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Abstract 
With the increasing global population and growing demand for safe, high-quality food, ensuring sustainable food security 

has become a major concern worldwide. One of the fundamental challenges in this regard is bacterial foodborne illness. The 

use of antibiotics and other chemical antimicrobials as food preservatives has significant undesirable side effects and can 

damage the texture of food. In addition, consumers believe that the use of natural antimicrobials is beneficial. Therefore, 

bacteriophages (phages), effective re-emerging viral agents, can be introduced as good antimicrobial candidates in different 

stages of the food industry. They are unique and biological with highly specific functions against pathogens. The current 

study addresses the important properties of phages for use as biological antimicrobials. Several studies on isolating 

appropriate bacteriophages against pathogenic genera of Enterobacteriaceae bacteria were reviewed. From an applied 

perspective, studies that have used phages to reduce or eliminate the microbial load of Enterobacteriaceae pathogens have 

been analyzed. 
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Introduction 
Concerns regarding sustainable food security have 

intensified in recent decades as population growth 

and demand for safe, high-quality food continue to 

rise, particularly in developing countries. A major 

challenge in this context is the bacterial 

contamination of food, which is a leading cause of 

foodborne illnesses. For example, a Salmonella 

outbreak in the United States between 2018 and 

2019 was linked to contaminated raw turkey meat, 

highlighting the public health significance of this 

issue (Rashida et al., 2019). 

To reduce microbial load, the use of synthetic 

chemical preservatives, such as sorbates, nitrates, 

and sulfites, is common in food industry. Despite the 

effectiveness of these compounds in extending the 

shelf life of food products, concerns regarding their 

safety (potential carcinogenicity and allergenicity) 

have been raised (Bensid et al., 2020). Consequently, 

attention has shifted toward natural bioactive 

compounds, which generally exhibit lower toxicity. 

These include plant essential oils, animal-derived 

enzymes such as lysozyme and lactoferrin, organic 

acids, and polymers such as chitosan (Hintz et al., 

2015), which not only reduce pathogenic 
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microorganisms but also enhance the quality and 

functionality of food. 

With the emergence of antibiotic-resistant strains, 

the need for novel strategies to combat foodborne 

pathogens has become increasingly urgent (Bensid 

et al., 2020; Moye et al., 2018). In this context, 

bacteriophages, viruses that specifically target 

bacteria, have been introduced as effective, safe, 

inexpensive, and readily available agents for 

controlling microbial contamination in the food 

industry (Endersen & Coffey., 2020). Although 

initially confined to clinical settings, the application 

of bacteriophages has expanded into industrial and 

biotechnological fields, including the food sector 

(Sillankorva et al, 2012). Phages can reduce 

foodborne infections and prevent spoilage without 

adversely affecting the organoleptic or rheological 

properties of foods. Numerous studies have 

confirmed the efficacy of phages in controlling 

Salmonella, Shigella, and Escherichia coli in various 

food products, such as milk, poultry meat, cheese, 

vegetables, and fresh fruits (Islam et al., 2019, Huang 

et al., 2018, Lukman et al., 2020).  

In spite of the significant role of Enterobacteriaceae 

pathogens in food borne illnesses, most of the 

previous studies have concentrated on antibacterial 

effects of bacteriophages against Listeria 

monocytogenes and Salmonella spp., and some others 

studied bacteriophages effect on E. coli O157:H7 

strain, and studies with the special insight on effects 

of Enterobacteriaceae pathogens on their biocontrol 

activity in foods was not found. Then, this article 

reviewed the application of bacteriophages in 

reducing microbial contamination caused with the 

focus on three important pathogenic genera of the 

Enterobacteriaceae family (Salmonella, E. coli, 

Shigella) and analyzed phage-based biological 

strategies that can be effectively applied in food 

industry.  

  

Foodborne diseases with Enterobacteriaceae 
Foodborne diseases caused by microbial 

contamination are a major cause of morbidity and 

mortality worldwide (Murray et al., 2017). Annually, 

contaminated foods are responsible for 

approximately 600 million cases of foodborne illness 

and 420000 deaths, with children under five years of 

age accounting for 40% of these fatalities (Sarno et 

al., 2021). A significant proportion of these illnesses 

are attributed to specific foodborne pathogens, 

including Shigella, Salmonella, Campylobacter, L. 

monocytogenes, and E. coli, as well as other intestinal 

microorganisms (Murray et al., 2017; Scallan et al., 

2010). The consumption of raw and minimally 

processed foods, which often have not undergone 

sufficient heat treatment, as well as contamination of 

equipment and utensils during food processing, are 

major contributors to the occurrence of these 

diseases (Żaczek et al., 2015). In the following 

sections, several bacterial agents belonging to the 

Enterobacteriaceae family, which play a key role in 

foodborne microbial contamination and associated 

diseases, are discussed in terms of their involvement 

in food contamination. 

