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Introduction

RiADY—TO-EAT (RTE) food contamination has become a global health problem.
bacteriological survey of RTE food samples (54 barbecued chicken meat, 50 meat
shawarma, 56 chicken shawarma, 44 grilled fish, 36 fesikh, 48 brackish fish, and 48 sardines)
was implemented. The samples were analyzed using standard microbiological techniques.
Enterobacteriaceae (67.26%), Aeromonas (5.36%), Pseudomonas (1.19%), S. aureus (9.82%),
coagulase-negative staphylococci (11.90%), and Listeria (9.52%) were detected in the
examined samples. Different Enterobacteriaceae species were isolated and identified. Neither
Campylobacter nor salmonellae were detected. The count of the isolated bacteria in the different
collected samples was determined. The antibacterial activities of garlic and cumin oils against
different recovered isolates were investigated. The inhibition zone diameters (mm) of garlic and
cumin oil were 17 and 14 against Enterobacteriaceae, 16 and 11 against Aderomonas,14 and 12
against Pseudomonas, 20 and 14 against S. aureus and 18 and 12 against Listeria, respectively.
This study recommends the application of good hygienic practices in the preparation of RTE
foods to improve their hygienic conditions and minimize their bacterial counts which will
undoubtedly minimize the public health hazards. Finally, using spices like garlic and cumin as
additives in RTE foods may provide better inhibition of foodborne pathogens.

Keywords: Aeromonas, Enterobacteriaceae, Listeria, Pseudomonas, Staphylococci, Cumin
oil, Garlic oil.

[1]. When RTE foods are handled in unsanitary

circumstances where pathogenic bacteria exist

In Egypt, with changes in the routine lifestyle
like an increase in people staying out of their
homes, travel pleasure time, business, tourism,
and the involvement of a huge number of women
in different jobs, the consumption rate of RTE
foods has risen significantly. RTE foods are
foods directly consumed cooked or raw without
additional handling. However, RTE foods can
be involved in probable health risks due to their
potential microbial contamination with foodborne
pathogens at any stage of food chain preparation

in the equipment, workers’ aprons/hands, and
surrounding environment, the final RTE food end
product could be contaminated [2]. The major
foodborne pathogens that could infect humans
through ingestion of contaminated food are, for
example, Staphylococcus aureus, Salmonella spp.,
Vibrio cholera, Streptococcus spp., Klebsiella
pneumoniae, Micrococcus spp., Clostridium
botulinum, Aeromonas hydrophila, Escherichia
coli, Bacillus spp., Enterobacter cloacae,
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Acinetobacter, Proteus mirabilis, Pseudomonas
species, Citrobacter freundii, and Serratia
species. The ingestion of food contaminated by
food-borne pathogens could induce FBDs (food-
borne diseases) [3]. The common manifestation
of FBDs is diarrhea which is caused mainly
by microbial toxins. However, manifestations
of FBDs could also include abdominal pain,
enteric complications, hemorrhagic colitis,
fever, meningitis, bloodstream infection, kidney
failure, joint infection, miscarriage, paralysis, etc
[4]. Other serious consequences of FBDs have
been recorded like; brain and neural disorders,
liver kidney failure, and mortalities [3]. The
World Health Organization (WHO) reported that
globally 2.2 million individuals die annually from
both FBDs and waterborne diseases, 1.9 million
of whom are children [4, 5]. Annually, 30% of
individuals living in developed countries are
suffering from FBDs and waterborne diseases as
reported by the WHO [6, 7]. While, in developing
countries, people are more susceptible to illness
and death due to FBDs [8]. Accurate and rapid
identification of foodborne pathogens in food is
important for quality assurance.

Due to the plentiful of food-borne poisoning
cases caused by food-borne bacteria and their
toxins, there is a need for ongoing research to
control RTE food health hazards [9]. Garlic
has obtained a reputation as a therapeutic and
prophylactic medicinal plant. Garlic has served
as a significant therapy for the Sumerians and
the ancient Egyptians. In Greece throughout the
prime Olympics, garlic was taken by athletes to
enhance their toughness [10]. Indian and ancient
Chinese medicines advised garlic to aid digestion
and respiration and to treat parasitic infestation and
leprosy [11]. Al Qanoon Fil Tib [12], a well-known
book advised garlic as an antibiotic in the treatment
of several infectious illnesses, toothache, arthritis,
constipation, chronic cough, snake and insect bites,
parasitic infestation, and gynecologic diseases.
On the other hand, cumin (Cuminum cyminum) is
a multipurpose plant species cultivated in China,
India, many Mediterranean countries, and the
Middle East. Cumin has been widely used to treat a
variety of diseases, including diabetes, cancer, and
hypolipidemia [13]. The aim of the current study
is to detect some common foodborne pathogens
in RTE food, determine the count of the isolated
bacteria in the different collected samples, and to
determine the antibacterial efficiency of garlic and
cumin oils among the most commonly isolated
pathogens.
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Materials and Methods

Sampling

The samples were prepared and examined
according to The ICMSF (International
Commission on Microbiological Specifications
for Foods) [14]. A total of 336 different RTE
food samples, including barbecued chicken meat
(n=54), meat shawarma (n=50), chicken shawarma
(n=56), grilled fish (n=44), fesikh (n=36), brackish
fish (n=48), and sardines (n=48) were collected
randomly from various food restaurants in
Cairo, Egypt. Samples were collected into sterile
lunch boxes, placed in an insulated icebox and
transported to the Department of Microbiology
and Immunology, Veterinary Research Institute,
National Research Centre, Cairo, Egypt where
they were analyzed within one hour of collection
for the presence of microorganisms.

Sample preparation

According to the FDA (Food and Drug
Administration) [15], 25 grams of each sample
were transmitted into a sterile flask containing
225 ml of sterile 0.1% w/v peptone water
(LP0037, Oxoid, UK). The content of the flask
was transferred into a sterile 400 ml stomacher
bag (Seward Medical, UK), and homogenized at
room temperature in a stomacher blender (Seward
Medical, UK) for 1 min at 230 rpm. One ml of
each homogenate was transported to a sterile tube
containing 9 ml of 0.1% peptone water then ten-
fold serial dilutions were adjusted.

