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Abstract

Background: The emergence and spread of methicillin-resistant Staphylococcus aureus (MRSA) in the food industry have led to
using alternative natural bioagents for controlling S. aureus in food. Aims: The current work aimed to isolate and characterize a lytic
phage specific to S. aureus and evaluate its efficacy with thyme essential oil for controlling S. aureus growth in chicken fillets.
Methods: Twenty S. aureus strains previously isolated from ready-to-eat chicken products were tested for antimicrobial susceptibility
and used for phage isolation. Results: All S. aureus strains were multidrug-resistant (MDR). The isolated phage (vB_SauM_CP9)
belonged to the family Myoviridae and maintained its stability at pH (4-9) and temperature (30-70°C). The phage showed lytic
activity on ten S. aureus strains and had a burst size (228 PFU/infected cell), latent period (45 min), and rise period (15 min). A
combination of S. aureus phage multiplicity of infection (MOI) 10 + thyme oil 1% caused a higher significant reduction in S. aureus
growth (87.22%) in artificially inoculated chicken fillets than individual treatment with bacteriophage or thyme essential oil.
Conclusion: To our knowledge, this is the first report to evaluate the efficacy of bacteriophage and thyme oil for controlling the
growth of MDR S. aureus in chicken products and recommending application of S. aureus phage and thyme oil combination in the

food industry to achieve food safety goals and consumer protection as well as mitigate the antimicrobial resistance crisis.
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Introduction

Raw and ready-to-eat poultry products have gained
popularity in recent times because they are considered
excellent sources of high-quality protein, minerals, and
vitamins that are essential to optimal human growth and
development. Contamination of these products with
foodborne  pathogens such as  enterotoxigenic
Staphylococcus aureus remains an important public
health concern, causing human food poisoning that
varies in severity from mild to fatal disease when a
sufficient amount of one or more performed enterotoxins
were consumed in contaminated food (Le Loir er al.,
2003). Enterotoxigenic S. aureus strains can contaminate
food products at different stages of the food chain from
production until consumption due to improper handling
of these products (Crago et al., 2012). The use of
antibiotics and other antimicrobial agents throughout the
food chain contributes to the growth of resistant bacteria
that could be transferred directly to humans. The
emergence and spread of methicillin-resistant S. aureus
(MRSA) from food and food products to consumers put
humans at potential risk of acquiring the strains that
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resist antibiotic treatment (Apata, 2009; Hammerum et
al., 2010). A combination of natural antimicrobial agents
represents one of the most promising approaches for
combating multidrug-resistant (MDR) bacteria in food.
Hence, application of potential antimicrobial alternatives
such as essential oils and host-specific bacteriophages
(phages) in food industry can reduce bacterial load and
increase the safety and shelf life of food products (Burt,
2004; Bajpai et al., 2012; Ghosh et al., 2016). Essential
oils are natural plant extracts composed mainly of
bioactive components such as terpenes (monoterpenes
and sesquiterpenes), terpenoids (oxygenated compounds
as phenols, alcohols, aldehydes, ketones, or ethers), and
aromatic compounds (Tongnuanchan and Benjakul,
2014). These bioactive compounds possess biological,
antioxidant, and antimicrobial properties which are
particularly attributed to the phenolic compounds
(Bakkali et al., 2008; Bassolé and Juliani, 2012). Among
the wide variety of essential oils, thyme oil (Proteus
vulgaris), is widely used in the food industry mainly for
its flavor, aroma, as well as the strongest antimicrobial
activity against MDR pathogenic and spoilage bacteria in
food (Anzlovar et al., 2014). The main constituents of
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thyme oil are phenolic components such as thymol (23-
60%), vy-terpinene (18-50%), p-cymene (8-44%),
carvacrol (2-8%), and linalool (3-4%) (Pecarski et al.,
2016).

Bacteriophages are viruses that specifically adsorb to
the target bacteria, multiply and exhibit either lytic
(results in cell lysis and the release of new progeny
phages) or lysogenic (the phage DNA is incorporated
into a host cell without causing cell lysis) life cycle
(Ackermann and Prangishvili, 2012). The increasing
incidence of foodborne illnesses and prevalence of
antibiotic-resistant bacteria have led to the use of lytic
(virulent) phages as an alternative biocontrol agent in
food industry to assure the safety of food products and
maintain the One-Health strategy (Sulakvelidze, 2013;
Kittler et al., 2017).

