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Abstract
Biofilm-forming foodborne bacteria in meat products represent an important food-safety concern because biofilms promote bacterial persistence, cross-contamination, and tolerance to conventional antimicrobial agents and sanitizers. This study aimed to isolate bacteriocin-producing lactic acid bacteria (LAB) from milk and milk products and evaluate their inhibitory activity against biofilm-producing bacterial isolates recovered from meat samples. Eight milk and milk-product samples were screened, yielding 20 LAB isolates comprising Lactobacillus (50%), Lactococcus (35%), Enterococcus (10%), and Leuconostoc (5%). A total of 30 bacterial isolates were recovered from chicken, goat meat, and fish samples, including Escherichia coli, Staphylococcus aureus, Enterococcus faecalis, Klebsiella pneumoniae, Pseudomonas aeruginosa, Proteus mirabilis, and Salmonella spp. Biofilm formation was assessed using Congo Red Agar and 15 isolates (50%) were biofilm positive. E. coli showed the highest biofilm-forming frequency (80%), followed by Salmonella spp. (66.7%) and S. aureus (60%). Cell-free supernatants of LAB cultures were used as crude bacteriocin preparations, exhibited variable antibacterial activity against the biofilm-producing meat isolates, with inhibition zones ranging from 12 to 25 mm. LAB isolate 6 was exhibited the broadest inhibitory activity, showing measurable inhibition against all seven tested pathogens. The selected isolate was identified by biochemical characterization and 16S rRNA gene sequencing as Lactiplantibacillus plantarum (99.28% sequence identity). These findings indicate that milk-derived bacteriocin-producing LAB, particularly L. plantarum, may serve as a natural and cost-effective biocontrol agent.
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1. Introduction

Antibiotics have been among the most important discoveries of modern medicine, transforming the treatment of infectious disease and enabling advances such as surgery, cancer chemotherapy, and organ transplantation. However, the sustained misuse and overuse of antibiotics in human medicine, veterinary care, aquaculture, and agriculture has driven the rapid emergence and spread of antibiotic-resistant bacteria (Mancuso et al., 2021). Resistance arises through several interconnected mechanisms, including enzymatic drug inactivation, alteration of antibiotic target sites, reduced membrane permeability, overexpression of efflux pumps, and horizontal transfer of resistance genes between bacterial populations (Reygaert, 2018; Uddin et al., 2021). Because resistance genes can disseminate rapidly across geographic regions and between commensal and pathogenic species, antibiotic resistance is no longer a localized clinical problem but a global public health crisis requiring coordinated international action (Pormohammad et al., 2019).	Comment by Microsoft Office User: The issue must be focussing on probiotic not antibiotic since you use bacteria isolate
The impact of antibiotic resistance extends across medical, social, and economic domains. The World Health Organization ranks antibiotic resistance among the top ten global public health threats, with MDR infections causing hundreds of thousands of deaths annually and potentially reaching ten million deaths per year by 2050 if unaddressed (Salam et al., 2023). Resistant infections also prolong hospital stays, increase treatment costs, and reduce the effectiveness of standard prophylactic regimens (Zhen et al., 2019). The economic burden includes increased healthcare expenditure, lost productivity, and reduced agricultural output, particularly in low- and middle-income countries (Dadgostar, 2019). These consequences highlight the urgent need for sustainable alternatives to conventional antibiotics.
A major factor contributing to antibiotic resistance is the ability of bacteria to form biofilms. Biofilms are structured microbial communities embedded in a self-produced extracellular polymeric substance (EPS) matrix that adheres to medical devices, hospital equipment, and host tissues. The EPS matrix protects bacteria from immune defenses and antibiotics through restricted drug diffusion, persister cells, stress responses, and enhanced horizontal gene transfer (Sharma et al., 2019; Sanyal et al., 2025). Consequently, biofilm-associated infections are difficult to eradicate and often cause chronic, recurrent infections and treatment failure (Karygianni et al., 2020). This combination of antibiotic resistance and biofilm-mediated tolerance highlights the need for novel, non-antibiotic antimicrobial strategies.
Among the promising alternatives are lactic acid bacteria (LAB) and their bacteriocins. LAB are Generally Recognized as Safe (GRAS) microorganisms found in fermented foods, plants, and the gastrointestinal tract, producing antimicrobial metabolites such as organic acids, hydrogen peroxide, and bacteriocins (Vieco-Saiz et al., 2019). Bacteriocins are ribosomally synthesized antimicrobial peptides that act through membrane pore formation and inhibition of cell wall synthesis, with bacteria being less prone to developing resistance against them than conventional antibiotics (Hernández-González et al., 2021). Bacteriocin-producing LAB have shown activity against multidrug-resistant pathogens, including vancomycin-resistant enterococci, and may interfere with biofilm formation and quorum-sensing pathways (Grabovac et al., 2022). Thus, LAB-derived bacteriocins represent a promising and biologically compatible alternative for controlling antibiotic-resistant and biofilm-forming isolates.

