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The studies on phage applications that provide successful results in biocontrol of foodborne pathogens
and offer an environmentally friendly approach have been increasing today. Phages are viruses that
can infect and kill the specific target bacterial cell. Salmonella is one of the most important pathogenic
microorganisms that leading causes of food-borne illnesses called salmonellosis. Meat products
especially chicken meat, fresh eggs, dairy products, ready-to-eat foods, seafood products and all kinds
of contaminated food can be cause of salmonellosis. In this review, the phage application studies to
control of Salmonella in food systems were summarized taking into account the research studied in
recent years.
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Gida kaynakl1 patojenlerin biyokontroliinde basarili sonuglar veren ve ¢evre dostu bir yaklagim sunan
faj uygulamalari ile ilgili, ¢aligmalar gliniimiizde giderek artmaktadir. Fajlar, spesifik hedef bakteri
hiicresini enfekte edebilen ve Oldiirebilen viriislerdir. Salmonella, salmonelloz adi verilen gida
kaynakli hastaliklara yol agan en 6nemli patojenik mikroorganizmalardan biridir. Et {irinleri, 6zellikle
tavuk eti, taze yumurta, siit lirlinleri, tiiketime hazir gidalar, deniz iiriinleri ve her tiirlii kontamine gida
salmonelloza neden olabilir. Bu derlemede, gida sistemlerinde Salmonella'nin kontroliine yonelik faj
uygulama ¢aligmalari, son yillarda yapilan giincel aragtirmalar dikkate alinarak 6zetlenmistir.
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Introduction

The additives and heat treatments used in the food
industry are significant in terms of safe food production.
However, the technological processes lead to loss of
nutrients, vitamins and color loss in food, whereas the
additives may also have negative effects on human health.
Therefore, consumers demand for safe food products,
which close to natural as possible, have no chemical
additives, and are also less processed is increasing today
(Sanlibaba and Uymaz, 2015). Thus, the newly developed
food preservation technologies have adopted the “farm to
fork” approach. So, alternative food preservation methods
such as biocontrol increase the shelf life and safety of the
food, and also show minimum unfavorable effects on the
sensory properties and nutritional value of perishable
foods. The bacteriocin and bacteriophage called phage
treatments (Garcia et al., 2010; Sanlibaba and Uymaz,
2015) are natural bio-preservation. The use of phage in
biocontrol assay to control foodborne pathogens is a
promising and environmentally friendly application
(Gouvea et al. 2015, Thung et al. 2017).

Phages are suitable for disease prevention in livestock
(phage therapy), equipment and surface disinfection (also
entitled phage bio-sanitation), decontamination of raw
food products such as carcass, fresh fruits, and vegetables.
Also, another role of phages for controlling of food safety
is the use of phage in the detection of foodborne pathogens
(Martinez et al. 2019). Phages are viruses that specifically
infect to bacteria and also multiply in it (Choinska-Pulit et
al. 2015), so they definitely need a specific host bacterial
cell to survive and replicate.

They are host-specific, and do not infect unrelated cells
or bacteria (Pereira et al. 2016). Phages are divided into two
groups according to their lifestyle, as i) virulent and ii)
temperate phages. Virulent phages follow a lytic cycle,
which means that they proliferate in the bacterial cell, lyse
the cell and subsequently release the phage progeny. On the
other hand, temperate phages can enter the lysogenic cycle
where their DNA combines with the bacterial genome and
become prophage. As long as the environmental conditions
for the bacteria are suitable, phage continues to exist
ineffectively. With changes in environmental conditions
such as the depletion of food sources, phage in prophage
form can return to a virulent form and initiate the lytic cycle
and finally lyse the bacterial cell (Luo et al. 2012, Cadieux
et al. 2018). Phages that have the Iytic cycle show
antimicrobial activity against their target bacteria. Phages,
however, should not be affected by the physicochemical
properties of foods such as pH, temperature, water activity,
preservative components. In addition, they must be resistant
to adverse conditions in the storage process. It is expected to
maintain the activity of phage in the gastrointestinal tract,
where have highly acidic environment and enzymes after
being taken into the body with food. There are some studies
on microencapsulation applications to protect phages from
all these adverse conditions (Choinska-Pulit et al. 2015,
Erginetal. 2017).