Bacterial isolation

Isolation of different bacteria from each sample
was carried out using the International Standards
Organization (ISO) protocols. Enterobacteriaceae
(ISO 21528-1:2017) [16], Campylobacter (ISO
10272-1:2017) [17], Listeria species (ISO 11290-
1:2017) [18], Staphylococcus species (ISO 6888-
1:2021) [19], Pseudomonas aeruginosa (ISO
22717:2015) [20], and Aeromonas (ISO, 2004)
[21]. Briefly, the family Enterobacteriaceae was
isolated using Violet Red Bile Glucose selective
agar (VRBGA, CM1082, Oxoid, UK) followed
by incubation for 24 h at 37°C. Campylobacter
spp. were isolated using pre-enrichment in
Preston broth (CM0067, Oxoid, UK) and then
incubated under microaerobic conditions at 37°C
for 6 h, followed by incubation at 42°C for 48 h
then plating on modified Charcoal Cefoperazone
Deoxycholate (mCCDA, CM0739, Oxoid, UK)
agar plates with mCCDA selective supplement
(SRO155, Oxoid, UK) and incubated at 42°C
for 3-5 days under microaerobic conditions.
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Listeria monocytogenes was isolated using
pre-enrichment in half-strength Fraser broth,
followed by incubation in full-strength Fraser
broth (CM0895+ SR0156, Oxoid, UK) at 30°C
for 24-48 h followed by plating on PALCAM
Listeria selective agar (CMO0877, Polymyxin
Acriflavin Lithium-chloride Ceftazidime Esculin
Mannitol, Oxoid, UK) followed by incubation
at 37°C for 24-48 h. Staphylococcus aureus was
isolated by plating on Baird-Parker agar with
egg yolk tellurite medium emulsion (CM0275 +
SR0054, Oxoid, UK) followed by incubation for
24 h at 37°C. Pseudomonas spp. were isolated
using Pseudomonas agar base medium (CMO0559,
Oxoid, UK) supplemented with Pseudomonas
CFC supplement (SR0103, Oxoid, UK) and
incubated for 18 h at 35°C. deromonas species
were isolated using Starch Ampicillin agar (SAA,
M1177, Himedia, India) with ampicillin (10 mg/1)
and incubated at 28°C for 24 h. After incubation,
colonies were enumerated and the results were
expressed as colony-forming units per gram of
sample (cfu/g) and were statistically analyzed.

Identification of bacterial isolates

Typical colonies of each isolate were
selected from the agar plates and purified by
repeated subculturing on appropriate agar plates.
Identification of the isolates was implemented
using standard morphological, biochemical, and
microbiological methods. For identification of
Campylobacter species, the suspected colonies
were tested by motility, Gram staining, catalase
test, oxidase test, and growth at 25°C [22].
Campylobacter species identification confirmation
was achieved by using biochemical tests (API
Campy, bioMérieux, France) and cephalothin
and nalidixic acid sensitivity tests (Oxoid, UK).
For Pseudomonas species, the suspected colonies
were handled according to previous studies [23,
24]. S. aureus colonies appeared black with clear
zones on Baird-Parker agar plates. [dentification of
staphylococci colonies was conducted according
to reference studies [25]. Staphylococcus species
confirmation was carried out using the API-Staph
identification Kit (bioMérieux, France) according
to the manufacturer’s instructions. Colonies of
purple-pink color on Violet Red Bile Glucose
agar were identified as a member of the family
Enterobacteriaceae and confirmed by the API
system (bioMérieux, France) according to the
manufacturer’s instructions [26]. Typical colonies
of Aeromonas species on Starch Ampicillin agar
were confirmed by microscopical and biochemical
identification [27]. Typical grey-green colonies

with a black centre and a black halo on the
PALCAM Listeria selective agar were described
as Listeria species [28].

Antibacterial activity of Garlic and Cumin oil

The agar well diffusion method was used
to screen the antibacterial effects of garlic
and cumin oils (Harraz Herbs shop, Cairo)
against the most commonly isolated pathogens;
Enterobacteriaceae, Aeromonas spp-,
Pseudomonas aeruginosa, S. aureus, and Listeria
spp- Using a sterilized borer, wells (diameter of
6 mm) were made in the Mueller-Hinton agar
(CMO0337, Oxoid, UK) plates. A fresh culture of
the bacterial cells (100 pl 1 x 10 CFU/ml) was
swabbed onto the surface of the agar plates. The
wells were then filled with 100 pl of garlic oil and
cumin oil. After incubation at the recommended
time and temperature, the diameters of the
transparent zones of inhibition around wells were
measured and recorded [29].

Statistical analysis

Statistical analyses were carried out using
IBM® SPSS® (SPSS Inc., IBM Corporation, NY,
USA) Statistics Version 25 (2017) for Windows
[30]. Results were statistically analyzed using the
simple frequency table and descriptive statistics
(minimum, maximum, 5% trimmed mean, and
interquartile range).

Results

Bacterial isolates recovered from RTE food
samples

The results reported in Table (1) and
Figure (1) reveal that the prevalence rates of
Enterobacteriaceae isolated from barbecued
chicken meat, meat shawarma, chicken shawarma,
grilled fish, fesikh, brackish fish, and sardines
were 70.4%, 60.0%, 85.7%, 61.4%, 55.6%,
81.3%, and 50.0%, respectively. Aeromonas
species were isolated from barbecued chicken
meat and grilled fish in 11.1%, and 27.3% of
the tested samples, respectively. S. aureus was
detected in barbecued chicken meat (7.4%),
grilled fish (56.8%), and brackish fish (8.3%).
Coagulase-negative staphylococci were isolated
from barbecued chicken meat (3.7%), meat
shawarma (4.0%), chicken shawarma (28.6%),
fesikh (11.1%), and sardines (33.3%). Listeria
species were isolated from chicken shawarma
(42.9%), grilled fish (9.1%), and fesikh (11.1%).
Pseudomonas aeruginosa was isolated only from
grilled fish (9.1%). No campylobacters were
isolated from any of the examined samples.
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Among  Enterobacteriaceae  species  as
presented in Table (2), E. coli were isolated from
barbecued chicken meat (3.7%), fesikh (11.1%),
brackish fish (16.7%), and sardines (14.6%).
Erwinia cacticida was isolated from barbecued
chicken meat (7.4%), meat shawarma (60.0%),
chicken shawarma (85.7%), grilled fish (34.1%),
and sardines (16.7%). Enterobacter cloacae was
isolated from barbecued chicken meat (5.6%)
and sardines (16.7%). Serratia fonticola was
isolated from barbecued chicken meat (3.7%) and
grilled fish (9.1%). Enterobacter intermedius was
isolated from barbecued chicken meat (3.7%) and
sardines (16.7%). Proteus mirabilis was isolated
from barbecued chicken meat (55.6%), grilled
fish (18.2%), fesikh (22.2%), and brackish fish
(33.3%). Proteus penneri was detected in fesikh
(33.3%), and brackish fish (41.7%). Klebsiella
oxytoca was detected only in barbecued chicken
meat (3.7%). Edwardsiella tarda was isolated
only from meat shawarma (20.0%). Citrobacter
Jfreundii was detected only in fesikh (13.9%).
Yersinia pseudotuberculosis was detected only
in brackish fish (16.7%). Serratia liquefaciens
was detected only in barbecued chicken meat
(3.7%). Providencia stuartii was detected only in
barbecued chicken meat (3.7%). Proteus vulgaris
was detected only in barbecued chicken meat
(3.7%). No salmonellaec were detected in any of
the examined samples.

