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Abstract  

Background: Lactic acid bacteria (LAB) are generally found in nutrient-rich environments such as milk, dairy 

products, meat, vegetables, and fruits. The functions of LAB depend upon the sufficient number of bacteria 

being available in the intestines, and the actions of these bacteria are generally species and strain-specific. 

The challenges encountered in identifying and classifying lactic acid bacteria have complicated the research 

process. Despite encountered challenges, various benefits of lactic acid bacteria have been identified. The 

current study aimed to isolate and characterize indigenous LAB bacteriocins producers from local food 

sources using morphological, biochemical, and molecular methods.  

Methodology: One thousand indigenous LAB were isolated and screened from local fresh and fermented 

foods in Karachi's retail markets for three years. 46 LAB isolates exhibited inhibitory activity against other 

LAB and non-LAB gram-positive bacteria in broth medium. Three of forty-six isolates were selected for 

further study of the nature and production of the inhibitory substance based on production in broth, 

bacteriocin nature of the substance, and relatively wide antibacterial spectrum. 

Results: The three indigenous LAB producers were identified as Lactococci based on microscopy, catalase, 

biochemical and molecular characterization. Bacteriocin of the isolate C130 was heat tolerant at 100°C and 

produced during the late logarithmic phase of growth. There is still a need for investigation to identify the 

role of LAB, which might help prevent certain chronic illnesses and infections. Most beneficial impacts are 

known in constipation, hypocholesterolemic effects, urogenital infections, and colon cancer.   

Conclusion: L. lactis C130 was found to be a thermostable bacteriocin producer with a fair antibacterial 

spectrum against various food spoilage. 
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Introduction 

Lactic acid bacteria (LAB) is a group of Gram-

positive cocci or bacilli, catalase-negative, non-

sporing, and produced lactic acid by fermentation 

of carbohydrate1. This LAB group consists of 

several genera, including Lactococcus, 

Lactobacillus, Leuconostoc, Enterococcus, 

Carnobacterium, Aerococcus, Pediococcus, 

Oenococcus, Streptococcus, Tetragonococcus, 

Vagococcus, and Weisellacoccus2. Apart from 

carbohydrate fermentation, LAB can break down 

proteins and fats present in food and helps in good 

absorption of food that's LAB also behave like 

probiotics3. LAB, in fermented foods, are generally 

regarded as safe (GRAS) bacteria4. Their metabolic 

end products are responsible for flavor, aroma, and 

texture and also improve the shelf life of these 

products as humans have consumed these 

metabolites for many centuries without any 

adverse effects. These products in the fermentation 

industry include lactic acid, acetic acid, diacetyl, 

hydrogen peroxide, and many other volatile 

compounds5. These products are responsible for 

the active inhibition of spoilage and pathogenic 

bacteria in traditional fermented foods 

worldwide6,7. Another active inhibitory compound 

of LAB is bacteriocin, identified as ribosomally 

synthesized proteins/peptide substances produced 

by bacteria that kill or inhibit the growth of other 

closely related bacteria8. 

 

It is estimated that most bacteria produce some 

kind of BLIS9. BLIS differs from antibiotics by having 

spectra of antimicrobial activity against various 

microorganisms10. Bacteriocins of LAB are classified 

into four classes based on their structure and 

genetic characteristics. Class, I bacteriocins are also 

called lantibiotics; they are small, heat-stable 

peptides. Class II bacteriocins are non-lanthionine, 

heat stable, small peptides. Class III bacteriocins are 

large heat-labile proteins, and class IV bacteriocins 

are complex heat-labile protein conjugates11,12. 

Bacteriocins of LAB are important in the food 

fermentation industry because LAB starters can 

produce these bacteriocins in situ. Moreover, their 

purified or semi-purified bacteriocins are added to 

food as preservatives13.  

