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ABSTRACT

Sixty samples of fast-food sandwiches were collected randomly from various fast-food outlets
in Kafrelshiekh governorate including beef patties (Egyptian Hawawshi), beef burgers and
chicken shawarma sandwiches (20, each). Bacillus cereus and quality parameters were
assessed in the collected samples. The incidence rates of B. cereus were 30%, 15% and 15%,
with mean values 3.02 £ 2.83, 2.01 £+ 1.68 and 2.52 + 2.08 log10 cfu/g in beef patties, beef
burgers and chicken shawarma sandwiches, respectively. PCR findings confirmed 12
isolates, which were positive for the groEl B. cereus gene. Additionally, 33.33% of
sandwiches that initially tested negative for bacterial isolation carried the groEl B. cereus
gene. The enterotoxin genes hbl and cytK were present in 41.66% and 91.66% of the
identified B. cereus isolates, respectively. Ginger essential oil (GEO) exhibited substantial
antibacterial activity against B. cereus isolate at Minimum Inhibitory Concentration (MIC)
and Minimum Bactericidal Concentration (MBC), about 25% and 30%, respectively. Quality
criteria including Aerobic Plate Count (APC) and chemical analysis (pH, TVBN, and
TBARS) were performed on the samples. The results revealed that 30% and 10% of the
examined beef patties and beef burger sandwiches, respectively, reached the unsatisfactory
limit of APC stated by the Center for Food Safety (> 10°%/g). In addition, a substantial positive
correlation was observed between pH, TVBN, TBARS and APC values in the examined
samples. Therefore, sanitary procedures should be followed when preparing ready-to-eat
(RTE) meals to reduce microbial contamination and public health hazards. Moreover,
incorporating spices like ginger into RTE foods could assist in minimizing the presence of
Bacillus cereus and improve food quality.
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INTRODUCTION

The fast-food industry has the
potential to develop internationally because
of people's busy lifestyles and the fact that
many individuals, especially young people,
spend a lot of time away from home. Fast
food is defined as meals that can be prepared
and served rapidly in packaged form from
restaurants as takeaways (Ajaja et al., 2020).
Sandwiches are the most popular fast-food
type due to theirtasty, simple, and easy
preparation. They frequently have a range of
components, such as eggs, raw vegetables,
and salad dressings like mayonnaise and
ketchup. Nevertheless, some factors greatly
affect the quality of these sandwiches,
including raw vegetables and meat's initial
levels  of microbial contamination,
preparation technique, and the length of time
and temperature at which they are stored
before consumption (Malak and Soliman,
2021).

Although ready-to-eat (RTE) sandwiches
have their benefits as mentioned before,
numerous investigations have shown that
consuming more of these products raises the
risk of foodborne intoxication, since
minimal heat treatment is used in such food
production (Hussein et al., 2018). It has been
discovered that pathogenic bacteria, like
Bacillus cereus, Staphylococcus aureus and
Listeria monocytogene commonly
contaminate RTE sandwiches (Wu et al.,
2016).

Gram-positive Bacillus cereus is a common
foodborne pathogen found in meat products.
Its ability to withstand several treatments
during food production is attributed to its
resistant endospores. Food that may pose a
risk has B. cereus levels higher than 10°-
108/g (Griffiths and Schraft, 2017).

Since meat fast food now constitutes a
significant portion of the diet, it is alarming
to consider that B. cereus may contaminate
and grow in RTE sandwiches, threatening
public health. Bacillus cereus can enter the
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gastrointestinal tract via ingestion and cause
diarrheal and vomiting syndrome, as it can
produce a variety of virulence factors (Song
et al, 2019).The three enterotoxins
hemolysin BL (Hbl), cytolysin K (CytK) and
non-hemolytic enterotoxin (Nhe) produced
in the small intestinal tract by vegetative
Bacillus cereus cells result in watery
diarrhea and abdominal pain that emerge 8-
16 hours following consuming food
containing Bacillus cereus vegetative spores.
These are the main symptoms of diarrheal
syndrome associated with food poisoning.
On the contrary, the initial signs of emetic
food poisoning, including nausea, vomiting,
and headaches, appear 1-5 hours after
consuming food containing cereulide (a
peptide resistant to heat and gastric acid),
and the consumption of cereal products,
particularly rice is most frequently linked to
this kind of food poisoning (Berthold-Pluta
et al.,2019).

Reducing B. cereus contamination in RTE
meals is vital since it poses a serious threat
to food safety. Essential oils have recently
been utilized to increase food's shelf life as
natural  additives  (Tundis et al,
2023). Essential oils comprise complicated
combinations of volatile plus aromatic
secondary compounds that originate from
aromatic plants, typically extracted from
fruits, leaves and flowers (Spadaccino et al.,
2021). Certain essential oils (EOs) possess
antibacterial effects, like ginger essential oil
(GEO), derived from the ginger plant
(Zingiber officinale), has a distinct, pungent
scent and is edible when added to food as a
food spice (Alsherbiny et al.,, 2019). In
addition, it contains various bioactive
compounds, including 6-gingerol, zingi-
berene and a-curcumin (Kieliszek et al.,
2020). GEO has possible applications in the

food, cosmetics and pharmaceutical
industries (Mesomo et al., 2013).
Furthermore, the Food and Drug

Administration (FDA) in 2018 designated
ginger essential oil as Generally Recognized
As Safe (GRAS) (Al-Harrasi et al., 2022).
GEO demonstrated significant efficacy, as it
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inhibited the normal growth of Bacillus
cereus FNCC 0057(Ashari et al., 2019).

The most accurate measure of meat quality,
hygienic processing, and meat product
storage life is the aerobic plate count (APC)
(ICMSF, 1980), which measures the degree
of bacterial contamination during the
production of food (Kim et al., 2018). Meat's
pH value is correlated with its chemical
characteristics, and hence measuring the
meat's pH directly allows for the early
diagnosis of spoiling. Total volatile base
nitrogen (TVBN) is a useful indicator of
protein degradation by tissue enzymes and
microorganisms throughout food
preservation (Greer and Murray, 1991).

Thus, the objectives of this study were to
determine the incidence of Bacillus cereus
and its virulence genes in some fast-food
sandwiches, and to investigate the
antibacterial efficacy of ginger essential oil
(GEO) against the Bacillus cereus strain
previously identified in fast-food
sandwiches.  Additionally, assess the
bacteriological quality (Aerobic plate count)
and chemical analysis (pH, TVBN, and
TBARS) of fast-food sandwiches.

MATERIAL AND METHODS

1. Samples collection

Sixty random samples of fast-food meat
sandwiches were obtained from various
restaurants in Kafrelsheikh governorate,
Egypt. The samples included beef patties
(Egyptian Hawawshi), beef burgers and

chicken shawarma  sandwiches (20
samples, each). All samples were promptly
delivered in a cooler under hygienic

conditions to the Food Hygiene section lab
for the bacteriological examination of their
core contents.

2. Preparation of samples

The procedures were followed per I1SO
6887-2: (2003)'s method. From every
sandwich core, 10 g was weighed and
aseptically placed in a sterile mortar with
90 ml of 0.1% sterilized peptone water
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inside. Then, it homogenized for 2.5
minutes before being serially diluted 10
times using the same diluents.