Table (3) illustrates the minimum, maximum,
5% trimmed mean, and interquartile range
of the count of the isolated bacteria among
the collected samples. In barbecued chicken
meat, Campylobacter, Pseudomonas, and
Listeria were absent. The 5% trimmed means
for Enterobacteriaceae, Aeromonas, CPS, and
CNS in barbecued chicken meat were 3.024,
0.223, 0.12367, and 0.000, respectively. In
meat shawarma, Campylobacter, Aeromonas,
Pseudomonas, and CPS were absent. The 5%
trimmed means for Enterobacteriaceae and CNS in
meatshawarmawere 2.399 and 0.000, respectively.
In  chicken  shawarma, Campylobacter,
Aeromonas, Pseudomonas, and CPS were absent.
The 5% trimmed means for Enterobacteriaceae,
CNS, and Listeria in chicken shawarma were
3.225, 1.023, and 0.918, respectively. In grilled
fish, Campylobacter and CNS were absent. The
5% trimmed means for Enterobacteriaceae,
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CPS, Aeromonas, Pseudomonas, and Listeria in
grilled fish were 2.465, 2.418, 0.511, 0.114, and
0.042, respectively. In fesikh, Campylobacter,
Aeromonas, Pseudomonas, and CPS were absent.
The 5% trimmed means for Enterobacteriaceae,
CNS, and Listeria in fesikh were 2.061, 0.298,
and 0.174, respectively. In brackish fish,
Campylobacter, Aeromonas, Pseudomonas, CNS,
and Listeria were absent. The 5% trimmed means
for Enterobacteriaceae and CPS in brackish fish
were 3.151 and 0.000, respectively. In sardines,
Campylobacter, Aeromonas, Pseudomonas, CPS,
and Listeria were absent. The 5% trimmed means
for Enterobacteriaceae and CNS in sardines were
1.662 and 1.287, respectively.

Antibacterial activity of Garlic and Cumin oils

Data shown in Table (4) reveal that the
inhibition zones’ diameters (mm) of garlic
and cumin oils were 17 and 14, respectively
against Enterobacteriaceae, 16 and 11 against
Aeromonas, 14 and 12 against Pseudomonas, 20
and 14 against S. aureus, and 18 and 12 against
Listeria.

Discussion

Foodborne diseases due to ingestion of food
contaminated with bacterial pathogens still
constitute a huge global concern [31]. In the
current study, it is reported that the prevalence
rates of Enterobacteriaceae, Campylobacter,
Aeromonas, Pseudomonas, S. aureus, coagulase-
negative staphylococci (CNS), and Listeria in
RTE foods were 67.26%, 0.00%, 5.36%, 1.19%,
9.82%, 11.90%, and 9.52%, respectively. In
addition, RTE foods showed the existence of
multiple foodborne pathogens including S. aureus,
Campylobacter jejuni, Listeria monocytogenes,
Clostridium perfringens, Salmonella species,
Escherichia coli, spoilage bacteria, yeasts, molds,
and total aerobic where all are associated with
serious public health FBDs [32, 33]. A high
prevalence of S. aureus (12.5%) and Listeria
monocytogenes (20%) were detected in desserts
containing dairy cream. In addition, Escherichia
coli and Salmonella species were detected in 8.5%
and 17.5% of RTE sandwiches, respectively [34].
In another study, Shigella, Salmonella, Listeria,
Campylobacter,  Clostridium,  Acinetobacter,
Nocardia, Vibrio, Leuconostoc, Acetobacter
species, and Bacillus cereus were isolated from
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different RTE foods such as fried fish, salad, and
bread [35]. In a study conducted to survey the
contamination levels in fast-food restaurants, a
high prevalence of contamination (37.5%) was
reported [3]. The food handlers’ hands represented
a major source of food poisoning bacteria.
Indeed, S. aureus, Pseudomonas species, E. coli,
Klebsiella species, Shigella species, f-hemolytic
streptococci, and yeasts were detected in 17.6%,
9.6%, 14.4%, 7.2%, 3.2%, 4% and 6.4% of hand
samples taken from food handlers, respectively.
Meanwhile, samples obtained from knives used
for processing and handling of foods, showed
35% contamination by Escherichia coli, 5%
Shigella species, 10% Klebsiella species, and
10% Morganella species. However, samples
taken from spoons showed contamination by
Klebsiella species (10%) and E. coli (40%), while
plate samples showed contamination by Shigella
species (4.55%) and E. coli (22.73%) [36].
Inadequate cleaning procedures and atmospheric
conditions could result in such high microbial
contamination [37].

Psychrophilic bacteria including Aeromonas
are capable of surviving and growing at cold
temperatures ranging from 2°C to 10°C that are
imposed on processed food products [38]. In the
current study, the results illustrate that Aeromonas
species were isolated from barbecued chicken
meat (11.1%) and grilled fish (27.3%). The results
of previous studies [2, 39] coincided with ours
as Aeromonas species were isolated from ground
chicken meat. Other studies reported higher levels
of contamination by Aeromonas species (47.17%
and 57%) in chicken meat samples, respectively
[40,41]. Countand types of psychrotrophicbacteria
as well as storage temperature are deemed to be
the primary factors responsible for the spoilage
of poultry meat [42]. On the other hand, fish is
a magnificent host for bacterial contamination
and replication due to its favorable post-mortem
pH (commonly >6.0). Contamination of fish
meat can occur during slicing meat and filleting.
The growth of spoilage bacteria in fish meat,
especially the potentially pathogenic Aeromonas
species is not prevented if fish are packed under
modified atmosphere conditions or vacuum
packed [1]. Aeromonas species are the causative
agent for a variety of diseases in humans mainly
gastroenteritis as Aeromonas have the ability

to produce enterotoxins. In Brazil, an outbreak
of gastroenteritis and acute diarrhea through
ingestion of contaminated water has been reported
[43].

Pseudomonas species are psychrotrophic
bacteria that can reduce food shelf life even in
refrigerators[1]. Inthe currentstudy, Pseudomonas
species were isolated only from grilled fish
(9.1%). In previous reports, Pseudomonas was
detected in samples of washing areas (34.62%),
refrigerator handles (27.50%), preparation
areas (27.27%), cutting board (50%), serving
counter (23.68%), glass (11.76%), and knives
(5%) [36]. Pseudomonas species were detected
in samples of meat pie, fried rice, and salad
[3]. A previous study on food contact surfaces
reported contamination (1.7%) by Pseudomonas
spp. [37]. P. aeruginosa is widely distributed in
nature in moist environments like water baths,
sinks, hot tubs, and showers and so can easily
contaminate food. However, consumption of food
contaminated with P. aeruginosa seldom causes
FBDs as it is a normal flora of the gastrointestinal
tract [3].

Listeria species were isolated from samples of
chicken shawarma (42.9%), grilled fish (9.1%),
and fesikh (11.1%) tested in this study. In a similar
investigation, L. monocytogenes was detected in
RTE foods such as hard cheeses (0.1%), fruits
and vegetables (0.6%), soft and semi-soft cheeses
(0.9%), meat and meat products (1.8%), salads
(4.2%) and fish products and fishes (6.0%) [9].
However, no L. monocytogenes was detected in
any of the examined samples of RTE foods at
the 44 Italian airport food service facilities [6].
Listeria species are able to live and grow in harsh
environmental conditions and can form biofilms
which facilitate their cross-contamination and
spreading [9]. Annually as reported by the
WHO, 1 million people suffer from listeriosis
[44]. Listeriosis outbreaks are caused by the
ingestion of foods contaminated by high doses
of L. monocytogenes. Listeriosis manifestations
may include fever, diarrhea, myalgia, and
headache, while severe Listeriosis may include
high mortality rates (20-30%), especially in
immunocompromised patients [44]. As reported
by the EFSA BIOHAZ Report in 2010-2011,
different RTE foods were contaminated with
L. monocytogenes; 1.7% contamination was

Egypt. J. Vet. Sci. Vol. 55, No. 1 (2024)



248 JAKEEN EL-JAKEE et al.

recorded in fish, 0.43% in meat, and 0.06% in
cheese samples [45]. In addition, as reported
by the EFSA BIOHAZ Report in 2018, RTE
salads were determined as the primary source of
foodborne L. monocytogenes [46]. The presence
of L. monocytogenes in RTE foods emphasizes
the importance of enhancing hygiene standards
and implementing regulations through the RTE
food chain to ensure the safety of their consumers.

