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Abstract 
 

Background and Objective: Escherichia coli O157:H7, a major foodborne bacterial 

pathogen, is commonly detected in the intestines of healthy cattle, deer, goats and sheep. 

It can readily contaminate veal, ground beef and hamburgers, causing a range of human 

diseases, including mild diarrhea, hemorrhagic colitis, hemolytic-uremic syndrome and 

thrombotic thrombocytopenic purpura. Various treatment strategies are used to reduce E. 

coli O157:H7 contamination, ranging from washing to chemical and physical food 

decontamination. The increase of antibiotic-resistant bacteria has hence increased 

interest in lytic bacteriophages as biocontrol agents. This study investigated the use of 

bacteriophages to control E. coli O157:H7 growth in experimentally contaminated meat. 

Material and Methods: Six E. coli O157:H7 specific bacteriophages were isolated from 

sewage, purified via plaque assay and assessed individually and in cocktails for lytic 

activity at various multiplicity of infection rates. Temperature-dependent effects on 

adhesion and lytic efficiency were assessed at refrigeration and ambient conditions. 

Phages were further used in commercial polyethylene food wraps to assess realistic 

surface delivery performance on inoculated meat samples and long-term phage stability 

was monitored during storage at 4 °C. 

Results and Conclusion: Single-phage treatments achieved up to 100% bacterial 

elimination at higher multiplicities of infection, while optimized phage cocktails 

completely eradicated bacteria. Temperature affected bacterial recovery, with 

refrigeration decreasing bacterial adhesion and slightly slowing phage-mediated lysis. 

Importantly, this study has introduced an innovative practical approach using phages 

onto commonly used commercial polyethylene plastic wraps, demonstrating 99 and 93% 

reductions when phage‑treated wraps were used after 20 min and 24 h storages, 

respectively. Long-term storage of phage tf1 at 4 °C for seven months demonstrated 

stable plaque-forming ability, verifying durability for practical uses. These results 

highlight bacteriophages as effective, safe and scalable interventions to control E. coli 

O157:H7 in meat products, providing a practical strategy to enhance food safety, 

particularly for pathogens with extremely low infectious doses. 
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➢ Escherichia coli O157:H7 is a major foodborne pathogen associated with beef, 

characterized by extremely low infectious doses and severe human disease outcomes. 

➢ Conventional decontamination methods (chemical, physical, and antibiotics) can 

reduce contamination but face limitations related to efficacy, food quality, resistance, 

and safety concerns. 

➢ Lytic bacteriophages are recognized as safe, host-specific biocontrol agents, with prior 

approvals and demonstrated effectiveness against E. coli O157:H7 in food systems. 

What is “already known” on 

this topic: 
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➢ This study demonstrates that isolated lytic phages and optimized phage cocktails can 

achieve up to 100% elimination of E. coli O157:H7 on beef and ground beef. 

➢ It introduces a novel, practical delivery method using phage-sprayed commercial 

polyethylene plastic wrap, achieving up to 99% bacterial reduction under refrigerated 

conditions. 

➢ Long-term stability testing confirms sustained phage activity for at least seven months 

at 4 °C, supporting feasibility for real-world food packaging and storage applications. 

What this article adds: 

1. Introduction 

Escherichia coli O157:H7 was identified in 1983 and has 

since been addressed as a major foodborne bacterial 

pathogen affecting humans [1, 2]. It is commonly detected 

in the intestines of healthy cattle, deer, goats and sheep and 

can therefore readily contaminate veal, ground beef and 

hamburgers [3]. The E. coli O157:H7 produces Shiga toxins 

and is classified as an enteric bacterium responsible for 

diarrhea and dysentery, also known as enterohemorrhagic E. 

coli (EHEC) [4]. It causes a range of human diseases, 

including mild diarrhea, hemorrhagic colitis (HC), 

hemolytic-uremic syndrome (HUS) and thrombotic 

thrombocytopenic purpura (TTP) [5]. Although other 

foodborne pathogens such as Listeria, Salmonella enterica 

Serovar Enteritidis and Shigella species have been isolated 

from meats, E. coli O157:H7 is particularly concerning due 

to its extremely low infectious dose, as few as 10 cells, and 

its ease of transmission during slaughter and meat 

processing [6]. The microorganism can spread directly from 

person to person, especially in child day-care settings and 

from animals to humans [7].  

