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ABSTRACT
Background: Lactic Acid Bacteria (LAB) produce bacteriocins, which have recently attracted 
considerable interest as alternatives to antibiotics. Cheese, a fermented food rich in LAB, is 
highly perishable and susceptible to contamination by foodborne pathogens. Objectives: This 
study aims to assess the antibacterial properties of Bacteriocin-Like Inhibitory Substances (BLIS) 
from four LAB i.e. Lactobacillus fermentum strain NBRC15885 (L. fermentum), Lacticaseibacillus 
paracasei strain NBRC 15889 (L. paracasei), Pediococcus acidilactici DSM 20284 (P. acidilactici), and 
Enterococcus faecium strain NBRC 100486 (E. faecium) isolated from Feta cheese sample against 
several antibiotics and bacterial pathogens. Materials and Methods: Antibacterial susceptibility 
test, and Agar well-diffusion test were conducted on LAB isolates. Results: L. fermentum and E. 
faecium displayed sensitivity to two types of antibiotics (imipenem and piperacillin). E. faecium 
BLIS showed the greatest effect on pathogenic bacteria, especially E. coli with an inhibition zone 
1.5±0.14 cm. Conclusion: Bacteriocins produced by the four LAB isolates could effectively inhibit 
the growth of pathogen bacteria.

Keywords: Lactic acid bacteria, Bacteriocins, Feta cheese, Antibacterial activity, Pathogens, and 
Antibiotics.

INTRODUCTION

Cheese is made from milk, which is rich in nutrients. An average 
of 2000 variations of cheeses in the world with texture and flavor 
being the main determinants of variation.1 Other factors, such 
as industrial enzymes, fermentation, and engineering, are also 
important. The European Union (EU) had the largest cheese 
consumption with 9135 metric tons in 2021.2 Russia ranked third 
with 1367 metric tons, followed by the US with 5956 metric tons.2 
The value of the cheese market will be greater than $113,000 
million.

Most of the cheeses found in grocery stores are produced 
commercially. To ensure safety and extend product shelf life by 
eliminating pathogens and enzymes, these cheeses are prepared 
from pasteurized milk, in small quantities, with minimal 
mechanization, and traditional and sustainable technologies are 
used to make artisanal cheeses.3 Certain solutions have been put 
forth to protect the public's health and ensure the safe handling of 
artisanal cheeses.4 It is important to keep in mind while choosing 

a strategy that consumers prefer goods with a minimal amount of 
chemical ingredients.

Food poisoning is a real problem for perishable dairy products like 
cheese, which poses a serious health risk for consumers.5 Various 
nutrients found in cheese provide a suitable environment for 
pathogens to escape during manufacturing and survive in retail 
stores.6 As a result of the overuse of antibiotics, resistant bacteria 
have spread, and effective alternative therapeutic approaches 
are needed to control their spread.7 Several pathogenic bacteria 
that are foodborne exhibit antibiotic resistance. These infections, 
which are resistant to antibiotics, spread through the food chain 
and harm the public’s health in several ways.8 Furthermore, 
according to the World Health Organization (WHO), one in ten 
illnesses and 4,20,000 deaths worldwide each year are attributed 
to food contamination.9 Various harmful bacteria can multiply 
based on the nutritional content of different types of food. These 
microorganisms release a variety of poisonous compounds that 
are hazardous to human health, including endotoxins, exotoxins, 
hepatotoxins, etc.,10

Advancements in food preservation technology have significantly 
improved human life. Natural bio-preservatives show extensive 
demand from consumers.11,12 Bacteriocins have expanded 
research into discovering novel antimicrobial compounds 
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capable of combating pathogens in food.13 Bacteriocin and 
Bacteriocin-Like Inhibitory Substances (BLIS) are proteinaceous 
short peptides synthesized by the bacterial ribosome, which can 
kill or inhibit the growth of related microorganisms.14

Since food safety has become a global concern, bacteriocins have 
shown great promise for controlling food spoilage or pathogen 
growth without severe adverse effects on the food itself.15 
Bacteriocins are considered promising alternatives and are 
committed to ensuring the quality and safety of ready-to-eat food, 
increasing product shelf life, and fresh taste for processed foods 
without using chemical preservatives.16 Utilizing bacteria alone 
or in conjunction with bacteriocins as bio-preservatives offers a 
promising alternative to antibiotics and synthetic chemicals.17