Since there are no previous studies that focused on
the biocontrol of S. aureus in poultry industry using
bacteriophage or essential oils, the current study aimed to
isolate and characterize a lytic bacteriophage that targets
the MDR S. aureus. The activity of bacteriophage and
thyme oil on the growth of S. aureus in artificially
inoculated chicken fillets was evaluated.

Materials and Methods

Staphylococcus aureus strains

Twenty-one S. aureus strains (20 strains from
chicken products and one reference ATCC 25923 strain)
were obtained from Food Control Department, Faculty of
Veterinary Medicine, Zagazig University and were used
as host strains in this study. Staphylococcus aureus
strains from chicken products were previously recovered
from ready-to-eat products (shawarma, pane, and burger)
that were randomly collected from different restaurants
and street vendors at different sanitation levels in Sharkia
Governorate, Egypt. The isolation and identification
procedures of S. aureus followed the guidelines of
ICMSF (1996). The suspected colonies were examined
for the colony morphology and identified based on Gram
staining, motility, coagulase, thermostable nuclease
production, catalase, oxidase tests. The identified
colonies were confirmed by polymerase chain reaction
(PCR) and kept in brain heart infusion (BHI) broth
(Oxoid, Basingstoke, UK) containing 20% glycerin at
-80°C for further use.

Antimicrobial susceptibility of S. aureus strains
The antimicrobial susceptibility test of S. aureus
strains was performed using the disk diffusion method.
The bacterial suspension adjusted to the turbidity of 0.5
McFarland standard was uniformly spread on the surface
of Muller Hinton agar plates (Oxoid Limited,
Basingstoke, UK) and the antibiotic discs with variable
concentrations (Oxoid Limited, Basingstoke, UK) were
used. Staphylococcus aureus ATCC 25923 was used as
the positive control strain. The zone diameter
breakpoints and interpretive categories represent
sensitive, intermediate, and resistant strains and followed
the guidelines of the Clinical Laboratory Standards

Institute (CLSI, 2019). The isolates were categorized as
MDR according to Magiorakos et al. (2012) and the
multiple antibiotic resistance (MAR) index was
calculated for each isolate (Pual et al., 1997).

Isolation of bacteriophage specific to S. aureus

Twenty wastewater samples collected from eight
poultry slaughterhouses at different locations in Egypt
were used for phage isolation using S. aureus host
strains. Fifty ml of each sample were filtered through a
0.45 um membrane filter and mixed with 50 ml Luria
Bertani (LB) broth (Oxoid, USA) containing the log
phase cells of S. aureus (108 CFU/ml) followed by
overnight incubation at 37°C. The cultured broth was
centrifuged at 8000 x g for 10 min and filtered through a
0.45 um membrane filter. The presence of lytic phage in
the filtrate was examined by spot test (Chang er al.,
2005) wusing double layer method with some
modifications (Sambrook and Russel, 2001). Briefly, 0.1
ml aliquot of overnight broth culture from each S. aureus
isolate was individually mixed with melted soft nutrient
agar 0.7% (47°C) and poured onto solid LB agar (1.5%)
to form double layer agar plates. The phage suspension
(10 puL) was added to bacterial lawns on double layer
agar plates followed by overnight incubation at 37°C.
The phage lytic activity was observed on the bacterial
lawns and represented by plaques.

Purification of S. aureus phage

The presence of lytic phage was confirmed by plaque
assay (Schnabel and Jones, 2001) using double layer
method. The phage filtrate (10° PFU/ml) was added to
the overnight broth culture of each S. aureus, then mixed
with 3.5 ml warm molten top agar (0.7%) and poured on
solid LB agar (1.5%) plates. The plates were checked for
the presence of lytic phage in the form of plaques after
overnight incubation at 37°C. A single plaque was
picked with a sterile glass Pasteur pipette, mixed with
log phase S. aureus culture and incubated at 37°C for 24
h. The incubated mixture was centrifuged at 12,000 x g
for 10 min and filtered through a 0.45 pm membrane
filter. The filtrate was subjected to three repeated rounds
of single plaque isolation using the double layer method
as described above. The phage was eluted by adding 5 ml
of saline solution (0.85% NaCl) to the plate followed by
overnight incubation at 4°C with shaking. The phage
suspension was centrifuged at 12,000 x g for 10 min,
filtered through a 0.45 um membrane filter, then purified
by dextran sulfate-polyethylene glycol system, and
stored at 4°C until used.

