Effect of initial pH of MRS medium on bacteriocin production by Lactobacillus isolates at 37˚C after 16 h 

of incubation period against E. coli 

 

 
 

Fig 3: Effect of supplementation of sodium chloride in MRS medium on bacteriocin production by Lactobacillus 

isolates at 37˚C after 16 h of incubation period against E. coli 
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Discussion 
In present investigation, the effect of various factors such as incubation temperature (30°C, 37°C and 45°C), 

initial pH (4, 7 and 9) and salt (NaCl) concentration (1%, 2% and 3%) on bacteriocin production by 

Lactobacillus strains namely Lactobacillus fermentum CM 36 and Lactobacillus plantarum CM 114 in MRS 

medium was studied against E.coli as indicator organism. Both the Lactobacillus strains, L. fermentum CM 36 

and L. plantarum CM 114 showed higher bacteriocin titre in MRS medium (pH 6.8) at 37°C after 16 h of 

incubation against E.coli (Fig. 1). Mohankumar and Murugalatha [8] studied the effect of incubation temperature 

on bacteriocin production from lactobacilli isolated from raw cattle milk sample and reported that maximum 

bacteriocin production was observed 37°C after 24h of incubation period. The results of present study were in 

agreement with the above mentioned studies as maximum bacteriocin production by isolates was observed 

at37°C. Wayah and Philip [9] studied the bacteriocin production from Lactobacillus pentosus. They explained 

that Lactobacillus sp. grows faster at 37°C as it is the optimum temperature for growth and hence maximum 

bacteriocin production was observed at 37°C. This can be a possible explanation for the findings of the present 

investigation.  

The Lactobacillus strains, L. fermentum CM 36 showed significantly higher bacteriocin titre in MRS medium 

with initial pH adjusted to 7 at 37°C after 16 h of incubation against E. coli (Fig. 2). Optimum pH for bacteriocin 

production is observed to be between 6.0 and 7.0 [10]. Sure et al. [11] studied the pH optimization for bacteriocin 

production by Lactobacillus viridescence and reported highest bacteriocin production at pH 7 and also reported 

considerable decrease at both acidic and alkaline pH at 37°C after 48 h of incubation period. The results of 

present study are in agreement with above mentioned report as maximum bacteriocin production by the isolate 

was observed at pH 7. Although the findings in the case of Lactobacillus plantarum CM114 are in contrast as 

512 AU/ml bacteriocin titre was observed for both pH 4 and 7. Goncalves et al. [12] explained the reason for low 

bacteriocin production at initial pH 4 that low pH conditions induce low growth likely to be caused by limitation 

in cytoplasmic process (acidification of cytoplasm and collapse of motive force of cell). They further mentioned 

that nutrient transport is also a pH dependent process, at low pH nutrient transport gets affected which affects the 

growth rate hence bacteriocin production gets affected. This may be the probable reason for the low bacteriocin 

production by the isolates at pH 4 in the present study. 

Addition of salt in MRS medium negatively impacted the bacteriocin production in all the Lactobacillus strains. 

All the Lactobacillus strains showed decreased bacteriocin titre in all concentrations of NaCl (1%, 2% and 3%) 

supplemented in MRS medium with initial pH 7 at 37°C after 16 h of incubation against E. coli (Fig. 3). Forhad 

et al. [13] studied the effect of increasing concentration of NaCl on growth and bacteriocin production by 

Lactobacillus spp. and concluded that as salt concentration increased from 1% to 10% growth and bacteriocin 

production was affected negatively. Verluyten et al. [14] studied the effect of NaCl on bacteriocin production by 

Lactobacillus curvatus and they explained that the inhibition of the bacteriocin production in presence of salt 

was mainly due to the role of NaCl as lowering agent, which reduces the aw (water activity) and in turn affects 

the bacteriocin production. This may be the possible reason for inhibition of bacteriocin production even at low 

concentration. 

 

Conclusion 

Among the natural antimicrobial substances bacteriocin have gained rapid interest in recent years. The 

proteinaceous biomolecules bacteriocins with antimicrobial properties can act as replacements of chemical 

preservatives and antibiotics in near future. Both the strains showed demonstrable probiotic attributes such as 

antibacterial activity due to bacteriocin production, bile tolerance and antibiotic resistance and showed high 

bacteriocin titre in MRS medium adjusted to initial pH 7 at 37˚C after 16 h incubation period against Escherichia 

coli. It may be concluded that, bacteriocins produced by L. fermentum CM 36 and L. plantarum CM 114 isolates 

can be used as promising biopreservatives. 
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