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Food safety and preservation have always been key challenges in microbiology and food
science. With the growing global population and rising demand for safe, minimally
processed foods, there is a constant need to extend shelf life while maintaining nutritional
quality and safety. For decades, chemical preservatives like benzoates, nitrites, and sulfites
have been widely used to prevent microbial spoilage and foodborne pathogens. However,
increased consumer awareness about the potential health risks of synthetic additives, such as
their links to toxicity, allergies, and negative long-term effects, has shifted the focus to safer,
natural alternatives. Biopreservation, which uses beneficial microorganisms and their
byproducts to improve food safety and quality, has gained significant importance. Among the
different biopreservatives studied, bacteriocins have emerged as one of the most effective
natural antimicrobial agents. They offer a sustainable and consumer-friendly solution for
modern food preservation.

Introduction

Bacteriocins are protein toxins made by bacteria to stop the growth of similar or sometimes
even different microorganisms. Unlike antibiotics, bacteriocins usually do not harm the
bacteria that produce them. This is because the bacteria have ways to protect themselves from
their own bacteriocins. These compounds are different in structure and function, similar to
the Kkilling factors found in other microorganisms like yeast and paramecia. The term
"bacteriocins” was first used in 1925, when Colicin was identified as an antimicrobial protein
released by Escherichia coli. Since that time, many different bacteriocins have been found in
both Gram-positive and Gram-negative bacteria. Generally, they are produced during the
stationary phase of bacterial growth as part of survival strategies in competitive
environments. With increasing consumer demand for natural, chemical-free, and minimally
processed foods, bacteriocins are now being researched as potential natural preservatives in
the food industry.

Classification of bacteriocins

Bacteriocins are categorized based on their source organism and their biochemical traits. In
Gram-negative bacteria, the main groups studied are colicins and microcins. Colicins are
large proteins, coded by plasmids, and mainly produced by E. coli. Microcins are smaller and
more stable, often made by members of the Enterobacteriaceae family. Gram-positive
bacteria produce a wider variety of bacteriocins, divided into four main classes. Class |
bacteriocins, or lantibiotics, are modified peptides that contain unusual amino acids like
lanthionine; nisin is the best-known example of this group. Class Il bacteriocins are small,
unmodified peptides that can withstand heat and have strong antimicrobial effects. Class Il
bacteriocins consist of large proteins that are sensitive to heat, while Class IV bacteriocins are
complex proteins linked to lipid or carbohydrate groups, which help maintain their structural
stability. This classification shows the biochemical variety of bacteriocins and emphasizes
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their different ways of working, such as forming pores in bacterial membranes, blocking cell
wall production, and disrupting key enzymatic processes.

Isolation and detection of bacteriocins

Bacteriocins are often isolated from traditional fermented foods and dairy products. These
products are rich sources of bacteriocin-producing strains, especially lactic acid bacteria. The
isolation process starts with collecting samples from items like milk or fermented batters.
This is followed by serial dilution and plating on selective media, such as MRS agar. After
incubation, colonies thought to produce bacteriocins are moved to MRS broth. The cultures
are then centrifuged to get the cell-free supernatant, which holds the bacteriocins produced
during bacterial growth. To further purify the bacteriocins, the supernatant undergoes
precipitation and filtration steps. Detection methods for bacteriocins have changed over the
years. The agar diffusion assay, developed in the 1970s, uses the diffusion of bacteriocins in
agar to inhibit certain organisms. Although effective, this method has limited sensitivity.
More refined techniques, like enzyme-linked immunosorbent assays (ELISA), have been
created since then. ELISA uses specific antibodies, such as anti-nisin immunoglobulins, to
detect and measure bacteriocins with improved accuracy and sensitivity. This makes it a
reliable tool for research and industrial use.

Role of bacteriocins in food preservation

In modern food microbiology, bacteriocins are recognized as natural preservatives that offer a
valuable alternative to synthetic chemical additives. As concerns grow about the risks of
chemical preservatives, consumers are increasingly looking for safe, natural options.
Bacteriocins, especially those made by lactic acid bacteria, are ideal for food applications.
They are safe for humans, effective in very low amounts, work well in refrigerated
conditions, and do not change the nutritional or sensory qualities of food. These benefits
make them appealing for use in various food products. The practical application of
bacteriocins in food systems is well established. For instance, nisin is commonly used in
cheese to prevent the growth of Clostridium botulinum and Listeria monocytogenes. Pediocin
ACH is effective at controlling Listeria and Escherichia coli in milk and cheddar cheese.
Enterocins like AS-48, A, and AB have been successfully used in meat, rice, and vegetable
products to stop the growth of pathogens such as Listeria and Bacillus cereus. These
examples show the versatility of bacteriocins in different food types.

