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ASSESSMENT OF ASSOCIATED SANITARY PRACTICES AND BACTERIAL CONTAMINATION OF COOKED READY-TO-EAT STREET-FOODS SOLD IN A KENYAN RURAL CENTER
ABSTRACT
Aim: This study aimed at assessing the nature and application of sanitary practices at food handling and the extent of bacterial contamination of cooked ready-to-eat street-foods in a Kenyan rural, commercial and residential center.
Study design: It was a descriptive cross-sectional study with a laboratory component 
Place and duration of the study: It was carried out in Gitunduti, a rural and student residential and commercial center in the vicinity of Karatina University in Kenya over a 5-month period between February and June 2024.  Microbiological laboratory work was done at the Department of Food Science and Nutrition of Karatina University.
Methodology: We investigated food handling practices, extent of bacterial contamination and vending conditions of street-foods. An interview schedule was administered to gather socio-economic, educational, demographic data, food handling practices and environmental conditions around food vending points from 30 respondents. Assorted foods were sampled from street-vendors for bacterial analysis by standard methods for aerobic plate count (APC), E. coli and Staphylococcus aureus counts.
Results: Bacterial counts were 10 cfu/g in ‘mukimo.’ All “smokie” samples were satisfactory (APC≤104), but boiled beans, boiled eggs containing ‘kachumbari’ and ‘mutura’ were unsatisfactory (APC≥106). All 37 food samples tested positive for Staph. aureus, while 21 out of 23 foods tested positive for E. coli. Only “smokie” samples tested negative for E. coli. Lack of potable, running water, not washing hands before handling food, non-use of aprons and lack of toilet facilities were significantly associated with bacterial contamination of the street-foods sampled.
Conclusion: Food handling practices, personal hygiene, environmental and sanitation conditions around food vending points, influence potential bacterial contamination of street-vended ready-to-eat foods.   
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1.0 INTRODUCTION 
In their booklet for FAO in 2011, Fellows and Helimi (2011) and others (Samapundo et al., 2015), defined street-foods as ready-to-eat foods and beverages prepared and/or sold by vendors and hawkers, especially in streets and other similar public places (Fellows & Helimi, 2011;). “Diseases related to food are rampant in developing countries such as Kenya due to such factors as: poor sanitation, inappropriate food handling practices, ineffective implementation of food safety laws, and lack of basic training on food handling for food handlers” (WHO, 2004; Teferi, 2020). These disease result mainly from bacteria, fungi and viruses. The disease-causing agents are found on our bodies, both inside and outside, on clothes, hands, hair (Aguzie et al., 2024), on food serving and handling utensils, raw foods, food contact surfaces, untreated water used for food washing and around food handling and vending places (Moloi et al, 2021; Soto et al., 2025;Giwa et al., 2021; Samuel et al., 2021). The main food-borne microorganisms of concern to public health in the context and the associated diseases include: Staphylococcus aureus (causes abscesses, furuncles and cellulitis), Escherichia coli (causes traveler’s diarrhea, hemolytic-uremic syndrome, etc.), Clostridium spp. (cause of botulism, tetanus, gas gangrene, etc.), Shigella (shigellosis/bacillary dysentery)) and Salmonella spp. (cause gastroenteritis, typhoid fever, etc.) and , Klebsiella spp. (cause pneumonia, meningitis, urinary tract infections, etc.), Pseudomonas spp. (cause skin, soft tissue and ear infections, and meningitis) and Enterobacter spp. (can cause intra-abdominal and blood stream infections) among others (Bloomfield et al., 2011; Giwa et al., 2021). The growth of the street-food trade in developing countries is driven by the need for labor in cities and towns and the need for fast food by the urbanizing populations. The business is stimulated by the rapidly thriving informal sector coupled with strong business opportunities offered by the sector. Due to affordability and availability, street-foods are favorite buys of lowly-paid workers and students in urban centers. Ensuring that street-foods that is available to urban populations is safe, is the responsibility of competent authorities (WHO, 2004). 

“Street-foods ,are frequently associated with diarrheal diseases due to circumstance surrounding their preparation and handling which is marked by poor and unhygienic practices by poorly educated, unlicensed and untrained vendors in basic food safety practices in raw material acquisition, food preparation, storage, handling, inadequate sanitation facilities and final delivery to the consumer” (Al Mamun et al., 2013; Kothe et al., 2016; Muyanja et al., 2011; Rane, 2011). The application of hygienic food handling practices are key in ensuring food safety throughout the food handling chain. 
Street-food displayed in open spaces due to inadequate facilities can easily be contaminated by dust, insects from nearby garbage dumps, hands of intending buyers and rains” (WHO, 2004). Food vendors usually make use of simple facilities like wheelbarrows, trays, mats, tables, and make-shift stalls, thus further increasing the risk of food contamination. In most cases also, most vending sites do not have running water to such an extent that hand and dish washing are done sometimes without using soap. In many cases vending sites do not also have running water such that hand and dish washing are done sometimes without using soap “In addition, potential health risks may originate from the use of already contaminated raw materials such as vegetables which could possibly be contaminated with feces, animal manure and re-used water from cleaning services” (Beuchat, 2002).