The most common foodborne infections have caused
by Salmonella, Listeria monocytogenes, Escherichia coli,
Staphylococcus aureus, and Campylobacter (Schmelcher
and Loessner, 2014). There are some chemical, physical
and biological methods commonly used to control

Salmonella spp., which including irradiation, high-
frequency heating, steam pasteurization, chlorine, organic
acids, trisodium phoshate, ozone, plant extracts, essential
oils and also antibiotics. However, chemical residues can
have some negative adverse impact on the quality of the
foods (Huang et al. 2018, Duc et al. 2020). Moreover,
antimicrobial agents like antibiotics have also been
commonly used to treat salmonellosis infections in
animals,  which  leading  causemultidrug-resistant
Salmonella strains in recent years. Concern about
antibiotic residues in animal origin foods has increased
steadily (Vaz et al. 2020). Therefore, the phages can offer
a friendly approach as an alternative to antibiotics and also
chemical agents for effectively control of Salmonella
(Thung et al. 2017). The use of phages against to foodborne
pathogens in foods has some advantages. These are high
specificity, self-replication, lack of unfavorable sensory
effects, and non-toxicity to humans (Yildirim et al. 2018,
Wong et al. 2020). The first report of using of phages
against Salmonella serovar was dated back to early 20™
century, and then, phages have effectively used to control
various diseases caused by Salmonella (Hooton et al. 2011,
Zinno et al. 2014, Thung et al. 2017, Huang et al. 2018,
Zhang et al. 2019, Wong et al. 2020).

Salmonella Species

Karl Joseph Eberth and Rudolf Virchow studied
Salmonella firstly during the early 19" century and
recognized the organism from the abdominal lymph nodes
and the spleen. Then, Gaffky isolated the bacillus, which
caused typhoid fever. Then Salmonella was discovered and
isolated from intestines of pigs with classical swine fever
called hog cholera by Theobald Smith and Daniel Elmer
Salmon, in 1885. Later, the bacterial strain was named as
Salmonella by Daniel Elmer Salmon, who was an
American pathologist (Eng et al. 2015, Jajere 2019).
Today, the nomenclature of the genus Salmonella is
confusing, controversial, and still being developed (Eng et
al. 2015). The genus Salmonella is classified into two
broad species named S. bongori and S. enterica based on
differences in their 16S rDNA sequence analyses,
according to National Center for Biotechnology
Information (NCBI) (Anonymous, 2020a). S. enterica can
further be divide into six subspecies on the basis of
differences in their biochemical properties and genomic
relatedness. S. enterica subspecies have designated with
roman numerals; (1) S. enterica subsp. Enterica, (I1) S.
enterica subsp. Salamae, (I11a) S. enterica subsp. Arizonae,
(111b) S. enterica subs. Diarizonae, (V) S. enterica subsp.
Houtenae, and (V1) S. enterica subsp. Indica. However, S.
bongori is composed of twenty-two little-studied
subspecies as they have mainly connected with cold-
blooded animals, and their infections are very uncommon
(Lamas et al. 2018)., S. enterica subsp. Enterica is the most
commonly isolated subspecies, predominantly found
associated with mammals among all of the Salmonella
subspecies, and causes 99% of Salmonella infections in
both human and warm-blooded animals. However, the
other five subspecies and S. bongori are commonly isolated
from either environment or cold-blooded animals (Eng et
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al. 2015, Lamas et al. 2018). Moreover, more than 2600
serovars have been described to date for Salmonella, and
all of these serovars belong to S. enterica species (Chen et
al. 2013, Jajere 2019). However, less than 100 serovars
causes serious illnesses in both humans and animals
(Pulido-Landinez, 2019). S. Enteritidis and S.
Typhimurium are the most commonly determined serovars
in the incidence of Salmonellosis, which is one of the most
common foodborne diseases in worldwide and
significantly damages the economy of the country
(Mukhopadhyay and Ramaswamy 2012, Dalyan Cilo et al.
2015). In terms of isolating of serovars, different serovars
can be isolated from different settlements of the world. S.
Infantis can be isolated from many parts of the world,
whereas S. Newport is generally found in Europe, Latin
America and North America. Moreover, S. Hadar is found
in Europe, and S. Virchow is mostly in Asia, Europe and
Oceanic countries. Lastly S. Agona is in North America,
Latin America and Europe. The isolated serovars differ by
region, but there are no significant differences between
those isolated from countries within the same region
(Hendriksen et al. 2011).