Counting and isolation of Bacillus cereus
The Bacillus cereus count was carried out
in compliance with ISO 7932: (2004). A
0.1 ml of every produced serial dilution of
the samples was equally distributed over a
dry surface of B. cereus selective agar base
(CM617, Oxoid, UK) containing egg yolk
and polymyxin supplement (SR99, Oxoid).
After 24 hours of incubation at 37 °C, the
plates were checked for B. cereus typical
colonies, which are 5 mm in diameter and
have a turquoise blue color with the same
color hallow zone surrounding them. The
plates had a 24-hour re-incubation period
prior to performing another count to
monitor the additional microbial growth.
Suspected colonies were collected on
slopes of nutrient agar, then incubated at 37
°C for 24 hours, followed by chilling to 4
°C for morphological and biochemical
identification, according to Cowan (1974).

3.1. Detection of Bacillus cereus groEL
gene and enterotoxigenic genes (hbl and
cytK) using PCR

3.1.1 Extraction of DNA
DNA was extracted from samples using the
QlAamp DNA Mini kit (Qiagen, Germany,
GmbH), with modifications performed in
compliance with the
manufacturer's guidelines. In brief, 200 pl
of sample suspension with 200 pl lysis
buffer and 10 pl of proteinase K were
incubated at 56 °C for 10 minutes.
Following incubation, the lysate was mixed
with 200 pl ethanol (100%). After that, the
samples were washed and
centrifuged according to the producer's
instructions. The nucleic acid was eluted
using the elution buffer (100 pl) that was
included with the Kkit.

3.1.2. Oligonucleotide Primer
The primers used were given by Metabion
(Germany) and are listed in Table (A).
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3.1.3. PCR amplification TBE buffer at room temperature, utilizing

A 25 pl reaction including 12.5 pl of
EmeraldAmp Max PCR Master Mix
(Takara, Japan), 1 ul of each primer (20
pmol concentration), 5 pul of DNA
template, and 5.5 pl of water was utilized
to employ the primers. The procedure was
carried out using an Applied Biosystem
2720 thermal cycler.

gradients of 5V/cm for separation of PCR
products. For gel analysis, 15 pl of every
product was placed into a gel slot. The
Generuler 100 bp ladder (Fermentas,
Germany) and Gelpilot 100 bp plus ladder
(Qiagen, Gmbh, Germany) were used to
measure the fragment sizes. Pictures of the
gel were taken using a gel documentation

system (Alpha Innotech, Biometra) and the

3.14.  PCR product analysis data was analyzed using computer
Electrophor(_e5|s was done on agarose gel software.
1.5% (Applichem, Germany, GmbH) in 1x
Table A: Target genes, Primers sequences, amplicon sizes and cycling conditions.
Target _ Amplified Primary Amplification (35 cycles) Final
Primers sequences ~ segment . Secondary ) ] . Reference
gene denaturation " Annealing Extension extension
(bp) denaturation
GTA AAT TAI
hbl GATTGT'.AFICCAA 1091 5 min. 30 sec. 40 sec. 1 min. 10 min.
GAATA GGC 94°C 94°C 49°C 72°C 72°C Eh::nlg-
ATT CAT AGATT e‘; a‘: z
ACA GAT ATC 2006
oviK GGI CAA AAT GC 421 5 min. 30 sec. 40 sec. 45 sec. 10 min.
y CAA GTI ACT 94°C 94°C 49°C 72°C 72°C
TGA CCI GTT GC
Bacillus TGCAACTGTATT Das
Cereus AGCACAAGCT 533 5 min. 30 sec. 40 sec. 45 sec. 10 min. et al
roEL.  TACCACGAAGTT 94°C 94°C 55°C 72°C 72°C 2013
g TGTTCACTACT

4.  Antibacterial effect of ginger essential
oil (GEO) against Bacillus cereus
isolates

4.1. Inoculum preparation

efficacy of ginger essential oil (GEO)
(Harraz, Planta Medical Group, Egypt)
against the isolated Bacillus cereus.
Mueller-Hinton agar (CM337, Oxoid,

Mueller Hinton agar was used to cultivate
the bacterial isolate overnight at 37°C.
Following the 24-hour incubation period,
colonies were gathered, and the bacterial
culture was diluted in sterile nutrient
broth, before being incubated for another
24 hours at 37 °C. Once the cells were

incubated, the turbidity of the cell
suspension ~ was  regulated  using
McFarland 0.5 (1.5 x 10% cfu/ml

approximately) (CLSI, 2012).

4.2. Antibacterial activity of ginger
essential oil (GEO)

The technique of agar well diffusion was

used for screening the antibacterial
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UK) plates were prepared with 6 mm
diameter wells using a sterilized borer
and 100 pl of standardized inoculum (1.5
x 108cfu/ml) of the tested fresh bacterial
cells was swabbed over the plates's
surface.

Thereafter, for each well, 100 ul of GEO
was added. The plates were incubated for
24 hours at 37°C, after being left to stand
for diffusion to take place for at least an
hour. The transparent inhibition zones's
diameter surrounding the wells was
measured and documented (Okeke
and Lamikanra, 2001), and three
duplicates of the antimicrobial assay were
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performed. The inhibitory zone diameter
(mm) was used to express the results: no
activity: <9 mm; partial activity: 9-12
mm;  activity: 13-18 mm  and
very activity: >18 mm (Alves et al.,,
2000).

4.3.  Detection of Minimum Inhibitory

Concentration (MIC) and Minimum
Bactericidal Concentration (MBC) of
ginger essential oil (GEO)
The minimum inhibitory concentration
(MIC) of GEO was measured by using
the  broth  microdilution  method
on Mueller Hinton broth (Abou-Dobara et
al., 2013), with adding 0.05% tween 80 to
improve the oil's solubility in the broth to
reach the desired concentrations, which
range from 50 pg/ml to 1.75 pg/ml.100 pl
from each dilution was blended with the
inoculum suspension of B. cereus isolate
(1.5 x 108cfu/ml). After preparing the
positive and negative growth controls, all
dilutions were incubated 24 hours at
37°C. Following that, the last tube that
showed no evidence of bacterial growth
(turbidity) was selected to act as the
minimum inhibitory concentration (MIC).
Following that, Mueller Hinton agar
plates were coated with 100 pl of the
tubes that did not exhibit any visible
bacterial growth (no turbidity). Then, the
plates were incubated at 37°C for 24
hours to determine Minimal Bactericidal
Concentration (MBC)(pg/ml), which is
known as the minimal concentration of
GEO that inhibits 99.9% of bacterial
growth.

5. Quality evaluation of fast-food meat

sandwiches

5.1. Aerobic plate count (APC)

APC was done in compliance with ISO
(4833-1:2013). Two distinct sterile Petri
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dishes were filled with approximately 1
ml of each dilution previously prepared
for each sample. Each dish received
around 15 ml of melted, sterilized and
tempered standard plate count agar
(45°C). Once the inoculation plates were
properly mixed, and given time to
solidify, they incubated at 37°C for 48
hours. The plates with between 30 and
300 colonies were counted, and after
recording each count separately, the
colony forming unit (CFU)/gram was
computed.

5.2.  Chemical analysis

5.2.1. Measurement of pH:
According to Pearson (2006), an
electrical pH meter (Bye model 6020,
USA) was used to record the pH rate.

5.2.2. Measurement of total volatile basic
nitrogen (TVBN): TVBN was assessed
in compliance with ES: 63-9/ (2006).

5.2.3. Measurement of thiobarbituric
acid reactive substances (TBARS) was
carried out following ES: 63-10/ (2006),
and is based on malondialdehyde (MDA)
measurement, which is considered a lipid
peroxidation byproduct.

