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ABSTRACT

Foodborne pathogen contamination of ready-to-ecat foods remains an important public health concern,
particularly where inadequate food handling practices and poor sanitary conditions exist. This study
assessed food handling practices and foodborne pathogen contamination of ready-to-eat foods in selected
food establishments in Ilorin West Local Government Area, Kwara State, Nigeria. A descriptive cross-
sectional analytical design was adopted. A total of 422 respondents were selected using a multistage
sampling technique. Data were collected using a structured interviewer-administered questionnaire, an
observational checklist, and microbiological analysis of 50 ready-to-eat food samples collected from 24
food establishments. Data were analysed using descriptive statistics and Chi-square test at a 5% level of
significance. Findings showed that 47.6% of respondents had fair food safety knowledge, while 42.7%
demonstrated good food handling practices. However, observational assessment revealed deficiencies in
handwashing facilities, protective clothing, waste management, and pest control. Microbiological analysis
showed that 33 (66.0%) of the 50 food samples were contaminated with at least one selected foodborne
pathogen. Escherichia coli was most prevalent (38.0%), followed by Staphylococcus aureus (32.0%),
Bacillus cereus (24.0%), and Salmonella spp. (18.0%). Food handling practices were significantly
associated with overall foodborne pathogen contamination (y> = 7.84, p = 0.020). The study highlights the
need for regular food safety training, strengthened environmental health inspections, improved hygiene
facilities, and routine microbiological surveillance to reduce contamination risks.

Keywords: Food handling practices; Ready-to-eat foods; Foodborne pathogens; Microbial
contamination; Food safety.

1. INTRODUCTION

Food safety is an important public health concern because contaminated food can cause a wide range of
illnesses, particularly those caused by pathogenic microorganisms. Food contamination may occur at
different stages of the food chain, including preparation, handling, storage, distribution, and serving. The
World Health Organization (WHO) estimated that contaminated food causes approximately 600 million
illnesses and 420,000 deaths globally each year, with children under five years bearing a disproportionate
burden. The problem is particularly important in the African Region, where inadequate sanitation, limited
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food safety surveillance, and weaknesses in regulatory systems may increase the risk of food
contamination (World Health Organization [WHO], 2015).

Ready-to-eat foods require particular attention because they are generally consumed without further
cooking or processing that could eliminate pathogenic microorganisms. Their microbiological safety
therefore depends largely on the hygiene of food handlers, preparation environments, utensils, water,
storage conditions, and food handling practices. Poor personal hygiene, cross-contamination, inadequate
temperature control, improper storage, and ineffective environmental sanitation can facilitate the
introduction and survival of foodborne pathogens. Food handlers consequently play an important role in
preventing contamination through appropriate personal hygiene and safe food handling practices.

In Nigeria, food safety remains a significant public health concern because of the widespread
consumption of commercially prepared and ready-to-eat foods. Studies have reported deficiencies in food
safety knowledge and practices among food handlers, particularly in critical areas such as temperature
control, prevention of cross-contamination, safe storage, and personal hygiene (Akabanda et al., 2017;
Atoloye et al., 2024; Barnabas et al., 2024). Microbiological investigations have also documented the
presence of foodborne pathogens, including Escherichia coli, Staphylococcus aureus, Salmonella spp.,
and Bacillus cereus, in ready-to-eat foods. Such contamination may reflect inadequate food handling,
poor environmental sanitation, contaminated ingredients, or inappropriate storage conditions.

Ilorin West Local Government Area is a major commercial and administrative area within Ilorin
metropolis, with numerous restaurants, local eateries, fast-food outlets, canteens, and street food vendors
providing ready-to-eat foods to residents and visitors. The increasing availability and consumption of
these foods make appropriate food hygiene practices essential. However, inadequate handwashing
facilities, poor waste management, pest infestation, improper food storage, and other weaknesses in food
handling may increase the risk of contamination and subsequent foodborne illness.

Although previous studies have examined food safety knowledge, food handling practices, and microbial
contamination in different settings, there is limited location-specific evidence that simultaneously assesses
food handling practices and laboratory-confirmed foodborne pathogen contamination of ready-to-eat
foods in food establishments in Ilorin West Local Government Area. Furthermore, self-reported practices
may not always accurately represent actual food handling behaviour because respondents may report
socially desirable practices. Combining questionnaire assessment with direct observation and
microbiological examination therefore provides a more comprehensive assessment of food safety
conditions.