Salmonella 

Recently, Salmonella has emerged as one of the most 

common foodborne pathogens worldwide, typically 

transmitted through water or food products, such as 

lettuce, milk, beef, and poultry. Individuals infected 

with Salmonella exhibit symptoms of salmonellosis, 

including acute fever, abdominal pain, diarrhea, 

nausea, and vomiting (Shang et al., 2021; Zhang et 

al., 2023). Annually, approximately 90 million cases 

of foodborne illness and around 155000 deaths 

occur globally as a result of salmonellosis, posing a 

serious threat to human health. Therefore, the 

biological control of Salmonella contamination in 

food and the environment is critical 

(Papoula-Pereira et al., 2025).  

Antibiotics have been widely used to biologically 

control Salmonella due to their inhibitory effects. 

However, the overuse and misuse of antibiotics have 

led to an increasing prevalence of multidrug-

resistant bacterial strains. Alternative approaches 

have been proposed, however, many of these 

methods are unable to provide sustained control 

over the spread of resistant bacteria and may 

negatively affect the sensory properties of food, 

limiting their practical application in the food 

industry. Consequently, there is a need for novel 

antimicrobial agents with fewer side effects. 

Bacteriophages represent a particularly promising 

strategy for controlling Salmonella contamination 

(Alomari et al., 2021). 
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Escherichia coli 

Both pathogenic and non-pathogenic strains of E. coli 

reside in the gastrointestinal tracts of mammals and 

are commonly used as indicators of fecal 

contamination in various environments. The 

detection and control of these pathogens are 

essential for safeguarding human health. One of the 

hazardous foodborne microorganisms is Shiga toxin-

producing E. coli (STEC). The most well-known STEC 

strain associated with foodborne outbreaks is E. coli 

O157:H7, which was first identified as a pathogen in 

1982 (Carstens et al., 2019). According to the 

Centers for Disease Control and Prevention, between 

2009 and 2015, 191 foodborne outbreaks, 2378 

illnesses, and 672 hospitalizations in the United 

States were linked to STEC, with an estimated annual 

cost of $254.8 million. Although E. coli O157: H7 is 

the most commonly recognized STEC strain, it also 

includes six non-O157 serotypes: O121, O111, O145, 

O26, O45, and O103 (Bain et al., 2014). 

Shigella 

Shigella is a major microbial contaminant of both 

plant- and animal-based foods, infecting millions of 

people annually and causing thousands of deaths 

worldwide. Multidrug-resistant isolates of Shigella 

species have been recovered from various food 

sources, including red meat, poultry, and fresh 

vegetables such as carrots, lettuce, and parsley, as 

well as from raw and processed food products. 

Members of the genus Shigella belong to the family 

Enterobacteriaceae and are the causative agents of 

shigellosis, resulting in approximately 80–165 

million cases of intestinal infection and nearly 

600000 deaths each year globally. These Gram-

negative, non-motile, facultatively anaerobic bacteria 

are classified into four serogroups: A, B, C, and D 

(Shahin, et al., 2020). 

With a relatively low infectious dose of only 200 

bacterial cells, Shigella can be transmitted through 

direct contact (person-to-person) or indirectly via 

contaminated food and water (Shahin et al., 2021). S. 

dysenteriae is responsible for more severe forms of 

shigellosis, while S. sonnei and S. flexneri have been 

reported as the predominant species in developed 

and developing countries, respectively, over recent 

decades (Shahin et al., 2021). Shigella species have 

been isolated from a variety of foods, including fresh 

vegetables and poultry. The uncontrolled use of 

antibiotics and horizontal gene transfer of antibiotic 

resistance in medical, industrial, and food 

production settings have led to a significant increase 

in multidrug-resistant Shigella strains. 

Other pathogenic species of Enterobacteriaceae 

In addition to well-characterized foodborne 

pathogens such as Salmonella enterica, Shigella spp., 

and pathogenic E. coli, a diverse community of other 

Enterobacteriaceae members is frequently isolated 

from food matrices and may contribute to 

contamination and hygiene failures in the food chain. 

Retail food surveillance studies have documented 

the presence of species such as Proteus mirabilis, 

Klebsiella spp., Enterobacter spp., Hafnia spp., 

Citrobacter spp., and Kluyvera spp. at appreciable 

frequencies, often with noteworthy antimicrobial 

resistance profiles and biofilm-forming capabilities 

that complicate sanitation efforts (Ramos-Vivas et 

al., 2022). Many of these organisms are considered 

opportunistic rather than primary foodborne 

pathogens, and their high prevalence in products 

such as vegetables, dairy, and meat highlight their 

utility as hygiene indicator organisms and the need 

for targeted control strategies (Igbinosa et al., 2019).  

