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ABSTRACT

Contaminated food leads to foodborne disease outbreaks (FDO) that cause millions of
deaths among people every year. In Namibia, many low and middle-income consumers
use street-vended foods (SVF) with compromised quality of raw materials, degraded
handling and storage conditions that do not meet food safety standards. Therefore, this
study was conducted by means of a descriptive, cross-sectional study of six Windhoek
locations of Okuryangava, Katutura, Klein Windhoek, Kleine Kuppe, Prosperita, and
Otjomuise. Food samples were purchased for laboratory analysis to determine pH,
moisture and total plate count (TPC). Systems-Theoretic Accident Models and
Processes (STAMP) was adopted, informed by data gathered based on event chain
models drawn from street food handlers (SFH). Food-handlers were knowledgeable
about the need for hygienic practices such as hand washing (94.6%), and cleaning of
utensils (83.5%). Knowledge on food pathogens revealed that 72.1% did not know
food pathogens such as Salmonella, Listeria, Campylobacter, and E. coli, meanwhile,
only 28.4% did not know that parasites, fungi, and viruses act as agents to cause food
poisoning. There is a none-consistent pattern of SFH knowledge with regard to
hygienic practices during food handling and processing. pH values were lower
(3.21£0.29) for liquid beverage than all solid foods that ranged from 6.81+0.10 to
7.54+0.16. The moisture percentage was higher (90.97+0.85) for liquid beverage than
all solid foods that ranged from 37.66+1.20 to 63.28+0.89. High TPC of 5.28+0.49
Log CFU/g was detected in matangara, followed by sausage (5.06+£0.99), kapana
(3.07£0.47), and oshifima (2.66+1.99). STAMP with ready to use scenarios was
introduced to deal with accidents that lead to FDO. Moreover, an assessment of the

potency and appropriateness of food preservation methods and preservatives are



recommended. A robust food safety regulatory regime, including a strong component
of food safety training for contamination prevention should be pursued and is

recommended for SVF handlers.
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CHAPTER ONE: INTRODUCTION

1.1. Background of the study

Diseases caused by consumption of contaminated foods and water lead to estimated
420,000 deaths among people worldwide every year, of which almost one third are
children under the age of five (WHO, 2015). The ingestion of food items contaminated
with microorganisms and chemicals can lead to food borne disease outbreaks (Webb
& Morancie, 2015). Handling, preparation, and storage of food require measures that
prevent food contamination. The Namibia Food Policy (2014) considers food to exist
only if it is safe for human consumption. Therefore, any contamination with microbes,
chemicals or physical agents renders food a risk to human health and not fit for use. A
lack of systems that control and enforce food safety critically increases chances of
microbial food contamination that leads to food borne diseases such as salmonellosis,

listeriosis, typhoid fever, cholera and diarrhoea, among others (Sani & Siow, 2014).

Maintaining food safety can be daunting, more so for urban communities for whom
where a lot of food and food products are available at affordable prices along streets
(WHO/FAO, 2010). Many low and middle-income consumers depend on street
vended foods, which come with a number of health and safety issues. Quality of the
raw materials, preparation conditions, handling and storage conditions, as well as
operating in locations that do not meet all food safety requirements contribute to the
compromise of food safety among local food markets (Aluko, et al. 2014; Choudhury

et al. 2011; Muyanja, et al. 2011).

Food handlers greatly contribute to the transmission of microorganisms to the food via

their hands, hairs, nose and mouth during preparation, packaging, processing and



service (Assefa, et al., 2015; Moloi, et al., 2021). Additionally, the spread of microbes

to food can occur when food handlers cough and sneeze (Okonko et al. (2010).

Basic food safety knowledge exists among food vendors as this is passed on through
generations by means of traditions. The street food markets feature glimpses of
microbial growth suppression practices to limit food poisoning and spoilage. Present
on the street markets are implements for the control of temperature, pH, water activity
(aw) and aerobic or anaerobic conditions, which serve as hurdles for microbial growth.
Survival of microbes in the environments created along the streets may depend on
prevailing temperature, pH, water activity, preservatives (nitrite, lactic acid or carbon
dioxide), and atmosphere gas (McQuestin et al. 2009). Several studies on the effects
of temperature, pH, and water activity on the survival of microbes have been
conducted whereby the effects of varying the conditions were confirmed. However,
technical hands on knowledge of the aforementioned among the vendors may require
further assessment. The continued occurrence of foodborne diseases is compounded
by limited training and poor food safety and handling knowledge among vendors

(Asiegbu, et al. 2016).

In Namibia, street-vended foods vary from household prepared meals to items
purchased from supermarkets, which includes maize meal porridge (pap) served with
varying relish, beef stew, chicken stew, or fried steak, as well as cooked macaroni,
rice, spaghetti and various salads. Street-food vending in Windhoek has increased
noticeably due to raving unemployment rate as is the case with other cities in
developing countries (Asiegbu, et al. 2016). The street food vendors gather at high

traffic areas such as construction areas in and around the Central Business District



(CBD) and at prominent assembly points like bus stations and taxi ranks to provide
much needed affordable nutrition to those that flock to the areas for service. Availed
street vary from simple ingredients prepared via a range of processing conditions such
as fresh-cut fruits and vegetables, to cooked foods, packed beverages, and snacks
(Sseguya et al. 2020). Food outlets in and around Windhoek should be subject to
regulation by relevant heath authorities, however, there is no oversight on all outlets,
much so for street-food vendors who more or less operate unregulated. In Namibia,
like the rest of the world, a food safety system exists which includes local government,
local authorities, food business companies, and the public. The systemic interplay of
components of the food supply chain ultimately delivers safe food to consumers. In
general, each individual's diet is dependent on a complex interplay of social, economic

and technological forces (Schlosser, 2001).

The use of a systems analysis model such as the Systems-Theoretic Accident Models
and Processes (STAMP) model in Namibia provides an opportunity to analyse and
assess the limitations of event chain models and critically analyse the complex
interactions among various components in the complex food system (Nayak &
Waterson, 2019). The potential of food-borne disease outbreaks at the level of street
food handlers can be determined through application of a model built from various
scenarios, to ensure accidents that may occur are approached and resolved in view of
a systems approach. The scenarios, which are postulated sequences of events, related
to possible accidents that may lead to food-borne disease outbreaks lead to the build-

up of the STAMP model, with the focus on street vended food markets.



1.2. Statement of the problem

There is a lack of familiarity with the existence and application of key components of
Food Safety such as the Hazard Analysis and Critical Control Points (HACCP) and
Good Manufacturing Practices (GMPs) among street food handlers (Nkandi et al.
2017). These components are crucial in preventing food-borne infections that are a
consequence of unhygienic handling of foods. Knowledge and perceptions of
microbial food hazards of street food handlers are not assessed, in order to tailor
mechanisms that curb on food-borne diseases. There are no systematic models to use
in addressing accidents that may occur and lead to food-borne disease outbreak,
therefore this research project was proposed to contribute to fill this gap in the

knowledge and to strengthen the current informal food safety system in Windhoek.

1.3. Objectives of the Study

The following objectives of the study were set:

a) To survey the food safety knowledge and microbial hazard awareness among local
food vendors in Windhoek.

b) To determine the physicochemical and microbial properties of food samples
collected from the surveyed locations.

c) To introduce ready to use scenarios that are drawn from the study findings and
apply the scenarios to a STAMP model - A proactive approach, identifying the
characteristics of the food system and the importance and benefits of adopting a

whole system approach.



1.4. Significance of the study

The study will contribute to the formulation of strategies and guidelines aimed at
informing and educating street food vendors about food safety, which leads to reducing
food-borne infections that are otherwise preventable. Determining the level of
knowledge and awareness will influence efforts of implementing quality control
systems, ensuring safety of the raw materials used during preparation, processing,

storage and selling of the foods, consequently improving public health at large.

The determined physicochemical and microbial properties of the foods are essential in
indicating the susceptibility of the foods to harbouring pathogenic microbes. Disease
outbreaks that may result from accidental exposure of foods to microbial contaminants
cannot be minimized effectively without a systematic approach such as STAMP in
place, to enable application of ready to use scenarios. The application of ready to use
scenarios in dealing with microbial food hazards will contribute to the streamlining of

food safety regulation in Namibia.

1.5. Limitation of the study

The street markets settings did not favour diligence of interviews during data
collection, in addition to language barriers. The study did not cover all local markets
and foods around Windhoek, whilst the research duration was constrained. Description
of each specific accident and constraint, hierarchical levels of control and
determination of inadequate control measures were not included as part of the
qualitative data in the Questionnaire to the. The development of the study
Questionnaire could not cover components pertaining to qualitative data collection on

food value chains and interactions between various components of the food systems,



as well as vendor awareness of compliance to regulations, associated food inspections

and monitoring procedures necessary for STAMP customization.

The State of Emergency declared in March 2020 by the Namibian government due to
the outbreak of the Coronavirus disease (COVID -19) affected the timelines for the
project. Subsequent restrictive Emergency Regulations pertaining to the pandemic
caused delays in the collection of data through the rest of the year 2020. Only some
physicochemical (pH and moisture content) properties and Total Plate Counts (TPC)

of collected food samples were studied.

1.6. Delimitation of the study

The data collection at selected street vended food outlets around Windhoek was
conducted between November 2020 and February 2021. The study focused on markets
of perishable foods that are susceptible to food-borne illness causing microbes if not

handled in a hygienic manner.



CHAPTER TWO: LITERATURE REVIEW

2.1. Food safety systems

The composition of food systems and their food safety cultures is inclusive of two key
perspectives that need to be interrogated. These are: (1) ‘micro-perspective’ and (2)
‘macro-perspective’. According to Nayak and Waterson (2019), “factors within the
micro-perspective influence the functioning and behaviours of national level food
systems, whereas, factors within the macro-perspective influence the functioning and
behaviours of the global food system.” Food systems within a country, as is the case
in this study, are looked at from the micro-perspective, where a range of factors and

stakeholders play a key role in food safety (Pennington, 2003).

In Namibia a policy was passed, which assigns different stakeholders responsibilities
to ascertain food safety to the population. The Ministry of Health and Social Services,
the Ministry of Industrialisation and Trade, the Ministry of Fisheries and Marine
Resources, the Ministry of Urban and Rural Development, and the Ministry of
Agriculture, Water & Land Reform all play a role in ensuring safe food is available to
the population at large. The implementation of the policy is therefore joint that further
includes stakeholders and partners of the ministries, such as local authorities and
municipalities. The food system is influenced by a number of processes that vary from
manufacturing of raw materials to consumption of the food products. Food safety as a
principle ramifies the whole complex system, influencing the quality of food produced
for consumption. The food safety system as a whole in Namibia includes involvement
of three different systemic levels: (1) the government and regulatory bodies; (2)

organisational management (upper-middle-lower); and (3) front-line actors (shop floor



staff and the physical work place). Table 1 summarises the components of the food

system across various systemic levels in Namibia, and the roles they currently play.

Table 1. Components of the Food system across various systemic levels in Namibia.

(Adapted from Nayak & Waterson (2016).

Committee on
Legislation and

The Parliament

Systemic level | Component Role played in the food system

External Media,  Market | Conveying new regulations and budget
forces, Societal | allocations to consumers as well as
values and | manufacturers; publicizing wrong-doings
priorities, Historic | and breaches of regulation. Media are
events and Global | essentially the link between consumers and
politics manufacturers, as well as consumers and the

government
Government Cabinet Initiation and approval of new laws.

Parliament Implementation of regulations in the national
food law; making decisions over how to
implement directives into the country's food
regulations; deciding on budget allocation.

Food Standards | Protection of public health in relation to food,;

Agency (Namibia
Standards
Institute, Ministry

of  Agriculture,

helping local councils understand food
regulations; making decisions on how to split

the allocated budget.




Water & Land
Reform, Ministry
of

Industrialisation
& Trade, Ministry
of Health &

Social Services)

Local councils

(Town  councils
and City of

Windhoek)

Ensuring that the regulations are actually
implemented; inspecting food businesses;
helping food businesses establish and better

themselves.

Organizational/

Workplace

Management

Conveying information from food inspectors
to the shop-floor employees; ensuring that
food manufactured is safe for consumption;
ensuring that food safety and hygiene
regulations are complied with; administration
work; bringing in orders for the food
business; hiring contractors (cleaning,
temporary employees, full-time employees,
transportation); ensuring that employees

have the required training.