Statistical analysis
Each measurement was analyzed using
SPSS 22.0 (IBM Corp., Armonk, NY,
USA), (Statistical Package for the Social
Sciences). Each parametric data was
tested for significance using ANOVA and
LSD tests. The outcomes were provided
as mean * Standard Errors (SE). The
statistical significance of the samples'
mean differences was assessed at P<0.05
(a significance level).
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RESULTS
Table 1:Statistical analysis of Bacillus cereus count in the examined fast-food samples.
No. positive Bacillus
Sample type examined _ samples  Min  Max, Vean*SE cereus ~ Unaccepted
Beef patties (Hawawshi) 20 6 30 1.30 3.60 3.02+283 >10° 0
Beef burger sandwiches 20 3 15 169 230 201+168  >10° 0
Chicken shawarma
sandwiches 20 3 15 2 2.69 2.52+2.08 >10° 0

*Center for Food Safety (2014), unsatisfactory limit.
Means of various superscript letters in the same column significantly differ (P< 0.05)

1000

= 533 bp
S —— e . - W e ®

Fig. (1): PCR amplification products of Bacillus cereus groEL on agarose gel electrophoresis
(No. of isolates = 15)

Lane L: 1000 bp molecular size marker.

Lane P: Positive control, Lane N: Negative control.

Lanes: 1: 7 isolates from beef patties (Hawawshi), 8:12 from beef burgers and 13:15 from chicken

shawarma sandwiches.

Lanes 2,3,4,5,6,7,8,9,12, 13, 14 and 15: Positive Bacillus cereus groEL (533 bp), (80%).

Lanes 1, 10 and 11: Negative Bacillus cereus groEL (533 bp).

Fig. (2): PCR amplification products of Bacillus cereus groEL directly in some negative
isolation samples (No. of samples = 9) on agarose gel electrophoresis

Lane L: 1000 bp molecular size marker.

Lane P: Positive control, Lane N: Negative control.

Lanesl:3 samples from beef patties (Hawawshi), 4:6 from beef burgers and 7:9 from chicken

shawarma sandwiches.

Lanes 2, 6and 9: Positive Bacillus cereus groEL (533 bp),(33.33%).

Lanes 1, 3,4, 5, 7 and 8: Negative Bacillus cereus groEL (533 bp).
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1091 bp

Fig. (3): PCR amplification products of enterotoxic gene (hbl) in positive isolates for Bacillus

cereus groEL on agarose gel electrophoresis (No. of isolates = 12)
Lane L: 1500 bp molecular size marker.
Lane P: Positive control, Lane N: Negative control.
Lanes 2, 4, 6, 7 and 9: Positive Bacillus cereus hbl (1091bp), (41.66%).
Lanes 3,5, 8, 12, 13, 14 and 15: Negative Bacillus cereus hbl (1091bp).

Fig. (4): PCR amplification products of enterotoxic gene (cytK) in positive isolates fo
Bacillus cereus groEL on agarose gel electrophoresis (No. of isolates = 12)

Lane L: 1000 bp molecular size marker.

Lane P: Positive control, Lane N: Negative control.

Lanes 3, 4,5, 6,7, 8,9, 12, 13, 14 and 15: Positive Bacillus cereus cytK (421bp), (91.66%).

Lanes 2: Negative Bacillus cereus cytK (421bp).

r

Table 2: Inhibition zone (mm), MIC (Minimum Inhibitory Concentrations) and MBC
(Minimum Bactericidal Concentration) of ginger essential oil against Bacillus

cereus strain isolated from the examined fast-food samples.
Inhibition zone(mm) Ginger essential oil %

19+0.58 MIC 25.0
MBC 30.0

Table 3: Statistical analysis of Aerobic plate count (APC) in the examined fast-food samples.

No. positive APC/g  Unaccepted
Sample type  examined samples Min. Max. M(?gn i;E * samples
samples No. % g No. %

Beef patties 20 20 100 3.09 5.74 4.87 + 4.48° >10° 6 30
(Hawawshi)

Beef burger 20 20 100 303 549  4.69+4.21° >10° 2 10
sandwiches

Chicken 20 20 100 323 488  433+361° 105 0 0
shawarma
sandwiches

*Center for Food Safety (2014), unsatisfactory limit.
Means of various superscript letters in the same column significantly differ (P< 0.05).
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Table 4: Statistical analytical results of pH, TVBN and TBARS values in the examined fast-

food samples

PH TVBN TBARS
No. Mean
Sample type samples Min Max + SE Min Max MeanzSE Min. Max. MeSaEni
Beef patties 20 6.15 6.59 6.27+0.03% 14.67 19.88 16.81+0.49% 059 0.87 0.71+0.02%
(Hawawshi)
Beef burger 20 585 6.97 6.75+0.06® 10.92 17.80 15.71+0.39® 0.37 0.84 0.71+0.03?
sandwiches
Chicken 20 579 6.18 5.97+0.03° 1554 18.20 16.86+x0.19% 0.30 0.67 0.49+0.03°
shawarma
sandwiches

Means of various superscript letters in the same column significantly differ (P< 0.05)

Table 5: The correlation between Aerobic plate count (APC) and pH, TVBN and TBARS

values in the examined fast-food samples

Correlations

APC pH TVBN TBARS
APC Pearson Correlation 1 118 440™ 467
Sig. (2-tailed) 370 000 000
N 60 60 60 60
pH Pearson Correlation 118 1 .062 615"
Sig. (2-tailed) 370 636 .000
N 60 60 60 60
TVBN Pearson Correlation 440" .062 1 .394™
Sig. (2-tailed) .000 636 002
N 60 60 60 60
TBARS Pearson Correlation 467 615" .394™ 1
Sig. (2-tailed) .000 000 002
N 60 60 60 60
** Correlation is significant at the 0.01 level (2-tailed).
DISCUSSION Nearly comparable results were reported by

One of the possible spoiling bacteria linked
to meat products is Bacillus cereus, and its
high level suggests a potential hazard of
producing toxins and occurrence of food
poisoning outbreaks globally (Ceuppens et
al., 2013). The findings presented in Table
(1) clarified B. cereus incidence was 30%,
15%, and 15% in beef patties (Egyptian
hawawshi), beef burgers and chicken
shawarma sandwiches, respectively.

Hussein et al. (2018) that detected B. cereus
in 33.33% of hawawshi sandwiches, as well
as 13.3% in chicken shawarma sandwiches
by Abou Zeid et al. (2023), and 12% in beef
burgers sandwiches by Abd EI-Rahman et
al. (2018). Conversely, Hussein et al. (2021)
observed a higher occurrence of B. cereus
(60% and 70%) in beef burgers and chicken
shawarma sandwiches, respectively,
additionally, a higher incidence (40%) in
hawawshi sandwiches was observed by El-
Shenawy et al. (2016). The goodness of the
raw ingredients and the sanitary conditions
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through the preparation and manufacturing
of the product are two potential sources of
these variances.

The samples under examination vyielded
mean B. cereus values of 3.02 £ 2.83, 2.01 £
1.68and 2.52 + 2.08 logiocfu/g for beef
patties (Egyptian hawawshi), beef burgers
and chicken shawarma  sandwiches,
respectively (Table, 1). All of the analyzed
samples showed no discernible difference (p
> 0.05) among them. Furthermore, in
accordance with the Centre for Food Safety
(2014), which detected an unsatisfactory B.
cereus limit of >10° in ready-to-eat food, all
analyzed  samples  were  considered
acceptable (counts between 102 to >10%).
Under certain circumstances, such as
excessive handling, inadequate hygiene, and
inappropriate time and temperature control,
these samples constitute an urgent risk
because they may encourage B. cereus
growth and reach unacceptable levels. Food
with B. cereus counts more than 10°-
108¢cfu/g indicates the organism is actively
growing, proliferating and represents a risk
to human health (EFSA, 2005).

