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Food Microbial contamination is one of the most serious problems. A large percentage of food-borne ill-
nesses are caused by food-borne pathogens, and diarrheal agents comprise more than half of the overall
prevalence of food-borne illnesses in the globe, and more commonly in developing countries. This study
aimed to identify the most-common foodborne organisms from foods in Khartoum state by PCR.
A total of 207 food samples (raw milk, fresh cheese, yogurt, fish, sausage, mortadella, and eggs) were

collected. DNA was extracted from food samples by guanidine chloride protocol, and then species-
specific primers were used to identify Escherichia coli O157: H7, Listeria monocytogenes, Salmonella spp.,
Vibrio cholerae, V. parahaemolyticus, and Staphylococcus aureus. Out of 207 samples, five (2.41%) were pos-
itive for L. monocytogenes, one (0.48%) was positive for S. aureus, and one (0.48%) was positive for both
Vibrio cholerae and Vibrio parahaemolyticus. From 91 fresh cheese samples, 2 (2.19%) were positive for
L. monocytogenes, and one (1.1%) sample was positive for two different foodborne pathogens (V. cholerae
and V. parahaemolyticus). Out of 43 Cow’s milk samples, three (7%) samples were positive for L. monocy-
togenes, and out of 4 sausage samples, one (25 %) was positive for S. aureus. Our study revealed the pres-
ence of L. monocytogenes and V. cholera in raw milk and fresh cheese samples. Their presence is
considered a potential problem and needs intensive hygiene efforts and standard safety measures before,
during, and after food processing operations.
� 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Millions of people worldwide suffer from diseases transmitted
through contaminated food and water (KAFERstEIN et al., 2019).
Transmission of foodborne pathogens causes annually about 600
million cases, and 420 000 deaths, 30% of deaths occur in children
less than five years old (Jaffee et al., 2018). In the past two to three
decades, there is an increase in the percentage of foodborne dis-
eases, with reports of serious outbreaks transmitted through con-
taminated foods and water such as cholera, listeriosis, and
salmonellosis (Heredia and García, 2018). It is estimated that annu-
ally there are about four million cases of cholera in the world,
which causes 21,000 to 143,000 deaths annually (Salcedo, 2018).
Unlike most bacteria, L. monocytogenes can survive and multiply
in low temperatures and can withstand acidity and salinity, which
enables them to contaminate many types of foods (Swaminathan
and Gerner-Smidt, 2007, de Noordhout et al., 2014). E. coli O157:
H7 is considered one of the most dangerous serotypes of E. coli,
in America alone, it causes 73,000 illnesses, more than two thou-
sand hospital stays, and 60 deaths annually, which costs the Amer-
ican economy 405 million dollars a year (Lim et al., 2010).
Salmonella species are considered one of the most important
microbes that cause foodborne infections in the world and cause
a group of diseases. The most important types are typhoid, paraty-
phoid, bacteremia, and gastroenteritis (Ibrahim et al., 2013). Annu-
ally 500,000 Salmonella-related death reported worldwide (Deng
et al., 2003). In Sudan, there is a continuous occurrence of
foodborne-related outbreaks such as cholera (Shanan et al.,
2011), the last cholera outbreakone was reported recently in
December 2019 (Moskvitina et al., 2020).
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Sudan is one of the African countries suffering from a substan-
tial internal conflict that has weakened the country’s health system
and affected the country’s overall stability (Sulieman et al., 2020).
Recently Khartoum and different parts of Sudan suffered from a
flash flood (Elsafi, 2021), and during and after the floods different
outbreaks were recorded (Ibrahim and Saeed, 2020, Abdelnabi
et al., 2022). contaminated water among the main sources of food
contamination (Abdelnabi et al., 2022). Bad hygiene and contami-
nation of slaughterhouses were reported in Khartoum, in which a
high percentage of E. coli, S. aureus, and Salmonella spp. were
reported (Salih, 2020). A high prevalence of Salmonella species
among food handlers was reported by Ahmed et al. (Ahmed
et al., 2019), they reported out of 387 healthy food handlers 17
(4.4%) were positive for Salmonella species. Different outbreaks of
cholera in Sudan were characterized as ‘‘watery diarrhea” recently
the Sudanese minister of health declared a cholera outbreak in
2019 (Kunna, 2020). Diarrhea is considered one of the leading
causes of hospital admission and death in Sudan, especially for
those under 5 years old children (Elmanssury et al., 2022), contam-
inated food and water are the major cause of diarrhea.

