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Abstract 
 
 Background: Salmonella, a bacterial genus of more than 2500 serotypes is considered as the most significant foodborne pathogen 

causing infections in humans and animals. Increased antimicrobial resistance and persistence of antimicrobial residues in food 

matrices warrants the need for alternative infection management strategies. Aims: The present study aimed to isolate and evaluate the 

lytic activity of bacteriophage against Salmonella. Methods: Twenty-eight Salmonella isolates obtained from the poultry sources were 

screened for antibiotic sensitivity. Poultry slaughterhouse wastewater was used for the isolation of phage. Host range and random 

amplified polymorphic DNA (RAPD) are vital tools used for differentiating the phage. Results: The isolates showed a high degree of 

resistance to nalidixic acid (71%), tetracycline (71%), nitrofurantoin (50%), and ampicillin (43%). Five lytic phages are specific for 

Salmonella spp. were isolated and characterized by RAPD. In the colony forming unit (CFU) reduction assay, the highest activity of 

phage was observed at 0.01 multiplicity of infection (MOI) within 2 h after the addition of phage. PSE5 at 0.01 MOI was 

administered to Salmonella Enteritidis seeded on the surface of the chicken egg by immersion method. The results indicated that 

administration of phage reduced recoverable Salmonella by 2 × 106 CFU/ml relative to the phage-excluded control. Conclusion: The 

results presented here suggested the application of the bacteriophage treatment has the potential to be used as an alternative strategy 

to prevent Salmonella infection in poultry farms to prevent vertical transmission of the pathogen. 
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Introduction 
 

 Salmonella is a Gram-negative, rod shaped, 

facultative anaerobic genus belonging to the family 

Enterobacteriaceae. Salmonella infections spread via 

faecal-oral route and can be transmitted by the 

consumption of contaminated food of animal origin such 

as poultry, egg, milk products and water (Buncic and 

Sofos, 2012; Andino and Hanning, 2015). Salmonella is 

the common cause of foodborne illness termed as 

salmonellosis. The prevention of salmonellosis is quite 

challenging due to its complex epidemiology and wide 

mode of transmission. Presently, the treatment of 

salmonellosis with conventional antibiotics is 

handicapped. The incidence of multi-drug resistance 

brings an additional vital dimension to the challenge of 

Salmonella associated infections. 

 Bacteriophages are considered as the potent 

biocontrol agent for food safety applications or as 

therapeutic agents due to their specificity and self-

replicating property with no adverse effects on beneficial 

microflora and human cells (Babickova and Gardlik, 

2015). Biocontrol of various food pathogens has been 

studied in chicken, pig skin, sprout seeds lettuce and 

vegetables (Ye et al., 2010; Adriaenssens et al., 2012; 

Campos et al., 2019). US food safety and inspection 

service permits the use of Salmonella-specific phage 
against bacterial contamination in live poultry before 

processing (Huff et al., 2002; Zhang et al., 2019). Hence, 

the present study was designed for the successful 

application of bacteriophage in poultry. In this study, 

lytic phages against Salmonella were evaluated for their 

biocontrol ability on the food matrix of egg. 

 

Materials and Methods 
 

Bacterial isolates 
 Twenty-eight isolates obtained from poultry were 

identified using standard biochemical test’s like Gram 

staining, cytochrome oxidase, catalase, oxidation 

fermentation, triple sugar iron agar and urease tests. 

Further, isolates were confirmed as Salmonella by 

polymerase chain reaction (PCR) targeting invasion 

associated (invA) gene. The susceptibility to different 

antibiotics as commonly described, nalidixic acid (30 

mcg), tetracycline (30 mcg), nitrofurantoin (300 mcg), 

ampicillin (10 mcg), meropenem (10 mcg), co-

trimoxazole (25 mcg), piperacillin/tazobactam (100/10 

mcg), ciprofloxacin (5 mcg) cefotaxime (30 mcg), 

kanamycin (30 mcg), streptomycin (10 mcg), imipenem 

(10 mcg), and gentamycin (10 mcg) were evaluated by 

the disc-diffusion method on Muller-Hinton agar as 
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recommended by the Clinical and Laboratory Standards 

Institute (CLSI) guidelines. 

 

Bacteriophages 
 The effluent from the local commercial chicken 

market was used for the isolation of phages. 

Bacteriophages were isolated by enrichment method. All 

the twenty-eight bacterial isolates were used as baits. 

Twenty-five ml of effluent was centrifuged at 10000 g 

for 10 min, and the supernatant obtained was filtered 

through 0.22 μm syringe filter. The filtrate was used as a 
source of bacteriophage. 