The results attained were consistent with
those of Buyukyoruk et al. (2014), who
found ready-to-eat sandwiches provided
close to hospitals and schools in Turkey had
B. cereus count of 2 to 3.2 logl0 cfu/g,
whereas, Hussein et al. (2018) reported
higher counts of B. cereus in burgers and
shawarma (3.98 + 0.25 and 3.17 + 0.21
logl0 cfu/g, respectively), while a lower
count in hawawshi (2.84 = 0.24. logl10
cfu/g). Also, Ajaja et al. (2020) found
higher average B. cereus counts in fast-food
shawarma  sandwiches  (1.9x10°cfu/g),
meanwhile, B. cereus count was 3.34 + 0.15
and 3.11 + 0.13 cfu/g in beef burgers and
shawarma sandwiches, respectively
according to Hussein et al. (2021).

GroEl gene consistently serves as a
diagnostic biomarker, compared to the gyrB
gene to distinguish B. cereus from other
pathogens found within food products (Wei
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et al.,, 2018). Based on the findings of
biochemical testing, 15 isolates of B.cereus
were identified, and 12 isolates out of 15
(80%) were detected using PCR with B.
cereus groEl gene, were positive for B.
cereus groEl gene (fig. 1). Moreover, groEl
gene was found in 3 out of 9 analyzed
samples  (33.33%) that were taken
immediately from food with a negative
isolated result (fig. 2). These outcomes were
lower than those of Abou Zeid et al. (2023)
who detected groEl gene in 50%
immediately from food of a negative isolated
result.

Concerning the enterotoxigenic genes, Fig.
(3) showed that the hbl gene was present in 5
of 12 isolates (41.66%) that tested positive
for B.cereus groEl gene. These findings are
similar to those of Yu et al. (2020), who
discovered that 39.1% of the B. cereus
isolated from ready-to-eat meals had the hbl
gene. In contrast, Abd EI Tawab et al. (2020
a) reported a lower frequency of the hbl gene
(10%), while Abd EIl Tawab et al. (2020 b)
observed a higher occurrence of the hbl gene
(70%) in the tested B. cereus isolates
obtained from meat products. Therefore,
different geographic regions and the source
of origin may affect the genotype and
enterotoxigenic gene incidence.
Furthermore, 11 out of 12 isolates (91.66%)
that tested positive for B. cereus groEl gene
had cytK gene (Fig. 4). These outcomes
align with those of Abd El Tawab et al.
(2020 b), who found cytK gene in 90% of B.
cereus isolates. In contrast, Abd EIl Tawab et
al. (2020a) reported that the cytK gene was
present in all B. cereus strains (100%) that
were obtained from various meat items.
However, this occurrence was higher than
the findings of Abd El-Wahaab et al. (2018)
and Tharwat et al. (2020) who found cytK
gene in 25% and 31.9% of B. cereus strains
from examined meat products, respectively.

Haemolysis, dermonecrosis, cytotoxicity and
vascular permeability are caused by the hbl
toxin. Cytotoxin K (cytK), which is
considered the main virulent agent in
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diarrhea, is extremely cytotoxic and can
result in haemolysis and necrosis (Lund et
al., 2000).

Ginger essential oil (GEO) demonstrated a
high antibacterial action against Bacillus
cereus strain isolated from the tested fast-
food samples, as demonstrated by the
average diameter of the inhibition zones
against the bacterium, which was 19 + 0.58
mm, based on the agar well diffusion
findings presented in Table (2). The results
obtained were consistent with the findings of
Albaridi and Yehia (2021), who reported
that a 25 mm diameter inhibitory zone was
observed when ginger extract was used
against Bacillus cereus which was isolated
from cooked rice. Furthermore, the
outcomes agree with the study conducted by
Harmalkar and Desai (2011), who evaluated
the effectiveness of ginger extract against P.
aeruginosa, E. coli, S. typhi, B. cereus and
Staph. aureus, nevertheless, it was
demonstrated to be effective only towards B.
cereus, P. aeruginosa and Staph. aureus.

Minimum Inhibitory Concentration (MIC)
refers to the lowest concentration of an
antibacterial agent which prevents the
microbe from growing (Coyle, 2005). The
values for MIC and MBC of ginger essential
oil (GEO) towards Bacillus cereus were
shown in Table (2), which were 25% and
30%, respectively that had been used to
quantify the antibacterial activity of GEO
towards Bacillus cereus. This outcome
agreed with Ashari et al. (2019), who
revealed that GEO at a concentration of
0.25% significantly inhibited the normal
growth of Bacillus cereus FNCC 0057.

Furthermore, certain research indicated that
the antimicrobial properties of GEO
originate from its bioactive constituents,
which include 6-gingerol, gingerol and a-
curcumin. Those essential GEO bioactive
ingredients target the cell wall and
cell membrane of bacteria to prevent its
growth (Lei et al., 2017). Since proteins and
nucleic acids are necessary components
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found throughout the bacterial cell and are
released when the bacterial cell membrane
gets destroyed (Xu et al, 2018),
so membrane integrity is correlated with
protein and nucleic acid leakage. This might
happen because of the GEO treatment,
which increases the cell membrane permea-
bility, causing  bacteria to lose their
important structural functions and release
proteins and nucleic acids from the cell.

Food safety during processing, preparation,
and handling is evaluated using the aerobic
plate count (APC) (ICMSF, 1978). Based on
the results in Table (3), the average aerobic
plate counts (APC) of beef patties (Egyptian
Hawawshi) were 4.87 +4.48 cfu/g, with a
range of 3.09 to 5.74 logl0 cfu/g. Ismail
(2006) reported nearly identical results,
where the average APC value was 5 x
10%cfu/g. However, Aly (2016) found lower
mean values (9.33x10%cfu/g) in hawawshi
samples. Conversely, Sotohy et al. (2019),
Hussein et al. (2018) and Morshdy et al.
(2018) reported higher APC values (6.30,
59 and 5.56 log cfu/g, respectively) in
hawawshi samples. The unsatisfactory limit
for APC was > 10°, as demonstrated by the
Centre for Food Safety (2014). About 6 out
of 20 (30%) beef patties samples evaluated
in this study were unsatisfactory for
microbiological quality and safety, meaning
their levels exceeded the upper limit of
acceptability for human consumption.
However, beef burger sandwiches had an
average APC of 4.69 + 4.21 logl0 cfu/g,
ranging from 3.03 to 5.49 cfu/g (Table, 3).
These results were consistent with those
published by Hassanin et al. (2015), who
recorded 4.8 cfu/g APC, while higher APC
mean values were reported by Morshdy et
al. (2018) and Sotohy et al. (2019), since
APC were 5.98+0.65 and 6.30+0.08 cfu/g,
respectively in beef burger sandwiches.
According to the Centre for Food Safety
(2014), 2 (10%) out of 20 beef burger
sandwiches examined in this study did not
meet the acceptable level of microbiological
quality and safety (APC), reaching the
unacceptable standards for APC (> 10°). On



Assiut Veterinary Medical Journal

Assiut Vet. Med. J. Vol. 71 No. 184 January 2025, 44-60

the other hand, APC of chicken shawarma
sandwiches varied from 3.23 to 4.88 cfu/g,
with an average of 4.33 + 3.61 log10 cfu/g
(Table, 3). Hassanin et al. (2015) and
Ahmed et al. (2015) reported nearly
identical results for APC in chicken
shawarma sandwiches, determining 4.4 log
cfu/g and 4.2 x 10* + 2.8 x 103, respectively,
whereas Al-Busaidi et al. (2023) and EI-
Fakhrany et al. (2019 a) registered higher
APC in chicken shawarma sandwiches by
5.48+1.01 and 2.36x10%° + 2.14x10°
respectively, and Farooq Ahmad et al.
(2013) recorded lower APC of 8.1x102 cfu/g.
In this study, all 20 samples (100%) of the
microbiologically (APC) examined chicken
shawarma sandwiches met the standards
established by the Centre for Food Safety
(2014) and were deemed suitable for human
consumption.