Determination of S. aureus phage morphology
by electron microscopy

A drop of the phage suspension (10'® PFU/ml) was
placed on 200 mesh copper grids with carbon-coat form
var films and the excess was drawn off with filter paper.
A saturated solution of 2% uranyl acetate (pH = 4) was
then placed on the grids and the excess was drawn off.
Specimens were examined by a transmission electron
microscopy (TEM; JEOL 100 cx) at 80 KV and
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magnification (x10,000-140,000). The isolated phage
was named and classified according to Kropinski et al.
(2009) and Adriaenssens and Brister (2017).

Restriction enzyme analysis of phage genomic
DNA

The phage DNA was extracted by the phenol/
chloroform method. The extracted DNA was then
digested by EcoRI, and Hind 1II restriction enzymes
(Sigma, USA) according to the instructions of the
suppliers and the mixtures were incubated at 37°C for 3
h. The digested and undigested products were separated
on an ethidium bromide stained agarose gel (1%) at 100
V for 2-3 h and visualized by an ultraviolet trans-
illuminator.

Titer and multiplicity of infection (MOI) of S.
aureus phage

The phage suspension was serially diluted in
phosphate buffer saline (PBS; pH = 7.2) and each
dilution was subjected to a single plaque assay. The
plaques were counted in plates containing 50-300
plaques and the MOI for S. aureus phage was calculated
as the ratio of phage plaque forming unit per milliliter
(PFU/ml) to bacterial colony forming unit per milliliter
(CFU/ml) (Lu et al., 2003).

The effect of pH and temperature on S. aureus
phage stability

The effect of pH and temperature on phage stability
and viability was studied following the methods of
Pajunen et al. (2000). The filtered phage suspension was
diluted to 10° PFU/ml in broth liquid medium adjusted to
various pH degrees (3-10). The residual phage activity
was determined after overnight incubation of the
mixtures at 4°C using plaque assay. Moreover, the effect
of temperature on phage stability was determined by
incubating the phage suspension at different temperature
degrees (30, 40, 50, 60, 70, 80, and 90°C) for 10 min.
The phage survival was determined by plaque assay.

Host range of S. aureus phage

The phage host range was determined against 21 S.
aureus strains and other 11 Dbacterial strains (8
Escherichia coli, 2 Salmonella enteritidis, and 1 Listeria
monocytogenes) using spot assay and confirmed by
plaque assay. The lytic activity was represented by
plaques on the bacterial lawns.

Infection parameter and bacteriolytic activity of
S. aureus phage

The ability of phage at different MOI (1 and 10) to
infect S. aureus in liquid culture (ODg=0.2) was
assessed at 37°C for a period of 36 h (Lu et al., 2003).
The growth of S. aureus was estimated in an infected and
non-infected culture (control) by measuring the optical
density (OD) at 600 nm every 4 h up to 36 h using a
spectrophotometer. The experiment was performed in
triplicate.

IJVR, 2021, Vol. 22, No. 1, Ser. No. 74, Pages 24-32

One-step growth curve assay

The diluted phage suspension was mixed with S.
aureus cells (108 CFU/ml) and allowed to adsorb for 30
min at 37°C followed by centrifugation at 10,000 x g for
30 s. The pellets were resuspended in LB broth and
incubated at 37°C. During incubation, 100 pL of the
sample was taken at 15 min intervals up to 90 min and
the titer was determined by double-layer plaque assay.
The experiments were done three times. The burst size,
latent period, and rise period were calculated from the
growth curve as described previously (Lu et al., 2003).

Application of bacteriophage and thyme oil for
reducing S. aureus in artificially contaminated
chicken fillets
Preparation of thyme oil and bacteriophage

The thyme oil (Thymus vulgaris) was purchased from
the National Research Centre, Egypt. Different
concentrations (0.5 and 1%) were prepared by diluting the
oil in sterile distilled water and tween 80. Moreover, the
phage titer was determined as previously described and
two concentrations (MOI 1 and MOI 10 PFU/ml) were
prepared from the phage suspension using the double
overlay method with S. aureus.

