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Abstract

The growing global concerns regarding food safety, the emergence of antibiotic resistance, and the adverse
consequences associated with the extensive use of chemical preservatives have directed the attention of
researchers and the food industry toward natural and biocompatible alternatives. In this context, bacteriocins, as
ribosomally synthesized antimicrobial peptides produced by bacteria particularly lactic acid bacteria have
gained a prominent position in the development of food biopreservation technologies. These compounds,
through mechanisms such as pore formation in the cell membrane, inhibition of lipid 11, and disruption of the
proton motive force, are capable of suppressing a wide range of foodborne pathogens and spoilage
microorganisms, thereby enhancing food safety and extending shelf life. Nisin, as the first bacteriocin approved
by international regulatory authorities, has been widely used in dairy, meat, and canned food products and
represents a successful example of the industrial application of bacteriocins. In addition, class II bacteriocins
such as pediocins, plantaricins, and enterocins play a significant role in controlling foodborne pathogens.
Increasing evidence indicates that the activity of bacteriocins is not limited to food safety, as these compounds
exhibit a broad spectrum of biological activities, including antimicrobial effects against antibiotic-resistant
strains, modulation of immune responses, as well as anti-inflammatory, antiviral, and even anticancer properties.
This review article focuses on the role of bacteriocins in the food industry and provides a comprehensive
overview of their structural characteristics, mechanisms of action, industrial applications, and biological
activities. Furthermore, the challenges and future perspectives associated with the use of these natural
compounds in improving food safety, human health, and the development of next-generation biopreservatives
are discussed.
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Extended Abstract

Introduction

It’s no secret that consumers are turning
away from synthetic additives, especially
in food. Labels now scream ‘“natural,”
“clean,” and “preservative-free,” pushing
the industry to look for alternatives that
actually work. One group of compounds
that keeps coming up in this conversation
is bacteriocins. Produced mainly by lactic
acid bacteria, these antimicrobial peptides
have been around in fermented foods for
centuries, even if we didn’t know their
name until recently. Nisin, for example,
has been used in cheese for decades and is
approved almost everywhere. Despite the
increasing number of sporadic reports in
recent  years, comprehensive  and
systematic reviews addressing the diverse
bacteriocins  produced by  different
bacterial strains and their multifaceted
effects on human health remain limited.
This gap prevents the translation of
promising  laboratory  findings into
practical applications in food safety and
clinical settings. Therefore, there is an
urgent need to consolidate current
knowledge about the antimicrobial,
anticancer, and anti-inflammatory
properties of bacteriocins to provide a
strong theoretical foundation for future
research and therapeutic development.
This review aims to elucidate the pivotal
role of Dbacteriocins in controlling
microbial infections, reducing
antimicrobial resistance, and advancing
next-generation  biosecurity  strategies,
while critically addressing  existing
challenges and emerging opportunities in

their clinical and industrial
implementation.
Method

This review was prepared through a
targeted survey of recent scientific
literature available on major academic

databases, primarily PubMed and Scopus,
as well as relevant peer-reviewed articles
published within the last decade. Emphasis
was placed on studies that addressed the
structural  classification,  biosynthesis
pathways, mechanisms of action, and
practical applications of bacteriocins
particularly nisin, pediocins, plantaricins,
and enterocins in both food preservation
and human health contexts. Key topics
examined include their antimicrobial
activity against foodborne pathogens (e.g.,
Listeria monocytogenes, Staphylococcus
aureus), their role in combating antibiotic-
resistant strains, and emerging evidence of
their anticancer, antiviral, and anti-
inflammatory  properties. Additionally,
challenges related to stability, delivery
systems (such as nanoencapsulation), and
genetic  engineering  approaches  for
enhanced production were critically
evaluated. No experimental data were
generated; instead, the article synthesizes
and interprets existing findings to provide
a coherent overview of current knowledge
and future directions in the field of
bacteriocin research.

Results and Discussion

The good news first: bacteriocins like
nisin, pediocin, and lacticin are effective
against several key foodborne pathogens,
especially Gram-positive ones. In dairy
products, cured meats, and even some
plant-based foods, they’ve extended shelf
life and reduced pathogen loads without
messing up taste or texture, as long as
they’re used at the right dose. Some
manufacturers  prefer adding  live
bacteriocin-producing strains (so-called
protective cultures) instead of purified
peptides, which also satisfies the “no
artificial ingredients” demand. But it’s not
all smooth sailing. These peptides break
down easily trypsin in the gut chews them
up, heat during processing can denature
them, and high-fat or high-protein foods
sometimes bind them so tightly they can’t
act. That’s why you don’t see bacteriocins
in every supermarket product yet. More
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intriguing and more uncertain are their
potential health benefits. A handful of in
vitro studies show nisin can trigger
apoptosis in certain cancer cells. Others
suggest bacteriocins might influence
immune responses or help keep gut
microbiota in balance. But let’s be honest:
most of this data is preliminary. Mice
aren’t humans, and a petri dish isn’t a
stomach. We’re still far from saying
bacteriocins are “therapeutic.” That said,
smart delivery systems are helping.
Encapsulating nisin in chitosan
nanoparticles or embedding it in edible
films has shown real promise in lab trials.
These approaches protect the peptide until
it’s where it needs to be. whether that’s the
surface of a slice of ham or the lining of
the colon. The findings of this review
underscore the multifaceted potential of
bacteriocins not only as natural
biopreservatives in the food industry but
also as promising agents in the fight
against antimicrobial resistance and
chronic  diseases. Their ability to
selectively target pathogenic bacteria
while sparing beneficial microbiota offers
a significant advantage over conventional
antibiotics. Moreover, emerging evidence
of their anticancer, antiviral, and anti-
inflammatory activities opens new avenues
for therapeutic development. However,
translating this promise into real-world
applications remains challenging. Issues
such as enzymatic degradation in the
gastrointestinal tract, variable efficacy in
complex food matrices, and limited
systemic bioavailability hinder broader
adoption. While nanoencapsulation and
genetic engineering have substantially
improved stability and production yields,
these technologies must be scaled up cost-
effectively and validated through rigorous
clinical trials. Importantly, consumer
acceptance of bacteriocin-producing starter
cultures may be higher than that of
purified additives, emphasizing the need
for clean-label strategies. Future research
should prioritize in vivo models that better
mimic human physiology and explore

synergistic combinations with  other
bioactive compounds. Ultimately,
bacteriocins represent more than just
antimicrobial peptides, they are versatile
tools that, if harnessed intelligently, could
contribute meaningfully to both food
security and public health in the post-
antibiotic era.

Conclusion

Overall, recent advances in genetic
engineering and novel delivery systems
have opened new horizons for the
application of bacteriocins as antibiotic
alternatives. Synergy between production
and delivery has transformed bacteriocins
from limited natural compounds into
competitive therapeutic agents. However,
despite these achievements, remaining
obstacles such as large-scale expression
heterogeneity, long-term safety
assessments of nanoformulations, and
optimization of industrial production costs
require further research. Future studies
should focus on advanced laboratory
models and early-phase clinical trials to
confirm the efficacy and safety of these
approaches in  combating  resistant
infections. Ultimately, the intelligent
integration of genetic engineering with
delivery technologies will solidify the
potential of bacteriocins as precise and
safe tools in modern medicine and the food
industry, taking an important step towards
overcoming the global crisis of
antimicrobial resistance.
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