Elevated levels of APC could be a sign of
poor quality and potential issues with
temperature control (Imperiale, 2017). High
microbiological counts in cooked food
indicate improper handling practices, a
general lack of hygiene, and contamination
either during or after cooking. Further
research has shown that a variety of surfaces
and raw vegetables are contaminated when
contact with meat during preparation in
kitchens. These microorganisms can survive
for extended periods, which can lead to cross
contamination (Gillespie et al., 2000).

The outcomes presented in Table (4)
indicated that pH average levels for beef
patties (Egyptian Hawawshi), beef burgers
and chicken shawarma sandwiches were
6.27£0.03, 6.75+0.06 and 5.97%0.03,
respectively. Beef burger sandwiches had
the highest pH value, followed by beef
patties, while chicken shawarma sandwiches
had the lowest pH. The degree of microbial
spoilage of meat leads to the breakdown of
proteins into free amino acids, and the
subsequent production of amines and NH3,
which are alkaline substances, could be the
cause of the pH rises in RTE sandwiches
(Karabagias et al., 2011). Malak and
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Soliman (2021) measured a nearly identical
pH value (6.94) in cheeseburger sandwiches
at 25 °C after 60 min. from preparation,
while Abd Allah (2011) recorded a lower pH
value (6.18) in burger sandwiches. El-
Fakhrany et al. (2019 b) found that burger
sandwiches had a lower pH value of 6.1, and
chicken shawarma sandwiches had a higher
pH value of 6.5.

TVB-N is often used to estimate the shelf
life and rate of deterioration for different
meat varieties (Morshdy et al., 2021). The
mean values of TVB-N for beef patties
(Egyptian Hawawshi), beef burgers, and
chicken  shawarma  sandwiches  were
16.81+0.49, 15.71+0.39, and 16.86+0.19,
respectively (Table 4). There was no
discernible difference between beef patties
and chicken shawarma sandwiches, and
TVB-N value of beef burger sandwiches was
found to be lower. The lower values of
TVB-N were recorded by Abd Allah (2011)
and Malak and Soliman (2021) in burger
sandwiches (10.85 and 14.25, respectively).

The rapid growth of microorganisms’
spoilage results in protein deterioration and
the production of free amines like trimethyl-
amine, dimethylamine and ammonia, which
may be the cause of higher TVB-N
(Rukchon et al., 2011). Additionally, the
sandwiches' shelf life may be influenced by
the freezing and thawing of meat (Malak and
Soliman, 2021).

TBARS test is sensitive to determine how
highly unsaturated fatty acid products break
down (Akoh, 2017). Meat cuts kept in a
refrigerator or freezer may soon acquire
rancid tastes and odors, which causes
oxidative degradation and a loss of meat
quality (Guillen-Sans and Guzman-Chozas,
1998). The beef patties and beef burger
sandwiches had the highest mean TBARS
values (0.71+0.02 and 0.71+0.03 mg
MDA/Kg, respectively)  (Table  4).
Conversely, the TBARS value of the chicken
shawarma sandwiches was the lowest
(0.49+0.03 mg MDAV/KQ). These results were
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consistent with the findings of Malak and
Soliman (2021), who stated that 30 minutes
after preparation at 25 °C, the TBARS level
in burger sandwiches was 0.71 mg
MDA/Kg., whereas EIl-Fakhrany et al.
(2019b) found that burgers and chicken
shawarma sandwiches had higher TBARS
levels (781 and 4.63 MDA/Kg,
respectively). On the contrary, Abd Allah
(2011) found lower TBARS values in burger
sandwiches (0.09 £ 0.01). As TBARS levels
rise beyond 0.9 mg MDA/kg, rancidity of fat
develops, leading to alterations in the flavor,
odor, color and loss of sandwiches'
nutritional value (Kolakowska, 2003). The
use of outdated meat or improper treatment
of the meat during processing, which allows
the fat to oxidize, may be the cause of the
increase in TBARS readings. The given
results revealed that all the examined
sandwiches could not be deemed rancid,
since the TBARS levels were below 0.9 mg
MDA/Kg.

Aerobic plate count (APC) values had a
significant positive correlation with pH,
TVBN, and TBARS values of the fast-food
meat sandwiches under investigation (Table
5) and there was a significant correlation
between aerobic plate count (APC) and
TVBN and TBARS values since microbial
growth and its proteolytic enzymes can
cause protein breakdown, and TBARS is
typically regarded as a measure of lipid
oxidation, which impacts the sensory
characteristics of the food products.

CONCLUSION

A higher risk of foodborne illnesses may
result from the isolated strains of B. cereus
investigated in this study, which carry
different pathogenic genes, especially
considering the rise in ready-to-eat (RTE)
food consumption. Additionally, using the
PCR approach straight from food samples
would allow for quicker and more effective
testing for the identification of Bacillus
cereus and its enterotoxins, which improves
our knowledge of B. cereus's possible
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toxigenicity in food. Therefore, it is critical
to increase awareness and focus on
upholding appropriate hygienic measures
from farm to fork. This emphasizes the
necessity of better educational programs to
successfully educate food vendors and
consumers about the dangers of improper
food preparation. Additionally, it is essential
for controlling the initial contamination of
raw materials used in sandwiches, since B.
cereus vegetative cells can be destroyed by
washing vegetables and cooking them at an
appropriate temperature, and long-term
storage of sandwiches at ambient
temperature raises the microbial load and
deterioration, which may lead to infectious
levels to rise and onset of diseases.
Subsequently, sandwiches need to be
preserved at low temperatures. Furthermore,
the addition of GEO (ginger essential oil)
was effective in lowering the amount of B.
cereus contamination in vitro. Therefore, the
inclusion of GEO in fast-food meat
sandwiches as a natural food additive
resulted in a better reduction of Bacillus
cereus and enhanced the quality of fast-food
meat sandwiches.

REFERENCES

Abd Allah Enas, M.A. (2011): Microbial and

chemical evaluation of fast-
foods. Doctoral dissertation, Thesis
(Master of Veterinary Medicine),
Benha University, Egypt.

Abd EI-Rahman, S.S.; Samaha, I|.A;
Haggag, Y.N. and Nossair, M.A.
(2018): Incidence of some pathogenic
bacteria in fast-food sandwiches.

Alexandria Journal of Veterinary
Sciences (AJVS.), 59 (2): 103-108.

El Tawab, A.A.; El-Hofy Fatma, I.;
Abou EI Roos Nahla, A. and EI-Morsy
Doaa, A. (2020 a): Detection of
virulence genes in Bacillus cereus
isolated from meat products using
PCR. Journal of World's Poultry
Research, 10 (2S): 292-298.

El Tawab, A.A.; Maarouf, A.AA.; El-
Hofy Fatma, I. and Mousa Dina, H.