Bacteriocins can be added to food systems in several ways. One way involves directly
adding purified or semi-purified bacteriocins as food additives. Another method uses
fermented ingredients that contain bacteriocin-producing cultures to improve the microbial
safety of the food. Additionally, bacteriocin-producing strains can be used as starter cultures
during fermentation, allowing them to produce bacteriocins on-site as products are
developed. Besides traditional approaches, recent technological developments have led to
more innovative uses for bacteriocins. Antimicrobial packaging incorporates bacteriocins into
food packaging films, providing a controlled release that extends shelf life and improves food
safety. Encapsulation techniques, such as microencapsulation and nanoencapsulation,
enhance the stability of bacteriocins and protect them from degradation. They also allow for a
gradual and targeted release in food systems. These new strategies greatly expand the
potential uses of bacteriocins in the food industry, meeting modern demands for minimally
processed and safe products.

Advantages of bacteriocins in food safety

The use of bacteriocins in food preservation offers several benefits that make them better
options than traditional chemical preservatives. These benefits include safety, effectiveness,
functionality, and consumer acceptance:

1. Safety and Consumer Acceptance

Bacteriocins are naturally occurring compounds, usually made by lactic acid bacteria (LAB),
which have a long history of safe use in food fermentation. Unlike synthetic preservatives,
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they are non-toxic, non-carcinogenic, and generally recognized as safe (GRAS) in many
countries. This natural origin meets the growing consumer demand for “clean-label”
products, allowing manufacturers to cater to the market preference for foods without artificial
additives.

2. Targeted Antimicrobial Activity

One of the key benefits of bacteriocins is their high specificity for target microorganisms. For
example, nisin is very effective against Listeria monocytogenes and other Gram-positive
pathogens while leaving beneficial or harmless microflora intact. This selectivity lowers the
risk of upsetting the overall microbial balance in fermented foods or the gut of consumers,
which is a common issue with broad-spectrum chemical preservatives that can harm both bad
and good microbes.

3. Preservation of Nutritional and Sensory Qualities

Bacteriocins can stop spoilage and harmful microorganisms without affecting the nutritional
or sensory qualities of food. They do not need high heat, extreme pH changes, or chemical
reactions to work, so foods keep their natural taste, aroma, texture, and color. For instance,
using nisin in cheese prevents Clostridium botulinum contamination while maintaining the
product’s creamy texture and distinct flavor.

4. Low Effective Concentrations and Cost Efficiency in Application

Bacteriocins are very powerful and effective at low concentrations, often in the microgram-
per-liter range. This low dosage limits any changes in food composition and reduces the
overall application cost compared to some chemical preservatives, which may need higher
amounts to achieve similar antimicrobial effects.

5. Effectiveness under Refrigeration and Mild Processing Conditions

Many bacteriocins stay active under refrigerated and mild storage conditions, making them
ideal for minimally processed foods like dairy products, ready-to-eat meals, and fresh-cut
vegetables. Their stability in low temperatures extends the shelf-life of products while cutting
down the need for extra processing steps, such as pasteurization or chemical additives, which
can change food quality.

6. Compatibility with Other Preservation Methods

Bacteriocins can be used alongside other preservation methods in a “hurdle technology”
approach, improving food safety without sacrificing quality. For example, combining nisin
with mild heat treatment, low pH, or organic acids can work together to suppress spoilage
organisms and pathogens, allowing for lower intensities of each preservation method and less
negative impact on food taste and nutrition.

7. Sustainability and Environmental Benefits

By replacing or diminishing the need for synthetic preservatives and harsh processing
methods, bacteriocins help create food in an environmentally friendly way. They lower
chemical waste, reduce energy-intensive treatments, and support the production of naturally
preserved products that are more sustainable.

8. Adaptability to Diverse Food Systems

Bacteriocins can be used in a variety of food types, including dairy, meat, seafood,
vegetables, and baked goods. Their versatility enables food producers to enhance safety and
shelf life across multiple product categories while maintaining consistent quality and appeal
to consumers.

Nisin is used in cheese, canned foods, and beverages to fight Listeria, Clostridium, and
Staphylococcus species.

Pediocin is effective in controlling Listeria in ready-to-eat meat products and milk.
Enterocins are used to prevent spoilage and inhibit the growth of harmful bacteria in meat
and rice-based foods.

