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BACTERIOLOGICAL QUALITY OF STREET FOODS, AND
KNOWLEDGE AND ATTITUDE OF STREET FOOD VENDORS AND
CONSUMERS ABOUT FOOD SAFETY IN ADAMA TOWN

ABSTRACT

Rapid urbanization leads many inhabitants of our young cities to adopt collective food for their daily
nutritional needs. This situation may be a risk for consumers due to microbial contamination from street
environment and unsafe practices related to hygiene. This study aimed on the bacteriological quality of
the food sold in the streets, assessed the food safety knowledge, attitudes and food handling practices of
vendors and consumers of street foods in Adama. A Questionnaire and a checklist were used to collect
the data. A total of 120 consumers and 60 vendors participated in the study; 60 stalls were observed and
56 food samples (16 ‘Bread’, 12 ‘Bonbolino’, 16 ‘Potato chips’ and 12 ‘Spaghetti’) were aseptically
collected from four locations of Adama (Amade, Bus Terminal, Posta Bet and Meberat Hail). Interview
and observational assessments were used to collect data from street food vendors. Of the 60 vendors,
who participated in the study, 78.3% were female and 85% did not have any training in food safety while
among 120 consumers 34.2% of them were female and 65.8 were male, 112 (93.3%) did not have any
food safety training. The 59 (98.4%) of vendors and 119 (99.2%) of consumers were aware of the
importance of hand washing in prevention of food borne diseases. In the observational part of the study,
it was found that 21(35%) of the stalls consisted of canopy on the side of the street. In 48.3% of the cases
the food was prepared on site. In 43.3% of the cases, flies and animals were evident around the stall and
51.7% did not have access to potable water. Analysis of the food samples revealed that the level of
aerobic mesophilic counts ranged from 3 log, cfu/ml - 4.910g;, cfu/ml. The mean total aerobic mesophilc
bacterial count of all food samples were below the acceptable limits (1x10°CFU/mI)). The mean
coliforms and total fecal counts were 3.5+0.9log;0 CFU/ml and 3.2+0.5logy0 CFU/m, respectively). The
mean value of fecal coliform count was above the acceptable limit which is the absence in 25¢g of ready-
to-eat foods, the mean of total coliform in “spaghetti” 4.2+0.8log;, CFU/ml was only above the
acceptable limits (1x 10* CFU/mI), the rest food samples total coliform counts were below the standard.
The total aerobic bacteria, hygiene lack indicator organisms as coliforms and fecal coliforms detected in
the street vended foods collected from selected places in Adama. This revealed that lack of personal
hygiene, improper handling of food, access of potable water and lack of food safety training were the
associated risk factors to contamination of street vended foods in Adama, regular inspections of food
premises and food safety practice of food vendors is recommended as one of the measures to ensure
improvement of the quality of street foods.

Key words/phrases; bacterial load, contamination, food-borne disease, food safety, street vended food,
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1. INTRODUCTION

Street vended foods are beverages and foods prepared and/or sold by vendors in streets and other
public places for immediate consumption or consumption at a later time without further
processing or preparation (Von Holy and Makhoane, 2006). A street food vendor is broadly
defined as a person who offers foods for sale to the public without a permanent built up structure
but with a temporary static structure or mobile stall-head load/wheel-barrow/truck (Janie and
Marie, 2010). Street-vended foods provide a source of inexpensive, convenient and often
nutritious food for urban and rural poor; a source of attractive and varied food for tourists and the
economically advantaged; a major source of income for a vast number of persons, particularly
women and a chance for self-employment and the opportunity to develop business skills with
low capital investment (Codex, 1999).

In contrast to the potential benefits, it is also recognized that street food vendors are often poor
and uneducated and lack appreciation for safe food handling. Consequently, street foods are
perceived to be a major public health risk. If a community is to have the full benefits of street-
vended foods with minimal risk of food borne disease, government intervention is required to
ensure that the standard of safety for such foods is the best attainable in the context of the
prevailing local situation. Therefore, it is recommended that authorities undertake Hazard
Analysis and Critical Control Point (HACCP) studies to identify and integrate critical control

measures into strategies for improving the safety of street foods (WHO, 1996).

In June 1997, the Codex Alimentarius Commission adopted revised basic texts on food hygiene
practice and codes of practice. They recommended their wide use and understanding by
governments, regulatory authorities, food industries, all food handlers and consumers to ensure
that food is safe and suitable for human consumption. The general hygienic requirements and
practices to be followed by the vendors were also recommended for translation by the relevant
authorities into Codes of practice. This was recognized as cost effective tools for the control of
street foods, by fully taking into account local conditions including specific risk factors that are

relevant to each operation (Codex, 1999).



A total of 2.5 billion people all over the world eat street foods everyday (Food and Agriculture
Organization (FAO), 2007). The world is becoming rapidly more urban and the population of the
developing countries is projected to double from 1.7 to 3.4 billion in 2020. Deprivation in urban
areas including poverty, food insecurity and malnutrition is increasing faster and urban growth
now presents a serious challenge in developing countries (Maxwell et al., 2000). Sale and
consumption of street food are on the increase and this will continue to grow (WHO, 2006).

It is well established that urbanization is taking place quickly in Sub-Saharan Africa, and it is
one of the greatest challenges of the 21 century (Amponsah-Doku, 2010). The demographic
expansion, coupled with the urbanization requirements has given new dimensions to this activity.
Many urban dwellers obtain a significant portion of their diet from street foods-prepared,
increasing considerably the street food demand in major cities (Pikuda and llelaboye, 2009;
Suneetha et al., 2011).

Food exposed for sale on the streets may become contaminated by pathogenic micro-organisms.
Furthermore, it is also reported that street-vended foods have epidemiological links with illness
(Muinde and Kuria, 2005). Most studies on street foods concluded that it could be harmful to
health due to presence of harmful pathogenic microorganisms in foods. The common reason for
the unacceptable bacteriological quality was unhygienic food cooking and handling practices
(WHO, 2013).

In the past few years, street foods are flourishing in major towns of Ethiopia. There are many
people who get involved in the preparation and sale of street foods. It becomes common practice
to observe them around school, bus stations and other places where several people are found. In
Ethiopia, almost all categories of people are consuming street foods; while some are protected
from using these foods due to fear of contamination. Different studies in Ethiopia showed
different level of contamination of street foods (Mesfin, 2011; Mastewal, 2011 and Getu et al.,
2013). However, there is limited information on the food hygiene and food handling practice of

street food vendors and bacteriological quality of food in street of Adama.



Therefore this study was carried out to determine the bacteriological quality of street vended
foods and food safety practices among street food vendors in Adama.
The main objective of the study was to assess the bacteriological quality of some foods sold in
the streets of Adama Town.
The specific objectives were:
to determine the prevalence of bacterial contaminants in street foods sold in Adama Town
to determine the bacterial loads of selected foods sold in the streets of Adama Town.
to evaluate vendors’ food safety knowledge, attitude and practice.

to evaluate consumers’ food safety knowledge and attitude



2. LITERATURE REVIEW

2.1 Importance of Street Foods in Urban Areas
In developing countries, a large proportion of ready to eat foods are sold on the street (Mensah

et al., 2002). According to the Food and Agriculture Organization, 2.5 billion people worldwide
eat street food every day (FAO, 2007). Increased reliance of street food has been identified as
one of the characteristics of urban food distribution systems driven by changes in the urban way
of life and poverty in developing countries (FAO, 1998). Street foods have already become a
common feature of urban life. The increasing poverty and time constraints to survive in
developing countries indicate that the street food will only increase (Hilda, 2002). With the
increasing pace of globalization and tourism, the safety of street food has become one of the
major concerns of public health, and a focus for governments and scientists to raise public
awareness of (FAO, 2007). Street food feeds millions of people daily with cheap and easily
accessible food (Latham, 1997).Increased reliance on street food has been identified as one of the
characteristics of urban food distribution systems, driven by changes in the urban way of life and
poverty in developing countries (FAO, 1998).

2.1.1. Nutritional benefits

The street food industry plays an important role in developing countries in meeting the food
demands of the urban dwellers (Latham, 1997). Street foods play significant nutritional role for
consumers, particularly for middle and low-income sectors of the population, who depend on
street foods for their main food intake (Mensah et al., 2002). FAO reports that street foods
provide nutritionally balanced diets, sufficient in quantity and presenting options for variety and
choice for consumers, particularly from middle and low-income sectors of the population, who
depend heavily on them (FAO, 1997).

The contribution to the daily food intake of poor urban dwellers is scarcely quantified in energy
and nutrients (Hilda, 2002).The foods have been shown to contribute a substantial proportion of
the daily requirement of energy and protein (25%-50%) for adolescents attending schools

(Oguntona and Kanye, 1995) and urban market women (Oguntona and Tella, 1999) in Nigeria.



They are reported to play a considerable role in the daily diet of low-income male urban workers
in Hyderabad (Sujatha et al., 1997), urban construction workers in Nairobi (Korir et al., 1998)
and Calcutta street traders (Chakravarty and Canet, 1996). Their nutritional value however
depends on the ingredients used and how they are prepared, stored and sold. (Owusu Darko and
Ablordey, 2002).

2.1.2. Economic benefits of street foods

The street food industry offers a significant amount of employment, often to persons with little
education and training (Latham, 1997).Street food in Nairobi provides a substantial amount of
income for most vendors, with most of them earning an income above the official minimum
wage while some of them earn twice or more of this amount (Mwangi, 2002). Street food
operations sometimes involve the entire family in the procurement of raw materials, preparation
and cooking of the meals (Mensah et al., 2002). The role of women in the sector is significant, as
they control a large share of market activity and commodity trading (Mensah et al., 2002). Street
food vendors benefit from a positive cash flow, often evade taxation, and can determine their
own working hours (Mensah et al., 2002). In selling snacks, complete meals, and refreshments at
relatively low prices, they provide an essential service to workers, shoppers, travelers, and
people on low incomes. However, the people who depend on such food are often more interested
in its convenience than in questions of its safety, quality and hygiene (Mensah et al., 2002;
Muinde and Kuria, 2005).

2.2. Preparation of Street Foods

Street foods are prepared by the vendors at home or at the road side stalls (Muinde and Kuria,
2005). Vendor’s sites are mostly within five to meters radius of dusty roads and foot paths
(Mwadime, 2001). The vending sites are self-allocated and not varnished with sanitary amenities
(Mwangi, 2002). Foods are held in different ways before selling; fish are placed openly on the
stalls and chips are held in cup boards next to the stalls while fruit salads are held in open bowls
(Muinde and Kuria, 2005). After the food is prepared, it is not reheated to high temperatures
before serving (Muinde and Kuria, 2005). The stalls are poorly constructed and increase the
exposure to contamination by dust and smoke on the road side (Muinde and Kuria, 2005).Street
vendors use tap water supplied from the municipal council or buy from water kiosks (Mwadime,

2001;Mwangi, 2002). In other instances water is ferried from home of the food vendors because



there is no portable water available in their area of operation. This water is not enough for dish
washing and food preparation and vendors do not wash fresh foods properly (Muinde and Kuria,
2005). Mensah (1999) noted that without formal education, the street food vendors lack
knowledge on proper food handling and may play a role in transmission of food borne
pathogens.

2.3. Food Borne Diseases
It is estimated that 48 million cases of food borne diseases occur each year in the United States

of America (USA) alone, resulting in 128,000 hospitalizations and 3,000 deaths (CDC, 2013). In
Europe a total of 5,262 foods borne diseases outbreaks were reported in 2011, causing 43,473
human cases, 4,695 hospitalizations and 25 deaths (EFSA, 2012). Unfortunately, in most of the
developing countries, data regarding food borne illnesses remain scarce (WHO, 2007). However,
according to the World Health Organization (WHO), diarrheal diseases were the third leading
cause of death in low income countries resulting in 1.8 million deaths around the world in 2005
alone. In general most of the cases result from the consumption of contaminated food and water
(WHO, 2013).

Although street vended foods are very common in developing countries, there is paucity in data
and studies regarding the prevalence of food borne diseases related to these foods. However, it
has been recognized that the conditions under which street vendors operate are often
unacceptable for the purposes of preparing and selling of food (Bryan, 1988; Mosupye and Holy,
2000). Street food vendors are very often poor, uneducated and show little concern towards the

safe handling of foods, and food safety knowledge and practice (WHO, 1996).