Abd

Abd



Assiut Veterinary Medical Journal

Assiut Vet. Med. J. Vol. 71 No. 184 January 2025, 44-60

(2020 b): Molecular characterization

of enterotoxigenic Bacillus cereus

isolated from meat products and
human in Kaliobia, Egypt. Nature and

Science, 18 (4): 71-79.

El-Wahaab Shimaa; Saad, S.M.;

Hassan, M.A. and Maarouf, AA.

(2018): Occurrence of Bacillus cereus

and its virulence genes in some meat

products by multiplex PCR. Benha

Veterinary Medical Journal, 34(3):

158-166.

Abou-Dobara, M.l.; El-Fallal, AA.; El-
Sayed, AK. and EI-Reedy, N.S.
(2013): The potential application of
some aromatic plants essential oils as
natural cosmetic preservatives against
some bacteria in Egypt. Scientific J.
Damietta Faculty of Science, 2(1): 43-
53.

Abou ZeidMayada, A.M.; Samir, A. and
Ezzat Hassan, A. (2023): Rapid
molecular technique for detection of
food borne Bacillus cereus
pathogen. Iranian Journal of Medical
Microbiology, 17(3): 346-353.

Ahmed Amany, M.; EI-Hakem Nagwa, A. B.
and Ibrahim Ghada, A. (2015):
Chemical and microbial assessment of
beef and  chicken  shawarma
sandwiches in Ismailia governorate
and its impact on consumer
health. Egyptian Journal of Chemistry
and Environmental Health, 1(1): 686-

Abd

693.

Ajaja, S.; Bozakoukb, 1.; Abdallac, 1;
Bumadianb, M.; Bleiblob, A. and
Keand, l. (2020): Bacterial

contamination of fast-food shawarma
sandwiches in local restaurants in Ben-
ghazi city, Libya 1. Libyan Journal of
Science &Technology, 11(2).

Akoh, C.C. (2017): Food lipids: chemistry,
nutrition, and biotechnology. 4" Ed.
Boca Raton, CRC press.

Albaridi, N.A. and Yehia, H.M. (2021): The
real role of select herb and spice
extracts against Bacillus cereus ATCC
14579 growth in cooked rice. Food
Science and Technology, 42: e08521.

56

Al-Busaidi, A.; Al-Bulushi, 1. and Al Subhi,
L. (2023): Evaluation the safety and
quality of ready-to-eat
sandwiches. Advances in  Clinical
Toxicology, 8(2): 1-4.

Al-Harrasi, A.; Bhatia, S.; Al-Azri, M.S.;
Ullah, S.; Najmi, A.; Albratty, M.;

Meraya, A.M.; Mohan, S. and
Aldawsari, M.F. (2022): Effect of
drying temperature on physical,

chemical, and antioxidant properties of
ginger oil loaded gelatin-sodium
alginate edible
films. Membranes, 12(9): 862.

Alsherbiny, M.A.; Abd-Elsalam, W.H.;
Taher, E.; Fares, M.; Torres, A;
Chang, D. and Li, C.G. (2019):

Ameliorative and protective effects of

ginger and its main constituents
against  natural, chemical and
radiation-induced toxicities: A
comprehensive  review. Food  and

Chemical Toxicology, 123: 72-97.

Alves, T.M.D.A.; Silva, A.F.; Brandao, M.;
Grandi, T.S.M.; Sméania, E.D.F.A;
Smania Junior, A. and Zani, C.L.
(2000): Biological screening of
Brazilian medicinal plants. Memorias
do Instituto Oswaldo Cruz, 95: 367-
373.

Aly, S.A.H. (2016): Enteric bacteria in street
vended meat products, M.V.Sc. Thesis
(Meat Hygiene), Fac. Vet. Med. Benha

Univ. Egypt.

Ashari, D.A; Nissa, A.; NursiwiA,;
Sari,AM. and Utami, R. (2019):
Antimicrobial effect of Zingiber

officinale var. officinale essential oil
and nisin against pathogenic and
spoilage microorganisms. International
Conference on Food Science and
Engineering, 633, 012005.
Berthold-Pluta, A.; Pluta, A.; Garbowska,

M. and Stefanska, 1. (2019):
Prevalence and toxicity
characterization of Bacillus cereus in
food products from

Poland. Foods, 8(7): 269.
Buyukyoruk, S.; Beyaz, D.; Goksoy, E.O.;
Kok, F. and Kocak, P. (2014):



Assiut Veterinary Medical Journal

Assiut Vet. Med. J. Vol. 71 No. 184 January 2025, 44-60

Microbiological evaluation of ready-

to-eat  sandwiches  served near
hospitals and schools. Academic
Journal of Ankara  Universitesi
Veteriner Fakultesi Dergisi. 61(3):
193-198. https://doi.org/10.1501/
Vetfak_0000002628

Center for Food  Safety (2014):

Microbiological guidelines for foods
“for Ready -to-eat food in general and
specific food items”. The expert
Committee on Food Safety,
43/F,Queensway Government Offices,
66 Queensway, Hong Kong.

Ceuppens, S.; Boon, N. and Uyttendaele, M.
(2013): Diversity of Bacillus cereus
group strains is reflected in their broad
range of pathogenicity and diverse
ecological lifestyles. FEMS
microbiology ecology, 84(3): 433-450.

CLSI (Clinical and Laboratory Standards
Institute) (2012): Methods for dilution
antimicrobial susceptibility tests for
bacteria that grow aerobically;
Approved Standard — Ninth Edition,
USA, 32 (2).

Cowan, S.T. (1974): Cowan and Steel’s
Manual for the Identification of
Medical Bacteria. 2" Ed., Cambridge
University Press, Cambridge, 67-83.

Coyle M.B. (2005): Manual of Antimicrobial
Susceptibility Testing (USA:
American Society for Microbiology),
Seattle, Washington 98195.

Das, S.; Lalitha, K.V. and Thampuran, N.
(2013): Isolation and molecular
characterization of atypical
enterotoxigenic Bacillus cereus with

negative Voges-Proskauer reaction
from Indian white shrimp
Fenneropenaeus indicus (H. Milne

Edwards, 1837). Indian J. Fish., 60(4):
113-117.

EFSA (European Food Safety Authority)
(2005): Opinion of the scientific panel
on biological hazards on Bacillus
cereus and other Bacillus spp. in
foodstuffs. EFSA Journal, 175: 1-48.

Ehling-Schulz, M.; Guinebretiere, M.;
Monthan, A.; Berge, O.; Fricker, M.

and Svensson, B. (2006): Toxin gene
pro¢ling of enterotoxic and emetic
Bacillus cereus. FEMS Microbiol Lett

260: 232-240.
El-Fakhrany, A.E.M.A.; Elewa Neimat,
AH.; Moawad, A.A. and El-Saidi

Nahla, H. (2019 a): Microbiological
Evaluation of some  fast-food
sandwiches in  Fayoum. Egyptian
Journal of Food Science, 47(1): 27-38.

El-Fakhrany, A.E.M.A.; Elewa Neimat,
AH.; Moawad, A.A. and El-Saidi
Nahla, H. (2019 b): Assessment of
some health hazard constituents and
some physiochemical parameters in
some fast-food. SDRP Journal of Food
Science & Technology 4(3): 680-686.

El-Shenawy, M.A.; Rashed, A.Z.; Ibrahim,
H.A.; Esmail, A.l. and Mohamed, T.F.
(2016): Incidence of some
epidemiologically relevant food-borne
pathogens in street-vended
sandwiches. Research J. Pharmaceut.
Biol. Chem. Sci. 7(2): 468-474.

ES (Egyptian Organization for
Standardization) (ES: 63-9, 2006):
Methods of analysis and testing for
meat. Part 9: determination of total
volatile nitrogen (TVN).