Preparation processes such as peeling, slicing, trimming, packaging, storage and serving also contribute to food contamination (Aycicek et al., 2006). Other practices such as handling, cleaning, sorting, grading, and wrapping in low grade plastics as part of food preparation and handling, also increase the risk of food contamination and incidences of food safety concerns. The consumption of street foods potentially increases the risk of food-borne diseases by a wide variety of pathogens including E. coli, Salmonella typhi and Streptococcus faecalis” (Ghosh et al., 2007).
Food contamination may also result from dirty utensils (Tomlins & Johnson, 2004). The lack of basic facilities necessary to ensure safe food preparation may also contribute to the use of unhygienic food handling practices as shown in a survey conducted in Lusaka and Harare among street food-vendors (Graffham et al., 2005). In our observations during this research, food preparation equipment surfaces had food leftovers. Several types of food were also prepared on the same surface, and this may increase the likelihood of re-contamination and cross-contamination of street-foods. 
2.0 MATERIALS AND METHODS

2.1 Study design and area
The study employed a descriptive cross-sectional study design with a laboratory component to establish the bacteriological status of street foods. Food handling and sanitation practices at the point of purchase and food consumption, were also assessed by observation and one-on-one interviews. The state of environmental cleanliness, physical facilities for good hygiene and sanitation, was also part of the assessment. 
The study was carried out in Gitunduti rural center, Nyeri County, Kenya. Gitunduti is situated in Mathira East Constituency, Iriaini Ward. It lies on -0.394742 latitude, and 37.131632 longitude. Gitunduti’s population is approximately 3,339 people that consist mainly of Karatina University students and villagers from the nearby farms, businesses, homes and apartments.
2.2 Data collection

The sampling of cooked ready-to-eat street-foods, which were prepared on site or brought for sale at the center along the Karatina University Road in Gitunduti center, was purposive. Samples of 37 food types as shown in Figure 1 were collected and placed into sterile Ziplock polythene bags. All samples were transported to Karatina University’s Food Microbiology Laboratory within one hour of collection. The ziplock bags were placed in insulated boxes holding ice to keep the foods cold. One-on-one interviews were held with the 30 respondent-vendors. 
Inclusion criteria 

Street-food vendors aged 18 years and above and who consented to participate in the study.

Exclusion criteria 

Food handlers selling food in permanent food establishments. 

2.2.1 Sample size determination
The sample size was determined by the formula of Fisher et al. (1998).
 Where N is the total population of vendors in Gitunduti
n = the desired sample size from the target population

Z = normal standard deviation corresponding to 95% confidence interval, which is 1.96 (constant value)
p = the proportion of the population estimated to have the desired characteristics, 

q=proportion of the population without the desired experimental characteristics

q = 1-p 
d = margin of error 

The number of street-food vendors was N=151
n=Z2 *p*q/d2 
n=1.962 *1.019*(1-1.019)/0.052 
=29.75 (30), 
2.3 Standard operating procedure for microbial analysis of samples (Harrigan & McCance, 2014; APHA, 2015)
 The following procedures were followed.

2.3.1 Preparation of food homogenate 
Using a sterile scalpel and forceps, 10 g of each food sample was transferred into a previously sterilized conical flask containing 90 mL buffered peptone water. The mixture was homogenized. This mixture gives a 1:10 dilution. Further dilutions as necessary were made from this mixture as described below under procedure for each food type sampled.
2.3.2 Determining the aerobic plate count (APC) in foods (Harrigan & McCance, 2014)
Introduction: This test is a useful indicator of microbiological status of food. A high count often indicates contaminated materials, unsatisfactory sanitation and/or unsuitable time/temperature condition during production or storage or both. In addition, high counts foretell the likelihood of food spoilage. 
2.3.2.1 Procedure: The serial dilutions 1:100 (10-2), 1:1000 (10-3) and 1:10,000 (10-4) were made using sterile pipettes from each food homogenate made in the buffered peptone diluent (10-1 dilution). One mL of each food homogenate from the  10-1 to 10-4 dilutions were transferred to duplicate petri dishes followed by the addition of 20 mL of cooled standard plate count agar. The agar and food diluents in the petri dishes were mixed by slow back and forth shaking to achieve good mixing and spread. The petri dishes were left to cool, inverted and incubated at 35oC for 48 hours. Plates with 20-250 colonies were used to estimate the count (cfu/g) in each duplicate dilution by the formula given below. The cfu counts were then averaged across the dilutions in order to estimate the APC in each of the original food samples. 
Calculating the cfu/g for APC in foods sampled (Ferguson and Ihrie, 2019)
The formula given below was used to estimate the most probable number/cfu per gram of the original food sample 
Formula: cfu/g = (number of colonies counted / volume plated in mL) * dilution factor 

· number of colonies counted: the total number of colonies counted on all the plates from a specific dilution that falls within the countable range (20-250; APHA, 2015). 

