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Abstract

Introduction: Cheese, a versatile dairy product, is a safe and nutritious food for all ages. However, its rapid growth often lacks 
proper supervision and quality control. Factors influencing cheese quality include raw material composition, packaging, and 
preservatives. Improper personal hygiene and environmental hygiene are crucial for preventing foodborne diseases.
Objective and Justification: Food poisoning is a prevalent disease globally, particularly in Sudan, where cheese is a common 
culprit. Despite extensive research in Khartoum, there is limited research in the Red Sea state. This study surveys Port Sudan’s 
administrative units and population density, providing a valuable scientific reference in this area. This study was designed to 
identify the major sources and types of microbial contamination in white cheese production and distribution in Port Sudan.
Methods: The study investigated Staphylococcus aureus and E. coli in Sudanese white cheese samples from Port Sudan, adhering 
to Sudanese Standard No. 310 for Milk and Dairy Products. Microbiological limits allowed were 5 cfu/g, with E. coli, Salmonella, 
and Listeria monocytogenes excluded.
Results: In a study conducted in three Port Sudan areas, S. aureus and E. coli were detected in cheese samples. In the East Port 
Sudan area, S. aureus was detected in 22 (96%) samples, while E. coli was detected in 1 (4%) sample. No statistically significant 
differences were observed between areas. In the Middle Port Sudan area, S. aureus was detected in 20 (80%) samples and E. coli 
in 5 (20%) samples. In the South Port Sudan area, S. aureus was detected in 22 (92%) samples and E. coli in 2 (8%) samples. 
In the three sample groups, S. aureus was detected in 64 (28%) samples and E. coli in 8 (4%) samples. The study highlights the 
importance of maintaining high environmental hygiene in cheese production and consumption.
Conclusion: Cheese consumption in Sudan is prone to bacterial contamination, with 40% of white cheese samples contaminated 
with Staphylococcus aureus and E. coli during the summer. The central Port Sudan unit showed the highest non-compliance. 
Raising awareness and implementing good hygiene practices at points of sale is crucial for cheese safety.
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Abbreviations

CDC: Centers for Disease Control and Prevention; IMVC: 
Indole, Methyl Red, Voges Proskauer, and Citrate; CFU: 
Colony-Forming Units; GHP: Good Hygiene Practices.

Introduction

Cheese is a significant dairy product that results from 
microbial fermentation, primarily derived from the casein 
component of milk, as reflected in the Latin term “caseus,” 
which translates to cheese [1]. Generally regarded as a safe 
food, cheese benefits from the physicochemical properties 
and antagonistic effects of lactic acid bacteria [2]. It is a 
versatile food suitable for all age groups and can be enjoyed 
in various meal contexts [3]. As a ready-to-eat dairy product, 
cheese serves as a rich source of protein, vitamins, calcium, 
and phosphorus [4]. In recent years, the growth of the 
population has led to an expansion of the cheese industry, 
often without adequate supervision or quality control. 
Sudanese white cheese, in particular, is frequently delivered 
to the market immediately after processing, under suboptimal 
conditions, and subjected to poor handling techniques, 
inappropriate packaging materials, and insufficient storage 
facilities. It is crucial that essential dairy products like 
cheese are safe, acceptable, and meet consumer satisfaction 
[5-7]. Various factors influence the quality of white cheese 
and its nutritional value, including the composition of raw 
materials, the characteristics of the compounds used the 
type of packaging system, and any preservatives added. 
Proper packaging methods are essential for maintaining the 
chemical, physical, and microbial quality of white cheese 
[8]. Additionally, food handlers with inadequate personal 
hygiene can be significant sources of infection from various 
intestinal microorganisms. Notably, the area beneath 
fingernails is particularly challenging to clean and harbors 
microorganisms more than other parts of the hand. The 
transmission of diseases through food handlers remains a 
common and persistent problem worldwide [9].
 
Foodborne diseases, which encompass a wide range of 
illnesses in both developed and developing countries, 
represent a growing public health concern. They arise from 
the consumption of contaminated food products tainted by 
various pathogens, chemical hazards, or harmful toxins [10]. 
According to the Centers for Disease Control and Prevention 
(CDC), staphylococcal food poisoning is a gastrointestinal 
illness caused by ingesting foods contaminated with toxins 
produced by Staphylococcus aureus. The primary route 
of contamination is through contact with food workers 
who carry the bacteria [11]. Additionally, many foodborne 
outbreaks of E. coli have been linked to the consumption 

of foods contaminated with cattle feces [12]. Ensuring 
thorough environmental hygiene is vital for preventing 
the transmission of infectious diseases within healthcare 
settings. Environmental hygiene includes effective cleaning 
of surfaces with appropriate products, decontaminating 
medical equipment and devices used in patient care, safely 
handling sharps, managing blood and body fluid spills, and 
properly disposing of waste and linens.