ES (Egyptian Organization for
Standardization) (ES: 63-10, 2006):
Methods of analysis and testing for
meat. Part 10: determination of
thiobarbituric acid (TBA).

Farooq Ahmad, F.A.; Saglain Abbas, S.A.;
Butt, Z.A.; Ali, A.S.; Rashid Mahmood,
R.M.;  Magsood Ahmad, M.A;
Muhammad Farhan, M.F.; Abdul
Wahid, A.W.; Muhammad Nawaz,
M.N. and Agsa Iftikhar, A.lL
(2013):Bacterial  contamination in
processed chicken shawarma (Meat)
sold in wvarious parts of Lahore,
Pakistan. Pakistan J. Nutri.12 (2): 130-
134.

Gillespie, 1.; Little, C. and Mitchel, R.
(2000): Microbiological examination
of cold ready-to-eat sliced meats from
catering establishments in the United


https://doi.org/10.1501/%20Vetfak_0000002628
https://doi.org/10.1501/%20Vetfak_0000002628

Assiut Veterinary Medical Journal

Assiut Vet. Med. J. Vol. 71 No. 184 January 2025, 44-60

Kingdom. J. Appl. Microbiol. 88: 467-

474,
Greer, G.G. and Murray, A.C. (1991):
Freezing effect on quality

bacteriological and retail case life of
pork. J. Food Sci., 56 (4): 981.
Griffiths, M\W. and Schraft, H. (2017):

Bacillus cereus food poisoning.
Foodborne diseases (pp. 395-405).
Academic Press.

https://doi.org/10.1016/B978-0-12-
385007-2.00020-6

Guillen-Sans, R. and Guzman-Chozas, M.
(1998): The thiobarbituric acid (TBA)
reaction in foods: a review. Critical
reviews in food science and
nutrition, 38(4): 315-350.

Harmalkar, M.N. and Desai, P. (2011):
Comparative assessment of
antibacterial activity of ginger extracts
with antimicrobial agents.
International Journal of Pharma and
Bio Sciences, 5: 33-38.

Hassanin, F.S.; Hassan, M.A. and Helmy,
S.A. (2015): Enterobacteriaceae in
meat products sold by street
vendors. Benha Veterinary Medical
Journal, 29(2): 74-79.
https://doi.org/10.1016/B978-0-12-
385007-2.00020-6

Hussein M.A.; Tharwat A.E. and Salem A.A.
(2018): Prevalence, virulence factor
genes and antibiotic resistance of
Bacillus cereus isolated from ready to
eat sandwiches. 5" International Food
Safety ~ Conference, Damanhour
University, 542-555.

Hussein, M.A.; Samar, H.M.; Tharwat, A.E.;
Hafez, A.E. and Gomaa, R.A. (2021):
Effect of ingredients on the
bacteriological profile of ready to eat
meat sandwiches. J. Anim. Health
Prod, 9(s1): 69-75.

ICMSF (International
Microbiological

Commission and
Specification  for
Foods) (1978): Microorganisms in
Foods 1: Their Significance and
Methods of Enumeration. 2™ Ed.,
University of Toronto press, Toronto,

58

Canada,
pp. 434.

ICMSF  (International Commission and
Microbiological ~ Specification  for
Foods) (1980): "Microbial ecology of
foods". Vol. 1, Academic Press, New
York, Toronto.

Imperiale, R.; Ruda, E.; Bianchi, D.M.;
Gallina, S.; Gilli, G. and Decastelli, L.
(2017): Microbiological quality of
sandwiches from local cafés and food
vending machines in Turin, Italy. EC
Microbiology, 5(6): 209-214.

Ismail, S.A. (2006): Microbiological quality
of hawawshy consumed in Ismailia,
Egypt. Journal of food safety, 26(4):
251-263.

ISBN-13: 9780802022936,

ISO  (International  Organization  for
Standardization)  4833-1  (2013):
Microbiology  of  food  chain-

Horizontal method for the enumeration
of microorganisms. Part I; Colony
count at 30°C by the pour plate
technique. Geneva, Switzerland: 1SO.

(International ~ Organization  for
Standardization)  6887-2:  (2003):
Microbiology of food and animal
feeding stuffs — Preparation of test
samples, initial  suspension and
decimal dilutions for microbiological
examination — Part 1-3: Specific rules
for the preparation of meat and meat
products.

(International ~ Organization  for
Standardization) 7932: (2004):
Microbiology of food and animal
feeding stuffs -- Horizontal method for
the enumeration of presumptive
Bacillus cereus -- Colony-count
technique at 30°C.

Karabagias, |.; Badeka, A. and Kontominas,
M.G. (2011): Shelf-life extension of
lamb meat using thyme or oregano
essential oils and modified atmosphere
packaging. Meat Sci., 88: 109-116.

Kieliszek, M.; Edris, A.; Kot, A.M. and
Piwowarek, K. (2020): Biological
activity of some aromatic plants and
their metabolites, with an emphasis on

ISO

ISO


https://doi.org/%2010.1016/B978-0-12-385007-2.00020-6
https://doi.org/%2010.1016/B978-0-12-385007-2.00020-6
https://doi.org/10.1016/B978-0-12-385007-2.00020-6
https://doi.org/10.1016/B978-0-12-385007-2.00020-6

Assiut Veterinary Medical Journal

Assiut Vet. Med. J. Vol. 71 No. 184 January 2025, 44-60

health-promoting
properties. Molecules, 25(11): 2478.
Kim, H.J.; Kim, D.; Kim, H.J.; Song, S.O.;

Song, Y.H.; Jang, A. (2018):
Evaluation of the microbiological
status of raw beef in Korea:

Considering the suitability of aerobic
plate count guidelines. Korean J. Food
Sci. Anim. Res. 38(1): 43.

Kolakowska, A. (2003): Lipid oxidation in
food systems in chemical and
functional properties of food lipids,
CRC Press LLC, Chapter 8.

Lei, H.; Wei, Q.; Wang, Q.; Su, A.; Xue, M;
Liuy Q. and Hu, Q. (2017):
Characterization of ginger essential

oil/palygorskite  composite  (GEO-
PGS) and its anti-bacteria
activity. Materials Science and

Engineering: C, 73: 381-387.
Lund, T.; De Buyser, M.L. and Granum, P.E.
(2000): A new cytotoxin from Bacillus

cereus that may cause necrotic
enteritis. Mol. Microbiol. 38(2): 254-
261.

Malak Nermeen, M.L. and Soliman Neveen,
S.M. (2021): The effect of time and
temperature  variations on  the
microbial load and deterioration
criteria  of leftover cheeseburgers
sandwiches. Adv. Anim. Vet. Sci.
9(11): 1925-1932.

Mesomo, M.C.; Corazza, M.L.; Ndiaye,
P.M.; Dalla Santa, O.R.; Cardozo, L.
and De Paula Scheer, A. (2013):
Supercritical CO2 extracts and
essential oil of ginger (Zingiber
officinale R.): Chemical composition
and antibacterial activity. The Journal
of Supercritical Fluids, 80: 44-49.

Morshdy, A.M.; Hussein, M.A.; Tharwat,
A.E. and Fakhry Basma, A. (2018):
Microbial profile of ready to eat meat
sandwiches. 5" International  Food
Safety ~ Conference, Damanhour
University, pp. 363-374.

