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Foodborne illnesses pose a significant public health threat globally, particularly in Saudi Arabia, where the ra-
pid growth of the food service sector has increased the risk of exposure to multidrug-resistant (MDR) bacteria.
Traditional microbiological methods are often time-consuming and may lack precision, highlighting the need
for faster and more accurate diagnostic alternatives. In this study, Matrix-Assisted Laser Desorption/lonization
Time-of-Flight Mass Spectrometry (MALDI-TOF MS) was employed for the rapid and precise identification
of bacterial contaminants in ready-to-eat (RTE) foods, alongside an assessment of their antibiotic resistance
profiles. A total of 80 RTE food samples—including chicken shawarma, shish tawook, chicken burgers, and
falafel sandwiches—were collected from restaurants across the Al-Qassim region between September and No-
vember 2024. Bacterial identification was performed using standard culturing techniques in combination with
MALDI-TOF MS, while antimicrobial susceptibility testing was conducted using the Kirby—Bauer disk diffu-
sion method in accordance with CLSI guidelines. The predominant pathogens identified were Escherichia coli
(E. coli) (32.5%), Staphylococcus aureus (S. aureus) (27.5%), and Acinetobacter baumannii (A. baumannii)
(18.75%), with the highest contamination observed in chicken shawarma samples. MALDI-TOF MS provided
high-confidence species-level identifications, with score ranges between 2.00 and 2.49. E. coli isolates exhi-
bited complete resistance (100%) to ampicillin, amoxicillin-clavulanic acid, cefoxitin, and cephalothin. High
resistance rates were also observed for norfloxacin (80.8%) and tetracycline (73.1%). Similar MDR patterns
were detected in S. aureus and A. baumannii. Imipenem remained the most effective antibiotic, showing 100%
susceptibility among E. coli and S. aureus isolates and 93.3% effectiveness against A. baumannii. These fin-
dings underscore the critical need for routine microbial surveillance, implementation of rapid diagnostic tools,
and enforcement of stringent food safety regulations to curb the spread of antimicrobial-resistant pathogens
through the food supply chain.
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1. Introduction

Vibrio cholerae [5]. The increasing number of foodborne

Foodborne pathogens remain a major global public
health challenge, leading to significant health and econo-
mic burdens—particularly in the Kingdom of Saudi Ara-
bia [1]. Food safety is shaped by various factors, including
microbiological, chemical, and nutritional changes; bio-
diversity; water activity; climate variability; and environ-
mental hygiene [2]. Consumption of food contaminated
with viruses, parasites, or bacteria can result in illnesses
such as hemorrhagic colitis, typhoid fever, acute gastroen-
teritis, and diarrhea [3].

Among foodborne pathogens, bacteria are the most
prevalent, causing a wide range of diseases in both humans
and animals [4]. Common bacterial pathogens include Sal-
monella, Shigella, Listeria monocytogenes, Bacillus spp.,
Yersinia spp., Clostridium botulinum, Clostridium per-
fringens (C. perfringens), Escherichia coli (E. coli), Sta-
phylococcus aureus (S. aureus), Campylobacter spp., and

illness outbreaks worldwide highlights the urgent need
for effective public health interventions [6]. According
to the World Health Organization (WHO), 31 foodborne
pathogens account for an estimated 600 million illnesses
and 420,000 deaths globally each year [7]. In Saudi Ara-
bia, microbial contamination of food leads to considerable
morbidity and mortality annually [8]. Adults account for
most outbreaks (68.1%), with Salmonella causing 81% of
cases and S. aureus 19.1% [9].

Food contamination can occur at various stages, in-
cluding animal farming, crop production, food transport,
processing, and handling [10]. ross-contamination during
food preparation and consumption also presents a signifi-
cant risk [11]. Public awareness of foodborne pathogens
is closely linked to safe food handling practices [12], as
informed consumers are more likely to follow safety pro-
tocols [13]. To address these challenges, Saudi Arabia has
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implemented a comprehensive food safety policy, inclu-
ding the establishment of a national food and drug autho-
rity and the enforcement of updated regulations. Offenders
face strict penalties, and the Ministry of Health collabo-
rates with the Ministry of Municipal and Rural Affairs to
investigate foodborne disease outbreaks [9].

The growth of the fast food industry, driven by increa-
singly fast-paced lifestyles, has added complexity to food
safety concerns. In Saudi Arabia, commonly consumed
fast foods include shawarma, falafel, vegetable salads,
and kibtha, with chicken serving as the primary protein
source [1]. Red meats, such as lamb, goat, and camel, are
also staples in Gulf Cooperation Council countries. Poor
hygiene practices and limited knowledge of food safety
principles contribute to the high incidence of foodborne
illnesses in low-income regions, where up to 70% of
diarrheal cases are linked to contaminated food [14]. Se-
veral cities in Saudi Arabia have reported foodborne out-
breaks, including Salmonella-induced gastroenteritis in
Sulyyel, Riyadh, following a wedding [15], and outbreaks
in Hail and Abha involving 39 cases of S. aureus and 26
cases of Salmonella enteritidis [15].

Timely detection of foodborne pathogens is essential
for ensuring food safety, regulatory compliance, and out-
break prevention. Numerous technologies have been deve-
loped to support this effort [3]. Accurate identification and
monitoring of pathogenic microorganisms are critical for
effective control strategies [16]. By detecting pathogens,
food producers and retailers can implement safety mea-
sures, such as proper preservation and handling, to reduce
contamination risks. However, conventional microbial
testing methods are often labor-intensive and may fail to
detect pathogens at critical points, such as during food pre-
paration [17].