Despite their potential, the practical application of bacteriocins is often limited by low production yields under standard culture conditions. Bacteriocin production by LAB is strongly influenced by medium composition, including carbon and nitrogen sources, mineral supplementation, pH, temperature, and incubation time (Ogunbanwo et al., 2021). Although MRS broth supports LAB growth, it is not specifically designed to maximize bacteriocin production and is costly for large-scale use. Therefore, optimizing culture conditions along with the isolation and characterization of bacteriocin-producing LAB is essential for developing a cost-effective, high-yield, and scalable alternative against antibiotic-resistant and biofilm-forming bacterial isolates.

However, reports specifically evaluating the antimicrobial activity of LAB-derived bacteriocins against multidrug-resistant (MDR) and biofilm-producing food isolates remain limited, and most optimization studies have focused on maximizing yield against standard indicator strains rather than against resistant, biofilm-forming pathogens of clinical concern. This gap restricts the translation of bacteriocin research into a practical alternative for managing infections that are simultaneously drug-resistant and biofilm-associated. Therefore, the goal of the present study was to isolate and characterize bacteriocin-producing lactic acid bacteria, and evaluate the resulting bacteriocin for its ability to inhibit the biofilm-producing bacterial isolates, thereby developing a scalable alternative to conventional antibiotics.	Comment by Microsoft Office User: The introduction must be addressed the gap research of antibiofilm formation of bacteriocin, and what is the novelty of this study

2.0 Materials and methods	Comment by Microsoft Office User: All species name should be italic
2.1 Collection of milk samples
For the bacteriological analysis, a total of eight milk and milk product samples were collected, including three raw milk samples from dairy farms, two milk samples from vending shops, and three curd samples from milk and milk product vending shops. A total volume of 250 mL of each sample was collected early in the morning using sterile glass bottles. The collected samples were properly labelled, stored at 4°C, and subsequently subjected to bacteriological analysis.

2.2 Isolation of lactic acid bacteria
	To isolate lactic acid bacteria (LAB) from milk samples, serial dilutions were prepared by adding 1 mL of each milk sample to 9 mL of sterile distilled water to obtain dilutions ranging from 10⁻¹ to 10⁻⁷. Subsequently, 0.1 mL aliquots from the appropriate serial dilutions were spread onto the surface of pre-dried de Man, Rogosa and Sharpe (MRS) agar (HiMedia, India). The inoculated plates were incubated under anaerobic conditions using an anaerobic candle jar at 37°C for 48 h.

Following incubation, morphologically distinct colonies were selected and further purified by repeated streaking onto fresh MRS agar plates. The purified isolates were incubated at 37°C for 24–48 h. The isolates were preliminarily identified as LAB based on their morphological and physiological characteristics and were subsequently categorized into different genera. Furthermore, carbohydrate fermentation tests were performed using the tube method. The LAB isolates were identified based on their patterns of carbohydrate utilization, with the results interpreted according to the criteria described in Bergey’s Manual of Determinative Bacteriology.