Lactic Acid Bacteria (LAB) are a large group of gram-positive 
bacteria that are found naturally within maturing cheeses and are 
responsible for the aroma, flavor, texture, and microbial steadiness 
of these items.18 Lactic Acid Bacteria (LAB) offer numerous 
health benefits such as lowering cholesterol and blood pressure, 
reducing oxidative stress, improving nutritional status, decreasing 
inflammatory cytokines, and treating mood disorders.13 There 
are several antibacterial compounds produced by LAB, including 
reuttering, hydrogen peroxide, carbon dioxide, diacetyl, and 
acetaldehyde, as well as bacteriocins, such as Nicin.11 LAB and 
their bacteriocins are considered safe bio-preservatives to be 
added as a food additive to eliminate the growth of pathogens and 
spoilage microorganisms.19 In our lab, we have isolated four LAB 
from Feta cheese i.e. Enterococcus facium, Pediococcus acidilactici, 
Lacticaseibacillus paracasei, and Limosilactobacillus fermentum. 
Therefore, this study aims to assess the antibacterial properties 
of bacteriocin-like inhibitory substances from these four isolates 
against bacterial pathogens.

MATERIALS AND METHODS

Isolation and purification of lactic acid bacteria from 
cheese 

Four samples of white feta cheese were acquired from a local 
market in Jeddah and kept at 4°C until analysis. The cheese 
sample was thoroughly homogenized before 10 g was weighed 
and 40 mL of De Man Rogosa Sharpe (MRS) broth was added 
to activate the microbial load of LAB. Then, the broth was 
incubated at 37°C for 48 hr under anaerobic conditions. Serial 
dilutions were then obtained using buffered peptone water at a 
concentration of 0.1% (w/v) ranging from 10-1 to 10-7 100 μL. 
Each dilution was cultured on MRS agar and incubated at 37°C 
for 72 hr under anaerobic conditions.20 For purification, single 
colonies were selected and streaked on MRS agar. Gram staining 
and microscopic examination of colony morphology were used to 
verify each isolate's purity.21

Molecular Characterization
DNA extraction of bacterial isolates

Bacterial DNA was extracted from fresh overnight LAB isolates 
using a manual protocol Azcárate-Peril and Raya,21 with slight 
modifications. DNA samples were loaded in agarose gel using 
electrophoresis and then the gel was visualized using UV light.

Molecular identification by 16S rRNA sequencing

Two universal primers were used to identify strains of 
LAB based on 16S rRNA amplification and sequencing 
27F (5-AGAGTTTGATCCTGGCTCAG-3), and 1492R 
(5-AAGGAGGTGATCCAGCCGCA-3) with 1500 bp product. 
Thermocycler (Mastercycler® Gradient, Eppendorf, Hamburg, 
Germany) was used to perform polymerase chain reaction (PCR). 
The total volume of conducted reactions was 25 μL, containing 
12.5 μL of EverGreen Universal 2× Master Mix, 0.5 μL each of 
forward and reverse primers, 10.5 μL of injection water, and 1 
μL of DNA template. Macrogen performed sequence analysis, 
BLAST data were compared with the obtained data, and MEGA 
11 software was used to analyze phylogenetic trees.22

Antibacterial susceptibility test of LAB isolates

An antibacterial susceptibility test was conducted using the 
Kirby-Bauer disk diffusion method. Bacterial suspensions were 
adjusted to McFarland’s standard (108 CFU/mL). A sterile cotton 
swab was used to spread the suspension on Mueller Hinton 
agar plates. Antibiotic discs such as Imipenem (IMI) 10 μg, 
Piperacillin (PRL) 100 μg, Augmentin (AUG) 30 μg, Penicillin 
G (PG) 10 units, Clindamycin (CD) 2 μg, Cefoxitin (FOX) 30 μg, 
and Metronidazole (MZ) 5 μg were placed on plates using sterile 
forceps and incubated at 37°C for 48 hr before their inhibition 
zone was measured.23