In the current study, S. aureus was detected
in barbecued chicken meat (7.4%), grilled
fish (56.8%), and brackish fish (8.3%). While
coagulase-negative staphylococci were isolated
from barbecued chicken meat (3.7%), meat
shawarma (4.0%), chicken shawarma (28.6%),
fesikh (11.1%) and sardines (33.3%). A
previous study on food contact surfaces reported
contamination by Staphylococcus aureus (4.4%)
[37]. S. aureus was also isolated from all types
of the examined food except fried rice [3]. It is
well known that RTE foods are most probably
prepared by direct hand resulting in a high level
of contamination by foodborne pathogens such
as Staphylococcus species [47]. Food handlers
can smoothly contaminate food with S. aureus
if they cough or sneeze during their preparation
of food [3]. The presence of S. aureus in RTE
foods represents a dangerous hazard to human
life, as S. aureus is known as a potent toxigenic
foodborne pathogen that could cause moderate to
life-threatening diseases [25].

Of the  Enterobacteriaceae  members
investigated in this study, E. coli (6.25%), Erwinia
cacticida (31.25%), Edwardsiella tarda (2.98%),
Klebsiella oxytoca (0.60%), Enterobacter cloacae
(3.27%), Serratia fonticola (1.79%), Serratia
liquefaciens (0.60%), Enterobacter intermedius
(2.98%), Providencia stuartii (0.60%), Proteus
mirabilis (18.45%), Proteus vulgaris (0.60%),
Proteus penneri (9.52%), Citrobacter freundii
(1.49%), and Yersinia pseudotuberculosis
(2.38%) were detected in the examined samples.
No salmonellae were detected in any of the
examined samples. A previous study on food
contact surfaces (like food containers, serving
dishes, knives, cutting boards, and other utensils)
reported contamination by Klebsiella spp.
(18.7%), Escherichia coli (17.7%), and Proteus
spp. (0.7%) [37]. Pathogenic bacteria like F.
coli and Salmonella spp., could remain viable
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on food contact surfaces for a long time [37].
Contaminated food and water as well as person-
to-person contact are the important sources of
E. coli and Salmonella species [4]. Similar to
the current study, there were no salmonellae
detected in any of the examined RTE foods [6].
However, in another study, S. #yphi was isolated
from fish rolls and salad which could result in a
hazardous salmonellosis foodborne outbreak [3].
A significant increase in the incidence of bacterial
isolates in RTE food indicated contamination
primarily from contaminated water used for
washing and also from contaminated processing
materials [36]. Additionally, contaminated food
contact surfaces including knives and equipment
are likely the primary vehicles for the elevated
contamination level of RTE food end products
[37].

In the current study, the 5% trimmed mean
of the isolated bacteria was used instead of the
mean as the mean counts were mainly around
zero. The total counts of Enterobacteriaceae
among the collected samples ranged from 0 to
6.934, Aeromonas (0 to 4.813), Pseudomonas (0
to 3.813), CPS (0 to 6.7), CNS (0 to 6.71), and
Listeria (0 to 5.04) logl0 cfu/g. The variation in
the counts reported in the present study may be
due to the difference in hygienic levels during
RTE food preparation. The high counts of
Enterobacteriaceae are an indicator of the poor
microbiological quality of the food. In a similar
study, among all examined samples (sandwich,
meat pie, fried chicken, chicken stew, fried
Russian, fried chips, and beef stew), coliforms and
S. aureus mean counts ranged from 1.53 to 3.58
and 1.10 to 2.68 log x cfu/g, respectively [31]. In
a previous study, the counts of Pseudomonas spp.
were 5 log cfu/g in various examined RTE sushi
types [1]. If the count of S. aureus reaches inside
the food 10°-10° CFU/ml or gm at 10°C to 46°C,
it can produce heat-stable enterotoxins [25]. If the
count of fecal groups such as E. coli, Salmonella,
Klebsiella spp., and Shigella is <1000 CFU/100
cm’® in water or food, it indicates a 54% likelihood
of occurrence of food poisoning bacteria, and if
the count of fecal groups >1000 CFU/100 cm’,
it indicates a 96% likelihood occurrence of food
poisoning bacteria [37].

These results reveal deficient hygienic
standards which could lead to foodborne
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outbreaks. The contamination of RTE foods is
related mainly to the overlooked sanitary measures
applied throughout food handling, processing,
packaging, and cold storage. To reduce FBDs,
more efficient control of the microbiological
quality of RTE foods should be applied like;
adequate personal hygiene, food preparation
and cooking, storage temperatures, and cleaning
of food equipment. Applying adequate physical
and chemical barriers by wearing masks, gloves,
and glass shields is recommended [37]. It is
recommended that food workers wash their hands
adequately. Indeed, washing hands efficiently
could decrease the microbial load present in the
prepared meals and on surfaces and hands [6].
Periodical medical examinations of food handlers
must be carried out. Additionally, food handlers
should receive training before starting work in the
food production system as recommended by the
Food and Agriculture Organisation of the United
Nations/ World Health Organisation (FAO/WHO)
[48]. Adequate temperatures must be applied as
well as subdividing the food into small batches
so the food stays at room temperature just for
30 minutes at maximum [6]. In addition, a
food safety management system based on the
principles of hazard analysis and critical control
points (HACCP) must be applied [6]. The
requirement of accreditation certificates as well
as official inspection visits by authorities are a
must to improve sanitation levels in food-serving
establishments [37].

The current results revealed that the inhibition
zone diameters (mm) of garlic and cumin oils
against Enterobacteriaceae isolates were 17 and
14 respectively, against Aeromonas isolates (16
and 11), against Pseudomonas isolates (14 and 12),
against S. aureus isolates (20 and 14) and against
Listeria isolates (18 and 12), respectively. Garlic
is an organosulfur-enriched and polyphenolic
nutraceutical spice its consumption is dated back
to ancient history. Garlic is advised not only to
increase the color, flavor, and aroma of food but
it is also adopted for therapeutic objectives for
its inherent neutralization of various chronic and
acute diseases [49]. The probable use of garlic for
the treatment and prevention of various diseases
has been evidenced [50].

Various composites in garlic are thought to
have anti-microbial and anti-tumor consequences

as well as it has the ability to lower cardiovascular
diseases and high blood glucose levels. Garlic is
usually used as a therapeutic medicine in various
outbreaks, such as dysentery, cholera, influenza,
and typhus [51]. The curing effectiveness of
garlic is primarily related to the stunning activity
of its bioactive compounds like saponins [52],
organic sulfides [53], polysaccharides [54], and
phenolic compounds [55]. There are more than 20
recognized polyphenolic composites in garlic and
it includes bioactive compounds; 17 amino acids,
and 8 main amino acids [49]. The antimicrobial
mechanisms of garlic encompass the dispossession
of the substances required for microbial growth,
the impediment of extracellular enzymes, the anti-
adherence effect of bacteria on the epithelial cells,
and the morphological changes of bacteria [56].