Globally, E. coli infections are estimated to cause 2.8 

million cases annually, with approximately 63,000 cases of 

HC reported each year in the United States alone. Children 

are particularly susceptible to severe complications such as 

HUS, a leading cause of acute renal failure (ARF) [8]. 

Numerous studies have investigated the prevalence of E. 

coli O157:H7 in food products and the bacterium has been 

isolated from a variety of plant and animal-derived foods 

within several countries. Contamination is frequently 

associated with meat products due to exposure to intestinal 

contents during slaughter and processing. However, 

contamination has been reported in raw fruits and 

vegetables, often linked to the use of untreated animal waste 

or contaminated irrigation water. Reported prevalence rates 

vary by country and food type, but the detection of the 

pathogen in ready-to-eat foods highlights the risk of 

foodborne illness outbreaks [9]. From 2003 to 2012, 390 

outbreaks of Shiga toxin-producing E. coli O157 in the 

United States led to 4,928 diseases, 1,272 hospitalizations 

and 33 deaths, with cattle serving as the primary reservoir 

and ground beef as the most common route of transmission. 

Undercooked ground beef and other non-intact cuts pose a 

high risk, making it critical to decrease contamination 

during beef production, processing and storage and to 

protect consumers through appropriate handling and 

cooking of raw beef products [10]. 

Despite the urgent need to control E. coli O157:H7 

contamination, current treatment methods vary in 

effectiveness and present challenges. To effectively 

decrease or eradicate E. coli O157:H7 contamination, a 

variety of treatment methods are currently used, ranging 

from simple washing of foods to chemical (peroxyacetic 

acid, chlorine dioxide, sodium hypochlorite and organic 

acids) or physical (irradiation, pasteurization, high-pressure 

processing and pulsed electric fields) decontamination 

techniques. These methods vary in their efficacy, costs and 

effects on the sensory quality and visual appeal of foods. 

However, their practical use is limited because several of 

these treatments can modify texture, flavor and nutritional 

attributes and some also increase concerns associated to 

residue safety and toxicity. Furthermore, they are not 

universally usable within all food types, which limits their 

feasibility and consistency in real processing environments 

[11]. Although antibiotics are used as effective chemical 

agents for removing these bacteria, increasing reports of 

antibiotic-resistant bacteria suggest that an alternative 

effective method is needed [12]. The growing threat of 

multidrug-resistant bacterial pathogens necessitates urgent 

investigation of alternatives to traditional antibiotics [13].  

Regarding the limitations of current treatments, 

bacteriophage therapy, first developed by Felix d’Herelle 

and historically overshadowed by antibiotics, has re-

emerged as a promising alternative to traditional antibiotics. 

This is due to its specificity, ability to target biofilms, 

minimal side effects and potentials to decrease antibiotic 

resistance development [14]. In food safety, bacteriophages 

offer unique advantages because of their narrow host range, 

which enables them to eliminate pathogenic E. coli strains 

without harming beneficial microbiota [15]. Coliphages, in 

particular, are abundant in environments such as sewages, 

animal wastes and water sources, making them accessible 

for isolation and use against foodborne pathogens [16]. One 

challenge to their use is the possible emergence of phage-

resistant bacteria; however, this can be addressed through 

the use of phage cocktails composed of multiple phages with 

complementary host specificities. Such formulations not 
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only broaden the range of susceptible bacterial targets but 

also decrease the likelihood of resistance development. 

Moreover, phages include the ability to evolve in bacteria, 

allowing them to overcome resistance mechanisms that limit 

the effectiveness of antibiotics. These characteristics have 

provided a way for regulatory acceptance of several phage-

based products in the food industry, particularly for the 

control of E. coli O157:H7 in beef and fresh products, 

highlighting their potential as sustainable and innovative 

tools to enhance food safety [17].  

Bacteriophages have been recognized as safe for use in 

food production and are classified as generally recognized 

as safe (GRAS) by the U.S. Food and Drug Administration 

(FDA). While phages targeting E. coli O157:H7 such as 

EcoShield and SecureShield E1 have received GRAS 

approval for use in beef and other food products, similar 

approvals exist for phages against other foodborne 

pathogens. The GRAS phages are valued for their 

specificity, safety for human consumption, minimal effects 

on the food sensory characteristics and ability to decrease 

pathogen levels without contributing to antimicrobial 

resistance [18]. This research investigated the use of 

bacteriophages as biocontrol agents to control the 

propagation of artificially contaminated E. coli O157:H7 in 

meat samples. 

