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Abstract
Reducing bacterial pathogen contamination not only improves overall global public health but also diminishes food waste 
and loss. The use of lytic bacteriophages (phages) that infect and kill bacteria could be a beneficial tool for suppressing 
bacterial growth during dairy products storage time. Four Enterobacter cloacae (E. cloacae) complex isolates which were 
previously isolated from contaminated dairy products were used to identify lytic phages in wastewater. Phages specific to 
multi-drug resistant (MDR) E. cloacae complex 6AS1 were isolated from local sewage. Two novel phages vB_EclM-EP1 
and vB_EclM-EP2 were identified as myoviral particles and have double-stranded DNA genome. Their host range and lytic 
capabilities were detected using spot test and efficiency of plating (EOP) against several bacterial isolates. The phages had a 
latent period of 30 min, and a large burst size of about 100 and 142 PFU/cell for vB_EclM-EP1 and vB_EclM-EP2, respec-
tively. Both phages were viable at pH ranging 5–9 and stable at 70 °C for 60 min. The individual phages and their cocktail 
preparations (vB_EclM-EP1 and vB_EclM-EP2) reduced and inhibited the growth of E. cloacae complex 6AS1 during 
challenge test in milk and yogurt samples. These results indicate that the E. cloacae complex-specific phages (vB_EclM-EP1 
and vB_EclM-EP2) have a potential application as microbicidal agents in packaged milk and milk derivatives during storage 
time. In addition, our environment is a rich sources of lytic phages which have potential use in eliminating multidrug-resistant 
isolates in food industry as well as in biocontrol.
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Introduction

Enterobacter is a facultative anaerobic Gram-negative bacil-
lus and has become one of the major genera in Enterobacte-
riaceae since its first description in 1960. It usually lives in 
almost any climate, including natural intestinal flora, stools, 
plants, water, insects, and food (Liu et al. 2016). Entero-
bacter cloacae (E. cloacae) are considered one of the most 
important genus species frequently isolated from clinical 
samples and food products (Farmer et al. 1980; Mezzatesta 
et al. 2012; Morozova, et al. 2021). Extended-spectrum 
β-lactamase (ESBL) genes of E. cloacae confer resistance 
to most β-lactam antibiotics, including extended spectrum 

(i.e., second and third generation) cephalosporins (ESCs) 
and monobactams which make their treatment difficult 
(Annavajhala et al. 2019; Davin-Regli et al. 2016).

Milk and milk derivatives in many parts of the world form 
a crucial part of human diet and are suitable environment 
for numerous microorganisms due to its high nutrient con-
tent, near-neutral pH, and high water activity (Frank 1997; 
Nascimento et al. 2022). Microbial spoilage occurs attrib-
uted to the chemical composition of dairy products such 
as pasteurized milk, butter, ice cream, and yogurt. Yogurt 
comes after processing and fermenting milk, since it pro-
vides microbes with rich nutrients. Exposure to microbial 
contamination may occur during manufacturing, storage, 
and transport without appropriate sanitary procedures and 
temperature control can quickly deteriorate it and therefore 
become rejected for human consumption (Mohammed and 
Abdullahi 2015).

Contamination of packaged milk after heat treatment may 
happen due to a failure of the cleaning and sanitation program 
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(Boor and Murphy 2005). Typical spoilage sources are dam-
aged packaging, insufficient packaging sterilization, or 
improperly cleaned processing equipment (Fernandes 2009).

E. cloacae isolates have been previously isolated from 
contaminated dairy products in Egypt (Sobeih et al. 2020). 
Several approaches are used to help improve the safety of our 
foods. A significant number of different antimicrobial treat-
ments of food products include potential changes in the prop-
erties of food and the risk for contamination in food (physical 
and chemical treatment). These treatments must be limited 
in order to minimize both risks, which limits their efficacy.

In order to overcome this problem, many therapies can be 
used in a series, called the “multiple hurdles” approach to 
decontamination (Sofos and Smith 1998; Bacon et al. 2000; 
Moye et al. 2018). Moreover, some therapies are focused on 
“normal” antimicrobials, such as plant extracts or microbial 
products (for example, bacteriocins), which allow food micro-
bial ecology to be manipulated. In addition, with the current 
rise in antimicrobial resistance to many antimicrobial agents, 
the utilization of bacteria-eating viruses termed as bacterio-
phages (phages) have been recommended. Since the phages 
are self-replicating in the host bacteria then cause lysis, they 
aid in elimination of bacterial pathogens that cause food spoil-
age (García-Anaya et al. 2020; Nascimento et al. 2022). The 
use of phages has recently sparked an increased interest in 
this regard both from investigators and from manufacturers 
(Hudson et al. 2005; Cristobal-Cueto et al. 2021). Phages are 
bacterial viruses which are wide spread in the world includ-
ing in food since they are part of the natural food microbiota 
(Brüssow 2005). There is at least one phage for virtually every 
bacterial species, which can directly invade this specific bac-
terial population and eventually kill it (Egido et al. 2022).

According to the nucleic acid type, the phages are divided 
into group I double-stranded DNA viruses, group II single-
stranded DNA viruses, group III double-stranded RNA 
viruses, and group IV single-stranded positive-stranded RNA 
viruses. Currently, the majority of phages found belong to 
double-stranded DNA viruses, most of which are tailed phages 
(Wang and Zhao 2022). The two main characteristics of tailed 
phages include capsids that wrap genetic materials in the form 
of DNA or RNA and tails of different sizes in different phages.