In a similar manner, the significant compounds
in cumin oils are the p-cymene, monoterpenes
beta-pinene, the terpenoid aldehydes cuminic
aldehyde, gamma-terpinene, and the isomeric
menthadien carboxaldehydes [57]. Cuminic
aldehyde and key oils were examined previously
using serial dilutions and agar diffusion
procedures against different Gram-negative
and Gram-positive bacteria, and three different
isolates of Candida albicans. Those isolates were
recovered from clinical cases, and various types
of food (sausages, pork fillets, and minced meat).
It was concluded that all cuminic aldehyde and
cumin oils demonstrated a significant suppression
impact against all examined microorganisms
except Pseudomonas species [57].

Conclusions

This study indicates a noteworthy problem
with RTE food related to the presence of infectious
foodborne public health hazards (mainly Listeria
and S. aureus). There is a necessity to enhance
standardization and sanitation levels throughout
the whole RTE food processing chain in order
to guarantee safety assurance and boost the
microbiological quality of RTE food. Effective
application of the HACCP (hazard analysis and
critical control points) is a must. Masks, gloves,
hand washing, and glass shields should be applied.
Effective cleaning of cooking surfaces and devices
with alcohol spray is essential. Finally, using
spices like garlic and cumin as additives in RTE
foods may provide better inhibition of foodborne
pathogens.
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TABLE 1. Simple frequency table of the isolated pathogens from different ready-to-eat food samples

Samples
Barbecued . .
. Meat Chicken . . Brackish X
chicken b b Grilled fish Fesikh Sardines T
i shawarma  shawarma ota.
Bacteria meat (44) (36) (48)
(50) (56) (48)
(54)
PNo % PNo % PNo % PNo % PNo % PNo % PNo % PNo %
Enterobacteriaceae 38  70.4% 30 60.0% 48 85.7% 27 61.4% 20 55.6% 39 81.3% 24 50.0% 226 67.26%
Campylobacter 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.00%
Aeromonas 6 11.1% 0 0.0% 0 0.0% 12 273% 0 0.0% 0 0.0% 0 0.0% 18 5.36%
Pseudomonas 0 0.0% 0 0.0% 0 0.0% 4 9.1% 0 0.0% 0 0.0% 0 0.0% 4 1.19%
S. aureus 4 74% 0 0.0% 0 0.0% 25 56.8% 0 0.0% 4 83% 0 0.0% 33 9.82%
CNS 2 3.7% 2 4.0% 16 28.6% 0 0.0% 4 11.1% 0 0.0% 16 333% 40 11.90%
Listeria 0 0.0% 0 0.0% 24 429% 4 9.1% 4 11.1% 0 0.0% 0 0.0% 32 9.52%
PNo: positive number ~ CNS: coagulase-negative staphylococci
TABLE 2. Enterobacteriaceae species isolated from ready-to-eat food samples
Samples
: Barb d
Species ar. eeue Meat Chicken . . Brackish .
chicken Grilled fish Fesikh Sardines
shawarma  shawarma fish Total
meat (44) (36) (48)
(50) (56) (48)
(54)
PNo % PNo % PNo % PNo % PNo % PNo % PNo % PNo %
Escherichia coli 2 37% 0 00% 0 00% 0 00% 4 11.1% 8 167% 7 14.6% 21 625%
Salmonella 0 00% O 00% O 00% O 00% O 00% 0 00% 0 00% 0 0.00%
Erwinia cacticida 4  74% 30 60.0% 48 857% 15 341% 0 00% O 0.0% 8 167% 105 31.25%
Edwardsiella tarda 0 0.0% 10 200% 0 00% 0 00% 0 00% 0 00% 0 00% 10 2.98%
Klebsiella oxytoca 2 37% 0 00% 0 00% O 00% 0 00% 0 00% 0 00% 2 0.60%
Enterobacter cloacae 3 56% 0 00% O 00% O 00% O 00% 0 00% 8 167% 11 327%
Serratia fonticola 2 37% 0 00% O 00% 4 91% 0 00% 0 00% 0 0.0% ©6 1.79%
Serratia liquefaciens 2 37% 0 00% 0 00% 0 00% O 00% 0 00% 0 00% 2 0.60%
Enterobacter
) X 2 37% 0 00% 0 00% 0 00% 0 00% 0 00% 8 167% 10 2.98%
intermedius
Providencia stuartii 2 37% 0 00% 0 00% O 00% 0 00% 0 00% 0 00% 2 0.60%
Proteus mirabilis 30 556% 0 00% 0 00% 8 182% 8 222% 16 333% 0 0.0% 62 18.45%
Proteus vulgaris 2 3.7% 00% 0 00% 0 00% O 00% 0 00% 0 00% 2 0.60%
Proteus penneri 0 0.0% 00% 0 00% 0 00% 12 333% 20 41.7% 0 0.0% 32 9.52%
Citrobacter freundii 0 00% 0 00% O 00% 0 00% 5 139% 0 00% 0 00% 5 149%
Yersinia
. 0 00% 0 00% O 00% O 00% 0 00% 8 167% 0 00% 8 2.38%
pseudotuberculosis

PNo: Positive number
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Fig. 2. Percentages of Enterobacteriaceae isolated from different ready-to-eat food samples
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TABLE 3. Bacterial counts in the tested ready-to-eat food samples

:;yrlr’n; l(::tsteSted Bacterial Counts (log10cfu/g)
species Min. Max. 5% Trimmed Mean Interquartile Range
Enterobacteriaceae 0.000 6.934 3.024 4.775
Campylobacter Absent  Absent Absent Absent
Aeromonas 0.000 4.813 0.223 0.000
Barbecued chicken meat Pseudomonas Absent  Absent Absent Absent
CPS 0.000 5.978 0.12367 0.000
CNS .000 4.792 0.000 .000
Listeria Absent  Absent Absent Absent
Enterobacteriaceae 0.000 6.398 2.399 4.587
Campylobacter Absent  Absent Absent Absent
Aeromonas Absent  Absent Absent Absent
Meat Shawarma Pseudomonas Absent  Absent Absent Absent
CPS Absent  Absent Absent Absent
CNS 0.000 5.380 0.000 0.000
Listeria Absent  Absent Absent Absent
Enterobacteriaceae 0.000 6.653 3.225 2.182
Campylobacter Absent  Absent Absent Absent
Aeromonas Absent  Absent Absent Absent
Chicken Shawarma Pseudomonas Absent  Absent Absent Absent
CPS Absent  Absent Absent Absent
CNS 0.000 6.716 1.023 2.592
Listeria 0.000 5.041 0918 2.360
Enterobacteriaceae 0.000 6.255 2.465 4.682
Campylobacter Absent  Absent Absent Absent
Aeromonas 0.000 3.568 0.511 1.340
Grilled Fish Pseudomonas 0.000 3.813 0.114 0.000
CPS 0.000 6.531 2.418 4.553
CNS Absent  Absent Absent Absent
Listeria 0.000 2.708 0.042 0.000
Enterobacteriaceae 0.000 5.813 2.061 4.088
Campylobacter Absent  Absent Absent Absent
Aeromonas Absent  Absent Absent Absent
Fesikh Pseudomonas Absent  Absent Absent Absent
CPS Absent  Absent Absent Absent
CNS 0.000 6.301 0.298 0.000
Listeria 0.000 2.964 0.174 0.000
Enterobacteriaceae 0.000 6.699 3.151 1.981
Campylobacter Absent  Absent Absent Absent
Aeromonas Absent  Absent Absent Absent
Brackish Fish Pseudomonas Absent  Absent Absent Absent
CPS 0.121 6.708 0.000 0.000
CNS Absent  Absent Absent Absent
Listeria Absent  Absent Absent Absent
Enterobacteriaceae 0.000 6.732 1.662 3.847
Campylobacter Absent  Absent Absent Absent
Aeromonas Absent  Absent Absent Absent
Sardines Pseudomonas Absent  Absent Absent Absent
CPS Absent  Absent Absent Absent
CNS 0.000 5.672 1.287 3.756
Listeria Absent  Absent Absent Absent