2. Materials and Methods 

2.1. Bacteria cultivation 

Lyophilized E. coli O157:H7 PTCC 1860 was provided 

by the Persian Type Culture Collection (PTCC), Iran. The 

strain was cultured on tryptic soy agar plates at 37 °C for 

16–18 h. For storage, bacterial cultures were suspended in 

tryptic soy broth (TSB) with 15% glycerol and stored at -80 

°C. Bacterial counts were determined as colony-forming 

units (CFU) defined as viable bacterial cell capable of 

forming a visible colony on solid media. 

2.2. Isolation and purification of bacteriophages 

Bacteriophages were isolated from environmental water, 

sewage and slaughterhouse sewage samples. Briefly, 100 

mL of sewage samples were collected in sterile bottles and 

transported to the laboratory. To enrich bacteriophages, 

samples were mixed with 200 mL of TSB media and 

inoculated with the E. coli host and then incubated overnight 

at 37 °C. Chloroform was added to the mixture for 10 min 

to lyse the bacterial cells, followed by centrifugation to 

remove debris. The resulting supernatants, containing 

potential bacteriophages, were assessed against host 

bacteria using double-layer agar method [19]. After 

overnight incubation at 37 °C, plates were investigated for 

plaques. Single plaques were isolated and subjected to 

repeated culture using double-layer agar technique to purify 

individual bacteriophages. Isolated bacteriophages were 

stored in SM buffer at 4 °C. Phage titers were expressed as 

plaque-forming units (PFU), where one PFU corresponded 

to an infectious phage particle that produced a visible plaque 

on a bacterial lawn. 

2.3. Contaminated-meat experiments 

Fresh beef was purchased from a local butchery and cut 

into similar pieces. Their sterility was assessed before use. 

For experimental contamination, E. coli O157:H7 was 

cultured overnight and a bacterial suspension was prepared 

at a concentration of 10⁷ CFU.mL-1. Meat samples were 

immersed in the suspension and agitated for 10 min to allow 

bacterial adhesion. The multiplicity of infection (MOI) was 

reported as the ratio of phage particles (PFU) to bacterial 

cells (CFU). 

2.3.1. Single Phage Treatment 

Meat samples were divided into three groups and 

suspended in sterile water, including untreated meat 

(control), meat treated with E. coli O157:H7 at 10⁷ 

CFU.mL-1 (bacteria only), meat contaminated with E. coli 

O157:H7 (10⁷ CFU.mL-1) and subsequently treated with a 

specific bacteriophage at 10⁸ PFU.mL-1 (phage-treated). All 

samples were agitated for 20 min; after which, aliquots were 

serially diluted (10-¹, 10-² and 10-³) for plating on eosin 

methylene blue (EMB) agar. Sampling and culturing were 

repeated after 60 min to assess bacterial decrease over time. 

The entire procedure was carried out at room temperature 

(RT) and 4 °C to assess the effect of temperature on phage 

efficacy. 

2.3.2. Phage Cocktail Treatment 

A mixture of three bacteriophages (TF1, TF2 and SC) 

was used in meat samples inoculated with E. coli O157:H7 

(10⁷ CFU.mL-1) at a total phage concentration of 10⁸ 

PFU.mL-1. To further assess the cocktail performance, an 

additional trial was carried out; in which, each phage was 

used individually at 10⁸ PFU.mL-1. 

2.4. Contaminated ground beef experiments 

Ground beef was prepared from the meat under sterile 

laboratory conditions and divided into three portions of 

equal weight. One portion was untreated as a control. The 

second portion was inoculated with E. coli O157:H7 at a 

concentration of 5 × 10⁸ CFU.mL-1 without further 

treatment. The third portion was similarly contaminated 

with the bacteria, agitated for 20 min to ensure homogenized 

distribution and then treated with a bacteriophage 

suspension at 10⁸ PFU.mL-1. These experiments were 

carried out at RT and 4 °C. 

