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Abstract: The provision of plentiful good-quality food is a primary issue in the modern world. This
work was planned to study the influence of packaging atmosphere and oregano (Origanum vulgare)
essential oil addition [(vacuum packaging: T1 or modified atmosphere packaging or T2 (CO,/N; =
4:6) or T3, T2 with oregano essential oil (T2 + EO)] under various storage temperatures (0, 5, 10, and
15 °C) on the control of survival of Escherichia coli O157:H7 and associated spoilage flora in sliced
smoked turkey meat. The pathogen increased by only <1.0 log colony-forming unit (CFU)/g under
all packaging and temperature combinations. Moreover, T1, T2, and T3 exerted practically similar
inhibitory activity against the pathogen and dominating bacteria, with a relatively low growth of
E. coli O157:H7 in sliced smoked turkey during the shelf life under all storage regimes compared
to the control. However, the pathogen survival was highest on the sliced smoked turkey under T1,
decreasing by only 0.67, 0.74, 0.63, and 1.30 log CFU/g within 37 days if kept at 0, 5, 10, and 15 °C,
respectively. Under T2 and the same condition, E. coli O157:H7 in the product declined by only 0.31,
0.50, 0.72, and 1.10 log CFU/g within 37 days of storage, respectively. In the T3 samples, the pathogen
was reduced by only 0.33, 0.67, 1.72, and 3.46 log CFU/g through 37 days of storage, respectively.
Under T3 were E. coli O157:H7 populations in smoked turkey eliminated (negative by enrichment)
under all conditions (after 129, 95, 95, and 43 days maintained at 0, 5, 10, and 15 °C, respectively)
compared with other packaging temperature combinations. Thus, T3 contributed to developing
ready-to-eat smoked turkey with enhanced product quality and eliminating the pathogen.
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1. Introduction

Consuming ready-to-eat (RTE) meat products is related to commonly recognized risk factors for
infection by foodborne microorganisms. The antimicrobial packaging (AP) is a kind of active packaging,
which minimizes the microorganisms’ growth in the packaged food via placing antimicrobial agents
into the packaging. It is a useful tool to control the development of foodborne pathogens as well as
spoilage bacteria in RTE products [1]. The application of AP is related to food safety and shelf life
extension. The AP systems include materials of packaging, these systems can inhibit microorganisms,
which cause foodborne illness [2-4]. The reference of legal requirements of smoked turkey ham
is found on this website: https://www.ams.usda.gov/sites/default/files/media/Smoked%20Turkey%
20Ham%20March%202015.pdf. A major synergistic effect of high hydrostatic pressure, liquid smoke,
and freezing to eliminate Listeria monocytogenes in smoked and raw trout reached a 5 or 2 log CFU/g
reduction, respectively. Moreover, high injury levels of more than 5-log CFU/g among treatments
reach up to 56% [5]. Vacuum or modified atmosphere packaging (MAP) could use to decrease food
deterioration. Preventing oxidation is based on eliminating exposure of food products to oxygen by
removing oxygen from the packaging headspace and/or adding antioxidants to films and coatings (i.e.,
oregano oil) to enhance the antioxidant properties of food surfaces. Thus, using the proper packaging
materials with different environmental conditions and for different food products is important to
avoid oxygen [6]. In response to the World Trade Centre tragedy in 2001, food technology experts
suggested a revision of package designs and systems of packaging to enhance food security and safety.
Therefore, many applications of AP will be developed on a commercial scale for the enhancement of
safety and security of food products. Innovative technological developments have been made using
AP by the combination among the MAP and natural antimicrobial agents. Escherichia coli O157:H7
(EHEC) has recognized firstly in 1982 as a human pathogen [7]. Since this time, the EHEC was and is
still considered as one of the most severe pathogens [8,9]. Additionally, 0157 and non-O157 Shiga
toxin-producing E. coli strains were reported for their antimicrobial resistance [10].