Phages can be divided into two types, lytic and lysogenic 
phages. After the lytic phage infects the host, it begins to 
enter the lytic cycle; the phage hijacks the cellular machinery 
of the bacteria, shutting off the expression of host genes and 
achieving the replication of its genome and the expression 
of its own genes (De Smet et al. 2017).

Phages are capable of killing multidrug-resistant (MDR) 
bacteria and reducing the non-desirable effects produced by 
chemicals on food (Cristobal-Cueto et al. 2021). The use of 
phages to control foodborne pathogens has been explored 

in dairy products (García-Anaya et al. 2020; Esmael et al. 
2021; Nascimento et al. 2022).

There are seventeen Enterobacter phages which possess 
the myovirus morphotype (Morozova et al. 2021). Here, we 
isolated two phages belonging to myoviruses morphology 
that infect dairy Enterobacter isolates. Phages are extremely 
promising to be substitutes to conventional antimicrobials in 
foodborne pathogens. There is a constant need to character-
ize new phages in order to assess their efficacy and safety, 
as biocontrol agents both in vitro and in vivo (Nale and 
Clokie 2021). In order to extend the shelf life of milk and 
milk products with the use of advanced storage technolo-
gies, there is need to consider an effective method to reduce 
food waste and losses. Manufacturing cocktails composed of 
several different phages with the broadest possible spectrum 
of antibacterial activity seems to be a relevant approach for 
success of using phages in food (Wójcicki et al. 2019; Tan 
et al. 2021; Rogovski et al. 2021). However, cases of utiliz-
ing virulent phages to combat E. cloacae complex that are 
usually associated with dairy products are rarely seen.

Here, we partially characterized E. cloacae complex 
infecting phages based on their morphology, growth kinet-
ics, host range, and stability at different pH and temperature 
and bacterial reduction assay. These are crucial criteria to 
identify potential phages for biocontrol application (El-
Dougdoug et al. 2019). In addition, we evaluated their effec-
tiveness against E. cloacae complex in milk and yogurt. In 
this paper, we also have provided evidence that these phages 
were able to lyse and kill the MDR E. cloacae complex bac-
terial isolate in the milk and yogurt, allowing us to conclude 
that these newly isolated phages would have the potential to 
control the growth of these bacteria in milk and yogurt under 
different temperatures to improve food safety.

Material and methods

Bacterial isolates

Four Enterobacter spp. isolates used for phage screening 
were isolated from contaminated packaged milk and yogurt 
samples at different markets in Benha City, Qalyubia Gov-
ernorate, Egypt. They were tentatively identified using bio-
chemical tests (catalase test, methyl red test, oxidase test, 
Vogues-Proskauer test, indole test, urease test, and sugar fer-
mentation tests (Stephan et al. 2008) (Table S1). Enterobac-
ter spp. isolates were confirmed by VITEK® 2 COMPACT 
automated instrument for ID/AST testing (BioMérieux, 
Marcy-L’Etoile, France) at Reference Microbiology Lab., 
Water and Drainage Station, Shubra Al Khaimah, Qalyubia 
Governorate, Egypt, and were identified as Enterobacter 
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cloacae Complex. The susceptibility testing for E. cloacae 
complex isolates to twelve different antibiotics was per-
formed by disk diffusion method (CLSI 2018). E. cloacae 
complex isolates were resistant to at least 50% of the tested 
antibiotics and were consequently recognized as multi-drug 
resistant (MDR) (Table S2, Fig. S1).

Isolation and propagation of phages

Phages were isolated from sewage, milk, and whey sam-
ples that were collected from Benha City, Qalyubia Gover-
norate, Egypt. Phages were detected in sewage by spot test 
and plaque assay according to Adams (1959) and Jurczak-
Kurek et al. (2016) for Enterobacter spp. The obtained phage 
plaques were purified through picking the phage plaques 2–3 
times, followed by growing through the double-layer agar 
technique. The phage titer in each lysate was expressed as 
plaque-forming units per milliliter (PFU/mL). Phage lysates 
were propagated on the corresponding bacterial host strain 
(E. cloacae complex 6AS1) to obtain high titer stocks. Crude 
phage lysates were centrifuged at 4000 × g in EBA 12 R cen-
trifuge (Hettich lab technology, Germany) for 20 min. Super-
natants were filtered through 0.22-µm filter or 0.45-µm pore-
size syringe filter (Cobetter PES membrane filter, China). 
The resulting filtrates (phage lysates) were stored at 4 °C.

Concentration and purification of the obtained 
phages stock lysates

Concentrations of phages were carried out using a method 
described by Ackermann (2009). Dextran sulfate polyeth-
ylene glycol system was used for purification of the phage 
particles (Othman et al. 2008). The phage suspension was 
kept at 4 °C for further studies.

