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ABSTRACT 

Objectives: Salmonella enteritidis is a pathogen that causes gastroenteritis and septicemia in humans 

and animals, causing worldwide health implications. This pathogen often causes fatal foodborne 

diseases in humans and animals. In recent years, new treatment strategies for bacterial infections have 

been studied. Bacteriophages might be used as an alternative strategy for battling against bacterial 

diseases. 

Methods: A novel SP-T1 phage was isolated, and its lytic activity against Salmonella enteritidis strains 

and other enteric bacterial species was evaluated. In addition to its kinetic and genetic characteristics, 

it is in vivo cytotoxicity and ability to inhibit the development of biofilms were investigated.  

Results: The gene sequence of the major capsid protein confirmed that the SP-T1 phage belonged to 

the family Siphoviridae. There was no evidence that phage had a lytic effect on bacteria other than the 

type of Salmonella used in this investigation. The phage exhibited a short latent period of 15 to 20 min 

and a burst size of 10 plaque forming unit per infected cell. The phage was resistant to temperatures 

between 15 and 37 °C and pH levels between 5 and 11. The SP-T1 phage exhibited no adverse effects 

on EPC cell culture and reduced biofilm formation. 

Conclusions: Because of its short latent period, appropriate burst size, ability to inhibit biofilm 

formation, and sensitivity to various temperatures and pH levels, the phage found in this study would 

be an excellent candidate for phage therapy. These findings are beneficial for improving the 

microbiological safety and quality of food and creating efficient bacteriophage-based regulation in the 

food chain.  J Microbiol Infect Dis 2023; 12(4):38-46. 
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INTRODUCTION 

Etiological agents of Salmonella are serotypes 

of Salmonella species that are members of the 

Enterobacteriaceae family. Salmonellosis, after 

campylobacteriosis, is the second most 

prevalent zoonotic disease in the EU, and 

Salmonella is a significant cause of foodborne 

disease outbreaks [1]. Salmonella enterica 

serovar Typhimurium and S. enterica serovar 

Enteritidis are the most common Salmonella 

serovars. These bacteria are one of the primary 

causes of foodborne illness, and they may 

survive for years in conditions such as dry 

surfaces, plastics, and dry foods [2]. People 

become infected by ingesting contaminated 

drinks and food items and coming into contact 

with an infected or carrier person. In addition, 

the expense of treating Salmonella-related 

infections causes financial concerns for 

governments [3]. Every year, roughly 93.8 

million cases of foodborne Salmonella-related 

disease and 155,000 deaths are documented 

worldwide [4].  
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Phages are considered an alternative treatment 

to commercial antibiotics as they exhibit 

bactericidal characteristics, are simple to 

manufacture, and are relatively inexpensive [8]. 

The United States Department of Agriculture 

(USDA) and the Food and Drug Administration 

(FDA) have authorized the use of 

bacteriophages on ready-to-eat beef and 

poultry products and confirmed that they are 

generally regarded as safe [5]. The use of 

bacteriophage-based control to improve the 

microbiological safety of food is a promising 

method [6]. Foodborne diseases pose a 

significant threat to global public health. In the 

food sector, pathogenic bacteria may exist as 

biofilms, becoming a constant source of cross-

contamination. Most pathogenic bacteria 

associated with the foodborne disease can 

adhere to and form biofilms on a wide range of 

surfaces, including wood, metal, and plastic. 

These surfaces can be cleaned with 

appropriate disinfectant, but some bacterial 

biofilms are resistant to disinfectant [7]. 

On the other hand, meat, poultry products, 

fruits, and vegetables such as lettuce and 

parsley can be contaminated with foodborne 

bacteria and cannot be cleaned with 

disinfectant. In this context, there has been a 

rise in interest in utilizing bacteriophages as 

possible biofilm-attacking agents. Therefore, 

the objectives of this study were to isolate a 

novel Salmonella enteritidis-specific lytic 

bacteriophage and to determine its phenotypic, 

kinetic, genetic, and biofilm-inhibiting 

properties. 

METHODS 

Isolation and Enrichment of Bacteriophage 

The bacteriophage isolation, detection, and 

enrichment method was modified from that 

published by [8]. Salmonella enterica subsp. 

enterica serovar Enteritidis (Salmonella 

enterica, ATCC 13076) was used as the host 

strain for bacteriophage isolation. First, 50 mL 

of water from the municipal sewage system of 

Trabzon, Turkey, was centrifuged at 4000 x g 

for 20 minutes before being filtered through a 

0.22 µm membrane filter (Isolab, Germany). 