2.4. Food Safety Knowledge and Attitude

In 2000, WHO has recognized food safety as an essential public health function. Food safety has
been defined by Henson and Traill (1993) as the inverse of food risk—*“the probability of not
suffering some hazard from consuming a specific food”. If one is not aware of the origin and
severity of food borne diseases, it’s clear that they will be less motivated to change. It’s therefore
necessary to believe that someone can get sick by some bad food handling attitudes and by
changing the behavior, one can prevent illnesses (Schafer et al., 1993). Consequently, food

safety knowledge is important in prevention of food borne illnesses although gain of knowledge



doesn’t necessarily lead to change in behavior. That’s why attitude is also very important

(Henson and Traill, 1993).

Knowledge is defined as “a complex process of remembering, relating, or judging an idea or
abstract phenomenon (cognitive abilities)” (Gotsch et al., 2012). On the other hand attitude is
defined “as a state of mind, feelings, or beliefs about a particular matter (affective abilities)
(Gotsch et al., 2012). In other words attitude is the mental state in which someone is ready and
motivated to move to action. Attitude is shaped by knowledge, which itself is a product of
exposure to sources of information and personal willing in obtaining information (Mclntosh et
al., 1994). Knowledge, attitude and practice can also be shaped by habits and other perceptions
that result from social, cultural, and economic influences (Rozin and Fallon, 1980). In a
nationwide study conducted in the United Kingdom in 1993 (FDF-IEHO, 1993), it was observed
that 45% of consumers were discouraged from eating some types of food because they knew the
possible risk of food poisoning.

Many studies have been done to assess food safety knowledge and attitude of street food
vendors; in comparison to developed countries, very few studies have been conducted in the
third world countries on the consumer’s food safety knowledge and attitudes in general and no
studies could be found regarding street food consumers. Although it was observed that an
unknown proportion of food borne diseases could be prevented by actions taken by the

consumers themselves (Medeiros et al., 2001).

According the food agriculture organization (FAQO), when selecting a street food vendor,
consumers attach importance to hygiene; however they are often unaware of the health hazards
associated with street vended foods (FAO, 2013). Many people do not know the basic rules of
food hygiene (Sockett, 1995). It has been shown in available literature that attitudes and
knowledge of consumers in general differ according to their demographic and socio-economic
(e.g. gender, age, sex and educational level) background (Wilcock et al., 2004). According to
Altekruse et al. (1999), men were more likely to report risky attitudes than women and the
prevalence of risky behavior also increased with increasing socioeconomic status. Mclntrye et al.
(2013) reported contradicting findings. In their study it was observed that food handlers with
college and university education had a higher score in food safety knowledge compare to those

with incomplete or completed high-school education, trained workers scored significantly higher



also than untrained workers (Mcintrye et al., 2013). Another study conducted in Belgium
indicated as well that male consumers attached more importance to safety compared to female
(Verbeke and Viaene, 1999). Unklesbay et al. (1998) in a study conducted in the US found that
students enrolled in a type of program that included food safety information had higher food
safety knowledge compare to others. Change in lifestyle has been also shown to have an
influence on consumer’s attitudes toward safe handling of food. In a nation-wide postal survey
conducted in the US, it has been shown that consumers had poor knowledge on the organisms
responsible for food poisoning, which type of foods were associated with these microorganisms,
the need of avoidance of cross contamination and the importance of proper cooking (Williamson
et al., 1992). Woodburn and Raab (1997) also reported that respondents could not identify which
groups of people were particularly at risk of food poisoning and what a food borne illness was.
There is more interest of consumers in convenience and saving time than in proper food handling
and preparation (American Meat Institute, 1996) and consumers often use their senses in their
descriptions of safe food, and feel that food that looks or smells bad should not be eaten
(Seward,2003).

In different studies conducted on food safety knowledge and attitudes of street food vendors, it
was observed that in general street food vendors have poor food safety knowledge ( WHO, 1996,
Rane, 2009 FAO, 2013;). Demographic characteristics such as age and gender do not seem to
play a role in food safety knowledge of vendors (Soares et al., 2012; Annor and Baiden, 2011).
Regarding the role of educational level and food safety knowledge, the results are quite different.
Soares et al. (2012) reported that there was a positive link between educational levels and food
safety knowledge of vendors while Annor and Baiden (2011) didn’t find any significant
difference. In some studies, it was found that there was a significant relation between knowledge
and attitude (Cuprasitrut et al., 2011) while others found no difference (Omemu and Aderoju,
2008).

2.5. Food Handling Practices
Three main factors play a role in the occurrence of food poisoning with regard to food handlers’

knowledge, attitude and practice (Sharif and Al-Malki, 2009). Food handlers are defined as

persons who prepare food and those who sell it, if they are different persons” (WHO,



1989).According to the WHO, food handling is a key factor during production, processing,
storage and preparation in order to ensure food safety (WHO, 1989). Although knowledge and
attitude are important, there is a gap between food safety knowledge and self-reported practices
(Woodburn and Raab, 1997). Woodburn and Raab (1997) found during a telephone survey that
20% of respondents reported unsafe practices in their food preparation even though they had a
high awareness of food borne illnesses. Altekruse et al., (1996) found that 86% of respondents
knew that hand washing reduced the risk of food poisoning, however only 66% washed their

hands after handling raw meat or poultry.

In an attempt to determine the risk factors for food borne diseases it has been found that most of
the outbreaks resulted from improper food handling practices (Ehiri and Morris, 1996).
According to different studies, it has been estimated that a considerable number of illnesses are
caused by improper food handling practices in the domestic kitchen (Flint et al., 2005). It has
been observed that most of street- vendors have poor food handling practices and expose the
food to dangerous conditions such as cross contamination (Ekanem, 1998).

Different food handling problems by handlers have been identified: unsafe sources, inadequate
cooking or heating, improper cooling, long interval between preparation and eating, poor
hygiene or handlers colonized by pathogens (Bryan, 1988). Several food borne diseases
outbreaks have been determined to be a result of poor food handling practices, such as the cross
contamination between raw and cooked products, temperature abuse, and poor personal hygiene
of food handlers i.e. failure to wash hands after using the toilet (Todd et al., 2007). In a study
conducted by Bryan (1988), it has been observed that the same knife without being clean was

used to cut raw meat and poultry as well as gravy and salad.

Food handlers can contaminate food either passively or actively. The biological hazards may be
introduced from a sick handler, from organisms on the food handlers skin or faces, from their
respiratory tract or by cross contamination after handling raw materials (WHO, 1989). Physical
hazards may also be introduced by food handlers wearing jewelry, bandages or by careless food
handling practices (WHO, 1989). The microorganisms are transferred from the faeces, nose and
skin mostly by the hands of the food handlers (WHO, 1989).
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It has been determined that Salmonella, non typhi Salmonella, Campylobacter and E. coli can
survive on finger tips and other surfaces for different days (Pethers and Gilbert, 1971), from
which they can contaminate food. Sometimes they were able to survive even after washing;
supporting the fact that food handling can lead to contamination of street vended foods
(International Commission on Microbiological Specifications for Foods (ICMSF), 1998).

2.6. Overview of Street-Vended Foods

Food and green groceries are available on the street for a fraction of the cost in a restaurant or a
supermarket (FAO, 2007).This food is termed as ‘street food’ and the consumption is common
among those in the low socio-economic bracket (Mensah et al., 2002). Street food is obtainable
from a street side vendor, often from a makeshift or portable stall (FAO, 2007). Some street
foods are regional, while others have spread beyond their region of origin (FAO, 2007). The food
and green groceries sold in farmers' markets may also fall into this category, including the food
exhibited and sold in fairs such as agricultural show and state fair (FAO, 2007). Most street
foods are both finger and fast food. Finger food is food eaten directly using the hands, in contrast
to food eaten with a knife and fork, chopsticks, or other utensils (Kay, 1999). Fast food is food
that can be quickly prepared and served (Jakle, 1999). Street foods represent a significant

portion of the diet of many inhabitants in many major cities (Suneetha et al., 2011).

Many countries have experienced a change in their socio-economic status during the past few
decades. These changes have in part led to a significant growth in the popularity of street foods
(WHO, 1996). As urbanization and population are growing, especially in developing countries, it
is expected that the street-vended foods sector, which is mainly but not exclusively an urban
phenomenon, will continue to expand (WHO, 1996). There are several benefits of street-vended
foods: i) this sector provides a regular source of income for millions of people specially women
and contributes to local and national growth ii) street foods represent a source of inexpensive,
convenient and often nutritious food for urban and rural poor iii) street foods also provide an
opportunity to develop business skills with low capital investment while giving a chance for self-

employment at the same time (WHO, 1996).

Beside the fact that they may pose a problem of pollution by waste accumulation and traffic

congestion in the city, the major concern about street foods is related to their safeness. They
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remain a potential cause of serious food poisoning outbreaks in many countries all over the
world, especially via microbiological hazards (WHO, 1996). In support of this, it has been
determined that 691 food poisoning cases and 49 deaths from 1983 to 1992 in Shandong (China)
were caused by street foods (Lianghui et al., 1993).

Street foods are considered to be a major public health risk due to the fact that the operations
tend to lack basic infrastructure and services, difficulties in monitoring and law enforcement,
difficulty in controlling due to not only the large numbers of street food vending operations but
also because of their diversity, mobility and temporary nature (Ghosh et al., 2007).

In a survey conducted by the WHO (WHO, 1993), almost all countries have reported a large
variety of street foods, types of preparation, facilities and infrastructure. Some key findings of

the survey were:
i. In 74% of countries street-vended foods were a significant part of the urban food supply,

ii. Diverse type of foods such as meat, fish, fruits, cereals, frozen products and beverages were

sold in the street,

iii. There were different methods of preparation varying from foods without any preparation
(65%), ready-to-eat food (97%) and food cooked on site (82%),

iv. Vending facilities were also different, going from mobile carts to fixed stalls and food

centers,

v. There were limited infrastructure development with restricted access to potable water (47%),

toilets (15%), refrigeration (43%) and washing and waste disposal facilities,

vi. The majority of the countries reported contamination of food (coming from raw food, infected

handlers and inadequately cleaned equipment),
vii. Time and temperature abuse were the major factors contributing to food borne disease;

viii. Most countries reported that there was insufficient inspection of the personnel, insufficient
application of the HACCP concept and noted that registration, training and medical examinations

were not part of the management strategies of street vended foods.
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One of the biggest problems which play a role in the contamination of street vended foods is the

water supply. The local water supply may not have an acceptable quality, may be in insufficient
quantities for drinking, washing, cleaning and other operations. Stationary stalls as well as
ambulatory vendors may not have direct access to water supply. There is also a need to take into
account that there is in general a scarcity of water in developing countries and tap water is not
always available. Many vendors re-use water that has been already used to clean and wash their
utensils (WHO, 1999).

Beside water, the places where the food is prepared are often not clean and are often located
close to potential sources of contamination such as waste, toilets etc. In 70 to 90 % of the cases,
insects, animals and liquid waste have been observed in area were street-vended foods were
being prepared (FAO, 1988). Most of the foods are not protected against insects, dust etc. which
may harbor food borne pathogens (Rane, 2011). It was observed that street foods were not
covered appropriately and the safe storage temperature was difficult to maintain (Bryan et al.,
1988; Ekanem, 1998). The surfaces where the food is prepared sometimes have remains of food
prepared earlier which can become sources of cross contamination. Leftovers after spending the
entire day exposed in the sun are usually stored overnight at unacceptably high temperatures and
are reheated the day after before being sold (WHO, 1989). It has been observed also that the
same knives are often used during food preparation without any cleaning between uses (Mensah
et al., 2002). The food is sometimes prepared long before its consumption; stored at ambient
temperature, and undergo inadequate cooling and reheating processes leading to contamination

of the food (WHO, 1989).In addition, as mentioned earlier street food vendors are most often

uneducated and have poor knowledge and awareness regarding food safety.