2.5. Plastic wrap treatment with bacteriophages  

Beef samples were covered with plastic wrap under 

various conditions. The wrap included commercial food-

grade low-density polyethylene available in the market. In 

the control setup, uncontaminated beef was wrapped with 
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untreated plastic. A second setup involved contaminated 

beef wrapped with plastic that did not contain 

bacteriophages. In the phage-treatment setup, plastic wrap 

was pretreated with a suspension containing 10⁹ PFU.mL-1 

bacteriophages by spraying and storing at 4 °C for 20 min 

and then used in contaminated beef for 30 min at 4 °C. To 

further assess the protective effect of wraps over time, 

additional plastic sheets were incubated at 4 °C for 24 h after 

sprayed with the phage suspension followed by covering 

beef samples for 30 min. 

2.6. Statistical analysis  

All experiments were carried out in three replicates (n = 

3). Quantitative data were presented as mean ± SD (standard 

deviation). Error bars in figures represented SD of the 

replicates. 

3. Results and Discussion 

Four bacteriophages were isolated from municipal 

sewage and two others from slaughterhouse wastewater. 

These were designated as tf1-tf4 and sc-sg, respectively. Of 

the six bacteriophages isolated, tf1 was chosen for further 

individual assessments based on its distinct plaque 

morphology. This produced large, clear and well-defined 

plaques, suggesting high lytic efficiency and strong 

bactericidal potential against E. coli O157:H7. In 

contaminated beef experiments, when 106 PFU.mL-1 of tf1 

bacteriophage was used at RT against 107 CFU.mL-1 of E. 

coli O157:H7, 65% ±0.5  of bacteria were removed after 20 

min (MOI = 0.1) at RT. Increasing phage dose up to 109 

PFU.mL-1 led to 99% ±0.4  bacterial elimination (MOI = 

100), as shown in Figure 1.  

Exposure with phage for 60 min at RT, addition of 107  

PFU.mL-1 of phage to 106  CFU.mL-1 of bacteria resulted in 

nearly 93.5% ±0.4 elimination (MOI = 10). However, 

bacteria were more effectively removed, when treated by 

108  PFU.mL-1 phage even up to 99% ±0.2 (MOI = 100). 

Elimination rate was 100%, when 109  PFU.mL-1 of phage 

was added to 107  CFU.mL-1 of bacteria (MOI = 1000), as 

shown in Figure 2. Bacterial decreases are shown at the 

second y axis (right y axis). 

 

 

 

 

Figure 1. Assessment of single phage use on 

contaminated meat at 25 °C for 20 min using 

two various doses, including MOI of 0.1 and 

100 (n = 3, data shown as mean ±SD). The 

purple line corresponds to the secondary Y axis 

and represents the percentage of bacterial 

decrease.  

 

 

 

Figure 2. Assessment of single phage use on 

contaminated meat at 25 °C for 60 min using 

three various doses, including MOI of 10, 100 

and 1000 (n = 3, data shown as mean ±SD). The 

purple line corresponds to the secondary Y-axis 

and represents the percentage of bacterial 

decrease. 
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For assessing the effect of phage cocktail, including tf1, 

tf2 and sc, cocktails with two various formulas were 

assessed. Meat containing 107  CFU.mL-1 bacteria was 

exposed to a dose of 108 PFU.mL-1 cocktail phages and 

showed nearly 99% ±0.1 of bacteria being lysed after 20 min 

and 99.5% ±0.1 after 60 min. When a cocktail included 108 

PFU.mL-1 separately, bacterial removal was 100%; as 

shown in Figure 3. Comparison of performance between 

single-phage (Figure 1-2) and cocktail treatments (Figure 3) 

indicated that while tf1 alone achieved strong bacterial 

decrease at higher MOIs, the cocktails demonstrated 

enhanced efficacy and reliability in reaching levels below 

infectious (< 100 CFU) and ingestion (< 10 CFU) 

thresholds. The optimized cocktail not only maintained 99% 

bacterial elimination but achieved complete eradication 

when used at equivalent individual phage titers, 

demonstrating superior robustness in ensuring bacterial 

counts fall below clinically relevant exposure limits. 

In ground beef experiments, meat samples were 

inoculated with E. coli O157:H7 at an initial concentration 

of 107 CFU.mL-1 and then treated with 108 PFU.mL-1 of 

bacteriophages for either 20 or 60 min at 25 and 4 °C. 