Then filtered water was mixed with 50 mL of 

tryptic soy broth (TSB, double concentration), 

and 1 mL of an overnight culture of S. enteritidis 

was added to the combination and incubated in 

a shaking incubator for 24 hours at 30°C. After 

incubation, the sample was centrifuged for 20 

minutes at 4000 x g before filtered through a 

0.22 µm filter to remove any residual bacterial 

cells. This process was repeated three times to 

boost the bacteriophage concentration. Spot 

testing confirmed the presence of 

bacteriophages infecting S. enteritidis. In this 

case, 0.1 mL of S. enteritidis culture (108 

CFU/mL) was mixed with 5 mL of soft tryptic soy 

agar (TSA) held at 40°C and spread throughout 

the surface of solidified hard TSA. The plate 

was dried at room temperature for about 30 

minutes. When the top agar solidified, 15 µl of 

the filtrate was put over the surface of the S. 

enteritidis culture. After 24 hours of incubation 

at 30 0C, the plate was assessed for the 

formation of plaques. According to the 

International Committee on the Taxonomy of 

Viruses (ICTV), the isolated novel phage was 

named Salmonella phage (SP-T1), providing 

the host genus and strain designation [9]. 

Titer Determination 

The SP-T1 phages were diluted with distilled 

water between 101 and 106 times using the 

dilution procedure. The diluted phage was 

mixed with S. enteritidis, and the phage titer 

was calculated as a plaque forming unit 

(PFU)/mL after overnight incubation at 30°C 

using the double-layer agar (DLA) method.  

Phage Sensitivity at Different Temperatures 

And pHs 

Phage stability at different temperatures (15, 

25, and 37 °C) and pH (3, 5, 7, 9, and 11) was 

tested using the method reported by Ture et al. 

[15]. The pH of the TSB medium was adjusted 

using 1M HCL or 1M NaCl to reach the proper 

value. Pre-incubating phage suspensions 

tested phage sensitivity to pH and temperature 

at the appropriate pH and temperature for one 

hour, and surviving phages were determined 

using the DLA procedure. 

Host Range 

The lytic activity of the SP-T1 bacteriophage 

against five different S. enteritidis strains, 

Escherichia coli, Aeromonas hydrophila, 

Citrobacter gillieni, Lactococcus garvieae, and 

Enterococcus faecalis was studied. After 

spreading 50 μl (about 108 CFU/mL) of each 

overnight culture of bacteria grown in TSB onto 

TSA, 15 μl of phage (108 PFU/mL) was added 

to the solid agar and incubated overnight at 

30°C. This experiment was done twice for each 

type of bacteria [10] 
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Phage Adsorption Rate 

Overnight culture of Salmonella enteritidis was 

infected with SP-T1 bacteriophage at a 

multiplicity of infection (MOI) of 0.1 and then 

incubated at 30 °C. After 0, 5, 10, 15, 20, 25, 

and 30 min post-incubation, samples from the 

host–phage mixture were collected and 

centrifuged at 10,000 xg for 5 min. The 

supernatant was diluted with 1% chloroform 

containing distilled water. A spot assay was 

used to quantify the phage concentration in the 

supernatant [10]. 

The One-step growth Curve 

Salmonella enteritidis overnight culture was 

centrifuged at 4,000 xg for 5 minutes, and the 

pellet was suspended in 1 mL of TSB medium. 

The suspension was then mixed with SP-T1 

phage at a MOI of 0.1 before being incubated 

for 15 minutes at 30°C. Next, the mixture was 

centrifuged at 10,000 xg for 5 min, and the 

pellet was resuspended in 1 ml TSB and kept at 

30°C to remove unattached phage particles. 

The phage was determined after collecting 

samples every 5 minutes for 1 hour using a spot 

assay. A one-step curve analysis was used to 

determine the burst size and latent period [8]. 

Toxic Effect of The Phage on The Cell 

The Epithelioma Papulosum Cyprini (EPC) cell 

line was used as a model to investigate the 

cytotoxic effect of SP-T1 phage. In a 24-well 

plate, EPC isolates were seeded with minimum 

essential medium (MEM, Sigma) supplemented 

with 1% penicillin-streptomycin and 10% fetal 

calf serum and incubated at 22°C for 24 hours. 