2. MATERIALS AND METHODS

Study Area

The study was conducted in Ilorin West Local Government Area (LGA), Kwara State, Nigeria, which is
one of the three Local Government Areas that make up Ilorin metropolis. The area lies approximately
between latitude 8°28' and 8°32' N and longitude 4°30" and 4°35’ E. Ilorin West is predominantly urban
and contains several residential, commercial, educational, and institutional areas, with numerous
restaurants, bukas, fast-food outlets, canteens, and street food vending points.

The LGA experiences a tropical wet-and-dry climate, characterized by a rainy season, generally from
April to October, and a dry season from November to March. The growing population, commercial
activities, and increasing patronage of ready-to-eat foods have contributed to the expansion of food
establishments across the area. The study focused on selected food establishments within wards including
Magaji Ngeri, Oloje, Alanamu, Adewole, Oko-Erin, and Baboko, where ready-to-eat foods are commonly
prepared and sold to residents and other consumers.
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Fig 1: Map Describing the Study Area
Study Design
A descriptive cross-sectional analytical study design was employed to assess food handling practices and
foodborne pathogen contamination of ready-to-eat foods in selected food establishments in Ilorin West
Local Government Area, Kwara State, Nigeria. The design involved collecting information on food
handling practices from food handlers and assessing the microbiological quality of ready-to-eat food
samples during the same study period. The analytical component was used to determine the relationship
between food handling practices and the occurrence of selected foodborne pathogens in the food samples.
Sample Collection
A total of 50 ready-to-eat food samples were collected from 24 selected food establishments across six
wards in [lorin West Local Government Area. The establishments were selected based on their size and
level of patronage, with priority given to larger establishments and those serving a high number of
customers. The samples represented commonly consumed ready-to-eat foods available in the selected
establishments, including salads, meat products, moi-moi, and other prepared foods.
Samples were aseptically collected into sterile, labelled containers using sterile utensils and transported in
a cold box maintained at 4—-8°C to the microbiology laboratory. The samples were processed and analysed
within 24 hours of collection using standard microbiological procedures for the detection and
identification of selected foodborne pathogens, including Escherichia coli, Staphylococcus aureus,
Bacillus cereus, and Salmonella spp.
Study Population
The study population comprised food handlers working in selected food establishments in Ilorin West
Local Government Area, Kwara State. The food handlers were involved in activities such as food
preparation, cooking, serving, packaging, and storage in restaurants, bukka/local eateries, fast-food
outlets, school/workplace canteens, and street food establishments.
Sample Size and Sampling Procedure
A total of 422 food handlers and 50 ready-to-eat food samples were included in the study. A multistage
sampling technique was used to select the food establishments and participants. Food establishments were
first identified across the selected wards, with priority given to larger establishments with high customer
patronage. Eligible food handlers were then selected from the sampled establishments. Finally, commonly
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consumed ready-to-eat food samples were purposively selected from the participating establishments for
microbiological analysis.

Data Collection on Food Handling Practices

Data on food handling practices were collected using a structured questionnaire and observational
checklist. The questionnaire assessed food handlers’ reported practices relating to personal hygiene,
handwashing, food preparation, cross-contamination prevention, food storage, cleaning and sanitation,
and waste management. The observational checklist was used to assess the actual hygiene and food
handling conditions within the selected establishments, including the availability of handwashing
facilities, use of protective clothing, pest control, and waste management. This approach enabled
comparison between self-reported practices and observed practices.

Food Sample Collection

A total of 50 ready-to-eat food samples were collected from the selected food establishments across the
study area. The samples comprised commonly consumed foods, including salads, meat products, moi-
moi, and other ready-to-eat foods. Samples were collected aseptically using sterile utensils and placed in
sterile, labelled containers. Each sample was assigned a unique identification code indicating the
establishment, food type, and date of collection. The samples were immediately placed in a cold box and
transported to the microbiology laboratory at 4-8°C for analysis within 24 hours of collection.
Microbiological Analysis

The ready-to-eat food samples were analysed using standard microbiological procedures to determine the
presence of selected foodborne pathogens. Samples were homogenised aseptically and subjected to serial
dilution before inoculation onto appropriate culture media. The cultures were incubated under suitable
conditions, after which characteristic colonies were examined and counted where applicable. Suspected
isolates were identified based on colony morphology, Gram staining, and relevant biochemical tests. The
target organisms were Escherichia coli, Staphylococcus aureus, Bacillus cereus, and Salmonella spp.
Results were recorded as the presence or absence of each pathogen and used to determine the prevalence
of contamination among the analysed food samples.

Data Analysis

Data obtained from the questionnaires, observational checklists, and laboratory analyses were coded,
entered, cleaned, and analysed using SPSS version 25. Descriptive statistics, including frequencies and
percentages, were used to summarize respondents’ characteristics, food handling practices, and the
occurrence of foodborne pathogens. The prevalence of each pathogen was calculated based on the number
of contaminated food samples. The Chi-square test was used to determine the association between food
handling practices and foodborne pathogen contamination. Statistical significance was set at p < 0.05.