Shop-floor

employees

Working on the shop floor; following
training provided diligently; ensuring that
they follow protocols; making sure that they

know what they are doing; production of




food safe for consumption; efficient cleaning
of shop-floor; transporting food; storing and

organizing food in stores.

Table 1 highlight the intricacy of the vast interlinks that comprise a system and its role
players (Neff & Lawrence, 2014). Negligence to hygiene practices is often attributed
to individuals, even though it is, as a function largely connected to the prevailing
organisational culture (Clayton & Griffith, 2008; Griffith et al., 2010). In the long run,
controls and enforcement at the systemic levels, coupled with the channelling of
knowledge, ultimately enhance food safety awareness and hygiene practices among

street food vendors.

2.2. Food-borne diseases

Microbial contamination of foods is not a new phenomenon in communities the world
over, and Windhoek is no exception to concerns of potential food-borne disease
outbreaks. Pathogenic bacteria of public health concern are prevalent in street vended
ready-to-eat meats in Windhoek, Namibia, as an example, and stakeholders in the food
industry are recommended to provide training and continuously educate street food
vendors on food hygiene and sanitation (Shiningeni, et al. 2018). There are perceptions
that street vended foods are mainly unsafe because of the environment under which
they are prepared, sold and consumed, which exposes the food to contaminants
(Muinde & Kuria, 2005). Improper holding times or temperatures during processing
of ready-to-eat foods are of particular criticality in the street market setting. The foods
are often prepared in advance, well before consumption and are subjected to

unfavourable temperature fluctuation during serving and distribution, allowing

10



bacterial growth (Sani & Siow, 2014) which leads to either food spoilage or

contamination with pathogens and toxins.

Food poisoning caused by bacteria, moulds and viruses that infest food results into
food poisoning, which at its worst manifests into devastating, severe inflammation of
the stomach and bowels, a severe condition known as gastroenteritis (Sharif & Al-
Malki, 2009). In extreme cases it may even lead to blood poisoning and kidney failure.
It is important to note that food can easily become contaminated at any stage of the
production process by a wide range of both waterborne and food-borne microbes such
as Salmonella or E. coli. A prime example of food-borne outbreaks is one caused by
Salmonella bacteria, the resultant infection is a major food-borne illness that causes

nausea, vomiting, diarrhoea and high fever (Frank et al., 2014).

2.3. Knowledge and perception of food safety among street food vendors

General lack of knowledge about the epidemiological significance of many street
vended foods, poor knowledge of basic food safety measures and inadequate public
awareness of hazards posed by certain foods have severely hampered the deployment
of a precise, scientific approach to the issue of public health and safety (Rane, 2011).
The public needs information about health risks associated with food-borne diseases,
thus authorities require to establish means to educate the existing and potential street
food vendors. Important points that should be considered when devising effective risk
communications, among other things, is the understanding of the target group’s beliefs,
perceptions and, last but not least, existing knowledge of the communication topic

which is microbial food hazards in this case.

11



There are perceptions that street vended foods are a risk, owing to the knowledge of
the suspicious environment under which they are prepared, sold and consumed, which
exposes the food to contamination (Muinde & Kuria, 2005). Ensuring that knowledge
of hygiene practices among street food vendors exists greatly reduces microbial food
hazards. The risk declines due to the fact vendors now understand and adhere to food
safety standards and protocols provided by relevant institutions and regulatory entities
such as the municipality and Ministry of Health and Social Services. Capacitating
street food vendors requires instilling knowledge on effective cleaning and the
prevention of cross-contamination, which are essential in ensuring ready-to-eat food
served by street vendors is reliably safe for consumption (Food Standard Agency

(FSA), 2006).

Street food vendors can be made aware of basic principles to achieving a market that
ensures safe food is available to consumers. These principles can be tailored around
five keys to safe food as advised by the World Health Organization (WHO). It is vital
to evaluate and subsequently ensure that knowledge and awareness exists with regards
to Key 1 (Keep Clean), which explores the general cleanliness and hand washing. This
further brings out the need for provisions on water availability and washing of utensils
as well as raw materials for during food preparation. Furthermore, Key 2 (separate
raw and cooked food), draws interest whereby street food vendors need to know about
the importance of keeping raw and cooked food separately to avoid cross
contamination. Vendors knowledge on Key 3 (Cook food thoroughly) need to be
evaluated, since traditions of preparing food may not cater for the requirement of
thorough cooking to eliminate harmful microorganisms. Key 4 (Keep food at safe

temperatures), is a critical temperature component that greatly contributes to microbial
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growth in foods, hence spoilage and health risk. Heating, reheating and refrigeration
play a major role in the street food markets, thus knowledge on these aspects needs to
exist among street vendors (WHO, 2007). Lastly, Key 5 (use safe water and raw
materials) would impart knowledge that ensures vendors do not resort to reuse of water
and mixing of raw materials with already prepared foods. Together, a knowledgeable
community of street food vendors can be achieved by imparting the basic principles

enshrined in the five keys to safe food.

2.4. Microbial quality of street vended foods

Studies have shown that in order to reduce incidences of food-borne illnesses,
prevention should be implemented at all stages in the food supply chain (Sanlier, 2009;
Cates et al., 2009). It is important to note that food can easily become contaminated at
any stage of the production process by a wide range of both waterborne and food-borne

pathogens such as Salmonella or E. coli (Sani & Siow, 2014).

Food handling can be safe from a microbial contamination perspective, provided
preparation is done abiding to four main instructions: (1) avoiding cross-contamination
of raw food and ready-to-eat foods, (2) maintaining high standards of hygiene, (3)
cooking thoroughly and (4) preserving the cold chain when transporting and storing.
Each year, up to one-third of the population of developed countries is affected by food

borne illnesses (Isara, et. al., 2010).

Food can be contaminated by handlers with microorganisms prior to cooking or after
it has been cooked. Food safety, hygiene and sanitation training and the subsequent

licensing of food businesses is not considered by most if not all street food vendors,
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who operate in makeshift, often unclean environment (FAO, 1998). Foodborne
pathogens such as Clostridium perfringens, Escherichia coli, Shigella spp.,
Campylobacter jejuni, Staphylococcus aureus, Salmonella spp., and Bacillus cereus
are common in street-vended foods (Nobili, et al., 2017). Frying, baking, boiling,
fermenting, braising, roasting, or juicing are the usual preparation methods employed
by street food vendors (Kharel, et al., 2016). Microorganisms are introduced to the
foods via various modes, and the practice of dishing out food without further reheating
it, particularly for cooked foods, greatly increases the likelihood of food poisoning and
infections. Exploits with attempts of marketing the food such as displaying and
frequent uncovering, coupled with hastened preparation procedures further render the

foods more vulnerable to microbial contamination (Gitahi, et al., 2012).

2.5. Physicochemical characteristics and microbial quality of street-vended foods
2.5.1. pH Values in Food

The acidity and alkalinity, hence the pH of foods plays a role in their susceptibility to
spoilage. The potency of hydrogen (pH) is a scale used to specify the acidity or basicity
of an aqueous solution. Measuring the pH is a direct measurement of hydronium ion
concentration or negative logarithm of the hydronium HsO" concentration in an
aqueous medium (Sadler, 2010). The pH scale ranges from 0 to 14, with pH 7 being
neutral. The pH values below pH 7 are indicative of the acidic range while those above

pH 7 represent basic range of the scale.

The techniques of fermentation or the addition of weak acids to increase the acidity of
foods as a preservation method have been used over centuries among communities.

Most foods such as meat, fish, and vegetables are slightly acidic in their natural state,
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while most fruits are moderately acidic. Lowering the pH of a food increases the
effectiveness of organic acids as preservatives. Favourable pH for acid preservation is

4.6 and below, where toxins formed by botulinum are inhibited.

Acids present in certain foods and beverages contribute to low pH which consequently
affects the growth of microorganism to in the foods (Sadler & Murphy, 2010). Food
preservation by means of lowering the pH levels of foods cannot however substitute
hygiene and sanitation practices in the street food markets. Food vendors ought to
adhere to the highest standards of cleanliness and protection, with a culture similar to
that food manufacturers apply in adhering to GMPs at large. Foods manufactured
under controlled conditions of altered pH are still susceptible to spoilage from
contamination with yeasts and moulds. Therefore, further sterilization practices like
heating of packaged foods that are preserved by acidification are necessary to increases

the shelf lives of the foods, whereby yeasts and mould spores are killed.

The lowering of pH of foods can be augmented with factors such as added salts,
temperature, redox potential, and preservatives to inhibit growth of pathogens and
other organisms. Furthermore, evidence of needing less heat to inactivate microbes as

a result of reduced pH has been recorded (Smelt & Brul, 2014).

In food preservation, the commercial use of organic acids to inhibit microbial growth
has been exploited extensively. Organic acids are known to exist in a pH-dependent
equilibrium between the dissociated and undissociated states. Studies have shown that
un-dissociated and uncharged organic acid molecules are first responsible for the

antimicrobial activity since their concentration increases at low pH (Theron & Lues,
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2007). The undissociated molecules of organic acids are known to be lipophilic which
enables them to cross the lipid cell membranes of microorganisms into their cytoplasm
where they induce cell death (Hauser, et al., 2016). The H" ions that build up in the
cytoplasm of microbes results into a reduction in intracellular pH, causing cellular
damage and unwanted modification the enzyme-substrate mechanisms, structural

proteins, and DNA (Stratford, et al., 2013).

2.5.2. Moisture content in foods

Microorganisms, like all living organisms, have the need for water to grow, and they
make use of water in the foods they infest. Controlling the moisture content of foods
has been used as a preservation method by humans since ancient times. The need for
water by microorganisms is understood in terms of water activity (aw) of the food or
environment that they find themselves in. Moisture provides for free water that is
available to bacteria, fungi, and yeasts for metabolism and contributes to toxin
production. Water activity is defined as a measurement of the availability of water for
biological reactions and it is a ratio of water vapor pressure of the food substrate to the

vapor pressure of pure water at the same temperature (Gustavo, et al., 2007).

To avoid microbial growth, the moisture content and water activity must be kept below
approximately 10% and 0.60 — 0.65, respectively (Mercer, 2008), depending on the
type of food. Fresh foods, which are high in moisture content often have a water
activity close to 0.99 and are particularly prone to microbial growth. Moreover, the
water activity values (0.97 - 0.99) of fresh foods, such as fresh meat, vegetables, and

fruits, are convenient for optimum growth of most microorganisms (Jay, et, al. 2005).
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It is reported that, the loss of food due to spoilage (caused by microorganisms) after it
Is harvested amounts to more than 30 percent of the fresh food losses in developing
countries (Gustavsson, et al. 2011). The control of moisture levels and preservation of
foods by means of temperature regulation is a challenge in developing countries due
to high outdoor temperatures and often inadequate refrigeration and storage facilities
(Sandulachi et al. 2012). Drying is the most common method of combatting food
spoilage in developing countries like Namibia. Moisture available to support microbial

growth is significantly reduced by drying, enhancing longevity of foods on the market.

In-depth knowledge of moisture content and water activity in foods enhances
comprehension of microbial growth, with the ultimate goal of tailoring ideal food
preservation methods. Furthermore, combined understanding of pH and water activity
(aw) effects, the two key parameters that influence microbial growth in the food

environment, is vital in the maintenance of food quality and assurance of food security.

2.5.3. Microbial enumeration

The fact that microorganisms cannot be seen with the naked eye brings about the need
to grow them using nutrient agar. Consequently, microbes grow into colonies that can
be visualized and counted. Colonies are results of single microbial cells that have
multiplied thousands of times, thus each colony is counted as a single microbial colony
forming unit (CFU). Serial dilutions of the original sample are done to enable the
counting, on average between 30 and 300 colonies of the target microbe recorded.
Fewer than 30 colonies makes the interpretation statistically unsound and greater than
300 colonies often results in overlapping colonies and imprecision in the count.

Average microbial counts obtained on the plates are multiplied by the dilution factor
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and expressed as Colony Forming Unit per gram (CFU/g) in a specific sample (Fawole

& Oso0, 2001). The microbial counts are expressed in Log CFU/g in the final reporting.

The composition of the nutrient agar can be altered to include reagents that prevent
growth of unwanted microbes and make the target organism easily identified. At the
end of the incubation period the colonies are counted without the need for a microscope

as the colonies are visible.