Morphological characterization of phages

The morphology of purified phages was examined by trans-
mission electron microscope. To prepare the phages, 1 mL 
of pure phage suspension was centrifuged at 20,400 × g for 
1.5 h at 4 °C and washed twice using phage buffer ((SM 
buffer): For 1 L: 5.8 g, NaCl; 50 mL, 1 M Tris-HC [pH 
7.5]; 2 g, MgSO4.7H2O; 5 mL, 2% gelatin). The superna-
tant was discarded and the pellet was re-suspended in 20 µL  
of sterile SM buffer, 5 µL of the re-suspended phages were 
carried out on a 200-mesh Formvar carbon-coated copper 
grid and negatively stained with 2% (w/v) phosphotungstic 
acid (PTA), pH 7.0. The grid was dried for 5 min and then 
observed at 80 kV using transmission microscope (JEOL-
JEM-1010 Electron microscope) at The Regional Center For 
Mycology and Biotechnology, Al-Azhar University, Egypt.

Determination of optimal multiplicity  
of infection (MOI)

The optimum infection multiplicity was described as the 
ratio of virus component to potential host cells. The bacte-
rial cells formed from their early logarithmic stage of growth 
 (OD600 = 0.5,  108 CFU/mL) infected with their particular 
phage by different ratios (MOI = 0.001, 0.01, 0.1, 1, or 100). 
After incubation for 12 h at 37 °C, the phage lysate was cen-
trifuged at 4000 × g for 15 min. The phage lysate was filtered 
via a 0.22-μm pore-size syringe filter to evaluate the phage 
titer. The highest value of phage titers was considered to be 
the optimal MOI for the phage (Yang et al. 2010).

Determination of host range and efficiency 
of plating (EOP)

The host range of each of the isolated phage was tested on 
other isolates from the same and different genera through 
the spot test. The results were interpreted after incubation at 
37 °C for 24 h by the level of lytic activity as ( +) of phage 
lysis, ( ±) of weak lysis, and (-) of no lysis. The resulting 
positive isolates were again tested for their plaque forming 
ability to calculate plating efficiency (EOP) using a double 
agar overlay method (Khan Mirzaei and Nilsson 2015).

One‑step growth curve experiment

One-step growth curve experiment was performed accord-
ing to Pajunen et al. (2000). E. cloacae complex 6AS1 was 
grown at 37 °C to mid-exponential phase  (OD600 = 0.4–0.5) 
before being centrifuged at 4000 × g for 10 min at 4 °C. The 
cell pellet was then re-suspended in a fresh Luria–Bertani 
(LB) broth of 0.1 volumes. A phage suspension of 0.1 mL ali-
quot was then dispensed into 0.9 mL of bacterial suspension 
and phages allowed to adsorb for 5 min at 37 °C. The mix-
ture was then centrifuged; pelleted cells were re-suspended in 
10 mL LB broth and incubation was continued at 37 °C. Sam-
ples were taken at 10-min intervals for 90 min. and immedi-
ately diluted and plated for phage titration. Triplicate assays  
were conducted. The graph was composed of a  log10 PFU/mL 
over time. The one-step growth curves of vB_EclM-EP1 and 
vB_EclM-EP2 propagated on E. cloacae complex 6AS1 were 
determined. The latent period and the burst size of the phages 
were determined (Buttimer et al. 2018).

Effects of pH and temperature on phages stability

The phages stability at different pH ranges was tested by 
suspending the phages in 1 ml of the SM buffer previously 
calibrated for pH with 1 M NaOH or 1 M HCl at 2, 3, 5, 7, 
9, 11, and 12. Phage preparations were incubated at room 
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temperature for 30, 60, and 90 min. Serial dilutions were 
checked for the lytic effect of the phage in an a double-layer 
agar against E. cloacae complex 6AS1.

Temperature tolerance of phages was tested at 4, 25, 37, 45, 
55, 70, and 80 °C, at different intervals of 30, 60, and 90 min 
in the water bath. After incubation, serial phage dilutions were 
prepared and phage titers were obtained using the double agar 
overlay plaque assay (Capra et al. 2006; Hammerl et al. 2014). 
The assay was done in triplicates and the average titers were 
determined.

Extraction and detection of phages nucleic acid

Phages nucleic acids were extracted by using the phenol/
chloroform method according to Sambrook and Russell 
(2001). Phage nucleic acids were treated with DNase I and 
RNase A, according to the supplier’s instructions (Thermo 
Scientific). The nucleic acid-treated mixtures were analyzed 
by electrophoresis at 100 V in a 1.0% agarose gel stained 
with ethidium bromide using a 1 kb DNA ladder as marker.

Bacterial reduction assay

The bacteriolytic activity of the phages against the respective 
host bacterial isolate was checked according to Bibi et al. 
(2016). Briefly, a 24-h bacterial culture (1 ×  108 CFU/mL) 
and each phage (vB_EclM-EP1 and vB_EclM-EP2) with 
MOI 0.1 and 0.01 (optimal MOI), respectively, and phage 
cocktail (vB_EclM-EP1 and vB_EclM-EP2) were inoculated 
into flasks, while flasks containing the same concentration 
of bacteria without phages were added as controls. The opti-
cal density (600 nm) was taken at intervals of 2 h for a 24 h 
period after incubation at 37 °C with shaking at 120 rpm 
in incubator-shaker (Lab-line Instruments, Inc., USA). The 
ability of the isolated phages vB_EclM-EP1 and vB_EclM-
EP2 and phage-cocktail (vB_EclM-EP1 and vB_EclM-EP2) 
for reduction in E. cloacae complex 6AS1 growth was inves-
tigated and has been studied by plotting the bacterial growth 
at  OD600 against time. Three independent replicates for each 
treatment were used.