The cells were subsequently infected with 100 

µl of SP-T1 phage diluted to 1x104-107 PFU/ml 

and incubated at 22°C for 24 hours. The 

presence of CPE was studied in both the control 

and phage-containing groups. Following 

washing, 500 µl of 0.25% trypsin-EDTA solution 

(0.5 mM EDTA-tetra sodium) was added to 

each well and incubated at 22°C for 5 min to 

separate the cells. Next, ten microliters of cell 

suspension were incubated with ten liters of 

trypan blue solution for two minutes. An 

inverted light microscope was used to count the 

total number of cells on a Thoma slide at 100x 

magnification (Olympus, CK30) (Olympus, 

CK30). Then cell concentration and vitality were 

determined [8]. 

Effect of Phage on Biofilm Formation 

The effect of the SP-T1 phage on biofilm 

formation by S. enteritidis was evaluated using 

the colorimetric method reported by Islam et al. 

[2] with slight modifications. In brief, 200 µl of S. 

enteritidis in TSB was inoculated onto a 96-well 

plate at a final concentration of 108 CFU/mL and 

incubated for 72 hours at 30 °C. Following 

incubation, phage was introduced to the 

bacterial solution at final titers of 108 and 109 

PFU/mL, resulting in biofilms treated with 

phage SP-T1 at two different titers. In the 

control group, distilled water (DW) was used 

instead of phage lysate. The samples were 

incubated at 30 °C for another 15 hours. 

Following phage treatment, each well was 

gently washed four times with DW and allowed 

to dry in the laminar air-flow cabinet. Following 

the wash, pure methanol was added and kept 

for 10 min. Then, the methanol was pipetted 

away, and the plates were allowed to dry 

similarly. Afterward, 250 µL of 1% crystal violet 

solution was added to each well and left for 30 

minutes. The crystal violet was removed after 

incubation, and 250 µL of 33% acetic acid was 

added. A spectrometer (ELISA Reader, Biotek) 

was used to measure the OD values of phage-

treated and control samples at a wavelength of 

600 nm. 

Phage Genome Isolation And Restriction 

Endonuclease Analysis 

SP-T1 phage was treated with DNase I and 

RNAse A at 37°C for 30 min. The phage's 

genomic DNA was extracted and purified 

reported by Ture et al. [10]. Electrophoresis and 

spectrophotometry were used to assess the 

purity and concentration of the extracted DNA, 

respectively. The restriction enzymes EcoRI, 

HindIII, and BamHI followed the manufacturer's 

instructions to perform a restriction fragment 

length polymorphism (RFLP) (Promega, 

Thermofisher). The phage genome was treated 

with RNAse A, DNAse I, and S1 endonuclease 

for one hour at 37°C (Thermofisher) to illustrate 

the structure of the phage genome. The DNA 

fragments were separated on an agarose gel 

stained with SYBR Green dye in Tris–Acetate–

EDTA solution. The phage genome size was 

estimated by comparing the combined fragment 

sizes to the 1 Kb Plus DNA Ladder 

(Thermofisher). The DNA fragments were 

separated on a 1% agarose gel stained with 

SYBR Green dye in Tris–Acetate–EDTA 

solution. The phage genome size was 

calculated by comparing the combined 
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fragment sizes to the 1 Kb Plus DNA Ladder 

(Thermofisher). 

Genetic and Phylogenetic Characterization 

SP-T1 phage DNA polymerase gene was 

amplified with JerDP1 primers [16] (F-5' 

ACATCAAAACGGCGGTGTGC 3', R-5' 

AGCATGGCTAAGGATAAACG). AmpliTag 

Gold 360 Master Mix (Thermo Fisher Scientific) 

was used under the following PCR conditions: 

initial denaturation at 95 °C for 10 minutes, 

denaturation at 95 °C for 30 seconds, annealing 

at 60°C for 30 seconds, and extension at 72°C 

for 1 minute in 35 cycles, and final extension at 

72°C for 10 minutes. A 1.5 percent (w/v) 

agarose gel stained with SYBR Green dye in 

1TBE buffer was used to evaluate the PCR 

result. The purified PCR product was directly 

sequenced on an ABI PRISM 3500 Genetic 

Analyzer with the BigDye Terminator v3.1 Cycle 

Sequencing Kit (Applied Biosystems) per the 

manufacturer's instructions. A partial DNA 

polymerase gene sequence was blasted for 

similarity 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi). A 

phylogenetic tree was created based on the 

DNA polymerase gene using a sequencing of 

the phage and several phages from three 

families obtained from GenBank. CLUSTAL W 

was used for multiple sequence alignment, and 

the BIOEDIT program (version 7.1.11) was 

used to refine the alignment [17,18]. A 

bootstrap analysis with 1000 repeats was 

conducted to assess the dependability of the 

tree topology [19]. 