Phenotypic methods, although traditional, are often
imprecise, time-consuming, and impractical for routine
screening [18, 19]. Consequently, recent studies have
focused on alternative techniques aimed at improving
accuracy and reducing manual labor [20]. Detecting trace
levels of pathogens in food requires advanced diagnostic
tools. Nucleic acid-based, immunological, and biosensor
technologies have shown promise for rapid and accurate
detection, though confirmatory testing may still be needed
in cases of false positives or negatives [21].

One such advanced technology is matrix-assisted laser
desorption ionization time-of-flight mass spectrometry
(MALDI-TOF MS), which has significantly advanced the
detection of foodborne pathogens [22]. MALDI-TOF MS
is recognized for its accuracy in identifying harmful mi-
croorganisms in processed foods [23] and is gaining popu-
larity in food microbiology due to its speed and ease of
use. Principal component analysis (PCA) further enhances
the application of MALDI-TOF MS by identifying pat-
terns within complex datasets [24]. Despite its advantages,
the use of MALDI-TOF MS for food pathogen detection
is still underreported in the literature [25]. The U.S. Food
and Drug Administration has approved its use for iden-
tifying pathogens in cell culture extracts [26], valuing its
speed, precision, cost-effectiveness, and minimal technical
requirements—qualities critical for food safety laborato-
ries [27]. MALDI-TOF MS has successfully identified pa-
thogens such as Acinetobacter baumannii (A. baumannii),
Campylobacter spp., E. coli, and S. aureus [25].

The misuse of antimicrobial agents in veterinary prac-

tice has contributed to the rise of antibiotic-resistant bac-
teria capable of transmission through the food chain [28].
There is an urgent need for stricter regulations governing
antibiotic use in animal farming [29]. Many antimicro-
bials present in food from animal sources are believed to
facilitate the emergence and spread of resistant microorga-
nisms [30]. These pathogens pose a serious threat to hu-
man health and can result in infections that are difficult to
treat [31, 32]. Resistance genes can be transferred between
microorganisms through the food chain, compounding the
public health challenge [33]. Once established in a host,
antibiotic-resistant strains may share resistance traits with
other microbes, exacerbating the problem [34].

Evidence indicates that meat and meat products can
serve as carriers of antibiotic-resistant bacteria [35]. Stu-
dies have confirmed the presence of resistant bacteria in
meat and related products [36], underscoring the need for
ongoing surveillance and evaluation of regulatory mea-
sures. However, limited data exist on the prevalence of
antibiotic-resistant pathogens in ready-to-eat (RTE) foods
in Saudi Arabia. Moreover, the correlation between anti-
biotic resistance phenotypes and genetic determinants in
bacteria isolated from RTE meat products in the Al-Qas-
sim region remains poorly characterized.

This study aimed to enable the rapid and accurate iden-
tification of pathogenic bacteria isolated from fast food
samples collected from restaurants and food establish-
ments in the Al-Qassim region using MALDI-TOF MS. It
also assessed the antibiotic resistance profiles of the most
commonly detected bacterial strains. The findings of this
research are expected to provide valuable insights into the
potential health risks posed by antibiotic-resistant bacteria
in the fast food sector.

2. Materials and methods
2.1. Collection and handling of food samples

A total of 80 RTE food samples were collected, compri-
sing 20 samples each of chicken shawarma, shish tawook,
chicken burgers, and falafel sandwiches. Samples were
obtained from various restaurants across the Al-Qassim re-
gion between September and November 2024. Restaurants
were selected using a convenience sampling approach
from diverse urban and suburban locations to reflect typi-
cal consumer exposure; randomization or stratification was
not applied. Each sample, weighing approximately 250
grams, was collected using aseptic techniques to prevent
contamination. Samples were placed in sterile stomacher
bags labeled with restaurant codes, sample identifiers, and
food categories, sealed, and transported in coolers with ice
packs at temperatures below 4°C for immediate analysis
in the microbiology laboratory. Strict inclusion and exclu-
sion criteria were applied, focusing exclusively on com-
monly available RTE sandwiches purchased directly from
restaurants; unavailable items or leftovers were excluded.

2.2. Bacteriological indicators and quality standards
for ensuring food safety

Traditional bacteriological indicators were used to eva-
luate the microbiological safety of the food samples, inclu-
ding aerobic plate count (APC), total coliforms (TC), E.
coli, and S. aureus. APC reflected the total microbial load;
TC indicated general hygiene status; E. coli signified fecal
contamination; and S. aureus suggested improper handling
due to its toxigenic potential. For analysis, 25 g of each
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sample was placed in a sterile bag with 225 mL of 0.1%
peptone water [37]. The mixture was homogenized using
a stomacher (Thomas Scientific, USA). Serial dilutions
were prepared in 1% peptone water, and 1 mL aliquots
were plated on Count Agar and incubated at 37°C for 48
hours [38].

2.3. Quality control and data management
Standardized protocols were followed to maintain data
integrity and prevent contamination during sample collec-
tion. Recorded data included sample type, site, collection
time, collector name, and sample number. All supplies
were sterilized, and personnel were trained in sampling
procedures. Samples were stored in chilled cooler bags du-
ring transport. Media sterility was confirmed by overnight
incubation, and positive and negative controls were in-
cluded for each batch of media, reagents, and procedures.