2.5.3.1. Total Plate Count

Total Plate Count (TPC), also known as Standard Plate Count (SPC) or Total Viable
Cells (TVC) is a laboratory practice typically conducted to obtain information about
the microbiological quality of foods. The TPC tests have application in the general
evaluation of cleanliness of equipment and surfaces, and sanitation. Enumeration of
microorganisms is an essential microbiological task for many industrial and research

applications.

Examples of a viable cell count are spread plates from a serial dilution of a liquid
culture and pour plates technique. With a spread plate one makes serial dilutions in
liquid media and then spreads a known volume from the last tube(s) in the dilution
series. In the pour plate method melted agar is poured into a petri dish and mixed with
a diluted microbial sample. The colonies would be counted and the viable cell count
calculated after a period of incubation. Despite limitations, TVC is one of the most
common tests used to assess the microbiological quality of both water and food. TVC

test regulations have been adopted by industries and health organizations of many
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countries and they play an important role in validation and verification of treatment

plant procedures.

Plate Count Agar, used for TPC procedures, consists of Tryptone that provides
nitrogenous and carbonaceous compounds, long chain amino acids, and other essential
nutrients, together with yeast extract that provides Vitamin B complex (Baird et al.
2015). Pour plate count method is recommended for higher results compared to spread

plate technique.

2.5.3.2. Lactic Acid Bacteria (LAB) enumeration

To grow lactobacilli, de Man, Rogosa and Sharpe (MRS) agar is used, ensuring lactic
acid bacteria are isolated from selected food sources. A range of lactic acid bacteria
can be cultivated on MRS agar. The selectiveness of the agar for lactic acid bacteria is
enhanced by lowering the pH to 5.7 and the addition of 0.14% sorbic acid. Tryptic
digest of casein, beef extract, yeast extract, glucose, sorbitan monooleate, di-potassium
hydrogen orthophosphate, magnesium sulfate, manganese (1) sulfate, ammonium
citrate, sodium acetate, agar, and distilled or deionized water are combined and boiled
to produce MRS agar. MRS agar is known for cultivation of good colony counts and
characteristic colony size and morphology for lactobacilli and other lactic acid bacteria
(Corry, et al., 2003). LAB are known to enhance organoleptic properties of various

foods, in addition to health benefits imparted when introduced in foods.

2.5.3.3. Yeasts and moulds enumeration
Yeasts and molds are cultivated on Potato Dextrose Agar (PDA) medium

supplemented with acid or antibiotics to inhibit bacterial growth. Fungi can be
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selectively grown by the use of PDA. PDA is generally used in plate count methods
for foods, dairy products and testing cosmetics. A potato infusion comprising a base
supports the growth of molds and induces pigment production in some dermatophytes
(Sagar, 2019). Some yeasts and molds are commercially used in foods, where they

produce desired effects, contributing to organoleptic and health benefits.

2.6. Microbial food hazard scenarios and STAMP

Microbial analyses can be viewed as reactive preventative methods for maintaining
safety in the food supply system in the short run (Griffith, Jackson, & Lues, 2017).
These methods deal with aberrations that are able to cause widespread food poisoning,
and should not be solely relied on. Therefore, systems approaches to overseeing safety

in the food systems are recommended (Nayak & Waterson, 2019).

Scenarios that could lead to food-borne outbreaks need to be examined for the adoption
of models that are implementable in addressing food safety; one such approach is to
adopt the STAMP (System Theoretic Accident Model and Processes) accident analysis
model. According to Leveson (2004), accidents are either a result of inadequate
control or inadequate enforcement of safety-related constraints on the development,
design and operation of the system. “Accidents occur when external disturbances,
component failures or dysfunctional interactions among system components are not
adequately handled by the control system” (Leveson, 2004).

In food safety, the model can be applied to suggest that one of the factors that could
lead to food poisoning outbreaks is when controls such as mandatory internal Hazard
Analysis and Critical Control Points (HACCP) audits are not carried out diligently,

thus failing to identify faults, rectify and report them. The goal of this control structure
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must be to enforce constraints on actors within the system (Nayak and Waterson 2019).
The STAMP method helps analysts to identify the existing types of controls in a
system or complex system and their failure points (Leveson, 2004; Salmon et al.,
2016). Most accident and system analysis models define safety management in terms
of preventing component failure events; however, STAMP defines safety management
as a “continuous control task to impose the constraints necessary to limit system
behaviour to safe changes and adaptations” (Leveson, 2004). According to this model,
accidents are to be understood by identifying controls and analysing the reasons behind
these controls not being effective or adequate enough to prevent or detect maladaptive
changes and enforce the safety constraints in place (Nayak and Waterson, 2019).

Hence, violated safety constraints also need to be identified.

Constraints, control loops, process models and levels of control are the basic concepts
in STAMP (Leveson, 2004). Instead of viewing accidents as the end result of a series
of events, it is viewed as the result of a lack of constraints imposed on the system
design and on operations across the various socio-technical levels in the STAMP
model. Accidents occur due to a lack of appropriate constraints on the interactions

(Leveson, 2004).
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CHAPTER THREE: MATERIALS AND METHODS

3.1. Research Design

A cross-sectional study with descriptive and analytical components was conducted in
preselected Windhoek locations of Okuryangava and Katutura to the North of the city
centre, Klein Windhoek to the East, Kleine Kuppe and Prosperita southward, and
Otjomuise to the West. The sample collection sites are indicated on the map of the city

of Windhoek in figure 1 below.

WANAHBQA

Katutura Hospital@

HOMASDAL

Windhoek
C28
= = WINPHOEK  WINDHOEK

Figure 1. Map of the City of Windhoek, showing study locations marked in circled
areas

(www.google.com/maps)
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Quantitative data was collected using structured closed-ended questionnaires. Food
samples were purchased for laboratory analysis on pH, moisture and total plate counts.
Systems analysis model of STAMP was adopted and customised based on event chain
models drawn from street food handlers to ensure accidents that occur as a result of
inadequate controls or lack of enforcement of safety-related constraints on the design,
development, and operation of the food safety system as a whole do not occur.
Component failures, external disturbances, and dysfunctional interactions among
system components can be adequately dealt with using STAMP in the prevention of

accidents.

3.2. Food safety knowledge survey

A total of sixty (60) participants involved in street food handling were randomly
selected at six (6) food markets in various neighbourhoods of Windhoek, stratified into
clusters, north, south, east, and west, with fifteen (15) representatives in each stratum.
A written questionnaire (Annex 2) consisting of 22 questions on microbial food
hazards was designed using information from literature, and was administered in
English. The structure of the questions was divided into five sections: socio-
demographic, knowledge of food safety, personal hygiene, perception on food hazards
and response to food-borne disease outbreak. The assessment was done by means of
indicating agreement or disagreement with a 5-item scale for participants to answer
different items, by choosing one of five alternatives (strongly disagree, disagree, agree,

strongly agree and don’t know).

Selected locations where ready-to-eat food is sold were visited for collection of data.

The purpose of the study was explained to the street food handlers. Upon acceptance
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to participate in the study, participants were asked to sign a prior informed consent
(PIC) form (Annex 3). Association of variables was considered statistically significant
at p < 0.05. Mean scores of responses were converted into percentages for purposes of
easy interpretation of results. The significance in difference was tested at 95%
confidence interval, to compare the mean scores of knowledge, hygiene practices,
perception and response to food-borne disease outbreaks among the different socio-
demographic characters of participants. The responses were reclassified into two
categorical responses ‘yes’ and ‘no’ for correct and incorrect responses respectively.
Predictive variables including age, length of employment and education level were
incorporated into all models with general knowledge on food safety as the dependent

variable.

3.3. Samples collection

Questionnaire data was collected with coded (to ensure anonymity) questionnaire for
each participant in a once-off face-to-face interview. Available ready-to-eat food
samples (cooked and prepared liquid foods) were collected for physicochemical (pH
and moisture) and microbial quality (TPC) analysis. TPC was done to estimate the
microbial population in order to judge sanitary quality of foods and give a hint with
regards to microbial contamination risks in some foods. The ready-to-eat foods
included in the study were selected based on their availability and proneness to

microbial contamination.

Selected ready-to-eat food samples were randomly collected from the study sites.
Sterile sample bottles placed in a cooler box were used to transfer the food samples to

the Microbiology lab of the Department of Biological Sciences at the University of
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Namibia. The sample bottles were kept at below 0 °C under ice cubes in a cooler box.
Preparation and inoculation was done within four (4) hours, the same day of sample
collection. Spare samples were stored in the fridge at -18 °C for further use if need
arose. A minimum of 25g and 50ml of solid and liquid food samples respectively were

purchased for the analysis.

3.4. Physicochemical parameters and microbial analysis

3.4.1. Measurement of pH of food samples

Each food sample was mixed with deionized water and turned into a slurry by use of
a stomacher. The electrode of a pH meter was submerged in the sample, with a gentle
stir to ensure consistent sampling, and left until a stable reading was displayed and
then recorded. The electrode was rinsed and cleaned after each use. Determining the
acidity or alkalinity of foods owes its basis on principles reliant on the power of
Hydrogen (Karastogianni et al., 2015). The pH of solution can be measured by use of
litmus paper, to determine whether it is a base or acid without revealing the pH value.
Similarly, universal indicator paper with better sensitivity can be used to distinguish
the pH value up to 0.5 pH scale. The use of modern pH electrode that employs a glass
membrane sensitive to pH is fairly quicker and more convenient. VValues in the range

0.0 to 14.0 can be detected and displayed on the pH meter (Karastogianni et al., 2015).

3.4.2. Moisture content

Moisture content of the food samples was measured using a Mettler Toledo Moisture
Analyzer that gives readings of percentage moisture of a weighed food sample. The
standard method as per manufacturer’s instruction for measuring the percentage

moisture was followed. The Moisture Analyzer uses the thermogravimetric principle,
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whereby food samples are heated by a halogen dryer unit (Mettler Toledo, 1999). The
equipment is tarred to ensure recalibration after each measurement. The displayed data

can be stored and retrieved later on for further analysis.

3.4.3. Microbial analysis

Total plate count, total lactic acid bacteria, yeast and mould enumeration by pour plate
technique was done following standard procedures as those done in similar
experiments by Lefyedi, Marais, Dutton and Taylor, (2005), with the growth media
prepared according to manufacturer specifications. Colonies were counted manually,
and those between 30 and 300 counts were recorded, or else the counts are regarded
negligible (less than 30) or too numerous to count (more than 300). The counted
colonies were presented as a mean bacterial load, expressed as the logarithm (base 10)
of the colony forming unit per gram of sample (CFU/g). A schematic diagram of the

work involved in the study is shown in Figure 2.
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Figure 2. Flow diagram of the process followed in the study
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3.4.4. Applying systems thinking model

STAMP model was adopted from Leveson (2004) to assess applicability of food safety
control systems in Windhoek. Data on Knowledge of food safety, personal hygiene,
perception of food hazard, and response obtained from the questionnaire, coupled with
physicochemical and microbial quality data informed the adoptability of interlinks
(STAMP model) that influence preparedness programmes in maintaining food safety.
The ready to use scenarios were aided by deductions from the survey and the foods’

physicochemical and microbial risks.

3.5. Research Ethics
Ethical clearance certificate was obtained from the University of Namibia, Research
and Ethics Committee (UREC) (Annex 1), accompanied by prior informed consent

and confidentiality agreement signed by the food vending participants.

3.6. Statistical Analysis

The total number of participants in the once-off questionnaire study (Annex 2) was 60;
however, duplicate samples of six (6) different selected food types were collected at
each cluster (north, south, east and west) for microbial assessment. The study involved
the use of statistical methods like the mean, standard deviation and percentages to
facilitate easy analysis and computation of the collected data. Statistics from the
questionnaires and the collected food samples were summarised and presented in

tables and figures.

Firstly, the data were tested for normality, homogeneity and reliability (Annex 3).

Secondly, descriptive statistics were obtained using frequencies, standard deviations
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and averages. Thirdly, associations between variables of interests were obtained using
cross tabulation analysis. The study also performed ANOVA tests for difference
between the means in physicochemical and microbial quality among the street vended

foods around Windhoek.

3.6.1. Survey data analysis

The first part of the study involved Interviews with street food vendors conducted in
English to collect data on knowledge of food safety, utilizing standardized structured
questionnaires. Data collected includes information on demography and general
information such as numbers and types of foods sold, level of experience and related
information. Responses were tallied, indicating the existence or absence of food safety
related knowledge. The independent samples t-test was applied in analysing the
significant differences in food safety knowledge at the 95% confidence level (P <

0.05).