Statistical analysis 

The paired t-test and one-way ANOVA were 

used for statistical analysis. When significant 

differences existed between samples, the 

Tukey test was used to identify them. All 

statistical analyses were conducted using the 

SPSS (SPSS Inc., Chicago, IL, USA) software 

with a significance threshold of P≤0.05. 

RESULTS 

A novel SP-T1 phage infecting S. enteritidis 

was isolated in a wastewater treatment plant. 

The SP-T1 phage was confirmed to be a lytic 

phage since it formed distinct plaques with a 

diameter of 0.3 to 0.5 mm on S. enteritidis lawn 

on TSA. Approximately 109 PFU/mL of phage 

were obtained as a consequence of the 

enrichment procedure (Figure 1). 

SP-T1 phage demonstrated lytic activity 

exclusively against all S. enteritidis strains but 

not against Escherichia coli, Aeromonas 

hydrophila, Citrobacter gillenii, Lactococcus 

garvieae, or Enterococcus faecalis. 

The thermal stability of the SP-T1 phage was 

evaluated between 15 and 37℃. The titer of the 

SP-T1 phage incubated for 1 hour at various 

temperatures did not vary significantly (Figure 

2). The ideal pH for the SP-T1 phage was 

identified by examining its stability from pH 3 to 

pH 11 in TSB. The viability of phages did not 

vary between pH 5 and pH 11 (Figure 3). Only 

at pH 3 the activity drops by 25% relative to 

other pH levels. The result revealed that the SP-

T1 phage had a high rate of adsorption. About 

70% of the phage particles were adsorbed after 

10 minutes, and over 90% were absorbed 

within 30 min (Figure 4). The infection dynamics 

of SP-T1 phage were analyzed using a single-

step growth curve. Based on the curves, the 

phage's latent duration and burst size were 

estimated to be between 15 and 20 minutes and 

10 infected cells (PFU per infected cell), 

respectively (Figure 5). 

 

Figure 1. Lytic effect of SP-T1 on Salmonella 

enteritidis. The phage concentration ranges from 100 

to 106. While a value of 0 indicates the greatest 

concentration that has not been diluted, a value of 6 

indicates the most diluted concentration. 

SP-T1 phage introduced to EPC cell culture at 

various dilutions had no adverse effects on 

EPC cell culture. It did not result in cell death 

(Figure 6). The SP-T1 phage significantly 

reduced the existing Salmonella biofilm. When 

108 and 109 PFU/mL of phage were added to 

Salmonella biofilms, those biofilms shrunk by 

59% and 78% in 12 h, respectively (Figure 7). 
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SP-T1 phage genome was resistant to the 

BamHI enzyme but susceptible to the EcoRI 

and HindIII enzymes. The double-stranded 

DNA genome of the phage was 40 kbp in size. 

Amplification of a 700-bp fragment revealed 

that the SP-T1 phage was a member of the 

Siphoviridae family and belonged to the 

Jerseyvirus genus. A blast search revealed that 

the SP-T1 phage was 95% identical to other 

Salmonella phages belonging to the 

Jerseyvirus genus. The phylogenetic tree also 

showed that the phage was more closely 

related to the Siphoviridae family than to the 

Podoviridae or Myoviridae families. 

 

 

 

Figure 2. Impact of temperature on the survival of SP-T1 phage. 
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Figure 3. Impact of pH on the survival of SP-T1 phage. 

 

Figure 4. Adsorption rate of phage 

 

 

 

Figure 5. One-step growth curve of phage 
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Figure 6. Salmonella enteritidis biofilm inhibition 12 hours after 9log10 and 8log10 SP-T1 phage infection. C, 

represents a control in which bacteria were not exposed to phage. 

 

Figure 7. A phylogenetic tree based on the DNA polymerase gene sequences. The Bootstrap values for branches 

were given as percentages. The phage sequences' GeneBank accession numbers are in parentheses. 

 

DISCUSSION 

Infections caused by pathogenic 

microorganisms are often treated with 

antimicrobial agents. However, antibiotic 

overuse in treating a disease may develop 

antimicrobial resistance in pathogenic and 

nonpathogenic microorganisms [20,21]. 

Therefore, SP-T1 phage, a novel, ecologically 

friendly bacteriophage, was identified within the 

scope of this study to combat S. enteritidis, the 

causal agent of foodborne Salmonella disease 

in humans.  