2.4. Detection and isolation of pathogenic microorga-
nisms from food products

Detection followed FDA-recommended protocols
[39], including enrichment, selective plating, and identi-
fication. MacConkey and EMB agars (Merck, Germany)
were used to isolate Gram-negative bacilli (e.g., E. coli,
E. cloacae, H. alvei); Baird—Parker and mannitol salt agars
(Sigma—Aldrich, USA) for S. aureus; CHROMagar Acine-
tobacter® (HiMedia, USA) for A. baumannii; XLD agar
(Oxoid, UK) for S. enterica; and egg yolk agar (HiMe-
dia, India) for C. perfringens. Growth was monitored, and
isolates were confirmed by Microflex LT MALDI-TOF
MS (Bruker Daltonics, Germany). The study focused on
bacterial species commonly associated with RTE foods in
Saudi Arabia, including E. coli, S. aureus, A. baumannii,
S. enterica, C. perfringens, E. cloacae, and H. alvei. Lis-
teria and Campylobacter species were not included due to
resource limitations and prioritization based on previous
regional studies.

2.5. Identification of bacterial isolates by protein fin-
gerprinting based on the bruker library

Subculturing eliminated potential contaminants prior
to MALDI-TOF MS analysis, following Bruker Daltonics'
extended direct transfer protocol [40]. Single colonies
were applied to a target plate, overlaid with 1 pL of 70%
formic acid, dried, and covered with 1 pL of a-cyano-4-
hydroxycinnamic acid (Sigma—Aldrich, USA). Calibration
was performed before each run using the Bruker Bacterial
Test Standard and E. coli DH5a. Spectra (2,000-20,000
Da) were acquired using the Microflex LT and analyzed
with FlexControl 3.1 (Bruker Daltonics, Germany). Iden-

tification scores were interpreted according to Bruker
thresholds. To ensure accuracy, standard procedures were
followed, including formic acid extraction, subculturing
isolates to purity, and routine calibration with E. coli
DH5a and the Bacterial Test Standard. No discrepancies
were observed between conventional culture-based identi-
fications and MALDI-TOF MS results.

2.6. Susceptibility test for antimicrobials

Antimicrobial susceptibility was assessed by the
Kirby—Bauer disk diffusion method per CLSI guidelines
[41]. Inhibition zones were measured for 14 antibiotics:
ampicillin (10 pg), amoxicillin—clavulanic acid (20 pg),
gentamicin (10 pg), cefoxitin (30 pg), cephalothin (30
ng), trimethoprim—sulfamethoxazole (25 pg), nalidixic
acid (30 pg), norfloxacin (10 pg), amikacin (30 png), cefe-
pime (30 pg), ciprofloxacin (5 pg), chloramphenicol (30
ng), tetracycline (30 pg), piperacillin (100 pg), and imi-
penem (10 pg). Interpretation followed CLSI breakpoints
[42]. Isolates were grown in Trypticase Soy Broth (TSB;
Sigma—Aldrich, USA), turbidity adjusted to 0.5 McFar-
land using a Sensititre™ Nephelometer (ThermoFisher,
USA). Cultures were plated on Miiller-Hinton agar (Sig-
ma—Aldrich, USA), discs spaced 3 cm apart, and incuba-
ted at 37°C for 24 hours.

2.7. Statistical analysis
All statistical analyses were conducted using SPSS ver-
sion 20.0 based on collected study data.

3. Results
3.1 Bacterial counts

The analysis of viable bacterial counts, expressed as
log CFU/g, revealed the following mean concentrations
across the sampled food types: chicken shawarma sand-
wiches (n = 20) showed the highest bacterial load at 9.44
+ (.86, followed by chicken burger sandwiches at 7.64 +
0.34, shish tawook sandwiches at 6.56 + 0.98, and falafel
sandwiches at 5.43 £ 0.22. Chicken shawarma samples
exhibited a significantly higher bacterial count compared
to both falafel (p = 0.001) and shish tawook (p = 0.002)
samples.

3.2. Prevalence of foodborne pathogens using culture
techniques

Culture-based analysis (Table 1 and Figure 1) of the
80 collected food samples identified E. coli as the most
prevalent bacterium, which was isolated in 32.5% of the
samples. This was followed by S. aureus (27.5%), A. bau-
mannii (18.75%), S. enterica (15%), C. perfringens (10%),

Table 1. Prevalence of various foodborne pathogens in 80 ready to eat food samples.

Chicken shawarma Shish tawook Chicken burger  Falafel positive Total positive
Bacteria positive samples positive samples  positive samples samples samples
No. % No. % No. % No. % No. %

E. coli 10 50.00 5 25.00 7 35.00 4 20.00 26 32.50
S. aureus 9 40.00 4 20.00 6 30.00 3 15.00 22 27.50
A. baumannii 3 15.00 4 20.00 3 15.00 5 25.00 15 18.75
S. enterica 6 30.00 2 10.00 4 20.00 0 0.00 12 15.00
C. perfringens 3 15.00 3 15.00 2 10.00 0 0.00 8 10.00
E. cloacae 2 10.00 1 5.00 1 5.00 1 5.00 5 6.25
H. alvei 1 5.00 3 15.00 0 0.00 0 0.00 4 5.00
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Fig. 1. Percentages of various bacterial species isolated from different
types of RTE food samples. The figure shows the distributions of E.
coli, S. aureus, A. baumannii, S. enterica, C. perfringens, E. cloacae,
and H. alvei across chicken shawarma, shish tawook, chicken burger,
and falafel sandwiches collected from restaurants in the Al-Qassim
region.

Enterobacter cloacae (6.25%), and Hafnia alvei (5%). In
the chicken shawarma samples, E. coli was detected in
50% of the cases, followed by S. aureus (40%), S. ente-
rica (30%), A. baumannii (15%), C. perfringens (15%), E.
cloacae (10%), and H. alvei (5%). Shish tawook samples
were contaminated with E. coli (25%), S. aureus (20%), A.
baumannii (20%), C. perfringens (15%), H. alvei (15%),
S. enterica (10%), and E. cloacae (5%). In the chicken
burger samples, E. coli was found in 35% of the isolates,
followed by S. aureus (30%), S. enterica (20%), A. bau-
mannii (15%), C. perfringens (10%), and E. cloacae (5%),
while H. alvei was not detected. In the peel samples, A.
baumannii was the most frequently isolated bacterium
(25%), followed by E. coli (20%), S. aureus (15%), and E.
cloacae (5%). Notably, S. enterica, C. perfringens, and H.
alvei were absent in the stool samples. Importantly, all the
identified organisms are considered pathogenic, with the
exception of E. cloacae and H. alvei, which are classified
as opportunistic pathogens capable of causing infections
under specific conditions.