3. RESULTS

Table 1 indicates that the food handlers generally reported good food handling practices, as reflected by
the overall grand mean of 4.14 + 0.99. The most frequently reported practice was washing hands after
using the toilet (4.66 + 0.71), followed by avoiding coughing or sneezing over food (4.40 = 0.88) and
using clean utensils and disinfecting surfaces (4.37 £ 0.85).

However, routine medical screening recorded the lowest mean score (3.31 + 1.29), followed by reheating
leftover food to boiling point (3.80 + 1.19) and avoiding direct contact between money and food (3.87 +
1.11). These findings suggest that although basic hygiene practices were commonly reported, some
important food safety practices were less consistently observed.
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Table 1: Distribution of Self-Reported Food Handling Practices among Food Handlers in Selected
Food Establishments in Ilorin West Local Government Area, Kwara State (N = 422)

Practice Statement Never Rarely Sometimes Often Always Mean+
n(%) n(%) n (%) n(%) n (%) SD
Wash hands with soap and 8(1.9) 16 42 (10.0) 114 242 434 +
running water before handling (3.9) 27.0) (57.3) 0.95
food
Wash hands after using the toilet 4 (0.9) 6(1.4) 18 (4.3) 78 316 4.66 +
(18.5)  (74.9) 0.71
Wear clean apron, hair cover and 12 20 56 (13.3) 138 196 415+
keep nails short (2.8) 4.7 (32.7) (46.4) 1.01
Cover cuts/wounds with 18 32 72 (17.1) 126 174 3.96 +
waterproof bandage before work  (4.3) (7.6) 299) (41.2) 1.16
Avoid coughing or sneezing over 6 (1.4) 10 38 (9.0) 122 246 4.40 +
food (2.4) (28.9)  (58.3) 0.88
Avoid touching money and food 16 34 84 (19.9) 142 146 3.87+
without washing hands (3.8) (8.1) (33.6) (34.6) 1.11
Separate raw meat, vegetables 10 18 54 (12.8) 140 200 421+
and cooked food during storage 2.4) (4.3) (33.2) @474 0.98
Ensure food is cooked to proper 4(0.9) 12 44 (10.4) 154 208 430+
temperature ’ (2.8) (36.5) (49.3) 0.84
Reheat leftover food to boiling 24 40 82 (19.4) 126 150 3.80 +
point before serving (5.7) (9.5) 29.9) (355 1.19
Use clean utensils and disinfect 4(0.9) 12 42 (10.0) 136 228 437+
surfaces (2.8) (32.2) (54.0) 0.85
Store food in covered containers 6 (1.4) 14 40 (9.5) 134 228 434+
(3.3) (31.8)  (54.0) 0.88
Dispose refuse in covered bins 10 18 56 (13.3) 146 192 4.16 +
away from food area 2.4) (4.3) (34.6) (45.5) 0.97
Undergo routine medical 42 66 118 (28.0) 108 88 331+
screening as required by law (10.0)  (15.6) (25.6)  (20.9) 1.29
Grand Mean 4.14 = 0.99

Figure 2 shows the overall level of food handling practices among the 422 food handlers. The findings
indicate that the respondents generally demonstrated a good level of food handling practices, consistent
with the high grand mean score of 4.14 £ 0.99 reported in Table 1. This suggests that most food handlers
reported regular compliance with recommended food hygiene practices, although some critical practices
were less consistently followed.
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Fig 2: Level of Food Handling Practices among Food Handlers in Selected Food Establishments in Ilorin
West Local Government Area, Kwara State (N = 422)

Table 2 presents the observational assessment of food handling practices across the 24 selected food
establishments. Only 41.7% had handwashing facilities with soap and running water, while 58.3% of
handlers were observed washing their hands appropriately. Clean aprons and hair covers were observed in
45.8% of establishments, while only 37.5% were free from flies, rodents, and cockroaches.

Separation of raw and cooked foods was observed in 66.7% of establishments, representing the highest
level of compliance. However, only 41.7% had properly covered and appropriately located waste bins,
and 45.8% had clean food-contact surfaces. Overall, the observations indicated important gaps in actual
food hygiene practices, particularly in handwashing facilities, personal protective clothing, pest control,
waste management, and surface sanitation.