· volume plated: the volume of the diluted sample plated on each plate (e.g., 1 mL). 

· dilution factor: the reciprocal of the dilution used (e.g., for a 10^-2 dilution, the dilution factor is 100). 
The final probable count calculated using this count was then used to obtain the likely count in the original food (MPN). The results are reported in Table 4. 
2.3.3 Testing for E. coli (Harrigan and McCance, 2014; Ferguson and Ihrie, 2019)
For each food sample, 10 g were weighed and added into the conical flasks containing 90 mL of peptone water, and homogenized. This gives the 10-1 dilution. An aliquot of 1 mL was dispensed into test tubes containing Giuletti agar followed by incubation at 37oC for 24 hours for enrichment. A sterile rod was used to remove colonies for inoculation onto Petri dishes containing MacConkey agar and incubation for 24 hours at 370C. The MacConkey agar inhibits the growth of Gram-positive bacteria and allows E. coli (a Gram-negative bacterium) to grow. Characteristic colonies of E. coli were checked for growth in the test tubes. The characteristic colonies were carefully removed and inoculated onto petri dishes containing Triple Sugar Iron media (TSI media). This was followed by incubation of the TSI-containing Petri dishes at 37oC for 24 hours. Examination and deduction was done on the TSI media as follows:
Observations related to E. coli presence
(i) Slant – a yellow color formed indicated lactose fermentation.
(ii) Butt-a yellow color indicated glucose fermentation.
(iii) Gas- should be present 
(iv) Hydrogen sulfide-should be absent and no black precipitate would be formed. The above observations confirmed the presence of E.coli, whose colonies were counted.

Colony count (colony forming units, cfu)
a) After incubation for 24 hours at 37°c, the number of colonies on the TSI Petri dishes was counted; only plates with 20-250 colonies (APA specification, 2015) were used for the MPN/total count as discussed below.   
2.3.3.1 Calculating the cfu/g for the food sampled (Ferguson and Ihrie, 2019)
The formula given below was used to estimate the most probable number/cfu per gram of the original food sample.  
cfu/g = (number of colonies counted / volume plated in ml) * dilution factor 
· number of colonies counted: the total number of colonies counted on all the plates from a specific dilution that falls within the countable range (20-250; APHA, 2015). 
· volume plated: the volume of the diluted sample plated on each plate (e.g., 0.1 ml). 
· dilution factor: the reciprocal of the dilution used (e.g., for a 10^-2 dilution, the dilution factor is 100). 
The final probable count made by calculation using this count was then used to obtain the likely count in the original food (MPN). The average of the results from the countable dilutions are reported in Table 5. 
2.3.4 Testing for Staphylococcus aureus and doing counts (Harrigan & McCance, 2014; Ferguson & Ihrie, 2019)
Baird Parker medium was made using 20.29 g and 306 mL of distilled water and the solution heated for an even mix, with occasional gentle shaking. Fifteen mL of the Baird Parker melted medium was then dispensed evenly onto sterile Petri dishes and left to cool.
Five g of each food sample was weighed and added into a conical flask containing 45 mL of peptone water, with thorough mixing and this gave a 10-1 dilution of the food homogenate. Further dilutions at 1:100, 1:1000 and 1:10,000 were made. Meanwhile, the Petri dishes containing the Baird Parker media were prepared before 1 mL from each of the food homogenate-peptone water mixture were pipetted onto each of them and evenly spread with a sterile rod. The Petri dishes were incubated for 48 hours at 370c before the Staph, aureus colonies were identified and counts done as discussed below.
2.3.4.1 Staph. aureus colony counting and observations
Black colonies observed in the Petri dishes surrounded by clear zones,
would match the characteristics of Staphylococcus aureus. The colony count in each petri dish and the final determination of the cfu/g in each food was calculated as in section 2.3.3.1 above and are reported in Table 6.   
3.0 RESULTS 

3.1 Socio-demographic Characteristics of Respondents
A total of thirty street-food vendors with a mean age of 26.5 years ranging between 20 and 50 years were interviewed. The majority (25) of them were between 20 and 30 years of age, with the 40 to 50-year age group having 5 respondents. The gender of the respondents was 50.5% female and 49.5% male. The majority (53.3%) of the respondents were married, 33.3% single, 10% divorced or separated, while 3.3% were widowed. In terms of their formal education level, 50, 16.7, 16,7 and 16.7 percent had primary, secondary, University-level and no formal education, respectively. This data is shown in Table 1. 
Table 1: Socio-demographic characteristics of respondents(n=30) 
	 Characteristic
	Frequency (N=30)
	Percentage 