2.7. Microbial Quality of Street Foods
Potential hazards vary from natural and environmental contaminant to chemicals from the

agriculture field, veterinary drugs growth hormones, food packaging, physical foreign bodies etc.
However, microbiological hazards are considered as a greater challenge to food safety because
harmful microorganisms can either proliferate in the food or in the human body once ingested
(Tent, 1999). Insufficient knowledge, poor practices and operation in unsanitary environments
are considered as the major risk factors leading to the production of microbiologically unsafe

street foods.
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According to the Centers for Disease Control and prevention (CDC) 31 pathogens are known to
cause food borne illnesses (CDC, 2013). Among the pathogens found in street vended food
Bacillus cereus, Clostridium perfringens, Salmonella and Staphylococcus aureus are the most
common ones (Bryan et al., 1988,; Mosupye and Holy, 2000; Umoh and Odaba, 1999). In
Several studies carried out in Brazil, food borne pathogens and high microbial counts have been
found in different street foods in the country (Hanashiro et al., 2005). In Sao Paulo city (Brazil),
more specifically, approximately 35% of the street food samples were inappropriate for
consumption and in 12.5%, 2.5% and 22.5% of street food samples, B. cereus, S. aureus and E.
coli were present respectively (Hanashiro et al., 2005). In another study conducted in
Johannesburg, B. cereus was the most prevalent bacteria detected in 23 (17%) out of 132 street
food samples (Mosupye, et al., 2000). In the same study, C. perfringens was detected in one raw
chicken sample, S. aureus in two raw beef and two stew samples of street vended foods
(Mosupye et al., 2000).

In some Latin American cities, the frequency of fecal contamination in street foods ranged from
9.4% to as high as 56.7% above the considered standard (Almeida et al., 1996).The most
implicated type of food (87.5%) regards to coliforms in a study in Latin America contained meat
15% of the samples were contaminated with B. cereus and S. aureus respectively (Umoh and
Odoba, 1999). It has been observed in Ghana that a large proportion of street food dishes are
contaminated with unacceptable levels of bacteria (Mensah et al., 2002). In a study carried out
on street foods in 13 towns, 41% of the samples did not meet the bacteriological criteria and
4.5% to 70.2% were contaminated with E. coli while 0.4% to 3% and 1.9% to 10.1% were
contaminated with B. cereus and S. aureus respectively (Garin et al., 2002) .In another study
conducted in Johannesburg, B. cereus was detected in 17% of the street food samples while
S.aureus was present in 3% of the samples (Mosupye and Holy, 2000). In Bangkok, out of the 92
street food samples collected, 14(15.2%) had an unacceptable total bacteria count and
38(41.3%)an unacceptable total coliform count (Cuprasitrut et al., 2011).

In the south Indian taste of Karnataka, food like sweets, deep fried savories, milk lollies and
other food showed the presence of E. coli, S. aureus, coliforms and Enterococci (Girish et al.,
2002). while in Calcutta another study on urban street food showed similar organisms (E. coli
and S. aureus) and also pointed out that the critical control points of contamination of both food

and water samples are poor during handling and prolonged storage conditions (Gugnani, 1999).
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In Ethiopia there are many different types of ready to eat foods in different areas. Health risks
associated with street foods are common. For example, Salmonella, Shigella and other food
borne pathogens were isolated from different street foods in Addis Ababa (Deriba and
Mogessiei, 2001). S.aureus and E. coli were isolated from some street foods in Gonder (Getu et
al., 2013).

Pathogens present in street vended foods come from different sources and practices. Improper
food handling can lead to transfer of pathogens such as Salmonella, E. coli and S. aureus from
human body and environment into foods (Rane, 2011). Improper waste disposal have been
associated with transmission of enteric pathogens like Salmonella, Shigella and E. coli.
Contaminated water has been associated with pathogens such as E. coli, fecal streptococci,
Salmonella and Vibrio cholera while vegetables and spices are associated with introduction of
spore formers like Bacilli and Clostridium and pathogens like L. monocytogenes, Shigella,
Salmonella etc (Rane, 2011). Improper storage temperature and reheating of food have been
associated with production of heat stable toxins produced by pathogens like C. perfringens and
B. cereus (Rane, 2011). A study performed in the Dominican Republic showed that the aerobic
mesophilic colony counts exceeded 1 x 108 CFU/ml in beans collected from a vendor after being
left overnight at ambient temperature (Bryan et al., 1988). In another study carried out in the
Pakistan, aerobic mesophilic counts greater than 1 x10” CFU/mI were observed in leftover beef
and rice collected from a vendor at a bus station (Bryan et al., 1992 b). It has been also reported
in these studies that the average food holding temperatures were ranged from 26 ° C to 50° C
which is ideal for the rapid growth of bacteria (Bryan et al., 1988, 1992 b). Utensils and
equipment may also lead to microbial cross contamination of food with S. aureus, E. coli and
Shigella due to contaminated water, dish cloth and handlers (WHO, 1996).
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3. MATERIALS AND METHODS

3.1 Description of the Study Area
The study was conducted in Adama town. Adama is one of the regional cities located about

99km from Addis Ababa in the southeast direction. Adama is located at latitude and longitude of
08°3229"N and 39°16'08"E, respectively and an elevation of 1,712m (5,617ft) above sea level.
The average annual temperature in Adama is 20.5°C. About 808mm of precipitation falls

annually.

Adama has a total of area of 133.6km? which has been subdivided into 18 (14 urban and 4 rural)
kebele administration and the town has more than 350,000 population (ACA, 2014). Street food
vending is mostly done by females who migrate to the city and have low economic level. The
study included four sites in Adama town (Posta Bet, Mebrat Hail, Amede Gabaya and Bus
Terminal), where the number of street food vendors and their consumers are thought to be high.

3.2 Study Design
A cross-sectional analytical study was conducted during January, 2016 to determine the

bacteriological quality of street food in Adama Town. Questionnaire was used to obtain
preliminary information on the demographic characteristics of street food vendors and
consumers as well as evaluated the food safety knowledge and practices of street food vendors

with in Adama Town.

A total of 60 food vendors (15 per site) and 120 consumers (30 per site) from four street food
vending sites were selected using systematic simple random sampling technique. A total of 56
samples of common street foods in Adama were collected using systematic random sampling
techniques that included 16 potato ‘chips’, 12‘Bonbolino’, 12 spoonfuls of cooked ‘spaghetti’

and16 pieces of bread.

In the Laboratory studies, randomly collected street foods in the selected study sites were
serially diluted and isolation, identification and determination of bacterial loads were done in
Oromiyaa Public Health Research, Capacity Building and Quality Assurance Laboratory Center.
The results of all bacteriological analyses were compared with microbiological criteria for foods
stuffs provided by North South Wales Food Authority microbiological quality guide for ready-
to-eat foods (NSW, 2009).
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3.3 Methods of Data Collection

3.3.1 Assessment of food safety knowledge and attitude

Assessment of food safety knowledge and attitude of both vendors and consumers were done
using structured questionnaire. Prior to starting this study, the researcher explained the aims of
this study to food vendors in the study area. The questionnaire was adopted from Angelillo et al.
(2001), Bolton et al. (2008) and Ansari-Lari et al. (2010). The questionnaire was first translated
to Amharic a pilot test was conducted using 20 people in one of the selected sites. Based on the
comments of the respondents, slight changes were made before adoption of the final version for
the study. The questionnaire was organized into the following three main sections: demographic
information, food safety knowledge and food safety attitudes. The questionnaires were filled in
either by the participants themselves or by the researcher for participants with limited education
(Appendix I and II).

The demographic section included information regarding sex, location, age, educational level
and training in food safety. The knowledge section was designed to evaluate the food safety
knowledge of vendors and consumers about food poisoning, food infection, high risk groups and
proper cleaning. This contained 18 questions with 3 possible answers “yes”, “no” and “do not
know”. Each correct answer was awarded one mark (one point) whilst each incorrect and ‘do not
answer’ was awarded no point (0-point). A maximum of 18 points could attain in section. The
compiled score were converted to its equivalent on a basis of 18 = 100. A score less than 50 was
considered as poor knowledge, 50 to 75 was considered as median (adequate food safety
knowledge) and more than 75 was considered as having a good level of food safety knowledge

(Samapundo , 2012).

The food safety attitude section was designed to determine the understanding of consumers and
vendors about food safety. This section contained 16 questions with three possible answers as
described above. The same procedure was used for evaluation in the knowledge section. During
the survey on the street food consumers the researcher situated his self in areas in and around
markets, bus terminal or parks which were frequently visited by local inhabitants of Adama

town. The researcher identified those pedestrians who were 15 years old and asked those to
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voluntary participate in the study. This appeared to be repeated until 30 consumers had been
interviewed in each of the four sites, giving the study a total of 120 consumers.

For selection of the street food vendors, highly frequented streets surrounding markets, bus
terminal and in each of the four sites were selected for the survey. In order to make each vendor
in these streets have an equal chance of being selected as a study subject, the researcher assigned
each vendor a unique number. These numbers were written on separate pieces of papers which
were then mixed in a hat. The numbers were picked from the hat and the order was noted. The
vendors were then approached in this order and asked to participate voluntarily until 15 had been
interviewed from each of the four districts.

3.3.2. Assessment of food safety practices

The food safety practices of vendors and consumers in the selected study area were evaluated
using an observation checklist (Appendix Il1). The checklist was a combination of different
checklists used in previous studies (Chukuezi, 2010; Dirks, 2010; Ruth, 2013).
Demographic data such as age, sex, location, educational level and food safety training was
registered. The checklist contained five main components

I. Containers and adequate washing facilities

I1. The environment around the stall (presence of flies, animals, and litter),

I11. Personal hygiene - whether or not head gear and aprons were worn

IV. Food storage

V. Utensils (the use of soap and clean water). Absence (no) or presence (yes) of each

component was recorded and a frequency table for all components was computed and

was used for description of food handling practices by vendors.

3.3.3 Laboratory Examination of the Bacteriological Quality of Street Vended Foods

In the laboratory, samples were examined for enumeration of total coliforms, total aerobic
mesophilic bacterial,fecal coliform, staphylococci and spore forming bacterial count of each
sample were enumerated using appropriate Standard method (NSW, 2009). The mean number of

colonies counted was expressed as log colony forming units (CFU/ml).
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3.4. Sample Collection and Processing.

At least three vendors were selected for sampling from each location. A total of 56 samples of
street foods consisting of 16 potato ‘chips’, 12‘Bonbolino’, 12 spoonful cooked ‘spaghetti’ and
16 pieces of bread were used for analysis purposefully. The food samples were collected using
systematic random sampling technique. All the samples were purchased at dry season in January,
2016 over five different days during the course of a week at four different areas of Adama town
(Posta Bet, Mebrat Hail, Amede Gabaya and Bus Terminal). Bread, Bonbolino and spoonful of
cooked ‘spaghetti’ were collected from 8am-10am, potato chips from 5pm - 8pm when most of
these foods were prepared and ready to sell consumer.

Upon collection, the samples were initially kept chilled in a cooler box packed with dry ice for a
maximum of six hour, Thereafter, the samples were frozen (-18°C) until they were analyzed at
the Laboratory. Twenty five gram of each sample was mixed with 225 ml of 0.1% sterile peptone
water and was homogenized for 2 min. using a Stomacher (Model 400, Circular, England ) and
1ml of the resultant homogenate was added to 9ml of sterile 0.85% saline in a test tube and
diluted serially to obtain dilutions up to 10® (Kiiyukia ,2003). All the samples were processed in
Oromiyaa Public Health Research, Capacity Building and Quality Assurance Laboratory Center
based on Laboratory Manual of Food Microbiology for Ethiopian Health and Nutrition Research

Institute. The ingredients and description of the four street foods were presented in table 1.

Table 1.The ingredients and description of local street foods analyzed from Adama town.

Food Items Ingredients Description
Spaghetti Thin stick likes shaped Spaghetti Boiled Spaghetti and then
(wheat), Tomatoes, Onion mixed with already prepared

tomato stew
Bonbolino wheat flour fried in oil It is a circular shaped made of

Potato chips

Bread

Pieces of potato, fried in oil

Wheat flour

wheat dough which is fried in
oil.

It is a ring/circular shaped
made of potato which is fried in
oil until golden brown.

It is a circular shaped made of
wheat dough.