2.3 Isolation of bacterial pathogens from meat samples
Ten fresh meat samples, including chicken (n = 5), goat meat (n = 3), and fish (n = 2), were aseptically collected and transported to the laboratory in an icebox. One gram of each sample was aseptically minced, serially diluted, inoculated into nutrient broth, and incubated for 24 h. The enriched cultures were streaked onto nutrient agar plates to isolate bacterial colonies. The isolates were preserved on nutrient agar (NA) slants at 4 °C. Preliminary identification was based on colony morphology, cell morphology, and Gram staining, followed by biochemical tests, selective media, and chromogenic media, according to the procedures described by Holt et al. in Bergey’s Manual of Determinative Bacteriology.

2.4 Isolation of biofilm producing isolates 
Congo Red Agar (CRA) was prepared using brain heart infusion (BHI) broth (37 g/L), sucrose (50 g/L), agar (15 g/L), and Congo red dye (0.8 g/L). The medium components were sterilized by autoclaving at 121 °C for 15 min. After cooling the medium to 55 °C, sterile Congo red dye was added, and the medium was poured into sterile Petri plates and allowed to solidify. Test organisms were enriched overnight in 5 mL of Tryptic Soy Broth (TSB) and streaked onto CRA plates using a sterile inoculating loop. The plates were incubated at 37 °C for 24 h, after which colony morphology and pigmentation were recorded. Biofilm-producing isolates formed black, dry, and crystalline colonies, whereas non-biofilm-producing isolates produced smooth colonies with orange, red, or pink pigmentation (Turu and Canli, 2025).

2.5 Screening of Antimicrobial Activity of each LAB Isolate
Each lactic acid bacterial (LAB) isolate was inoculated into MRS broth and incubated under anaerobic conditions for 48 h. Following incubation, the cultures were centrifuged at 6,500 × g for 10 min, and the bacterial cells were removed to obtain the cell-free supernatants. The pH of each supernatant was adjusted to 6.0 using sterile NaOH to eliminate the inhibitory effects of organic acids. The resulting cell-free supernatants were used as crude bacteriocin preparations.

The agar well diffusion method was employed to screen the 20 LAB isolates for bacteriocin production against selected foodborne pathogens. A bacterial lawn of each test pathogen was prepared by uniformly spreading the standardized bacterial suspension over the surface of Mueller–Hinton agar (MHA) plates using sterile cotton swabs. The inoculated plates were allowed to dry, after which uniform wells of 6 mm diameter were aseptically punched using a sterile cork borer. Each well was filled with 50 µL of the cell-free supernatant obtained from the respective LAB isolate. The plates were incubated at 37 °C for 24 h. Bacteriocin activity was determined by measuring the diameter of the clear inhibition zones formed around the wells, and the results were expressed in millimetres (mm).

2.6 Identification of potential isolate
The potential bacterial isolates were subjected to morphological and biochemical characterization for preliminary identification. The biochemical profile of isolate was established using conventional diagnostic tests, and the observed reactions were compared with the characteristic properties of bacterial taxa described in Bergey’s Manual of Determinative Bacteriology (Holt et al., 1994). The tests included Gram staining, catalase, oxidase, indole, methyl red (MR), Voges–Proskauer (VP), citrate utilization, urease, triple sugar iron (TSI) and carbohydrate fermentation tests.