Morshdy, A.M.; Al Ashkar, A.T. and
Mahmoud, A.F.A.(2021): Improving
the quality and shelf life of rabbit meat
during  chilled  storage  using

59

lemongrass and black seed oils. J.
Anim. Health Prod. 9(s1): 56-61.
Okeke, I.N. and Lamikanra, A. (2001):

Bacteriological quality of
skin-moisturizing creams and lotions
distributed in a tropical developing
country. J. Applied

Microbiology, 91(5): 922-928.

Pearson D. (2006): Chemical Analysis of
Foods. 11" Ed, Publishing Co.,
Churchill  Livingstone, Edinburgh,
London, United Kingdom.

Rukchon, C.H.; Trevanich S.; Jinkarn T. and
Suppakul  P.  (2011):  Volatile
compounds as quality indicators of
fresh chicken and possible application
in intelligent packaging. In 12" Asian
Food Science Conference, Bangkok,
Thailand, pp: 287-294.

Song, Z.; Zhao, Q.; Zhu, L.; Zhang, Z;
Jiang, L. and Huang, H. (2019): Draft
genome sequence of multidrug-
resistant B-lactamase-producing
Bacillus cereus S66 isolated from
China. Journal of Global
Antimicrobial Resistance, 17: 23-24.

Sotohy, S.; Mohamed Esraa and Abd EL-
Malek, A. (2019): Assessment of
microbiological quality of ready to eat
meat sandwiches in new valley
governorate. International J.  Food
Science and Nutrition 4(3): 186-192.

Spadaccino, G.; Frabboni, L.; Petruzzi, F.;
Disciglio, G.; Mentana, A.; Nardiello,
D. and Quinto, M. (2021): Essential
oil characterization of Prunus spinosa
L., Salvia officinalis L., Eucalyptus
globulus L., Melissa officinalis L. and
Mentha x piperita L. by a volatolomic
approach. Journal of Pharmaceutical
and Biomedical Analysis, 202:
114167.

Tharwat, A.E.; Eleiwa Nesreen, Z.; Ali
Nada, S.M. and Merwad, A.M.A.
(2020): Prevalence and distribution of
enterotoxin genes among Bacillus
cereus isolated from meat and meat
products in Egypt. Advances in
Animal and Veterinary Sciences, 8(1):
41-46.



Assiut Veterinary Medical Journal

Assiut Vet. Med. J. Vol. 71 No. 184 January 2025, 44-60

Tundis, R.; Xiao, J.; Silva, A.S.; Carreiro, F.
and Loizzo, M.R. (2023): Health-
promoting properties and potential
application in the food industry of
Citrus medica L. and Citrusx
clementina Hort. Ex Tan. Essential oils
and their main
constituents. Plants, 12(5): 991.

Wei, S.; Chelliah, R.; Park, B.J.; Park, J.H.;
Forghani, F.; Park, Y.S.; Cho, M.S;
Park, D.S. and Oh, D.H. (2018):
Molecular discrimination of Bacillus
cereus group species in foods (lettuce,
spinach, and kimbap) using
quantitative real-time PCR targeting
groEL and gyrB. Microbial
pathogenesis, 115: 312-320.

Wu, S.; Wu, Q.; Zhang, J.; Chen, M. and

virulence characterization of Listeria
monocytogenes isolates from Chinese
retail ready-to-eat food. Frontiers in
microbiology, 7: 168.

Xu, D.; Sun, L.; Li, C.; Wang, Y. and Ye, R.
(2018): Inhibitory effect of glucose
oxidase from Bacillus sp.
CAMT22370 on the  quality
deterioration of Pacific white shrimp
during cold storage. LWT, 92: 339-
346.

Yu, S.; Yu, P.; Wang, J.; Li, C.; Guo, H.;
Liu, C.; Kong, L.; Yu, L.; Wu, S.; Lei,
T.; Chen, M.; Zeng, H.; Pang, R.;
Zhang, Y.; Wei, X.; Zhang, J.; Wu, Q.
and Ding, Y. (2020): A study on
prevalence and characterization of
Bacillus cereus in ready-to-eat foods

Guo, W. (2016): Analysis of in China. Frontiers in
multilocus  sequence typing and Microbiology, 10: 3043.

B3 gl Al aa a gand) Cilia any (8 Al 5 g Gadaltd) g S LA (520
day ) daada¥) (any A
il e gt ¢ g lgd) 1& dana el b ¢ G P UEN 8 (g ¢ polall) dasa £Y g
Email: w.elkasas77@yahoo.com Assiut University web-site: www.aun.edu.eg

G ani ) Aulall oda a1l aanill) GVl Glany 4aalia (5315 ) A e drg yud) deakal) e JUEY) )
LS Ao pull daakal) (g 8 33 5all aadi pe osend) Gl (fany (e CRISH 5 Gy bl o5 Saa Ll
Gl gl e Al pde Ao e mpend a8 Al LS e deai Bl Gy Aol ae JLadY Ly Céas
@) aslll yihd cuecad Gl gdl) S Adadlae 8 drg pud) Gl gl a2l Caline (e drg yud) il sl
ol LS e ai (leie JSI Y ) mlaall Lapsbdy (ol aalll e o il il (gmadl) (205l 5all)
, AY O e palialall S & B Jara () a g s clgmpant o8 Al Cliall 853 ) julae anlg u e
QF&J\)Q\Q?U;/Z_U:GS;B)M;\‘,M\i Y,0F 5 V,TA £ Y, s YAY £ ¥, Y ﬁ.ﬁ.k.u)iq_\Z\D) VAR
35)Y 25a5 PCR Jelés i cunSi sy sl o zlaall Lo jsliis (g8l anlll ya iy sailas 5 (5 peaaall
) sl Glie e 27T TY ol @l J) ALY (oume bl LSO aeall groElosad dula)
<ilS PCR aladiuls groEl gpal dulay) culS dona sall Gkl (s Gl LS J el Al dais & plal
é\}ﬂ‘éc ) u.d;m\_ﬂ\ \_1“‘);\35.1 QY}: UA/C\\,.\T 9 Ai\,i‘\ ‘;BJ‘P‘}A CytK} hbl :Q}’_AM EM\ &_114:\;
e soall GaY)) Slesll diladll 5 (APC) LSl S el ot il 5 clied) e 3 sadl julaa o) ja) &
e 7V 5 ¥ o) @l Gl ((TBARS €l sin)bsfll Gaea s TVBNS Lkl 4 5 5all Gls el (pH
amll ) clay ¢ Il o dia st g il aslll ja Gl il s (gl gl sall) g il aalll il
dsas 08 Pan) Jidaill (i Lyl (an/°) ¢ <) )3 LoDl 38 ja 5 S5 ) L ,uSll JSH 2ell Jpiall e
) sin bl Gass (TVBN) 8kl A 5 il Gl el o(pH) i souel) (oY) ad G S (Alay) Jali )
LSl 13l € Ul (g shandl Qo 31 ) sedal 88 5 da sandall il 8 LSl SN 220 5 (TBARS)
LSl i) Sl oY) aally (MIC) Jadiad) S ill (oY) aall die Guop bl Uiy J e ol
%) Jsu 3 oaladl Gl ol jucass oLl Laaall Glel aly! &hﬁ\ RPN uﬂ]ﬂg’ibﬂ\ Sle Y 5 Yo A (MBC)
Jie d sl A8l (b @lly e 30l Aaladl daall e Shlaall (e oy s Jliy (g2l g sSaall Cslill (a5 Ja

ALl 83 5 s s Galaalll L S 3 a5 Qa8 de b O S JSOU 8 ala) aaa) ) i 1)

60



mailto:w.elkasas77@yahoo.com
http://www.aun.edu.eg/