3.4.1. Enumeration of indicator microbial group
Enumeration was done for selected indicator microorganisms i.e. total aerobic mesophilic counts,

Total coliform, fecal coliform and Staphylococcal. Total aerobic mesophilic counts were done to
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determine the loads of microbial contaminants in the sample street foods. Total coliform and
fecal coliform counts were done to examine possible contamination with materials of fecal
origin. While staphylococcal count was determined to assess the hygienic status of personnel
preparing the street foods (Kloos and Bannerman., 1999).

Table 2. Selective media for microbial analysis.

Parameters Media Method IncubationTemperature
and Time
Total aerobic mesophilic count Platecount agar Pour plate 30°C, for 24-48 hours
Total coliform count McConkey Agar Spread plate 37°C,24-48 hours
count
Total fecal coliform count McConkey Agar Spread plate 44°C,24 hours
count
Total spore forming count TriptonSoya Agar  Pour plated 80°C,10 minutes
30°C, 48 hours
Staphylococci Mannitol salt agar Pour plated 37°C,24-48hours
(MSA)

3.4.2. Total coliform count (TCC)

The presence of indicator organisms (total coliforms) in samples was done using spread plate
count on Mckonkey agar at 37°C for 24hr to 48hrs. Serial dilutions of the samples were made in
0.1% buffered peptone water. Then, 0.1ml of each diluted sample was inoculated into
MacConkey agar medium and incubated at 37° C for 48 hours; peteridishes were then observed.

The mean number of colonies was expressed as colony forming units (CFU)/ ml.

3.4.3. Total aerobic mesophilic bacterial counts

Mesophilic counts was made up to 107 dilution factors of sterile normal saline solution.0.1 ml of
each dilution was pour plated into sterile petridishes containing Plate Count Agar (PCA),and
incubated at 30° C for 24 hours. After incubation, the plates were examined for the presence of
discrete colonies which was used for estimating the actual number of bacteria. Colonies were

counted from replicate plates and the average was taken to estimate the TAMC. The mean
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number of colonies was expressed as colony forming units (CFU)/ ml using the following
formula (Titarmare et al., 2009).

CFU/ml = Number of colonies counted x Dilution factor/volume of sample plated

3.4. 4. Staphylococci count (SC)
From each sample of the serial dilution, 0.1 ml was pour plated into sterile petridishes containing

15 ml mannitol salt agar (MSA) medium (Oxoid company) was pour plated and incubated at 37°
C for 24-48 hours. Yellow and orange colonies that were surrounded by yellow zones due to
mannitol fermentation then colonies were counted from replicate plates The mean number of

colonies was expressed as colony forming units (CFU)/ml (Tasnim et al., 2010).

3.4.5. Total fecal coliform count (TFCC)

Serial dilution the samples were prepared in 0.1 buffered peptone water then 0.1 ml of each
dilution was evenly spread on MacConkey agar medium and incubated at 45° C for 48 hours.
After incubation, the plates were observed for the presence of discrete colonies and the actual
numbers of bacteria were estimated as colony forming units per ml (CFU/ml) following the
methods used by Tasnim et al. (2010).

3.4.6. Total spore forming bacterial count

For spore forming bacterial count, 1:10 dilutions of the sample in distilled water was poured in a
test tube and heated to 80°C for 10 minutes. The sample tube immediately cooled and 1 ml of the
heat shocked sample was transferred to petridish containing dextrose tryptone agar with
bromcerol purple. After mixing it was incubated at 30° C for 48 hours (Roberts and Greenwood,
2003).

3.5. Data Analysis Method
The microbial counts were normalized by transformation to log;o CFU/ml.in order to establish

statistical significant of microbial loads in different street vended foods site, analysis of variance
(ANOVA) was applied. The Statically Package of Social Science Software (SPSS) V.20
Microsoft office excel 2007 was used for data processing and analysis. Descriptive statistics was

generate for variables under study, particularly with frequency distribution for categorical data to
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explore the explanatory variables associated with the outcome of interest, factors that were
statistically significant were established at 95% confidence interval and p-values<0.05.

3.6. Ethical Consideration
The investigator got ethical clearance from Haramaya University, School of Graduate Studies’

Ethical Review Committee. Permission was also obtained from Adama Health office in order
take permission to conduct the study. Informed oral consent was obtained from the study
participants.
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4. RESULTS AND DISCUSSION

4.1 Food Safety Knowledge, Attitude and Practice
The present study included 60 vendor participants, 47(78.3%) female and 13(21.7%) male,

(Table 3). The mean age of vendors was 25.5 + 7.8 years. Over 90 % of the persons interviewed
were ranged in the age group 15 — 35 years old. With regards to the educational level, 41.7%
were of primary school level, while 40% attended the secondary school. Few of the respondents
(15%) were received food hygiene training.

Table 3 -Demographic characteristics of street food vendors of Adama town.

Characteristics Number Percentage meantSD Range
Sex

Female 47 78.3%
Male 13 21.7%
Age

15-25 years 31 51.7% 25.5£7.8 15-46
26 35 years 23 38.3%
36-45 years 5 8.3%
46-55 years 1 1.7%
>55 years 0 0%
Education

[literate 4 6.7%
Primary school complete or not 25 41.7%
High school complete or not 24 40%
University complete or not 7 11.7%
Food Safety Training

Yes 9 15%
No 51 85%
Location

Bus terminal 15 25%
Posta Bet 15 25%
Amede 15 25%
Meberat Hail 15 25%
Total 60 100%

The results of this study have revealed that the street food business in Adama is dominated by
females (78.3%). This was in agreement with studies in many developing countries including
Ethiopia (Diriba et al., 2000), (Mesfin et al.,2016) ,South Africa (Martins and Anelich, 2000);
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1993 Botswana (Ohiokpehai, 2003); Ghana (Tomlins and Johnson, 2004); Brazil (Hanashiro,
2004); Kenya (Muinde and Kuria, 2005); Uganda (Muyanja, 2011) and in Nigeria (Nurudeen et
al.,2014). Generally, the higher proportion of female vendors can be explained by the fact that
women are responsible for traditional cooking and child care and generally have lower education
and skill levels, which result in their greater involvement in informal sector’s such as street food
vending. Higher proportions of women vendors may actually advantageous as female vendors
have been reported to provide street foods with higher nutritional quality than male counterparts
Ohiokpehai (2003).

These finding might be advantageous as it has been found in a study conducted in the United
States that women demonstrate safer food preparation techniques (Klontz et al., 1995). However,
it has to be noted that the women assessed in the study in the US had at least a high school
education which differs from our study since half (48.3%) of the vendors did not have a high
school education . Nevertheless, the educational background of the vendors in Adama is quite
similar to those in Ghana, Nigeria, Kenya and Lome (Ackah et al., 2011; Nurudeen et al., 2006;
Muinde and Kuria, 2005, Adjrah et al., 2013).

According to strategies used to enhance the safety of street vended foods (WHO, 1996), studies
of local street food systems and consideration of education of consumers as well as training of
food handlers are important. In addition, most of studies on street vended foods have
concentrated on the knowledge of vendors regarding to food safety. However, the understanding
and attitudes of consumers about street food safety also have an important role towards this
problem through their purchasing decision, in other words, through their decisions of what to

consume and from whom to purchase.

The demographic characteristics of 120 consumers who participated in this study are shown in
Table 4, 41 (34.2%) were female and 79 (65.8%) were males. The mean age of the participants
was 31.3, and the ages ranged from 15- to 65 years. Eighty five percent of the consumers were
between 15 and 45 years of age. With regards to the level of education attained, almost a half
(50%) of the consumers did not have a high school education, 47.5% were of primary school
level, while 34.7% attended the secondary school. Few of the respondents (6.7%) indicated that

they have received food hygiene training.
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Table 4 Demographic characteristics of street food consumers of Adama town

Characteristics Number Percentage Mean+SD Range
Sex

Female 41 34.2%
Male 79 65.8%
Age

15-25 39 32.5% 31.3+11.3 15-65
26-35 38 31.7%
36-45 25 20.8%
46-55 14 11.7%
> 55 4 3.3
Education

Illiterate 3 2.5%
Primary school complete or not 57 47.5%
High school complete or not 41 34.2%
University complete or not 19 15.8%
Food Safety Training

Yes 8 6.7%
No 112 93.3%
Location

Bus Station 30 25%
Posta Bet 30 25%
Amede 30 25%
Meberat Hail 30 25%
Total 120 100%

The results of the survey to determine the food safety knowledge of the vendors is shown in
Table 5. The mean food safety knowledge score of the vendors was 67+14. 6 (10%) of the
vendors who participated in the study had a score less than 50; 33 (55 %) had a score between 50
and 75 and 21 (35%) had a score higher than 75. Amongst the studies that have used the same
scoring methods, the mean knowledge score of the vendors in Adama was found to be higher
than that of food handlers from other countries such as Haiti (Ruth, 2013) and Thailand
(Cuprasitrut et al., 2011).
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Table 5 -Vendor food safety knowledge score based on the demographic characteristics.

Characteristics Number ( % of correct answers)

Score range

< 50% 50-75%  >75% Mean£SD Range p-value

Sex

Female 5(8.3) 24 (40) 18 (30) 67+7 39-88

Male 1(1.7) 9 (22.5) 3(5) 67x14 44-89 0.76
Age

15-25 years 4 (6.7) 14 (23.3) 13 (21.7) 63%14 39-89

26 -35 years 0 (0) 14 (23.3) 8(13.3) 7019 56-83

36-45 years 2 (3.3) 4 (6.7) 0 (0) 56+13 30-72 0.001
46-55 years 0(0) 1(1.7) 0(0) - -

Education

[lliterate 2 (3.3) 1(1.7) 1(2.7) 54+19 39-83
Primary school complete or not 3 (5) 20(33.3) 2(3.3) 60+10 39-78

High school complete or not 1(1.7) 10 (16.7) 13(21.7) 7411 44-89
University complete or not 0(0) 2 (3.3) 5 (8.3) 77+6 67-83 0.003
Food Safety Training

Yes 0 (0) 2 (3.3) 7 (11.6) 78+7 67-89

No 6 (10) 31(51.7) 14(23.3) 65+13 39-89 0.16
Location

Bus Station 3(5) 7(11.6) 5(8.3) 65+17 39-89

Posta Bet 2 (3.3) 6 (10) 7 (11.6) 68+14 44-83
Amede 1(1.7) 10 (16.7) 4 (6.7) 7010 50-83
Meberat Hail 0 (00 10 (16.7) 5(8.3) 66+10 44-78 0.11
Total 6 (10) 33(55) 21 (35 67+14 39-89

It is noticeable that the mean score of the vendors was 67, which shows that the vendors

surveyed in the four districts had an adequate (satisfactory) food safety knowledge level. This
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may in part be a result of the expansion of primary school almost all over the country by effort of
Ethiopia Minster of Education (MOE).

The survey also indicated that there was no significant difference in food safety knowledge with
regards to gender (p = 0.76), food safety training (p = 0.16) and location (p = 0.11). On the other
hand, significant differences was observed in food safety knowledge level on the basis of age (p
= 0.001) and educational level (p = 0.003). In more detail, the young age group (26-35 years) had
the highest levels of food safety knowledge (70 £+ 9), whereas the adult vendors (36-45 years)
had adequate levels of knowledge of food safety (56 + 13) and the vendors who had been
educated at the university level had good food safety knowledge scores (77 * 6), whilst those
who had received only primary education had adequate (60 £ 10).

The results of the survey to determine the food safety knowledge of the consumers are shown in
Table 6. The consumers had a mean food safety knowledge score of 64 correct answers,
indicating that they generally had an average knowledge of food safety. 82 (68.3%) of the 120
consumers had a score between 50 and 75 and 16 (13.3%) had score higher than 75. This could
partly be a result of the extensive radio and TV campaign on food borne diseases launched in the

country since the occurrence of diarrhea and vomiting in November 2015.

No statistical difference was found between the food safety knowledge’s of consumers on the
basis of gender (male vs. female) (p = 0.21) and location in Adama (p = 0.45). Other studies

have indicated that females obtained higher score compare to males (Bruhn and Schutz, 1998).

