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ABSTRACT 
 

 Six characterized Salmonella phages were obtained from Virology Lab., Dept. of 
Microbiology., Fac. of Agric., Ain Shams Univ., Cairo, Egypt. Phages were biologically purified, 
propagated and concentrated using the alternative differential centrifugation method. The safety of 
using Salmonella phages as food additive was determinate on cell line in vitro. The results showed 
that Salmonella phages did not show any cytotoxic effect on cell line. The lytic abilities of these 
phages in liquid culture showed 100 multiplicity of infection (MOI) was the best in inhibiting 
bacteria. We tested the effectiveness of six phages as well as a cocktail combination of both in salad 
samples. The reduction in Salmonella numbers were observed after 8 h from treatments. Promising 
results were recorded, so, the results can be considered as a milestone for the establishment of a bank 
of bacterial viruses which can be widely used in biological control as well as gene therapy.  
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Introduction 
 

Salmonella spp. is a gram-negative, non-spore forming rod and facultative an-anaerobic that 
can ferment glucose and belonging to family Enterobacteriaceae which spread widely in nature and 
found often in the intestinal tract of animals and humans (Doyle and Erickson, 2006). It is the 
pathogenic agent of Salmonellosis in human which causes severe illness in the infants, the elderly and 
immunocompromised patients (Baumler et al., 2000). There are more than 2,500 serotypes of 
Salmonella. The most prevalent and significant worldwide serotypes in Salmonella are enteritidis and 
typhimurium that are responsible for 99% of Salmonellosis in humans and animals. Symptoms of 
Salmonella generally occur after 8 to 72 hours after infection (Bell and Kyriakides, 2002), including 
watery diarrhea abdominal pain, nusea, fever and headache. Salmonella are obtained through 
ingesting contaminated food or water that detected high incidence of Salmonella typhimurium (Abd 
El-Aziz, 2013). Most infections come from the ingestion of contaminated foods of animal origin 
(Olsen et al., 2000), non animal foods such as fresh fruits and vegetables (Mahon et al., 1997). Water 
fecal contamination, cross contamination of foods by Salmonella during food preparation.  

Methods of Salmonella detection are based on physical and biochemical markers of Salmonella 
(Williams, 1981). Bacteriophages are considered an effective weapon against pathogenic bacteria. 
Due to development resistant bacteria against antibiotics, bacteriophages are used as a safe alternative 
route to control pathogenic bacteria (Abramia et al., 2016). The normal gut microflora are not affected 
by phages because of it`s specificity and aim only the pathogens of interest, so it is offer a great 
advantage over antibiotics (Connerton and Connerton, 2005). S. typhimurium phages might be used to 
fight it in decontamination of food and water supplies. S. typhimurium targeting bacteriophages have 
been proposed as an alternative biocontrol agents to antibiotics (Shin et al., 2012). 

This paper is a trial to study the opportunity of application of the virulent Salmonella 
bacteriophages for controlling Salmonella typhimurium in vivo.  
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Material and Methods 
 
Source of the bacteria:  

Salmonella typhimurium ATCC25566 was obtained from Virology Lab., Agric. Microbiol. 
Dept., Fac. of Agric., Ain Shams Univ., Cairo, Egypt. 
Sources of bacteriophages:  

Six phages were isolated from eight samples from different canals and sewage water by 
Hussein et al., 2018. 

 
Propagation of the single phage lysates:  

A large amount of high titer phage stock was obtained by Liquid culture propagative method 
(Goodridge et al., 2001).  

 
Purification and concentration of Salmonella phages:  

The propagated Salmonella phage isolates were purified and concentrated using the 
alternative differential centrifugation method of Figrski and Christensen (1974).  After twice cycles, 
the pellets were re-suspended in 300 μL CM buffer (1M Tris buffer; 2.5g/L MgSO4.7H2O; 0.735g/L 
CaCl2; 0.05g/L gelatin; pH 7.5). 

 
Investigation of cytotoxicity of Salmonella phage cocktail on tissue culture: 

The neutral red uptake assay for the estimation of cell viability/cytotoxicity on liver cancer 
(HepG2) was done according to Repetto et al., (2008) in the cell culture lab, Cairo University 
Research Park, Faculty of agriculture, Cairo, Egypt University. 

 
Application of Salmonella phages as biocontrol agents in vitro: 

Different multiplicity of infection (MOI) of Salmonella phage cocktail in vitro were 
investigated to determine the optimal MOI required for the bio-control. The bacterial challenge tests 
were done at separate times according to Kocharunchit et al., (2009).  

Phage-free culture (containing only bacteria as a positive control.) and phage cocktail plus 
Salmonella broth culture were kept as treatment 1 and 2 respectively. Bacteria-free culture (containing 
only phage) were also included as a negative controls. Re-incubation was done with shaking for 12 h 
to three replicates per treatment. Bacterial counts were determined at 0, 4, 8, and 12 h post treatment 
on a S.S. agar medium. 