In several countries, this serotype was recognized as a principal reason for hemorrhagic colitis, and,
in severe cases, death. It was documented that these pathogens resulted in about 75,000 cases of diarrhea
and many hundred annual death cases in the United States alone [11,12]. Shiga toxin-producing E. coli
shared in about 265,000 annual foodborne cases in the United States [13]. In addition, antibacterial
drug resistance among E. coli O157:H7 has been evaluated by Amézquita-Lopez et al. [14] and Mora et
al. [15]. People of all ages can be stricken with the diarrhea due to the apparent low infective dose of
<100 cells and the severity of these illnesses [16]. Below 7 °C, the EHEC does not multiply. This is
the endpoint accepted by the EU as a suitable temperature for preventing the growth of mesophilic
pathogens [17]. The conditions at both wholesale and retail level can help numbers to multiply due to
temperature fluctuation or temperature abuse [18]. In a previous study;, it was assessed that the EHEC
could survive on ready-to-cook barbecued chicken at refrigerator conditions (3 °C) and significantly
increased at higher temperatures like 8 to 20 °C as reported by Shekarforoush et al. [19].

In the reduced oxygen packaging, there were extra concerns. These factors are the impact of
competitive spoilage flora as well as the extended storage life on the growth and survival of EHEC [20].
Barrera et al. [21] examined the impact of various storage conditions on EHEC growth and the
indigenous microflora on the meat of lambs. The authors showed that the behavior of the EHEC in
air packaging demonstrated that the control of effective temperature is essential to guarantee that
there is no growth of EHEC on mutton, regardless of rapid increase in the spoilage microorganisms.
Regardless of the population of lactic acid bacteria (LAB) and temperatures fluctuating, the cold
storage in modified atmosphere packaging (MAP) or vacuum packaging (VP) reduced the growth
of EHEC compared to AP products. A sizeable number of background bacteria existing in ground
meat caused an inhabitation in EHEC growth, either anaerobically or aerobically. The inhibition
was clearer under the anaerobic conditions [22]. These findings suggested the main role of natural
background flora in meat for inhibiting EHEC growth. Choosing the packaging system is one of the
key factors to achieve ideal modifications in the atmosphere as well as avoiding the low O, levels or
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high CO; levels, which can alter the anaerobic metabolism leading to a generation of an off-flavor
or the hazard of the proliferation of anaerobic microorganisms. The main component of oregano
essential oil (OEO) was carvacrol (65.1%), followed by p-cymene (12.0%), y-terpinene (6.8%), and
thymol (3.4%), confirming results of Silva et al. [23]. However, Souza et al. [24] investigated that the
inhibitory effects of the essential oil from Origanum vulgare L. and showed that the major components
of the samples were carvacrol (69.0%), thymol (14.12%), y-terpinene (3.71%), and p-cymene (3.67%).
Furthermore, Siroli et al. [25] report that the scientific literature evidences p-cymene, carvacrol, thymol,
and y-terpinene as the main components present in oregano. Carvacrol is usually reported as the major
component of the oregano essential oil. It is a hydrophobic phenolic compound, with well-documented
antimicrobial activity against bacteria, fungi, and yeasts [26] and antioxidant activity [27], showing a
high potential to promote the extension of the shelf life and safety of food products [28]. There are
many studies on the effect of essential oils and packaging in different food stuff [1,5,6]. However,
there are a few studies on the survival of E. coli on sliced smoked turkey meat and all studies on the
frequency and spread the pathogens in meat [14,15]. Therefore, the innovative character in this study
is that in situ studies are still scarce and they need more studies in situ concerning the behavior of
pathogen in RTE meat under different regimes and conditions. Especially, there are a modern methods
and alternatives ways for preserving food stuff.