CPS: Coagulase-positive staphylococci
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TABLE 4. Antibacterial activity of Garlic and Cumin oil against the isolated pathogens

Inhibition zone diameter (mm)

Bacteria
Garlic Oil Cumin Oil
Enterobacteriaceae 17 14
Aeromonas 16 11
Pseudomonas 14 12
S. aureus 20 14
Listeria 18 12
References
1. Hulankova, R. and Furmancikova, P. Comparison 9. Lepecka, A., Ziclifiska, D., Szymatiski, P., Buras,

of microbiological quality of various sushi
types from sushi kiosks, restaurants and retail.
International Journal of Gastronomy and Food
Science, 27, 100467 (2022).

Hassan, M.A., Ibrahim, H.M., Shawky, N.A. and
Sheir, S.H. Prevalence of Aeromonas species
and their virulence factors isolated from frozen
chicken meat products. Benha Veterinary Medical
Journal, 39, 47-51 (2020).

Isara, A.R., Isah, E.C., Lofor, P.V.O. and Ojide,
C.K. Food contamination in fast food restaurants
in Benin City, Edo State, Nigeria: Implications for
food hygiene and safety. Public Health, 124, 467-
471 (2010).

Banik, A., Abony, M., Datta, S. and Towhid, S.T.
Microbiological Quality of Ready-to-Eat Food
from Dhaka, Bangladesh. Current Research in
Nutrition and Food Science, 07, 161-168 (2019).

World Health Organization Bangladesh (WHO
Bangladesh). January 2018.Areas of work: Food
Safety.

Balzaretti, C.M. and Marzano, M.A. Prevention of
travel-related foodborne diseases: Microbiological
risk assessment of food handlers and ready-to-eat
foods in northern Italy airport restaurants. Food
Control, 29, 202-207 (2013).

World Health Organization. (2007). Food safety
and foodborne illness e Fact sheet no. 237.

Omari, R. and Frempong, G. Food safety concerns
of fast-food consumers in urban Ghana. Appetite,
98, 49-54 (2016).

10.

11.

12.

13.

14.

15.

I. and Kotozyn-Krajewska, D. Assessment of the
Microbiological Quality of Ready-to-Eat Salads-
Are There Any Reasons for Concern about Public
Health?. Int J Environ. Res. Public Health, 19(3),
1582 (2022).

Lawson, L.D. and Bauer, R. Garlic: a review of its
medicinal effects and indicated active compounds.
In: Phytomedicines of Europe. Chemistry and
Biological Activity. Series 69 1. Washington DC.
American Chemical Society, pp. 176-209 (1998).

R.S.
received

Rivlrn, Patient with hyperlipidemia
Lipid
management. Report from the Lipid Education
Council, 3, 6-7 (1998).

who garlic  supplements

Avicenna, A., In: Al Qanoon Fil Tib. Sharafkandi,
S, translator. IV, Tehran, Iran: Soroosh Press,. pp.
122-178 (1988).

Mnif, S. and Aifa, S. Cumin (Cuminum cyminum
L.) from traditional uses to potential biomedical
applications. Chem Biodivers., 12(5), 733-42

(2015).

Roberts, T.A., vanSchothorst, M., Sharpe, A.N.,
Bryan, F.L., Buchanan, R., Busta, F.F., Doyle,
M.P., Farkas, J., Grau, F.H., Hobbs, B.C., Jouve,
J.L., Mendoza, S., Merican Z., Quevedo, F., Pitt,
J.1., Teufel, P. and Tompkin, R.B. The International
Commission on Microbiological Specifications
for Foods (ICMSF): update. Food Control, 7(2),
99-101 (1996).

FDA  “Food
Bacteriological Analytical Manual. Center for

and Drug Administration”,

Food Safety and Applied Nutrition, Department
of Health and Human Searches, 8th ed. US FDA
(2002).

Egypt. J. Vet. Sci. Vol. 55, No. 1 (2024)


https://www.researchgate.net/scientific-contributions/FL-Bryan-2097394331
https://www.researchgate.net/profile/Robert-Buchanan-2
https://www.researchgate.net/scientific-contributions/FF-Busta-2076409733
https://www.researchgate.net/scientific-contributions/Michael-P-Doyle-2076354200
https://www.researchgate.net/scientific-contributions/J-Farkas-2112225812
https://www.researchgate.net/scientific-contributions/FH-Grau-2076332185
https://www.researchgate.net/scientific-contributions/BC-Hobbs-2076352700
https://www.researchgate.net/scientific-contributions/JL-Jouve-2076362559
https://www.researchgate.net/scientific-contributions/S-Mendoza-2076357958
https://www.researchgate.net/scientific-contributions/Z-Merican-2076370157
https://www.researchgate.net/scientific-contributions/F-Quevedo-2076421621
https://www.researchgate.net/profile/John-Pitt
https://www.researchgate.net/scientific-contributions/P-Teufel-2119535441
https://www.researchgate.net/scientific-contributions/R-B-Tompkin-20829437

254

JAKEEN EL-JAKEE et al.

17.

18.

19.

20.

21.

22.

23.

24.

ISO (2017) ISO (International Standards
Organization) 21528-1:2017, Microbiology of the
food chain — Horizontal method for the detection
and enumeration of Enterobacteriaceae — Part 1:

Detection of Enterobacteriaceae (2017).

ISO (2017) ISO (International Standards
Organization) 10272-1:2017, Microbiology of the
food chain — Horizontal method for detection and
enumeration of Campylobacter species. — Part 1:
Detection method (2017).

ISO (2017) ISO (International Standards
Organization) 11290-1:2017, Microbiology of the
food chain — Horizontal method for the detection

and enumeration of Listeria monocytogenes and

of Listeria species. — Part 1: Detection method
(2017).
ISO (2021) ISO (International Standards

Organization) 6888-1:2021,
the food chain — Horizontal method for the

Microbiology of

enumeration of coagulase-positive staphylococci
(Staphylococcus aureus and other species) —
Part 1: Method using Baird-Parker agar medium
(2021).