Objectives

This study was conducted to assess the microbiological safety 
and quality of white cheese produced and sold in Port Sudan 
during the summer season, identifying key contamination 
sources and recommending strategies for improvement.

Methods

This study investigated the presence of Staphylococcus 
aureus and E. coli in Sudanese white cheese samples 
collected from three administrative units in Port Sudan. 
A stratified random sampling method was employed, 
collecting 225 samples categorized into three groups (A, 
B and C) within each unit, totaling 75 samples per group. 
Samples were collected in sterile bottles, transported in ice 
bags, and stored at recorded temperatures before laboratory 
analysis. Data collection spanned from April 2021 to January 
2023 across five regions within the administrative units. 
Bacterial isolation and enumeration were conducted using 
the MPN technique. Staphylococcus aureus was isolated and 
cultured on Mannitol salt agar, followed by sub culturing 
on nutrient agar, while E. coli was isolated and cultured on 
nutrient agar, with presumptive E. coli confirmation through 
the Indole, Methyl Red, Voges Proskauer, and Citrate (IMViC) 
test, revealing positive or negative Indole, Methyl Red, Voges 
Proskauer, and Citrate (IMVC) patterns indicative of E. coli 
presence or absence. The study aimed to determine the 
prevalence of these bacteria in the collected cheese samples. 
This investigation adhered to the Sudanese Standard No. 310 
for Milk and Dairy Products, specifically for hard and semi-
hard cheese varieties. The study analyzed the microbiological 
limits for several bacterial species commonly found in these 
cheese types, including Sudanese white cheese, mudaffara 
cheese, and Romano cheese. These limits, expressed as 
the maximum permissible colony-forming units (CFU) per 
gram (cfu/g), indicate that total coliforms are permitted 
at a maximum of 5 cfu/g. However, the presence of E. coli, 
Salmonella, coagulase-positive Staphylococci, and Listeria 
monocytogenes is not allowed in these cheese types. The data 
was analyzed using a variety of statistical methods, including 
descriptive statistics, bivariate analysis, and multivariate 
regression analysis.
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Results

East Port Sudan Area: 
Total samples (75), 23 (31%) samples revealed bacteria 
isolate. S. aureus was detected in 22 (96%) samples and 

was found with an average count of 7.8×102, and E. coli was 
detected in 1 (4%) sample and was found with an average 
count of 0.01×102; no statistically significant differences 
were observed between areas (P.Value ≥ 05) (Figure 1).

Figure 1: Frequency and percentage of bacteria’s presence in different regions in Portsudan city.

Middle Port Sudan Area
Total samples (75), 25 (33%) samples revealed bacteria 
isolate. S. aureus was detected in 20 (80%) samples and was 
found with an average count of 10.6×102, and E. coli was 
detected in 5 (20%) samples and was found with an average 
count of 0.4×102. No statistically significant differences were 
observed between areas (P.Value ≥05).

 
South Port Sudan Area:
Total samples (75), 24 (32%) samples revealed bacteria 
isolate. S. aureus was detected in 22 (92%) samples and 
was found with an average count of 9.4×102, and E. coli was 
detected in 2 (8%) samples and was found with an average 
count of 0.04×102. No statistically significant differences 
were observed between areas (P.Value ≥ 05) (Table 1). 

Samples
Total P value  Sample A 

S. aureus
Sample A 

E. coli
Sample B 
S. aureus

Sample B 
E. coli

Sample C S. 
aureus

Sample C 
E. coli

Al gadesya 
and Om 
alghora

+ve 1 (20%) 0% 2 (40%) 0% 3 (60%) 1(20%) 7/15

0.1
Hay Alsharef +ve 0% 0% 1 (20%) 0% 4 (80%) 0% 5/15
Abo hashesh 
and Salabona +ve 0% 0% 2 (40%) 0% 2 (40%) 0% 4/15

Dem alnour +ve 0% 0% 1 (20%) 0% 2 (40%) 0% 3/15
Al thaoura 
and Hadal +ve 0% 0% 2 (40%) 0% 2 (40%) 0% 4/15