Production of Bacteriocin-Like Inhibitory Substances 
(BLIS) from LAB isolates

MRS broth was used to grow LAB isolates at 37°C under 
anaerobic conditions for 24 hr.24 The cultures were centrifuged for 
15 min at 10,000 rpm to get Cell-Free Supernatant (CFS) which 
was considered as control. CFS was sterilized with a membrane 
filtration device equipped with a Millipore filter and a pore size of 
0.22 μm. To eliminate the effects of organic acids, pH was adjusted 
to 6.5 by 1M NaOH, and hydrogen peroxide was eliminated by 
adding 1 mg/mL of the catalase enzyme. The treated supernatant 
was used as BLIS.

Agar well-diffusion test

To determine the inhibitory activity of BLIS produced by LAB, 
an agar well diffusion test was conducted against indicator 
pathogens (S. aureus, E. coli, P. aeruginosa, and MRSA).25 Mueller 
Hinton agar plates were cultured with fresh overnight indicator 
pathogens (108 CFU/mL). Sterile cork borer was used (5 mm), 
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wells were made in the agar, and each well was filled with 100 
μL of BILS and (CFS) as control and incubated at 37°C for 48 hr. 
Inhibition zones were examined, with positive inhibition defined 
by a clear zone surrounding the wells measuring at least 0.5 mm 
wide.

Statistical Analysis

All data are expressed as means ± Standard Error of the mean 
(SE). The data obtained were Analyzed for Variance (ANOVA) 
followed by Tukey's post hoc test for mean comparison. All 
analyses were performed using the SPSS statistical analysis 
program version 20.0 (SPSS Inc., Chicago, IL, USA), with a 
minimum level of significance of 5% (p<0.05).

RESULTS

Isolation of LAB and Molecular identification by 16S 
rRNA sequencing

A total of four LAB isolates were isolated from feta cheese (Figure 
1). Limosilactobacillus fermentum (OR685530), Lacticaseibacillus 
paracasei (OR707101), Pediococcus acidilactici (OR707129), and 
Enterococcus faecium (OR707131). The isolated bacteria were 
morphologically small white creamy colonies, gram-positive, 
non-motile, coccus, and rod-shaped bacteria. The molecular 
identification of LAB strains was performed using 16S rRNA 
sequencing. Following agarose gel electrophoresis of the amplified 
PCR products, all four strains exhibited positive results with a size 
of 1500 bp (Figure 2). The nucleotide sequences have been blasted 
and deposited in the GenBank database (https://www.ncbi.nlm. 
nih.gov/genbank), revealing a similarity ranging from 99% to 
100% with known strains. Specifically, the sequences showed 
similarity to Limosilactobacillus fermentum strain NBRC 15885 
(OR685530), Lacticaseibacillus paracasei strain NBRC 15889 
(OR707101), Pediococcus acidilactici DSM 20284 (OR707129), 
and Enterococcus faecium strain NBRC 100486 (OR707131). 
Additionally, Figure 3 depicts the phylogenetic tree generated 
from the alignment of the 16S rRNA genes obtained from the 
isolated LAB strains and those available in the GenBank database.

Antibacterial susceptibility testing of LAB isolates
In the present result, L. fermentum and E. faecium were resistant 
to five types of antibiotics PG, AUG, CD, FOX, and MZ with zero 
inhibition zone (Figures 4 and 5). However, L. fermentum was 
sensitive to two types of antibiotics IMI and PRL with inhibition 
zones 2.92±0.28 cm and 2.95±0 cm, respectively. Similarly, 
E. faecium was also sensitive to IMI and PRL with inhibition 
zones 2.75±0.07 cm and 2.4±0.28 cm, respectively. P. acidilactici 
was resistant to four types of antibiotics PG, CD, FOX and MZ 
with zero inhibition zone, and was susceptible to three types of 
antibiotics IMI, PRL, and AUG (2.85±0.07; 2±0.28; 1.2±0.14 cm, 
respectively). In addition, L. paracasei showed no growth in the 
plates and no inhibition zones (Figures 4 and 5).