The genus Salmonrella, a member of the
Enterobacteriaceae group, is one of the main bacteria
causing foodborne diseases worldwide (Mostafa et al.
2016). Salmonella bacteria are Gram- negative, non-
sporulating, motile with peritrichous flagella, capsule-free,
catalase positive, oxidase negative, rod-shaped bacilli
(LeLievre et al. 2019). Poultry, milk, dairy products, raw
or undercooked red meat, fruits, vegetables, egg products
and contaminated water can be contaminated with
Salmonella. Moreover, the contamination of Salmonella
takes place also through contact between foods and animal
or human feces (Mostafa et al. 2016). Salmonella can be
transmitted to fruits and vegetables through the
environment or by using fertilizing and irrigation water,
because of the contaminating of feces into the environment
and water sources.

Ready-to-eat foods (RTE) can also contaminated with
Salmonella because of cross contamination issues
(Sanchez-Vargas et al. 2011). Salmonellosis occurs when
consuming contaminated foods with an average
Salmonella concentration at the level of 10° CFU/g or
CFU/mL (Lee et al. 2015). The range of infection in
different host varieties depends on the virulence factors of
the bacteria, the host-resistant capability, and the immune
system (Gomez-Baltazar et al. 2019). Commonly, S.
Enteritidis, S. Typhimurium, S. Virchow, S. Hadar, S.
Infantis, and S. Hiedelberg are responsible for
gastroenteritis cases in humans (Giilener, 2015). The
disease symptoms are nausea, vomiting, enteric fever,
diarrhea, septicemia, abdominal pain, stomach cramps, or
bacteremia. It has also been reported that there are some
findings such as reactive arteritis after infection
(Grygorcewicz et al. 2017, Heredia and Garcia 2018).
Acute gastroenteritis in the childhood is one of the most
important symptoms of salmonellosis and causes child
mortality in undeveloped countries (Sanchez-Vargaz et al.
2011). Besides, Salmonella serovars can cause typhoid and
paratyphoid, which are an endemic disease in Turkey
whilewidespread all over the world in humans (Giilener,
2015). Most people recover without treatment from
Salmonella infection, whereas the others such as children

under five years, infants, adults aged 65 and older, people
with a weakened immune system are at increased risk of
Salmonella infection (Pulido-Landinez 2019). According
to the Centers for Disease Control and Prevention (CDC)
reports, about 1.35 million Salmonella infections are
detected in the United States every year., Moreover, as a
result of Salmonella infections, it was observed that 26.500
people hospitalizations and 420 deaths (Anonymous
2020b). A 94.625 confirmed cases of salmonellosis in
humans and 126 deaths occured in EU in 2015 (Lamas et
al. 2018), whereas nearly one of three foodborne outbreaks
was caused by Salmonella in the EU in 2018 based on the
reports by the European Food Safety Authority (EFSA) and
the European Centre for Disease Prevention and Control
(ECDC) (Anonymous 2020c).

There are several methods to fight Salmonella. This
bacterium is sensitive to thermal treatment, so it can be
easily inactivated by this process. Besides, some chemicals
such as chlorine, iodine and hydrogen peroxide are also
used against Salmonella. Ozone, UV radiation, plasma
discharge, ultrasound, electrolyzed oxidized water, high
pressure carbon dioxide, and bacteriophage are the novel
emerging technologies used for inactivating Salmonella.
Among these technologies, the phage application is
hopeful method against Salmonella (Mukhopadhyay and
Ramaswamy 2012).

Phages of Salmonella Species

The phage activity was firstly discovered based on the
antimicrobial activity against Vibrio cholerae in the
Ganges and Yamuna rivers in India by English
bacteriologist Ernest Hankin in 1896. Then Frederick
Twort described the glassy transformation of Micrococcus
colonies by an agent, and used the definition of “the agent
that kills bacteria by infecting” in 1915, and also suggested
that this antibacterial effect may also be caused by a virus.
Later, Felix d’Herelle working at the Pasteur Institute, was
the first person to introduce the antimicrobial feature of the
phage to the world using the term phage, which means
bacteria-eater in 1917 ( Giindogdu and Ulu-Kilig 2018,
Ugur 2018).

