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Abstract: The growing emergence of antibiotic-resistant microorganisms has intensified the search 

for alternative antimicrobial agents. Bacteriocins, proteinaceous compounds synthesized by bacteria, 

have attracted considerable attention because of their antimicrobial properties and potential 

applications in food preservation and therapeutics. The present study aimed to isolate bacteriocin-

producing bacteria from diverse environmental sources and identify isolates exhibiting broad-

spectrum antibacterial activity. A total of 275 bacterial isolates were recovered from dairy products, 

food and vegetable waste, polluted river water, industrial waste, and garden soil. Initial screening 

using agar spot assay identified 69 isolates with antimicrobial activity, while agar well diffusion assay 

confirmed 48 isolates as bacteriocin producers. Among these, three isolates (28D1, 12VW1, and 

10HR1) demonstrated broad-spectrum inhibitory activity against multiple indicator bacteria. Isolate 

28D1 exhibited the widest antimicrobial spectrum, inhibiting both Gram-positive and Gram-negative 

bacteria, including Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus, Listeria 

monocytogenes, Bacillus cereus, and Pseudomonas fluorescens. Biochemical characterization 

suggested that isolate 28D1 belonged to the genus Lactobacillus. Molecular identification through 16S 

rRNA gene sequencing confirmed the isolate as Lactobacillus fermentum 28D1 with 99.47% sequence 

similarity to reference strains. The bacteriocin produced by L. fermentum 28D1 exhibited broad-

spectrum antibacterial activity but showed no inhibitory effect against yeast and mould species. The 

findings highlight the potential of L. fermentum 28D1 as a promising source of natural antimicrobial 

compounds for food and pharmaceutical applications. 
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I. INTRODUCTION 

The widespread occurrence of antibiotic-resistant pathogens has become a significant challenge to public health 

worldwide. Consequently, considerable attention has been directed toward naturally occurring antimicrobial 

compounds produced by microorganisms. Among these compounds, bacteriocins represent a diverse group of 

ribosomally synthesized peptides or proteins capable of inhibiting the growth of competing bacteria. 

Bacteriocin-producing microorganisms are commonly found in environments characterized by intense microbial 

competition, such as fermented foods, dairy products, soil, and decomposing organic matter. These antimicrobial 

peptides provide ecological advantages to producer strains by limiting the growth of neighboring microorganisms and 

enhancing survival under competitive conditions. 
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Several bacteriocins have demonstrated effectiveness against foodborne pathogens and spoilage organisms, making 

them attractive candidates for application in food preservation and alternative antimicrobial therapies. However, many 

bacteriocins possess a narrow spectrum of activity, restricting their practical utilization. Therefore, identification of 

bacterial isolates capable of producing broad-spectrum bacteriocins remains an important area of research. 

The present investigation was undertaken to isolate bacteriocin-producing bacteria from different environmental 

sources, evaluate their antimicrobial spectrum, and identify the most potent broad-spectrum bacteriocin-producing 

isolate using biochemical and molecular techniques. 

 

II. MATERIALS AND METHODS 

Sample Collection and Isolation 

Samples were collected from dairy products, food and vegetable waste, polluted river water, industrial waste, and 

garden soil. Bacterial isolates were obtained using standard microbiological techniques and purified through repeated 

subculturing. 

  

Screening for Bacteriocin Production 

The isolates were screened for antimicrobial activity using agar spot assay against selected indicator organisms. 

Positive isolates were subsequently evaluated using agar well diffusion assay to confirm bacteriocin production. 

 

Spectrum of Antimicrobial Activity 

Confirmed bacteriocin-producing isolates were tested against a panel of pathogenic, spoilage, and probiotic 

microorganisms, including Gram-positive bacteria, Gram-negative bacteria, yeast, and mould species. 

 

Biochemical Characterization 

Morphological observations, Gram staining, catalase reaction, indole test, methyl red–Voges-Proskauer tests, arginine 

hydrolysis, aesculin hydrolysis, and carbohydrate utilization patterns were employed for preliminary identification of 

broad-spectrum bacteriocin-producing isolates. 

 

Molecular Identification 

Genomic DNA was isolated from the most potent bacteriocin-producing strain. The 16S rRNA gene was amplified by 

PCR and sequenced. Sequence similarity was determined using BLAST analysis, and phylogenetic relationships were 

established using reference sequences available in GenBank. 