Bacterial recovery from the meat was affected by 

temperature, as adhesion decreased at refrigeration 

temperature, compared to ambient conditions, consistent 

with the lower metabolic activity and decreased surface 

interactions of bacteria at colder environments. After 20 min 

of phage exposure, bacterial counts decreased by 96.4% 

±0.1 at 25 °C and 82.0% ±0.4 at 4 °C (Figure 4). When 

exposure time was extended to 60 min, decrease rates 

increased to 99.95% ±0.05 and 87.0% ±0.5 at 25 and 4 °C, 

respectively, indicating that phage-host interactions were 

kinetically dependent, with higher temperatures favoring 

further efficient adsorption and subsequent lysis. These 

findings suggested that rapid refrigeration of meat could 

decrease infection risk by limiting bacterial attachment, 

even though phage-mediated lysis occurred further slowly 

at lower temperatures. 

 

 

 
 

 

Figure 3. Decrease of E. coli O157:H7 

contamination on meat using two bacteriophage 

cocktails (n = 3, data shown as mean ±SD). 

Reference lines denote the infectious (< 100 CFU) 

and ingestion (< 10 CFU) dose thresholds of E. coli 

O157:H7. 

 

 

 

Figure 4. Temperature dependent adsorption of 

bacteria on ground beef and time dependent bacterial 

decrease by phage treatment on contaminated 

ground beef at 25 and 4 °C (n = 3, data shown as 

mean ±SD). 
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Contaminated meat samples were covered for 30 min 

with plastic wraps coated with 109  PFU.mL-1 phage for 20 

min and 24 h. significant viable cell decreases, at the two 

conditions were observed with the greatest decrease in the 

20 min-treated plastic wrap, compared to controls without 

phages. This included 99.0% ±0.9, compared to 93% ±2 in 

24 h-treated group; as shown in Figure 5.  

 
Figure 5. Protective effects of phage-sprayed plastic wrap covered 

on contaminated meat at 4 ℃ for 30 min (n = 3, data shown as 

mean ±SD). 

 

To assess the long-term stability of phage tf1, its plaque-

forming ability was assessed over a 7 m storage at 4 °C. At 

a 10⁻⁷ dilution, plaque counts were consistent within all 

measured time points, showing no appreciable decreases in 

infectivity (Figure 6). The average plaque count calculated 

from all sampling intervals was stable, further verifying the 

persistence of active phage particles during prolonged 

storage. Minor deviations observed between the months 

were included within the expected range of experimental 

variability, which might be seen due to the counting 

precision or inherent assay fluctuations. Overall, these 

results indicated that phage tf1 preserved its infective 

capacity and structural integrity for at least 7 m under 

refrigerated conditions, highlighting its strong potential for 

use in long-term biocontrol uses. 

The EHEC are pathogenic E. coli strains that produce 

Shiga toxins and cause HC and its life-threatening sequelae 

of HUS [20]. Since identification of serotype O157:H7 in 

1983, many outbreaks associated with EHEC have been 

reported in the United States and E. coli O157:H7 has 

become one of the most important foodborne pathogens 

[21]. It causes severe human disease worldwide. It seems 

important to eliminate this pathogen in appropriate way [5]. 

Antibiotics were always an option; however, with 

increasing antibiotic-resistant strains due to use of 

antibiotics in cow feed, an alternative treatment is needed 

[22].  

 

 

 

 

 
 

 

Figure 6. Long-term stability of phage 

TF1 over seven months of storage at 4 °C 

(n = 3). Bars represent plaque-forming 

units (PFU) at each time point and the 

dashed line indicates the average PFU, 

showing consistent infectivity with 

minimal variation. 
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In a study, the overall prevalence of Shiga toxin-