Phages using for biocontrol of pathogens in food
industry must have some criteria before being considered
as suitable candidates. Phages are; i) infect specific
bacteria, ii) generally do not cross bacterial species or
genus barrier, iii) do not affect desirable microorganisms
commonly present in foods, iv) do not affect
gastrointestinal tract or the normal bacterial microbiota in
human, v) must be virulent, vi) not include virulence
genes, vii) not include antibiotic resistance genes, viii)
have a wide host range, ix) determined the complete
genome sequence of phages, x) being stable over storage
and food application, xi) oral feeding studies show no
adverse effect, xii) being amenable to scale up for
commercial production, xiii) phage genome sequences
should be defined, and xiv) have the generally recognized
as safe (GRAS) approval for use in foods (Sanlibaba and
Uymaz Tezel 2017).

Phages can be isolated from many sources, such as
digestive tract of humans and animals, foods, soil, water,
sewage, feces, and other ecological habitats (LeLievre et
al. 2019). Phage application significantly reduced the
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population of the foodborne pathogen bacteria, ranging
from 0.3 to 5.9 log CFU (Jorguera et al. 2015). There are
several phage preparations commercialized and marketed.
ListShield™ LMP102 (Intralytix, USA), and Listex™
P100 (Micreos Food Safety, The Netherlands) are used
against Listeria monocytogenes, while EcoShields™
(Intralytix, USA) and EcoShield™ (ECP-100) are suitable
for against Escherichia coli O157:H7 (Sanlibaba and
Uymaz Tezel 2017). Moreover, there are also several
commercial Salmonella phage products (LeLievre et al.
2019). Firstly, SalmoFresh™ (Intralytix, USA) targets S.
Enterica. It is defined as GRAS by the FDA for direct
applications to poultry, fish and shellfish, fresh and
processed fruits and vegetables. SalmoFresh consists of a
mixture of six individual lytic phages to provide effective
protection against pathogenic S. enterica cells such as
Typhimurium, Enteriditis, Heidelberg, Newport, Hadar,
Kentucky, Thompson, Georgia, Agona, Grampian,
Senftenberg,  Alachua, Infantis, Reading, and
Schwarzengrund. However, SalmoFresh is not able to
eliminate the growth of Paratyphi B strains in spot-test
analyses (Huang et al. 2018). This phage product does not
affect the general composition, taste, aroma, or color of
foods. It listed in OMRI (Organic Material Review
Institue) and certificated both Halal and Kosher. In
addition, it is found FSIS-listed known as safe and suitable
for use in the production of poultry products as a
processing aid with no labeling requirements.
SalmoFresh™ is accepted as a processing aid in Canada
and Israel, and can be applied directly on food surfaces by
spraying method. The diluted working solution is applied
by spraying at a concentration of 1-4 mL per pound of food
product in direct applications (Zhang et al. 2019).
Secondly, Salmonelex™ (Microes BV, The Netherlands)
is the second phage products for food safety, after an earlier
approval of Listex™. It is accepted and certified as organic
in Australia and New Zealand. Salmonelex contains two
specific phages as S 16 and FOla. These phage particles
are misted onto meat and poultry surface and Kill
Salmonella without any sensory effects of food
(Sukumaran et al. 2015). Thirdly, Biotector™ S1 (Cheil
Jedang Corporation, Republic of Korea) is particularly
efficient to control S. Gallinarum and S. Pullorum
responsible for fowl typhoid and pullorum disease,
respectively. It is used as a feed additive against challenge
with S. Gallinarum in broiler breeders and also developed
to replace antibiotics in animal feed. Biotector™ S4 is also
other the Biotector phage product (additives in swine feed),
which could specifically control S. Typhimurium (Nobrega
et al. 2016, Huang et al. 2018). Fourthly, BacWash™
(Omnilytics, USA) could directly spread onto living
animals, and hides of livestock (LeLievre et al. 2019).
Fifthly, Armament™ was also approved by USDA (United
States Department of Agriculture)’s Food Safety and
Inspection Services for application as spray mist or wash
on the feathers of live poultry before slaughter to decrease
pathogen transfer to meat (Huang et al. 2018). Sixthly,
SalmoPro™ (Phagelux, Canada) consists of a mixture of
equal concentrations of two different Salmonella-specific
Iytic phages called as monophage(s). The current
SalmoPro is a liquid made up of equal parts of two
monophages as BP-63 and BP-12 Triumvirate. Each of
these monophages is specifically effective against a wide