The log of Salmonella reduction was calculated by the following equation: Log reduction = 
log10 (A) – log10 (B), where A is the number of viable Salmonella before treatment and B is the 
number of viable Salmonella after treatment according to Zelver, et al., (2001). 

 
Application of Salmonella phages as biocontrol agents in vivo:  
 
Green salad samples preparation 

Seven different kinds of fresh and healthy appearance vegetables (cucumber, iceberg lettuce, 
tomato, green pepper, onion, carrots and parsley) were purchased at local vegetable markets. All food 
samples were washed with sterile water then disinfected with 75% ethanol. Then, samples were rinsed 
several times using sterile d.H2O. Vegetables were sliced into about 2 cm × 2 cm squares. 

  
The experiment design: 

The green salad was placed in a plastic plate, and then divided to seven groups. Each group 
contained 50 g from green salad inoculated by 5 mL of overnight Salmonella culture and 5 mL of the 
phage cocktail of the six Salmonella phages (108 pfu/mL) from group one to group five. In group six 
and seven phage cocktail was firstly added to salad samples before the bacterial inoculation. Tween 
80 was added to the phage cocktail as a surfactant agent and incubated for 30 min at room 
temperature. The previous mixture (Salmonella phages + Tween 80) was used within the steps of 
salad processing. Then all treatments were kept for 8 h at room temperature, finally, treatments were 
transferred and kept in refrigerator for 16 h. Bacterial counts were determined at 0, 4, 8, and 24 h post 



Middle East J. Agric. Res., 8(2): 692-698, 2019 
ISSN: 2077-4605 

694 

treatment on a S.S. agar medium. Salmonella phage titers were also determined by the plaque assay 
technique according to the method of Borrego et al., (1987). 

 
Statistical analysis 

Data of in vitro and in vivo Salmonella applications were statistically analyzed according to the 
standard procedure in completely random design as mentioned by Snedecor and Cochran (1980). 
 
Results 
 
Propagation and concentration of Salmonella phages:  

High titer phage stock (200 mL) was obtained by phage propagation several times in liquid 
Salmonella culture. Then, the Salmonella phage particles were purified and concentrated using the 
alternative differential centrifugation method. 

  
The cytotoxicity of Salmonella phage cocktail on cell line: 

In the present study, the cytotoxicity of Salmonella phages as food additives was tested. Data of 
using phages in the immunocompromised people remain quite rare regarding.  So the phages 
cytotoxicity was determined on liver carcinoma cell line in vitro by NRU colorimetric techniques. 
Different concentrations (104, 105, 106 and 107 pfu/mL) from Salmonella phages cocktail were 
investigated. Data revealed that Salmonella phages didn`t show any cytotoxic effect after 24 h from 
incubation time. Positive control was Doxorubcin–HCl with concentration of 6 μg/mL gave viability 
percent=71%. 

 
 Lytic activity of phages on Salmonella biocontrol in vitro:  

Data in Table 1 shows the reduction of Salmonella numbers at MOI 0.01. A reduction of 0.78, 
0.98 and 1.30 log cfu/mL after 4, 8 and 12 h, respectively were recorded compared to control. When 
phages were added at MOI 10, the reduction rates were 1.75, 3.13 and 4.84 log cfu/mL after 4, 8 and 
12 h, respectively. When treated with phage at MOI of 100 achieved a peak reduction of 2.07, 4.11 
and 6.14 log cfu/mL after 4, 8 and 12 h, respectively.   

The results indicated that improving efficacy of Salmonella numbers reduction by phages was 
done by raising the MOI and the optimal MOI was 10 and 100 which achieved the target about 
reducing the numbers of Salmonella cells.  

 
Combating the bacterial pathogen in food by Salmonella phages: 

The optimal MOI 100 was used to control S. typhimurium in vivo. When adding Salmonella 
before addition of phage as shown in Table 2, it was observed that Salmonella numbers were reduced 
at rate of 1.3, 2.7 and 3.22 log cfu/g after 4, 8 and 24 h, respectively comparing to control treatment. 

When adding the food additives in a line with phages, Salmonella cells were reduced at rate of 
1.42, 3.1 and 4.01 log cfu/g after 4, 8 and 24 h, respectively. It means that: the food additives were 
aided with phages in reducing the Salmonella numbers in the contaminated green salad samples. On 
the other hand, when adding phages before bacterial contamination to prevent the presence of 
Salmonella, it was observed that, the bacterial counts were reduced at rate of 1.6, 3.38 and 4.37 log 
cfu/g after 4, 8 and 24 h, respectively. On the other-hand adding the food additives with phages, 
Salmonella cells were reduced at rate of 1.9, 4.01 and 5 log cfu/g after 4, 8 and 24 h, respectively. It 
means that preferably to add Salmonella phages before bacteria when using as a preservative. 