Determination of phages activities in the yogurt

This experiment was performed according to Soffer et al. 
(2017) with few modifications. In this method, an overnight 
bacterial culture of E. cloacae complex 6AS1 that corre-
spond to 2 ×  108 CFU/mL was used. It was then adjusted to 
a final concentration 2 ×  103 CFU/mL prior to mixing with 
yogurt. The bacteria-inoculated samples remained in room 
temperature for 60 min before phages application. Ten mil-
liliters of each phage vB_EclM-EP1, vB_EclM-EP2, and 

phage cocktail (vB_EclM-EP1 and vB_EclM-EP2) was 
inoculated into 100 mL yogurt as treatment; the same vol-
ume of sterile distilled water was added for the negative 
control. The same volume of bacterial culture was added for 
the positive control. Treatments, negative control, and posi-
tive control were stored at 4, 25, and 37 °C for 6 days. The 
counts of viable bacteria cells were determined at 2, 4, and 
6 days. Three replicates of 25 g of each package were put in 
sterile bags and 225 mL sterile peptone water. The bags were 
hand-mushed for 30 s. The amount of viable bacteria in each 
package was calculated by plating 0.5 mL of mixture on dif-
ferent MacConkey plates (Oxoid, Thermo Fisher Scientific 
Inc., UK). The plates were incubated at 37 °C for 24–48 h, 
and the final bacterial counts (CFU/g) were calculated after 
counting the colonies.

Determination of phages activities 
in the pasteurized milk

This experiment was performed according to Hu et  al. 
(2016) with few modifications. In this method, overnight 
cultures of bacterial isolate E. cloacae complex 6AS1 which 
were corresponded to a final concentration of  105 CFU/mL 
were used. Then 5 mL of diluted culture and 5 mL of each 
phage vB_EclM-EP1, vB_EclM-EP2, and phage cocktail 
(vB_EclM-EP1 and vB_EclM-EP2)  (107 PFU/mL) were 
inoculated into 40 mL milk as treatment; 45 mL milk com-
bined with 5 mL sterilized LB broth was used as negative 
control and 45 mL milk combined with 5 mL of bacteria 
was used as positive control. Treatments, negative control, 
and positive control were stored at 4, 25, and 37 °C for 
5 days. The viable cells of E. cloacae complex 6AS1 were 
counted at days 1, 2, 3, 4, and 5 of storage using MacCo-
nkey agar plates after 24–48 h of incubation at 37 °C. The 
final bacterial counts (CFU/mL) were calculated.

Statistical analysis

Mean phage counts were expressed in logarithmic units 
 (log10) of the Plaque-Forming Units per milliliter (PFU/
mL). Mean bacterial counts were expressed in logarithmic 
units  (log10) of the number of colony forming units per mil-
liliter (CFU/mL) for milk and per gram (CFU/g) for yogurt 
samples. The data are presented as the mean ± standard 
error (SEM). Tests were conducted with paired samples to 
determine whether there were statistical differences between 
phage-treated samples and controls. Statistical analysis of 
SPSS software was carried out (IBM Corp. Published 2011. 
Windows IBM SPSS Statistics, version 20.0. IBM, Armonk, 
NY, USA). Statistically significant differences were consid-
ered at a p-value < 0.05.
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Results

Isolation and characterization of E. cloacae  
complex phages

Two phages producing clear lytic plaques were isolated from 
collected sewage water samples using E. cloacae complex 
6AS1 as permissive and enrichment host. The phages are 
designated as vB_EclM-EP1 and vB_EclM-EP2.

The plaque morphology of vB_EclM-EP1 appeared small 
with lytic zone diameter of approximately 1.5 mm and cir-
cular, while the plaque of the vB_EclM-EP2 was large with 
lytic zone diameter of approximately 7 mm, circular, with 
center and halos (Fig. 1a, b). The lytic zones of the two 
phages were clear confirming that the isolated phages were 
virulent (Fig. 1c, d). The virus titer of vB_EclM-EP1 and 
vB_EclM-EP2 was determined as 3 ×  108 and 3.5 ×  107 PFU/
mL, respectively.

Fig. 1  The plaques formed by two phages a vB_EclM-EP1 and b vB_EclM-EP2 on the lawns E. cloacae complex (ECC) and spot test (c, d) respectively
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Morphology of phages

The morphological characteristics and dimensions of the 
two phages are presented in Table 1. The phages (vB_
EclM-EP1 and vB_EclM-EP2) appeared to be composed 
of contractile tail with an isometric head (Fig. 2a, b). 
Transmission electron microscopy (TEM) analysis identi-
fied that the phages had myoviruses morphology.

Host range and efficiency of plating (EOP)

Lytic activity of isolated phages against MDR E. cloacae 
complex isolates (6AS1, 3AS2, 8CS3, and 2AS4) and 
other bacteria is illustrated in Table 2. Phages vB_EclM-
EP1 and vB_EclM-EP2 were able to infect E. cloacae 
complex isolates (6AS1, 3AS2, and 8CS3), while 2AS4 
revealed weak lysis. Moreover, vB_EclM-EP1and vB_
EclM-EP2 had lytic activity against Aeromonas hydroph-
ila and Klebsiella pneumoniae which are isolates that 
belong to different genera. However, no plaque produc-
tion was observed in E. cloacae complex isolate (2AS4), 
Staphylococcus aureus, Streptococcus spp., Proteus spp., 
Salmonella spp., Shigella spp. Enterobacter spp., Pseu-
domonas oryzihabitans, Pseudomonas aeruginosa, and 
Escherichia coli (Table 2).