host range of S. Enterica serovars (Nobrega et al. 2016).
Finally, PhageGuard S™ produced in the Netherlands is
reported to be effective on all serovars of Salmonella, and
also is approved by the USDA and defined as GRAS by the
FDA (American Food and Drug Administration).
Moreover, this phage preparation is certified both Halal
and Kosher, and also OMRI listed. PhageGuard S provides
a 1-3 log reduction in pathogens without causing a change
in the sensory properties of the food, dissolve fat, and
corrosive to equipment used. This phage preparation can
be used after slaughter or in the later stages of the poultry
process in many countries such as Canada, Australia, and
Israel (Anonymous 2020d).

When the morphological structure of Salmonella phage
is examined, it has an icosahedral protein capsid and
capsomers. The capsid thickness is about 60 nm and
generally in the range of 34-160 nm (Ugur, 2018). They are
generally members of the Myoviridae (with contractile
tails), Siphoviridae (with long noncontractile tails) and
Podoviridae (with short noncontractile tail) families
(Choinska-Pulit et al. 2015, Thung et al. 2017). Salmonella
specific phages have been isolated from a broad range of
foods such as fermented dairy products like cheese and
yogurt, retail beef, buffalo, poultry, pork and other meat
products, chilled and frozen crabmeat, lettuce and
mushrooms, various wastes, animal feces and sewage
water (Guenther et al. 2012, Huang et al. 2018). Phage
stability is an important parameter to evaluate the
effectiveness of biocontrol applications. Phages isolated
from food matrices show higher stability in various animal
origin foods than from sewage (Robeson et al. 2014).

To date, there are numerous Salmonella specific phage
isolated and characterized worldwide (Lee et al. 2011, Bao
et al. 2015, Li et al. 2016, Thung et al. 2017, Ata 2018,
Huang et al. 2018, Khan et al. 2018, Yildirim et al. 2018,
Bao et al. 2019, El-Dougdoug et al. 2019) and thesewere
summarized in Table 1.

Application of Phage for Biocontrol of Salmonella

The use of lytic phage appears as a promising approach
for improving food safety. Many works have been
published about controlling Salmonella serovar in food
systems and food processing environments (LeLievre et al.
2019). There are several factors, which can negatively
affect phage effectiveness in biocontrol assays. For
example, food matrix such as proteins and fat globules
have an impact on the accessibility of target bacteria to
phage. Besides, a major problem of the phage application
is the phage resistant bacteria. This problem can be
eliminated by using of phage cocktails or applying phage
rotation systems. The other factor is the antimicrobial
activity displayed by the phages in the laboratory
conditions. The causes of this problem can be the presence
of inhibitory compounds, change of temperature and pH
value, decrease of the possibility of collision between the
host and phage, microbial load, forming a mechanical
barrier to the phage receptor regions.

Another factor is the phage titer used for food
application. The highest titer of phages should be used in
biocontrol studies as much as possible. If there are how
much more phages used in the biocontrol assays, the higher
the probability that phage will capture the target bacteria.
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Table 1. Salmonella Phages

Phage Host Isolation Source Reference
SH17
SH18 S. Typhimurium WT Sewage Hooton et al. 2011
SH19
SPN3US S. Enterica Chicken sewage Lee etal. 2011
CcJo7 S. Enteritidis Sewage Lim et al.2012
\{?67S§)nM—PA13076 (PA S. Enteritidis ATCC13076 Chicken sewage Bao et al. 2015
vB_SenM-PC2184 (PC 2184) S. Enteritidis CVCC2184 Chicken sewage
STP4-a S. Typhimurium ATCC 14028 Sewage Lietal. 2016
SEO7 S. Enteritidis Retail chicken meat Thung et al. 2017
Af1-Ka S. Enteritidis Com”;:gﬁ'i?i'egm"er
s Commercial broiler Ata 2018
Af3-Ka S. Enteritidis S
facilities
LPSE1 S. Enteritidis ATCC 13076 Ready-to-eat foods Huang et al. 2018
Sal-PE S. Enteritidis Egg Khan et al. 2018
ST-Phage-4 S. Typhimurium LT2 SR 11 Rivers
SE-Phage-14 S. Enteritidis DMC8 Sewage
ST-Phage-21 S. Typhimurium Wild type Food processing waste  Yildirim et al. 2018
14028 water
SE-Phage-24 S. Enteritidis DMC22 Fisheries waste water
vB_SpuM_SP116 S. Pullarum SPu 116 Chicken feces Bao et al. 2019
vB_SnwM_CGG4-1
vB_SnwM_CGG4-2 S. Newport Sewage water samples El-Dougdoug et al.
vB_SnwM_CGG3-1 ' 2019
vB_SnwM_CGG3-2