Data analysis was performed using Statistical Package for Social Science (SPSS)
software (version 25). Descriptive and inferential statistics package was used to
summarise the variables of interest and correlation between variables determined the
differences in investigations of socio-demographic and microbial food hazards
knowledge, perceptions and response. Statistical significance was tested at the 95%
confidence level (P < 0.05). Normality, reliability and cross tabulations were applied
to determine correlation and unpack information from the data (Annex 3).
Cross tabulations were used to find the following associations:

= Association between knowledge on food hazards and socio-demographic

factors
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= Association between hygiene practice and socio-demographic factors

= Association between Perception on Food Safety and socio-demographic
factors

= Association between Preparedness to Food-Borne diseases outbreak and socio-
demographic factors

= Association between Hygiene Practice and socio-demographic factors

3.6.2. Food samples data analysis

In the second part of the study, statistics on physicochemical and microbial properties
of the collected food samples were compiled and summarised in tables for
confirmatory determination of the means and standard deviation. Microsoft excel
software was used for entering and organizing the collected data. The mean,
percentage and standard deviation were the descriptive statistics carried out in the
analysis of the data. Among the selected foods sampled in the study were local foods
common on the street markets in Windhoek. These include, kapana (street vended
ready-to eat beef meat) matangara (tripe, the cleaned digestive organs - stomach and
intestines of slaughtered animals), oshifima (stiff porridge, a staple dish made from
pearl millet flour, maize meal or a mixture of both and water), fatcake (a sweet, fluffy
and moist deep fried dough ball) and oshikundu (a non-alcoholic beverage, that is a

cereal product made from pearl millet and sorghum).
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CHAPTER FOUR: RESULTS

The findings of the study have been divided into subsections which are discussed
accordingly to address the objectives of the study. The first section is focusing on
assessing the food safety knowledge among street food vendors with different
components, while the second section determined few physicochemical characteristics

(pH and moisture content), and microbial quality of street vended foods.

4.1. Assessment of food safety related knowledge among street food vendors
Results show that out of the four areas of concern related to food safety knowledge
looked at in the study, the highest knowhow was found to be in preparedness to
respond in the wake of a food-borne disease outbreak, with 95% of participants giving
correct responses, while the least knowledge score was recorded for perception of food
safety (59%) as shown in Figure 3. The other two food safety areas of interest revealed
that 64% of participants have knowledge of food hazards, while 84% had knowledge
of personal hygiene practices.

100% 95%

84%
80%
60% - >9%
0
40%
20%
0%

knowledge on personal hygiene perception on response to
food hazards food safety foodborne
disease outbreak

% of Correct Responses

Topic

Figure 3. Correct responses to knowledge on food safety related aspects; food
hazards, personal hygiene, perception of food safety and response to food-borne

disease outbreaks
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4.1.1. Demographic information of street food vendors

The administered questionnaire revealed information that can be used to characterise
the street food vendors’ demography, as shown in Table 2. The gender information of
the 60 vendors who took part in the study shows that the majority 41 (71.7%) were
female, with male participants being the minority 17 (28.3%), nearly a mere third of
the total, as presented in Table 2. The age range of the participants was from 21 to 60
years old, majority of which were aged between 31 and 40 years old, that represents
38.3 % (n = 23). The participants who have attended school were the most, 57 (95%)
in number while those who did not attend any form of school were only 3 (5%). Among
those who attended school, about 61.7% of them indicated that they had secondary
school education, 18.3% attended primary school and 15% had higher education. It
further came to light that 35% of the participants have been employed in food vending
business for more than two years, 35% for less than a year, while 30% have been
involved in the business for a year to two years. The study revealed that 45% of the
participants had between 1 - 5 years of some work experience, followed by 20% with
more than ten years of experience and about 12% with between 6 - 10 years of
experience. On average a participant was 35 years old, with the youngest being at 18
years of age and the oldest at 69 years old. Half (50%) of the participants were youth
(18 - 34 years old), 46% were adults (35-59 years old) and only 3% were senior citizens
(60 years old and above). On the financial front, the majority 65% of the participants
make an average monthly income of up to N$ 1000, followed by 21.7% making

between N$1000 - N$2000, while only 13.3% reach N$3000.
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Table 2. Demographic information of participants

Variable Item Number | Percentage
Gender Male 17 28.3%
Female 43 71.7%
Age (years) 21-30 22 36.7%
31-40 23 38.3%
41-50 9 15.0%
51-60 6 10.0%
Location North 15 25.0%
East 15 25.0%
South 15 25.0%
West 15 25.0%
Length of employment in | Less than a year 21 35.0%
the food vending business | 1 to 2 years 18 30.0%
More than 2 years 21 35.0%
Educational level: Attended | Yes 57 95.0%
school? If yes: Highest level | No 3 5.0%
of school attended? Primary school 11 18.3%
Secondary school 37 61.7%
Higher 9 15.0%
Work experience Less than one year 14 23.3%
1-5 years 27 45.0%
6-10 years 7 11.7%
More than 10 years 12 20.0%
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Types of food sold 1 type 17 28.3%
2 types 19 31.7%
More than 2 types 24 40.0%

Amount of made per month | up to N$1000 39 65.0%
N$1000 - N$2000 13 21.7%
>N$3000 8 13.3%

Total 60 100

The types of foods sold on the visited street markets were recorded, with a total of 28
different foods identified. The most common occurrence is vendors involved in selling
more than two types of foods, 24 (40%), followed by 19 (31%) who sell up to two
types, and the 17 (28.3%) remaining deal with one type of food only. The types of

foods sold by the participants involved in this study are presented in Figure 4.
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Figure 4. Frequency and types of foods handled by street food vendors
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4.1.2. Street food vendors’ food safety knowledge

A majority 48 (80%) of the participants in this study agreed that food hygiene requires
the removal of microorganisms from food. Similarly, a greater number 59 (98%) of
the participants agreed with the statement that keeping waste materials and foodstuffs
separate is necessary. Storing cooked and uncooked foods separately and preparing
cooked and uncooked foods with separate equipment was a notion agreed to by most,
59 (98%). The study found that a higher number 58 (96.7%) of street food vendors
know that unclean equipment can transfer bacteria to food, compared to a total of 2

(3.3%) who did not get the correct response.
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Table 3. Responses of participants to statements based on knowledge on food hazards

Statement Strongly Disagree | Agree Strongly Don’t

disagree agree know

f % f | % f % f % f %

1. Food hygiene requires the removal of microorganisms from food | 3 5 7 12 33 5, | 15| 25 2 3
2. It is necessary to keep waste materials and foodstuffs separate 1 2 0 0 26 43 | 33| 55 0 0
3. Store cooked and uncooked foods separately and prepare cooked | 0 0 0 0 30 50 | 29 | 48 1 2
and uncooked foods with separate equipment
4. Unclean equipment can transfer bacteria to food 1 2 0 0 15 25 |43 | 72 1 2
5. Freezing kills harmful microorganisms in food 7 116 | 9 15 13 22 | 15| 25 |16 | 26.6
6. Favourable temperature range of bacteria responsible for food | 1 2 5 8 8 13 4 7 42 70
borne diseases is 5°C - 60°C
7. It is safe to keep foods of animal origin such as meat, milk, eggs | 14 23 | 4 7 22 37 | 11| 18 9 15
at room temperature
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8. Drinkable water must be used for food preparation 0 0 2 3 22 37 | 36| 60 0 0
9. Bacteria that that cause food poisoning multiply very quicklyin | 0 0 2 3 28 47 | 11| 18 | 19 32
the foods that are kept at room temperature

10. Cooked foods kept at room temperature for more than 2 hours | 2 33 |10 |166| 20 | 333 |14 | 233 | 14 | 233
before serving can cause illness

11. Frozen foods can be frozen again after thawed 4 66 | 5 |83 | 20 | 333 | 8 | 13.3 | 23 | 383
12. I have heard about at least one of the following as a problemin | 11 18 8 | 13 10 17 7 12 | 24| 40
food: Salmonella, Listeria, Campylobacter, and E. coli.

13. Parasites, Fungi, Bacteria, and Virus are the microorganism | 0 0 1 2 26 43 | 26 | 43 7 12
most likely to cause food poisoning

14. Diarrhoea, nausea, vomiting, fever, abdominal pain, fatigue | 0 0 0 0 31 | 516 |28 | 466 | 1 1.6
and loss of appetite are important signs in food poisoning cases

f: frequency, showing the number of responses.
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The majority of the participants have an understanding that freezing does not kill
harmful microorganisms in food, hence the 47% that responded correctly, with 26.6%
giving the incorrect response and 26.5% admitting they did not know. Majority of the
participants (70%) did not know that favourable temperature range of bacteria
responsible for food borne diseases is 5°C -60°C. The study revealed that the
participants who did not have knowledge that it is unsafe to keep foods of animal origin
such as meat, milk, eggs kept at room temperature were 55%, slightly more than those

who did not give the correct response (a total 45%).

It is known to most vendors that drinkable water must be used for food preparation
(97% correct response) compared to those who thought otherwise (3%). In this survey,
the majority (65%) of the participants agreed that bacteria that cause food poisoning
multiply very quickly in the foods that are kept at room temperature. However, only
19.3% of the participants disagreed that cooked foods kept at room temperature for
more than 2 hours before serving can cause illness, with the majority 56.6% agreeing,

and the remaining 23.3% not knowing the correct response.

Table 3 above further shows that a total 51 (84.9%) of food vendors did not know that
it is unsafe for frozen foods to be frozen again after thawed, with a minority 9 (15%)
giving the correct response. All participants, bar 17 (29%), have not heard about at
least one of the following as a problem in foods: Salmonella, Listeria, Campylobacter,
and E. coli, which are pathogens that can be transmitted via food. A large portion
(86%) of the participants admitted that they were aware that Parasites, Fungi, Bacteria,
and Virus are the microorganism most likely to cause food poisoning. Additionally,

close to all participants (98.2%) agreed that diarrhoea, nausea, vomiting, fever,
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abdominal pain, fatigue and loss of appetite are important signs in food poisoning

cases.

4.1.3. Personal hygiene practices

Assessment of the vendors’ hygiene practices revealed that 95% of those who
participated believe that anyone can be a means for transportation of microbes to food.
While 30% reckoned it is always safe to prepare food with bare hands, the majority
68% responded correctly in not supporting the notion. Although 87% understand that
bacteria which can cause food poisoning can be found in our noses and on hands, a
total minority 13% was in disagreement or did not know this fact. Majority of the
participants had general knowledge about the need to cover wounds and abscesses that
can transmit bacteria that cause food poisoning (90% correct responses), and avoiding
of contamination by handlers where by the majority understand it is a problem for a
person to serve food when suffering from flu, diarrhoea, influenza or other illnesses
(80% correct responses). Table 4 shows the compiled responses given by participants

on hygiene practices related to food safety.

Table 4. Responses of participants to statements based on personal hygiene

Statement Strongly Disagree | Agree Strongly | Don’t

disagree agree know

f 1% |(f |% |f |[% |[f |[% |f |%

1. Anyone canbeameansfor |0 |0 0 (0 |34 |57 (23|38 |3 |5
transportation of microbes to

food
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2. It is always safe to prepare

food with bare hands

20

33

21

35

15

25

3. Bacteria which can cause
food poisoning can be found

in our nose and on hands

34

57

18

30

4. Preparing food while
having an open wound or
abscess can transmit bacteria

that cause food poisoning

24

40

30

50

5. There is no problem for a
person to serve food when
suffering from flu, diarrhoea,

influenza or other illnesses

33

55

15

25

12

f: frequency, showing the number of responses.

4.1.4. Perception of food safety

Assessment of the vendors’ perception of food safety revealed that 92% of the
participants had a perception that some people are more likely to get sick from food
infections than others. While 95% of the participants view food infections as serious
and can lead to death if untreated, a mere 5% did not agree. Although 77% of the
participants regard food contamination and associated infections to be easy to prevent,

23% were not in agreement. Table 5 summarises the perception of food safety by street

food vendors.
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Table 5. Responses of participants to statements based on perception on food safety

Statement Strongly | Disagree | Agree Strongly | Don’t
disagree agree know
f ol [f [% [f [% |[f |[% |[f |%

1. Some peoplearemorelikely |1 |2 |2 |3 |43 |72 |12 |20 |2 |3

to get sick from food infections

than others

2. food infections are serious |2 |3 |1 |2 |36 |60 |21 (35 |0 |O

and can lead to death if

untreated

3. food contamination and |2 |3 |10 (17 |33 |55 |13 |22 |2 |3

associated infections are easy

to prevent

f is frequency, showing the number of responses

4.1.5. Response to food-borne diseases

The awareness on response to food-borne diseases is summarised in Table 6, which

shows 93% of the vendors who understand that suspected food-borne disease outbreak

must be reported to relevant Authorities. Should there be a suspected food-borne

disease, 100% of the participants understand that medical attention should be sought.