There is a lack regarding the prevalence and source of the com-
mon born food pathogens in foods, so this study aimed to detect
the presence of the most common foodborne pathogens from foods
(raw milk, fresh cheese, yogurt, fish, sausage, mortadella, and eggs)
collected in Khartoum state by using multiplex PCR.
2. Materials and methods

2.1. Samples collection and processing

This cross-sectional study was carried out in the Khartoum state
(Khartoum- Bahri- Omdurman) during the period fromMay to June
2018. The permission to do this study was obtained from the Khar-
toum state ministry of health. Different food samples were col-
lected as follows: Fresh cheese samples (n = 91) were collected
from containers used regularly for selling and storage of fresh
cheese at room temperature in shops. Milk samples (n = 54) were
milked directly by herders into sterile containers from cows and
goats (the cows’ samples were from the same farm). Eggs
(n = 29), fish (n = 20), locally prepared yogurt (n = 7), sausage
(n = 4), and mortadella (n = 2) samples were collected from differ-
ent markets and shops in Khartoum state (Khartoum, Bahri, and
Omdurman). All samples were collected using sterile gloves in
clean, sterile, and labeled containers, then immediately transferred
to the laboratory for further processing. Samples not processed
immediately were kept in �20 �C.

Ethical approval for sample collection was obtained from the
University Medical Science & Technology ethical committee and
the Khartoum state ministry of health.
Table 1
Primer sequences and expected size of PCR-amplified gene targets of six species of foodbo

Pathogen Primer name

V. cholerae ctxAB _F
ctxAB _R

E. coli stx_F
stx_R

Salmonella spp. invA_F
invA_R

V. parahaemolyticus tlh_F
tlh_R

S. aureus nuc_F
nuc_R

L. monocytogenes hly_F
hly_R

2

2.2. DNA extraction

We used the guanidine chloride procedure for DNA extraction
as described previously (Sabeel et al., 2017). Five grams of fresh
cheese, fish, sausage, and mortadella samples, were used for DNA
extraction. Sterile Pasteur pipettes are used to transfer five ml of
milk, egg, and yogurt samples into sterile disposable falcon tubes
(15 ml). Furthermore, 20 ll of proteinase K, 350 ll of ammonium
acetate, 2 ml of cell lysis buffer, and 1 ml of guanidine chloride
were mixed. The mixture was mixed and incubated overnight (at
37℃). A vortex was used to thoroughly combine the tube content
after 2 ml of pre-chilled chloroform had been added. The mixture
was then centrifuged for 10 min (at 6000 RPM). The DNA was pre-
cipitated by the addition of 8 ml of cold ethanol to each falcon tube
while gently mixing after the supernatant was transferred into a
new 15 ml falcon tube. After being centrifuged for 10 min at
6000 RPM, the pellets were rinsed with 4 ml of 70% ethanol and
centrifuged for 10 min, then incubated at �20 �C overnight. The
tubes were centrifuged and were blotted on filter paper, and
allowed to air dry. Once the drying process was complete, 100 ll
of DW was added, and the DNA elution process was completed
and then stored at 4 �C for a short period until used for PCR.

2.3. Multiplex PCR

A set of primers were used to detect the Escherichia coli O157:
H7 verocytotoxin stx gene, the Listeria. monocytogenes hemolysin
hly gene, the Salmonella spp. invasion invA gene, the Vibrio cholerae
toxin ctx gene, the Vibrio parahaemolyticus thermolabile hemolysin
tlh gene, the S. aureus thermostable nuclease (nuc) gene (Lei et al.,
2008) (Table 1).