Table 1: East Port Sudan area sample cross tabulation.
Total average count: S. aureus = 7.8×102 E. coli = 0.01×102 

A= cans before using, B= big market, C=small market
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Samples

Total P value Sample A 
S. aureus

Sample A 
E. coli

Sample B 
S. aureus

Sample B 
E. coli

Sample C 
S. aureus

Sample C 
E. coli

West Salalab +ve 0% 0% 3 (60%) 0% 3 (60%) 1 (20%) 7/15

0.08

East Salalab +ve 0% 0% 1 (20%) 0% 3 (60%) 0% 4/15
Alwehda and 
Aleskandrya +ve 1 (20%) 0% 2 (40%) 0% 3 (60%) 2 (40%) 8/15

Alsekahaded, 
wastalmadena, 

dabaywa, 
demalarab

+ve 0% 0% 1 (20%) 1 (20%) 0% 1 (20%) 3/15

Altagadom, Alaman 
and Alferdous +ve 0% 0% 1 (20%) 0% 2 (40%) 0% 3/15

Table 2: Middle Port Sudan area samples cross tabulation.
Total average count: S. aureus = 10.6×102 E. coli = 0.4×102 

A= cans before using, B= big market, C=small market

 
Samples

Total P value Sample A 
S. aureus

Sample A 
E. coli

Sample B 
S. aureus

Sample B 
E. coli

Sample C 
S. aureus

Sample C 
E. coli

Dem swakin, Dem 
gaber, Alganayn, 

Alshaty
+ve 0% 1 (20%) 2 (40%) 0% 3 (60%) 0% 6/15

0.09

Dar Alnaeem and 
Dar Alsalam +ve 0% 0% 2 (40%) 0% 2 (40%) 0% 4/15

Almarghanya and 
Korea +ve 1 (20%) 0% 1 (20%) 0% 3 (60%) 0% 5/15

Hay Almatar and 
Transit +ve 0% 0% 1 (20%) 0% 2 (40%) 0% 3/15

Alsadaga and 
Alengaz +ve 0% 0% 2 (40%) 0% 3 (60%) 1 (20%) 6/15

Table 3: South Port Sudan area Port Sudan area Samples cross tabulation. 
 Total average count: S. aureus = 9.4×102 E. coli = 0.04×102 

 A= cans before using, B= big market, C=small market 

Results of three Samples Groups (A, B, and C)

Out of (225) samples S. aureus detected in 64 (28%) samples 
and were found with average count (11.8×102), no statistical 
significant differences were detected between the three 
groups (P.Value = 0.484), and E. coli was detected in 8 (4%) 
sample and was found with average count (0.2×102), no 
statistical significant differences were detected between the 
three groups (P.Value = 0.343) in summer season (Tables 2 
& 3).

Group (A) Samples
Was Cheese in cans or tins before they were opened or 
used. (75) Samples were collected from different areas in 
three main administrative units in Port Sudan city, S. aureus 
detected in 4 (4%) samples and were found with average 
count (0.5×102), and E. coli was detected in 1 (1%) sample 
and was found with average count (0.05×102), no statistical 
significant differences were observed between areas (P.Value 
≥05).
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Group (B) Samples
Was Cheese samples collected from Big and clean main selling 
points with high environmental hygiene. (75) Samples were 
collected from different areas in three main administrative 
units in Port Sudan city, S. aureus detected in 23 (32%) 
samples and were found with average count (6.8×102), 
and E. coli was detected in 1 (1%) sample and was found 
with average count (0.05×102), no statistical significant 
differences were observed between areas (P.Value ≥ 05).
 

Group (C) Samples
Were Cheese samples collected from Small and retail selling 
points and restaurant with low environmental hygiene 
(Figure 2). (75) Samples were collected from different areas 
in three main administrative units in Port Sudan city, S. aureus 
detected in 37 (49%) samples and were found with average 
count (28×102), and E. coli was detected in 6 (8%) samples 
and was found with average count (0.4×102), no statistical 
significant differences were observed between areas (P.Value 
≥05) (Tables 4 & 5). 