 

Biological control potential of 

bacteriophages on foodborne pathogens 
Since the discovery of bacteriophages nearly a 

century ago, researchers have recognized the ability 

of bacteriophages to treat cholera and a wide range 

of acute and chronic pathogens in cardiology, 

gastroenteritis, neonatal diseases, and various 

surgical contexts. These infectious particles have 

been applied in diverse human, animal, and 

agricultural settings, however, their use in food 

production remains largely unexplored (Sillankorva 

et al., 2012). The contamination of raw food 

products highlights the need for reliable methods to 

eradicate harmful bacteria from food. Traditional 

approaches have limitations in removing pathogens 

from fruits and vegetables (Bhardwaj et al., 2015). 

To identify better alternatives for eliminating 

bacterial contamination in fresh produce, 

researchers have investigated methods including 

radioactivity, edible coatings, nitrogen oxides, 

ultraviolet radiation, controlled atmosphere storage, 
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potassium permanganate, water, and viral proteins 

(Islam et al., 2022; Mahajan et al., 2014).  

Bacteriophages, as practical and rational options for 

organic management, similar to conventional 

sanitation methods, do not compromise the taste of 

fresh foods. Viral formulations have been explored 

for their overall biological control potential against 

foodborne pathogens associated with fruits and 

vegetables. However, unexpected outcomes have 

posed challenges for phage applications in plant-

based foods, which have been attributed to 

unfavorable treatment conditions during viral 

concentration and limited knowledge of phage 

ecology (McCallin et al., 2013). Addressing these 

concerns could unlock the potential of phage-based 

biological control strategies in ensuring food safety. 

 

Bacteriophages 
Bacteriophages are viruses that infect bacteria and 

display extensive diversity in size, structure, and 

genome composition. Bacteriophages were first 

discovered in 1917 by Félix d’Herelle. These viruses 

exhibit two main life cycles: the lytic cycle, in which 

the host bacterium is lysed and newly produced 

virions are released, and the lysogenic cycle, during 

which the phage genome integrates into the bacterial 

chromosome without causing immediate harm to the 

host bacterium. The majority of characterized 

phages (approximately 96%) belong to the order 

Caudovirales, which are tailed viruses possessing 

double-stranded DNA genomes. A typical phage 

structure consists of an icosahedral capsid enclosing 

the viral genome and a tail that facilitates 

attachment to the host cell, although some phages 

exhibit alternative morphologies, including 

enveloped and filamentous forms (Wagh et al., 

2023). Phages are classified based on factors such as 

nucleic acid type, capsid architecture, host range, 

and pathogenic properties (Fig. 1). 

 

 

 

Figure 1. Structures of (A) M13 phage, (B) T4 phage, and (C) T7 phage (Petrov et al.,2022). 

 

Beyond their ecological significance in regulating 

microbial populations and nutrient cycles, 

bacteriophages have broad applications in medicine 

and industry. They are considered a promising 

alternative to antibiotics for combating antimicrobial 

resistance (AMR), treating infections in humans and 

animals, controlling diseases in aquaculture, and 

ensuring food safety. Phages can effectively target 

and eliminate pathogens such as Salmonella, Listeria, 

and E. coli without disrupting beneficial microbiota 

or compromising food quality (Azam et al., 2021).    

   

Antibacterial mechanism of lytic 

bacteriophages 
During infection and cell lysis, phages produce a 

suite of enzymes, including virion-associated lysins 

(VALs), holins, pinholins, and endolysins, which 
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ultimately leads to genetic material injection, 

degradation, and lysis of the bacterial cell wall (Guliy 

& Evstigneeva, 2025). Specifically, endolysins target 

bacterial hosts by cleaving peptidoglycan bonds and 

can lyse biofilms on surfaces within the food 

industry, irrespective of the host’s metabolic phase 

(Guliy & Evstigneeva, 2025). The lytic phase of 

bacteriophage infection, which is most relevant for 

biotechnological applications, involves the initial 

takeover of the host’s biosynthetic machinery. 

Subsequently, the release of new virions is executed 

by the activation of holin and endolysin enzymes, 

leading to degradation of the bacterial cell wall. 

Holins form pores that facilitate the access of 

endolysins to the peptidoglycan layer by penetrating 

the inner membrane, resulting in bacterial cell wall 

rupture and lysis (Fig. 2B) (Harshitha et al., 2022). 

Phage enzymes, recognized as the most critical 

functional molecules driving lytic activity, are highly 

efficient in promoting viral progeny release (Choi et 

al., 2025a). VAPGHs, a phage-encoded structural 

protein (Mtimka et al.,2024), create a small aperture 

in the cell envelope, thereby allowing the injection of 

the viral genome to commence the infection process 

(Fig. 2B) (Kashani et al., 2017). 