Phage treatment for biological control and the 

prevention of bacterial infections has gained 

favor in recent years [22]. The SP-T1 phage 

isolated in this study showed potent 

antibacterial activity against S. enteritidis. In 

addition, the SP-T1 phage-displayed 

exceptional pH tolerance and heat stability. 

Recent research indicates that Salmonella 

species might live and procreate in the pH 

range of 4 to 9 [23]. Therefore, pH does not 

restrict SP-T1 phage activity. Due to the SP-T1 

phage's pH tolerance and non-cytotoxic action 

on cultured cells, it might be administered orally 

to treat Salmonella-related disorders and 

survive in the gastrointestinal tracts of humans 

and animals. 

Salmonella enteritidis can grow at temperatures 

ranging from 15 to 37°C. Variations in relevant 
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temperatures did not affect SP-T1-phage 

growth and antibacterial activity. The optimal 

temperature at which the phage-displayed 

antibacterial activity was found to be 25°C, 

while at 15°C and 37°C, the activity of the SP-

T1 phage was only lowered by 10%. This 

circumstance facilitates the use of SP-T1 phage 

in a variety of conditions. 

The most significant characteristic of phages is 

that they are often species- or even strain-

specific [8]. In a prior investigation, the 

Salmonella lytic phage, SS3e, infected a variety 

of Salmonella enterica serovars and other 

enteric bacteria, including E. coli, Serratia 

marcescens, Enterobacter cloacae, and 

Shigella sonnei [24]. In contrast, our study 

revealed no lytic action against other enteric 

bacteria, including A. hydrophila, L. garvieae, 

C. gillenii, and Enterococcus faecalis. When 

bacteriophages infect non-target bacteria, they 

may have a detrimental impact on phage 

treatment. When administering phage 

treatment to people, the phage should not infect 

beneficial bacteria in the digestive system. SP-

T1 phage was shown to be efficient exclusively 

against Salmonella enteritidis. 

The infection kinetics of the SP-T1 phage was 

determined by analyzing a single-step growth 

curve. The latent period and burst size are the 

time for the first release of phage particles and 

the ratio of phage titers in the plateau phase to 

initial phage titers. Based on the curves, it was 

determined that the latent period of the phages 

was around 15 minutes. This is a hallmark of 

the majority of lytic phages identified against 

Salmonella enteritidis.: a time of dormancy 

[2,24]. In addition, our study determined the 

burst size of the SP-T1 phage to be 10 PFU per 

infected cell. There are substantial variances in 

the lytic phages' burst size values. The burst 

size of Salmonella phage SS3e was reported to 

be 98 virions per cell in a recent investigation 

[24]. In our study, phages displayed fast 

adsorption, with over 90 percent of phage 

particles being adsorbed within 30 minutes. In 

general, lytic phages have a quick adsorption 

rate, which our findings verify.  

RFLP analysis indicates that the genomic size 

of the phage is 40 kb, which is consistent with 

earlier research on Salmonella phages in the 

Siphoviridae family [25].  

In this study, a novel phage SP-T1 was 

obtained with good potential to prevent and 

control Salmonella enteritidis. It has also been 

shown that this phage can be used as an eco-

friendly alternative to antibiotics to prevent the 

bacterial infection caused by Salmonellosis. In 

further studies, the SP-T1 phage can be tested 

in-vivo, and the genome characteristics of the 

phage can be studied. Introducing SP-T1 

phage decreased Salmonella biofilm formation. 

In addition, SP-T1 phage dramatically 

decreased biofilms adhering to the microplate 

after 12 hours of activity. 

On the other hand, Andreatti Filho et al. [26] 

observed a decrease in the bacteriophage 

activity against Salmonella samples. The 

contaminated food contact surface and the 

microorganism can interfere with bacteria's 

persistence in manufacturing environments 

through biofilm formation [23]. Thus, 

bacteriophage therapy provides an extra option 

for a more accurate and dependable method. 

However, its implementation requires more 

study to understand the link between 

microorganisms and their environments to 

make the technology commercially viable. 

Conclusion 

SP-T1 phage provides potential characteristics 

for treating foodborne disease-related bacteria 

and is regarded as efficient in reducing biofilm 

development and dispersal of mature biofilms. 

The SP-T1 phage may be used as a spray to 

prevent or eliminate the existence of S. 

enteritidis biofilms on the surface of equipment 

or food, such as fruits and vegetables. Because 

the SP-T1 phage is resistant to low pH, it may 

also be used orally to treat S. enteritidis 

infection. Thus SP-T1 phage provides a more 

natural approach than conventional safety and 

food preservation techniques. 
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