3.3. Mass spectral identification of characterized bac-
terial cultures

A total of 92 bacterial isolates were analyzed via the
Microflex LT MALDI-TOF MS system, with spectra com-
pared against the Bruker Daltonics Compass 2.0 database.
The accuracy of identification for each species, as shown
in Table 2 and Figure 2, was as follows: E. coli (26/26,
100%), S. aureus (21/22, 95.45%), A. baumannii (15/15,
100%), S. enterica (12/12, 100%), C. perfringens (7/8,
87.5%), E. cloacae (5/5, 100%), and H. alvei (4/4, 100%).
Among all the isolates, 48 (52.17%) were confidently
identified at the species level, with score values between
2,300 and 3,000. These included 16/26 E. coli (61.54%),
9/22 S. aureus (40.9%), 6/15 A. baumannii (40%), 7/12
S. enterica (58.33%), 4/8 C. perfringens (50%), 3/5 E.
cloacae (60%), and 3/4 H. alvei (75%). An additional
42 isolates (45.65%) were identified at the species level
with score values between 2,000 and 2,299, comprising
10/26 E. coli (38.46%), 12/22 S. aureus (54.55%), 9/15 A.
baumannii (60%), 5/12 S. enterica (41.67%), 3/8 C. per-
fringens (37.5%), 2/5 E. cloacae (40%), and 1/4 H. alvei
(25%). Only two isolates—one each of S. aureus and C.
perfringens—yielded probable genus-level identifications
(score range 1.7-1.99). Importantly, all the isolates were
successfully identified, with no cases of nonidentification
reported.

As illustrated in Figure 3, the mass spectral protein

profiles of the identified bacterial isolates—including E.
coli, S. aureus, A. baumannii, S. enterica, C. perfringens,
E. cloacae, and H. alvei—exhibited distinct peak patterns
distributed within a mass range of 3,000 to 11,000 Daltons
(Da), varying according to species. E. coli isolates showed
peaks between 3,200 and 11,200 Da, with prominent si-
gnals at ~4,800, 5,400, 6,200, 8,400, 9,000, 9,450, and
9,750 Da. S. aureus isolates displayed major peaks at
3,500, 5,000, 5,500, and 6,250 Da. For A. baumannii, in-
tense signals were recorded at 4,200, 5,700, and 8,500 Da.
S. enterica showed characteristic peaks at 3,750, 4,200,
5,200, and 7,800 Da. C. perfringens had strong peaks at
4,250, 5,000, 6,000, 6,300, and 7,150 Da. E. cloacae spec-
tra featured notable peaks at 3,200, 3,500, 5,800, 6,250,
and 7,400 Da. Finally, H. alvei exhibited distinctive peaks
at 4,250, 4,750, 5,750, 6,200, 7,200, 7,800, and 9,500 Da.

A Microflex LT instrument was utilized to generate gel
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Fig. 2. Score values for 92 bacterial isolates obtained from foodborne
samples, identified using the Microflex LT instrument. The majority of
isolates were identified at the species level, with score values ranging
from 2.0 to 3.0. Only two isolates—1 out of 22 S. aureus (4.5%) and
1 out of 8 C. perfringens (12.5%)—had scores between 1.7 and 1.9,
indicating genus-level identification. No isolates yielded score values
below 1.7, confirming that all isolates were successfully identified.
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Fig. 3. Mass spectral protein profiles of various bacterial isolates
obtained from RTE food samples, including E. coli, S. aureus, A. bau-
mannii, S. enterica, C. perfringens, E. cloacae, and H. alvei. These
profiles were compared against reference spectra from the Microflex
LT's IVD Compass software. In the spectra, blue lines represent archi-
ved reference peaks, green lines indicate matching peaks, red lines
denote nonmatching peaks, and yellow lines signify intermediate

matches.
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Table 2. The score values for 92 bacterial isolates obtained from foodborne samples, as detected by the Microflex LT machine.

Foodborne pathogens

Score Detection E. coli S. aureus  A. baumannii 8. enterica  C. perfringens E. cloacae H. alvei Total
range level (N=26) (N=22) (N=15) (N=12) (N=8) (N=5) =4) (N=92)

No. % No. % No. % No. % No. % No. % No. % No. %
2.3-3 Species 16 6154 9 40.90 6 40.00 7  58.33 4 50.00 3 6000 3 7500 48 52.17
2-2.29 Species 10 3846 12 5455 9 60.00 5 41.67 3 37.50 2 4000 1 2500 42 45.65
1.7-1.9 Genus 0 0.00 1 4.55 0 0.00 0 0.00 1 12.50 0 0.00 0 0.00 2 2.17
0-1.6 Not detected 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
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Fig. 4. Gel view representation of protein spectra from multiple food-
borne bacterial isolates obtained from RTE food samples collected
across various restaurants. Yellow bands indicate areas of spectral
protein accumulation at varying intensities. Most prominent peaks are
observed within the 2,000 to 10,000 Da range, highlighting the cha-
racteristic mass distribution of the detected bacterial proteins.

views of 92 well-characterized bacterial isolates obtained
from RTE food samples processed in the laboratory. The
resulting spectral analysis demonstrated that the majority
of peak intensities were distributed within the 2,000--
10,000 Da range across all the spectra (Figure 4). Additio-
nally, PCA, a feature of the Compass software integrated
with the Microflex LT system, was employed to further
analyze the spectral data. PCA serves as a dimensionality
reduction technique that enables visualization of the simi-
larities and differences among protein spectra by minimi-
zing dataset variance through algebraic transformation.
The 3D PCA plot (Figure 5) displays the clustering of
spectral data points, with each dot representing the unique
protein profile of an individual bacterial isolate.