 

 

Figure 2. (A) Lytic cycle: (1) phage attachment to the bacterium, (2) injection of genetic material, (3) replication of the phage genome, 
(4) production of phage protein structures, (5) phage assembly, and (6) lysis and release of virions. (B) Activity of VAPGH, endolysins, 
and holins (Soto Lopez et al., 2025). 

Holins are small hydrophobic enzymes embedded in 

the cytoplasmic membrane that initiate cell lysis by 

forming a channel through which lysins traverse to 

reach the peptidoglycan matrix (Fig. 2B) (Guliy & 

Evstigneeva, 2025). In scenarios where the direct 

passage of lysins is restricted by space limitations, 

ion permeation occurs, altering membrane function 

and subsequently activating lysins. An alternative 

phage-encoded holin, the pinholin, forms 

nanometer-sized pores (less than 2 nm in diameter) 

that permit the non-specific passage of folded 

proteins into the cytoplasm. Consequently, for 

bacterial lysis to proceed, pinholins require SAR 

endolysins, whose transport is facilitated by a 

membrane-bound, inactive form of the endolysin 

(Khan et al., 2023). 

Endolysins (or lysins) are phage-encoded enzymes 

produced within the bacterial cytoplasm towards the 

termination of the infection cycle. Endolysins cleave 

peptidoglycan from the cell wall, a process essential 

for rapid and efficient bacteriolysis (Shen et al., 

2022). This cleavage induces an osmotic imbalance 

owing to the high internal pressure of the bacterium, 

leading to rupture of the cell membrane layer, 

extrusion of cytoplasmic contents, and subsequent 

lysis of the host cell, along with the release of newly 

replicated phages (Li et al., 2022). As significant 
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functional enzymes in the bacteriophage lysis 

process, endolysins cannot autonomously reach the 

bacterial cell wall in an active state; thus, the activity 

of other phage enzymes, holins and pinholins, which 

act directly on the cytoplasmic membrane, is 

necessary to achieve this goal (Gontijo et al., 2021). 

 

Efficacy of bacteriophages on reducing 

microbial load in food products 
In recent years, efforts to improve consumer dietary 

habits and the search for novel health-promoting 

products have led to an increased interest in 

minimally processed foods (Agriopoulou et al., 

2020). These products are preserved using non-

thermal techniques, resulting in minimal changes in 

the food texture. This approach also allows for the 

retention of bioactive food components, such as 

vitamins, provitamins, and phytochemicals, which 

are naturally present in high amounts in plant-based, 

minimally processed foods (Zhang et al., 2019b). The 

use of physical methods in the food industry does 

not always ensure the production of food products 

with satisfactory sensory attributes and 

microbiological properties. Biological approaches, 

which can serve as alternatives to physicochemical 

methods, have gained increasing importance in the 

preservation of minimally processed foods with high 

microbial contamination risks, such as fresh juices, 

sprouts, and salad mixes (Gientka et al., 2021). The 

findings indicate that minimally processed plant-

based foods can be heavily contaminated by 

saprophytic bacteria, whose numbers may increase 

by 2 to 3 log units during refrigerated storage 

compared to their initial levels upon entering the 

system, ultimately leading to a decline in product 

quality. 

The use of bacteriophages can satisfy consumer 

expectations for minimally processed foods by 

extending their shelf life without adversely affecting 

their physical properties. Bacteriophages are viruses 

that typically infect only a single species or a limited 

number of bacterial species. Unlike antibiotics, they 

do not disrupt the natural gut microbiota of humans. 

Research has shown that phages are generally 

resilient to many stress conditions encountered 

during food processing, including a wide range of 

temperatures and pH levels, with their pH stability 

increasing at lower temperatures (Jayamanne & 

Foddai, 2025). 

Bacteriophages can be applied in three main areas of 

the food industry during primary production, 

primarily to prevent biofilm formation on equipment 

surfaces; in hygiene and sanitation, mainly for 

disinfection in food processing facilities; and as 

biological preservatives to extend the shelf life of 

products by targeting pathogenic bacteria 

responsible for food spoilage Given the antimicrobial 

potential of bacteriophages demonstrated in 

numerous previous studies, various investigations 

have been conducted to evaluate the feasibility of 

harnessing this potential in the food industry. These 

studies have yielded notable results both in vitro 

against problematic foodborne pathogenic bacteria 

and in experiments involving the contamination of 

food products. Although diverse bacteriophages 

targeting bacteria derived from various food sources 

have been isolated in prior research, the present 

study focused on examining the functional effects of 

bacteriophages on different food matrices and their 

capacity to reduce microbial contamination by 

foodborne pathogens. This review systematically 

discusses key studies in the field and summarizes 

their findings on phage applications in food safety. 