On the other hand, significant differences occurred in food safety knowledge level on the basis
of age (p=0), educational level (p = 0.008) and food safety training (p = 0). With regards to the
level of education, it seems that the more educated consumers had better knowledge of food
safety. Consumers who had been educated at the university level had good food safety
knowledge scores (72 = 9), whilst those who had received only primary education had adequate
(58 £ 12) and illiterate has the poorest (46+3). With respect to age, the consumers between 26
and 35 years had better food safety knowledge scores (66+£10) which were significantly greater
than those of the older consumers. The food consumers who had received training in food safety

demonstrated better food safety knowledge (71+9) than untrained consumers (63+13). Though, it
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is difficult to ascertain if these results are a matter of chance because none of the consumers could

provide a certificate or an official document of the training received.

Table 6-Consumers food safety knowledge score based on the demographic characteristics

Characteristics

Number ( % of correct answers)

Score range

< 50% 50-75%  >75% MeantSD Range p-value
Sex
Female 3(25) 30(25) 8(7)  65*ll 44-83
Male 19 (15.8) 52(43.3) 8(6.7) 62+13 33-94 0.21
Age
15-25 years 6 (5) 30 (25) 3(2.5) 64+11 44-94
26 35 years 1(.8) 28 (23.3) 9(7.5) 66+10 44-94
36-45 years 5(4.2) 16 (13.3) 4 (3.3) 6310 39-83
46-55 years 7 (5.8) 7 (5.8) 0 (0) 55+13 39-72
>55 3(2.5) 1(.8) 0 (0) 42+7 33-50 0.00
Education
Illiterate 2(17) 1(8) 0 (0) 46+3 44-50
Primary school complete ornot 17 (14.2) 36 (30) 4(3.3) 58+12 33-83
High school complete or not 3(2.5) 32 (26.7) 6(5) 68+10 50-94
University complete or not 0 13 (10.8) 6 (5) 72+9 56-94 0.008
Food Safety Training
Yes 0 (0) 6 (5) 2 (1.7) 7149 56-83
No 22 (18.3) 76(63.3) 14(11.7) 63%7 33-94  0.00
Location
Bus Station 325 21(17.5) 6(5) 6912 5o.oa
Posta Bet 7 (5.8) 21 (175 2(1.7) 61+10 39-94
Amede 3(2.5) 23(19.2) 4(3.3) 74+11 44-83
Meberat Hail 9 (7.5) 17 (14.2) 4 (3.3) 7616 33-83 0.45
Total 22 (18.3) 82(68.4) 16(13.3) 64+13 33-94
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Characteristics

Number ( % of correct answers)

Score range

Characteristics < 50% 50-75% >75% meanzSD Range p-value
Sex

Female 5 (8.3) 24(40) 18 (30) 75+18 43-94

Male 1(1.7) 915 3(5) 69+15 38-94 0.71
Age

15-25 years 4(6.7) 14 (23.3) 13 (21.7) 7511 43-94

26 35 years 0 (0) 14 (23.3) 8 (13.3) 74115 38-94

36-45 years 2(3.3) 4(6.7) 0 (0) 68+13 50-87

46-55 years 0 (0) 1(1.7) 0(0) 0.45
Education

[literate 2 (3.3) 1(1.7) 1(1.7) 59+12 43-69
Primary school complete or 3 (5) 20 (33.3) 2 (3.3) 70£10 38-87

High school complete or not 1 (1.7) 10 (16.7) 13 (21.7) 79+11 50-94
University complete ornot 0 (0) 2 (3.3) 5(8.3) 80+13 62-94  0.05
Food Safety Training

Yes 000) 2(3.3) 717 Bl 6o

No 6 (10) 31 (51.7) 14 (23.3) 72+11 38-94 0.12
Location

Bus Station 3(5) 7(11.7) 5 (8.3) 71+12 43-94

Posta Bet 2(3.3) 6(10) 7(11.7) 7711 50-94
Amede 1(1.7) 10 (16.7) 4 (6.7) 7117 38-93
Meberat Hail 0 (0) 10 (16.7) 5(8.3) 7618 69-94 0.71
Total 6 (10) 33 (55.1) 21 (35) 74+13 39-94




29

The results of the survey to determine the food safety attitudes of the vendors are shown in Table
7.The mean food safety attitude score of the vendors was 74+13.The scores ranged from 39 to
94. 6(10%) of the vendors had a score less than 50; whilst 54 (90%) had a score of at least 50.

No statistical difference was found on the basis of location (p =0.71) and level of gender (p =
0.71), food safety training (p = 0.12) and age of vendors (p = 0.45). While the vendors who
studied at university had good food safety attitudes (80 + 13), while the illiterate ones had
adequate food safety attitudes (58 + 15) (p = 0.05). Some studies have also reported that
educated food handlers have higher food safety attitudes compared to illiterate food handlers
(Mclintyre et al., 2013) while others have reported that no significant differences occur between
the two (Bas et al., 2006, Ruth, 2014)

The results of the survey to determine the food safety attitude of the consumers are shown in
Table 8. The consumers had a mean food safety attitude score of 73, which indicated that they
(in general) had an average understanding of food safety attitude. The range of scores was
between 25 and 94. With regards to distribution of the scores, it can be seen in Table 12 that the
majority 111 (92.5%) had a food safety attitude scores greater than 50, whilst 48 (40%) could be

considered as having a very good food safety attitude as they had scores greater than 75.

The food safety attitudes of the consumers were generally higher than their food safety
knowledge (p= 0). No significant differences occurred between the food safety attitude scores of
consumers on the basis of gender (p = 0.38) and location (p=0.11) however, the significant
differences were found on the basis of age (p = 0.009) and education (p = 0.001) and food safety
training (p=0). With respect to age, consumers, between 26 and 35 years had food safety attitude
scores which were significantly greater than those of the older consumers. The younger
consumers in Adama have better and higher educational backgrounds compared to older
consumers. The consumers who had studied at university had good food safety attitudes (82 * 8),
while the illiterate ones had average food safety attitudes (58 + 15). This was in agreement with
the findings in Haiti by Samapundo et al., (2014) and other studies (Annor and Baiden, 2011;
Rheinlénder et al., 2008) with regards to the food consumers who had received training in food

safety demonstrated better food safety attitudes than (78+7) than untrained consumers (73+13).
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Table 8-Consumers’ food safety attitudes score based on the demographic characteristics

Characteristics

Number ( % of correct answers), Score range

<50% 50-75% >75% meant Range p-
SD value

Sex

Female 1(.8) 23(19.2) 17(14.2) 7847 66-87

Male 8(6.7) 40(33.3) 31(25.8) 72+15 25-94 0.38
Age

15-25 years 2(1.7) 23(19.2) 14(23.3) 759 50-94

26 35 years 0 (0) 13(10.8) 25(20.8) 7949 50-93

36-45 years 3(25) 14(23.3) 8(6.7) 69+15  44-94

46-55 years 2(1.7) 12(10) 1(.8) 62+15  25-81

>55 2.7 27 0 (0) 52+22  25-75 0.009
Education

[literate 1(.8) 2 (1.7) 0 (0) 58415 44-75

Primary school completeornot 8 (6.7) 35(29.2) 14(23.3) 6714 25-94

High school complete or not 0(0) 20 (16.7) 21(17.5) 79%9 50-94
University complete or not 0 (0) 6 (5) 13(10.8) 8248 61-94 0.001
Food Safety Training

Yes 1(.8) 3(2.5) 4 (3.3) 78+14  50-94

No 8(6.7) 60 (50) 44 (36.7) 73+13  25-94 0.00
Location

Bus Station 2.7 14(11.7) 14(11.7) 7515  44-94

Posta Bet 4(33) 18(15) 8 (6.7) 67+15  25-87
Amede 1(.8) 16 (13.3) 13(10.8) 77+10 50-94
Meberat Hail 2(1.7) 15(125) 13(10.8) 73+13 44-94 0.11
Total 9(7.5) 63(52.5) 48 (40) 7313 25-94
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Table 9- Assessment of vendors' food safety knowledge

Statement Right Wrong Do not
know

1  Washing hands before work reduces the risk of food 59(98.3) 0(0) 1(1.7)
contamination

2  Bloody diarrhea can be transmitted by food 38(63.3) 0(0) 22(36.7)

3 During infectious disease of the skin, it is necessary to 52(86.7) 0(0) 8(13.3)
take leave from work.

4 Typhoid fever can be transmitted by food 48(80) 0(0) 12(20)

5 Eating and drinking in the work place increase the risk of ~ 50(83.3) 6(10) 4(6.7)
food Contamination

6  Swollen cans can contain microorganisms 33(55.5) 2(3.3) 25(41.7)

7 Abortion in pregnant women can be induced by food- 23(38.3) 1(1.7) 36(60)
borne disease

8  Hepatitis A virus is among the food-borne pathogens 4(6.7) 1(1.7) 55(91.7)

9  Microbes are in the skin, nose and mouth of healthy 57(95.5) 0(0) 3(5)
handlers

10 Salmonella is among the food-borne pathogens 6(10) 0(0) 54(90)

11 Staphylococcus is among the food-borne pathogens 4(6.7) 0(0) 56(93.3)

12 Using gloves while handling food reduces the risk of food 54(90) 2(3.3) 4(6.7)
contamination

13  AIDS can be transmitted by food 58(96.7) 0(0) 2(3.3)

14 Children, healthy adults, pregnant women and older 14(23.3) 33(55) 13(21.7)
individuals are at equal risk for food poisoning

15 Food prepared in advance reduces the risk of food 55(91.7) 5(8.3) 0(0)

contamination
16 Proper cleaning and sanitization of utensils increase the 58(96.7) 2(3.3) 0(0)
risk of food contamination

17 Reheating cooked foods can contribute to food 39(65) 20(33.3) 1(1.7)
contamination
18 Washing utensils with detergent leaves them free of 12(20) 47(78.3) 1(1.7)

contamination

Figures in parenthesis indicate percentage
Tables 9 and 10 show the tallied responses of the vendors and consumers, respectively to each

question in the questionnaire about their food safety knowledge. The results show that the
majority of the vendors did not know that hepatitis A virus (91.7% of the respondents),

Salmonella (90%) and Staphylococcus aureus (93.3%) are pathogens that are responsible for
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Food borne diseases. In agreement with this finding, vendors in Brazil (Soares et al., 2012) also
failed to identify these food-borne pathogens. However almost all vendors (96.7%) recognized
that AIDS cannot be transmitted by food. 63.3% knew that bloody diarrhea can be transmitted
by food and 91.7% knew the preparation of foods in advance can reduce the contamination of
foods. On the other hand, 86.7% knew that it is necessary to take leave from work during cases
of infectious skin diseases and 95.5% knew that microbes can be found in the skin, mouth and
nose of healthy handlers.

60 % of vendors did not know that abortion could be induced by food borne diseases. 78.3 % of
them believed wrongly that washing utensils with detergents leave them free of contamination.
83.3% recognized that eating and drinking in the work place increased the risk of food
contamination. A considerable proportion of vendors were aware of the critical role of hand
washing (98.3 %) and proper cleaning of utensils (96.7%) in the prevention of food borne
diseases. 90 % knew that the use of gloves is important in reducing risk of contamination.
However 41.7 % of the vendors did not know that swollen cans might contain microorganisms.
In contrast to this finding, vendors in Iran (Ansari et al., 2010) 80% of the vendors knew that
swollen cans might contain microorganisms. 60% of the vendors incorrectly thought that the

reheating of foods can contribute to food contamination.

In comparison to vendors, almost all consumers did not know that hepatitis A (95%) Salmonella
(90.8%) and Staphylococcus (95.8%) were food borne pathogens. 46.7 % of the consumers did
not know that bloody diarrhea can be transmitted through food. Compared to the vendors
(96.7%), a slightly lower proportion of the consumers (88.3 %) knew that AIDS could not be
transmitted by food even. In contrast to this finding, consumers in Haiti (Ruth, 2013) 69% knew

that AIDS could not be transmitted by food even.