 

Nysain A/Z and pediocin 1 are commercial 

bacteriocins approved as food additives and are 

used in most foods14. LAB bacteriocins, being 

protein in nature, can be degraded by proteases of 

the gastrointestinal tract and are therefore 

believed to be safe for human consumption15. 

Bacteriocin production in LAB is influenced by 

many environmental factors such as temperature, 

pH, and nutrients16. Bacteriocin production in 

culture shows mixed metabolic kinetics, and it is 

reported to be produced in exponential and 

stationary phases of growth17. They are also 

important metabolites that are used in food 

preservation as well as in healthcare18,19.  

 

This study aims to isolate and characterize 

indigenous LAB bacteriocins producers from local 

food sources using morphological, biochemical, 

and molecular methods. After these 

characterizations, these LAB isolates become a 

potential culture for lactic acid starter culture in 

food and dairy. 

 

Methodology  

Different food samples, including vegetables, raw 

milk, yogurt, and cheese, were purchased from 

local retail markets in Karachi. These food samples 

were screened over three years to isolate 

indigenous lactic acid bacteria. 

 

Determination of CFU/g or CFU/ml  

of food sample 

Indigenous LAB was isolated from each sample, as 

shown in Table 1. The isolate was purified by MRS20 

agar plate streaking, inoculation in MRS broth, 

microscopy, Gram reaction, and catalase 

production.  
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Table 1 (a): Overall production of Bacteriocin Inhibitory substances from  

indigenous LAB isolates. 

Sample 
Number of BLIS producing 

LAB isolates produced Z.O.I 

Production of BLIS  in 

broth by Z.O.I producers 

LAB isolates 

Bacteriocin producers 

/ BLIS producers 

Vegetable 60 15 02/15 

Raw Milk 40 9 02/09 

Yogurt 80 7 02/07 

Cheese 100 15 05/15 
*All LAB Isolates Were Gram’s Reaction Positive and Catalase Negative; C.F.S. = Cell-Free Supernatant, Protease-

Sensitive, Acid Neutralized; Z.O.I. = Zone Of Inhibition 

 

Table 1(b): Indigenous Lactic Acid Bacteria Bacteriocin producers from food/dairy sources with 

their spectrum of activity. 

Bacteriocin 

Producers from 

food/dairy sources 

LAB  

Genus 

Activity 

Spectrum 

Percentage Bacteriocin 

producers (bacteriocin 

producers/BLIS producers) 

V63 Lactobacilli Narrow 13.33(02/15) 

V79 Lactobacilli Narrow 13.33(02/15) 

M132 Lactococci Narrow 22.22(02/09) 

M158 Lactococci Narrow 22.22(02/09) 

Y54 Lactobacilli Narrow 28.57(02/07) 

Y71 Lactococci Narrow 28.57(02/07) 

C27 Lactococci Wide 33.33(05/15) 

C100 Lactococci Narrow 33.33(05/15) 

C130 Lactococci Wide 33.33(05/15) 

C236 Lactococci Wide 33.33(05/15) 

C240 Lactobacilli Narrow 33.33(05/15) 

Bacteriocin Producers: V= vegetable isolate, M= Milk isolate, Y= Yogurt isolate, C= Cheese isolate 

 
Isolation of inhibitor-producing LAB 

To determine bacteriocin activity of indigenous 

LAB21 antagonistic assays were performed using 

Lactococcus lactis and Lactobacillus casei as 

indicators. A total of one thousand Indigenous LAB 

isolates from all of the four samples (250 from each 

sample, i.e., vegetable, milk, yogurt, and cheese) 

were randomly picked and transferred to freshly 

prepared MRS agar plates and incubated overnight 

at 30°C. 6 ml of MRS agar containing a fresh culture 

of the indicator was poured over the agar plate. 

The plate was further incubated overnight at 30°C 

and observed for a zone of inhibition. 

 

Production of Inhibitory Activity in broth 

Purified inhibitor-producing isolates from the solid 

plate were inoculated in 100 ml MRS broth for 24 h 

at 30°C to produce the inhibitory substance.  