2.7 Potential Isolate Identification
Identification of the potential isolate 6, at the species level was performed using 16S rRNA gene sequencing. Genomic DNA was extracted from isolate 6, and its quality was confirmed by the presence of a distinct high-molecular-weight band on a 1.0% agarose gel. Amplification of the 16S rRNA gene was performed with 16SrRNA-F (5′-AGAGTTTGATCCTGGCTCAG-3′) and 16SrRNA-R (5′-TACGGTTACCTTGTTAC GACTT-3′), primers resulting in a single, discrete amplicon of approximately 1500 bp. The PCR product was purified to remove any residual contaminants and subjected to bidirectional sequencing on an ABI 3730xl Genetic Analyzer with BDT v3.1 Cycle Sequencing Kit. Forward and reverse sequences were assembled to generate a consensus sequence using aligner software (Chen et al., 2014). The resulting 16S rRNA gene sequence was queried against the NCBI GenBank database using BLAST, and the top ten hits based on maximum identity were aligned using ClustalW. To determine the evolutionary relationship, a phylogenetic tree along with a distance matrix was constructed using the neighbor-joining approach in MEGA 11 version (Kumar et al., 2018).
3.0 Result and discussion 	Comment by Microsoft Office User: The discussion and result must be separated, every table and figure should be describe and add narrative explanation.
A total of 20 LAB isolates were recovered from milk and curd samples using MRS agar. All isolates showed typical LAB characteristics, including Gram-positive staining, characteristic cell morphology, and carbohydrate fermentation. Lactobacillus was predominant (10 isolates; 50%), followed by Lactococcus (7; 35%), Enterococcus (2; 10%), and Leuconostoc (1; 5%). This diversity reflects the suitability of milk and fermented dairy products as sources of LAB. In this study, LAB isolates were identified with culture characterization, staining and sugar fermentation and result was tabulated in Table.1. The predominance of Lactobacillus agrees with previous reports. Bintsis et al. (2018) and Tafvizi et al. (2012) reported Lactobacillus, Lactococcus, Leuconostoc, and Enterococcus among LAB isolated from dairy products, with Lactobacillus frequently occurring as a dominant group. Similarly, Balamurugan et al. (2014) reported a high proportion of lactobacilli in homemade curd from southern India. Krishnaveni et al. (2020) also identified Lactobacillus, Leuconostoc, and Enterococcus from traditional curd samples collected in Tamil Nadu.

The occurrence of Lactococcus, Enterococcus, and Leuconostoc in lower proportions is consistent with their reported presence in milk and fermented dairy products (Zamfir et al., 2006; Joishy et al., 2019). The predominance of rod-shaped Lactobacillus may be associated with their adaptation to the carbohydrate-rich and acidic conditions of fermented dairy products. Overall, the isolated LAB population provides a suitable source for further screening and identification of potential bacteriocin-producing strains.
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Table . 1. Colony morphology and sugar fermentation of lactic acid bacteria

	Isolate
	LAB Genus
	Gram
	Cell morphology
	Colony color
	Colony appearance
	S
	MA
	L
	M
	GA
	G
	X