Optimal multiplicity of infection

Phages vB_EclM-EP1 and vB_EclM-EP2 showed an opti-
mal MOI of 0.1 and 0. 01, respectively.

One‑step growth curve

Phages (vB_EclM-EP1 and vB_EclM-EP2) had burst sizes 
100 and 142 PFU/cell respectively with latent period of 
30 min (Fig. 3a, b).

Stability of E. cloacae complex phages 
at different pH and temperature 

Results of pH stability testing revealed that vB_EclM-EP1 
was stable at pH ranging 3–9 (Fig. 4a), while vB_EclM-
EP2 was sensitive to pH 3 and stable at pH values ranging 
from 5 to 11 (Fig. 4b). Phage vB_EclM-EP1 was completely 
inactivated at pH 11. Results obtained from temperature 

stability assays demonstrated that vB_EclM-EP1 was stable 
at temperatures 25 °C and 37 °C and its viability decreased 
at 45 °C and 55 °C (Fig. 5a), while vB_EclM-EP2 remained 
stable at temperatures ranging from 4 to 45 °C (Fig. 5b). 
Decrease in infectivity was observed following incubation 
at 70 °C for 60 min for vB_EclM-EP1 and vB_EclM-EP2, 
while the two phages were completely inactivated by incuba-
tion at 70 °C for 90 min or 80 °C for 30 min.

Nucleic acid analysis of the isolated E. 
cloacae complex phages

Phages vB_EclM-EP1 and vB_EclM-EP2 nucleic acids 
were sensitive to DNase I, and did not digest by treatment 
of RNase A. Therefore, the genomes of isolated vB_EclM-
EP1 and vB_EclM-EP2 had double-stranded DNA. The 
genome sizes were more than 10 kb (Fig. S2).

Bacterial reduction assay

A gradual  OD600 decrease was observed in the phage and 
phage-cocktail-treated bacterial culture compared to the con-
trol culture (with no phage). When both phages were applied 
together as a phage cocktail-treated bacterial culture, a more 
reduction in E. cloacae Complex growth was observed as 
remarkable reduction in the optical density to reach 0.1 or 
less within 6 h and was sustained for about 24 h of incuba-
tion. Phages and their cocktail stop the growth of E. cloacae 
complex 6AS1 during 24 h. Bacterial optical density con-
tinuously increased from 0.3 to over 1.87 for non-infected E. 
cloacae culture during 6 h incubation and showing a normal 
pattern of growth as shown in Fig. 6.

Suppression of E. cloacae Complex growth 
in yogurt

A reduction in viable cell numbers was detected follow-
ing the addition of vB_EclM-EP1 and vB_EclM-EP2 and 
phage cocktail (vB_EclM-EP1 and vB_EclM-EP2) into 
yogurt (Fig. 7). Without phages infection, E. cloacae com-
plex 6AS1 cell counts increased up to around 5.5  log10, 5.6 
 log10, and 6.7  log10 CFU/g in yogurt treatments at 4, 25, and 
37 °C, respectively. With phages infection, cell numbers 
gradually began to decrease in treatments after 2 days of 
phage inoculation at 4 °C and 25 °C and 4 days at 37 °C.

Table 1  Morphological 
properties of isolated phages

Phage Titre 
(PFU/mL)

Total  
dimension (nm)

Capsid 
length (nm)

Capsid 
diameter (nm)

Tail length 
(nm)

Tail diameter 
(nm)

vB_EclM-EP1 3 ×  108 256.3 130.0 123.6 126.3 20.9
vB_EclM-EP2 3.5 ×  107 187.2 73.6 73.6 113.6 18.5
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At 4 °C, phage vB_EclM-EP1 reduced E. cloacae com-
plex 6AS1 counts around 2.5  log10 CFU/g after 6 days treat-
ment, while around 3  log10 CFU/g, reduction was detected 
by vB_EclM-EP2 and phage cocktail (vB_EclM-EP1 and 
vB_EclM-EP2).

At 25 °C, the reduction in viable cell numbers was around 
1.3  log10 by action of vB_EclM-EP1, and 1.7 and 2.3  log10 
CFU/g by treatment with vB_EclM-EP2 and phage cock-
tail (vB_EclM-EP1 and vB_EclM-EP2), respectively, after 
6 days of phages infection.

At 37 °C, the reduction in viable cell numbers was around 
1.5, 2, and 2.5  log10 CFU/g by treatment with vB_EclM-EP1, 

vB_EclM-EP2, and phage cocktail (vB_EclM-EP1 and vB_
EclM-EP2), respectively, after 6 days of phages infection.