To assess the efficacy of Microflex LT Compass
Software in distinguishing closely related strains at both
the genus and species levels, the spectra of all isolates
corresponding to each genus and species were subjec-
ted to analysis. This evaluation aimed to determine the
software's capability to differentiate between various
strains. Subsequently, the spectra were utilized to construct
a crosswise minimum spanning tree (MSP) dendrogram
based on the aforementioned spectral data. Figure 6 illus-
trates the process by which the Compass Satellite program
generates bacterial spectra for the MSP dendrogram. The
MSP dendrogram presented in Figure 6 encompasses 92
isolates of bacterial species, including E. coli, S. aureus, A.
baumannii, S. enterica, C. perfringens, E. cloacae, and H.
alvei. According to the reference strains cataloged in the
Bruker library, the constructed dendrogram indicated that
26 evaluated E. coli strains were closely associated with 6
reference strains of E. coli within the Compass software
library. Similarly, 22 S. aureus isolates corresponded with
8 reference strains, 15 A. baumannii isolates matched with
4 reference strains, 12 S. enterica isolates aligned with 2
reference strains, 8 C. perfringens isolates correlated with
3 reference strains, 5 E. cloacae isolates matched with 3
reference strains, and 4 H. alvei isolates were associated

Load3

Load2 01 .02

Load1

Fig. 5. PCA dimensional plot illustrating the spectral distribution of
92 bacterial strains isolated from RTE food products. Each spot re-
presents a sample's spectral profile, plotted according to the intensity
values corresponding to the first three principal components (Loading
1, Loading 2, and Loading 3). The clustering patterns reflect simila-
rities and differences among the bacterial spectra, aiding in species

discrimination and classification.
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Fig. 6. Minimum Spanning Tree (MSP) dendrogram constructed
using Microflex LT Compass Software, showing the clustering of 92
bacterial isolates obtained from RTE food products. The dendrogram
illustrates spectral similarity relationships between the test isolates
and reference strains from the Bruker database. Isolates formed dis-
tinct clusters corresponding to species-level identifications, with a
strong correlation observed for 15 reference strains. Notably, closely
related strains such as E. coli, S. aureus, A. baumannii, S. enterica, C.
perfringens, E. cloacae, and H. alvei were clearly differentiated, de-
monstrating the software's efficacy in taxonomic resolution. Distance
levels along the x-axis represent the degree of spectral dissimilarity.

with 3 reference strains.

4. Antibiotic susceptibility of foodborne pathogen iso-
lates identified by protein fingerprinting

The antibiotic susceptibility profiles of 26 Escherichia
coli, 22 Staphylococcus aureus, and 15 Acinetobacter
baumannii isolates recovered from RTE food samples,
including chicken shawarma, shish tawook, chicken bur-
gers, and falafel, are summarized in Table 3 and Figure 7.
Among the E. coli isolates, complete resistance (100%)
was observed to ampicillin, amoxicillin-clavulanic acid,
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Table 3. The antibiotic resistance profiles of E. coli, S. aureus, and A. baumannii isolates obtained from various RTE food samples.

E. coli (n = 26)

S. aureus (n =22) A. baumannii (n = 15)

Conc.

Antibiotic (ug) Susceptible Resistant Susceptible Resistant Susceptible Resistant

He No. % No. % No. % No. % No. % No. %
Ampicillin 10 0 0 26 100 2 9.1 20 90.9 4 267 11 733
Amoxicillin-clavulanic acid 20 0 0 26 100 0 0 22 100 1 6.7 14 933
Gentamicin 10 17 654 9 346 15 682 7 31.8 11 733 4 26.7
Cefoxitin 30 0 0 26 100 7 31.8 15 682 5 333 10  66.7
Cephalothin 30 0 0 26 100 0 0 22 100 0 0 15 100
STJI‘;:::Z‘;EE:‘Z/O N 25 18 692 6 308 20 9.9 2 91 12 8 3 20
Nalidixic acid 30 14 538 12 462 0 0 22 100 7 46.7 8 533
Norfloxacin 10 5 192 21 808 7 31.8 15 682 11 733 4 26.7
Amikacin 30 19 731 26.9 2 909 20 9.1 5 333 10  66.7
Cefepime 30 21 80.8 5 192 17 7713 5 22.7 9 60 6 40
Ciprofloxacin 5 18 692 308 16 727 273 10 66.7 5 333
Chloramphenicol 30 15 577 11 423 9 40.9 13 59.1 6 40 9 60
Tetracycline 30 7 269 19 731 17 713 5 227 11 733 4 26.7
Piperacillin 100 14 538 12 462 11 50 11 50 9 60 6 40
Imipenem 10 26 100 0 0 22 100 0 0 14 933 1 6.7

cefoxitin, and cephalothin. High resistance rates were also
noted for norfloxacin (80.8%) and tetracycline (73.1%).
Additionally, moderate resistance was detected for nali-
dixic acid (46.2%), piperacillin (46.2%), chloramphe-
nicol (42.3%), gentamicin (34.6%), trimethoprim/sulfa-
methoxazole (30.8%), ciprofloxacin (30.8%), and amika-
cin (26.9%).