The reduction of Salmonella numbers were also accompanied by increasing in phage counts. 
Phages titers were 4×1010 pfu/g after 24 h. When adding food additives, Salmonella phages titers were 
2.3×1010 pfu/g after 24 h, therefore, the food additives decreased numbers of both phages and 
bacteria. 
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Table 1: Effect of different phage multiplicity of infection on the growth of Salmonella in vitro. 

Hours post 
infection 

MOI 0.01 MOI 0.1 MOI 10 MOI 100 L.S.D 
for 

time 
Control Treated 

log  
reduction* 

Control Treated 
log  

reduction 

Control Treated 
log 

reduction 

Control Treated 
log 

reduction  log 
cfu/ml 

log 
cfu/ml 

log 
cfu/ml 

log cfu/ 
ml 

log 
cfu/ml 

log 
cfu/ml 

log 
cfu/ml 

log cfu/ 
ml 

 

0 6.70 6.70 - 6.65 6.64 - 6.60 6.60 - 6.60 6.61 - - 
4 7.78 7 0.78 ax  7.75 6.95 0.80 ax 7.70 5.95 1.75 ay 7.70 5.63 2.07 az 0.539 
8 8.85 7.87 0.98 bx  8.81 7.60 1.21 bx  8.78 5.65 3.13 by 8.78 4.67 4.11bz 0.539 
12 9.90 8.60 1.30 cx 9.87 7.95 1.92 cx 9.84 5 4.84 cy 9.84 3.70 6.14 cz 0.539 

L.S.D for 
MOI 

- - 0.622 - - 0.622 - - 0.622 - - 0.622 - 

*Means within rows (Time) with different letters (a through c) are different at the 0.05 significance level. Means within columns (MOI) with different letters (x 
through z) are different at the 0.05 significance level according to SPSS software version 19. 

Table 2: Lytic efficiency of Salmonella phages in green salad application.                                                                                                                                                                                                                 

Treat-
ments* 

Hours post infection 
Zero 4  8 24  

L.S.D 
cfu/g** 

log 
cfu/g 

log  
reduc-

tion 
cfu/g 

log 
cfu/g 

log  
reduc-
tion*** 

cfu/g 
log 

cfu/g 
log  

reduction 
cfu/g 

log 
cfu/g 

log  
reduction 

1 ND - - ND - -  ND - -  ND - - - 
2 4×106 6.60 - 1.6×107 7.2 -  1×108 8 -  1×108 8 -  - 
3 4.1×106 6.61 - 8×105 5.9 1.3 aw 2×105 5.30 2.7 bw 6.1×104 4.78 3.22 cw  0.176 
4 4×106 6.60 - 6×105 5.78 1.42 ax  8×104 4.90 3.1 bx 9.8×103 3.99 4.01cx 0.176 
5 4.1×106 6.61 - 5×105 5.70 1.5 a x,y 6×104 4.78 3.22 bx,y 7.1×103 3.85 4.15 cx,y 0.176 
6 4×106 6.60 - 3.9×105 5.60 1.6 ay 4.2×104 4.62 3.38 by 4.3×103 3.63 4.37 cy  0.176 
7 4×106 6.60 - 2×105 5.30 1.9 az 9.9×103 3.99 4.01 bz 1×103 3 5 cz 0.176 

L.S.D - - - - - 0.136 - - 0.136 - - 0.136 - 
*1 = Green salad was left without any treatment as a control. 2= Green salad was treated by overnight Salmonella culture. 3= Green salad was treated by Salmonella then followed 

by addition of phages, 4= Green salad was treated by Salmonella then followed by addition of phages and food additives (salts, lemon, vinegar and spices). 5= salad + bacteria 
+ phage at the same time, 6= Green salad was treated by phages then followed by addition of Salmonella. 7= Green salad was treated by phages then followed by addition of 
Salmonella and food additives. 

       ** ND= not detectable. 
       ***Means within rows (Treatments) with different letters (a through c) are different at the 0.05 significance level. Means within columns (Time) with different letters (w through 

z) are different at the 0.05 significance level according to SPSS software version 19. 
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Discussion  
There is increasing evidence of the impact of irrigation water in the contamination of produce 

leading to subsequent outbreaks of foodborne illness. This is a particular hazard in the production of 
leafy vegetables that will be eaten raw without cooking. A wide variety of pathogens contribute to 
food-borne illnesses, including bacteria (e.g., L. monocytogenes, Salmonella and pathogenic E. coli). 
Large-scale production of produce usually needs some form of irrigation during the growing season. 
(Allende and Monaghan, 2015). 