Preparation of cell-free supernate (CFS) 

24 h broth culture of inhibitor producer were 

centrifuged at 10,000 rpm for 10 minutes; the 

supernate was filter-sterilized using a 0.22 µm filter. 

It was adjusted to pH 6.5 using 1M NaOH. 

 

Spot–on–lawn technique  

This technique was used to check the inhibitory 

Activity of CFS22. CFS was spotted on the agar 

surface containing fresh indicator lawn and 

incubated at 30°C overnight for inhibition zone 

production. 

 

Sensitivity of inhibitory activity to protease 

1 ml mixture of CFS with proteinase K (Sigma) 1 

mg/ml was incubated at 37°C for 3 hrs. Then CFS 

was checked for arbitrary units AU/ml, compared 

to control CFS with no protease treatment. 
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Bacteriocin Bioassay  

Critical dilution method23 was used to measure 

AU/ml in CFS. Two-fold serial dilution of CFS was 

checked for inhibition zones as described above. 

Bacteriocin activity was calculated based on the 

formula; AU ml-1= 2n × 1000/20 (where n is the 

number of times dilution is made). 

 

Temperature stability tests of  

bacteriocin preparations 

3 ml CFS, at pH 6.5 of bacteriocin producers, were 

treated at 50oC, 60oC, 70oC, 80oC, and 100oC (water 

bath) for different time intervals.  After cooling, AU 

ml-1 of bacteriocin was determined as compared to 

control CFS (no heat treatment) given in Table 2.

Table 2: Effect of Protease, heat treatment, and pH on the activity of bacteriocins 
of selected LAB producers. 

Variables  
Residual Activity in Arbitrary Units/ml 

C-27 C-130 C-236 

Protease  0 0 0 

Heat for 30 min 

50ºC 800 1600 800 

60ºC 800 1600 0 

80ºC 0 800 0 

100ºC 0 400 0 

pH for 8 h 

2 1600 1600 1600 

4 1600 1600 1600 

5 1600 1600 1600 

6 1600 1600 1600 

7 1600 1600 1600 

8 0 400 0 

9 0 0 0 

Control (No treatment)  1600 1600 1600 

 

Table 3: Inhibitory spectrum of bacteriocin producers. 
Indicators 

  

Bacteriocin Producers 

C-27 C-130 C-236 

Lactococcus lactis ++ ++ ++ 

Lactobacillus casei - - - 

Bacillus cereus - ++ - 

Corynebacterium hofmanii ++ ++ + 

Staphylococcus aureus + ++ + 

Streptococcus faecalis + + - 

Micrococcus flavus ++ ++ ++ 

Escherichia coli - - - 

Pseudomonas aeruginosa - - - 

Salmonella typhi - - - 

(+) Less activity, (++) More activity, (-) No activity 

 

pH stability 

the pH of CFS of bacteriocin producers was set in the range of 2 to 9 by 2M HCl or NaOH solution. After 24 h 

at room temperature, pH was changed to 6.5, and AU/ml was determined compared to control CFS (no pH 

treatment). 
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Determination of bacteriocin  

inhibitory spectrum  

Different food spoilage bacteria and foodborne 

pathogens (Table 3) were used to check the 

spectrum of bacteriocin inhibition present in CFS. 

Tryptone soy agar (Oxoid) was used to grow non-

LAB bacteria. 

 

Physiological & biochemical characterization 

of bacteriocin-producing strain 

Carbohydrate fermentation profiles and 

biochemical characteristics of bacteriocin 

producers LAB were determined using API 20 Strep 

for lactococci, streptococci, and enterococci 

(Biomerieux, France), according to the 

manufacturer's protocol. 