The vacuum packaging: T1, modified atmosphere packaging: T2 (CO/N, = 4:6), and T2
with oregano essential oil: T3 could be a viable method to control foodborne pathogens in
low-salt ready-to-eat meat during maintaining, transporting, and consumption, especially at different
temperatures. However, ready-to-eat meat (smoked turkey) could be contaminated during keeping at
different temperatures. Use a combining T2 technology with oregano essential oil for controlling the
survival of E. coli O157:H7 in RTE food could be a new technology to enhance the meat quality and
microbiological shelf life. Therefore, the objectives were as follows: (1) to investigate the effect of T2
combined with EO to control E. coli O157:H7 in ready-to-eat meat; (2) to compare the influence of the
packaging atmosphere T1, T2, and T2 with oregano essential o0il (T3) under various storage temperatures
on controlling the survival of the EHEC and spoilage flora on low-salt smoked turkey meat.

2. Materials and Methods
2.1. Procedures for Sampling

2.1.1. Preparation of Inoculum

E. coli O157: H7 NCTC 13, 125 was kept in broth at a temperature of —80 °C until its use. Before
utilizing, the cultures were tested for viability by re-culturing in a fresh medium of tryptic soy broth
(Difco Laboratories) at 37 °C for 24 h. Cultured cells were gathered using the centrifugation process
(20,000x g for 10 min at 4 + 0.1 °C), cleaned with Ringer’s solution for three times, and re-suspended
in Ringer’s solution (Lab M). Cultured cell numbers are estimated by direct plating on Tryptone Bile
X-Glucuronide Agar (TBX, Lab M’s, HAL003) in duplicate. Further, colonies were counted 24 h post
incubation at 37 °C. The last inoculation was done by serially diluting in Ringer’s solution depending
upon selected cell numbers and the count was between 1.0 to 1.5 x 108 CFU/mL.

2.1.2. Experimental Design

Three treatments [(vacuum packaging: T1, modified atmosphere packaging; T2 (CO,/N, = 4:6);
and T3, T2 with oregano essential oil (T2 + EO)] under various storage temperatures (0, 5, 10, and
15 °C) on the control of survival of Escherichia coli O157:H7 and associated spoilage flora in smoked
turkey meat. The essential oregano oil was purchased from Sigma-Aldrich (Sigma chemical Co., St.
Louis, MO, USA). The study was planned as complete randomized design having three treatments;
each treatment had 40 animals allotted to four replicates each of 10 animals. Sliced smoked turkey
samples were 120 samples/treatment (5 samples/replicate). A 0.1 mL of 6 log CFU/mL of E. coli O157:
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H7 NCTC 13, 125 was used to inoculate the sliced smoked turkey products, so that the total cell counts
on smoked turkey samples were ca. 5 log CFU/g. Then, T1 smoked turkey samples were placed
in a plastic pouch. After that, control treatment (without inoculation) or inoculated samples with
the pathogen were repackaged with T1, T2 (CO,N; = 4:6), or T3 (COyN, = 4:6) in a mixture with
oregano essential oil (OEO; 2%). The samples were divided into two groups: packs repackaged with
T2 (COyNy = 4:6) as a control, and packs repackaged with T3 (COy/N; = 4:6) with essential oil of 0.8%
v/w). Each pouch contained two 20 g slices, 0.8 cm thick. The samples were treated with OEO as
following: Whatman paper no. 6 was cut into 2 X 2 cm square pieces and 0.8 mL of essential oil was
added to each piece. Excesses of essential oil were allowed to drain for 30 s from each piece, and then
they were placed into the plastic pouches without touching the meat slices. Samples were placed into
separate plastic pouches, complemented or not with the OEO. The packaging was performed using
pouches size of 30 X 20 cm, with oxygen permeability of 1.7 cm® for m™2 24 h ~! at 23 °C and 75%
relative humidity. Each pouch was emptied and washed in three changes before filling. Post samples
filling, the pouches were heat-sealed twice. The whole vacuum packaging process was done using
Henco Vac Machine. After repackaging, the samples were separated into four groups and stored at 0,
5, 10, or 15 °C until microbial and physicochemical analysis. On day 0, three smoked turkey pouches,
after repackaging with T1, T2 (COy/N; = 4:6), or T2 with essential oil (0.8% v/w) (T3), were randomly
selected for microbiological analysis and E. coli O157:H7 enumeration within five months, and pH and
redox potential measurements. During storage, three pouches from each temperature (0, 5, 10, and
15 °C) were randomly selected for pH, redox potential, and microbiological analysis. At the end of
experiments, each pouch was weighted for verification.