Suppression of E. cloacae complex growth 
in pasteurized milk

The antimicrobial effect of vB_EclM-EP1, vB_EclM-EP2, 
and phage cocktail (vB_EclM-EP1 and vB_EclM-EP2) at 
4, 25, and 37 °C on the milk that was inoculated with E. 
cloacae complex 6AS1 is shown in Fig. 8. Without phages 
infection, E. cloacae complex 6AS1 cell counts increased 

Fig. 2  Transmission electron microscopy (TEM) analysis of two phages a vB_EclM-EP1 and b vB_EclM-EP2. The bar indicates 100 nm

Table 2  Host range of isolated phages using spot test and EOP

a Source of bacterial species in this work was obtained from: This study (contaminated dairy products) or Lab isolate (Microbiology lab, Botany 
and Microbiology Dept., Faculty of Science, Benha Univ.)
b The level of lytic activity was expressed by (+) lysis, (±) weak lysis, and (-) no lysis and efficiency of plating (EOP)

Isolate Bacterial species Sourcea vB_EclM-EP1 vB_EclM-EP2

Spot testb Efficiency of 
plating (EOP)

Spot test Efficiency of 
plating (EOP)

6AS1 E. cloacae complex This study-(contaminated yogurt)  + Host  + Host
3AS2 E. cloacae complex This study-(contaminated milk)  + 0.00006  + 0.004
8CS3 E. cloacae complex This study-(contaminated milk)  + 0.00007  + 0.0009
2AS4 E. cloacae complex This study-(contaminated yogurt)  ± 0  ± 0
En1 Enterobacter spp. Lab isolate - 0 - 0
Pso1 Pseudomonas oryzihabitans Lab isolate - 0 - 0
Psa1 Pseudomonas aeruginosa Lab isolate - 0 - 0
Ec1 Escherichia coli Lab isolate - 0 - 0
Aeh Aeromonas hydrophila Lab isolate + 0.00003  + 0.0002
Klp Klebsiella pneumoniae Lab isolate + 0.00003  + 0.0002
Sta1 Staphylococcus aureus Lab isolate - 0 - 0
St1 Streptococcus spp. Lab isolate - 0 - 0
Pr1 Proteus spp. Lab isolate - 0 - 0
Sa1 Salmonella spp. Lab isolate - 0 - 0
Sh1 Shigella spp. Lab isolate - 0 - 0
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up to approximately 5.9  log10, 7.9  log10, and 8.9  log10 CFU/
mL in milk treatments at 4, 25, and 37 °C, respectively. With 
phages infection, E. cloacae complex 6AS1 cell numbers 
gradually began to decrease in all treatments after 1 day of 
phages inoculation.

The growth of E. cloacae complex 6AS1 was com-
pletely prevented after 3 days of milk treatments with phage 
vB_EclM-EP2 and phage cocktail (vB_EclM-EP1 and vB_
EclM-EP2) at 4 °C and 37 °C, and after 4 days at 25 °C, 
while phage vB_EclM-EP1 completely inhibited counts of 
E. cloacae complex 6AS1 after 4 days of milk treatments at 
4, 25, and 37 °C (Fig. 8).

These results clearly revealed that the vB_EclM-EP1 and 
vB_EclM-EP2 and phage cocktail (vB_EclM-EP1and vB_
EclM-EP2) were active under different storage conditions, 
killing E. cloacae complex 6AS1 not only in milk but also 
in the yogurt treatment.

Discussion

This study aimed to isolate Enterobacter spp.-specific 
phages to delay spoilage of dairy products, thus extending 
shelf-life, and to prevent foodborne illness associated with 
pathogenic species. This study indicated that these phages 
had the ability to reduce and prevent the growth of MDR E. 
cloacae complex 6AS1 in yogurt and milk under different 
storage conditions.

E. cloacae complex strains have been isolated from various 
food sources (Haryani et al. 2008; Maull et al. 2012; Abdel-
Hamied et al. 2017). E. cloacae is a recognized contaminant 
in raw and pasteurized milk, cream and in dried milk products, 
and in dairy products such as ice cream yogurt and cheese 
samples in Egypt (Sobeih et al. 2020). This contamination has 
been likely attributed by post-processes such as handling and 
packaging (Cooney et al. 2011). The above reports coincide 
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with our study where we isolated four MDR E. cloacae com-
plex from contaminated packaged milk and yogurt samples 
within the time of expiry and after expiry date.

E. cloacae was reported to be the second most prevalent bac-
teria from ready-to-eat foods (Nyenje et al. 2012). It is also able 
to convert lactic acid to propionic and butyric acids leading to 
an increase in pH in fermented foods (Pérez-Díaz et al. 2019).

Most isolates of these bacteria are complex and resistant 
to many types of antibiotics (Stock et al. 2001; Bolourchi 

et al. 2022). In this study, E. cloacae complex isolates were 
found to be MDR. These results have similarity with a study 
done by Haryani et al. (2008) that found E. cloacae isolates 
were resistant to more than one antibiotic with high multiple 
antibiotic resistance (MAR) index.

To overcome these bacteria, phage therapy could be 
one of the best alternative treatments to control bacterial 
infections in humans and animals, as well as reduce food 
contamination (Summers 2001; Vikram et al. 2021). The 
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Fig. 6  Lytic activity of phages 
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and their cocktail against E. 
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Absorbance measurements at 
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reduction of colonization of bacteria in foods during indus-
trial food manufacturing (biocontrol) can be done by adding 
phages directly to food surfaces such as animals, fresh items, 
and foods or even blended to raw milk. For limiting growth of 
pathogenic and spoilage bacteria on refrigerated foods (espe-
cially psychrotrophic bacteria); once the foods are taken to 
room temperature, phages can further control their prolifera-
tion (Bigwood et al. 2008).