Enteritidis and Typhimurium are the most widespread Salmonella serotypes and responsible for 
99 % of salmonellosis in human and warm-blooded animals. (Bell and Kyriakides, 2002). 

Because of the increased occurrence of antibiotic resistant bacteria, clinical phage therapy is 
studied once more. In addition, bacteriophages are used for biocontrol of food and isolated from a 
broad variety of foods (Guenther, 2007). 

Oral toxicity studies in rats gave no hints for any potential risk of bacteriophages used as food 
additives (Carlton et al., 2005). The NRU cell survival assay is extensively used for measuring 
cytotoxic potential of a compound. In vitro cytotoxicity assays with established cell lines are useful 
tools for the general screening of chemicals and to predict the potential toxicity of a substance in 
toxicological studies (Martinez et al., 2006). Genetic load of cancer cells makes them further sensitive 
to common drugs (Pavel and Korolev, 2017) and important to use of phage therapy in 
immunocompromised patients Borysowski, and Gorski, (2008), Cytotoxicity of Salmonella phages 
when it used as food additives was determined on liver carcinoma cell line in vitro by NRU 
colorimetric techniques.  Cytotoxicity of different concentrations from Salmonella phages cocktail 
were used. The different phages didn`t show any cytotoxic effect after 24 h. incubation time. Results 
agreed with Borysowski and Gorski, 2008 who mentioned that a significant evidence has accumulated 
for the efficacy and safety of phage therapy in immunocompetent patients, data still relatively rare 
regarding its usage in the immunocompromised patients. The existing data suggest that phages could 
also be successful and harmless therapeutic modality in such patients. 

Bacteriophage had been successfully applied to reduce Salmonella and Campylobacter 
colonization in vivo and in vitro (Andreatti Filho et al., 2007), in ready to eat food (Guenther et al., 
2009). In this study, a number of in vitro trials have been performed to evaluate the potential of the 
isolated Salmonella phage cocktail for Salmonella cell numbers reduction. The best MOI had been 
chosen to apply and control the Salmonella in vivo experiments. The results indicated that improving 
efficacy Salmonella numbers reduction by phages was done by raising the MOI and the optimal used 
MOI was 10 and 100 which achieved the target about reducing the cells at rate 1.75 log cfu/mL, 2.07 
log cfu/mL respectively after 4 h. Results agreed with Nonis et al., (2016) who stated that the optimal 
MOI for AAPEc6 (E. coli phage) was at 10 and 100. At the higher MOI’s tested the density of the 
host declined rapidly after the experiment started, indicating efficient lysis. Lower MOI’s resulted in 
initial delay of growth followed by a decrease in cell density compared to the controls.  

 
In vivo application:  

Based on the results of in vitro trials for Salmonella application, the optimal Salmonella lysis 
occurred at MOI of 10 and 100. So the best MOI of 100 was used to control S. typhimurium in vivo. 
In vivo application was performed to control Salmonella culture in green salads.  

Contamination by Salmonella broth culture before the addition of its specific phage cocktail, 
Salmonella was reduced after 4 h from the addition at rate 1.3 log cfu/g, in addition to food additives, 
Salmonella cells were reduced after 4 h from the addition at rate 1.42 log cfu/g. 

Contamination by Salmonella broth culture and the addition of its specific phage cocktail 
simultaneously, Salmonella was reduced after 4 h from the addition at rate1.5 log cfu/g. 

Contamination by Salmonella broth culture after the addition of its specific phage cocktail, 
Tween 80 was added to phage cocktail within the steps of salad processing before contamination by 
Salmonella culture. Numbers of Salmonella were reduced after 4 h from the addition at rate 1.6 log 
cfu/g. In addition to food additives, Salmonella cells were reduced after 4 h from the addition at rate 
1.9 log cfu/g. 

The results agreed with (Goode et al., 2003) who used 102 up to 107 MOI on contaminated 
chicken skin and found that the reduction of Salmonella numbers increased according to increasing of 
MOI. Several studies have been published on the use of phages for controlling Salmonella on 
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vegetables. Leverentz et al., (2001) demonstrated that a mixture of four phages reduced the number of 
S. enteritidis on honeydew melon slices up to 3.5 log10 units at 5°C and 10°C and up to 2.5 log10 units 
at 20°C through seven days of incubation.  

Salmonella phage cocktail was mixed with Tween 80 (surfactant) for helping wet the surface so 
that the phage are properly distributed over the various surfaces because Salmonella form biofilm, so 
make it easy to be lysed by bacteriophages. Biofilm make bacteria resistant to antibiotics because of 
the aggregation of bacteria. (Brandl and Huynh, 2014) studied the effect of the surfactant Tween 80 
on the detachment and dispersal of Salmonella enterica serovar Thompson single cells and aggregates 
from Cilantro Leaves as discovered by image analysis. 
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