 

Genetic identification of bacteriocin-

producing LAB strains 

Molecular identification of LAB strains was carried 

out by PCR with species-specific primers, listed 

below, using Lactococcus lactis as a reference 

organism with gene bank accession number ‘FJ       

795655’. Three sets of primers used in this study 

are:  

F1:AATTTGAAGAGCAGCGAACGGGTG;  

F2:ACGTTGGTGAGAGTGGAAAGCTCA;   

F3:AGCGTTGTCCGGATTTATTG;  

R1:ATGTATCATCGCCTTGGTGAGCCT;  

R2:AACGTTCTTCTCACCAAC;  

R3:TGCCGTTAGCTGCGATACAGAGAA;  

with denaturation temperature 94oC for 4 mins for 

1st cycle than for 1 min for 35 cycles, annealing 

temperature 56oC for 1 min, extension temperature 

72oC for 1 min, last extension for 5 mins and then 

hold at 4oC. 25 µl PCR reactions were prepared 

using a Green GoTaq master mix kit (Promega) 

according to manufacture protocols. 5 µl PCR 

products were then analyzed by 1% agarose gel 

electrophoresis. 

 

Bacteriocin production during growth 

One liter of MRS broth was inoculated with a 2% 

v/v overnight culture of C130 and incubated at 

30°C. The growth was measured turbidometrically 

at 30°C. Aliquots (3ml) were collected from 

cultured broth at several time points for growth 

(OD 600 nm) and bacteriocin (in CFS). 

Results  

Lactic acid bacterial flora of the food samples 

All of these LAB were gram-positive, catalase-

negative, non-sporing lactococci, and bacilli (Table 

1a and 1b) present in all four food sample groups. 

250 LAB isolates from each sample were randomly 

picked to give a pool of 1000 indigenous LAB 

isolates. 

 

Bacteriocin-like inhibitory substance 

screening 

Food samples screened one thousand indigenous 

LAB isolates for BLIS (bacteriocin-like inhibitor 

substances) activity. From this pool of 1000 LAB, 

280 isolates showed antagonistic activity by a 

different method in a solid medium. 46 isolates also 

showed antibacterial activity in broth, as indicated 

by pH-neutralized cell-free supernates. Eleven of 

these broth producers lost their activity after 

protease treatment, confirming the bacteriocin 

nature of the inhibitory substance. 

 

Identification of Baccteriocin-producing LAB 

The identification of bacteriocin-producing LAB 

isolates C27, C130 and C236 were carried out by 

API 20 STREP, and the strain was identified as 

Lactococcus lactis (Table 3). The identification of 

strain C130 was confirmed using the 16s rRNA 

targeted PCR method. Approximately 1500 bp PCR 

amplification product indicated the presence of L. 

lactis; Figure 3 shows PCR-based identification. 

 

Antimicrobial spectrum of bacteriocins 

The CFS of C27, C130, and C236 were tested 

against different food spoilage and pathogenic 

bacteria (Table 3). None of the bacteriocins 

inhibited gram-negative bacteria, and all of them 

were active against gram-positive bacteria, 

including Staphylococcus aureus. C130 showed a 

fair spectrum against B. cereus (Table 4). 

 

Thermal and pH stability of bacteriocins 

Bacteriocin of strain C130 was found to be 

thermostable even after 10 minutes of treatment at 

100ºC (Table 2). All three bacteriocins reported in 

this study were found to be most active at acidic 

pH when checked in a pH range of 2 to 9 (Table 2). 
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Determination of strain L. lactic C130 growth 

for maximum bacteriocin production 

Bacteriocin production during the growth of C130 

was monitored for 48 hours. The culture started to 

produce bacteriocin during late logarithmic growth 

and reached a peak in the stationary phase. 

 

Table 4: Bacteriocin production of strain C-130 with time-course experiment versus  

optical density with bacteriocin activity (AU/ml). 