Overall, using bacteriocins in food systems not only guarantees microbial safety but also
promotes the production of high-quality, minimally processed, and consumer-friendly foods.
Their natural origin, specificity, and functional stability make them excellent choices for
meeting modern demands for safe, wholesome, and sustainable food products.
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Challenges in the application of bacteriocins

Despite their promising potential as natural antimicrobial agents, using bacteriocins for food
preservation faces several challenges. One major limitation is their often narrow range of
effectiveness. Many bacteriocins, especially those made by lactic acid bacteria, work well
against closely related pathogens but may not control a wide variety of spoilage or harmful
microorganisms in complex food systems. Additionally, stability issues can reduce their
effectiveness, as some bacteriocins are sensitive to environmental factors like pH,
temperature, and enzymatic breakdown. For example, heat-sensitive bacteriocins (Class I11)
may lose their activity during food processing, while proteolytic enzymes in certain foods can
break down others. The food's composition can also affect bacteriocin activity; fats and
proteins may bind to these compounds and limit their diffusion, reducing their ability to fight
against microbes. Regulatory and safety issues add another challenge. Approval for
bacteriocins as food additives varies by country. While nisin is widely accepted, other
bacteriocins need thorough safety checks and toxicity studies before they can be sold
commercially. High production costs further limit large-scale use, as purification and
fermentation processes can be pricey, especially when high purity is necessary. Additionally,
prolonged use may lead to the growth of microbial resistance, requiring careful monitoring
and strategic use to avoid resistant strains. Keeping their activity effective throughout a
product’s shelf-life can also be challenging, especially in foods with high moisture levels or
changing storage conditions. Lastly, combining bacteriocins with other preservation methods,
like heating or acidification, can be complicated, as some processing steps may reduce their
antimicrobial power. This situation calls for ongoing research to improve the stability, range,
and cost-effectiveness of bacteriocins for practical and widespread use in the food industry.

Conclusion

Bacteriocins offer an effective and sustainable way to ensure food safety and extend shelf life
in today's food industry. Their proven ability to kill harmful bacteria, safety for human use,
and capacity to maintain food quality make them valuable alternatives to chemical
preservatives. Bacteriocins from lactic acid bacteria, in particular, show great promise in
preserving dairy, meat, and vegetable products. Looking ahead, more research is needed to
explore combining bacteriocins with other natural preservatives, develop new delivery
systems like encapsulation and antimicrobial packaging, and gain broader regulatory
approval for their use in global food markets. By adopting bacteriocins as natural
preservatives, the food industry can lessen its reliance on synthetic additives. This shift can
lead to safer, minimally processed, and more consumer-friendly foods, meeting the increasing
demand for clean-label and sustainable products.

References

1. Chen, X., Bai, H., Mo, W., Zheng, X., Chen, H., Yin Y., Liao, Y., Chen, Z., Shi, Q., Zuo,
Z., Liang, Z. and Peng, H. Lactic Acid Bacteria Bacteriocins: Safe and Effective
Antimicrobial Agents.2025. Int J Mol Sci. 26(9):4124.

2. Cheruvari, A. and Kammara, R. 2025. Bacteriocins future perspectives: Substitutes to
antibiotics. [online]. Available: https://www.sciencedirect.com/science/article/abs/pii/S09
56713524005516

3. Liang, Q., Zhou, W., Peng, S., Liang, Z., Liu, Z., Zhu, C. and Mou, H. 2025. Current
status and potential of bacteriocin-producing lactic acid bacteria applied in the food
industry. [online]. Available: https://www.sciencedirect.com/science/article/pii/S266592
7125000280

4. Putri, D. A, Lei, J., Rossiana, N., and Syaputri, Y. 2024. Biopreservation of Food Using
Bacteriocins From Lactic Acid Bacteria: Classification, Mechanisms, and Commercial
Applications. [online]. Available: https://pmc.ncbi.nlm.nih.gov/articles/PMC11620799/

5. Reuben, R. C. and Torres, C. Bacteriocins: potentials and prospects in health and agrifood
systems. Arch Microbiol. 2024. Arch. Microbiol. 206(5):233.

oQg'ci o@cticleb ISSN: 2582-9882 Pa.g.e 500

Earde de de e e Ao de o O e Lo e O e dp e O e de e e e e v e e Ao e e e de v Je e Le de e v e e Ao de e D de Ao e e v O O


https://www.sciencedirect.com/science/article/abs/pii/S0956713524005516
https://www.sciencedirect.com/science/article/abs/pii/S0956713524005516
https://www.sciencedirect.com/science/article/pii/S2665927125000280
https://www.sciencedirect.com/science/article/pii/S2665927125000280
https://pmc.ncbi.nlm.nih.gov/articles/PMC11620799/