In the wake of suspected food contamination 93% of the participants understand the

necessity to inform other vendors and food suppliers about the situation.
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Table 6. Responses of participants to statements based on response to foodborne

disease outbreak

Statement Strongly | Disagree | Agree Strongly Don’t

disagree agree know

f | % |f |% |f % |f % f %

1. Report suspected food- |0 |0 3 |5 32 |53 (24 (40 |1 |2
borne outbreak to relevant

Authorities

2. Medical attention should |0 | O 010 30 |50 |30 |50 |0 |O
be sought if you suspect

food-borne disease

3. It is necessary to inform [0 | O 315 24 |40 |32 |53 |1 |2
other vendors and suppliers
about  suspected food

contamination

f is frequency, showing the number of responses

4.1.6. Association of the different socio-demographic characteristics with the food
safety knowledge

The hypotheses tested according to association of the knowledge with the different
socio-demographic characteristics at 95% confidence interval (p<0.05) are
summarised in Table 7. Despite the higher knowledge recorded amongst men
compared to women, the association between gender and knowledge on food hazards
was not significant. Almost all, except Golgotha (71%), participants reported to have

knowledge on food hazards, and the association between knowledge of food hazards
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and location was statistically significant (p-values = 0.047). The study further reported
that all participants who were employed for more than two years have knowledge on
food hazards, followed by those employed for 1-2 years (95%). Length of employment

was not significantly associated with knowledge on food hazards.

Location was significantly (p-value=0.008) associated with the knowledge of hygiene
practice. Level of education was not associated with knowledge of hygiene practices.
Nevertheless, the association between the different types of food sold and knowledge
of hygiene practice was not significant. In the end, the association between knowledge
of hygiene practices and age, as well as average monthly income was not statistically

significant.

The association between perception on food safety, gender and location was however
not significant. It came to light that the correlation between perception on food safety
and length of employment, as well as level of education was not significant.
Additionally, work experience, and the number of food items sold were not
significantly associated with perception on food safety. To sum up, the association
between perception on food safety and average monthly income, and age was not

statistically significant.

The study also unravelled a significant association (p-value=0.022) between gender
and preparedness to food-borne disease outbreak. However, the association between
location, length of employment and knowledge on preparedness to food-borne disease
outbreak was not significant. The association between knowledge on preparedness to

food-borne disease outbreak and work experience, as well as the number of different
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foods sold was not significant. To conclude, the relatedness of age and average income
to preparedness in the wake of a food-borne disease outbreak was not statistically

significant.
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Table 7. Hypotheses relating the knowledge of street food vendors to the socio-demographic characteristics

Hypothesis p-value Decision
1) (a) | Ho: The Knowledge on Food Hazards of street food vendors differs according to | 0.366 Reject
gender
(b) | Ho: The Personal Hygiene practices of street food vendors differs according to | 0.604 Reject
gender
(c) | Ho: The Perception of Food Safety of street food vendors differs according to gender | 0.142 Reject
(d) | Ho: The Preparedness to food-borne disease outbreak of street food vendors differs | 0.022 Do not reject

according to gender

2) (a) | Ho: The Knowledge on Food Hazards of street food vendors differs according to | 0.047 Do not reject
location

(b) | Ho: The Personal Hygiene practices of street food vendors differs according to | 0.008 Do not reject
location
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(c) | Ho: The Perception of Food Safety of street food vendors differs according to | 0.624 Reject
location
(d) | Ho: The Preparedness to food-borne disease outbreak of street food vendors differs | 0.324 Reject
according to location
3) (a) | Ho: The Knowledge on Food Hazards of street food vendors varies according to | 0.572 Reject
length of employment in the food vending business
(b) | Ho: The Personal Hygiene practices of street food vendors varies according to | 0.426 Reject
length of employment in the food vending business
(c) | Ho: The Perception of Food Safety of street food vendors varies according to length | 0.250 Reject
of employment in the food vending business
(d) | Ho: The Preparedness to food-borne disease outbreak of street food vendors varies | 0.572 Reject
according to length of employment in the food vending business
4) (a) | Ho: The Knowledge on Food Hazards of street food vendors differs according to | 0.596 Reject

educational level
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(b) | Ho: The Personal Hygiene practices of street food vendors differs according to | 0.702 Reject
educational level

(c) | Ho: The Perception of Food Safety of street food vendors differs according to | 0.557 Reject
educational level

(d) | Ho: The Preparedness to food-borne disease outbreak of street food vendors differs | 0.775 Reject
according to educational level

5) (a) | Ho: The Knowledge on Food Hazards of street food vendors varies according to age | 0.307 Reject

group

(b) | Ho: The Personal Hygiene practices of street food vendors varies according to age | 0.597 Reject
group

(c) | Ho: The Perception of Food Safety of street food vendors varies according to age | 0.057 Reject
group

(d) | Ho: The Preparedness to food-borne disease outbreak of street food vendors varies | 0.355 Reject

according to age group
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4.2. Physicochemical characteristics and microbial quality of street vended foods
4.2.1. Percentage moisture content of street vended foods

The percentages moisture content for the different foods tested were as expected,
higher in liquid food (90.9%) than in the solid foods (ranging from 37.31% to 64.55%),
consistent in all the sampled sites. The percentage moisture content recorded is

presented in Table 8.

Table 8. Mean percentage (%) moisture content of selected street vended foods by

location
Food Type Location
North East South West
Kapana 42.04+4.47 40.33+4.5 43.55%+3.96 42.55+1.80
Sausage 54.68+1.15 54.28+0.53 55.25+0.47 53.24+£1.59
Matangara 63.11+1.33 63.62+0.93 63.12+1.54 63.25+1.91
Oshifima 64.55+0.86 64.17+0.81 64.41+0.89 64.28+1.38
Fatacake 37.31+1.27 37.60+0.46 37.04+0.82 38.70+£1.73
Oshikundu 90.90+0.27 91.02+0.22 90.70+0.12 91.24+1.91

The results show that, oshikundu, was the food with the highest percentage for
moisture, averaging over 90% in all locations. This was then followed by oshifima
with an average of above 60% in all locations. While the lowest percentage moisture

average was recorded for fatcake in all locations, averaging between (30% and 40%).
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Table 9. One-way ANOVA table of percentage moisture by location

ANOVA| F Sig.

North 260.152 .000

East 306.830 .000

West 361.654 .000

South 326.159 .000

F is the variation between sample means.
From the ANOVA table (Table 9) it can be seen that all the locations were
significant, this implies that the means of food moisture were different within

locations.

4.2.2. pH Measurements of street vended foods

Values of pH were higher (ranging from pH 6.77 to 7.53) for the solid foods tested
than for the beverage (average pH 3.21, oshikundu). The pH measurements recorded
are presented in Table 10. Oshikundu pH was slightly acidic, whereas that of other
foods was slightly basic, and the finding was consistent within all the sampled sites in

Windhoek.

Table 10. Mean pH values of selected street vended foods by location

Food Type Location

North East South West
Kapana 6.93+0.15 7.24+0.24 6.84+0.16 7.23+0.06
Sausage 7.53+0.06 7.50+0.26 7.50+0.20 7.63+0.12
Oshifima 7.37+0.06 7.36+0.24 7.27+0.06 7.33+0.06
Matangara 7.27+0.06 7.24+0.32 7.53+0.12 7.30+0.10
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Fatcake

6.77+0.15 6.79+0.02

6.87+0.15

6.83+0.05

Oshikundu

3.33+£0.45 3.10+0.16

3.37+0.29

3.03+0.11

Table 10 shows that, in the Northern locations sausage (7.53) has the highest pH, while
oshikundu (3.33) has the lowest pH value. Equally, in the Eastern, Western and

Southern locations, sausage had the highest mean pH, while oshikundu has the lowest

pH mean.

Table 11. One-way ANOVA table for pH of foods by location

ANOVA F Sig.
North 175.709 000
East 168.860 .000
South 244.810 .000
West 1236.436 .000

F is the variation between sample means.

From the ANOVA table (Table 11), it can be seen that all the locations were

significant, this implies that the means of the foods’ pH were different within

locations.

Table 12. Multiple comparisons of difference in means for percentage moisture (m)

and pH by food type and location

Food Type

Location
North East South West
m pH m pH m pH m pH
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Kapana Sausage .038* | .038* | .735 135 .006* | .006* | .001* | .001*
Oshifima .185 185 | .985 .985 .096 .096 715 715
Matangara | .416 416 | 1.000 | 1.000 .004* | .004* | .926 .926
Fatcake 916 | .916 |.215 | .215 1.000 | 1.000 | .001* | .001*
Oshikundu | .000* | .000* | .000* | .000* .000* | .000* | .000* | .000*
Sausage Kapana .038* | .038* | .735 | .735 .006* | .006* | .001* | .001*
Oshifima 916 |.916 | .973 | .973 .600 | .600 | .011* | .011*
Matangara | .632 | .632 |.725 |.725 1.000 | 1.000 | .005* | .005*
Fatcake .007* | .007* | .023* | .023* .009* | .009* | .000* | .000*
Oshikundu | .000* | .000* | .000* | .000* .000* | .000* | .000* | .000*
Oshifima Kapana .185 185 | .985 .985 .096 .096 715 715
Sausage 916 916 | .973 973 .600 .600 .011* | .011*
Matangara | .990 990 | .983 .983 471 471 .996 .996
Fatcake .038* | .038* | .078 .078 129 129 .000* | .000*
Oshikundu | .000* | .000* | .000* | .000* .000* | .000* | .000* | .000*
Matangara | Kapana 416 416 | 1.000 | 1.000 .004* | .004* | 926 | .926
Sausage 632 | 632 |.725 | .725 1.000 | 1.000 | .005* | .005*
Oshifima 990 | .990 | .983 | .983 A71 | 471 | 996 | .996
Fatcake 100 | .100 | .221 | .221 .006* | .006* | .000* | .000*
Oshikundu | .000* | .000* | .000* | .000* .000* | .000* | .000* | .000*
Fatcake Kapana 916 916 | .215 215 1.000 | 1.000 | .001* | .001*
Sausage .007* | .007* | .023* | .023* .009* | .009* | .000* | .000*
Oshifima .038* | .038* | .078 .078 129 129 .000* | .000*
Matangara | .100 100 | .221 221 .006* | .006* | .000* | .000*
Oshikundu | .000* | .000* | .000* | .000* .000* | .000* | .000* | .000*
Oshikundu | Kapana .000* | .000* | .000* | .000* .000* | .000* | .000* | .000*
Sausage .000* | .000* | .000* | .000* .000* | .000* | .000* | .000*
Oshifima .000* | .000* | .000* | .000* .000* | .000* | .000* | .000*
Matangara | .000* | .000* | .000* | .000* .000* | .000* | .000* | .000*
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Fatcake .000* | .000* | .000* .000* | .000*

.000* ‘ .000*

.000* ‘

* shows significant difference

Findings presented in Table 12 show that when kapana is considered as reference (a
constant in this case), almost all the percentage moisture means of the different foods
differ except in Fatcake in the Northern, Eastern and Western locations. Equally, when
sausage is considered as reference, all the means of foods differ irrespective of the
location. Results further show that, when oshifima is considered as reference, only the
mean of matangara that was reported to be not different, however for other food in all
locations, the means were different. When fatacake is considered as a reference, almost
all means of the foods’ percentage moisture in the Northern, Eastern and Western
locations were reported to be different except for kapana in those locations. It was
concluded that when oshikundu was used as reference, the means for the foods in all

locations were reported to be different.

Furthermore, results show that sausage and oshikundu pH means were different in the
Northern locations, while in the Eastern location, the only difference in means was
observed in oshikundu (p-value <0.05). In the Southern locations, difference in means
was observed in sausage, matangara and oshikundu, whereas in Western locations
difference in means was observed in sausage, fatcake and oshikundu when kapana was
used as reference. Findings revealed that, when sausage is used as reference, difference
in means of food pH was observed in kapana, fatcake and oshikundu in the Northern
locations, while in the Eastern location it was observed in fatcake and oshikundu

(p<0.05). Results show that difference (p-value< 0.05) in pH means was observed in
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kapana, fatcake and oshikundu in the Southern locations, while in the Western

locations the difference was observed in all the foods.