The Maxime PCR Pre-Mix kit was used to perform multiplex
PCR in a 25 ll volume (iNtRON Biotechnology, Seongnam, Korea).
The premix was dissolved in 16 ll of Distilled Water and trans-
ferred into a 0.2 ml PCR tube. For each tube, 0.6 ll of each primer
and 2 ll of DNA were added.

2.4. The protocol used for the amplification of the genes

A DNA thermal cycler was used to carry out each PCR reaction
(K960 Healforce, China). The template DNA was initially denatured
at 95 �C for 3 min, and the Taq polymerase was then activated.
Then, 35 times each of the following PCR temperature cycling set-
tings were used: primer annealing for 90 s at 55�Celsius, DNA
extension for 90 s at 72�Celsius, and denaturation for 60 s at 95�-
Celsius. After target amplification, the reaction warmed and was
held at 4 �C while the incompletely synthesized DNA underwent
one final extension at 72 �C for 10 min. Instead of template DNA,
a negative reaction control mixture including only sterile distilled
water was utilized (Lei et al., 2008).
rne pathogens (Lei et al., 2008).

DNA sequence (5ʼ to 3ʼ) Amplicons size (bp)

TGAAATAAAGCAGTCAGGTG
GGTATTCTGCACACAAATCAG

777

TGGGTTTTTCTTCGGTATCC
CCAGTTCAGAGTGAGGTCCA

632

TACTAACAGTGCTCGTTTAC
ATAAACTTCATCGCACCGTCA

570

CGGATTATGCAGAAGCACTG
ACTTTCTAGCATTTTCTCTGC

444

GCGATTGATGGTGATACGGTT
AGCCAAGCCTTGACGAACTAAAGC

270

GCATCTGCATTCAATAAAGA
TGTCACTGCATCTCCGTGGT

174
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2.5. Detection of PCR-amplified products

Using the electrophoresis apparatus, the amplified PCR products
were separated at 100 V for 30 min in a 1.5% (wt/vol) agarose gel
containing ethidium bromide. In order to identify the individual
amplified products, bands were compared with 100 bp of standard
ladders (INTRON biotechnology, Korea) using a UV transillumina-
tor (UVitec-UK).
3. Results

As shown in Table 2, the frequencies of collected (207) samples
were as follows; 43 (20.8%) cow’s milk, 11 (5.3%) goat’s milk, 91
(44%) fresh cheese, 29 (14%) of egg, 7 (3.4%) yogurt, 20 (9.7%) fish,
4 (1.9%) sausage and 2 (1%) mortadella. Samples were collected
from localities in Khartoum state as shown in Fig. 1.

Among all samples, eight foodborne pathogens were detected in
seven samples (3.4%): five samples (2.4%) were positive for L.
monocytogenes, one (0.48%) was positive for both V. cholerae, and
V. parahaemolyticus and one (0.48%) was positive for S. aureus.
From 91 fresh cheese samples, two (2.2%) were positive for L.
monocytogenes, and one (1.1%) was positive for both V. cholerae
and V. parahaemolyticus (Fig. 2). Out of 43 Cow’s milk samples,
three (7.0%) samples were positive for Listeria monocytogenes
(Fig. 3), and out of 4 sausage samples, one (25.0%) was positive
for S. aureus (Fig. 2), more details are in Table 3 and Table 4.

The detected organisms were from the Omdurman locality
(n = 4): Three were L. monocytogenes from fresh milk, V. cholerae,
and V. parahaemolyticus detected in one fresh cheese sample. In
the Khartoum locality, three samples were positive: one S. aureus
was detected in one sausage sample, and L. monocytogenes were
detected in two fresh cheese samples.

According to storage type, out of 22 samples that were stored in
the refrigerator (cooled) 1 (4.5%) sample was positive for Listeria
monocytogenes, out of 9 samples that were stored in a freezer 1
sample (11.1%) was positive with S. aureus, out of 38 fresh samples
3 (7.9%) samples were positive with Listeria monocytogenes, out of
138 samples which were stored at room temperature 1(0.7%) sam-
ple was positive for S. aureus and 1 (0.7%) sample was positive with
two organisms which were Vibrio cholera and Vibrio parahaemolyti-
cus as described in details in supplementary material Table S1.