Time (hours) Bacteriocin AU/ml Optical density 

0 0 0.05 

2 0 0.0729 

3 0 0.128 

4 0 0.21 

5 0 0.3075 

6 0 0.4075 

7 0 0.5117 

8 100 0.62 

9 100 0.8114 

10 100 0.9498 

11 200 1.2374 

12 200 1.6257 

13 400 1.6258 

14 400 1.6258 

24 800 1.626 

32 1600 1.627 

48 800 1.6255 

 

Discussion 

In this study, we reported the presence and activity 

of lactic acid bacteria in fresh vegetables, raw milk, 

and fermented dairy products with high frequency. 

These LAB isolates, if characterized, may serve as 

good starters for industrial lactic acid fermentation 

processes. 28% of these LAB isolates exhibited 

inhibitory activity in a solid medium as judged by a 

deferred antagonistic assay.      

 

Several other workers had also reported 

bacteriocin-like inhibitory activity producing LAB 

from various food sources24,25. This inhibitory 

activity in a solid medium may be due to the 

combined activity of bacteriocins and other 

fermentation end products of LAB, such as organic 

acids, diacetyl, aldehyde, and hydrogen peroxide26. 

5% of LAB produced inhibitory activity in broth and 

agar, as shown by acid-neutralized CFS activity. 

Inhibitory substance production in broth depends 

upon the density and growth phase of the 

producer27. Many reports on bacteriocins are 

produced only in solid media28-30.  

 

Protease sensitivity is a key criterion for 

establishing the bacteriocin nature of inhibitory 

substances31. About 1% of our indigenous LAB 

isolates were found to lose their inhibitory activity 

after protease treatment, establishing the 

confirmation of its bacteriocin nature. Another 

important characteristic of LAB bacteriocin is their 

narrow antibacterial spectrum, usually active 

against Gram-positive bacteria32. Results of this 

study of the antibacterial spectrum also confirm the 

finding. Three LAB isolates showed activity against 

various food spoilage and foodborne bacteria, 

including Staphylococcus aureus. These three LAB 

isolates were labeled Lactococcus lactis by API 20S 

(low discrimination).  
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Molecular characterization of L. lactis C130 was 

performed by PCR using special primers for 16Sr 

RNA amplification. The amplified product of 1500 

bp indicates the presence of the L. lactis genome 

in C130, confirming API identity.  

 

Bacteriocin of L. lactis C130 was found to be 

thermostable and retained activity after ten 

minutes at 100°C. The CFS of all three strains 

retained bacteriocin activity after storage at 4°C for 

30 days (results not shown). There are other reports 

of heat-stable bacteriocins of LAB in literature33,34. 

Heat stability of bacteriocin is a good feature 

during food preservation35. Bacteriocins of L. lactis 

C130, C27, and C236 were stable and active at 

acidic pH. Other researchers34 also report this result 

in increased bacteriocin activity during acidic pH. 

Acidic pH stability of bacteriocins makes them 

useful preservatives in fermented foods35. In this 

study, the growth of heat-stable bacteriocin 

producing L. lactis C130 was measured 

spectrophotometrically for maximum bacteriocin 

production in MRS broth at 30°C without pH 

control. Maximum bacteriocin activity was found 

during the late exponential and stationary phase. 

Many reports in the literature describe bacteriocin 

production in LAB as an inducible characteristic 

that depends upon the cell density of culture as 

well as physical and nutritional factors34,35. 

 

The major limitation of the study was that we were 

unable to purify the crude BLIS. Hence a more 

efficient way of work than the existing 

recommended protocols to purify the crude BLIS 

must be designed.  

   

Conclusion 

In this study, we report the screening of food and 

dairy samples for isolation of indigenous LAB that 

was bacteriocin producers. After phenotypic and 

molecular characterization, L. lactis C 130 was 

found to be a bacteriocin producer. It produced a 

thermostable bacteriocin with a fair antibacterial 

spectrum against various food spoilage and 

pathogenic gram-positive bacteria. The bacteriocin 

was produced during the late exponential growth 

of L. lactis C130, reaching a peak during the 

stationary phase. Further work is needed to gain 

more information about bacteriocin production 

and applications. 
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