It was observed that when oshifima was used as a reference food, difference in pH in
food was observed in fatcake and oshikundu in the Northern locations, while in the
Eastern and Southern locations the difference was observed in fatcake (p-values<
0.05). On the other hand, in the Western locations, the difference was observed in
fatcake and oshikundu respectively. Results show that in the Northern and Eastern
locations, the pH mean difference was observed in oshikundu (p-value< 0.05).
Furthermore the difference was also observed in kapana and fatcake in the southern
locations when matangara is used as a reference category. When oshikundu is used as
a reference category, the mean difference in pH among foods was present in all the

food types (p-value< 0.05).

4.2.3. Microbial quality of street vended foods
High total plate count (TPC) was detected in tripe (matangara), followed by sausage,
with unsatisfactory TPC for roasted meat (kapana), pap (oshifima), fat cake and

beverage (oshikundu). The total plate counts were recorded and presented in Table 13.

Table 13. Mean TPC (Log CFU/qg) of the different foods on PCA by location

Food type Location

North East South West
Kapana 3.02+0.5 2.44+0.08 3.36+0.16 3.46x0.07
Sausage 3.49+0.17 5.46+0.41 5.62+0.43 5.66+0.24
Oshifima 1.32+0 1.39+0 3.87+0.59 4.04+0.58
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Matangara 4.70+0.16 5.37+0.45 5.32+0.49 5.75+0.12
Fatcake 0.47+0 0.37+0 0.37+0 0.43+0
Oshikundu 3.09+0.53 4.11+0.57 3.32+0.13 3.78+0.22

In the Northern locations, matangara (4.70 Log CFU/g) was reported to have the
highest TPC, while in the southern locations it was sausage (5.6 Log CFU/g). Results
show that in the eastern location, Sausage (5.45 Log CFU/g) and matangara (5.36 Log
CFU/qg) had the highest TPC, while Fatcake (0.37 Log CFU/g) had negligible growth
(too few to count). In the end, the western locations were as well dominated by

matangara in terms of TPC, with an average of 5.75 Log CFU/g.

Table 14. One-way ANOVA table of TPC by location

ANOVA
F Sig. (p-value)
North 6.527 .004
East 11.643 .000
South 52.390 .000
West 66.255 .000

F is the variation between sample means.

The ANOVA table (Table 14) indicates significant statistical difference between
sample means for all the locations, which implies that the location where the foods are

sold does not influence the TPC recorded for the different foods.
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Table 15. TPC Means (Log CFU/g) from the different foods on MRS agar by

location

Food Type Location
North East South West

Kapana 1.08+0 1.01+0 1.02+0 1.02+0
Sausage 4.16+0.39 4.67+0.10 4.37+0.26 4.56+0.4
Oshifima 4.19+0.51 2.87+0.73 4.33+0.24 4.08+0.64
Matangara 4.65+0.25 5.32+0.17 5.56+0.39 5.40+0.07
Fatcake 0.63+0 0.47+0 0.34+0 0.35+0
Oshikundu 3.46+0.18 3.51+0.14 3.60+0.33 3.66+0.13

It can be observed,

from table 15, that the food with the highest PC on MRS agar was

matangara (4.65 Log CFU/g), followed by oshifima (4.49 Log CFU/g) and sausage

(4.16 Log CFU/g) in the Northern location. In the Eastern location, matangara, was

reported to have the highest mean (5.32 Log CFU/g) while fatcake (0.47 Log CFU/q)

had the lowest, negligible (too few to count) mean. A similar trend was observed in

the South and Western locations with matangara reported to have the highest PC,

while no growth worthy of reporting was observed for fatcake.

Table 16. One-way ANOVA table of PC on MRS agar by location

ANOVA

F Sig.
North 10.306 .001
East 15.729 .000
South 19.765 .000
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West 18.064 .000

F is the variation between sample means.

From table 16, it can be observed that all the locations had significant difference in
sample means, this implies that the PC means of the different foods on MRS agar
were different within each location. Thus, location does not influence PC on MRS

agar.

Table 17. PC Means from the different foods on PDA by location

Food Type Location
North East South West

Kapana 1.06x0 1.01+0 1.09+0 1.13+0
Sausage 3.83+0.36 3.86+0.23 3.96+0.71 3.38+0
Oshifima 1.45+0 2.84+0.78 2.68+0 1.40+0
Matangara 4.10+0.59 5.15+0.59 4.64+0.21 4.58+0.19
Fatcake 0.34+0 0.34+0 0.35+0 0.39+0
Oshikundu 3.08+0.48 3.39+0.09 3.58+0.42 2.92+0.47

Findings presented in table 17 show that matangara had the highest PC mean on

PDA in all locations, followed by sausage, while fatcake had no significant growth

reported.

Table 18. One-way ANOVA table of PC on PDA by location

ANOVA

Sig.

North

4.124

021
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East 13.274 .000

South 4.954 011

West 3.898 .025

F is the variation between sample means.

From the table (table 18) it can be seen that all the location had significant difference
in the sample means, this implies that the PC means of the different foods on PDA
were different in the different locations. Thus, location does not influence PC on PDA

agar.

The mean total plate count of the food samples from the four different street food
markets are summarised in Table 19. The overall mean TPC of the food samples from
the four different outlets ranged from less than 30 colony counts (no growth) on PCA,
MRS and PDA plates in fatcake to above unacceptable level of 5.75 Log CFU/g for
matangara (exceeding the limit of <5 Log CFU/g). Matangara had the highest
bacterial count, 5.75 Log CFU/g followed by sausage, 5.66 Log CFU/g, with fat cake
recording the lowest, without noteworthy counts recorded at all sites. Most foods had
no growth on PCA, MRS and PDA plates, which may be concluded that most street

vended foods are safe for consumption.

Table 19. Multiple Comparisons of difference in means for PC on PCA, MRS and

PDA by food type and location

Food Type Location

North East South West

PC MR | PD PC MR | PD PC MR | PD PC MR | PD

A S A A S A A S A A S A
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Kapana Sausage .993 | .016 | .188 | .044 | .002 | .015 | .001 | .003 | .152 | .000 | .002 | .406
* * * * * * * *
Oshifima | 395 | .015 | .999 | .834 | .150 | .166 | .738 | .003 | .684 | .548 | .007 | 1.00
* * * O
Matanga | 406 | .005 | .129 | .052 | .000 | .001 | .002 | .000 | .054 | .000 | .000 | .086
* * * * * * *
ra
Fatcake .089 | .990 | .983 | .247 | .965 | .926 | .000 | .895 | .979 | .000 | .910 | .984
* *
Oshikun 1.00 | .075 | 476 | 442 | .032 | .046 | 1.00 | .019 | .259 | .925 | .020 | .629
0 * * 0 * *
du
Sausage Kapana .993 | .016 | .188 | .044 | .002 | .015 | .001 | .003 | .152 | .000 | .002 | .406
Oshifima | 185 | 1.00 | .311 | .006 | .170 | .693 | .005 | 1.00 | .830 | .004 | .976 | .530
O * * O *
Matanga | 709 | .986 | 1.00 | 1.00 | .927 | .476 | .960 | .500 | .986 | 1.00 | .810 | .891
0 0 0
ra
Fatcake .036 | .006 | .065 | .001 | .001 | .003 | .000 | .001 | .049 | .000 | .000 | .161
* * * * * * * * * *
Oshikun 996 | .932 | .979 | .654 | .573 | .982 | .000 | .840 | .999 | .001 | .762 | .998
du
Oshifima | Kapana 395 | .015 | .999 | .834 | .150 | .166 | .738 | .003 | .684 | .548 | .007 | 1.00
* * * 0
Sausage 185 | 1.00 | .311 | .006 | .170 | .693 | .005 | 1.00 | .830 | .004 | .976 | .530
O * * O *
Matanga | 018 | .989 | .220 | .007 | .036 | .055 | .019 | .465 | .483 | .003 | .417 | .125
* * * * *
ra
Fatcake .906 | .006 | .905 | .846 | .042 | .035 | .000 | .001 | .317 | .000 | .001 | .942
* * * * * * *
Oshikun .359 | .920 | .675 | .077 | .930 | .964 | .678 | .868 | .954 | .969 | .987 | .759
du
Matanga | Kapana 406 | .005 | .129 | .052 | .000 | .001 | .002 | .000 | .054 | .000 | .000 | .086
* * * * * * *
ra
Sausage .709 | .986 | 1.00 | 1.00 | .927 | .476 | .960 | .500 | .986 | 1.00 | .810 | .891
0 0 0
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Oshifima | 018 | 989 | 220 | .007 | .036 | .055 | .019 | .465 | .483 | .003 | .417 | .125

Fatcake .003 | .002 | .043 | .001 | .000 | .000 | .000 | .000 | .017 | .000 | .000 | .029

Oshikun | 444 | 633 | 929 | 712 | 167 | .194 | 002 | .094 | 912 | .001 | .177 | .694

du

Fatcake | Kapana | 089 | 990 | .983 | .247 | 965 | 926 | .000 | .895 | 979 | .000 | .910 | 984

Sausage | 036 | .006 | .065 | .001 | .00 | .003 | .000 | .001 | .049 | .000 | .000 | .161

Oshifima | 906 | .006 | 905 | 846 | .042 | .035 | .000 | .001 | .317 | .000 | .001 | .942

Matanga | 003 | 002 | 043 | .001 | .000 | .000 | -000 | .000 | .017 | .000 | -000 | .029

ra

Oshikun .079 | .028 | .197 | .011 | .009 | .009 | .000 | .003 | .089 | .000 | .004 | .293

du

Oshikun | Kapana | 100 | 075 | 476 | 442 | 032 | .046 | 1.00 | .019 | 259 | .925 | .020 | .629

du

Sausage 996 | .932 | 979 | .654 | 573 | .982 | .000 | .840 | .999 | .001 | .762 | .998

Oshifima | 359 | .920 | .675 | .077 | 930 | 964 | 678 | .868 | .954 | .969 | .987 | .759

Matanga | 444 | 633 | 929 | 712 | 167 | .194 | .002 | 094 | .912 | 001 | .177 | 694

ra

Fatcake .079 | .028 | .197 | .011 | .009 | .009 | .000 | .003 | .089 | .000 | .004 | .293

* * * * * * * *

* shows significant difference

Results (Table 19) show that considering kapana as our reference food, it can be seen
in the Northern locations that the TPC means were the same, as none of them were
statistically significant. On the contrary in the Eastern location it can be seen that there

is a difference between the TPC mean for kapana and sausage (p< 0.05). Similarly, in
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the Southern location, the mean differences in comparison to kapana were observed

for sausage (p<0.05), matangara (p<0.05), and fatcake (p<0.05).

Similar to the kapana grouping, among the sausage group, in the Northern group,
results show that the means among food were the same except for the fatcake mean.
In the Eastern location the difference in mean was observed among kapana (p<0.05),
oshifima (p<0.05) and fatcake (p<0.05) when considering sausage as a reference.
Furthermore in the Southern location the difference was observed among kapana
(p<0.05), oshifima (p<0.05), fatcake, and oshikundu with both p-values <0.05. It was
recorded that, when oshifima was considered as a reference food, the difference in
mean in the Northern location was observed for matangara (p<0.05), while in the
Eastern location the difference was observed for sausage (p<0.05), and matangara
(p<0.05). Furthermore means were also different among the sausage, matangara and

fatcake in the Southern and Western locations.

Considering matangara as a reference, difference in means was observed for oshifima
(p<0.05) and fatcake (p<0.05) in the Northern, Southern and Eastern locations. While
in the Western location, the difference was observed among all food types with an
exception of sausage. Furthermore, when fatcake was considered as reference, the
difference in means was observed for sausage, and matangara in the Northern and
Eastern locations. The Southern and Western locations had all TPC means different. It
can be concluded that there was no difference in TPC means in the Northern locations,
while in the Eastern location the difference was observed for fatcake (p<0.05), in the

Southern location the difference appeared among sausage, matangara, and fatcake.
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Findings, as seen in Table 19, further show that when kapana is used as a reference,
the difference in means within the group of food was observed for sausage, oshifima,
and matangara with p-value <0.05 in the Northern locations. The Eastern location the
difference was observed for sausage, matangara, and oshikundu with p-value <0.05.
In the Southern and Western locations the mean difference was observed within all
food types with exception of fatcake. When sausage is considered as a reference, the
mean difference was observed for kapana, and fatcake in all the locations with p-
value<0.05. Furthermore, when oshifima was considered as a reference, in the northern
location in the southern location the difference was observed for kapana and fatcake
with p-value<0.05. While in the Eastern location, the difference was in matangara and
fatcake. In the Southern and Western locations, the difference was observed for

kapana, and Fatcake with p-value< 0.05.