For S. aureus isolates, resistance was also high, with
100% of strains resistant to amoxicillin-clavulanic acid,
cephalothin, and nalidixic acid. Resistance to ampicillin
was detected in 90.9% of the isolates, while 68.2% of the
isolates were resistant to both cefoxitin and norfloxacin,
and 59.1% were resistant to chloramphenicol. In the case
of A. baumannii isolates, cephalosporin resistance reached
100%, followed by amoxicillin-clavulanic acid (93.3%)
and ampicillin (73.3%). The resistance rates to other
agents included cefoxitin (66.7%), amikacin (66.7%),
chloramphenicol (60.0%), nalidixic acid (53.3%), and
cefepime (40.0%). Across all the tested species, imipe-
nem demonstrated the highest efficacy, with susceptibility
rates of 100% for E. coli and S. aureus and 93.3% for A.
baumannii. These findings highlight imipenem as the most
effective therapeutic option against multidrug-resistant
foodborne pathogens identified through MALDI-TOF MS
protein fingerprinting.

4. Discussion

The global market for RTE foods has grown significant-
ly due to their convenience and perceived nutritional value
[43]. Despite their popularity, concerns persist among lo-
cal vendors regarding hygiene and microbial safety [44].
Controlling microbial contamination during processing,
transit, and serving is crucial [45]. Improper handling and
the introduction of hand microflora during the preparation
of RTE items such as sandwiches can introduce foodborne
pathogens, raising the risk of food intoxication and poi-
soning—a threat substantiated by numerous global out-
breaks [46].

This study evaluated the microbiological safety, anti-
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Fig. 7. Comparative antibiotic resistance profiles of E. coli (blue),
S. aureus (orange), and A. baumannii (gray) isolates recovered from
RTE food samples. The bar graph displays the percentage of resistant
isolates to 15 commonly used antibiotics. Notably, all three species
exhibited high resistance rates to various antibiotics, with imipenem
showing the lowest resistance levels across all tested isolates, indica-

ting its continued efficacy.

biotic resistance patterns, and potential public health
threats associated with RTE meals—including chicken
shawarma, shish tawook, chicken burgers, and falafel
sandwiches—in Al-Qassim, Saudi Arabia. Notably, high
prevalence rates of harmful bacteria were observed, inclu-
ding E. coli, S. aureus, A. baumannii, and S. enterica, all of
which are associated with foodborne illnesses. The most
frequently isolated organism was E. coli (32.5%), fol-
lowed by S. aureus (27.5%), A. baumannii (18.75%), S.
enterica (15%), C. perfringens (10%), E. cloacae (6.25%),
and H. alvei (5%).

The microbial loads exceeded regulatory thresholds,
thereby posing serious public health concerns. This aligns
with previous studies reporting similar bacterial profiles
in food samples, including B. cereus, C. perfringens, S.
aureus, and Salmonella species [5]. Parallel findings have
revealed the presence of S. enterica, E. coli, Klebsiella,
Shigella, Enterobacter, S. aureus, B. cereus, and Pseudo-
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monas species in a variety of food products [47]. In a com-
prehensive review and meta-analysis, Mengistu et al. [48]
reported that RTE foods in low-income countries frequent-
ly exceed acceptable contamination levels, with notable
occurrences of S. aureus (30.24%), E. coli (23.8%), and
Shigella (34.4%) [49]. This implies that one in every four
samples may be contaminated, underscoring a substantial
food safety risk. The consumption of contaminated foods
elevates the likelihood of foodborne illnesses, which may
result in complications beyond acute gastrointestinal dis-
tress [50].

A 2021 study [51] investigating 24 RTE sandwiches
found that 50% of the 54 bacterial isolates were pathoge-
nic, including Listeria, Staphylococcus, Enterococcus,
Yersinia, Aeromonas, and Acinetobacter. The antimicro-
bial resistance exhibited by these pathogens complicates
disease management. Addressing foodborne illnesses
demands a multifaceted approach that includes eradica-
ting pathogens at the source, preventing transmission, and
safeguarding vulnerable populations [52].

Educating food handlers and consumers is an essential
component of a comprehensive food safety strategy. Public
awareness campaigns and targeted training programs can
significantly reduce foodborne illness incidence and curb
the dissemination of antimicrobial-resistant pathogens
[12, 13]. Studies have demonstrated that informed food
handlers are more likely to implement proper hygiene
practices, including handwashing, safe food storage, and
temperature control, thereby minimizing contamination
risks [13, 14]. Similarly, consumer education on the dan-
gers of antibiotic misuse and the importance of safe food
handling is critical to preventing foodborne infections and
limiting the spread of antimicrobial resistance through
the food chain [52]. Integrating these educational initia-
tives with existing food safety policies and antimicrobial
stewardship programs would enhance their effectiveness
and contribute to public health protection.

In Saudi Arabia, there is an urgent need to implement
specific countermeasures to prevent food poisoning out-
breaks [53]. Notably, food handlers may contribute to the
transmission of pathogens such as S. typhi, S. aureus, and
E. coli [8], with improper food handling practices further
exacerbating pathogen spread.

Globally, pathogenic E. coli strains are a major cause of
foodborne illnesses, commonly introduced through conta-
minated food and water [54]. Contamination typically
occurs during slaughter or meat processing, often invol-
ving fecal matter from infected animals or humans [55].
S. aureus, known for producing heat-stable enterotoxins,
also poses serious food safety risks. These toxins act as
superantigens, triggering massive T-cell activation and
requiring higher temperatures for inactivation compared
to the destruction of the bacteria themselves.