2.1.3. Microbiological Analysis

For microbiological analyses, meat samples weighing 25 g were moved and placed to sterilized
stomacher bags (Sewared, London, UK); 225 mL of sterile Ringer’s solution (Lab 100 Z) was added,
homogenized for 1 min using a stomacher machine (Lab. Blender 400; Seward Medical, London, UK)
at ambient temperature. The serial dilution volume in Ringer’s solution was prepared and duplicate 1
mL or 0.1 mL samples of proper dilutions were spread on selective or non-selective media agar plates.

Determinations were performed such as the total mesophilic bacteria (TMB) on Plate Count Agar
(PCA; Merck, 1.05463) incubated for 72 h at 25 °C; E. coli on Tryptone Bile X-Glucuronide agar (TBX,
LAB) incubated for 24 h at 37 °C; and lactic acid bacteria (LAB) on de Man, Rogosa, Sharpe (MRS
Biolife) overlain with the same medium (5 mL) and incubated for 72 h at 25 °C. For experimental
purposes, under the detection limit of these techniques were 2 log CFU/g except for LAB for which the
limit was 1 CFU/g. The bacterial populations shown are the mean of three replicates and transferred to
log19 CFU/g.

2.1.4. E. coli O157: H7 Enrichment Technique

Samples were analyzed via the protocol described in ISO 16654. In summary, samples weighing
25 g were added to buffered peptone water (BPW; 225 mL) (Merck) and then incubated for 24 h at 37
°C. Post incubation, 0.1 mL of each BPW inoculum was transferred onto Tryptone Bile Glucuronide
(TBX) agar and/or the culture was then plated on TBX agar, incubated for 4 h at 37 °C, and then directly
incubated for 37 h at 44 °C.

2.1.5. Measurement of pH and Eh Values

For each sampling period, the values of pH and redox potential (Eh) of products were recorded.
In brief, 25 g of the sliced turkey samples were mixed with sterile Ringer’s solution (225 mL) for 1 min.
Redox model 827 pH LAB (Metrohm) a pH meter (model RL150) have been used for the determination.
The redox values were converted reported as redox potential (mV).
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2.1.6. Carbon Dioxide and Oxygen Measurements

Carbon dioxide and oxygen values in the T2 and T3 were measured using a PBI Dansensor
(Checkmate 9900 O,/CO5).

2.1.7. Statistical Analysis

Data from microbiological analyses were uploaded into Microsoft Excel software and converted
into log CFU/g for all experiments. Analysis of variance (ANOVA) was used to estimate the significant
variation (p < 0.05) in bacterial numeration and changes in pH value through the storage of smoked
turkey slices at various temperature degrees. Logarithmic means were divided using SPSS 10.0 for
Windows™ via Tukey’s multiple range tests.

3. Results

3.1. Effect of Packaging Atmosphere, OEO, and Storage Temperatures on Growth/Survival of E. coli O157:H7
on Ready-to-Eat Smoked Turkey

Our aim was to study the impact of vacuum packaging: T1, modified atmosphere packaging:
T2 (COy/N; = 4:6), and T2 with essential oil: T3 on growth and survival of E. coli O157:H7 in RTE slices
of smoked turkey stored at 0, 5, 10, and 15 °C. The sliced smoked turkey was inoculated with E. coli
O157:H7 at ca. 4.78, 5.67, and 5.76 log CFU/g and packaged in T1, T2, and T3, respectively. At the
end of the experiments, each pouch was weighted for verification that the weight of each sample had
not changed from the beginning until the end of shelf life. The associated flora, physicochemical, and
T2 and T3 gas composition were measured throughout the period of storage. E. coli O157:H7 have
checked the recovery rate by replating and culturing on Tryptone Bile Glucuronide Agar (TBX).