Efficacy of bacteriophages against Salmonella in food 

products 

A polyvalent phage solution, designated PS5, in 

Japan, exhibits strong antibacterial activity against S. 

enteritidis, S. enterica ser. Typhimurium, and E. coli 

O157:H7, was evaluated for its antibacterial 

properties both in vitro within bacterial populations 

and directly on poultry meat. Phage PS5, 

demonstrated a short latent period, a large burst 

size, and high stability in different environmental 

conditions. Genomic analysis revealed the absence of 

antibiotic resistance, toxin-associated, and virulence 

factor genes. This phage was able to reduce bacterial 

counts in liquid media for all three bacterial hosts by 

more than 1.3 log10 CFU/mL compared to control 

groups after two hours of incubation at both 4 °C and 

24 °C. Five types of food products, raw chicken skin, 

raw beef slices, fresh lettuce, pasteurized whole 

milk, and eggs, were tested for their effects on food 

matrices. In these food samples, a significant 

reduction in bacterial counts was observed for all 
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three target bacteria compared to controls under the 

tested temperature conditions (Duc et al., 2020). 

Comprising four Salmonella phages with the 

morphology of Myoviruses and Siphoviruses, was 

performed on raw chicken meat contaminated with 

different strains of S. Typhimurium and S. enteritidis. 

The phages exhibited latent periods ranging from 5 

to 30 min and demonstrated similar stability with 

respect to temperature and pH. When contaminated 

chicken meat samples were treated with the phage 

cocktail at 4 °C for seven days, bacterial counts were 

significantly reduced, with results showing statistical 

significance (Kim et al., 2020). Regarding Salmonella 

contamination in ground beef (both finely and 

coarsely ground), the application of a bacteriophage 

cocktail containing four phages resulted in a 

reduction in Salmonella across all stages of meat 

preparation. Salmonella counts decreased by 

approximately 1 log10 CFU/g when bacteriophage 

concentrations of 10⁹ and 10⁸ PFU/g were added to 

ground beef. In contrast, a 1.6 log10 CFU/g reduction 

was observed using larger meat pieces. The grinding 

process produces smaller meat particles, thereby 

increasing the surface area available for the phage to 

contact. In spite of highlighting the potential of 

bacteriophage application for reducing Salmonella 

contamination in bovine meat products, it has been 

suggested that higher phage concentrations are 

required to achieve statistically significant 

reductions in Salmonella contamination in ground 

beef (Shebs et al., 2021). Also, a bacteriophage was 

isolated from milk samples against Salmonella with 

morphology of Siphoviruses, exhibited high stability 

under temperature and pH conditions relevant to the 

milk preservation chain. After three hours of 

incubation at 37 °C, the phage reduced Salmonella 

growth in milk by approximately 1000-fold. The 

results showed not only the biocontrol potential of 

the phage but also its strong ability to extend the 

shelf life of milk (Abdelsattar et al., 2021). The 

efficacy of a commercial bacteriophage preparation, 

Salmo Fresh, consisting of six bacteriophage strains, 

against Salmonella contamination in romaine lettuce, 

mung bean sprouts, and mung bean seeds was 

compared with that of chlorinated water in reducing 

Salmonella contamination. The combined effect of 

chlorinated water and phage preparations was also 

assessed. Immersion of food samples in the phage 

solution produced stronger antimicrobial activity 

than spraying, achieving approximately a 2.5 log10 

CFU/mL reduction in Salmonella contamination. 

However, due to Salmonella growth within mung 

bean seeds during sprouting, the phage cocktail 

showed no effect on larger sprouted seeds. The 

combined use of chlorinated water and the phage 

mixture was reported as the most effective 

treatment for reducing Salmonella contamination in 

mung beans and lettuce (Zhang et al., 2019a). 

Therefore, investigating different parameters is 

important for the biocontrol application of 

bacteriophages in the food industry. Antibacterial 

activity of the phage mixture was demonstrated 

against three Salmonella species, S. Typhimurium, S. 

kentucky, and S. enteritidis, in turkey meat at 37 °C, 

while no antibacterial effect was observed against 

Salmonella Heidelberg contamination (Sharma et al., 

2015). A five-phage cocktail was employed to control 

seven strains of Salmonella enterica from four 

different serovars; romaine lettuce and cantaloupe 

leaves were challenged with various Salmonella 

strains. In some cases, reductions in contamination 

levels reached up to 3 log units, suggesting the 

efficacy of bacteriophages for biocontrol against 

Salmonella in cantaloupe and lettuce tissues, 

although the degree of efficacy varied depending on 

the target Salmonella strain (Wong et al., 2020). 