	Gender 
	
	

	Female 
	16
	50.5%

	Male 
	14
	49.5%

	Total 
	30
	100.0

	Age 
	
	

	20-29
	15
	50

	30-39
	10
	33.3

	40-49
	3
	20

	50-59
	2
	6.6

	Total 
	30
	100

	Marital status
	
	

	Married
	16
	53.3

	Single
	10
	33.3

	Divorced/separated
	3
	10

	Widowed
	1
	3.3

	Total 
	30
	100

	Formal education level
	
	

	No formal education 
	5
	16.7

	Primary
	15
	50

	Secondary
	5
	16.7

	University/college
	5
	16.7

	Total 
	30
	100


3.2 Food handling practices of street-food vendors

The food handling practices of the street-food vendors were assessed. The majority (63.8%) acquired food preparation skills through observation, only 3.4% were formally trained, and, had a medical examination certification for a food handler; a majority (70%) reported to have never gone for medical examination, 15% had regular medical check-ups more than 3 months apart, 5% after every 3 months, while 10% had regular medical check-ups less than 3 months apart. On whether one had a health certificate, 40% reported having had one, while 60% did not have it. Among those who did not have the health certificate, 50% of them had no clue what a health certificate was. Forty percent of the respondent-vendors had access to potable running water, while 60% did not. Through keen observation, some areas within Gitunduti center had taps with running water, although most vendors preferred fetching water from premises selling the tap water in containers for use. Hand washing before handling food was practiced by 40% of the respondents, but a majority (60%) of them did not wash their hands. Among vendors who washed their hands, either before handling food or after handling raw food items, only 10% used soap and running water. In terms of use of protective clothing during working hours, 40% of the respondents regularly wore an apron while handling food, and only 38.3% covered their hair while handling food and wore aprons. Fifty percent of the vendors stored leftover foods in a cupboard at ambient temperature conditions, 5% stored it in a refrigerator at home, while 10% claimed that no food leftovers remained after the daily sales. Others consumed it with the family (10%), discarded it as waste (23.3%) or gave it out to non-family members (0.7%). A majority (82.5%) of the street-food vendors sold the foods they prepared as take-away foods, with the rest (17.5%) either selling it as take-away or had the customer consume the food on site. The take-away foods were mainly served in plastic bags (60%), while 30% and 10% of them sold the food on plates and paper bags, respectively. These observations are shown in Table 2. 
Table 2: Food handling practices of the street-food vendors (n=30)
	Activity
	Frequency 
	Percentage 

	Medical examination

	In less than 3 months
	3
	10

	After more than 3 months
	4
	15

	After every 3 months
	2
	5

	Never 
	21
	70

	Total respondents
	30
	100

	Access to potable running water

	Yes 
	12
	40

	No 
	18
	60

	Total respondents
	30
	100

	Always wash hands before handling food on site

	Yes
	12
	40

	No
	18
	60

	Total 
	30
	100

	Always wash hands after handling raw food items

	Yes 
	9
	30

	No 
	21
	70

	Total respondents
	30
	100

	Manner of hand washing, whether before or after handling food

	Soap and running water
	3
	10

	Water in a container and soap
	9
	20

	Water in a container without the use of soap
	6
	30

	Do not wash hands at all on food handling
	12
	40

	Total respondents
	30
	100

	Always wear an apron

	Yes 
	12
	40

	No
	18
	60

	Total
	30
	100

	Always cover hair

	Yes 
	6
	20

	No 
	24
	80

	Total respondents
	30
	100

	Leftover food storage

	In a cupboard
	15
	50

	Discards as waste
	6
	23.3

	No food left
	3
	10

	In a refrigerator
	2
	5

	Consumed with family
	3
	10

	Shared with non-family 
	1
	1.7

	Total respondents
	30
	100

	Manner of serving food

	In a disposable plastic sachet
	18
	60

	In a paper bag or on maize cob leaves
	3
	10

	Either in a plastic bag or plate
	9
	30

	Total respondents 
	30
	100


3.2.1 Assessment of sanitary practices of the street-food vendors

The sanitation practices of the street-food vendors were assessed; the majority (70%) had access to a toilet facility and 20% used a modern toilet, while 50% regularly used a pit latrine. Of those who had access to a toilet facility, 40% had (potable) running water for hand-washing either within the toilet or outside the toilet, while 30% confided they did not have access to potable running water. In terms of waste disposal, 20% practiced open area dumping, 50% used waste bins, while 30% were either burning the solid food waste in the evening or using it for pig feeding. On what they thought about their surrounding environment, a majority (80%) thought that their environment was full of contaminants. The contaminants pointed out included pollution from sewers, dust, and vehicle exhaust fumes. A tabulation of the sanitary practices by the vendors appear in Table 3. 
Table 3: Sanitary practices of street-food vendors (n=30)
	Habitual practice 
	Frequency 
	Percentage 