producing E. coli in raw beef samples collected from an 

industrial slaughterhouse in Hamadan, Iran, was 10.4%, 

with one isolate (12.5%) belonged to the O157 serogroup 

and the rest isolates of 87.5% classified as non-O157. The 

prevalence of O157 (1.3%) was similar to that reported in 

Iran (e.g., 1.35% in Mashhad), greater than those reported 

from the EU (0.3%), the U.S. (0.8%) and Brazil (1%) and 

less than those reported in Nigeria (2.2%) and Australia 

(1.7%). The study verified cattle as a reservoir for Shiga 

toxin-producing E. coli and highlighted seasonal and 

animal-associated factors such as spring sampling and the 

use of feeder cattle, which might contribute to the 

prevalence [23]. Additionally, they reported that 5.3% of 

raw poultry meat samples were contaminated with E. coli 

O157 strains. Out of 257 samples, 36% of the samples 

contained E. coli isolates, with 38.7% of the isolates 

identified as Shiga toxin-producing E. coli carrying 

virulence genes such as stx1, stx2 and eae. The isolates 

showed significant genetic diversity and high resistance to 

antibiotics, including nalidixic acid, tetracycline, ampicillin 

and trimethoprim-sulfamethoxazole [24]. 

Since discovery of bacteriophages, they included 

therapeutic potential as natural enemies of bacteria and 

phase-based elimination of bacteria in agriculture and food 

industry was started [25]. Therefore, bacteriophages have 

been reported as good antibiotic alternatives. They provide 

a highly specific, environmental-friendly effective means of 

controlling bacterial pathogens in agriculture; thereby, 

contributing to efforts against the increase of antibiotic 

resistance in the food sector [26]. 

This study aimed isolation of effective bacteriophages for 

biocontrol of E. coli O157:H7 in beef and ground beef. Six 

phages were isolated and assessed in suspension and spray 

methods on beef and beef ground samples at RT and 4 °C. 

The use of the submersion method to assess bacterial 

attachment to meat showed less bacterial recovery at 4 °C, 

compared to 25 °C, verifying that adhesion and phage 

inactivation efficiency were modulated by temperature, 

likely due to differences in bacterial physiology and phage 

adsorption kinetics. These findings highlighted the 

importance of environmental conditions and exposure time 

in optimizing phage-based biocontrol strategies in meat 

systems. Furthermore, the effect of various MOIs were 

assessed after incubation times of 20 and 60 min. The results 

showed that the phage treatment eliminated 82 to 100% of 

E. coli O157:H7. Phage cocktails included a better 

elimination rate. In a similar study, a cocktail of all three 

phages was assessed for their ability to lyse the bacterium in 

vivo and in vitro. The phage cocktail totally eradicated E. 

coli O157:H7 from beef surfaces in seven out of nine 

experiments. They have isolated phages from bovine 

farmyard slurry samples. The study achieved superior 

results when using phage cocktails similar to those used in 

this study, suggesting that a combination of multiple phages 

could enhance the effectiveness against the target bacteria. 

Another bacteriophage cocktail of three lytic phages for E. 

coli O157:H7 was investigated for its ability to decrease 

experimental contamination of hard surfaces, tomato, 

spinach, broccoli and ground beef by three bacteria. The 

observed decreases ranged from 94 to 100%. This suggested 

that naturally occurring bacteriophages might be useful for 

decreasing contamination of various hard surfaces, fruits, 

vegetables and ground beef by E. coli O157:H7 [10]. The E. 

coli O157:H7 is addressed for its extremely low ingestion 

(number of viable microorganisms that must be consumed 

via contaminated food or water orally to establish infection 

in a susceptible host) and infectious dose (the smallest 

number of viable microorganisms needed to cause infection 

in a host). Epidemiological evidence indicates that ingestion 

of fewer than nine viable cells can cause infection, with 

most reports estimating an infectious dose of fewer than 100 

CFU [27]. This exceptionally low threshold highlights the 

importance of complete bacterial elimination in any 

antimicrobial intervention [28]. In the present study, the 

initial bacteriophage cocktail achieved a 99.95% decrease in 

E. coli O157:H7 counts, creating approximately 730 CFU. 

In contrast, the optimized cocktail achieved complete 

eradication (no detectable CFU). Regarding that single-digit 

cell numbers can lead to infection, the ability to decrease 

bacterial levels to less than the detection limit represents a 

critical improvement in ensuring microbiological safety. 

Extending previous research on phage-based biocontrol 

strategies, the current study introduced a novel approach by 

spraying bacteriophage preparations onto plastic wrap used 

in cover meat containers, demonstrating that phage could 

effectively decrease E. coli O157:H7 contamination. This 

study assessed the stability of bacteriophage-coated plastic 

wrap under refrigeration. Wraps stored for 20 min or 24 h 

before contact with E. coli O157:H7 significantly decreased 

bacterial counts, with 99 and 93% decreases, respectively. 