 

III. RESULTS 

Isolation and Screening of Bacteriocinogenic Bacteria 

A total of 275 bacterial isolates were recovered from various environmental samples. Preliminary screening identified 

69 isolates exhibiting antimicrobial activity. Further confirmation by agar well diffusion assay established that 48 

isolates were true bacteriocin producers. 

Food and vegetable waste and dairy products represented the richest sources of bacteriocinogenic bacteria. In contrast, 

industrial waste samples failed to yield bacteriocin-producing isolates. 

 

Determination of Antimicrobial Spectrum 

Evaluation of the antimicrobial spectrum revealed considerable variation among bacteriocin-producing isolates. Most 

isolates displayed activity against only a limited number of test organisms. However, three isolates, designated 28D1, 

12VW1, and 10HR1, demonstrated broad-spectrum antibacterial activity. 

Among these, isolate 28D1 exhibited the highest inhibitory potential. The bacteriocin produced by this strain inhibited 

several Gram-positive and Gram-negative bacteria, including Escherichia coli, Klebsiella pneumoniae, Staphylococcus 

aureus, Listeria monocytogenes, Enterobacter aerogenes, Bacillus cereus, Lactococcus lactis, Lactobacillus rhamnosus, 

Lactobacillus acidophilus, and Pseudomonas fluorescens. 
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Yeast and mould species such as Saccharomyces cerevisiae, Rhodotorula glutinis, Aspergillus flavus, and Aspergillus 

niger showed complete resistance to the bacteriocin preparations. 

 

Biochemical Identification 

Isolate 28D1 was characterized as a Gram-positive rod-shaped bacterium. The strain was catalase-negative, indole-

negative, methyl red-negative, Voges–Proskauer-negative, and capable of aesculin hydrolysis. Growth occurred at 

elevated temperatures, whereas no growth was observed at lower temperatures. These characteristics were consistent 

with members of the genus Lactobacillus. 

 

Molecular Characterization 

PCR amplification of the 16S rRNA gene generated an amplicon of approximately 1314 bp. Sequence analysis 

demonstrated 99.47% similarity with Lactobacillus fermentum reference strains available in the GenBank database. 

The nucleotide sequence was deposited in GenBank under accession number MT071668. 

Phylogenetic analysis further confirmed the placement of isolate 28D1 within the Lactobacillus fermentum clade. 

 

IV. DISCUSSION 

The present study demonstrates that environmental habitats rich in microbial diversity are valuable reservoirs of 

bacteriocin-producing bacteria. The predominance of bacteriocinogenic isolates in food and vegetable waste and dairy 

samples may be attributed to intense microbial competition and abundant nutrient availability. 

The broad-spectrum activity exhibited by Lactobacillus fermentum 28D1 is particularly significant because most 

bacteriocins are characterized by narrow inhibitory spectra. The ability of this isolate to inhibit both Gram-positive and 

Gram-negative pathogens suggests the production of a potent antimicrobial compound with potential industrial 

relevance. 

The absence of activity against yeast and mould species indicates that the antimicrobial mechanism is primarily 

directed against bacterial targets. Similar observations have been reported for several bacteriocins produced by lactic 

acid bacteria. 

Molecular identification through 16S rRNA sequencing provided reliable taxonomic confirmation of the isolate. The 

high sequence similarity with known L. fermentum strains supports its classification and further emphasizes the 

importance of lactic acid bacteria as sources of antimicrobial metabolites. 

 

V. CONCLUSION 

The study successfully identified Lactobacillus fermentum 28D1 as a potent broad-spectrum bacteriocin-producing 

bacterium. Among 48 confirmed bacteriocinogenic isolates, strain 28D1 exhibited the widest range of antibacterial 

activity against both Gram-positive and Gram-negative bacteria. Molecular characterization confirmed its identity as L. 

fermentum with 99.47% sequence similarity to reference strains. The broad inhibitory spectrum and probiotic nature of 

the isolate highlight its potential application in food preservation, biotechnology, and the development of alternative 

antimicrobial agents. Further studies involving purification, characterization, and safety evaluation of the bacteriocin 

are recommended to facilitate commercial utilization. 
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