It can be seen that when matangara was used as reference, in the Northern locations,
the difference was observed for kapana, and fatcake with p-value<0.05. Similarly, in
the Eastern, Western and Southern locations, the difference was observed for kapana,
oshifima and fatcake with p-value<0.05. When fatcake was used as reference, the
difference in means was observed in almost all food in all locations except in kapana.
In the end when oshikundu is used as reference, in the northern location, the difference
was observed in fatcake (p-value<0.05), while in the Eastern, Western and Southern

locations the difference was observed for kapana and fatcake with p-value< 0.05.

Results show that when kapana was used as reference, there was no difference in the
means among the different food in the northern, Southern and Western locations. On

the other hand, difference in means was observed in sausage, matangara, and
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oshikundu with p-value less than 0.05. It was also reported that when sausage was used
as a reference there was no difference in food means in the Northern and Western
locations. However, in the Eastern location the difference was observed for kapana,
and fatcake, while in the Southern locations, the difference was observed in fatcake

only.

Results show that when oshifima was considered as reference, the difference in food
means was on observed in fatcake in Eastern location, while in all other locations,
there was no difference. It was reported that when matangara is used as reference, the
difference in the food from the Northern locations was in fatcake, while in the Eastern
location, it was in kapana and fatcake, while in the Southern and Western locations it

was in fatcake.

It was reported that, difference in means was observed in matangara (p<0.05) in the
Northern locations, while the difference in means was observed in sausage and
matangara in both Eastern and Southern locations. In the end, in the Western locations
the difference (p<0.05) was only observed in matangara. The study also revealed that
when oshikundu was considered as a reference, none of the food PC means on PDA
was different between the Northern, Southern and Western locations, while in the

eastern location, kapana and fatcake means were different.

4.3. Food hazard scenarios and STAMP

Although the survey did not include a component on STAMP elements, the food safety

knowledge surveyed, coupled with physicochemical properties and microbial quality
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results presented above provide information that can influence the adaption of STAMP

for the food safety systems in Windhoek.

It was established that the food safety Act has not been promulgated and passed by
parliament in order to come into force. Individuals involved in street food vending
business are not required to have licences in order to sell food along streets. There
were no standards or guideline documents found in the possession of street food
vendors to suggest concerted efforts by authorities to inform street food vendors on
how to achieve and maintain food safety. Moreover, training and information
dissemination on food safety for street-food vendors is not in existence, hence
microbial food risks exist. The risk scenarios are supported by 36% who did not give
correct responses to questions related to food hazards in the survey. Similarly, 16%
did not give correct responses to questions on personal hygiene and 41% had the wrong

perception about food safety.

62



CHAPTER FIVE: DISCUSSIONS
5.1.Assessment of food safety knowledge among street food vendors
5.1.1. Demographic information of street food vendors

The demographic information as shown in Table 2 can be used by authorities to make
decisions on food safety with respect to the street food vending markets in Windhoek.
In this study, female street food venders outnumbered (71.7%) their male counterparts.
This scenario was observed in similar studies conducted in Malaysia (Lawal et al.,
2018). An anomaly was recorded in a study carried out in Nairobi, Kenya by Muinde
& Kuria (2005), where majority male street vendors who constituted 60%, with 40%

females was reported.

The study recorded the age range of the participants between 21 to 60 years old, with
the majority between 31 and 40 years old, that represents 38.3 % (n = 23). On average
a participant was 35 years old. Interestingly, similar studies done in Ghana by
Akabanda et al., (2017) show a greater number (39.1%) of the participants in the age
bracket of 41-50 years with average age of 41.5. The participants with formal
education were the most, 57 (95%), similar to previous studies which however
demonstrated that irrespective of educational level, employees’ performance in food
safety knowledge was not satisfactory and thus a cause for public concern (Webb &
Morancie, 2015). The demographic information shows striking similarities in
educational profile of street food vendors to results found in other countries (Chukuezi,
2010; Choudhury, Mahanta, Goswami & Pego0,2010). In a descriptive study
conducted in the City of Bo, Sierra Leone (Lamin-Boima, 2017), the demographic

characteristics of the vendors was not as similar.
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The demographic information revealed three significant correlations, which existed
between gender and preparedness in the wake of a food-borne disease outbreak,
knowledge on Food Hazards and location, as well as between Personal Hygiene
practices of street food vendors and location. It can be argued that gender is a factor
that can affect knowledge on preparedness to respond to food-borne disease outbreaks
among the vendors, whilst location can have an influence on knowledge on Food

Hazards and Personal Hygiene practices among the vendors.

Low education levels and high unemployment are influencing factors for street
vending businesses as shown in various studies in developing countries (Aluko et al.
2014). The findings of this study show only 14% of the food vendors did not have any
formal education, whereas 16.4 % was found in Kuala Lumpur, Malaysia (Hui et al.
2017) and 14.5% in Ghana (Akabanda et al., 2017). The demographic characteristics
too affect food safety knowledge of the street food vendors, for instance, age,
education, or work experience (Pichler, Ziegler, Aldrian & Allerberger, 2014). A study
by Garayoa et al. (2011) reported that the hygiene knowledge levels were slightly
better among the people who attend higher level of education and graduated from
middle-or high-school and for those who had worked 10 or more years in Food catering

sector.

Augmenting training of street food vendors with regulatory interventions can greatly
improve the street food sector (WHO, 1996). Regulation of street vending sectors
would entail inspection and certification or licensing of the individuals who intend to
practice, thus they become licensees with obligations as is the case with formal

markets. Street food vendors who meet requirements would be registered with i.e. the
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municipality and get approved to operate legally. The registered or licensed street food
vendors would undertake a training program or receive educational material on food

safety.

5.1.2. Street food vendors’ food safety knowledge and awareness
This study recorded majority of street food vendors with knowledge on key general
sanitary practices such as washing, keep waste materials and foodstuffs separate,
storing cooked and uncooked foods separately and preparing cooked and uncooked
foods with separate equipment. Although the general knowledge on all aspects of food
safety was a standout feature among street food vendors, details about specific
microbes of public health concern are not common knowledge. Salmonella, Listeria,
Campylobacter, and E. coli are not particularly known as microbial food hazards
(Table 3). Knowledge on the time-temperature controls during the handling of foods
is minimal among street food vendors who participated in this study. The lack of
adequate knowledge on temperature controls by food-handlers has also been reported

from different countries with striking familiarity (Lawal et al., 2018).

The findings of this study are in agreement with published work where majority of the
respondents did not know if Salmonella, hepatitis A and B viruses, and Staphylococcus
were pathogens of concern in that can be transmitted through foods (Ekanem, 1998).
Other reports (Okrend et al., 1990) show that knowledge of appropriate temperature
range for foods was not adequate amongst street food vendors, as is the case in the
present study. The high temperature heat of roasting meat (kapana) can be attributed

to the minimal contamination recorded, hence reduced associated potential food-borne
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infections. However, the phenomenon (minimized contamination) was not reflected in

the roasted sausages findings in this study.

Notably, those street food vendors who took part in this study have good knowledge
and awareness, a notion not farfetched. Education level and work experience in the
food vending industry were observed not to be a contributing factor to the level of food
safety knowledge of the vendors (Table 7). The study brought to light an interesting
observation whereby street food vendors who had not received any formal education
performed similar to those who had received primary education and secondary
education (p>0.05; Table 7). Similar studies have reported that food safety and hygiene
knowledge may exist but may not be reflected in street vendors’ behavior and
practices. Knowledge and skills learned need time to be internalised and used in order

to impart on behavior change in safe food handling (Worsfold et al., 2004).

The Codex Alimentarius Commission (2003) outlines that sick food handlers are not
allowed to work or deal with foods. Training was hailed by Soon, et al. (2012) as a
means that increases knowledge on food safety. Noteworthy is the caution that more
knowledge does not always lead to positive changes in food handling procedures
(Park, Kwak, & Chang, 2010). Lack of knowledge, such as on the time-temperature
management among street vendors can lead to scenarios such as the stimulation of
growth for contaminating microorganisms by the process of refreezing thawed foods,
which increases the health risk even more. According to Seaman and Eves (2010),
“freezing food only slows bacterial growth and does not necessarily kill the

pathogens.”
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5.1.3. Personal hygiene practices
Street food vendors who participated in this study from all the four areas demonstrated
good knowledge of personal hygiene practices although the majority does not
understand that anyone can be a means for transportation of microbes to food.
Knowledge on personal hygiene is a key factor contributing to preventing the
contamination that might occur during food preparation and processing, which was

confirmed in the microbial total plate count analysis.

Unclean water is a major concern with regard to food safety, and more so when foods
that do not have a heat step are washed in water perceived to be clean e.g. salads.
Unclean (usually due to re-use) water can equally contaminate hands and surfaces
during washing. Microbes are harbored in the foods as a result of time and temperature
misuse leading to cross contamination as studies on cause of food poisoning have

shown (Park, Kwak & Chang, 2010; WHO, 2006; Bas et al, 2006).

This study found that knowledge regarding cross contamination during preparation
existed among 98% of the participants. The finding of such a high number is
promising, owing to the fact that disease outbreaks are often associated with cross
contamination (Park et al, 2010; Bas et al, 2006). This study found that many vendors
have sufficient knowledge to ensure hygienic handling of food. These findings reflect
the confirming studies that reported improved hygienic and sanitation conditions that
promise relatively safe food with low bacterial counts by street food vendors in urban
environments, according to Von Holy and Makhoane (2006) and Leus et al (2006).
Evidence on reducing contamination by means of hygiene practices was reported in

previous studies where proper hand washing by food-handlers was lauded as a means
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to significantly decrease the threat of diarrheal disease in child care facilities (WHO,

1996).

The findings in this study are consistent with those of Martins (2006) who reported
that street vendors do observe good hygienic practices in preparing, cooking and
handling foods (Martins, 2006). The covering of foods sold along streets is critical,
microbes travel through dust, including pathogens, and therefore allowing dust to settle
on foods is high risk (Muinde et al, 2005). Similar studies revealed 16.1% of the
vendors storing food for serving in the open (Chukuezi, 2010). Previous studies have
further suggested that inadequate knowledge in food safety has a direct negative

influence on hygienic practices (McLauchlin, 1997).

5.1.4. Perception of food safety
Most of the vendors do not understand that any individual is susceptible to food-borne
infections (92% incorrect responses), thus they are not aware anyone can spread
infections to a population at large. The perception by 92% of the participants that only
some people are more likely to get sick from food infections than others is a concern
and may need extensive elaboration in terms of education to clear this misconception
about susceptibility to microbial infections. Food infections, however easy to prevent,
are understood as serious and can lead to death if untreated, as are the reported cases
in E. coli and Salmonella outbreaks worldwide. It appears the participants in the study
perceive the severity of foodborne illness to be low due the fact there exist limited

reported cases of food-borne disease outbreaks.
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5.1.5. Response to food-borne diseases
The Ministry of Health and Social Services, in collaboration with the local
municipality are tasked with carrying out health related response measures. Therefore,
the reporting of suspected food-borne disease outbreaks can be viewed as a component
less worrisome  since the vendors’ understanding of their obligations to respond
correctly were observed in the study (Table 6). There were no similar reported studies

in line with response preparedness among street food vendors.

5.2. Physicochemical characteristics and microbial quality of street vended foods

5.2.1. Percentage Moisture content of street vended foods
Water, being a determinant for microbiological growth on and within foods,
directly affects the stability of foods in terms of spoilage (Novasima, 2005).
Therefore, foods sold on the street markets are highly vulnerable to spoilage when
their moisture content is high, and preservatives or temperature controls are not
introduced. In this study, percentage moisture content was as expected, higher for
the beverage (ranging from 90.9% to 91.2%) than in the solid foods (ranging from

37.31% to 64.55%).