The last one is the chemical composition of the food
matrix in biocontrol studies. Among these factors, food
factors are significant to play decisive role in between
phage and target bacteria (Garcia-Anaya et al., 2020). The
application of phages as a cocktail rather than individual
studies to control of bacterial population could increase the
reduction in the number of bacteria in biocontrol studies
(Wong et al. 2020). Moreover, previous researches
(Hooton et al. 2011, Zinno et al. 2014, Thung et al. 2017,
Zhang et al. 2019, Wong et al. 2020) have shown that if
phage application time increases in food for controlling of
pathogen bacteria, the antimicrobial effect of the phage
against that strains decreases. For this reason, it is
necessary to choose the most suitable incubation time
according to the phage-type in that assays (Thung et al.
2017).

Phages effectively used to control of the Salmonella
contamination has been researched in various food samples
so far (Guenther et al. 2012, Zinno et al. 2014, Bao et al.
2015, Thung et al. 2017, Wong et al. 2020). In these
studies, more than 2 log unit reduction of Salmonella have
been detected. For example, Guenther et al. (2012) tested
the potential and effectiveness of phage FO1-E2 on the
control of S. Typhimurium in different ready-to-eat foods
including seafood (cooked and chilled cocktail of shrimps,
squid and shellfish), hot dogs (wiener sausages), cooked
and sliced turkey breast, pasteurized egg yolk and
chocolate milk (whole milk with cocoa and sugar added).
S. Typhimurium was experimentally contaminated into
these food samples at the rate of 103 CFU/g or CFU/mL,
and then also treated with 3x108 PFU/mL phage FO1-E2
at 8°C or 15°C for 6 days. The viable number of
Salmonella in foods stored at 8°C decreased significantly,

