Journal of Applied Microbiology in Food Industry (Volume 11 — Issue 2) ... Pages 1 to 15 I

Strategies to Combat Antibiotic-Resistant Bacteria and Ways to Reduce
Antibiotic Use in the Food Industry

Elaheh Layegh Ghadrdan®, Abbas Abedfar™!

! Department of Food Science and Technology, University of Guilan, Rasht, Iran

Received Date:2025.01.30 Accepted Date:2025.04.16

[ Downloaded from amfi.ir on 2026-02-24 ]

Abstract

There are several solutions for sanitation in the food industry, one of which is the use of antibiotics. Antibiotics,
which are classified as either natural or synthetic chemical substances, can inhibit the growth and survival of
microorganisms. They play a crucial role in eliminating foodborne pathogens in the food industry. However, the
increasing resistance of bacteria to these antibiotics poses a serious threat to public health and food security. To
address this challenge, innovative approaches such as bacteriophage therapy and the use of predatory bacteria
have been introduced, as they can effectively control bacterial infections, including those caused by resistant
strains. Additionally, multi-drug resistance strategies and principles of high-efficiency sustainable agriculture
contribute to improving food quality and safety. Alongside these efforts, methods for reducing dependence on
antibiotics have been developed, including infection prevention and control measures as well as Reduction of
antibiotic use in animals and the use of probiotics in aquaculture. Bacteria capable of developing resistance to
antibiotics include heat-resistant Campylobacter, Salmonella, Staphylococcus aureus, and Enterococcus species.
This article aims to provide a deeper understanding of the phenomenon of bacterial resistance to antibiotics and
to analyze effective strategies for addressing this significant issue.
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EXTENDED ABSTRACT

Biofilm

A biofilm is a collective of microorganisms that are firmly attached to a living or non-living surface and are
enclosed within a matrix of extracellular polymeric substance. They can also exhibit new characteristics based on
gene expression, protein synthesis, growth rate, and metabolic activities. The production of biofilm can be
influenced by factors such as surface conditions, chemical and physical growth factors, cellular structures, and
other challenges. Bacteria such as Escherichia, Streptococcus, Staphylococcus, and Pseudomonas are among the
bacteria that form antibiotic-resistant biofilms.

Prevention of Bacterial Biofilm Formation on Food Processing Surfaces

Most biofilm remediation approaches include anti-biofilm agents that target the initial stages of biofilm formation
or biofilm dispersal factors, which disrupt the biofilm cellular community. Utilizing biocontrol strategies such as
bacteriocins and enzymes are considered important for maintaining biofilm-free systems for the quality and safety
of food.

Antimicrobial resistant bacteria

Antimicrobial drug resistance refers to the capacity of a microorganism to survive or to be inhibited or killed by
an antimicrobial compound and When an antibiotic is administered, susceptible bacteria are killed and in this
situation, resistant strains are eliminated then The strains become dominant in the bacterial population and
facilitate the transfer of genetic resistance determinants to their next generation of the same species or even to
other bacterial species. This phenomenon occurs in both common and pathogenic bacteria from humans, animals,
and the environment.

Familiarity with some of the different types of foodborne pathogens with the ability to become resistant to
antibiotics

Some types of foodborne pathogens include: heat-resistant Campylobacter, Salmonella and Staphylococcus
species, which have the ability to become resistant to antibiotics in various ways.

Strategies to combat the issue of antimicrobial resistance to antibiotics and ways to reduce the use of
antibiotics

Some of the strategies include: bacteriophage therapy, predatory bacteria, multidrug resistance strategy and
sustainable agriculture with high productivity, infection prevention and control, reduction of antibiotic use in
animals, and use of probiotics in aquaculture, which will be explained in more detail below.

A- Bacteriophage therapy

Bacteriophages are viruses that use bacteria as hosts. They are widely used as a suitable alternative to antibiotics
despite the numerous challenges, and phage therapy was introduced in Georgia in the early 1920s.

B- Predatory bacteria

Predatory bacteria, including Bdelvibrio bacteriovorus and Micavibrio aeruginosavorus are either extracellular
or intracellular, that they attach to the membrane of gram-negative bacteria to consume the contents of their prey
and divide either inside or outside their prey and This method is considered a new therapeutic approach against
microbial infections, and it should be noted that this topic also has limitations, which necessitate further research
in this area.

C- Multidrug resistance strategy

Multidrug resistance involves the simultaneous use of multiple antimicrobial agents specifically designed to
combat antibiotic-resistant bacteria. Multiple inhibitory compounds can be combined with antibiotics to induce
susceptibility, for example: amoxicillin with clavulanic acid and piperacillin with tazobactam.

D- Sustainable agriculture with high productivity

One approach to reducing antibiotic resistance is to implement measures such as precision agriculture practices,
risk analysis, hygiene, and other measures. Of course, in addition to these measures, there are other measures
based on the use of probiotics, prebiotics, enzymes, and other items that have been emphasized.

E- Infection prevention and control

Some suggested measures related to prevention and health control include: a- observing appropriate hand hygiene
practices, b- correctly diagnosing and successfully treating infections, c- continuously monitoring and surveillance
of antibiotic use and antibiotic resistance, and d- establishing a supply chain of antimicrobial drugs of appropriate
quality.

F- Reduction of antibiotic use in animals

As alternative measures, improved hygiene, provision of probiotics or nutritional supplements in feed, better use
of vaccination, and changes in animal husbandry practices are recommended.

G- Probiotics in aquaculture

Probiotics are defined as live microorganisms that, administrated in adequate amounts and they have the ability
to confer a health benefit on their host. The skin, gills, and digestive tract of aquatic animals are rich in
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microorganisms with probiotic potential, with fish feces and intestinal mucosa being the main sources of these
microorganisms.
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