	Use of a toilet

	Yes 
	21
	70

	No 
	9
	30

	Total 
	30
	100

	Type of toilet used
	
	

	Latrine
	10
	33.3

	Modern toilet
	20
	66.7

	Total responses
	30
	100

	Hand washing after toilet use


	Yes 
	20
	66.7

	No 
	10
	33.3

	Total responses
	30
	100

	Waste disposal

	Open area dumping 
	9
	30

	In dustbin for municipal workers to collect
	15
	50

	Others (burning or pig feeding)
	6
	20

	Total responses
	30
	100


Food samples collected 

A total number of 37 food samples of different food types were sampled from the 30 street-food vendors, and are shown in Figure 1. 
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Figure 1: Number and type of food sampled 
3.3 Bacterial status assessment of food samples 
The APC also referred to as the total viable count or the standard plate count was performed to indicate the general microbial quality of the various food samples. The range and the mean bacterial count were then calculated for the various foods. The mean bacteria count ranged between 10 cfu/g in “smokie” and 3×106 cfu/g and 7x106 cfu/g in “smokie” and eggs with “kachumbari,” respectively.  

In terms of microbial quality, food samples could be categorized into three, based on the number of colonies forming units obtained after the APC was done: a) all the smokies samples were satisfactory (APC≤104), b) 50% of the boiled beans, boiled eggs with “kachumbari” and “mutura” samples were unsatisfactory (APC≥106). “Mukimo” samples were marginal (APC≤105). Nevertheless, “kachumbari” and the raw salads were not classified, as they would be expected to contain a high plate count due to the intense handling during preparation. 
Table 4:The APC in food samples 
	Food type
	Mean log10 cfu/g of food

	Boiled beans (n=4)
	4.1×106 

	Boiled eggs (n=8)
	2.2 x 105

	Boiled egg with “kachumbari” (n=2)
	7.2×106

	“Mukimo” (n=4)
	0.1×105

	“Smokie” (n=2)
	10  

	“Smokie” with “kachumbari” (n=2)
	3.2×106

	Samosa with minced meat (n=6)
	5.3×105

	“Mutura” (n=3)
	6.1×106

	“Kachumbari” (n=6)
	3.1×105


Legend: n is the number of food samples tested for APC
Observations and interpretation of E. coli results 

The growth of green, metallic sheen with dark center colonies was observed in each of Petri dishes after incubation for 24 hours at 37oC.

The count was done in each of the Petri dishes in which bacterial growth was observed. According to the presumptive test results, there were four kinds of foods of which all the samples were E. coli positive. These were, boiled eggs with “kachumbari” (2/2) (100%), “smokie” mixed with “kachumbari” (1/2) (50%), “mutura” (3/3) (100%) and boiled beans (2/4) (50%). On the other hand, there were foods in which all the samples tested negative for coliforms namely, “smokie” without kachumbari and “mukimo.” 
Table 5: Confirmatory test results for E. coli in food samples
	Food type
	Frequency (E. coli+)
	Percentage positives (E. coli+)

	Boiled beans (n=4)
	3
	75

	Boiled eggs (n=8)
	5
	62.5

	Boiled eggs with kachumbari (n=2)
	1
	50

	Mukimo (n=4)
	2
	50

	Smokie (n=2)
	0
	0

	Smokie with kachumbari (n=2)
	1
	50

	Samosa with meat (n=6)
	4
	66.7

	Mutura (n=3)
	2
	66.7

	Kachumbari (n=6)
	5
	83.3

	Total (n=37)
	23 
	62.2


Legend: n is the number of samples in each food type tested for E. coli
Occurrence of E. coli in food types

The foods collected were first assessed for the absence or presence of E. coli [present (+) or absent (-)]. At the confirmatory stage for E. coli, it was observed that protein rich foods such as “mutura,” and “smokie” sausages (meaty foods) as well as boiled eggs, all samples tested positive for E. coli, whereas boiled beans and “mukimo” (plant foods without meat), not all samples tested positive for E. coli. 
Interpretation of Staphylococcus aureus results in foods
Growth of black colonies with clear zones around them was observed in the Petri dishes as indicators of Staphylococcus aureus colonies. The results are given in Table 6. 