	1
	Lactococcus
	+
	Cocci
	White to cream
	Smooth, shiny colonies along streak lines
	+
	+
	+
	–
	–
	+
	+

	2
	Lactococcus
	+
	Cocci
	Cream-white
	Smooth, circular colonies
	+
	+
	+
	–
	–
	+
	+

	3
	Lactococcus
	+
	Cocci
	White to cream
	Smooth, opaque colonies
	+
	+
	+
	–
	–
	+
	+

	4
	Lactococcus
	+
	Cocci
	White
	Smooth, opaque colonies
	+
	+
	+
	–
	–
	+
	+

	5
	Lactococcus
	+
	Cocci
	Cream-white
	Smooth, circular colonies
	+
	+
	+
	–
	–
	+
	+

	6
	Lactobacillus
	+
	Rod
	White
	Smooth, shiny colonies
	+
	+
	+
	+
	+
	+
	+

	7
	Lactococcus
	+
	Cocci
	Cream-white
	Smooth, circular colonies
	+
	+
	+
	–
	–
	+
	+

	8
	Lactobacillus
	+
	Rod
	White
	Small, smooth colonies, dense growth in streaked region
	+
	+
	+
	+
	+
	+
	+

	9
	Lactobacillus
	+
	Rod
	White to cream
	Smooth, opaque colonies
	+
	+
	+
	+
	+
	+
	+

	10
	Lactobacillus
	+
	Rod
	Cream-white
	Smooth colonies, some more distinct isolated colonies
	+
	+
	+
	+
	+
	+
	+

	11
	Lactobacillus
	+
	Rod
	White to cream
	Smooth, opaque colonies
	+
	+
	+
	+
	+
	+
	+

	12
	Lactobacillus 
	+
	Rod
	White to cream
	Large, thick, opaque colonies; some irregular growth
	+
	+
	+
	+
	+
	–
	+

	13
	Enterococcus
	+
	Cocci
	Cream-white
	Smooth, circular colonies
	+
	+
	+
	+
	+
	+
	+

	14
	Lactobacillus 
	+
	Rod
	White to cream
	Smooth, opaque colonies
	+
	+
	–
	+
	+
	+
	+

	15
	Lactobacillus
	+
	Rod
	White
	Smooth, shiny colonies
	+
	+
	+
	+
	+
	+
	+

	16
	Lactobacillus
	+
	Rod
	White to cream
	Smooth, opaque colonies
	+
	+
	+
	+
	+
	+
	+

	17
	Lactobacillus
	+
	Rod
	White
	Smooth, circular colonies
	+
	+
	+
	–
	–
	+
	+

	18
	Lactococcus
	+
	Cocci
	White to cream
	Small, smooth colonies
	+
	+
	+
	–
	–
	+
	+

	19
	Enterococcus
	+
	Cocci
	White to cream
	Large, irregular, raised-looking colonies with variable appearance
	+
	+
	+
	+
	+
	+
	+

	20
	Leuconostoc
	+
	Cocci
	White to cream
	Smooth, opaque colonies
	+
	–
	+
	+
	–
	+
	+




The distribution of bacterial species isolated from chicken, fish, and goat meat samples is presented in the table 3. A total of 30 bacterial isolates were recovered from chicken, fish, and goat meat samples, comprising Escherichia coli, Salmonella sp, Proteus sp, Staphylococcus aureus, Enterococcus faecalis, Klebsiella pneumoniae, and Pseudomonas aeruginosa. The frequent occurrence of E. coli and S. aureus indicates possible fecal contamination and contamination during slaughtering, handling, or processing. Similar findings were reported by Bantawa et al. (2018), who detected E. coli, S. aureus, and P. aeruginosa among bacterial contaminants of marketed chicken and goat meat. Another recent systematic review by Ayoub et al. (2025) reported high prevalence of S. aureus and E. coli in retail chicken meat in India, with pooled prevalences of 56% and 50%, respectively. The recovery of K. pneumoniae and P. aeruginosa further indicates the presence of diverse Gram-negative contaminants in meat. Vasanthi et al. (2023) reported E. coli and Klebsiella spp. from  chicken meat samples collected in Tamil Nadu, confirming the occurrence of these organisms in poultry meat. The relatively higher occurrence of S. aureus in goat meat in the present study may be associated with handling and slaughtering practices. Muthusamy et al. (2024) also reported substantial microbial contamination of goat meat and highlighted the importance of hygienic handling and prevention of cross-contamination.

The biofilm-forming ability of the bacterial isolates recovered from meat samples was evaluated, and the results are presented in the table. Among the 30 bacterial isolates tested, 15 isolates (50%) were positive for biofilm formation, whereas the remaining 15 isolates (50%) were negative. E.coli showed the highest biofilm-forming ability, with 4 of 5 isolates (80%) exhibiting a positive reaction. Among the S.aureus isolates, 3 of 5 (60%) were biofilm producers. P.aeruginosa showed biofilm formation in 1 of 4 isolates (25%), while E.faecalis and K.pneumoniae each showed 2 of 5 isolates (40%) positive for biofilm formation. Among the P.mirabilis isolates, 1 of 3 (33.3%) demonstrated biofilm-forming ability. Similarly, 2 of 3 Salmonella sp. isolates (66.7%) were positive for biofilm formation. Overall, the results demonstrated that biofilm formation was common among the bacterial isolates, with E. coli exhibiting the highest proportion of biofilm-positive isolates, while P. aeruginosa showed the lowest proportion. Source-wise analysis showed that biofilm formation was highest among bacterial isolates recovered from chicken meat (77.8%; 7/9), followed by fish (50.0%; 5/10) and goat meat (27.3%; 3/11). Overall, 15 of 30 isolates (50.0%) were positive for biofilm formation (Figure .1).