 Bacteriophage activity in the supernatant was tested 

by spot assay by placing 5 μL of the supernatant on a 
lawn of Salmonella culture. Plates were incubated at 

30°C overnight and observed for plaques. Plaques were 

purified by single plaque purification and titre of phage’s 

was determined by soft agar overlay technique (Adams, 

1959). The isolated bacteriophages were further 

propagated on their respective host. 

 

Host range and random amplified polymorphic 

DNA (RAPD) 
 Twenty-eight Salmonella spp. were used for this 

experiment. On nutrient agar plate, the bacterial lawn 

was made and allowed to dry. 5 μL of all the phage 
lysate was spotted on the lawn and incubated at 30°C 

overnight and observed for the appearance of clear 

zones. Tested bacteria were considered as either sensitive 

or resistant to the phage depending on the appearance of 

plaque. Bacteriophage DNA was extracted by zinc 

chloride precipitation followed by phenol extraction as 

described by Su et al. (2004). 

 Molecular typing of bacteriophage was performed 

using RAPD PCR analysis with RAPD5 (5´-AAC GCG 

CAA C-3´) primer. The reaction mixture (30 µL) 

consisted of nuclease free water (21.5 µL), 10X buffer 

with 2.5 mM MgCl2 (3 µL), 10 mM/µL dNTP (1 µL), 10 

pmol of primer, and 2 µL DNA template. The program 

used was as follows: 3 min at 94°C followed by 35 

cycles of 50 s at 94°C, 36 s at 36°C, and 30 min at 72°C 

followed by a final extension at 72°C for 5 min. 

Polymerase chain reaction products were then 

electrophoresed on 1% agarose gel and visualized by 

ethidium bromide staining. 

 

In vitro assessment of the lytic activity of 

bacteriophages 
Colony forming unit (CFU) reduction assay 

 Bacterial culture was inoculated to 250 ml broth and 

the turbidity of the inoculum was adjusted to 0.5 Mac 

Farland standard (Schneider et al., 2018). Spread plating 

on nutrient agar was performed to determine the initial 

cell density. The culture was distributed into conical 

flasks labelled as control, 10 multiplicity of infection 

(MOI), 1 MOI, 0.1 MOI, and 0.01 MOI in duplicates. To 

each flask different quantity of phage were added to 

attain the respective MOI. Sampling was done every 0, 4, 

8, 12, and 16 h and 100 μL of culture was spread onto 
nutrient agar plate to determine viable cell count. Plates 

were incubated at 37°C overnight followed by 

enumerating the colonies. 

 

Control of Salmonella on eggs 
 Eggs (n=40) were purchased from the local market. 

The eggs were washed, and surface disinfected with 70% 

ethanol. Sterile eggs were divided into 4 experimental 

groups with 10 eggs in each group. Group I and II were 

inoculated with Salmonella by surface application of 1 

ml of Salmonella culture adjusted to 4 × 105 CFU/ml. 

After 30 min, the eggs were treated with 0.01 MOI of 

phage PSE5 and SM buffer (100 mM NaCl, 8 mM 

MgSO4•7H2O, 50 mM Tris-Cl (pH = 7.5), 1 L distilled 

water), respectively by immersing the eggs in 500 ml of 

phage/SM buffer for 30 min. Group III and IV served as 

phage and negative control, respectively. Eggs were 

further incubated at 37°C for up to 2 h. Viable count of 

bacteria and phage was performed at time zero and 

various time points (30, 60, and 120 min). 

 

Results 
 

 All 28 isolates were resistant to at least one of the 

antibiotics tested. Among the different antibiotics used 

maximum resistance to nalidixic acid and tetracycline 

(71%), nitrofurantoin (50%), and ampicillin (43%) was 

observed (Fig. 1). 

 

 
 

Fig. 1: Graphical representation of antibiotic susceptibility test. IPM: Imipenem, PIT: Piperacillin/Tazobactum, MRP: Meropenem, 

S: Streptomycin, K: Kanamycin, CTX: Co-trimoxazole, NIT: Nitrofurantoin, AMP: Ampicillin, CIP: Ciprofloxacin, COT: Co-

trimoxazole, TE: Tetracycline, GEN: Gentamycin, NA: Nalidixic acid 
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 In this study, a total of five phages Salmonella 

Enteritidis phage 1 (PSE1), PSE2, PSE3, PSE4, and 

PSE5 were isolated from chicken market effluent. 

Phages were differentiated based on their plaque 

morphology (Fig. 2) and RAPD analysis. Results of 

RAPD clearly indicate that phage PSE3, and PSE4 

belonged to the same clade. PSE1 did not show any 

amplification with RAPD primer PM5 (Fig. 3). Out of 5 

phages isolated, PSE5 showed broad host range by being 

lytic on 82% (23 of 28) of the Salmonella isolates. Due 

to the excellent lytic activity of PSE5, it was chosen for 

further control studies. 