Antibacterial activity of BLIS using agar 
well-diffusion
Agar well diffusion was used to test BLIS' inhibitory activity and 
its effect on selected pathogens (Figure 6 and 7). The L. fermentum 
BLIS inhibited MRSA and P. aeruginosa with inhibition zones 
0.4±0.14 cm and 0.27±0.07 cm, respectively (Figure 7). However, 
S. aureus and E. coli were resistant (no inhibition zones; Figure 
6 and 7). L. paracasei BLIS inhibited MRSA with 0.35±0.21 cm 
inhibition zone. S. aureus, E. coli, and P. aeruginosa were shown to 
be resistant (no inhibition zone). The P. acidiolactici BLIS strain 
showed no effect on all four pathogenic bacteria. E. faecium BLIS 
had a strong effect on all four pathogenic bacteria, with inhibition 
zones of 1.5±0.14 cm, 1.2±0.42 cm, 0.95±0.35 cm, and 0.65±0.63 
cm for E. coli, P. aeruginosa, MRSA, and S. aureus, respectively 
(Figure 7).

DISCUSSION

The results of this study provide valuable insights into the 
antibacterial properties of LAB strains isolated from cheese and 
their bacteriocins against pathogenic bacteria i.e. S. aureus, E. coli, 
P. aeruginosa, and MRSA. The molecular identification of LAB 
strains using 16S rRNA sequencing confirmed their similarity to 
known strains, with L. fermentum, L. paracasei, P. acidilactici, and 

Figure 1:  The morphology of lactic acid bacteria strains, Enterococcus facium (A), Pediococcus acidilactici (B), Lacticaseibacillus paracasei 
(C) and Limosilactobacillus fermentum (D). Under the light microscope (100X magnification).
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E. faecium exhibiting high sequence similarity to reference strains 
available in the GenBank database.

In terms of antibiotic resistance, L. fermentum and E. faecium 
demonstrated resistance to multiple antibiotics i.e. PG, AUG, CD, 
FOX, and MZ, while also displayed sensitivity to IMI and PRL. 
P. acidilactici exhibited resistance to antibiotics PG, CD, FOX 
and MZ but was susceptible to IMI, PRL, and AUG, highlighting 
strain-specific differences in antibiotic susceptibility. Notably, 
L. paracasei showed no growth on antibiotic plates, suggesting 
potential intrinsic resistance mechanisms or limitations in 
antibiotic diffusion. This is consistent with previous reports 
highlighting the variable antibiotic resistance profiles among 
LAB isolates.19,26

Bacteriocins are ribosomally synthesized antimicrobial peptides 
that inhibit or kill other closely related bacterial species.7,10 BLIS 
produced by LAB exert their antibacterial effects primarily 
through mechanisms such as pore formation in bacterial 
membranes, inhibition of cell wall synthesis, and interference 
with essential metabolic pathways.17 Many bacteriocins, like 
nisin and pediocin, target lipid II in bacterial membranes, 
disrupting cell wall biosynthesis and forming pores that cause 
ion leakage and cell death.17,19 For example, nisin binds lipid 
II, inhibiting peptidoglycan synthesis while creating pores, 
leading to membrane depolarization.19 Pediocin produced by P. 
acidilactici, follows a similar mechanism but depolarizes bacterial 
membranes, causing the release of intracellular components.21 

Lacticin 3147, another bacteriocin produced by Lactococcus 
lactis, also exhibits dual mechanisms, where it both forms pores 
and inhibits peptidoglycan biosynthesis by targeting lipid II.21 
In addition, some bacteriocins, like enterocin AS-48 from E. 
faecium disrupt membrane potential and affect intracellular ATP 
regulation.14 LAB bacteriocins can exhibit both bactericidal and 
bacteriostatic effects, depending on their concentration and the 
susceptibility of the pathogen. Resistance mechanisms, such as 
membrane modifications by pathogens, can reduce the efficacy of 
bacteriocins by preventing their binding or action.14 The results 
of the agar well diffusion assays in this study provide valuable 
insights into the inhibitory activity of Bacteriocin-Like Inhibitory 
Substances (BLIS) produced by the four LAB strains against 
selected pathogens. L. fermentum BLIS demonstrated inhibitory 
activity against MRSA and P. aeruginosa whereas L. paracasei 
BLIS exhibited inhibitory activity against only MRSA. This 
selective inhibitory activity suggests that the L. fermentum and P. 
aeruginosa BLIS may target specific cell structures or metabolic 
pathways of the targeted pathogens.27 In contrast, no inhibition 
zones were observed for S. aureus and E. coli, indicating resistance 
to these two LAB. This result was inconsistent with a previous 
study that found L. fermentum (1 strain) isolated from Turkish 
dairy products demonstrated antibacterial activity against S. 
aureus and E. coli growth.28 Lb. fermentum strain J23 isolated 
from Mexican Cocido cheese has been found to produce BLS 
that are effective against S. aureus ATCC 29213, Listeria innocua 
ATCC 33090, Salmonella typhimurium ATCC 14028, and E. 