Preparation of chicken fillets and S. aureus inoculum
Chicken carcasses (2000 + 45 g) were aseptically
obtained from a local abattoir and the breast muscle was
removed and sliced into fillets (4 x 6 x 1 cm). Twenty-
five g of each fillet were tested for the presence of S.
aureus and S. aureus free fillets were used for artificial
inoculation and decontamination trials. Furthermore, S.
aureus inoculum was prepared by centrifugation of an
overnight incubated S. aureus culture in BHI broth at
4000 x g for 5 min. The supernatant was removed, and
the pellet was resuspended in sterile normal saline
(0.85%) followed by centrifugation. The pellet was then
resuspended in saline (0.85%) and adjusted to the
turbidity of 0.5 McFarland standard (10® CFU/ml).

Inoculation of chicken fillets with S. aureus

A 0.1 ml of the diluted S. aureus culture (10%
CFU/ml) was distributed over the surface of each
chicken fillet in a sterile ziploc plastic bag using a sterile
insulin syringe. The ziploc was sealed and massaged
from outside for distribution of S. aureus. The inoculated
fillets were left for 25-30 min at room temperature to
allow attachment and adsorption of the inoculated
bacteria.

Treatment of inoculated chicken fillets with thyme oil
and bacteriophage

Chicken fillets were divided into six groups each
containing five samples: a control group (untreated), 2nd
group (treated with thyme oil 0.5%), 3rd group (treated
with thyme oil 1%), 4th group (treated with S. aureus
phage MOII), 5th group (treated with phage MOI 10)
and 6th group (treated with thyme oil 1% + phage MOI
10). The samples were treated with thyme oil,
bacteriophage, or both for 30, 60, and 120 min. The
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thyme oil was applied through dipping, while the phage
suspension was sprayed on both sides of the chicken
fillet samples with a hand-operated plant spray. The
control group was dipped in sterile distilled water. The
viable bacterial count was determined on Baird Parker
agar plates after 30, 60, and 120 min in control and
treated groups as mentioned above and expressed as
colony forming unit per gram (CFU/g). The experiment
was performed in triplicate. The percentage of reduction
in CFU/g was calculated as follows:

(A-B)/Ax100
Where,

A: The mean of S. aureus CFU/g in a sample before treatment
(control)
B: The mean of S. aureus CFU/g in a sample after treatment

Statistical analysis

The data were represented as meanststandard
deviation (SD) from at least three experiments. The
differences between means were determined by one-way
analysis of variance (ANOVA) and analyzed by SPSS
statistics software for windows version 24.0 (IBM Corp.
2016, Armonk, NY). The differences were considered
statistically significant at P<0.05. Duncan’s multiple
range test (DMRT) was used as a post hoc test to
differentiate between means at P<0.05.

Results

Antimicrobial susceptibility of S. aureus strains
The results of the disc diffusion test declared a higher
resistance of S. aureus to nalidixic acid (100%),

methicillin ~ (95.2%),  sulfamethoxazole  (90.5%),
amoxicillin (71.4%), doxycycline (57.1%), cefotaxime
(47.6%), erythromycin (42.9%), and norfloxacin
(38.1%). However, lower resistance rates to gentamicin
(19%) and ciprofloxacin (9.5%) were observed (Table 1).
All S. aureus isolates in this study displayed multidrug-
resistance patterns (resistant to at least one drug in >
three antimicrobial classes). The MAR index of the
isolates ranged from 0.3-1 (average=0.57).

Morphological characterization and restriction
enzyme analysis of S. aureus phage

The isolated S. aureus phage named vB_SauM_CP9
had an icosahedral head (92 x 50 nm) and long
contractile tail (100 nm) and was categorized as a
member of the Mpyoviridae family based on TEM
micrograph (Fig. 1A). The phage had a double-stranded
DNA that was susceptible to digestion with Hind III
restriction enzyme and not susceptible to EcoRI
digestion (Fig. 1B).