78.3 % also knew that it is necessary to take leave from work during infectious disease of the
skin. 92.5% of the consumers knew that microbes could be found in the skin, nose and mouth of
healthy handlers. In similarity to the results observed for the vendors (60%), 56.7 % of the
consumers did not know that abortion could be induced by food borne diseases. 70% wrongly
believed that washing utensils with detergent would leave them free of contamination and only

(66.7%) recognized that eating and drinking in the work place increased the risk of food
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contamination. Most of the consumers were aware of the importance of washing hands (99.2%),
proper cleaning (100%) and the use of gloves (95%) in the prevention of food borne diseases.

Almost half of (50.8%) of the consumers in Adama were able to identify children, pregnant
women and elderly as being at equal risk of food-borne diseases. 74.2% of the consumers
correctly responded that a swollen can is a possible host of microorganisms. Slightly more
consumers (77.5%) than vendors (65%) knew that reheating could be used to prevent the
occurrence of food borne diseases.

Tables 11 and 12 show the tallied responses of the vendors and consumers, respectively to each
question in the gquestionnaire about the food safety attitudes. Regarding food safety attitude of
the vendors, the study found that the majority of vendors answered correctly half of the questions
(questions 3, 4, 6, 8, 9, 10, 11, 13, 14 and 16). As in other studies conducted in Haiti, Ghana and
South Africa, a high percentage of the street food vendors (84.4%) who participated in this study
were aware of the importance of separating cooked and raw foods in order to prevent food borne
diseases (Ruth 2013, Donkor et al., 2009 and Lues et al., 2006). However most of them
wrongly believed that a well-cooked food is free of contamination (81.7%) and that washed
vegetables by cold water is free of contamination (43.3%). More than half (58%) of the vendors
did not know the use of checking the temperature of refrigerators/freezers periodically to reduce
the risk of food contamination (58.3%) and only 46.7% of the vendors knew egg should be wash

before cooking.

As observed for the vendors it can be seen in Table 13 that the majority of the consumers also
correctly answered approximately most of the questions (questions 3, 4, 6, 8, 9, 10, 11,13, 14 and
16) that are used to assess their food safety attitudes. The consumers had the same difficulties in
answering the same questions that the vendors also could not answer. The lowest percentage of
correct answers (37.8%) was observed for the question concerning on the use of checking the

temperature of refrigerators/freezers periodically to reduce the risk of food contamination.



Table 10 -Assessment of consumers * food safety knowledge

10

11

12

13

14

15

16

17

18

34

Statement Right Wrong Do not
know

Washing hands before work reduces the risk of food 119(99.2) 1(.8) 0(0)

contamination

Bloody diarrhea can be transmitted by food 45(37.5) 19(15.8) 56(46.7)

During infectious disease of the skin, it is necessary to take 94(78.3) 1(.8) 25(20.8)

leave from work

Typhoid fever can be transmitted by food 91(75.8) 8(6.7) 21(17.5)

Eating and drinking in the work place increase the risk of 80(66.7) 31(25.8) 9(7.5)

food Contamination

Swollen cans can contain microorganisms 89(74.2) 7(5.8) 7(5.8)

Abortion in pregnant women can be induced by food-borne  31(25.8) 21(17.5) 68(56.7)

disease

Hepatitis A virus is among the food-borne pathogens 5(4.2) 1(.8) 114(95)

Microbes are in the skin, nose and mouth of healthy handlers  111(92.5) 2(1.7) 3(5)

Salmonella is among the food-borne pathogens 9(7.5) 2(1.7) 109(90.8)

Staphylococcus is among the food-borne pathogens 5(4.2) 0(0) 115(95.8)

Using gloves while handling food reduces the risk of food

contamination 114(95)  3(2.5) 3(2.5)

AIDS can be transmitted by food 106(88.3) 1(.8) 13(10.8)

Children, healthy adults, pregnant women and older 61(50.8) 22(81.3)

individuals are at equal risk for food poisoning 37(30.8)

Food prepared in advance reduces the risk of food

contamination 107(89.2) 12(10) 1(0.8)

Proper cleaning and sanitization of utensils increase the risk ~ 120(100) 0(0) 0(0)

of food contamination

Reheating cooked foods can contribute to food

contamination 39(65) 20(33.3) 1(1.7)

Washing utensils with detergent leaves them free of 29(24.2) 84(70) 7(5.8)

contamination
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10

11

12
13
14

15

16

35

Statement Right Wrong DO NOT
KNOW

Well-cooked foods are free of contamination. 4(6.7%) 49(81.7) 7(11.7)

Can a closed can/jar of cleaning product be stored together 34(56.7) 17(28.3) 9(15)

with closed cans and jars of food products

Proper hand hygiene can prevent food-borne 59(98.3) 0(0) 1(1.7)

diseases.

Raw and cooked foods should be stored 51(85) 1(1.7) 8(13.3)

separately to reduce the risk of food

contamination.

It is necessary to check the temperature of 23(38.3) 2(3.3) 35(58.3)

refrigerators/freezers periodically to reduce the risk of

food contamination

The health status of workers should be evaluated before 53(88.3) 0(0) 7(11.7)

employment

Washing vegetables with cold water leaves them free of 29(48.3) 26(43.3) 5(8.3)

Contamination

Wearing masks is an important practice to reduce the risk ~ 50(83.3) 1(1.7) 9(15)

of food contamination

Wearing gloves is an important practice to reduce the risk ~ 59(98.3) 0(0) 1(1.7)

of food contamination

Wearing caps is an important practice to reduce the risk of 53(88.3) 3(5) 4(6.7)

food contamination

Fruits must be washed before served as a food 58(96.7) 0(0) 2(3.3)

Eggs must be washed before cooking 28(46.7) 12(20) 20(33.3)

Dish towels can be a source of food contamination 50(83.3) 2(3.3) 8(13.3)

Knives and cutting boards should be properly sanitized to  58(96.7) 1(1.7) 1(1.7)

prevent cross contamination

Food handlers who have abrasions or cuts on can increase 42(70) 4(6.7) 14(23.3)

the risk of food contamination

Food shelves can be a source of food contamination. 52(86.7) 5(8.3) 3(5)




Table 12- Assessment of consumers * food safety attitude

10

11

12

13

14

15

16

36

Statement Right Wrong DO NOT
KNOW

Well-cooked foods are free of contamination. 79(65.8) 38(31.7) 3(2.5)

Can a closed can/jar of cleaning product be stored 56(46.7)  48(40) 16(13.3)

together with closed cans and jars of food products

Proper hand hygiene can prevent food-borne diseases. 116(96.7) 3(2.5) 1(.8)

Raw and cooked foods should be stored separately to 81(67.5) 19(15.8) 20(16.7)

reduce the risk of food contamination.

It is necessary to check the temperature of refrigerators 45(37.8)  7(5.8) 68(56.7)

periodically to reduce the risk of food contamination

The health status of workers should be evaluated before  85(70.8)  7(5.8) 28(23.3)

employment

Washing vegetables with cold water leaves them free of 81(67.8) 26(21.7) 13(10.8)

contamination

Wearing masks is an important practice to reduce 50(83.3) 18(15) 26(21.7)

the risk of food contamination

Wearing gloves is an important practice to reduce the 105(87.5) 10(8.3) 5(4.2)

risk of food contamination

Wearing caps is an important practice to reduce the risk ~ 117(97.5) 1(0.8) 2(1.7)

of food contamination

Fruits must be washed after purchase 113(94.2) 1(.8) 6(5)

Eggs must be washed after purchase 65(54.2) 21(17.5) 34(28.3)

Dish towels can be a source of food contamination 96(80) 0(0) 24(20)

Knives and cutting boards should be properly sanitized 100(83.3) 1(1.7) 1(1.7)

to prevent cross contamination

Food handlers who have abrasions or cuts on can 98(81.7) 8(6.7) 14(11.7)

increase the risk of food contamination

Food shelves can be a source of food contamination. 93(77.5) 2(1.7) 25(20.8)




37

Table 13 presents the characteristics of the observed stalls. 35% of the stalls observed consisted
of an informal canopy, 35% consisted of wood and zinc and 26.7% consisted of in formal
container in the street. As observed in this study other studies have also reported that street
vending stalls are most often made in canopies (Chukuezi, 2010). Almost half of the street foods
(48.3%) were prepared on the site and 52.7% of the food was prepared at home. Other studies
have also reported that most of street vendors prepared the food at home in South Africa and
Mauritius (Lues et al., 2006; Subratty et al., 2004). Regarding the sanitary conditions of the
environment surrounding the vending sites, half (55%) of the vending sites were not protected
from the sun, wind and dust. Dust potentially carries pathogens and therefore may become a
vector for their transmission to prepared foods. Similar observations were reported by Muinde
and Kuria (2005) and Mensah et al., (2002) in studies conducted on street foods in Nairobi
(Kenya) and Accra (Ghana), respectively.

Evidence of the presence of animal and/or pests and flies was observed at 43.3% of the stalls.
The same situation has been reported in Uganda (Muyanja, 2011), India (Choudhury, 2010) and
Kenya (Muinde, 2005). 51.7% the vending stalls had no direct access to potable water at the site,
whilst 41.7% did not have adequate hand washing facilities and 55 % lacked waste water and
food disposal facilities. This study is in agreement with those that have been performed in Accra,
Ghana (Mensa et al. 2002), Uganda (Muyanja, 2011) and Kenya (Muinde, 2005), which found
that running water was not readily available at street vending sites. However, a study performed
in Nigeria (Chukuezi, 2010) reported that only 9.5% of the vendors complained of water
shortages. Without enough water, hygiene and sanitary practices cannot be exercised correctly;

moreover, safe water is an essential pillar for health (World Bank, 1995).

95 % of the vendors in Adama handled money while serving the food and only 53.3% washed
their hands thereafter. These findings are a concern since the hands are vectors for pathogens
such as S.aureus. Consequently, it is advised that food handlers should avoid handling food with
bare hands and handling money at the same time (Anon, 1999). Additionally, according to the
WHO, food should be preferably handled with clean tongs, forks, spoons or disposable gloves
(FAO/WHO, 1999). The hair of 48.3 % of the vendors was covered, whilst 47 (78.3%) had clean
and short nails. This percentage is lower compared to other studies performed in Haiti (Ruth,
2013) and Kenya (Muinde and Kuria, 2005).
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Table 13- Food safety observation checklists of stalls

Observed point of stalls Observation N (%)
No Yes

Kind of material the stall structure Were the food is prepared consist of:
Wood and Zinc 0 (0%) 21(35%)
Canopy 0(0%) 21(35%)
Container 0 (0%) 16(26.7%)
Other 0(0%) 2(3.3%)
The food is prepared
At home 0 (0%) 31(51.7%)
On site 0 (0%) 29(48.3%)
Is vending stall protected from sun 33(55%) 27(45%)
Animals or pests flies etc. evident around the vending stall 26(43.3%) 34(56.7%)
There is access to potable water at the site or close the site (51.7%) 29(48.3%)
There are adequate hand washing facilities available (41.7%)  35(58.3%)
There are adequate waste water or food disposal facilities available (74.2%)  15(25.8%)

Environment around the stall

far from rubbish, waste water, toilet facilities 33 (55%) 27 (45%)
The operator washes their hands in clean water each time before the

handling, preparation and serving of food 36 (60%) 24 (40%)
The operators clothes are clean and presentable 9 (15%) 51(85%)
The operator uses an apron when handling, preparing and serving food. 20 (33.3%) 40 (67.7%
The operator has clean and short nails (21.7%) 47 (78.3%)
The hair of the operator is covered when 31(51.7%) 29 (48.3%)
The operator handles money while serving food 3 (5%) 57 (95%)
If yes are hands washed after handling money before handling

food again 32(53.3%) 28(46.7%)
Dirt or dust is removed by:

Apron 0 (0%) 3(5%)
Bared hands 0(0%) 2(3.3%)

Dirty cloth 0(0%) 10 (16.7%)
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Clean cloth 0 (0%) 45 (75%)

Food storage

Open table 0(0%) 9(15%)
Closed dish 0(0%) 27 (45%)
Transparent opaque containers 0(0%) 24(40%)
Utensils

Are utensils covered 13 (21.7%) 47 (78.7%)
Are utensils cleaned adequately every time after use 20 (33.3%) 40 (66.7%)

In almost two third of the cases (66.7%), the utensils were covered and 78.3% of the vendors
cleaned the utensils every time after use in cold and soapy water. This practice of washing the
dishes seems to be common in other countries as well (Azanza et al., 2000; Ruth, 2013; Lues et
al., 2006).In addition, personal hygiene can only be achieved if adequate potable water is
available (Latham, 1997). Therefore, it is very important for the vendors to have sufficient
potable water for drinking, preparation of all kinds of foods and washing operations. According
to the FAO, the place of food preparation should be kept clean at all times and should be far from
any source of contamination such as rubbish, waste water, dust and animals (FAO, 1995). In
addition to this, the vendors disposed of their waste food and water next to their stalls. As a
consequence, this dirty environment attracted flies, which are not only an indication of poor
hygiene and sanitary conditions, but they are also vectors of fecal pathogens. Proper garbage
collection and disposal facilities were also found to be lacking in a study performed in Nairobi,
Kenya (Muinde, 2005). In order to decrease the risk of contamination of prepared food and
potable water, sufficient drainage and waste disposal facilities should be installed properly in the
street food stalls (FAO, 1999)

4.2. Bacteriological Assessment

4.2.1. The prevalence of food contamination
The prevalence of bacterial group in this study was illustrated in table 14 and 15. A total of 56

street vended food samples were analyzed for the presence of total fecal coliform, total coliform,
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total aerobic mesophilc bacteria and staphylococci were found in 15 (26.8%), 19 (33.9%) , 25
(44.6%) and 22 (39.3%) of street food samples, respectively.