Efficacy of bacteriophages against Shigella in food 

products 

Phages against Shigella in food have been 

successfully studied. The strategic combination of 

two phages, S2_01 (with prolonged antibacterial 

activity) and S2_02 (with rapid bactericidal action), 

provides an innovative approach to combat Shigella 

biofilms, which represent a major challenge in the 

food industry (Choi et al., 2025b). Lee et al. (2016) 

reported that phage HY01, active against S. flexneri, 

exhibited strong resistance to acidic conditions, 

indicating its suitability for food applications. Phage 

AShi was isolated from S. flexneri in Argentina and 

demonstrated the highest resistance to all tested 

preservatives and biocides. AShi particles were 

detected in most assays up to the longest incubation 

time. Finding these phages can be very helpful in the 

food industry, which requires special conditions 

(Tomat et al., 2025). Furthermore, host–phage 

interaction studies using specific receptor molecules 

in Shigella revealed that phage Sfin-2 could interact 
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with both the LPS-O antigen and protein 

components, whereas Sfin-6 interacted exclusively 

with the LPS-O antigen of the host cell’s outer 

membrane. Subsequent investigations of the activity 

of Sfin-2 and Sfin-6 in raw chicken meat 

contaminated with Shigella, either individually or in 

combination, confirmed the potential of both phages 

to reduce MDR Shigella counts in meat samples 

(Ahamed et al., 2023). 

Efficacy of bacteriophages against E. coli in food 

products 

Bacteriophages as potent antibacterial agents 

showed acceptable results in food experiments. In 

Turkey, a bacteriophage with the morphology of 

Myovirus, isolated from wastewater of local 

slaughterhouses. It showed broad-spectrum lytic 

activity against most strains of E. coli O157:H7. Using 

various concentrations of phages indicated a 

significant reduction of more than 2 log10 CFU/g in 

bacterial counts within the first five hours of 

treatment. Moreover, the extent of bacterial 

reduction increased with increasing phage 

concentration. From an application perspective, the 

addition of bacteriophages to complex traditional 

food formulations, such as Turkish meatballs, could 

serve as an important method for eliminating 

contamination by E. coli O157:H7. The findings of 

this study demonstrated the practical potential of 

bacteriophages in ready-to-eat foods for biocontrol 

of pathogenic bacteria (Gencay et al., 2016). Efficacy 

of a commercial phage product, EcoShield™, 

containing three bacteriophages specific to E. coli 

O157:H7, reduced bacterial counts in beef (more 

than 94%) and lettuce (greater than 87%) within the 

first five minutes after contamination. However, 

protection against recontamination was not 

achieved after a single application of the phage 

solution, and post-processing contamination was not 

reduced. Interestingly, reductions in microbial load 

remained highly promising, ranging from 94% to 

98%, even after beef samples were stored for 

varying durations from 10 minutes to 22 hours at 

4 °C. Furthermore, when beef was refrigerated for 

seven days, similar reductions of 94–98% were 

recorded, owing to the absence or minimal growth of 

E. coli at this temperature. These observations may 

have important practical implications for designing 

effective biocontrol strategies using bacteriophages 

in facilities associated with industrial food 

processing facilities (Carter et al., 2012). 

The effectiveness of another phage cocktail in 

reducing contamination caused by seven STEC 

strains was evaluated using food matrices, including 

mung bean sprouts, mung bean seeds, and lettuce 

(Ding et al., 2023). The efficacy of this phage mixture 

was also tested on romaine and iceberg lettuces. 

Additionally, the combined effect of chlorinated 

water and the phage cocktail was investigated, 

showing that this combined treatment reduced STEC 

contamination on lettuce and mung bean sprouts by 

1.2 and 2.2 log10 CFU/g, respectively. Application of 

the cocktail against four other E. coli strains in 

lettuce resulted in reductions ranging from 2.3 to 2.6 

log10 CFU/g. Notably, the phage mixture 

demonstrated the greatest reduction in bacterial 

load after 72 h at 2 °C and 10 °C. However, in the 

case of mung bean seeds, the phage cocktail did not 

reduce contamination by toxigenic E. coli, which may 

be related to the structural characteristics of the 

food matrix. These findings represent an important 

step toward understanding the practical applications 

of phages in enhancing food safety in fresh leafy 

produce. Based on the promising results of this 

study, phage cocktails could potentially be 

commercialized as a post-harvest decontamination 

treatment in the fresh and minimally processed food 

industry (Ding et al., 2023). 

Efficacy of bacteriophages against other membranes of 

Enterobacteriaceae in food products 

Studies on the antibacterial activity of phages against 

other members of Enterobacteriaceae are limited, 

but isolated lytic phages have shown efficacy in 

reducing Enterobacter cloacae complex 

contamination on fresh produce under food-relevant 

conditions and in controlling MDR Enterobacter 

growth in dairy matrices (Nasr-Eldin et al., 2023). 

Additionally, phage biocontrol against a broader 

saprophytic and opportunistic microflora, including 

Citrobacter and Enterobacter isolates, has been 

reported in minimally processed plant-based foods, 

suggesting that phages may serve as complementary 

biocontrol agents beyond classical pathogens 

(Mizuno  et al., 2020). Despite these promising 

findings, further studies are needed to characterize 

the host range, environmental stability, and 
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regulatory pathways of phage applications targeting 

these understudied members of Enterobacteriaceae 

in food systems. 