Phage stability at different pH and temperature
degrees

The stability of vB_SauM_CP9 phage was
investigated at pH range (3-10) and temperature range
(30-70°C). The results showed that the phage titer was
stable at pH range 4-9 with maximum stability at pH = 6-
7. However, the phage was completely inactivated at pH
=3 and 10, and no plaques were produced (Fig. 2A). The
phage was heat stable and survived a wide range of
temperatures (30-70°C). However, the phage was
completely inactivated at 80 and 90°C, and no plaques
were produced (Fig. 2B).

Table 1: Antimicrobial interpretive criteria of S. aureus host strains used in this study and their susceptibility to phage

Strain NA MA SMX AMX DO CTX E NOR G CP MARindex  Spot test
S1 R R R R R R R R R R 1 +
S2 R R R S I I S I I S 0.3 -
S3 R R R R R I S I S S 0.5 -
S4 R R R R S R R R S S 0.7 +
S5 R R R I S R R R I S 0.6 +
S6 R R S R R S S S S S 0.4

S7 R R R R I S S I S S 0.4 -
S8 R R R R R S S I S S 0.5 -
S9 R R R I S R R R S I 0.6 +
S10 R R R R S R R R S S 0.7 +
S11 R R R I I R R R R S 0.7 +
S12 R R I R R S S S S S 0.4 -
S13 R R R R I R I I R S 0.6 +
S14 R I R R R I S I S S 0.4 -
S15 R R R I I R R R S I 0.6 +
S16 R R R R R R R S S S 0.7 +
S17 R R R R R S S I S S 0.5 -
S18 R R R I R I S S S S 0.4 -
S19 R R R R R S S S S S 0.5 -
S20 R R R R R S S S S S 0.5 -
ATCC 25923 R R R R R R R R R R 1 +

NA: Nalidixic acid, MA: Methicillin, SMX: Sulfamethoxazole, AMX: Amoxicillin, DO: Doxycycline, CTX: Cefotaxime, E:
Erythromycin, NOR: Norfloxacin, G: Gentamicin, CP: Ciprofloxacin, MAR: Multiple antibiotic resistance index (=0.57), S:

Sensitive, R: Resistant, and I: Intermediate
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Fig. 1: Morphological characterization and restriction enzyme analysis of vB_SauM_CP9 phage. A: The arrow shows phage particles
under TEM. The virions were negatively stained with uranyl acetate (scale bar, 200 nm), and B: Restriction enzyme digestion
analysis of phage DNA. Lane M: DNA marker (New England Biolabs), Lane 1: Undigested DNA, Lane 2: The phage DNA was
digested with Hind III, and Lane 3: No digestion with EcoRI
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Fig. 2: The effect of different pH (3-10), and temperature (30-90°C) on the stability of S. aureus vB_SauM_CP9 phage. The data
were presented for three independent experiments. A: The phage titer was stable at pH range 4-9 with maximum stability at pH = 6-
7, and B: The phage titer was stable at temperature range 30-70°C

Table 2: Host range of vB_SauM_CP9 phage

Tested strains No. No. susceptible to phage lysis
Staphylococcus aureus 21 10 (+)
Escherichia coli (091, 0125, 078, 0142, 026, 0114, 0126, and O128) 8 -

Salmonella enteritidis 2 -

Listeria monocytogenes 1 -

+ The isolates were lysed by phage and clear plaques were produced, and - no plaques were produced

Host range and bacteriolytic activity of S. aureus aureus strains and produced clear uniform plaques (2

phage mm) but showed no lytic activity on the other bacterial
The host range of vB_SauM_CP9 phage revealed that strains (Tables 1 and 2). The activity of vB_SauM_CP9
this phage was species specific, caused lysis to ten S. phage (MOI I and 10) on the growth of S. aureusina
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Fig. 3: The activity of vB_SauM_CP9 phage (MOI 1 and 10)
on the growth of S. aureus in an infected culture at 37°C
compared with control. The growth was measured at ODeoo.
The data were presented for three independent experiments
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Fig. 4: One-step growth curve of vB_SauM_CP9 phage. The
plaque forming units (PFU) per infected cell were shown at
different times post infection. The samples were taken every 15
min up to 90 min

liquid culture at 37°C was shown in Fig. 3, the phage
displayed rapid lytic activity on S. aureus and the OD of
the infected culture decreased rapidly compared with
control but did not reach zero after 36 h of infection.