Figure 2:  16S rRNA of PCR products after amplification on agarose gel electrophoresis, lane M: 1 kb Marker (PROMEGA, USA), Lanes 1: 
Limosilactobacillus fermentum strain NBRC 15885, 2: Lacticaseibacillus paracasei strain NBRC 15889, 3: Pediococcus acidilactici DSM 20284, and 4: 

Enterococcus faecium strain NBRC 100486 are positive Lactic Acid Bacteria (LAB) strains at 1500 bp.
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Figure 3:  Based on 16S rRNA gene sequences, the phylogenetic tree of Lactic acid bacteria isolates is shown. Study isolates are marked in 
bold.

Figure 4:  Antibacterial susceptibility test of LAB isolates growth against antibiotics i.e. Penicillin G (PG), 
Augmentin (AUG), Clindamycin (CD), Cefoxitin (FOX), Metronidazole (MZ), Piperacillin (PRL), and Imipenem 

(IMI).
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coli ATCC 25922.29 In contrast, Lb. fermentum strains J20, J28, 
and J32 exhibited the highest antimicrobial activity specifically 
against E. coli and S. typhimurium.29 In addition, L. paracasei 
No. 244 isolated from spontaneous sourdough inhibited MRSA. 
Bendjeddou et al.30 have also reported that L. paracasei subsp. 
paracasei BMK2005 isolated from infant faeces was highly 
active against MRSA. A previous study found that the cell-free 
supernatant of Lacticaseibacillus paracasei Zhang (L. paracasei 
Zhang) isolated from traditionally fermented horse milk was 
capable of inhibiting the growth of S. aureus but not E. coli.31

Once LAB isolates are activated, bacteriocin is produced in batch 
systems at the onset or end of exponential growth, often directly 
correlating with the amount of bacterial biomass produced, 
typically occurring within the first 24 hr.32 Researchers have 
utilized several media for bacteriocin production, with MRS 
medium being the most frequently used due to its ability to induce 
bacteriocin synthesis owing to its high content of carbohydrates, 
proteins, and peptides, which is consistent with the medium 
used in our study.33 In the current results, P. acidilactici BLIS 
did not show any inhibitory effect against the tested pathogenic 
bacteria. This result indicates that the BLIS produced by P. 
acidilactici may not possess antibacterial activity against the 
selected pathogens. However, P. acidilactici strain QC38 isolated 
from traditional cotija cheese from Mexico showed antimicrobial 
activity against 17 gram-negative and gram-positive pathogens 
that are found in food.34 Remarkably, E. faecium BLIS exhibited 
potent inhibitory activity against all four tested pathogens, 
with significant inhibition zones observed for E. coli followed 
by P. aeruginosa, MRSA, and S. aureus, respectively. E. faecium 
T1 isolated from Chinese Tibet showed antibacterial activity 
against Pseudomonas spp. (3 species), Shigella spp. (2 species), 

Salmonella typhimurium, Listeria monocytogenes, E. coli, and S. 
aureus.35 Enterocin-producing E. faecium strains H108 and H206, 
isolated from raw cow's milk, both exhibited inhibitory effects on 
the growth of monocytogenes.36 On the other hand, E. faecium 
130 isolated from mozzarella cheese exhibited no antibacterial 
activity against Bacillus cereus, E. coli CDC 02A.2B, Proteus 
mirabilis CDC 305, and S. aureus ATCC 29213.37