Figure.1 Isolation of biofilm producing isolates from meat samples
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In meat and meat-processing environments, biofilm formation is a major driver of product contamination, spoilage, and foodborne illness because biofilms on equipment, surfaces, and raw meat protect pathogens such as Listeria monocytogenes, Salmonella spp., Escherichia coli O157:H7, and Staphylococcus aureus from routine cleaning and disinfectants, allowing them to persist, repeatedly seed the product, and survive cold storage (Oliulla et al., 2024; Ban-Cucerzan et al., 2025; Akter, 2025). On meat samples and processing surfaces, biofilms enhance bacterial attachment and accumulation (e.g., Salmonella reaching ~6 log CFU/g on chicken skin), promote mixed-species communities that increase resilience, and facilitate the transfer of antimicrobial-resistance genes, thereby elevating the risk of cross-contamination, reduced shelf life, and outbreaks linked to fresh, processed, and cured meats (Araújo et al., 2024). 

In this context, there is a need to eradicate biofilm-producing isolates using a natural, side-effect-free alternative rather than conventional antibiotics or chemical sanitizers. Accordingly, the present study was focused on suppressing biofilm-producing isolates using bacteriocins produced by lactic acid bacteria. Presently, all isolated LAB were subjected to determination of bacteriocin producing isolates against biofilm producing meat isolates.
The present study demonstrated considerable strain-dependent variation in the bacteriocin-mediated inhibitory activity of LAB isolates obtained from milk and milk products against biofilm-producing bacterial isolates recovered from meat samples. The inhibition zones ranged from 12 to 25 mm, indicating differences in the bacteriocin-producing capacity and inhibitory spectrum of the LAB isolates (Table 2). In the present study, P.aeruginosa exhibited comparatively high susceptibility to several LAB isolates, with the maximum inhibition zone of 24 mm produced by isolate 19, followed by isolates 6, 11 and 18, which produced inhibition zones of 22, 21 and 20 mm, respectively. The pronounced inhibition of P. aeruginosa is particularly relevant because this organism is an important biofilm-forming foodborne and spoilage-associated bacterium. A recent study by Thuy et al. (2024) demonstrated that bacteriocin-like inhibitory substances produced by LAB could inhibit both the growth and biofilm formation of P. aeruginosa, indicating that LAB-derived proteinaceous inhibitory compounds may have potential for controlling biofilm-associated pathogens. Furthermore, Amenu and Bacha (2025) reported that Pediococcus pentosaceus isolated from fermented dairy products exhibited a strong inhibition against P. aeruginosa.
The present study also revealed strong inhibition of Proteus sp., with isolate 11 producing the maximum inhibition zone of 25 mm. Although dairy-derived bacteriocins may show different spectra depending on the producing strain and target organism, the present finding indicates that selected milk-associated LAB can inhibit Proteus isolates recovered from meat. Interestingly, Vyas et al. (2025) reported that their dairy LAB isolates did not inhibit Proteus under the conditions tested, demonstrating the considerable strain- and target-specific nature of bacteriocin activity. Thus, the strong inhibition of Proteus sp. observed for isolate 11 in the present investigation may represent a particularly useful property of this isolate and warrants further characterization of its bacteriocin.