Salmonella species are a leading cause of foodborne
illness in the United States, responsible for over one mil-
lion infections annually, with approximately 19,000 hospi-
talizations and 380 deaths [56]. These organisms are com-
monly found in the intestines of cattle and wild animals
and are typically transmitted via contaminated foods such
as eggs, meats, fruits, and vegetables. C. perfringens ranks
as the second most common cause of foodborne illness
in the U.S., with an estimated one million cases annually
[57]. Key contamination points include restaurants (43%),
catering facilities (19%), private homes (16%), and pri-

sons (11%) [57]. Proper storage, cooking, and hygiene
practices are critical in minimizing outbreaks [57]. A. bau-
mannii has also been identified in fruits, vegetables, and
meat, raising concerns about its dissemination through
food and healthcare environments. Medical facility kit-
chens have been identified as potential sources of antimi-
crobial-resistant A. baumannii, warranting disinfection of
RTE items before consumption [58]. Prompt and accurate
detection of foodborne pathogens is, therefore, essential to
reducing disease burden.

Mass spectrometry has emerged as a rapid, precise, and
cost-effective tool for detecting bacteria, particularly those
difficult to identify via traditional phenotypic methods
[59]. Its application in food safety is well-documented,
particularly with MALDI-TOF MS, which allows for
reliable genus- and species-level microbial identification
[60]. This method offers multiple advantages: high sen-
sitivity, rapid turnaround (approximately 2 hours for 96
samples), and low cost (approximately $0.50 per sample)
[19, 61]. In the current study, 92 bacterial isolates were
obtained from 80 RTE samples in Al-Qassim. All isolates
were successfully identified with a MALDI-TOF MS score
of >2.00, achieving 100% identification accuracy.

Comparable results were reported by Jadhav et al., who
used MALDI-TOF MS to identify L. monocytogenes, S.
enterica, and E. coli O157:H7 in red meat samples [62].
Similarly, a 2022 study identified various foodborne bac-
teria—including S. aureus, E. coli, H. alvei, Pseudomonas
spp., S. enterica, and Aeromonas spp.—in beef and mutton
using MALDI-TOF MS with full accuracy [4]. In Turkey,
MALDI-TOF MS was effectively used to identify S. au-
reus in dairy products with over 99% sensitivity and rapid
turnaround [63].

A study in Saudi Arabia (Ha’il slaughterhouse) em-
ployed MALDI-TOF MS and PCA to differentiate E. coli
strains across beef carcasses and their sources, confirming
its utility for both identification and epidemiological trac-
king [64, 65]. In China, MALDI-TOF MS-based PCA was
used to analyze 30 strains of six major pathogens, demons-
trating its robustness and repeatability without the need for
protein extraction [24].

Despite its strengths, MALDI-TOF MS has limitations.
High equipment costs can be prohibitive, although lower
consumable and labor costs make it economically feasible
over time [19, 66]. Additionally, closely related species
may be difficult to distinguish, and misidentifications may
occur if the reference database lacks certain strain entries
[67].

Monitoring antimicrobial resistance among foodborne
pathogens is imperative, as such resistance complicates
treatment and increases public health risks. This study
found E. coli isolates to be highly resistant to multiple
antibiotics: 100% resistance to ampicillin, amoxicillin-
clavulanic acid, cefoxitin, and cephalothin; 80.8% to nor-
floxacin; and 73.1% to tetracycline. Resistance was also
detected for nalidixic acid (46.2%), piperacillin (46.2%),
chloramphenicol (42.3%), gentamicin (34.6%), trimetho-
prim/sulfamethoxazole (30.8%), ciprofloxacin (30.8%),
and amikacin (26.9%). These findings are consistent with
previous studies in Saudi Arabia that documented resis-
tance among E. coli strains from imported frozen shrimp
[68]. and poultry in Mumbai [35], where resistance was
attributed to antimicrobial use in food production [69].

S. aureus isolates also exhibited high resistance rates,

55



Foodborne pathogens in Al-Qassim

Cell. Mol. Biol. 2025, 71(8): 48-59

particularly to amoxicillin-clavulanic acid (100%) and
nalidixic acid (100%), along with significant resistance to
ampicillin (90.9%) and cefoxitin (68.2%). Prior studies in
the Al-Qassim region reported similar resistance patterns
in S. aureus from fast food establishments, and findings
from Cameroon and China have likewise highlighted ri-
sing resistance trends in S. aureus from RTE foods [70-
73].

Currently, there is a limited number of studies exami-
ning the presence of Acinetobacter in food products, par-
ticularly in RTE items. Hamilton-Miller and Shah [74]
identified two Acinetobacter species in salad vegetables
and carrots, highlighting the potential for contamination in
fresh produce. In the present study, A. baumannii isolates
exhibited a high level of antimicrobial resistance, with
100% resistance to cephalothin, 93.3% to amoxicillin-cla-
vulanic acid, and 73.3% to ampicillin. Additionally, resis-
tance was observed in 66.7% of isolates to both cefoxitin
and amikacin, 60% to chloramphenicol, 53.3% to nalidixic
acid, and 40% to cefepime.

A previous investigation in Saudi Arabia identified 55
A. baumannii strains from 220 samples of various ani-
mal-derived food products [75]. These isolates demons-
trated substantial resistance to several antibiotics, inclu-
ding amoxicillin-clavulanic acid (89.10%), gentamicin
(74.55%), tetracycline (72.73%), ampicillin (65.45%), and
tobramycin (52.73%), underscoring the widespread pre-
valence of multidrug-resistant A. baumannii in raw meat
samples. Recent studies have also documented resistance
in Acinetobacter species to nitrofurantoin, cotrimoxazole,
and erythromycin [76].

A. baumannii is currently recognized by the World
Health Organization (WHO) as a high-priority pathogen
on its global list of multidrug-resistant organisms [77].
The potential transmission of Acinetobacter from health-
care environments to environmental sources or agricul-
tural settings underscores the critical need for enhanced
surveillance. This global designation by the WHO fur-
ther highlights the urgency of conducting comprehensive
monitoring studies and implementing robust containment
strategies.