and no viable cells remained. S. Typhimurium counts were
dramatically decreased by 5 log units in chocolate milk and
on turkey deli meat samples at 15°C, whereas the reduction
of the bacterium was found by 3 log units on hot dogs and
seafood. The other study was done by Zinno et al. (2014)
who studied that phage P22 was applied to various food
samples including liquid eggs, energy drinks, whole and
skimmed milk, apple juice, chicken breast and chicken
mince with S. Typhimurium for 24 and 48 h at 4 °C. When
10* CFU/g host inoculum was used in biocontrol assays,
reduction of the bacteria was approximately 2-3 log cycles
compared to phage-free controls in all food matrices after
48 h at 4 °C. Moreover, the reduction rate of wild strains
belonging to the serotypes Typhimurium, Enteritidis,
Derby Give, Newport, Muenchen, and Muenster were also
investigated using P22 phage in this study. Only isolates
of S. Typhimurium as well as S. Derby and S. Enteritidis
was inhibited by the presence of P22 phage. The authors
emphasized in this study that food matrices either liquid or
solid did not seem to affect the phage ability of Salmonella
infection compared to similar tests performed in vitro. The
effectiveness of phage PA 13076 and PC 2184 on
pasteurized whole milk, chicken breast, and Chinese
cabbage was investigated by Bao et al. (2015). All of the
samples were firstly contaminated by 10* CFU/gr, either
individual S. Enteritidis or a mixture of these strains
(ATCC 13076 and CVCC 2184), and then, inoculated with
an individual phage or a two-phage cocktail at 10%
PFU/mL. These mixtures were incubated at 4°C or 25°C
for 5 h. In all food samples except for Chinese cabbage, the
inhibitory effect of phage and phage cocktail application at
4°C was found to be better than at 25°C. The reduction of
viable Salmonella count in all tested samples was detected
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in the range of 1.5-4.0 log CFU. The authors especially
noted that the phage cocktail application was more
effective than either single phage against pathogen
bacteria. Thung et al. (2017) also demonstrated that
applying SEQ7 lytic Salmonella phage in different retail
food samples, which include fruit juice, liquid egg, beef
and chicken meat experimentally contaminated with S.
Enteritidis. Liquid foods including fruit juice, and liquid
egg were contaminated with S. Enteritidis at a rate of
approximately 10* CFU/mL and phage suspension (10!
PFU/mL). They showed that a significant reduction of
viable S. Enteriditis (approximately 2 log cycles) in both
samples at 4°C and 48 h. Moreover, within the same
period, cell loads were reduced by 2.1 and 2.0 log cycles
on the phage treated sliced beef and chicken meat samples,
respectively. Another study was also reported by Huang et
al. (2018) who determined that the reduction of S.
Enteritidis ATCC 13076 in ready-to-eat foods (milk,
lettuce and sausage) using LPSE1 phage. Phage LPSE1
application at 28°C in milk samples was reduced
recoverable S.  Enteritidis by approximately 1.44
logio CFU/mL and 2.37 log CFU/mL at MOI of 1 and 100,
respectively, compared to untreated samples. Similarly, in
sausage samples upon administration of LPSEL,
Salmonella count decreased 0.52 log at MOI of 1. On the
other hand, the bacterium count decreased 0.49 logso at 4°C
at MOI of 100. On lettuce samples incubated with LPSE1,
viable cell number reduced by 2.02 logio, 1.71 logio, and
1.45 logio CFU/mL at MOI of 1, 10, and 100, respectively.
Tas (2018) examined that the lytic activity of 4 different
Styph-phages against S. Typhimurium in the form of
individual and cocktail in UHT milk during storage at
either refrigerator or room temperatures. UHT milk
samples contaminated with S. Typhimurium at the level of
103 CFU/mL were treated with STyph- phages at 10°
PFU/mL level, and then stored at refrigerator or room
temperature. When the STyph-phages were applied at the
level of 10° PFU/mL in both forms to UHT milk samples
contaminated with S. Typhimurium at the level of 103
CFU/mL, the viable cells number of their host bacteria in
all samples kept at refrigerated or room temperatures
decreased to undetectable level during storage. The
effectiveness of a commercial SalmoFresh™ phage
cocktail to reduce Salmonella on the surface of lettuce, and
mung bean sprouts at different temperatures and storage
times was determined by Zhang et al. (2019).
SalmoFresh™ was applied to the surface of samples that
were spot-inoculated with a five Salmonella strain mixture
(Newport, Braenderup, Typhimurium, Kentucky, and
Heidelberg). After the treatments with phage mixture (108
PFU/mL) either spraying or immersion for 5 h at 25°C,
spraying SalmoFresh™ onto lettuce and sprouts reduced
Salmonella counts by 0.76 and 0.83 logl0 CFU/g
respectively, and application of immersion of phage was
decreased Salmonella by 2.43 and 2.16 log10 CFU/g on
lettuce and sprouts, respectively. The authors especially
emphasized that immersion of produce in a phage solution
was better at killing Salmonella than spraying. Wong et al.
(2020) who studied that seven S. Enterica strains (S3, S200,
S203, S2, 5193, S194, and S195) at a rate of approximately
105 CFU/mL were singly inoculated on the surface of
Romaine lettuce leaf and cantaloupe tissues treated with a
phage cocktail including of equal proportions of five lytic

phages at the density of approximately 2.5 x 108 PFU/cm?
at 8°C for 24 h. While population of S3, S200 and S203 on
Romaine lettuce leaf were reduced by up to 4 log CFU/cm?,
reduction of viable cells S2, S193, and S194 were lower,
ranging between approximately 1 and 2 log CFU/ cm?. On
the other hand, on cantaloupe tissues, populations of S3,
S200 and S203 were reduced approximately 2-3 log
CFU/cm?, those of S2, S193 and S194 were decrease by
approximately 0.5-1.5 log CFU/cm?. The authors implied
that magnitude of the effect of the phage applications was
strain dependent.

Conclusion

Foodborne diseases are responsible for high levels of
morbidity and mortality in the general population in the
world. Today, many studies involving phage for the
biocontrol of foodborne pathogens have been undertaken
with promising outcomes. Researches on the biocontrol of
Salmonella species in a number of foods have generally
produced positive results. However, most of them have
focused on the use of phage to reduce carriage of
Salmonella in poultry rather than as a food additive, so
additional studies are necessary to isolate different
Salmonella phages and to determine their potential for
biocontrol studies in food systems.
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