 

Commercial bacteriophage products against 

Enterobacteriaceae bacteria in food 
The successful use of bacteriophages as 

antimicrobial agents has led to the development of 

several commercial products in the fields of food, 

agriculture, biomedicine and clinical applications. 

ListShield, the first commercial phage product to 

receive FDA approval, holds a prominent position in 

the application of phages for food safety (Vikram et 

al., 2021). In a study, SalmoLyse®, a six-phage 

cocktail effective against multiple Salmonella 

serotypes, was evaluated for its efficacy in raw pet 

food ingredients and safety in dogs and cats. This 

study, along with previous investigations on dry pet 

food, demonstrated an average 0.91 log reduction in 

Salmonella and showed no observable adverse 

effects in animals (Soffer et al, 2016). 

The commercial product SalmoFresh™, a six-phage 

cocktail, was shown in one study to effectively 

reduce Salmonella contamination on lettuce and 

mung bean sprouts. Immersion in the phage solution 

resulted in a reduction of 2.1–2.43 log10 CFU, 

whereas spraying was less effective. The product 

demonstrated limited efficacy on seeds; therefore, 

the most effective approach was the combined use of 

chlorinated washing and phage application (Zhang et 

al., 2019a). Bafasal™ (PhageTech, Poland) is a 

combination of four bacteriophages (PCM F/00069, 

PCM F/00070, PCM F/00071, and PCM F/00097) 

that has been approved by the European Food Safety 

Authority and acts against S. enterica ser. Gallinarum 

is the causative agent of fowl typhoid in poultry 

(EFSA FEEDAP Panel et al., 2023). SalmoFree® 

(developed at the University of Andes, Bogotá, 

Colombia; patent pending) contains six lytic 

bacteriophages that target Salmonella. 

Supplementation of drinking water with this phage 

mixture at a concentration of 10⁸ PFU/mL protected 

poultry against infection with S. Typhimurium 

(Clavijo et al., 2019). 

To reduce the population of STEC O157:H7 in beef, 

the commercial formulation PhageGuard E™, 

containing two bacteriophages, EP75 and EP335, 

was developed by MICREOS Food Safety 

(Wageningen, the Netherlands). Phage EP75 is 

classified as a virus of the genus Vi1virus, order 

Caudovirales, family Ackermannviridae, and 

subfamily Cvivirinae, while phage EP335 belongs to 

the genus Phieco32virus, order Caudovirales, family 

Podoviridae. These phages reduced the growth of E. 

Coli strains ATCC® 35,150™, ATCC® 43,895™, 

ATCC® 43,894™, and NCTC 13128 by approximately 

98.3%, 97.2%, 96.7%, and 98.3%, respectively 

(Shebs et al., 2020). Researchers developed the lytic 

phage cocktail EcoShield PX, which specifically 

targets E. Coli O157:H7. This phage was tested on 

eight food products, including beef, chicken, salmon, 

cheese, cantaloupe, and lettuce, resulting in a 

significant reduction in bacterial load of up to 97% 

and a decrease in the prevalence of STEC at low 

bacterial levels of up to 80% (Vikram et al., 2020). 

ShigaShield™, a phage preparation composed of five 

lytic bacteriophages specifically targeting pathogenic 

Shigella species present in contaminated water and 

food, was evaluated. The efficacy of different doses 

of this product (9 × 10⁵ to 9 × 10⁷ PFU/g) in 

eliminating inoculated Shigella in smoked salmon, 

cooked chicken, lettuce, cantaloupe, and yogurt was 

assessed. The highest applied doses (2 × 10⁷ or 9 × 

10⁷ PFU/g) resulted in at least a 1-log (90%) 

reduction in Shigella across all food types. Significant 

reductions in bacterial populations (P < 0.01) were 

observed in all phage-treated foods compared to 

untreated controls; however, the lowest phage dose 

(9 × 10⁵ PFU/g) on cantaloupe only achieved 

approximately 45% reduction (0.25 log). The 

genomes of each phage in this cocktail were fully 

sequenced and analyzed, revealing no undesirable 

genes, including those listed in the United States 

Code of Federal Regulations (40 CFR Ch1). These 

results indicate that ShigaShield™ and similar phage-

based products with strong lytic activity against 

Shigella spp. can serve as a safe and effective 

approach for reducing Shigella levels in a wide range 

of potentially contaminated foods (Soffer et al., 

2017). 

 

Advantages and challenges of using 

bacteriophages in food 
Bacteriophages have garnered considerable 

attention as biological control agents in food safety. 
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These viruses are classified into two categories 

based on their host interactions: lysogenic and lytic. 