Groups TOTAL SMPLE
+ve Bacteria

Count 10-2 

Average

S. aureus E. coli S. aureus E. coli

A 75 4 (4%) 1 (1%) 0.5 0.05

B 75 23 (32%) 1 (1%) 6.8 0.05

C 75 37 (49%) 6 (8%) 28 0.4

TOTAL 225 64 (28%) 8 (4%) 11.8 0.2

Table 4: The results of samples that were collected from different samples groups (A, B, and C) in summer season.
A= cans before using B= big market C=small market +ve = existence %= percentage of existence

 Samples

Sample A  Sample B Sample C P value

Total S. aureus +ve

1 1 10 10

0.484

2 2 2 2

3 0 1 11

4 0 0 13

5 1 10 1

Total E. coli +ve

1 0 0 5

0.343

2 0 0 1

3 0 0 0

4 0 0 2

5 0 0 0

Total No. of sample  75 75 75 225

Table 5: Total +Ve Bacterial * Samples cross tabulation (summer season).
A= cans before using, B= big market, C=small market
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Figure 2: Detection of S. aureus and E. coli in different samples groups (A, B, and C) in summer season.

Discussion

The East Port Sudan area has a high contamination rate of 
23.3% in Al gadesya and Om alghora neighborhoods, while 
Dem alnour and Abo hashesh, Salabona, Al thaoura, and 
Hadal neighborhoods have lower contamination rates at 
13.3%, emphasizing the need for clean environments. This 
was in agreement with study done by Abdalla [13] in North 
Kurdufan, and with the study by Yousif [14] in Bahri locality, 
and with the study by Haddad, et al. [15] in Jordan, and this 
result was lower than the results that found in Sudan by Salih, 
et al. [16] and higher than the results that found in Egypt by 
Heikal, et al. [17].

The Central District of Port Sudan has the highest 
contamination percentage of bacteria isolates, with Alwehda 
and Aleskandrya neighborhoods showing the highest 
contamination, while other neighborhoods have shown 
commendable environmental preservation efforts [18].

In south Port Sudan, 32% of samples revealed bacteria, with 
areas like Dem swakin, Dem gaber, Alganayn, Alshaty, and 
Alsadaga recording pollution levels at 20%. Hay Almatar 
and Transite districts showed a commitment to cleanliness, 
with pollution rates at 10%. Out of 75 samples, 93% were 
compliant with Sudanese Standards No 310, while 7% did not. 
S. aureus was detected in 44% of samples and E. coli in 1%. E. 
coli was detected in various cheese samples, including those 
in Khartoum, Egypt, and Turkey, with higher results than 
previous studies, indicating potential contamination [19,20].

The study found that S. aureus and E .coli were detected 
in different sample groups in Port Sudan, with S. aureus 

detected in 4 samples and E .coli in 1 sample. The study 
revealed that samples from factories before packaging 
were the least contaminated, while samples from grocery 
stores had the highest contamination. The study highlights 
the complex interplay between industrial activities, retail 
settings, and public places in spreading harmful pathogens. 
The analysis of these samples deepened understanding of 
contamination patterns and prompted further research into 
the effectiveness of sanitation protocols and public health 
awareness campaigns [21].

The Middle Port Sudan area showed a higher prevalence of 
S. aureus compared to other pathogens, particularly in small 
shops and restaurants. Contamination levels from factories 
and large grocery stores were lower, but S. aureus surpassed 
E. coli in presence. In the southern region, S. aureus was 
most pronounced in small shops and restaurants, with the 
highest proportion of samples testing positive for bacteria 
surpassing E. coli [16].

The study compared S. aureus and E. coli bacterial strains, 
finding S. aureus more widespread across five regions and 
E. coli confined to two. This suggests a positive correlation 
between the bacteria’s spatial distribution and the microbial 
ecology in the environment. The varying distribution 
patterns highlight their diverse ecological niches and their 
impact on ecosystem health and stability [22].

Conclusion

Cheese consumption is widespread in Sudan, but improper 
handling and marketing practices can lead to bacterial 
contamination and spoilage. Approximately 40% of white 
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cheese samples were found to be contaminated with 
Staphylococcus aureus and E. coli during summer seasons. 
The study revealed significant variations among the three 
administrative units in Port Sudan, with the central Port 
Sudan unit showing the highest non-compliance. The 
average bacterial count for S. aureus was 12.4×10², while 
E. coli averaged 0.3×10². To enhance cheese safety, efforts 
should focus on raising awareness about hygiene practices 
and ensuring proper sanitation of handling equipment. 
Implementing Good Hygiene Practices (GHP) at points of 
sale is essential to ensure the production and distribution of 
safe cheese.
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