Table 6: Results of foods’ contamination with Staphylococcus aureus
	Food type
	Frequency 
	Percentage 

	Boiled beans (n=4)
	2
	50

	Boiled eggs (n=8)
	6
	75

	Boiled eggs with kachumbari (n=2)
	1
	50

	Mukimo (n=4)
	3
	75


	Smokie (n=2)
	1
	50

	Smokie mixed with kachumbari (n=2)
	1
	50

	Samosa with meat (n=6
	5
	83.3

	Mutura (n=3)
	2
	66.7

	Kachumbari alone (n=6)
	5
	83.3

	Total food samples analyzed (n=37)
	26
	70.3


STATISTICAL ANALYSIS OF THE DATA 
Analysis of Staphylococcus aureus data
The Chi-square method was used to analyze the data. This method gives the p-value that aids in understanding the correlation between variables.

The formula is: X2 =(O-E)2/E, Where X2 is the Chi square, O is the observed value and E is the Expected Value. 
Expected frequency formula explanation
(row total) *(column total)/grand total

· Row total is the total number of positive or negative cases for each food type.
· Column total is the total number of positive or negative cases across all food types.
· Grand total is the total number of samples.
Table 7: Statistical analysis of data of Staphylococcus aureus contamination in foods

	Food type
	Positive occurrence
	Negative occurrence
	Total 
	Expected frequencies(+ve)
	Expected frequencies(-ve)
	X2 (+ve)
	X2 (-ve)

	Boiled beans
	2
	2
	4
	2.81
	1.19
	0.231
	0.551

	Boiled eggs
	6
	2
	8
	5.62
	2.38
	0.025
	0.061

	Boiled eggs with kachumbari
	1
	1
	2
	1.41
	0.59
	0.115
	0.288

	Mukimo 
	3
	1
	4
	2.81
	1.19
	0.012
	0.030

	Smokie 
	1
	1
	2
	1.41
	0.59
	0.115
	0.288

	Smokie with kachumbari
	1
	1
	2
	1.41
	0.59
	0.115
	0.288

	Samosa with meat
	5
	1
	6
	4.22
	1.78
	0.146
	0.342

	Mutura 
	2
	1
	3
	2.11
	0.89
	0.005
	0.014

	Kachumbari 
	5
	1
	6
	4.22
	1.78
	0.146
	0.342


Sum of Chi square values
X2 (+ve) total =2.380

Calculation of degrees of freedom, Df=(rows-1)*(columns-1) (9-1)*(2-1) =8

P-value=0.95
Deduction
As the p-value is 0.95, it is much higher than the typical significance levels of 0.05, therefore, the null hypothesis was not rejected. This means that there was no significant difference in Staphylococcus aureus contamination in the different types of food sampled.
STATISTICAL ANALYSIS OF E. COLI DATA
Table 8: Statistical analysis of E. coli data in contamination of foods

	Food type
	Positive occurrence
	Negative occurrence
	Total 
	Expected frequencies(+ve)
	Expected frequencies(-ve)
	X2 (+ve)
	X2 (-ve)

	Boiled beans
	3
	1
	4
	2.49
	1.51
	0.104
	0.174

	Boiled eggs
	5
	3
	8
	4.97
	3.03
	0.0018
	0.0003

	Boiled eggs with kachumbari
	1
	1
	2
	1.24
	0.76
	0.046
	0.075

	Mukimo 
	2
	2
	4
	2.49
	1.51
	0.095
	0.160

	Smokie 
	0
	2
	2
	1.24
	0.76
	1.24
	2.03

	Smokie with kachumbari
	1
	1
	2
	1.24
	0.76
	0.046
	0.075

	Samosa with meat
	4
	2
	6
	3.73
	2.27
	0.026
	0.037

	Mutura 
	2
	1
	3
	2.11
	0.89
	0.005
	0.014

	Kachumbari 
	5
	1
	6
	3.73
	2.27
	1.22
	0.679


Sum of Chi squares calculation 
X2 (+ve) total =2.7838
Calculation of degree of freedom and P-value: Df=(rows-1)*(columns-1)
8 food types and 2 categories = (8-1)*(2-1) =7

P-value of X2 with 7 degrees of freedom is 0.548.
Deduction

The p-value of 0.548 is much higher than the typical significance level of 0.05. Therefore, the null hypothesis was not rejected, meaning there was no significant difference in E. coli contamination level in the different food types.  
4.0 DISCUSSION 