Phage plaque morphologies such as size and lysis clar-
ity vary according to several attributes such as the host 
bacterium used in isolation, geographical diversities of 
the source of samples, incubation conditions, and percent-
age of agar concentration used in plating (Jurczak-Kurek 
et al. 2016; Montso et al. 2019). In this study, two types 
of distinct plaque morphologies and sizes for E. cloacae 
complex phages were identified. For phage VB_EclM-EP2, 
we observed plaques with haloes; the haloes could have 
stemmed from diffusion and the subsequent action of solu-
ble, phage-produced enzymes destroying the cell envelope 
(Jurczak-Kurek et al. 2016) which concurs with another 
study done in Kenya on E. cloacae phages from environ-
mental waste water (Mutai et al. 2022). Additionally, phage 
vB_EclM_CIP9 isolated in Canada against clinical E. cloa-
cae isolate from a municipal wastewater sample (Wang et al. 

2020) and E. cloacae-specific phage φ238 was isolated from 
fermented cucumber sample (Lu et al. 2020).

Phages are very specific to the bacteria they infect; how-
ever, a few and rare cross-reactivity to different genera and 
species have been reported. Lu et al. (2020) detected that E. 
cloacae-phage Φ225 infected two E. cloacae strains while 
phages Φ107, Φ115, and Φ238 infected one E. cloacae 
strain from three E. cloacae strains. Interestingly, Φ226 is 
capable of infecting bacteria in two different genera (Entero-
bacter and Leclercia). In this study, the phages vB_EclM-
EP1 and VB_EclM-EP2 showed an infection to MDR E. 
cloacae complex isolates (6AS1, 3AS2, and 8CS3) in addi-
tion to Aeromonas hydrophila isolated from food samples 
and Klebsiella pneumoniae isolated from clinical sample. 
Phages that are capable of crossing genera may use recep-
tors, intermediary functions, or both, common to a wide 
range of bacteria (Bielke et al. 2007). On the other hand, 
Cieślik et al. (2022) reported that phage vB_EclM-45 that 
was isolated from environmental sample had the highest spe-
cies specificity causing lysis on various species belonging 
to Enterobacter (E. cloacae, E. hormaechei, and E. kobei).

Phages have unique and distinct morphologies such as 
capsid, tail, and tail fibers which are different from bacterial 
cells (Egido et al. 2022). The morphology of the isolated 
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E. cloacae complex phages under the transmission electron 
microscope indicated that they have icosahedral capsids and 
contractile tails which are descriptive characteristics of mem-
bers of the order Caudovirales (Ackermann 2012; Turner 
et al. 2021). Similarly, many authors reported that the phages 
specific for E. cloacae complex have an isometric polyhedron 
(icosahedron) (Nair et al. 2021; Cieślik et al. 2022).

For the identification of nucleic acid type, purified phage 
genomic DNA was subjected to nuclease treatment using 
DNase I and RNase A (Wang et al. 2016). The genome of 
the studied phages was larger than 10 kb; it was not digested 
by RNase A and we can deduce that the genome is double-
stranded DNA. Similarly, Khawaja et al. (2016) showed the 
genetic material of E. cloacae phages TSE1, TSE2, and TSE3 
was digested by DNase I and their genomes appeared more 
than 12 kb in size. According to the size of the genome, 
the size categorization placed them among medium- to 
large-sized genomes, which are commonly double-stranded 
(Abedon 2011). The reported small size phage genomes are 
around 5.5 kb, while the larger size genomes may be greater 
than 250 kb (Hatfull 2008).

Multiplication parameters of phage vB_EclM-EP1 and 
vB_EclM-EP2 were determined using one-step growth curve 
conditions. The latent period was defined as the time inter-
val between the adsorption and the beginning of the first 
burst, and the burst size was calculated using the final num-
ber of free phage particles to the initial number of phages. 
vB_EclM-EP1 and vB_EclM-EP2 showed a latent period of 
about 30 min and burst sizes of 100 and 142 virions per cell, 
respectively, which are beneficial for biocontrol activities. 
On the other hand, Jamal et al. (2019) previously reported 
that E. cloacae MJ2 phage had a latent time of 21 min and 
a very large burst size of 350 virions per cell which is much 
larger than the burst sizes of the two phages used in this 
study while Enterobacter virus myPSH1140 had a very short 
latency period of 11 min and a burst size of 135 virions per 
cell (Manohar et al. 2019). Life cycle parameters of phages 
will play important role in determining both in vitro and 
in vivo phage activities (during therapy), because phage 
multiplication is directly proportional to reduction in bacte-
ria (Manohar et al. 2019).

Due to the dairy environment characterized by wide range 
of pH (from 4.5 to 6.8) and temperatures (from 4 to 121 °C), 
it is necessary to determine the environmental infectivity of 
newly isolated phages for use as biocontrol agents in dairy 
products. An example of the industrial use of E. cloacae-
specific phages is the attempt to use them as factors for 
reduction of the bloating defect caused by these bacteria in 
cucumber fermentation (Jończyk et al. 2011). In pH studies, 
the two E. cloacae phages showed relatively good stability 
at pH ranging from 5 to 9; moreover, vB_EclM-EP2 was 
resistance to a more alkaline environment at pH (11). Similar 
tolerance to a wide pH range was also shown by three new 

phages (Entb_43, Entb_44, and Entb_45) with a pH ranging 
from 4 to 11 (Cieślik et al. 2022). In the same context, five 
E. hormaechei virulent phages (Ehp-YZU08, Ehp-YZU10, 
Ehp-YZU9-1, Ehp-YZU9-2, and Ehp-YZU9-3) which were 
isolated from sewage in China were able to survive in a pH 
range of 5–10 (Chen et al. 2022). The ability of phages to 
tolerate at varying pH levels indicates that they may be suit-
able for administration through the food preservation.