3.2. E. coli O157:H7 in Ready-to-Eat Smoked Turkey

Investigation of control sliced smoked turkey (without artificially inoculated of the pathogen)
demonstrated that there is no E. coli O157:H7 was found during storage for 96 days at any temperature,
which showed that E. coli O157:H7 was not initially found in the smoked turkey utilized.

The initial number of E. coli O157:H7 on artificially inoculated smoked turkey samples were ca.
5 log CFU/g. This count was decreased significantly (p < 0.05) by one log CFU/g under T1, T2, and T3
after (51, 129, and 43 days and 10, 6, and 5 days) of storage at 0 and 15 °C, respectively. Regardless of
the rapid proliferation of the background microflora on the smoked turkey, the pathogen increased
by only <1 log CFU/g under all packaging and temperature combinations (Figures 1-3). Moreover,
T1, T2, and T3 exerted practically similar inhibitory activity against the pathogen and dominating
bacteria, with a relatively low growth of E. coli O157:H7 in smoked turkey products during the shelf
life under all storage regimes (Figures 1-3). However, the pathogen survival was highest on the sliced
smoked turkey under T1, decreasing by only 0.60, 0.77, 0.86, and 0.84 log CFU/g within 44, 59, 51, and
27 days at 0, 5, 10, and 15 °C, respectively (Figure 1). Under T2 and the same storage temperatures,
E. coli O157:H7 in the product declined by only 0.50, 0.76, 0.77, and 0.97 log CFU/g within 95, 95, 59,
and 17 days of storage, respectively (Figure 2). In the T3 samples, the pathogen was reduced by only
0.87,0.82,0.57, and 0.91 log CFU/g through 72, 43, 17, and 14 days of storage, respectively (Figure 3).
Only under T3 were E. coli O157:H7 populations in smoked turkey eliminated (negative by enrichment)
under all conditions (after 129, 95, 95, and 43 days at 0, 5, 10, and 15 °C, respectively) compared with
other packaging temperature combinations; however, T2 did eliminate the pathogen at 15 °C after 95
days of storage.
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Figure 1. Effect of vacuum packaging of smoked turkey under different storage temperatures 0 °C
(a), 5 °C (b), 10 °C (c), and 15 °C (d) on the growth of E. coli (TBX), total mesophilic bacteria (PCA),
and lactic acid bacteria (MRS).
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Figure 2. Effect of modified atmospheric packaging (CO,/N, = 4:6) of smoked turkey under different
storage temperature 0 °C (a), 5 °C (b), 10 °C (c), and 15 °C (d) on the growth of E. coli (TBX), total
mesophilic bacteria (PCA), and lactic acid bacteria (MRS).
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Figure 3. Effect of modified atmospheric packaging(CO,/N; = 4:6) with essential oil of smoked turkey
under different storage temperature 0 °C (a), 5 °C (b), 10 °C (c), and 15 °C (d) on the growth of E. coli
(TBX), total mesophilic bacteria (PCA), and lactic acid bacteria (MRS).