Table 2: Observational Assessment of Food Handling Practices in Selected Food Establishments in
Ilorin West Local Government Area, Kwara State (N = 24 Establishment)

Observation Item Yesn (%) Non (%)
Handwashing facility with soap and running water available 10 (41.7) 14 (58.3)
Food handlers observed washing hands appropriately 14 (58.3) 10 (41.7)
Handlers wearing clean apron and hair cover 11(45.8) 13 (54.2)
Premises free from flies, rodents and cockroaches 9(37.5) 15 (62.5)
Raw and cooked foods stored separately 16 (66.7) 8(33.3)

Waste bins covered and properly located 10 (41.7) 14 (58.3)
Food-contact surfaces clean 11 (45.8) 13 (54.2)
Food protected from contamination 14 (58.3) 10 (41.7)

Figure 3 illustrates the prevalence of the selected foodborne microorganisms in the 50 food samples
analysed. Escherichia coli had the highest prevalence (38.0%), followed by Staphylococcus aureus
(32.0%), Bacillus cereus (24.0%), and Salmonella spp. (18.0%). This indicates that E. coli was the most
frequently detected microorganism among the selected ready-to-eat foods.
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Fig 3: Prevalence of Selected Foodborne Microorganism in Food Samples Collected from Selected
Food Establishments in Ilorin West Local Government Area, Kwara State (N = 50)

Table 3 shows the relationship between food handling practice levels and specific foodborne pathogens.
Food handling practices were significantly associated with Escherichia coli contamination (y* =9.61, p =
0.008) and Staphylococcus aureus contamination (y*> = 6.48, p = 0.039). However, no statistically
significant association was observed with Bacillus cereus (3> = 5.18, p = 0.075) or Salmonella spp. (> =
4.06, p = 0.131). Thus, the findings suggest that food handling practices were more strongly related to
contamination by E. coli and S. aureus than by B. cereus and Salmonella spp.

Table 3: Relationship between Food Handling Practice Level and Specific Foodborne Pathogens

Pathogen x> p-value Decision
Escherichia coli 9.61 0.008 Significant
Staphylococcus aureus 6.48 0.039 Significant
Bacillus cereus 5.18 0.075 Not Significant
Salmonella spp. 4.06 0.131 Not Significant

4. DISCUSSION

This study assessed the physicochemical properties and heavy metal concentrations of wastewater The findings
showed that food handlers generally reported good food handling practices (grand mean = 4.14 + 0.99),
particularly handwashing, avoiding coughing over food, and using clean utensils. However, routine medical
screening, proper reheating of leftovers, and avoiding contact between money and food were less consistently
practiced. This finding is consistent with Akabanda et al. (2017), Atoloye et al. (2024), Barnabas et al. (2024),
and da Vitoria et al. (2021), who reported generally satisfactory food handling practices but identified gaps in
specific food safety behaviours.

The observational assessment, however, revealed important deficiencies. Only 41.7% of establishments had
adequate handwashing facilities, 45.8% had handlers wearing appropriate protective clothing, and 37.5% were
free from pests. This discrepancy between reported and observed practices agrees with findings by Chukuezi
(2010), Omemu and Aderoju (2008), and Tuglo et al. (2021), who reported shortcomings in hygiene facilities,
personal hygiene, sanitation, and environmental conditions among food handlers. The difference may partly
reflect social desirability and recall bias, as well as inadequate facilities that limit compliance.

Microbiological analysis showed that Escherichia coli was most prevalent (38.0%), followed by
Staphylococcus aureus (32.0%), Bacillus cereus (24.0%), and Salmonella spp. (18.0%). Similar contamination
patterns have been reported by Ahmad et al. (2021), Ali et al. (2022), Dorotikova et al. (2022), and Ndu et al.
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(2022), who associated contamination of ready-to-eat foods with poor hygiene, cross-contamination, and
inadequate food handling.

Food handling practices were significantly associated with E. coli (*> = 9.61, p = 0.008) and S. aureus (y*> =
6.48, p = 0.039), but not with B. cereus or Salmonella spp. These findings agree particularly with Dorotikova
et al. (2022), who linked food handlers' hygiene with E. coli and S. aureus contamination. The non-significant
associations for B. cereus and Salmonella spp. may indicate that their occurrence is influenced by other factors,
including raw food materials, storage conditions, and environmental contamination.

5. CONCLUSION

The study concluded that although food handlers reported generally good food handling practices,
observational findings revealed important gaps in hygiene facilities and environmental sanitation. Ready-to-eat
foods were contaminated with selected foodborne pathogens, particularly Escherichia coli and Staphylococcus
aureus.

Food handling practices were significantly associated with contamination by these two pathogens, highlighting
the need for improved hygiene practices, adequate facilities, regular monitoring, and food safety training in
food establishments.
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