One-step growth curve of S. aureus phage

As shown in Fig. 4, the burst size of the
vB_SauM_CP9 phage is 228 PFU/infected cell, latent
period (45 min) and rise period (15 min).

The activity of thyme oil and phage on the
growth of S. aureus in chicken fillets

The results clarified a significant reduction in S.
aureus CFU/g in artificially inoculated chicken fillets
after 30, 60, and 120 min treatment with different
concentrations of thyme oil (0.5 and 1%) and
bacteriophage (MOI 1, MOI 10) compared with controls
(P<0.05). The reduction percentages were 7.89, 23.68,
36.84, 37.72, and 43.86% after 30 min exposure to
thyme oil 0.5%, thyme oil 1%, phage MOI 1, phage MOI
10, and thyme oil 1% + phage MOI 10, respectively
compared with controls (Fig. 5). Moreover, S. aureus

CFU/g were significantly reduced by 32.61, 40.58,
58.70, 66.67, and 80.43% after treatment with thyme oil
0.5%, thyme oil 1%, phage MOI 1, phage MOI 10, and
thyme oil 1% + phage MOI 10, respectively for 60 min
(Fig. 5). However, the higher percentages of reduction in
S. aureus CFU/g was observed after treatment of chicken
fillets with thyme oil 1% + phage MOI 10 (87.22%) for
120 min compared with phage MOI 10 (76.94%), phage
MOI 1 (73.06%), thyme oil 1% (63.84 %), thyme oil
0.5% (56.67%) and control (P<0.05).

—+—control —=—thyme 0.5 % ——thyme 1% ——MOI 1 —+—MOI 10 —s—thyme 1%+ MOI 10
5.80

5.60 -

5.40

5.20 -

Log CFU/g

5.00 -

4.80

4.60

4.40 — —
30 60 120
Time (min)

Fig. 5: The effect of thyme oil (0.5 and 1%), phage (MOI 1,
MOI 10), and thyme oil 1% + phage MOI 10 on the growth of
MDR S. aureus in chicken fillets after 30, 60, and 120 min. The
logio CFU/g was presented for three independent experiments.
The higher reduction in CFU/g was observed after treatment
with a combination of phage MOI 10 and thyme 1% (P<0.05).

Discussion

Staphylococcus aureus is considered the primary
cause of foodborne intoxication and its presence in raw
and ready-to-eat food products represents an important
problem for food processors, food service workers and
consumers. The current work aimed to study the
antibiotic resistance profile of S. aureus strains as well as
isolation and characterization of lytic phage able to infect
and lyse these strains. The reduction level of S. aureus in
artificially inoculated chicken products was evaluated
after treatment with the isolated phage and thyme oil.

In this study, the tested S. aureus strains previously
recovered from ready-to-eat chicken products showed a
higher prevalence of MDR and higher MAR index (>0.2)
which indicated contamination from high risk sources
where antibiotics or growth promotors are overused
(Crago et al., 2012). The frequent use of antibiotics in
the poultry industry for therapeutic purposes or as
growth promoters is the main factor responsible for the
dissemination of antibiotic-resistant bacteria. This should
sound the alarm and increase awareness because poultry
products may constitute a reservoir for disseminating
MRSA or other antibiotics resistant S. aureus into the
community (Fan e al., 2015; Teramoto et al., 2016).

The isolated phage in this study had the
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morphological characteristics of the Myoviridae family.
Most lytic S. aureus phages that belonged to the
Myoviridae family have previously been isolated (Kwan
et al., 2005; Synnott et al., 2009; Kvachadze et al., 2011;
Vandersteegen et al., 2011; Alves et al., 2014; El
Haddad et al., 2014; Li and Zhang, 2014; Takemura-
Uchiyama et al., 2014; Gutierrez et al., 2015; Ganaie et
al., 2018; Gharieb et al., 2020). However, S. aureus
phages which belonged to the family Siphoviridae (Yoon
et al., 2013; Marek et al., 2019) and podoviridae (Ganaie
et al., 2018) were isolated in former studies. In this
study, the phage had genomic DNA that was susceptible
to Hind III restriction enzyme. The nucleotide sequence
of the phage will be performed in a further study.