Lytic phages are considered a suitable option for 

antimicrobial applications in the food industry 

because of their direct bacterial lysis capability 

(Vikram et al., 2021). Phages exhibit high specificity, 

targeting pathogenic bacteria without disrupting 

beneficial microbiota. Given their natural ubiquity, 

they pose no adverse effects on human health or 

food quality. The approval of multiple phage 

formulations for food applications underscores their 

safety and efficacy (Alomari et al., 2021). Phages can 

be applied individually, as phage cocktails, or in 

combination with antibiotics and disinfectants to 

broaden their spectrum of activity and achieve more 

effective infection control. The synergistic effect 

between phages and antibiotics (Phage-Antibiotic 

Synergy, PAS) is also well documented. These 

characteristics align with the “One Health” concept 

of reducing foodborne diseases and facilitating the 

implementation of phages across various stages of 

the agricultural supply chain. The emergence of AMR 

and increasing restrictions on antibiotic use in 

livestock have further amplified the interest in 

phages as a natural and safe alternative (Brives et al., 

2020). 

However, significant regulatory, industrial, and 

implementation challenges must be addressed to 

effectively scale up this process. Regulatory 

frameworks and approval processes for phages as 

food additives, biocontrol agents, or components of 

packaging materials necessitate clear guidelines 

concerning their safety, efficacy, impact on food 

quality, and environmental footprint. Large-scale 

phage production for food safety applications must 

be economically viable and capable of meeting the 

food industry’s high-volume demands. For active 

food packaging, phage incorporation must be cost-

effective while retaining phage viability and efficacy 

in real-world conditions. Direct application to food 

introduces additional complexities, including the 

need to maintain phage stability during 

transportation, storage, and application, particularly 

for perishable items. Implementation barriers are 

equally significant, with consumer acceptance being 

a critical issue. Educating consumers and food 

producers about the safety, natural ubiquity, and 

efficacy of phages is essential to overcome these 

barriers. This requires careful coordination among 

food producers, packaging companies, and 

regulators to develop solutions that are both 

effective and practical on an industrial scale (Braz et 

al., 2025). 

 Conclusion and future perspectives 

Despite advancements in food safety protocols, the 

persistent issue of contaminated additives in fresh 

produce remains a significant threat, compromising 

product quality through the proliferation of 

pathogenic and spoilage bacteria, which 

substantially contributes to food loss. Current 

microbiological research robustly supports the 

efficacy of bacteriophages in controlling harmful 

bacterial growth on fresh produce, including lettuce. 

Phages demonstrate utility across the entire food 

production continuum, pre-harvest, harvest, and 

post-harvest, positioning them as a crucial tool for 

mitigating foodborne infections, particularly in 

vulnerable cohorts such as children, the elderly, and 

pregnant women. Phages function as potent, self-

replicating antagonists of bacterial species, offering 

substantial value in disease reduction, surface 

disinfection in agricultural settings and food 

preservation. Well-formulated phage cocktails 

exhibit significant lytic activity against MDR 

bacterial strains and can be synergistically combined 

with safe antimicrobials, such as bacteriocins, to 

enhance overall efficacy and specificity. 

Bacteriophages are integral ecological components 

that play a decisive role in bacterial evolutionary 

dynamics. Their deployment as biocontrol agents 

aligns closely with the objectives of the United 

Nations Sustainable Development Goals by 

enhancing food safety and sustainability of the food 

supply. Regulatory acceptance is growing, as 

evidenced by the Generally Recognized as Safe status 

granted by the U.S. Food and Drug Administration 

for food applications, simultaneously satisfying both 

organic and regulatory compliance standards. 

Furthermore, phage-based interventions have been 

successfully applied as food preservatives in 

numerous jurisdictions, including the United States, 

Canada, Israel, Switzerland, Australia and New 

Zealand (Zia et al., 2023). 

Given the inherent challenges in scaling phage 

technology, as previously detailed, extensive further 
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studies are warranted to integrate bacteriophages as 

a routine biocontrol method on an industrial scale. A 

critical requirement is the establishment of a 

coherent and consistent regulatory framework that 

explicitly addresses key parameters, such as optimal 

dosage, phage stability under industrial conditions, 

and mitigation of resistance development. Significant 

hurdles remain in achieving industrial scalability, 

whether through direct application or novel 

integration into packaging systems. Future research 

should rigorously refine application methodologies, 

ensure consistent performance across diverse food 

matrices, and conduct long-term impact 

assessments. Critical areas for subsequent 

investigation include elucidating the interactions 

between applied phages and non-targeted 

commensal microbiota, confirming the absence of 

unintended ecological disruptions, and maximizing 

reproducibility through optimized combination 

strategies with orthogonal decontamination 

methods, including precise temporal sequencing of 

applications (Braz et al., 2025). 
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