These results indicated that phages were active on the wrap 

for at least 24 h, though shorter storage preserved slightly 

higher lytic activity. While phage uses in food safety such 

as sprays, edible films and integration into packaging have 

been reported in the literature [29, 30], the use of phage-

coated plastic wrap directly covering meat surfaces is novel. 

This method offers a practical potentially-scalable strategy 

for controlling pathogenic contamination, particularly for 

pathogens such as E. coli O157:H7 with very low infectious 

doses, using a simple, economic readily available packaging 

material. The results showed that brief exposure to phage-

coated surfaces could substantially decrease bacterial load, 

highlighting its relevance for enhancing food safety in 

processing and retail settings.  

http://creativecommons.org/licenses/by/4.0/
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Previous studies have investigated the use of 

bacteriophages as natural antimicrobial agents in active or 

edible packaging by incorporating phages into biopolymer 

films or coatings [31]. Several studies have used phages 

within chitosan and PVA matrices for suppressing E. coli on 

food surfaces, demonstrating decreases in bacterial load on 

beef, poultry and other substrates [32-34]. These film or 

coating-based approaches, while effective, often need 

specialized formulation and fabrication and may face 

challenges such as controlled phage release, stability during 

storage and ensured sufficient contact with the food surface. 

In contrast, the present approach, spraying phage 

preparations directly onto standard commercial plastic wrap 

covering meat containers, eliminates the need for film 

casting or coating, enabling immediate phage contact with 

contaminated surfaces. This method can be rapidly 

implemented within existing packaging workflows without 

modifying materials or supply chains and the large 

decreases observed in these experiments suggest that 

sprayed phages may achieve antimicrobial effects on phage-

embedded films while offering greater operational 

simplicity and flexibility. 

Monitoring the viability of the tf1 phage over 7 m 

demonstrated long-term stability, with plaque numbers 

showing a slight increase during storage. This modest 

increase might reflect the gradual disaggregation of phage 

particles over time and further verifies that the phage 

preserves its stability and plaque-forming ability under 

standard storage conditions. 

Bacteriophages can be limited by their narrow host range, 

complexity of formulating effective cocktails and decreased 

diffusion and activity within dense food matrices such as 

meats. Their stability is affected by environmental 

conditions and bacterial resistance may increase through 

receptor modifications. Additionally, regulatory restrictions 

and consumer perception challenges are difficulties to 

widespread adoption in food systems. In contrast to FDA, 

the European Food Safety Authority (EFSA) provides a 

further restrictive stance and bacteriophages are not 

currently approved as food additives or antimicrobials 

within the EU due to unresolved concerns regarding genetic 

stability, host-range specificity and safety classification 

[35]. This regulatory disparity highlights the need of 

continued investigation into phage safety, efficacy under 

practical food-processing conditions and standardized 

assessment frameworks to support future approval. 

4. Conclusion 

Use of bacteriophages is an effective strategy for 

controlling pathogenic E. coli O157:H7 in the beef and 

ground beef industry. Suspension and spraying methods 

demonstrated promising results in decreasing bacterial 

contamination. The ability to target dangerous pathogens 

with phages that are relatively easy to isolate highlights their 

potential as a practical and safe biocontrol tool. Widespread 

use of bacteriophages could enhance food safety by 

decreasing pathogenic E. coli contamination and should 

further be investigated for integration into standard food 

processing protocols, including their incorporation into 

sanitation procedures, formulation optimization and 

development of practical delivery methods appropriate for 

industrial use. The findings of this study represent an early-

stage investigation of phage use in beef packaging systems. 