The phage stability is essential for a successful
application of phage for controlling foodborne pathogens
in the food industry. The survival and persistence of
bacteriophages are affected by different factors such as
pH, ions, and temperature (Jonczyk er al., 2011).
Temperature plays a major role in phage survival and
storage as well as attachment, penetration and
multiplication of the phage in the target bacteria (Tey et
al., 2009). Of interest, the isolated vB_SauM_CP9 phage
was stable and maintained its activity at a wide range of
pH (4-9) and temperature (30-70°C). The host range
showed that the isolated phage was specific to S. aureus
and possessed strong lytic activity on S. aureus in an
infected culture at 37°C, resulting in a rapid decline in
the growth of S. aureus. These features indicate that the
isolated phage could be a useful biocontrol agent in the
food industry, because it can withstand the different
environmental stresses during processing, handling, and
storage of food as well as maintaining its infectivity in
controlling the proliferation of S. aureus in food (Kazi
and Annapure, 2016). Previous studies stated the stability
of S. aureus phages: SPW (Li and Zhang, 2014), SAJK-
IND, and MSP (Ganaie er al., 2018) at pH range (4-9)
and temperature (40-50°C). However, they were
completely inactivated at pH (<4 or >10) and
temperature above 50°C.

Interestingly, the high burst size of the isolated phage
as shown in the one-step growth curve favors its use as a
biocontrol agent because phages with high burst size and
short latent period are good candidates for practical
applications in the food industry (Jun et al., 2013). The
burst size of the vB_SauM_CP9 phage in this study was
higher than the burst size of S. aureus phages isolated in
previous studies (Alves et al., 2014; Li and Zhang, 2014;
Ganaie et al., 2018; Gharieb et al., 2020).

A notable feature is that the thyme oil and
vB_SauM_CP9 phage caused a significant reduction in
S. aureus inoculated in chicken fillets. However, the
higher reduction (87.22%) was achieved after treatment
with a combination of phage MOI 10 and thyme oil 1%
compared with treatment with each one alone. The
bactericidal activity of thyme oil against pathogenic and
spoilage bacteria in food could be related to the highest
percentage of phenolic components that affect cell
membrane lipids leading to increasing permeability,
leakage of ions and molecules resulting in cell death
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(Burt, 2004; Nazzaro et al., 2013). Besides essential oils,
the lytic (virulent) phages are preferred as biocontrol
agents in the food industry because they usually lyse
target bacterial cells (Atterbury et al., 2003; Goode et al.,
2003; Marek et al., 2019). The infection cycle of lytic
phages could be initiated by adsorption to the bacterial
cell wall through binding between the virion-associated
peptidoglycan hydrolases (VAPGHs) and cell wall
receptors followed by insertion of phage genetic material
in the host cell cytoplasm and synthesis of viral
components. Consequently, phage produce endolysins at
the end of the lytic cycle that lyse the bacterial cell wall
peptidoglycan layer, and new phages were released
(Fischetti, 2010). The phage suspension can be applied
on food surfaces or mixed with processed food by
spraying or through packaging material (Sulakvelidze,
2013; Lone et al., 2016).

This study evaluated for the first time the efficacy of
a lytic S. aureus bacteriophage and thyme oil in
controlling the growth of MDR S. aureus inoculated in
chicken products. However, previous studies reported the
higher inhibitory activity of thyme oil on S. aureus
inoculated in minced beef (Ibrahim et al., 2016; Salem et
al., 2017). On the other hand, a combination of a
commercial ~ Salmonella  bacteriophage  cocktail
(Salmonelex) (MOI 1) and thyme oil (0.8 and 1.6%)
showed a higher significant reduction in S. enteritidis
inoculated in chicken breast samples than individual
treatment with bacteriophage or thyme oil (Moon et al.,
2020).

This study concluded that S. aureus strains recovered
from chicken products that were MDR displayed a
higher MAR index and constituted a potential threat to
food consumers. The lytic phage isolated in this study
was specific to S. aureus strains and showed higher
activity in reducing S. aureus in chicken fillets especially
when used in combination with essential thyme oil.
Therefore, this study recommends that a combination of
thyme oil and lytic S. aureus phage is a promising
biocontrol agent and antimicrobial alternative in the food
industry to control and reduce the MRSA or other
antibiotic resistant S. aureus contamination in food.
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