On temperature studies, the E. cloacae phages survived 
at all the tested temperatures from 4 to 45 °C; however, the 
phage titer decreased when treated at 55 to 70 °C and reach 
complete reduction after 90 min incubation at 70 °C. A previ-
ous study by Khawaja et al. (2016) reported the optimal tem-
perature of TSE phages of E. cloacae; however, no lytic activ-
ity was observed after treatment at 65 °C. Another study was 
achieved by Jamal et al. (2019) which reported that the phage 
MJ2 of E. cloacae was stable at temperatures ranging from 
37 to 70°C and lost its activity at 80 °C. Our results regarding  
the inactivation are in confirmation with those observed by 
Basdew and Laing (2014) who reported that increasing in 
temperature decreases virus survival and activity.

The usage of phages in phage therapy can be estimated by 
the effects of the bacterial growth reduction study (Haq et al. 
2012). The bacterial growth control experiment suggested 
that the capacity of the phage in incubation time reduced the 
growth of the target bacteria during 24 h post phages infec-
tion compared to control. These findings are almost similar 
to a study done by Khawaja et al. (2016), who reported that 
the TSE phages of E. cloacae reduced the growth of the 
target bacteria at 8 h post infection until 18 h, after which 
resistant bacterial cells started to emerge.

The efficacy of phage as food preservative agent depended 
on various factors, such as food matrix, surface area, contact 
time, structure, bacterial load, dose of phage, and presence 
of other compounds (García-Anaya et al. 2020; Ly-Chatain 
2014). In the dairy industry, phage treatment has included the 
control of pathogens in different dairy products (Sillankorva 
et al. 2012). The decrease in viable count of E. cloacae com-
plex cell counts in the yogurt following the treatment with 
vB_EclM-EP1 and vB_EclM-EP2 phages infection shows 
the potential use of phages in food industry. After 6 days of 
vB_EclM-EP2 treatment, the high rate of bacterial reduction 
was achieved (3  log10 CFU/g) at a temperature 4 °C thus 
because vB_EclM-EP2 was more stable and still had a high 
titer compared to room temperature storage (37 °C); the high 
rate of reduction occurred due to the active growth of E. 
cloacae complex at 4 °C as psychrotrophs (Cousin 1982; Hu 
et al. 2016). On the contrary, at a temperature 4 °C, the viable 
bacterial cells were inactivated, and phage requires an active 
growth phase of bacteria for replication (Rogovski et al. 
2021). At room temperature, Soffer et al. (2017) obtained 
reductions of about 0.07, 0.26, and 1.01  log10 CFU/g for 
Shigella sonnei by applying three different concentrations 
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(5, 6, and 7  log10 PFU, respectively) of a commercial phage 
(ShigaShieldTM) to contaminated yogurt.

At different storage temperature (4, 25, and 37 °C), the 
antimicrobial effect of isolated phages was detected in pack-
aged milk that was inoculated with E. cloacae complex 
6AS1. vB_EclM-EP2 and phage cocktail (vB_EclM-EP1 
and vB_EclM-EP2) completely eradicated E. cloacae com-
plex 6AS1 after 3 days of incubation, while vB_EclM-EP1 
totally inhibited E. cloacae counts after 4 days of milk treat-
ment. The application of the phage cocktail (SPHG1 and 
SPHG3) at MOIs of 1000 or 100 resulted in a significant 
decrease in the viable count of S. typhimurium by 4.2  log10/
sample in milk and water (Esmael et al. 2021). Garcia et al. 
(2009) used a cocktail of two phages (Φ5 and Φ72) against 
Staphylococcus aureus in different types of milk, including 
ultra-high temperature (UHT), pasteurized, whole, and semi-
skimmed milk. These authors found bacterial reductions of 
1.0 to 3.6  log10 CFU/mL.

The basic mechanisms involved in the phage infection 
process in complex systems such as milk and dairy products 
still need to be clarified. In spite of this, the effectiveness 
of phages decreased in yogurt than in milk and this may 
be attributed to the organic substances such as proteins, fat 
content, inhibitory substances, and the conditions of food 
matrix and viscosity (Hosseinidoust et al. 2014). Moreover, 
yogurt had a greater surface area than milk, which resulted 
in less interaction between phages and their host bacteria and 
a few phages may have been inhibited by yogurt additives 
or yogurt provided additional defense layer for the bacteria 
(Soffer et al. 2017; García-Anaya et al. 2020).

Conclusions

This is the first report on the effectiveness of specific phages 
to control the MDR E. cloacae complex growth in milk and 
yogurt. These results demonstrate that lytic E. cloacae com-
plex-specific phages isolated from sewage have high pH and 
thermal tolerance and have the capacity to infect different 
E. cloacae complex isolates. For phages to be used for bio-
control purposes, there is need to study their physical and 
chemical traits such as different storage and pH conditions to 
optimize their lytic activity. Lytic phages have a great poten-
tial in food and dairy industry in inhibiting and elimination 
of pathogenic bacteria.
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