3.3. The Development of Endogenous Flora in Packaging Smoked Turkey During Storage at Different
Temperature Regimes

Changes in TMB and LAB counts in the control (without inoculation of the pathogen) and treated
samples (inoculated with E. coli O157:H7) VP were recorded during storage regimes. Our results
indicated that the TMB and LAB count increased in T1 smoked turkey with the length of storage,
regardless of the storage temperature (Figure 1). In the control experiment, the initial TMB levels were
2 log CFU/g. The TMB was elevated to more than 7 log CFU/g in the meat at 0, 5, 10, and 15 °C at the
days 29, 23, 8, and 5, respectively. The LAB increased steadily from 1.3 log CFU/g to the spoilage limit
(>7 log CFU/g) at 51, 23, 11, and 7 days under 0, 5, 10, and 15 °C, respectively, in all samples. However,
the samples treated with E. coli O157:H7, the level of TMB in the smoked samples was similar to the
levels of the pathogen populations of ca. 5 log CFU/g. The TMB in smoked samples has reached the
spoilage limit (>7 log CFU/g) after at 0, 5, 10, and 15 °C at 23, 8, 6, and 4 days, respectively. While
the LAB in smoked turkey samples reached the spoilage limit after 29, 16, 8, and 5 days of storage
under similar conditions (Figure 1). The impacts of T2 temperature combinations on the growth of
TMB and LAB populations in the smoked turkey stored at 0, 5, 10, and 15°C was similar to those
under T2 with essential oil. At 0 °C, TMB (5.77 log CFU/g) was identical to the levels of E. coli O157:H7
(5.67 log CFU/g) under all the storage regimes (Figure 2). The TMB and LAB counts in smoked turkey
reached higher than 7 log CFU/g after 12 days of storage at 0 °C, six days of storage at 5 °C, two
days of storage at 10 °C, and after only one day of storage at 15 °C. Our results indicated that the
combination of essential oil with T2 did not delay the growth of LAB compared to T2 alone under the
same temperature (Figure 3).

3.4. pH and Redox Values in Smoked Turkey

The initial pH of smoked turkey was 6.32, 6.07-6.09, and 6.16-6.20 for the samples packaged
with T1, T2, and T3, respectively. A slight decrease in the pH values was observed in smoked turkey
samples in all cases. At the end of experiments, a high drop in the pH levels had occurred under all
storage temperature and packaging systems (Figures 4-6). On day 0, the redox potential of smoked
turkey was 267.11, 249.11-255.11, and 252.11-254.11 for the samples packaged with T1, T2, and T3,
respectively. A slight reduction in the redox values was noted in all smoked turkey meat samples
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through the shelf life. By the end of storage, redox levels had significantly decreased at all storage

temperatures and packaging conditions.
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Figure 4. Effect of vacuum packaging of smoked turkey under different storage temperature 0 °C
(a), 5°C (b), 10 °C (c), and 15 °C (d) on pH value and redox value (Eh).
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Figure 6. Effect of modified atmospheric packaging (CO,/N; = 4:6) with essential oil of smoked turkey
under different storage temperature 0 °C (a), 5 °C (b), 10 °C (c), and 15 °C (d) on pH value and redox
value (Eh).

3.5. MAP Gases Alterations in MAP and MAPEO Smoked Turkey at Different Storage Systems

The level of gases in the T2 and T3 throughout the storage period of the samples was monitored
and these showed only small changes from the beginning until the end of the product shelf life in both
Oz and COz.