Against Salmonella sp., isolates 3, 6, 11, 14 and 15 produced inhibition zones ranging from 15 to 18 mm, demonstrating that selected milk-derived LAB could suppress a meat-associated Salmonella isolate. This finding is supported by the previous analysis of Bouchefra et al., 2022; Heydarian et al. (2026), which evaluated LAB isolated from dairy products and confirmed measurable inhibitory effects against important foodborne pathogens, particularly Salmonella spp., S. aureus and L. monocytogenes. In addition, Shahrir et al. (2024) demonstrated that bacteriocin produced by Lactobacillus acidophilus exhibited strong inhibition of E. coli O157 and Salmonella sp., with inhibition exceeding 80% in their experimental system. These findings support the ability of LAB-derived bacteriocins to act against foodborne pathogens originating from food matrices different from the original source of the LAB.
The inhibition observed against Escherichia coli in the present study ranged from 14 to 17 mm, with isolates 6, 11 and 14 producing the highest inhibition zone. This result is in agreement with the findings of Guo et al. (2024), who characterized a novel bacteriocin, LpH25, and demonstrated inhibitory activity against E. coli as well as S. aureus. Similarly, Amenu and Bacha (2025) demonstrated inhibition of E. coli by bacteriocin-producing LAB isolated from dairy products, further supporting the present observation that milk-derived LAB can inhibit foodborne E. coli isolates originating from meat.
The present study further demonstrated inhibition of Klebsiella pneumoniae, with inhibition zones ranging from 12 to 17 mm and isolate 15 showing the maximum inhibition of 17 mm. This finding is particularly noteworthy because K. pneumoniae can form biofilms and may persist on food-contact surfaces. Thuy et al. (2024) reported that selected LAB-derived bacteriocin-like inhibitory substances exhibited activity against drug-resistant K. pneumoniae, E. coli, P. aeruginosa and S. aureus, demonstrating that LAB-derived proteinaceous inhibitory compounds can possess a relatively broad spectrum of activity. A pronounced inhibitory effect was also observed against Staphylococcus aureus, with inhibition zones ranging from 12 to 23 mm, and isolate 14 producing the maximum zone of 23 mm. This result agrees with recent findings by Amenu and Bacha (2025), who demonstrated considerable inhibition of S. aureus by bacteriocin-producing LAB isolated from fermented dairy products. In addition, Vyas et al. (2025) reported that dairy-associated LAB producing bacteriocins inhibited Staphylococcus spp., further supporting the susceptibility of Gram-positive foodborne pathogens to bacteriocins produced by dairy LAB. The comparatively high inhibition produced by isolate 12 suggests that this isolate may be a promising candidate for subsequent bacteriocin purification and characterization.
Among all the isolates examined, isolate 6 demonstrated comparatively broad bacteriocin-mediated inhibitory activities against several of the tested biofilm-producing pathogens. The broad activity of this isolate is consistent with recent observations that selected LAB-derived bacteriocin-like inhibitory substances can act against multiple foodborne and drug-resistant pathogens. The broad inhibitory profile of isolate 6 suggests that it may be a particularly promising candidate for further bacteriocin production, purification, molecular characterization and evaluation against established biofilms.
Collectively, the present findings demonstrate that LAB isolated from milk and milk products can produce bacteriocin-like inhibitory compounds capable of suppressing bacterial isolates recovered from meat, demonstrating that the activity of dairy-derived LAB is not restricted to microorganisms originating 
from the same food matrix. The strongest inhibition was observed for isolate 19 against P. aeruginosa, isolate 11 against Proteus sp., and isolate 12 against S. aureus, whereas isolate 6 displayed comparatively broad inhibitory activity. These results are supported by recent studies demonstrating the potential of dairy-derived bacteriocin-producing LAB as natural biopreservatives against diverse foodborne pathogens (Liang et al., 2025).
Table.2 Isolation of bacteriocin producing lactic acid bacteria