No foodborne pathogens were found in Bahri and Khartoum
localities, while in the Omdurman locality three foodborne patho-
gens were found in different types of samples, Listeria monocyto-
genes were found in 3 fresh milk samples, V. cholerae and V.
parahaemolyticuswere found in 1 cheese sample. While in the Jabal
Awleya locality two foodborne pathogens were found in different
types of samples, S. aureus found in 1 sausage sample and Listeria
monocytogenes found in 2 cheese samples.
Table 2
Distribution and frequencies of collected samples according to Khartoum state localities.

Samples Locality

Bahri Kharto

Fresh cheese 16 (59.3%) 27 (41
Egg 6 (22.2%) 8 (12%
Fish 3 (11%) 12 (19
Cow’s Milk 1(3.7%) 9 (14%
Goat’s Milk 0 0
Mortadella 0 2(3%)
Sausage 1(3.7%) 2 (3%)
Yogurt 0 5 (8%)
Total 27 (100%) 65(100

3

4. Discussion

Foodborne infections are a serious problem affecting public
health worldwide (Odeyemi, 2016). A large percentage of food-
borne illnesses are caused by food-borne pathogens, and diarrheal
agents comprise more than half of the overall prevalence of food-
borne illnesses in the globe, the developing countries are more
affected (Donkor, 2020). In this study 207 food samples were
investigated for the presence of the commonly reported foodborne
pathogens; 5 samples (2.4%) were positive for L. monocytogenes,
one sample (0.48%) was positive for V. cholerae and V. para-
haemolyticus, and one sample (0.48%) was positive for S. aureus.

L. monocytogenes is a bacterium that can infect humans and ani-
mals and can cause an outbreak of listeriosis (Hunt et al., 2012). L.
monocytogenes was positive in three milk samples, and two fresh
cheese samples, the presence of this organism in milk samples
could be a result of these cows being infected with listeriosis or
from contaminated udders. This hypothesis is supported by that
all positive samples were collected from the same herd. Several
reports from different regions of the world have confirmed the
presence of L. monocytogenes in milk (Hunt et al., 2012, Olaimat
et al., 2018, Moosavy et al., 2014). In Sudan, L. monocytogenes
was detected previously in broiler chicken also (Alsheikh et al.,
2012). The presence of L. monocytogenes in fresh cheese may be a
result of the fact that fresh cheese is traditionally prepared from
fresh milk that could be contaminated with these bacteria, or the
contamination happened during the preparation of fresh cheese
(Moosavy et al., 2014). The presence of L. monocytogenes in fresh
cheese is more dangerous than in milk because fresh cheese is used
directly, while milk goes through a heating process before use.

One fresh cheese sample was positive for both V. cholerae and V.
parahaemolyticus. High temperatures will accelerate the growth of
Vibrio cholera species (Asadgol et al., 2019), and raw foods will
serve as good conditions for the growth and dissemination of these
species. Although fermented foods could hinder cholera progres-
sion here we reported the presence of V. cholera DNA, which may
be a part of a dead organism originating from a contaminated fresh
milk sample (Mao et al., 2018). Before a short time of sample col-
lection (in 2019), an outbreak of V. cholera hit Sudan mainly in
Khartoum (hit African, 2019), this could be a reason for the pres-
ence of this species in our sample.

Primers targeting the species-specific S. aureus nuc gene which
encodes for the extracellular thermostable nuclease protein
(TNase) proved to be a useful tool for the molecular identification
of S. aureus isolates (Javid et al., 2018). The presence of Staphylo-
coccal species in food is an indicator of food contamination, meat
suitable for human use must be Staphylococcus-free (Khalid
et al., 2019). Sausages are uncooked meat products and the chance
to get contaminated during preparation and processing is high
(Hassabo et al., 2012) (Khalid et al., 2019). In this study, S. aureus
um Omdurman Total

%) 48 (41.7)% 91(44%)
) 15 (13%) 29 (14%)
%) 5 (4.3%) 20 (9.7%)
) 33 (28.7%) 43(20.8%)

11(9.6%) 11(5.3%)
0 2 (1%)
1 (0.9%) 4 (1.9%)
2 (1.7%) 7 (3.4%)

%) 115(100%) 207(100%)



Fig. 1. Frequency of collected samples according to localities in Khartoum state.