4.1 Bacterial contamination of the street-foods 
In this study, “smokie” sausages mixed with “kachumbari” had the highest E. coli count (1.4× 106 cfu/g) (Table 4). This may have been due to the excessive handling during preparation, cutting and the use of raw vegetables that may not have been adequately washed and not cooked. “Kachumbari” which is a combination of slices of onion and tomatoes, is not cooked. Protein-rich foods (such as “smokie,” boiled beans, “mutura,” “samosa” with meat, and boiled eggs) (Table 5) had a higher (55.5%) counts of E. coli than non-protein rich foods (35.5%). Comparable findings were observed in a study in Nigeria on microbial safety of ready-to-eat foods, where ‘wall nut’ (a type of street food) had the highest coliform count (7.1× 109 cfu/g) which was thought to be due to the natural micro flora, poor and excessive handling” (Oranusi et al., 2012). According to Wei et al. (2006), “the presence of coliforms in street-vended foods may be linked to contamination from the use of contaminated water during preparation and washing, incomplete heating or even secondary contamination through contact with contaminated equipment such as chopping boards and knives.” In our study, most venders did not have access to running water and preferred fetching water for use in plastic jerrycans”. Hanashiro et al. (2005) observed that “22.5% of the street food was contaminated with E. coil.” Also, another study in Sudan observed the occurrence of E. coli contamination in 23% of the street foods (Mohammed et al., 2017). 
In our study, 62.5% of samples of boiled eggs were contaminated with E. coli. Comparable observations were made in a study in Zimbabwe where all the egg roll samples (20/20; 100%) were contaminated with E. coli. The high occurrence of E. coli contamination in the boiled egg samples in our study may have been due to the post-handling process that requires the vendor to peel the egg, cut it into two and insert the “kachumbari.” This may also indicate the effect of the high sausage holding temperature and further contamination probably from the surroundings or handling money and food with an open palm, which may not be washed (Table 2). E. coli normally survives in the gastrointestinal tract of humans and is found in feces. According to Oduro-Yeboah et al. (2010) “the presence of E. coli in food is an indication of fecal contamination probably at one stage of preparation or from the materials used”. “The kachumbari component may have contributed to the Staphylococcus aureus contamination of the boiled egg sample in this study. These findings are consistent with the findings of previous studies, where Staphylococcus aureus was detected in 32.4% of the samples analyzed in a study in Brazil” (Samara et al., 2014). “The samples that tested positive for S. aureus were not heat treated or were exposed to mild heat” (Samara et al., 2014), unlike in our study which analyzed cooked foods that had undergone heat treatment. Our study showed a higher mean contamination level of all foods with Staphylococcus aureus probably due to the higher ambient temperature of holding the food till purchase, preparation, and frequent handling with unwashed hands (Tables 2 and 3). 
4.1.1 Food handling practices that were associated with food contamination
Vendors who wash their hands before handling food items have a decreased risk of contaminating food. Vendors who washed their hands using soap and running water did not show contamination of the food samples collected from their facilities. However, the occurrence of food contamination was 17.2% among vendors who used water placed in a bowl and 16.7% among those who used soap and water placed in a bowl. Vendors who neither washed their hands before handling food items nor after handling raw food items had the highest (85%) occurrence of food contamination (Table 2). Therefore, proper hand washing skills, including the use of soap, reduce the potential for food contamination. Therefore, observing personal hygiene can help reduce food contamination. The findings of our study agree with a study in Ethiopia which observed that “vendors with poor personal hygiene had a 4-fold risk of contaminating food as compared to those who practiced good personal hygiene” (Getu et al., 2013). In our study, food contamination was higher (40%) among vendors who claimed to wash their hands after handling raw food items compared to those who did not (34.1%). The use of recycled water for hand washing may also have contributed to the high level of food contamination. The vendors cleaned the raw food items using water placed in bowls and then used the same water to clean knives and to wash their hands. This presented a potential risk of cross-contamination from using recycled water for hand washing and washing knives, other equipment and utensils. 
Although the use of a head cover was not significantly associated with food contamination (p>0.05) in this study, there was a higher occurrence (40.2%) of food contamination among vendors who did not use a head cover compared to 26.3% of those who did (Table 2). The habitual and occasional scratching and touching hair and face may contribute to this being a source of food contamination. 
“Paper bags were mostly used for the sale of smokies which is a type of smoked sausage. In our observation, the plastic bags were poorly stored, as most vendors kept them in the open, which posed a risk of contamination from environmental elements. Some vendors also blew air into plastic bags to open them before serving food, while others would cut the bags into small pieces to economize on the use of the packing material. The small pieces of plastic bags would then be used to serve foods such as boiled eggs with some vendors charging a higher price, if a consumer needed to have the food completely wrapped. These practices may have contributed to the higher occurrence of food contamination among vendors who used plastic bags or plates to serve food, as the plates were washed using recycled water” (Getu et al., 2013). According to FAO & WHO (2019), “use of the same water several times a day, creates an environment for cross-contamination and re-contamination of food from dirty rinse water and rinsed plates.” 
4.1.2 Sanitation and environmental conditions associated with food contamination
Our study observed that the relationship between environmental contaminants and food contamination was not statistically significant. Nonetheless, vendors reporting the presence of such contaminants as flies, dust, insects, rodents, and sludge around their premises, had a higher occurrence (37.1%) of food contamination compared to those who did not report the occurrence of the environmental contaminants (17.6%) around their premises. According to Rane (2011), “most street-vended foods are not protected against insects and dust, and these may harbor food-borne pathogens.” 
Through observation, almost all the vendors in our study handled money while serving food. Similar observations were made in a study in Ethiopia where “100% of the vendors handled money while serving food” (Tesfaye & Bacha, 2016). Also, Muinde & Kuria (2005), observed that “all the vendors in a study carried out in Kenya, handled money while serving food, which resulted in high occurrence of food contamination.” Most environmental factors and food handling practices did not show any significant relationship with food contamination in our study. This implied that there was no risk of food contamination if direct contact was not made with food. Similar findings were observed in a study in Accra, where “environmental hygiene and the vendors’ appearance did not show any significant relationship with the levels of contamination” (Mensah et al., 2002). Although the association between various sanitation conditions and food contamination in our study and the study by Mensah et al. (2002), were made, the comparisons may not be obvious as the foods handled in the two studies were different. 
5.0 CONCLUSION
Over 83% of participants in this study had some formal education with 50, 16.7 and 16.7% having primary, secondary and University/college level education, respectively. The influence of education level on street-food contamination was not, however, an objective in the study.  The mean bacterial contamination level of street-vended foods by E. coli was at 62.2%, while that due to Staphylococcus aureus was at 70.3%. Protein-rich food (such as eggs and “samosa”) had a higher proportion of bacterial contaminants (55.5%) compared to that in lower protein plant foods such as, “mukimo” and boiled beans (35.5%). The overall mean occurrence of food contamination in all foods studied in this study was 34.9%, based on APC, coliforms, E. coli and Staphylococcus aureus counts. Sanitary practices that were significantly associated with food contamination were: lack of access to potable running water, not washing hands before handling food and use of insanitary equipment. Vendors who washed their hands before handling food, had a lower risk of contaminating food. Therefore, observing personal hygiene can keep the likelihood of food contamination low. Other sanitary practices that were associated with food contamination were: unavailability of running water around the toilet facility for washing hands after toilet use and the use of disposable, paper bags and single-use plastic pouches for serving food. 
6.0 RECOMMENDATIONS 
· There is an apparent need for further research focusing on the objectives of this study in Gitunduti center or similar environments from the results of E. coli contamination being at 62.2% and that of Staphylococcus aureus being at 70.3%, which are quite high levels of food contamination; this points to the need for immediate mitigation measures to forestall disease outbreaks in the center from street-vended foods. In addition, the influence of the factors that were significant contributors to food contamination in this study should be investigated thoroughly in a future study. 
· The Ministry of Health at both National and County-level should set effective food safety training requirements before issuing a license to any street-food vendor, as well as carrying out regular inspections to ensure compliance. This could reduce microbial food contamination, as the overall occurrence of bacterial food contamination in this study was 34.9%. 