Table 14. Prevalence of bacterial group in different street food item in Adama

Food Total Bacterial Group (No (%))

items Examined  Fecal coliform Total Coliforms  AMC Staphylococci
Spaghetti 12 4 8 10 9

Potato 16 3 2 4 2

chips

Bread 16 3 6 5 6

Bonbolino 12 5 3 6 5

0.71* 015 0.03* 0.02** 0.04* 0.02** 0.7 0.13**

Total food 56 15 (26.8%) 19 (33.9) 25(44.6%) 22 (39.3)

items

*p-value, **chi-square

On comparing prevalence of aerobic mesophilic bacteria and total coliform, there were found
that the significant difference were observed among the four food samples (P < 0.05). The
highest prevalence of aerobic mesophilic bacteria 10 (83.3%) and coliform 8 (66.7%) were
observed in Spaghetti. This could be due to the method of handling and preparation. ‘Spaghetti’
is cooked in boiling water for a few minutes and adds cold water after the hot water is drained.
Numeration of the total aerobic mesophilic bacteria and the total coliforms on the selected street
foods samples examined in the present investigation showed the high microbial contamination.
Cenci-Goga et al., (2005) pointed out that the total aerobic bacteria count was a good indicator of
food safety.

No significant differences occurred on the prevalence total fecal coliform, total coliform and
staphylococci among the four vending site (p >0.05) however, the significant differences were
found on prevalence of aerobic mesophilic bacteria among the four vending site (p <0.05).

The highest prevalence of total aerobic mesophilic bacteria 8 (57.1%) was found in the food

samples were taken from Bus terminal than the others sites (Table-15). Observational studies
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have shown that Bus terminal area is overcrowded and the mobility of people is high and market
places are found. There are a number of street food vendors and consumers in Bus terminal. But
the Street foods are displayed and sold openly at very dirty surrounding on the road side. This
can easily be contaminated by dust, insects, and hands of intending consumers (Getu et al.,
2013).

Table 15- Prevalence of bacterial group in different vending site in Adama

Food Total Bacterial Group (No (%))

items Examined  Fecal coliform Total Coliforms AMC Staphylococci
Bus 14 6 4 8 7

terminal

Posta bet 14 2 4 4 5

Amede 14 4 5 5 5

Meberat 14 3 6 8 5

Hail 0.8*  0.9** 097 0.8%*  0.03* 0.04** 0.1* 0.017
Total 56 15 (26.8%) 19 (31.9) 25(44.6%) 22 (39.3)

*p-value, **chi-square

4.2.2. Total aerobic mesophilic bacterial count
The total colony counts on the food samples obtained in this study are illustrated in Table 16.

The presence of aerobic mesophilic mean count in all the samples varied between 3.3 -4.910g10
CFU/ml. These results are lower than those of the studies conducted in Gonder by Getu et al.
(2013) (4logip CFU/mI-5.6logio CFU/mI) and in Tirumala by Suneetha et al. (2011) (6.1logio
CFU/ml —6.4log1o CFU/mI). On comparing the mean count of the AMC, it was found that there
was no significant difference between the qualities of Samples foods from the four study sites (P
> 0.05), but significant difference were observed among the four food samples (P < 0.05). Based
on the average AMC, the highest aerobic mesophilic count (4.3+0.6 logio CFU/ml) was found in
“spaghetti” and the lowest count 3.3 = 0.8 logl0 CFU/ml was found in “Bonbolino”. The mean
total aerobic mesophilc bacterial count of all food samples were below the acceptable limits
(1x10°CFU/ml) (NSW 2009). According to the studies conducted in Bahir dar (Mesfin et al.,
2015) and in Addis Abeba (Mulata and Ashenafi, 2001), the mean counts of aerobic mesophilic
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bacteria in Sambusa were 5.07 log10 CFU/ml and 5.2 log10 CFU/mI respectively. In addition to
this, results of aerobic mesophilic count >10® CFU/ml was reported from ready to eat Spaghetti
and macaroni, while roasted offals, fish soup, and shiro sauce had aerobic mesophilic counts
relatively lower (<10° CFU/ml) in a study done in Awassa by Ashenafi (1995)

Table 16-Mean levels of aerobic mesophilic bacteria and staphylococci count (log CFU/ml)
in different street food items and vending site in Adama town.

Food Item AMC Staphylococci

Mean+SD Range p-value MeantSD  Range p-value
Spaghetti 43+0.6%  3.3-4.9 4.8+0.7°° 2.9-56
Potato Chips 4.3+0.3%  4.0-4.7 3.8+0.8"*  3.0-4.6
Bonbolino 3.3+0.7°¢ 3.0-3.7 3.3+0.5"°  3.0-4.2
Bread 3.4+0.1°° 3.3-3.4 0.04 4.1+0.6° 3.4-4.9 0.45
Total 4.0+0.6 3.0-4.9 3.8+0.7 2.9-4.9
Vending Site
Bus Terminal 4.3+0.7%° 3.2-4.9 4+0.45° 3.4-4.6
Amede 3.3+0.7"? 3.3-4.8 3.8+0.9% 2.9-49
Meberat Hail 4+0.5°¢ 3.3-4.9 4.4+0.4“¢  3.9-4.8
Posta Bet 4.4+0.3%° 3.0-3.7 0.19 3.4+05°° 3.4 0.47
Total 3.9+0.6 3.0-4.9 3.8+0.6 2.9-4.9

Means followed by different small letters in row are significant at 0.05 probability levels of
paired samples T-test within treatment. Means followed by different capital letters in column are

significant different at 5% levels of significance between treatments.

4.2.3. Staphylococci count
The presence of staphylococci in the whole food samples was 22 (39.3%) with a range of 3.3

logio CFU/mI — 4.8 logio CFU/mI (Table 15). These results were greater than those of a study
conducted by Suneetha (2011) but study conducted in Addis Abeba, the highest number of

staphylococci 5.8 logip CFU/ml was observed in ‘“Macaroni”’(Deriba,2000There was no
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significant difference between staphylococci count in the four street food vending site and the
types of food samples (P>0.05). The specification for street food served in the NSW Food
Authority microbiological quality guide for ready-to-eat food recommended that the maximum
counted permitted for total staphylococci counts should be 1x 10* CFU/mI (NSW, 2009).The
mean staphylococci count found in “Spaghetti” (4.8 £0.7 log;o CFU/mI) and bread 4.1+0.5 log
CFU/mI were above the acceptable limit (1x10*CFU/mI). Its presence suggests poor hygiene
practices of operators. Bezirtzoglou et al. (2000) reported that the contamination by food

handlers is the most common mode of transmission of this germ.

Staphylococci are common inhabitants of the skin and mucous membranes and 20% to 50% of
normal healthy adults may be carriers of staphylococci (Talaro & Talaro 2012). The presence of
staphylococci was an indication of contamination from the skin, mouth or nose of food handlers
through coughing and sneezing. This contamination can be introduced into the street foods
during handling, processing or vending (Sandel and McKellar, 2004). In addition its presence in
a foodstuff may be attributed to it being introduced into the food from the handlers or from
utensils used by vendors to serve food. Observation of preparation practices indicated the use of
knives that had not been properly sanitized for cutting and chopping of raw vegetables. In a
study done in the Johannesburg, South Africa, Mosupye and VVon Holy (1999) reported similar

observations

4.2.4. Total coliforms, total fecal coliform count and total spore forming bacterial count

The mean coliforms and total fecal counts were 3.5+0.9log10 CFU/ml and 3.2+0.5log1o CFU/m,
respectively (tablel7). The mean value of fecal coliform count was above the acceptable limit
which is the absence in 25g of ready-to-eat foods (NSW, 2009), the mean of total coliform in
“spaghetti” 4.2+0.8logio CFU/ml was only above the acceptable limits (1x 10* CFU/ml) the rest
food samples total coliform counts were below the standard. There was no a significant
difference in the coliforms and total fecal counts evaluated in from all the four vending site and
all food samples (p < 0.05).In our study the level of total coliforms varied between 2 logio
CFU/ml -5.2log;o CFU/mI. These results for contamination level were higher than those
conducted in Tirumala (Suneetha C et al., 2011) with the reported finding 2.4 — 3.6 logyo CFU/mI
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and Gonder (Getu et al., 2013) with 2.5-3.8 log;o CFU/mI. The presence of coliforms may
indicate fecal contamination which might be due to inappropriate processing, probably at one or
other stage of preparation or from the materials used. All the samples of street vended food in
Adama were not contaminated with spore forming bacteria (table 17).

Table 17. Mean level of total coliforms, total fecal coliform count and total spore forming
bacteria (log CFU/ml) in different street food items in and vending site Adama.

(Nd- not detected)

Food Item Total Fecal coliform Total Spore
coliform forming
bacteria
MeantSD Range p-value MeantSD  Range p-value MeantSD
Spaghetti 3.3+0.5"  3.3-4.9 4.2+08%  3.1-52 Nd
Potato Chips 2.6+#0.25°  2.5-2.7 2.7+0.5%  2.0-2.7 Nd
Bonbolio 3.1+0.3%°  3.0-3.7 3.420.4%°  3.0-3.8 Nd
Bread 3.4+0.1%"  3.3-35 0.41 2.9+0.7°"  2.0-3.7 0.11 Nd
Total 3.2+0.5 2.5-4.9 3.5+0.9 2.0-5.2
Vending Site
Bus Terminal 3.3#1.1%*  2.6-4.1 3.7x0.9%  2.6-4.4 Nd
Amede 3.020.5°°  2.6-3.2 35+1.0% 251 Nd
Meberat Hail 3.6+0.6™  3.3-4.9 4+1.5°° 2-5.2 Nd

Posta Bet 2.6+£0.4"  3.0-3.7 0.72 3.2+0.3%  3.0-36 0.15 Nd

Total 3.2+0.5 2.5-4.9 3.6+1.0 3.0-4.9

Means followed by different small letters in row are significant at 0.05 probability levels of
paired samples T-test within treatment. Means followed by different capital letters in column are

significant different at 5% levels of significance between treatments.
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In Brazil, fecal coliforms were detected in 22 samples (55%) (>3 MPN/g), 50% were above
acceptable limits, confirmed S. aureus and E. coli were present in 12.5%, 2.5% and 22.5% of
street food samples, respectively. S. aureus counts ranged from 1.4 x10° up to 1.7 x10* CFU/m
of food sample (Hanashiro et al., 2005). In Ghana, mesophilic bacteria were identified in 356
food samples (69.7%); and confirmed B. cereus, S. aureus and Enterobacteriaceae were found in
28 (5.5%), 163 (31.9%), and 172 (33.7%) street food samples, respectively, although the
microbial quality of most foods was within acceptable limits (Mensah et al., 2002). In Bangkok
(Thailand), 14 samples (15.2%) and 38 samples (41.3%) of ready-to-eat food were contaminated
with bacteria in general and coliforms, respectively (Cuprasitrut et al., 2011). In Lome (Togo)
median total aerobic bacteria and total coliform counts of 3.2 x 10° and 1.9 x 10* CFU/mlwere
found in samples of salads. Sixteen samples (23.2%) were contaminated by confirmed S. aureus
at levels between 10 and 200 CFU/ml (Adjrah et al., 2013).