ISO (2015) ISO (International Standards
Organization)  22717:2015, Cosmetics —
Microbiology — Detection of Pseudomonas
aeruginosa (2015).

ISO (2004) ISO (International Standards

Organization) 2004, Microbiology of food and
animal feeding stuffs. Horizontal method for
detection and enumeration of Enterobacteriaceae,
Part 2:
Standards Organization, Geneva (2004).

colony count method. International

El-Jakee, j., Ata, N.S., Hakim, A.S., Syame,
S.M. and Omara, S.T. Prevalence of Virulence
Genes and Antimicrobial Resistance Patterns of
Campylobacter Species Isolated from Chicken in
Egypt. Asian Journal of Poultry Science, 9 (4),
250-261 (2015).

Ali, N.G., Ali, T.E., Aboyadak, I.M. and Elbakry,
M.A. Controlling Pseudomonas aeruginosa
infection in Oreochromis niloticus spawners by
cefotaxime sodium. Aquaculture, 544(15), 737107

(2021).

Falodun, O.I., Musa, 1.LB. and Oyelade, A.A.
Prevalence of extended beta-lactamase-producing

Egypt. J. Vet. Sci. Vol. 55, No. 1 (2024)

25.

26.

27.

28.

29.

30.

31.

32.

Pseudomonas aeruginosa isolated from human
immunodeficiency virus patients in Ibadan,
Nigeria. Gene Reports, 23,101159 (2021).

Omara, S.T., MIC and MBC of Honey and
Gold Nanoparticles against methicillin-resistant
(MRSA) (VRSA)

coagulase-positive S. isolated from

and vancomycin-resistant
aureus
contagious bovine clinical mastitis. Journal of
Genetic Engineering and Biotechnology, 15, 219-
230 (2017).

Craven, H., McAuley, C., Hannah, M., Duffy,
L., Fegan, N., and Forsythe, S., Applicability
of Enterobacteriaceae and coliforms tests as
indicators for Cronobacterin milk powder factory
environments. Food Microbiology, 94, 103642
(2021).

MacFaddin, JF., Biochemical tests for
identification medical bacteria. Warery Press Inc,

Baltimore, Md. 21202 USA (2000).

Byrne, V.d-V., Hofer, E., Vallim, D.C. and de Castro
Almeida, R.C. Occurrence and antimicrobial
resistance patterns of Listeria monocytogenes
isolated from vegetables. Braz. J. Microbiol.,
47(2), 438-43 (2016).

Aboelmaaty, A.M., Omara, S.T., Aly, M.S., Kotp,
M.S. and Ali, A.H. The antibacterial and anti-
inflammatory effects of zinc oxide nanoparticles
synthesized by Thymus vulgaris medicinal plant
against Escherichia coli and Escherichia coli
lipopolysaccharides. Egyptian Pharmaceutical
Journal, 21,153-166 (2022).

Spss, 1. IBM SPSS Statistics for Windows, Version
25; IBM SPSS Corp.: Armonk, NY, USA, 2017.

Nethathe, B., Matsheketsheke, P.A., Mashau, M.E.
and Ramashia, S.E. Microbial safety of ready-
to-eat food sold by retailers in Thohoyandou,
Limpopo province, South Africa. Cogent Food &
Agriculture, 9, 1 (2023).

Bernardo, R., Duarte, A., Tavares, L., Barreto,
A.S. and Henriques, A.R. Listeria monocytogenes
Assessment in a Ready-to-Eat Salad Shelf-
Life Study Using Conventional Culture-Based
Methods, Genetic Profiling, and Propidium
Monoazide Quantitative PCR. Foods, 10, 235
(2021).



MICROBIOLOGICAL ASSESSMENT OF VARIOUS READY-TO-EAT FOODS ... 255

33.

34.

35.

36.

37.

38.

39.

40.

Koushki, M., Koohy-Kamaly, P., Sohrabvandi,
S. and Mehrabi, S., Assessment of the Microbial
Quality of Ready-to-Eat ~ Salads
Containing Meat Products. Curr. Res. Nutr. Food
Sci., 9, 662670 (2021).

Industrial

Kotzekidou, examination

of ready-to-eat

P.  Microbiological
foods and ready-to-bake
frozen pastries from university canteens.Food

Microbiology, 34(2), 337-343 (2013).

Adiama, Y.B., Sawyerr, O.H., Olaniyi, O.A.,
Fregene, A.F., Alabede, M. and Raimi, M.O.
Assessment of Microbiological Quality of Ready
to Eat Food Served in Ships Along Warri, Koko
and Port Harcourt Water Ways, Nigeria. Online
Journal of Microbiological Research, 1(1), 1-7
(2022).

Giwa, A.S., Memon, A.G., Shaikh, A.A., Korai,
R., Maitlo, G.U., Maitlo, 1., Ali S. and Ahmad,
J. Microbiological survey of ready-to-eat foods
and associated preparation surfaces in cafeterias
Environmental
11-18

of public sector universities.
Pollutants and Bioavailability, 33(1),
(2021).

Bukhari, M.A., Banasser, T.M., El-Bali, M.,
Bulkhi, R.A., Qamash, R.A., Trenganno, A.,
Khayyat, M., Kurdi, M.A., Al Majrashi, A. and
Bahewareth, F. Assessment of microbiological
quality of food preparation process in some
restaurants of Makkah city. Saudi Journal of
Biological Sciences, 28, 5993-5997 (2021).

Mano, S.B., Ordonez, J.A. and Fernando, G.D.G.
Growth/survival of natural flora and Aeromonas
hydrophila on refrigerated uncooked pork and
turkey packaged in modified atmospheres. Food
Microbiol., 17, 47-52 (2000).

Singh, U.,
Aeromonas species from ground meats in Eastern
Canada. J. Food Protect, 60, 125-130 (1997).

Isolation and identification of

Castro-Escarpulli, G., Figueras, M.J., Aguilera-
Arreola, G., Soler, L., Fernandez-Rendon, E.,
Aparicio, G.O., Guarro, J. and Chacon, M.R.,
Characterization of Aeromonas species isolated
from frozen fish intended for human consumption
in Mexico. Int. J. Food Microbiol., 84, 41-49
(2003).

41.

42.

43.

44.

45.

46.

47.

48.

49.

D.M.M., Sharifi-Yazdi, M.K. and
Avadisians, S. Study of prevalence and antibiotic

Soltan,

resistance in Aeromonas species isolated from
minced meat and chicken samples in Iran. Afiican
Journal of Microbiology Research, 6(2), 460-464
(2012).

Tuncer, B. and Sireli, U.T. Microbial growth on
broiler carcasses stored at different temperatures
after-air or water chilling. Poultry Science, 87,
793-799 (2008).

Teodoro, J.R., Carvalho, G.G., Queiroz, M.M.,
Levy, C.E. and Kabuki, D.Y. Incidence, evaluation
of detection and identification methods, and
antimicrobial resistance of Aeromonas spp. in
ready-to-eat foods. International Journal of Food
Microbiology, 379, 109862 (2022).