To mitigate the spread of foodborne pathogens, va-
rious control measures have been introduced during the
handling and processing of food products. Antimicrobial
resistance among foodborne pathogens varies regionally
and is influenced by factors such as antibiotic usage, agri-
cultural practices, healthcare infrastructure, environmen-
tal conditions, and sociocultural norms. Addressing this
issue effectively requires region-specific interventions,
which may include strengthened antibiotic stewardship,
enhanced food safety protocols, expanded surveillance
systems, and targeted public education campaigns.

Within the food industry, ensuring food safety and pre-
venting foodborne illnesses remain paramount objectives.
The spread of foodborne diseases is driven by several fac-
tors, including shifts in manufacturing practices, globali-
zation, climate change, and the emergence of antibiotic re-
sistance [52]. Food safety must be maintained throughout
the entire supply chain, as pathogens can be introduced
at any stage [78]. Prevention serves as the cornerstone
of effective food safety management. Maintaining rigo-
rous hygiene practices, ensuring thorough sanitation, and
employing effective pest control measures are essential to
minimize contamination risks during food production.

Implementing Good Manufacturing Practices for
food industry personnel—including proper food storage,
handling, shipping, and processing protocols—is critical.
Moreover, integrating the Hazard Analysis Critical Control
Point system at all stages of food processing is vital for
ensuring the safety and integrity of food products [79].
Consumer education on safe food handling practices also
plays a crucial role in reducing contamination risks. Col-
lectively, these measures help establish high standards for
food safety and are essential for protecting public health.

5. limitations

This study has several limitations that should be ac-
knowledged. First, the research was geographically res-
tricted to the Al-Qassim region, which may limit the gene-
ralizability of the findings to other regions within Saudi
Arabia or beyond. Furthermore, while the sample of 80
ready-to-eat (RTE) food items across four food types pro-
vided valuable baseline data, a larger sample size encom-
passing additional food categories and sampling sites
would enhance the robustness and applicability of future
studies. Second, although the study included a variety of
RTE food items, the limited three-month sampling period
may not have captured potential seasonal fluctuations
in contamination and antimicrobial resistance patterns,
underscoring the importance of longitudinal studies that
cover different seasons.

Third, although bacterial identification was effecti-
vely performed using MALDI-TOF MS, the study did
not include molecular techniques to characterize specific
resistance genes or virulence factors. Future investigations
should incorporate molecular approaches, such as polyme-
rase chain reaction (PCR) and whole genome sequencing,
to provide deeper insights into the genetic basis of anti-
microbial resistance, its transmission dynamics, and the
potential for horizontal gene transfer among foodborne
pathogens. In addition, we did not specifically assess
extended-spectrum beta-lactamase (ESBL) or carbapene-
mase production in Gram-negative isolates, which limits
our ability to fully characterize key resistance mecha-
nisms; future studies should include such analyses.

The investigation was also limited to bacterial conta-
minants, excluding other important foodborne agents such
as viruses, parasites, and microbial toxins. Finally, food
handling practices at the point of sale were not directly
assessed, which could have provided further insight into
potential sources of contamination. The study also did
not evaluate food handlers’ or consumers’ knowledge and
practices regarding food safety and antibiotic use. Future
research should consider incorporating educational assess-
ments and targeted awareness initiatives to support inter-
ventions, promote safe food handling, and help curb the
spread of antimicrobial-resistant pathogens.

This study revealed a concerning prevalence of pa-
thogenic and potentially multidrug-resistant bacteria in
RTE foods collected from the Al-Qassim region of Saudi
Arabia. The most frequently isolated microorganisms were
E. coli, S. aureus, A. baumannii, and Salmonella spp.,
along with Klebsiella spp., Pseudomonas spp., E. cloa-
cae, C. perfringens, and H. alvei. Several isolates, inclu-
ding E. coli, exhibited resistance to multiple antibiotics,
and notable resistance was detected in S. aureus and A.
baumannii. These findings underscore significant public
health risks and highlight the urgent need for stricter hy-

56



Foodborne pathogens in Al-Qassim

Cell. Mol. Biol. 2025, 71(8): 48-59

giene practices, routine microbial monitoring, and targeted
interventions to control the spread of foodborne pathogens
and antimicrobial resistance through RTE foods. The use
of MALDI-TOF MS in this study proved to be a rapid,
accurate, and powerful tool for the identification of bac-
terial isolates, supporting its value in food safety surveil-
lance and outbreak response. Future surveillance should
expand to include larger sample sizes, a broader range of
food categories, more food outlets, and longer monitoring
periods across different seasons to ensure comprehensive
risk assessments and guide effective interventions. Moreo-
ver, integrating molecular tools, such as PCR and whole
genome sequencing, into future studies will provide cri-
tical insights into the genetic determinants of antimicro-
bial resistance and their transmission dynamics across the
food chain. Public health initiatives should also prioritize
educational programs for food handlers and consumers to
promote safe food practices and raise awareness about the
consequences of inappropriate antibiotic use. Finally, our
findings support the urgent need for policy measures that
enforce stricter food hygiene regulations and promote the
rational use of antibiotics in food animal production to mi-
tigate the risk of antimicrobial resistance spread through
the food supply. Local authorities should enforce stricter
food hygiene regulations for RTE outlets, strengthen mi-
crobial monitoring programs (including the use of MAL-
DI-TOF MS), implement food safety and AMR education
campaigns, and promote rational antibiotic use in food
animal production as essential steps to mitigate the spread
of multidrug-resistant pathogens.
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