A possible mechanism employed by LAB to inhibit the growth 
of pathogens is the secretion of antibacterial substances, such 
as bacteriocins, which are known for their ability to inhibit 
microbial growth.38 Some LAB strains produce bacteriocin 
capable of inhibiting the growth of harmful bacteria and 
foodborne pathogens such as P. aeruginosa, MRSA, E. coli, 
and S. aureus. Our results showed that among the four studied 
LAB-producing bacteriocins, E. faecium showed effectiveness 
towards all selected pathogens i.e. E. coli, S. aureus, MRSA and 
P. aeruginosa. It is promising that the bacteriocins produced 
by LAB can be used as antibiotic alternatives in the future.39,40 
However, understanding the specific mechanisms of action for 
each bacteriocin, such as pore formation, cell wall inhibition, 
or disruption of metabolic processes, is critical to elucidating 
their full potential as biopreservatives or therapeutic agents.17 
Future studies are required to conduct detailed biochemical 
characterizations of the bacteriocins produced by these LAB 
strains. This includes identifying target sites and mechanisms of 
resistance in pathogens.

BLIS produced by LAB have significant potential applications in 
food preservation due to their natural antimicrobial properties, 
which can inhibit the growth of spoilage microorganisms and 
foodborne pathogens.21 Several studies have demonstrated the 

Figure 5:  The effect of antibiotics on inhibition zone (cm) of LAB isolates growth. Data are presented as mean ± SEM. 
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effectiveness of BLIS as bio-preservatives in extending the shelf life 
of various food products.24,26 For instance, BLIS from Lactococcus 
lactis has been successfully applied to preserve dairy products by 
inhibiting L. monocytogenes and S. aureus, which are common 
contaminants in cheese and yogurt​.17 Similarly, BLIS from P. 
acidilactici has been used in meat products to reduce the growth 
of Salmonella spp and Clostridium perfringens, significantly 
enhancing the safety and shelf life of these products.18​

The incorporation of BLIS into food systems offers a natural 
alternative to chemical preservatives, aligning with consumer 
demand for cleaner, additive-free foods. Moreover, BLIS are 
Generally Recognized as Safe (GRAS) by food regulatory 
bodies, making them suitable for direct application in food 
preservation without adverse health effects​.14 Despite their 
promising potential, the feasibility of incorporating these BLIS 
into real-world food systems depends on factors like stability 

Figure 6:  The inhibition zone (cm) in well agar diffusion test of Bacteriocin-Like Inhibitory Substances (BLIS) of LAB strains 
on pathogenic bacteria growth (S. aureus, MRSA, E. coli, and P. aeruginosa). C1: L. fementum, C2: L. paracasei, C3: P. acidilactici 

and C4: E. faecium.

Figure 7:  The inhibition zone (cm) of Bacteriocin-Like Inhibitory Substances (BLIS) of LAB strains on pathogenic bacteria growth (S. 
aureus, MRSA, E. coli, and P. aeruginosa). Data are presented as mean ± SEM.
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during processing, interaction with food components, and the 
spectrum of antimicrobial activity.14 Further research is needed to 
determine the most potent bacteriocins from the four LAB strains 
and evaluate their effectiveness under various food processing 
conditions and assess their long-term impact on product quality 
and safety​.

CONCLUSION

The main goal of this study was to screen the ability of several 
LAB isolates to produce bacteriocin and test their inhibitory 
activity against several pathogens. L. fermentum and E. faecium 
were sensitive to two types of antibiotics (IMI, PRL). In addition, 
E. faecium BLIS had a strong effect on all four pathogenic 
bacteria. In conclusion, bacteriocins produced by the four LAB 
isolates could effectively inhibit the growth of pathogen bacteria. 
These results highlight the varied antibacterial capabilities of the 
four LAB strains and their bacteriocins, suggesting potential for 
developing novel antibacterial agents to improve food safety. 
Further investigation is required to understand the mechanisms 
behind the antibacterial activity of these LAB strains and their 
bacteriocins, as well as to explore their applications in food safety.
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