 In the CFU drop assay, drop curve represents the 

duplication cycle of the bacteriophage which was 

performed for PSE5 phage. 0.01 MOI showed a gradual 

increase in the bacterial count after 2 h thereby, increase 

in the count soon after other MOI like 10, 1, 0.1 did not 

show any visible decrease in the bacterial count (Fig. 4). 

 

 
 

Fig. 2: Random amplified polymorphic DNA. Lane M: 100 bp 

marker, Lane 1: Positive control, Lane 2: Negative control, 

Lanes 3 and 5: PSE3, PSE5 showed similar pattern, Lanes 4 

and 7: PSE2, PSE4 showed different pattern, and Lane 6: PSE1 

showed no amplification 

 

 
 

Fig. 3: Representative image of plates showing plaques 

(plaques or clear zones were observed when overlaid with 

phage (PSE3) indicating the lysis of bacteria) 

 
 

Fig. 4: Reduction of Salmonella spp. counts at different time 

intervals in the presence of different concentrations of 

bacteriophage 

 
 In the control study, egg infected with 4 × 105 

CFU/ml of Salmonella Enteritidis were treated with 

phages at 0.01 MOI. Phages were able to reduce the load 

of bacteria by 99.9% i.e., 3 log reduction within 30 min 

and retain such low numbers up to 1 h (Fig. 5). 

 

 
 

Fig. 5: Effectiveness of phage on the eggs treated with 

Salmonella 

 

Discussion 

 
 Persistence of Salmonella in milk products, fruit 

juice, tomatoes, fish, shrimp, frog legs, yeast, and 

vegetables have been reported. Among all the food 

sources, poultry and poultry-associated products are 

commonly recognized as the most remarkable vehicles 

for human Salmonella infections (Campos et al., 2019). 

 Antimicrobials used in the veterinary settings are 

considered as a crucial factor in the emergence of drug 

resistant Salmonella, and multidrug resistance was 

commonly seen in isolates from food animals rather than 

from human clinical cases (Briers et al., 2014). To 

overcome this, phage therapy is considered an alternative 
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environment friendly method to combat antibiotic 

resistant bacteria. Phage’s that present a broad host range 
exhibited great potential to control pathogens in the food 

sample. Hence, in this study phage which showed 

excellent lytic activity and broad host range were chosen 

for CFU drop assay and biocontrol study. 

 The emergence of antibiotic-resistant bacteria has led 

to understanding the importance of the isolation and 

characterization of phage. Several studies used 

transmission electron microscopy and genome 

sequencing to study the phage morphology and to 

identify the genes of antimicrobial significance 

respectively (Ashwale et al., 2019; Besler et al., 2020). 

 The lytic ability of phage PSE5 upon infection of 

Salmonella host was further studied at various MOIs. 

Inoculation of 0.01 MOI was sufficient to prevent a 

noticeable change in the count of the initial inoculum up 

to 2 h of incubation. From these results, it is clear that 

amplified phages can continually inhibit the growth of 

Salmonella at applied concentration. Low MOI ratio is 

beneficial for the commercial feasibility of large-scale 

application since it reduces the cost of preparation, 

purification and application of phage. 

 Several studies proved that application of phages to 

the contaminated surface of food reduces the number of 

bacteria and ensures food safety (Sukumaran et al., 2016; 

El-Dougdoug et al., 2019). When a lytic phage enters a 

host cell, it multiplies and lyse the cell there is an 

outburst of viral particles. Thus, with every host cell lysis 

there is an increase in the phage numbers. However, high 

titer of phage is sufficient to lyse bacteria without 

multiplication. In lysis without multiplication, phages 

adsorb to the surface of the host cell at high MOI (>100) 

and puncture the host cell at multiple cell surface regions 

leading to host death as against a lysis with 

multiplication. Shibinay (2016) studied the effectiveness 

of Escherichia coli and Salmonella phages in reducing 

the number of E. coli and Salmonella on cucumber and 

egg at low temperature, respectively. 

 Phage PSE(5) can be considered as appropriate 

applicant phage for phage treatment since it was active 

against antibiotic resistant bacteria and also showed the 

lytic activity on the egg infected with Salmonella. Data 

obtained in this study supports the possibility of 

application of phages as the biocontrol agent in food 

industry. Biocontrol strategy using single type phage is 

more economical than cocktail which contains several 

types of bacteriophages (Hooton et al., 2011; Endersen et 

al., 2014; Huang et al., 2018). It is essential to 

characterize the phage completely and ensure that it does 

not carry any virulence or antimicrobial resistance genes 

which may be done either by whole genome sequencing 

or by PCR based detection of specific virulence factors 

observed in that particular pathogen. 

 Based on the results obtained, it was concluded that 

phages can be used to reduce the microbial load in 

poultry industry. This study also provides insight into 

preventive and control strategy against Salmonella 

infection in the poultry industry. 
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