· The Ministry of Health at County-level should facilitate the provision of adequate potable running water or hand sanitizers and encourage the use of protective clothing among street-food vendors, while also facilitating the availability of hygienic, cheap, pay-at-use public toilets within Gitunduti market center and similar commercial centers. 
· In this age of mobile and digitally-enabled money transfer capability, buyers and street-food vendors should be encouraged to transfer money by mobile devices instead of handling money by hand, while serving food to consumers with unwashed hands. This is likely to reduce food recontamination from money handling.
· County Public Health Officers should offer regular, scheduled and free health education to street-food vendors, on the necessity of maintaining personal, equipment, material and environmental hygiene, etc. in order to reduce the risk of food contamination.
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DEFINITION OF NON-CONVENTIONAL TERMS

Food contamination: The presence of unacceptable indicators of poor hygiene such as E. coli and Staphylococcus aureus in food

Food contamination as a dependent variable: Having at least one food sample being contaminated. 

Street-vended foods/Street-foods: Foods prepared on the street and ready to eat or prepared at home and consumed on the street without further preparation or cooking.

Environmental contaminants: Substances introduced into food from human activities in a specific context which may have the potential to contaminate food.

Kachumbari: A mixture of raw onions and raw tomatoes chopped into small pieces and consumed as-is as a vegetable accompaniment in a meal 

Chips: cooked potato French fries


Githeri: A Kenyan ethnic meal of boiled maize and beans

Mandazi: A deep-fried leavened wheat bread cooked to a golden-brown color.

Mukimo: A Kenyan meal of boiled maize, beans, and Irish potatoes

Samosa: A deep-fried leavened wheat bread filled with minced meat, spices and sometimes chopped onion pieces

Smokie: A Kenyan type of non-spiced sausage often used as hotdogs.

Mutura: Large intestines of a cow filled with minced meat and livestock blood; it is commonly referred to as, “African sausage” and is a Kenyan delicacy.
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