While the decreases are highly encouraging, continued 

research under diverse storage conditions, product types and 

scaling environments is needed before full industrial 

adoption. These preliminary results support further 

development of phage-based interventions as a promising 

addition to meat safety strategies. 
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در گوشت گاو با استفاده از باکتریوفاژ: بررسی کاربرد   O157:H7 اشرشیا کلی بیوکنترل

 شده برای افزایش ایمنی غذاییهای اسپریپوشش 
 

 *زاده حصاری، غلامرضا زرینی، فرزام شیخ انینا رحم عاجی مولایی قراملکی، رح

 شناسی جانوری، دانشکده علوم طبیعی، دانشگاه تبریز، تبریز، ایران زیست گروه 

 ریخچه مقاله تا

   2025 اکتبر 15دریافت 

 2025 نوامبر 29داوری 

 2025 دسامبر 8پذیرش 

     2026 انویهژ 21 چاپ

  چکیده 

های گاو،  طور رایج در روده ، یک پاتوژن باکتریایی مهم منتقله از غذا، به O157:H7 شرشیا کلیا  :  سابقه و هدف:

کرده و همبرگر  راحتی گوشت تازه، گوشت چرخ تواند به شود. این باکتری می گوزن، بز و گوسفند سالم یافت می 

اشرشیا  های مختلفی برای کاهش آلودگی به  های انسانی را ایجاد کند. استراتژی را آلوده کرده و طیفی از بیماری 
های شیمیایی و فیزیکی ضدعفونی مواد  گیرد که شامل شستشو، و روش مورد استفاده قرار می O157:H7 کلی

عنوان عوامل  بیوتیک علاقه به استفاده از باکتریوفاژهای لیتیک بههای مقاوم به آنتی غذایی است. افزایش باکتری 

  اشرشیا العه به بررسی استفاده از باکتریوفاژها برای کنترل رشد  کنترل بیولوژیکی را افزایش داده است. این مط

 .های آزمایشگاهی آلوده پرداخته استدر گوشت  O157:H7 کلی

و با استفاده از    جداسازی شده از فاضلاب  O157:H7 اشرشیا کلیشش باکتریوفاژ اختصاصی    ا:مواد و روش ه 

 MOI هایها در نسبتصورت جداگانه و در قالب کوکتل سازی شدند. فعالیت لیتیک آنها به آزمون پلاک خالص 

مختلف ارزیابی شد. اثر دما بر چسبندگی باکتری و کارایی لیتیک در شرایط یخچال و دمای محیط بررسی گردید.  

مواد غذایی اعمال شدند تا عملکرد واقعی تحویل )سلفون(  اتیلن  علاوه بر این، باکتریوفاژها روی پوشش تجاری پلی

درجه    ۴ها طی نگهداری در دمای  ژمدت فاهای گوشت آلوده سنجیده شود و پایداری طولانیسطحی بر نمونه 

 .گراد مورد پایش قرار گرفتسانتی 

ها منجر شد، در حالی به حذف کامل باکتری  MOI ی در مقادیر بالاترژفاهای تکدرمان   گیری:و نتیجهها  یافته

ها تأثیر داشت،  باکتری   جذبطور کامل از بین بردند. دما بر  ها را بهشده باکتریوفاژها، باکتری های بهینهکه کوکتل

تر  ها را کمی کند کرد. مهمژتوسط فا  لیزطوری که نگهداری در یخچال چسبندگی باکتری را کاهش داده و  به

اتیلن تجاری معرفی اینکه، این مطالعه رویکرد نوآورانه و عملی را با اعمال باکتریوفاژها روی پوشش پلاستیکی پلی 

به ترتیب    در یخچال  ساعت نگهداری  2۴دقیقه و    20پس از    ژشده با فاتیمار های  طوری که پوشش کند، بهمی

گراد به مدت  درجه سانتی   ۴ای  در دم tf1 ژمدت فاکاهش باکتری نشان دادند. نگهداری طولانی   ٪9۳و    99٪

کند. این نتایج  هفت ماه، توانایی تشکیل پلاک پایدار را نشان داد که دوام آن برای کاربردهای عملی را تأیید می

   O157:H7 اشرشیا کلیعنوان مداخلات مؤثر، ایمن و قابل گسترش برای کنترل  دهد که باکتریوفاژها بهنشان می

هایی با  ویژه در برابر پاتوژن کنند و استراتژی عملی برای افزایش ایمنی غذایی، به در محصولات گوشتی عمل می 

   .دهنددوز عفونی بسیار پایین، ارائه می 

آلودگی  ،  مواد غذایی  ایمنیمداخله در  ،  O157:H7اشریشیا کلی،  کنترل زیستی باکتریوفاژی   :یدیواژگان کل
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