4. Discussion

In the current study, the direct influence of oregano oil was not determined against E. coli O157:H7
in vitro, but the impact of this oil has been examined against this pathogen in situ (i.e., sliced smoked
meat turkey) indirectly via oregano oil vapor compared to the control without oil. Each treated
sample and the control were placed into a separate plastic pouch then emptied and washed in three
changes before filling and heat-sealing twice. Cattelan et al. [29] showed that many natural compounds
have biological in vitro properties evidenced, but in situ studies are still scarce. At various storage
regimes, the T3 has seemed to be efficiently preventing growth and led to the death of E. coli O157:H7.
Beuchat et al. [30] concluded that low temperatures stimulated the preventive activity of plant extracts.
However, the antimicrobial ability of natural extracts downregulated when such extracts are applied to
food systems [31]. According to Solomakos et al. [32], the treatment of beef meat with essential oil at
0.6% had preventive activity against E. coli O157:H7 at 10 °C, but not at 4 °C. The cause of this behavior
has not yet been adequately elucidated. Our results indicated that the inhibition of the pathogen took
place at all the storage temperatures under T3 from the beginning up to the end of storage when
compared to T1 and T2. E. coli O157:H7 was shown to survive in ready-to-cook chicken [19], minced
or chopped bison meat [33], and ground beef [20] at refrigeration condition (3 °C) and multiplied
at ambient temperature (20 °C) and unsuitable refrigeration condition (8 °C). The treated smoked
meat samples with T1, T2, or T3 combined with different storage temperatures (0, 5, 10, or 15 °C)
led to injured E. coli O157:H7. Therefore, the pathogenic bacteria may not count at some intervals,
which led to fluctuating in E coli. Thus, the treatment used in this study resulted in injuring the
bacteria, and maybe the conventional method is not sensitive enough to determine the damaged cells.
Therefore, the special recovery steps are needed when analyzing smoked meat samples, which may
contain the bacterium. In addition, using amplified by PCR with selective media may be considered as
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time-consuming, especially when there are many samples. Corresponding the fluctuations in E coli of
the vacuum packaging and modified atmosphere packaging, smoked turkey samples can be observed
clearly after 60 days of storage at 0, 5, and 15 °C under T1 while this fluctuation can be noticed after 20
and 40 days of storage under modified atmosphere packaging without oil and with essential oil at 10
and 15 °C and 5 and 10 °C, respectively. Therefore, it can be stated that the fluctuations in E coli did not
appear in the case of packaging with a modified atmosphere with essential oil at 15 °C. These results
indicated that the treatment with T3 could eliminate the bacteria from meat samples. However, there
are reports that the survival and growth of pathogenic bacteria, including E. coli O157:H7, in other
types of food products depends on various factors, such as temperature and background flora [22], pH,
and the type of essential oil used [34,35]. The antifungal and antimicrobial efficacy of essential oils is
available for E. coli O157:H7 in the literature [36]. Addition of active compounds to film formulations is
a fundamental way to improve mechanical and chemical resistance of films to oxygen. Thus, using the
proper packaging materials with different environmental conditions and for different food products is
important to avoid oxygen [6].

At the end of storage, the pH values in the smoked turkey were recorded at lower levels compared
with the initial level and the pathogen was not detected by enrichment. The low pH level at the end of
storage is apparently quick due to anaerobic and microaerophilic microbial cross-contamination due to
lactic acid formation as a consequence of carbohydrate breakdown by microbial metabolism [7,8,37,38].
This finding agrees with findings reported by Conner and Beuchat [37], which showed that essential
oil with decreased pH, is more efficiently prevented the microbial growth. Solomakos et al. [32] and
Shekarforoush et al. [19] found that essential oils have an antibacterial efficiency against spoilage and
pathogenic bacteria [38—47]. It could be concluded that the effect of modified atmosphere packaging
with essential oil and different temperature combinations even more effectively controlled the pathogen
growth in the smoked turkey. These results highlight the importance of effective temperature control
and additional essential oils in preventing pathogen growth on RTE smoked turkey during slicing,
transport, and home use.

The control of E. coli O157:H7 growth in RTE smoked turkey would be under active modified
atmosphere packaging incorporated with oregano essential oil under the different temperatures of
storage. E. coli O157:H7 up-regulated no significance by <1 log CFU/g under all packaging and
temperature combinations compared to the control. Moreover, T1, T2, and T3 have extended the
shelf-life of RTE meat. However, the pathogen survival was highest on the RTE smoked turkey.
However, only under T3, the E. coli O157:H7 strain in smoked turkey was not detected (negative by
enrichment) under all conditions compared with other packaging temperature combinations. The result
indicating that the gas exchange mechanical barriers were effective during the study (data are not
shown).
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