As a result of differences in the types of street foods samples, environment as well as the method
of preparation, differences occur between the results obtained in different countries. However,
the majority of the studies including this study have indicated that street foods consumers are
potentially at risk as a result of the unhygienic conditions under which these foods are mostly
prepared and vended. In particular, this study showed that the presence of staphylococci and
fecal coli form indicates that the safety of street foods vended in Adama town is questionable or

suspect.
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5. SUMMARY, CONCULUSIONS AND RECOMMENDATIONS

5.1. SUMMARY
Urbanization and rapid growth in the populations of developing countries is serving as a major

driver for the large expansion of the production and popularity street vended foods. This trend
can bring a lot of benefits especially for the urban and rural poor and provide a major source of
income for people, particularly women. As a result, street food vending has to some extent
decreased the burden of governments on food security for low-income urban populations and
provided opportunities for a vast number of people for self-employment with low capital
investment. However, contamination of street food on road side stalls is sometimes unacceptable

for human consumption and creates significant health problems.

A cross-sectional analytic study was employed to determine the bacteriological quality of street
vended foods and assessed food safety knowledge, attitude and practice of vendors and

consumers in Adama town.

Analysis of the food samples revealed that the highest prevalence of aerobic mesophilic bacteria
10 (83.3%) and coliform 8 (66.7%) were observed in Spaghetti. The level of aerobic mesophilic
counts ranged from 3log;o CFU/mI - 4.9log190 CFU/mI. The result of the study showed that some
of the food samples showed much higher bacterial counts than the permitted counts. The overall
mean of total staphylococci and total coliform 4+0.7 log;o CFU/mI and 3.5+0.99log;o CFU/m

respectively was above the standards.

Of the 60 vendors, who participated in the study, 78.3% were female and 22.7 were male while
among 120 consumers 34.2% of them were female and 65.8 were male, the majority (93.3%) did

not have any food safety training.

Consumers and vendors exhibited average food safety knowledge and attitude although they had
a better food safety attitude compare to knowledge. Consumers and vendors did not know that
hepatitis A, Salmonella spp. and Staphylococcus spp. are pathogens responsible of food borne
diseases. They also had some difficulties in identifying the groups at risk of food borne diseases
and most importantly they were not aware of the importance of reheating food to fight against

food borne diseases.
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The majority of vendors and consumers were aware of the importance of hand washing and
proper cleaning in prevention of food borne diseases. In the observational part of the study, it
was found that some of the stalls consisted of canopy on the side of the street. In 48.3% of the
cases the food was prepared on site.

Almost half (55%) of the vending sites were not protected from the sun, wind and animal and/or
pests and flies were observed at 43.3% of the stalls. Dust and flies potentially carry pathogens
and therefore may become a vector for their transmission to prepared foods. Over 51.7% did not
have access to potable water. The majority served the food with bare hands and did not wash
their hands after touching money.

5.2.Conclusions
This study had the major objective of assessing the bacteriological quality of some foods sold in

the streets of Adama Town. To a lesser extent determining the food safety knowledge, attitude
and practice of street food consumers and vendors in Adama. The total aerobic bacteria, hygiene
lack indicator organisms as coliforms and fecal coliforms detected in the street vended foods
collected from selected places in Adama. This revealed that lack of personal hygiene, improper
handling of food, access of potable water and lack of food safety training were the associated

risk factors to contamination of street vended foods in Adama.

On the other hand, even if most of vendors and consumer exhibit average good food safety
knowledge and attitude considerable percentage had a low score indicate that there is still a need
for food safety education. The actual food handling practices by street vendors also raise some
serious concerns. Since the majority of vendors did not have any food safety training, there is a
need to organize formal training in food safety for the street foods vendors. There is also a need
for the government to make more infrastructures available such as potable water, toilets and

waste disposal facilities as the lack of these structures was evident in our study.

5.3 Recommendation
Based on the findings of the present study the following recommendations are made:-

e the practice of consuming street foods cannot be stopped on unhygienic grounds cannot
made the street vendors prohibited from selling such items, as such activities provide

them with a source of livelihood but Government Health Agencies must adopt measures
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to educate the street foods ‘vendors on food safety and hygienic practices and enforce
adequate guidelines for street food vending.

The Local Government and the ministry should consider establishment of appropriate
infrastructure i.e. potable water and waste disposal facilities.

There should be an urgent need to organize formal training of vendors in food hygiene
and food safety.

Vendors should use antiseptics for cleaning equipment and pure water to prepare street
foods

Regular monitoring of the quality of street vended foods for human consumption must be
introduced to avoid any future bacterial pathogen outbreak.

Due to the difficulties in the lack of resources, time and the number of samples as well as
the types of the collected street foods was limited. Therefore, many other popular street
foods were not included in this study, which may lead to arbitrary conclusions about
bacteriological quality and safety of street foods in Adama town. This shows that there is
a need for additional research in the area of street food vendors and the possible risks

they may pose with regard to food safety.
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APPENDEX-I
Food Safety knowledge Questionnaire

Sex: Male / Female Age: Food safety training: Yes / No
Education: Illliterate Elementary school High school Higher education  Study location
FOOD SAFETY KNOWLEDGE YES NO DO NOT

KNOW

Washing hands before work reduces the risk of food
contamination

Bloody diarrhea can be transmitted by food

During infectious disease of the skin, it is necessary to
take leave from work.

Typhoid fever can be transmitted by food

Eating and drinking in the work place increase the risk of
food Contamination

Swollen cans can contain microorganisms

Abortion in pregnant women can be induced by food-
borne disease

Hepatitis A virus is among the food-borne pathogens

Microbes are in the skin, nose and mouth of healthy
handlers

Salmonella is among the food-borne pathogens

Staphylococcus is among the food-borne pathogens

Using gloves while handling food reduces the risk of
food contamination

AIDS can be transmitted by food

Children, healthy adults, pregnant women and older
individuals are at equal risk for food poisoning

Food prepared in advance reduces the risk of food
contamination

Proper cleaning and sanitization of utensils increase the
risk of food contamination

Reheating cooked foods can contribute to food
contamination

Washing utensils with detergent leaves them free of
contamination
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APPENDEX-I11

Food Safety Attitude Questionnaire

FOOD SAFETY ATTITUDES YES NO DO NOT
KNOW

Well-cooked foods are free of contamination.

Can a closed can/jar of cleaning product be
stored together with closed cans and jars of food
products

Proper hand hygiene can prevent food-borne
diseases.

Raw and cooked foods should be stored
separately to reduce the risk of food
contamination.

It is necessary to check the temperature of
refrigerators/freezers periodically to reduce the
risk of food contamination

The health status of workers should be evaluated
before employment

Washing vegetables with cold water leaves them free of
Contamination

Wearing masks is an important practice to reduce
the risk of food contamination

Wearing gloves is an important practice to reduce
the risk of food contamination

Wearing caps is an important practice to reduce
the risk of food contamination

Fruits must be washed before served as a food

Eggs must be washed before cooking

Dish towels can be a source of food
contamination

Knives and cutting boards should be properly
sanitized to prevent cross contamination

Food handlers who have abrasions or cuts on can
increase the risk of food contamination

Food shelves can be a source of food contamination.
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APPENDEX-III

Food Safety Observation Checklist of Stalls




Food safety observation checklist Of Stalls

Location.

Age:

Sex

Education level

Food safety training:

1. - Indicate what kind of material the stall/structure were the food is prepared and sold is
made

Wooden Canopy Van Wheelbarrow Zinc/ iron Container

- Is food prepared on-site or at home?

- Is vending stall protected from sun, dust and wind? Yes/No

- Are animals or pests (flies etc.) evident around the vending stall? Yes/No
- Is the vending stall maintained in a clean condition? Yes/No

- Is there access to potable water at the site or close to the site? Yes/No

- Are adequate hand washing facilities available? Yes/No

2. Environment around the stall

- Is environment around the stall clean: far from rubbish, waste water, toilet facilities, open
drains and animals? Yes/No

3. Personal hygiene

- Does the operator wash their hands in clean water each time before the handling,
preparation and serving of food? Yes/No

- Are the operators’ clothes clean and presentable? Yes/No

- Does the operator use an apron when handling, preparation and serving of food? Yes/No
- Does the operator handle food with bare hands? Yes/No

o If answer was NO, do they use disposable or reusable gloves?

0 Are the gloves cleaned properly i.e.. in clean water (with or with soap) before the
handling, preparation and serving of food?

- Does the operator have clean short nails? Yes/No

- Is the hair of the operator covered when handling, preparation and serving of food?
Yes/No

- Does the operator handle money while serving food? Yes/No

o Are hands washed after handling money before handling food again? Yes/No

- Does the operator wear jewelry? Yes/No

o Is the jewelry adequately covered? Yes/No

- Does the operator blow air into polythene bag before use? Yes/No

- Is dirt or dust removed by means of an apron, dirty cloth or bare hands?

4. Food storage

- Is food stored/displayed

67



Openly in the stalls
o In a wheelbarrow

0 In sealed (transparent or opaque) containers

- Are raw, partially cooked and cooked food products kept separate? Yes/No

5. Utensils

- Are utensils cleaned with

0 Warm soapy water

0 Cold soapy water

0 Clean water with no soap

o Dirty water with no soap

- Are utensils covered? Yes/No

- Are utensils cleaned adequately every time after use? Yes/No
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APPENDEX-IV
Consent Form

VOLUNTEER AGREEMENT FORM
Title: Bacteriological Quality of Street Foods and Knowledge and Attitude
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of Street Food Vendors and Consumers about Food Safety in Adama Town

Principal Investigator: [Sintayehu Bogale]

Address: Haramaya University, Tel: 09 1174 6914

Email: manex.sintex@gmail.com

General Information about Research

This study will investigate Bacteriological Quality of Street Foods, and knowledge and attitudes
of street food vendors and consumers about food safety in Adama town.

Possible Benefits, Risks and Discomforts

There are no direct benefits to be gained from this study immediately, neither are there any risks
associated with it. The only inconvenience might come from the time you will spend completing
the questionnaire. The data from this study will be used only for the purpose of the study.
(MasterThesis)

Confidentiality

Your identity and your participation in this study will be treated strictly confidential. The
information that we obtain from you will not be shared with anybody, except the study
investigators. Your identity remains secret since your personal information will only be
designated by a unique participant number. Your name will not appear in any reports or
publications resulting from this study. After the study is completed, you may request information
about the study results.

Voluntary Participation and Right to Leave the Research

You participate entirely voluntarily in this study. You have the right to refuse to participate in the
study. You also have the right to stop your participation in the study at any time, even after you
have signed this informed consent form. The withdrawal of your consent will not cause any
disadvantage or loss of advantages/privileges.

Contacts for Additional Information

Any questions or any further clarifications concerning the study can be directed to:

Contact of the promoter:

Assistance.Prof. Ameha Kebede/ Dr.Misrak Kabede

Faculty of Competitional Science,Departement of Biology

Tel: 00 32 9 264 9902, Fax: 00 32 9 225 5510

Emai.

Contact of local researcher

Sintayehu Bogale

Tel: 0911746914

Email: manex.sintex@gmail.com

VOLUNTEER AGREEMENT

The above document describing the benefits, risks and procedures for the research title (name of
research) has been read and explained to me. | have been given an opportunity to have any
questions

about the research answered to my satisfaction. | agree to participate as a volunteer.
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Date Name of volunteer

If volunteers cannot read the form themselves, a witness must sign here:

| was present while the benefits, risks and procedures were read to the volunteer. All questions
were answered and the volunteer has agreed to take part in the research.

Date Name of Witness

| certify that the nature and purpose, the potential benefits, and possible risks associated with
participating in this research have been explained to the above individual.
Date Signature of Person Who Obtained Consent