World Health Organization. Listeriosis. Available
online: https://www.who.int/news-room/fact-
sheets/detail/listeriosis(accessed on 10 November

2021).

EFSA. Analysis of the baseline survey on the
prevalence of Listeria monocytogenes in certain
ready-to-eat (RTE) foods in the EU, 2010-2011
Part A: Listeria monocytogenes prevalence
estimates. EFSA J., 11, 3241 (2013).

EFSA BIOHAZ, Panel Scientific Opinion on the
Listeria monocytogenes contamination of ready-
to-eat foods and the risk for human health in the
EU. EFSA4 J., 16, 5134 (2018).

Uddin, A. Microbiological analysis of ready to eat
foods collected from different places of Dhaka city,
Bangladesh. Stamford Journal of Microbiology,
8(1), 30-33 (2018).

Food and Agricultural Organization/World Health
Organization. Recommended international code
of practice for general principles of food hygiene.
CAC/RCP 1e1969, Rev. 3 1997; Amended 1999.
Rome: FAO/WHO; (1999).

Ansary, J., Forbes-Hernandez, T.Y., Gil, E.,
Cianciosi, D., Zhang, J., Elexpuru-Zabaleta, M.,
Simal-Gandara, J., Giampieri, F. and Battino,
M. Potential Health Benefit of Garlic Based on
Human Intervention Studies: A Brief Overview.
Antioxidants (Basel), 9(7), 619 (2020).

Egypt. J. Vet. Sci. Vol. 55, No. 1 (2024)


https://www.who.int/news-room/fact-sheets/detail/listeriosis
https://www.who.int/news-room/fact-sheets/detail/listeriosis

256

50.

51.

52.

53.

54.

55.

56.

57.

Bayan, L..Koulivand, P.H. and Gorji, A. Garlic: a
review of potential therapeutic effects. Avicenna J
Phytomed., 4(1), 1-14 (2014).

Petrovska, B.B. and Cekovska, S. Extracts from
the history and medical properties of garlic.
Pharmacogn. Rev., 4,106-110 (2010).

Diretto, G., Rubio-Moraga, A., Argandofia, J.,
Castillo, P., Gomez-Gomez, L. and Ahrazem, O.
Tissue-specific accumulation of sulfur compounds
and saponins in different parts of garlic cloves
from purple and white ecotypes. Molecules, 22,
1359 (2017).

Setiawan, V.W., Yu, G.P., Lu, Q.Y., Lu, M.L., Yu,
S.Z., Mu, L., Zhang, J.G., Kurtz, R.C., Cai, L.,
Hsieh, C.C. and Zhang, Z.F. Allium vegetables
and stomach cancer risk in China. Asian Pac. J.
Cancer Prev. APJCP, 6, 387-395 (2005).

Wang, Y., Guan, M., Zhao, X., and Li, X., Effects
of garlic polysaccharide on alcoholic liver fibrosis
and intestinal microflora in mice. Pharm. Biol., 56,
325-332 (2018).

Gorinstein, S., Leontowicz, H., Leontowicz,
M., Namiesnik, J., Najman, K., Drzewiecki, J.,
Cvikrova, M., Martincova, O., Katrich, E. and
Trakhtenberg S. Comparison of the main bioactive
compounds and antioxidant activities in garlic and
white and red onions after treatment protocols. J.
Agric. Food Chem., 56, 44184426 (2008).

Gao, X., Chen, Y., Chen, Z., Xue, Z., Jia, Y., Guo,
Q., Ma, Q., Zhang, M. and Chen, H. Identification
and antimicrobial activity evaluation of three
peptides from laba garlic and the related
mechanism. Food Funct., 10, 4486—4496 (2019).

Wanner, J., Bail, S., Jirovetz, L., Buchbauer,
G., Schmidt, E., Gocheyv, V., Girova,
T., Atanasova, T.and Stoyanova, A. Chemical
composition and antimicrobial activity of cumin
oil (Cuminum cyminum, Apiaceae). Nat. Prod.
Commun., 5(9), 1355-8 (2010).

Egypt. J. Vet. Sci. Vol. 55, No. 1 (2024)

JAKEEN EL-JAKEE et al.



MICROBIOLOGICAL ASSESSMENT OF VARIOUS READY-TO-EAT FOODS ... 257

BALl A JSOU B alad) Laakal) (e Adlida £165Y 2 ol g g Sl andil)
ol aﬂ‘ Cu)y J« Alaiaal) LJM dalaal) JL:'N‘ L-H‘JJJ «_pda
A3 M A8Liaa 3) gaS () gasl)

"o les e B plasd g Uae daadl s 2 ¢ Slad) JlaS Cusla

e - A - o alal) dxala — (5 skl alal) 43S — o s Suall il

S R i 5 W P A - JRVPON PP E PRTEH PRI POV

L an

Oe il oa sl g S e o5 A jall 028 b dalle dpna A1CE JSOU 5 aladl daalal) Gl maial
YU e claw £8 czlaa Lo sli 0T caal Lay sl 04 (g e gl aal 08) JSOU 5 jalal) daalal)
Aoa ol g s Saal) bl aladiily Sl g Saall RIS W3 (o A dasle claw €A o
lisa s ¥V L G € 67.26% s (Enterobacteriaceae) 4o sl b Sl 5 sa 5 LK) 23 dunldl)
cos)h eSS Sl 01, 19% Ay (Pseudomonas) (b sa s sl ¢« 7.0,Y7 &y (deromonas)
coagulase-negative) il a3 Al Zoa giiall ) Sall LSy «Z9,AY Ay (S, qureus)
Sl il e 79,0 Aoty (Listeria) boyiedll Sl Siy ¢11.90% 4wsis (staphylococci
3sas pe e oAl gl o) A sma) Lo (e dilide gl sl Ciiiaiy Joe o3 WS Lgaand o
* (salmonellae) S sallall <ilys S 252 5 220 Liadl 5 (Campylobacter) 3Sk shuad Sl Sl 5 5Soa
LSl sbimal) TLsall (e (3iall a3 LS Lgan a3 () clisall L (5 Sl aall apans o5 5 i) cilisal)
Cu) on IS (pe) sl Japiil) Ailaia Ul S Y g Jaall SmaaS (o saSl) il Cu ) (g S
VY 50§ Sy ¢ iz VI Lo aca 1) 51T el saall L€l aim V£ 5 )Y (el g a s
Ml e L il o VY 5 VA ClS 5 ¢ sl S SSLEAYY 3 VE 5 Y ¢ e ga sudl aa
Lgnaall g sa Cpmend JSOU 5 aladl daa ) sl ) 8 Basad) Apsall il jlaall Gaskaly Al )l 638 paca 55
i 3l ¥l e kel daall hla (e ol S Jlii L L3 5 (oS00 aned) Qi
ol e sl Jomdl Undis JSOU 5 Jalall daala¥) 8 dilias 3 5aS () 5aS1 5 o sil) Jio Jo) 3l alaiiin

TN DAy & gl 5 3 Sl

il 5 ey 58I ) ¢ oS S LAY €l g 53 suadl ey sl (i gaall Ly Sl s AN clalSl)

Egypt. J. Vet. Sci. Vol. 55, No. 1 (2024)