	S.no
	Isolates
	Lactic acid bacteria
Zone of inhibition measured in mm

	
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	1.
	E.coli
	-
	-
	-
	15
	-
	14
	-
	-
	16
	-
	-
	16
	-
	17
	-
	-
	14
	-
	-
	-

	2.
	E.faecalis
	-
	-
	-
	-
	-
	15
	19
	-
	-
	21
	19
	-
	-
	14
	20
	-
	-
	-
	-
	-

	3.
	K.pneumoniae
	-
	13
	-
	12
	-
	14
	16
	-
	-
	-
	-
	15
	-
	15
	17
	13
	-
	16
	14
	-

	4.
	P.aeruginosa
	-
	14
	18
	17
	-
	22
	-
	12
	-
	19
	21
	-
	-
	-
	-
	16
	-
	20
	24
	-

	5.
	S.aureus
	-
	12
	-
	13
	-
	14
	18
	-
	13
	15
	17
	16
	-
	23
	21
	-
	-
	13
	15
	-

	6.
	Salmonella sp
	-
	-
	15
	-
	-
	18
	-
	-
	-
	-
	18
	-
	-
	18
	16
	-
	-
	-
	-
	-

	7.
	Proteus sp
	-
	15
	13
	-
	-
	21
	16
	14
	-
	20
	25
	-
	-
	17
	19
	18
	-
	-
	19
	-




Presently potential isolate of isolate 6 was subjected to biochemical and 16sr RNA sequence for identification of species level of isolate. While biochemical characterization, Biochemical characterization of the isolate revealed it to be Gram-positive, catalase-negative, and oxidase-negative, consistent with typical lactic acid bacteria. The isolate tested negative for Voges-Proskauer (VP), indole, urease and citrate utilization, while showing a positive methyl red (MR) test. On the TSI test, the isolate produced an acid/acid (A/A) reaction with no gas and no H₂S production, confirming fermentative glucose utilization without gas evolution. Carbohydrate fermentation profiling showed positive utilization of fructose, glucose, ribose, sorbitol, xylose, mannitol, sucrose, and lactose, while galactose, maltose, and mannose were not fermented. Collectively, these biochemical and fermentation characteristics are consistent with a homo fermentative lactic acid bacterium of the genus Lactobacillus (Table 3). 


Table 3: Biochemical characteristics of Lactobacillus sp
	Name of the test
	Characteristics

	Gram
	+

	Catalase
	−

	Oxidase
	−

	RM
	+

	VP
	−

	Indole
	−

	Urease
	−

	Galactose
	−

	Fructose
	+

	Glucose
	+

	Ribose
	+

	Sorbitol
	+

	Maltose
	−

	Xylose
	+

	Mannitol
	+

	Sucrose
	+

	Mannose
	−

	Lactose
	+




Molecular identification of the isolate through 16S rRNA gene sequencing and BLAST analysis revealed the highest sequence similarity with Lactobacillus plantarum strain Ni1323 (99.28% identity, 100% query coverage, accession AB598972.1), followed closely by Lactiplantibacillus plantarum strain HBUAS52224 (99.28% identity, accession MH472949.1). The isolate also showed high similarity to Lactiplantibacillus pentosus strain P7 (99.22% identity, accession PV164899.1) and Lactiplantibacillus plantarum strain LRLP1 (99.22% identity, accession OM985610.1). All top hits showed 100% query coverage and an E-value of 0.00, indicating a highly significant and reliable match. Based on the closest match, highest percentage identity, and clustering pattern in the phylogenetic tree (Figure 2), the isolate was identified as Lactiplantibacillus plantarum (formerly Lactobacillus plantarum), consistent with its Gram-positive, catalase-negative, rod-shaped morphology and carbohydrate fermentation profile observed in the biochemical characterization. 	Comment by Microsoft Office User: Cite the figure on the text


Figure .2 Phylogenetic tree analysis of Lactiplantibacillus plantarum
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4.0 Conclusion

The present study demonstrates that lactic acid bacteria isolated from milk and curd samples, predominantly Lactobacillus, Lactococcus, Enterococcus, and Leuconostoc, are capable of producing bacteriocin-like inhibitory compounds effective against biofilm-forming bacterial pathogens recovered from meat, including E. coli, S. aureus, P. aeruginosa, K. pneumoniae, Proteus sp., and Salmonella sp. Among the isolates screened, isolate 6 exhibited the broadest and most consistent inhibitory activity across multiple pathogens and was identified through biochemical characterization and 16S rRNA gene sequencing as Lactiplantibacillus plantarum, with 99.28% sequence identity to reference strains. These findings confirm that dairy-derived LAB can exert antibacterial and antibiofilm activity against pathogens originating from a different food matrix, highlighting their potential as natural, cost-effective, and side-effect-free alternatives to conventional antibiotics and chemical sanitizers for controlling biofilm-associated contamination in meat and meat-processing environments. Further studies involving purification, molecular characterization, and evaluation of the bacteriocin produced by L. plantarum isolate 6 against mature, established biofilms are warranted to fully realize its potential as a natural biopreservative in the food industry.
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