Fig. 2. Multiplex PCR amplification on 1.5% agarose gel electrophoresis. Lane M is a DNA ladder: MW 100–1500 bp. Lane 7 shows a typical band size of (777 bp &444 bp)
corresponding to the molecular size of ctx and tlh genes of V. cholerae, and V. parahaemolyticus. Lanes 1, 2, 3, 4, and 5 are negative samples.

Fig. 3. Multiplex PCR amplification on 1.5% agarose gel electrophoresis. Lane 1 is a DNA ladder: MW 100–1500 bp. Lane 2 shows a typical band size of (270 bp) corresponding
to the molecular size of nuc gene of S. aureus. Lanes 3, 4, and 5 are negative samples. Lane 6 shows a typical band size of (174 bp) corresponding to the molecular size of hly
gene of L. monocytogenes.
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Table 3
Frequencies of detected foodborne pathogens on different foods samples.

sample Foodborne pathogens

L. monocytogenes S. aureus V. cholerae V. parahaemolyticus Total

Fresh cheese (n = 91) 2 (2.2%) 0 1(1.1%) 1(1.1%) 4(4.4%)
Egg (n = 29) 0 0 0 0 0
Fish (n = 20) 0 0 0 0 0
Cow’s Milk (n = 43) 3 (7 %) 0 0 0 3 (7%)
Goat’s Milk (n = 11) 0 0 0 0 0
Mortedella (n = 2) 0 0 0 0 0
Sausage (n = 4) 0 1 (25%) 0 0 1 (25%)
Yogurt (n = 7) 0 0 0 0 0
Total (n = 207) 5 (2.4%) 1 (0.48%) 1 (0.48%) 1 (0.48%) 8 (3.9%)

Table 4
Frequencies of positive samples according to storage type.

Storage Results Total

-ve Lm S. aureus V. cholerae V. haemolyticus

Cooled 21 1 0 0 0 22
95.5% 4.5% 0.0% 0.0% 0.0% 100.0%

Freeze 8 0 1 0 0 9
88.9% 0.0% 11.1% 0.0% 0.0% 100.0%

Fresh 35 3 0 0 0 38
92.1% 7.9% 0.0% 0.0% 0.0% 100.0%

RT 136 1 0 1 1 138
97.9% 0.7% 0.0% 0.7% 0.7% 100.0%

Total 200 5 1 1 1 207
96.1% 2.4% 0.5% 0.5% 0.5% 100.0%

Abbreviations: RT, room temperature; Lm, Listeria monocytogenes; -ve, negative.

H.N. Altayb, R.M. Badri, K. Chaieb et al. Saudi Journal of Biological Sciences 30 (2023) 103653
was detected in ¼ (25%) of the manufactured sausage samples, the
obtained result is lower than the result obtained by Nagwa et al.
(Nagwa, 2015), in which they found 50% of sausage samples col-
lected from Khartoum State were positive for S. aureus. While
our finding is higher than Khalid et al. (Khalid et al., 2019) who
zero reported S. aureus in investigated sausage samples from Khar-
toum State.

5. Limitations

Culturing of microorganisms was don’t performed due lack of
resources at the time of the study, we depend only on PCR to
screen a large number of different samples which required differ-
ent types of culture media. The presence S. aureus is only screened
by targeting the housekeeping gene (nuc), additional primers tar-
geting the enterotoxin will differentiate the commensals from
toxin strains.

6. Conclusion

This study revealed the presence of dangerous foodborne
pathogens such as L. monocytogenes (2.4%) and V. cholera (1.1%)
in raw milk and fresh cheese samples in Khartoum state. Their
presence is considered a potential problem and needs intensive
hygiene efforts and standard safety measures before, during, and
after processing operations. Among 43 samples of cow’s fresh milk,
3 of them (7%) tested positive for Listeria monocytogenes in samples
from the Omdurman locality from the same herd suggesting the
endemic presence of these bacteria in the herd.
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