The percentage moisture of foods has a direct influence on free water (water
activity), which is a determining factor in microbial growth, that leads to
production of toxins in foods. Sereno et al. (2000) point out that, “most
thermodynamic models used to describe vapor-liquid equilibrium of osmotic
solutions are based on relations involving Gibbs free energy of the system.”
Combining water activity controls with pH reduction is a significant hurdle in

many of food products, where growth pathogenic microbes is inhibited. The other
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hurdles in food preservation, for example addition of antimicrobials and thermal
treatment, are secondary in assuring food safety due to the fact they mainly act

against spoilage micro flora (Gustavo et al. 2007).

5.2.2. pH Measurements of street vended foods
Controlling the acidity levels of foods where there is no refrigeration greatly
contributes to the extension of shelf life. A combination of controlling the acidity
level (pH) of foods and the level of water activity is recommended to significantly
reduce food-borne disease incidences, without relying on refrigeration. Food
spoilage can be a crippling challenge among street vended food businesses, hence
the need to implement several preservation techniques to save the foods. However,
preservation invites scrutiny from consumer due to awareness about the effect of
preservation techniques on the natural nutritional value of different foods and

known organoleptic qualities that must be maintained. (Lucera et al. 2012).

Lowering pH in foods has been widely used, with extensive studies focusing on
the use of organic acids and their derivative salts as biopreservatives. Organic acids
such as lactic, acetic, and citric acids occur naturally in foods, prompting their
study for commercial use in food preservation. Acids employ their efficacy by
inhibiting the growth of several spoilage and pathogenic microorganisms, in
addition to their effect in improving the sensory properties and technological
functions such as the stabilisation of colour, regulation of acidity, and development

of characteristic flavour of foods (Jamilah et al. 2008).
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In this study, values of pH were higher (ranging from pH 6.77 to 7.53) for the solid
foods tested than in beverage (pH 3.03 to 3.37, oshikundu), According to
Deshpande et al (2015), “In general, the bioactive agents act as bacteriostatic or
bactericidal molecules towards microorganisms suggesting several antimicrobial

mechanisms of action.”

5.2.3. Total Plate Counts

High TPC was detected in tripe (matangara), followed by sausage, with unsatisfactory
TPC for roasted meat (kapana), pap (oshifima), fat cake and beverage (oshikundu).
The food samples that had exceeded the limit of total microbial plate count are

relatively scarce (Figure 4) on the street food markets.

Previous studies done in Windhoek focused mostly on food handlers in the informal
markets referred to as open markets (Shiningeni et al., 2018; Nkandi et al., 2017),
without much focus on vendors’ knowledge of food safety. This study undertook to
assess factors in the street settings, primarily along the streets, around road junctions
and at street corners. This is where challenging conditions for food preparation may
pose a significant risk to the consumer since there is no running water and sanitary

establishments in the immediate surroundings (Campos et al., 2015).

Studies on street vended foods have in the past indicated that the foods of animal origin
are the more likely to be the origin of pathogenic infections (Ntanga, 2013). The animal
products of concern are dominated by beef and poultry, where foodborne diseases are
influenced by the fact that the live animals roam and get into contact with various

sources of microbial contamination. This can occur at water points, feeding stalls and
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as they come into contact with other animals in the open pastures (in the case of cattle).
Ready-to-eat meats are of significant concern with regards to the spread of
contamination and infections owing to the fact there has been a high frequency of food-
borne diseases with the consumption of these products observed (Abdullahi & Akunna,

2006).

TPC in the food samples analyzed in this study were found to be similar to those
reported in previous studies on similar food samples, particularly in kapana. A study
carried out by Nkandi et al. (2017) reported overall mean TPC (4.01 log10 CFU/g) of
beef from three outlets that was within the acceptable standard specified by the
International Commission on Microbiological Specifications for Foods (ICMSF)
(1986). In a study conducted in Johannesburg, South Africa, the majority of ready-to-
eat street vended foods had borderline counts (below the 105 CFU/g) which are the
maximum acceptable limits prescribed by the Food Safety Authority of Ireland (FSAI,

2016) for ready-to-eat foods on the market (Asiegbu et al, 2020).

Similarly, studies conducted in Ethiopia reported aerobic colony counts in the range
1x10* to 1.86x10° CFU/g for street vended foods (Amare et al., 2019), whilst in

Bangladesh a range of 1.2x103 to 4.2x10° CFU/g was reported (Hossain & Dey, 2019).

Although low levels of aerobic counts have been reported in ready-to-eat street vended
foods, previous studies have revealed presence of pathogenic bacteria, with L.
monocytogenes the most identified food-borne pathogen, followed by S. aureus,
Salmonella spp., and E. coli O15:H7 (Asiegbu et al, 2020). A major contributor to the

high bacterial counts and high incidences of foodborne pathogens can be the hygiene
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practices among street food vendors, whereby foods are at times subjected to
prolonged storage at room temperatures. It can further be inferred that stringent
controls on microbial food hazards may not be adequate among street-food vendors
and is mainly done at manufacturing and supermarket levels and less at informal

markets level.

5.3. Food hazard scenarios and STAMP

A look at the knowledge with street food vendors and the contamination risks revealed
through physicochemical and microbial analysis incites in-depth consideration to
introduce STAMP methodology, presented in figure 5, to the food safety systems in
Windhoek. The findings of the study suggest that chances of accidents that may lead
to food-borne disease outbreaks are increased by a combination of inadequate or
absence of training and environmental elements such as inevitable contamination
posed by exposure of food to microorganisms. Targeting and minimizing these
apparent risks is enhanced by systems approach, to bring street food markets on par
with formal markets that get inspected and assessed with standards. Safety is assured
when the components of a system are in harmony with each other resulting into
accidents being viewed as only consequences of inadequate constraints on the
interactions within a system (Leveson, 2004). Systems approach is the basis for
establishing a model, ready to use in terms of, to curb microbial risks among food
systems in Windhoek in particular, whereby controls can be placed on the street food
markets who are currently not regulated. A number of scenarios can be deduced to
illustrate the introduction of controls in the food system encompassing Windhoek, to
systematically prepare for mitigation of microbial food risks. In this study, three

scenarios are explored for the introduction of STAMP.
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The first scenario (scenario 1) is whereby there is no food safety Act implementation.
The Namibia Food Safety Policy mandates the Ministry of Health and Social Services
with the responsibility for consumer food safety, the Ministry of Industrialisation and
Trade with the responsible for the safety of processed foods, whilst the Ministry of
Fisheries and Marine Resources is mandated with the responsibility for fisheries food
safety. The policy further stipulates that the Ministry of Urban and Rural Development
is responsible for licensing food business operators, while the Ministry of Agriculture,
Water & Land Reform is responsible for the safe production of foods of animal and
plant origin, including their primary processed forms (Namibian Food Safety Policy,

2014).

The joint responsibility of the ministries with their aligned stakeholders and partners
to implement the policy requires concerted coordination and cooperation. In
perspective, any lax in the control measures by one entity can compromise safety and
lead to adverse chain of events that consequently result into food-borne disease

outbreaks.

The second scenario (scenario 2) is whereby farmers are not knowledgeable about
microbial food hazards and controls to alleviate the risk are inadequate at the farm
level. Farmers produce various foods that are supplied to both formal and informal
markets. There is heavy reliance on the farmers to ensure food is safe for consumers.
Inevitably, at some stage, certain foods do not undergo minimal, essential preparation

required to eliminate or reduce microbes. The consequences may be food-borne
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ilinesses. Lack of knowledge and awareness of microbial hazards among farmers can

result into widespread contamination of plant or animal produce.

Raw fruits and vegetables produced at farms have the potential to become
contaminated with microorganisms, including human pathogens. Fruits and vegetables
normally carry non-pathogenic, epiphytic microorganisms; however, they have been
implicated in various foodborne outbreaks. Several pathogens have been isolated from
fruits and vegetables worldwide. The rate of foodborne illness caused by the
consumption of fruits and vegetables is increasing, representing a significant public
health and financial issue all around the world (Elias et al., 2018). Some of the notable
food-borne outbreaks are associated with minimally processed plant produce,

unpasteurized vegetable and fruit juices, as well as intact products.

Moreover, in animal production, microbial contamination is spread through different
modes such as, carried in the digestive tracts, on hide and hooves of animals.
According to Heredia & Garcia (2018), the control of animal and animal products
contamination is immensely challenging due to various factors such as the

environment and human related animal handling and processing practices.

The health of employees that are involved in the harvesting matters as much as the
farm tools, utensils, and packaging, for they all may contribute to contamination of the
products. Good Agricultural Practices (GAPS) may exist at farms but implementation
and reinforcement of the standard practices may lack, thus a lack of controls along the

STAMP model, the origin of accidents that lead to food-borne disease outbreak.
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Responsible ministries and regulatory authorities are therefore tasked to ensure
controls exist at the level of farm production, to promote safe practices for ensuring
large retailers are at ease that guidelines and associated audits of practices are
implemented (FDA, 1998). Implementation of the Hazard Analysis and Critical
Control Points (HACCP) programs at producing farms adds more assurance of the

much needed food safety.

The third and last scenario (scenario 3) is one of inadequate information and guidelines
to street food vendors. This study has revealed that there is a lack of some key
knowledge among street vendors with regards to food safety. Misconception and lack
of understanding of microbial food hazards for instance can lead to food-borne disease

outbreaks emanating from food contamination.

The street setting exposes products to contamination since in most cases foods are
displayed in the open. Major stakeholders in the fresh produce chain, both in plant and
animal production, often have strict measures to prevent product contamination. This
is not always the case for street food markets being at the receiving end of almost
finished products, requiring final preparation for consumption. As an example,
processing of meat products in unsanitary conditions and subsequent sales of the
contaminated meat products can have a negative impact on public health (Miller &

Griffin, 2012).

Hygiene is critical in the preparation and storage of foods, of which compromise in the

storage conditions, the surrounding environment, and shortage of washing facilities,
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coupled with lack of food safety knowledge among street vendors ultimately leads to
food contamination, causing foodborne illnesses (Oranusi et al., 2007; Rajaseharan,

2021; Sani & Siow, 2014).

Controls can be introduced for the system encompassing street food vendors as in the
STAMP model, whereby stringent measures are put in place to prevent accidents, for
instance those caused by the use of unclean water, the result of which is widespread
sale of contaminated food that could have been prevented by adequate information

dissemination.

In conclusion, constraints characterize the safety process, hence extensive effort must
be put in identifying appropriate constraints for a food safety system. There must be
constraints placed at social and organisational levels in STAMP, interlinked by control
loops. Nayak & Waterson (2019) emphasize that the food safety and quality constraint
aspects surrounding street vended foods are maintained owing to the fact that
delivering safe food to customers is the ultimate target of vendors. A lack of a
documented systems model such as STAMP would lead to street vendors (and other
levels in the system) to falter, hence weaknesses in the prevailing conditions of the

system variables occur.

Provision of food safety knowledge and trainings on hygienic food handling practices
are neglected by Government agencies and regulatory bodies (Rakha et al., 2022).
Unfortunately, it was observed in the current study, whereby training in safe food

handling practices for street food vendors is not offered in Windhoek, meaning the
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vendors lack knowledge required to rectify errors or noncompliance in order to change

the state of the system as a whole (Nayak & Waterson, 2016).

| System Development |

Parliament and Legislatures

Government reports
Lobbying

Hearings and Open
Accidents
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Figure 5. Customised STAMP model. As adapted from Leveson (2011)
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CHAPTER SIX: CONCLUSIONS

Although food safety knowledge was remarkable among vendors who took part in the
study, it was necessary to extend the study to include food sampling and analysis
related to contamination, to obtain better insight into the microbial hazards on the
ground. The reported good food handling practices may be contributed to by the
presence of more women as street food vendors, owing to the fact that women do the
routine food preparations in the home settings, thus are more experienced. On the other
hand, men take interest in the roasting of meat (kapana) and sausages, a practice where
women were not taking part in, perhaps due to the fact roasting involves repeated
cutting of meat and activities done while standing most of the time. More work would
be of benefit, to focus on evaluation of the effectiveness of the food safety controls

and preparedness thereof that exist for street food vending business.

The physicochemical and microbiological analyses showed that there are microbial
hazards existing and could be validated; therefore, there is a need for awareness
training programs in food safety. Most food types that were sampled were found to
have no microbial counts above the standard limits (Table 13), thus the study findings
give some assurance that a street food market with an acceptable degree of food safety
is in existence in Windhoek. Contamination detected through total plate counts is a
signal for pathogenic microbes that may be present and that can be transmitted.
Worryingly, the detected contamination was in samples from all the four clusters
around Windhoek. In a bigger context, food contamination may lead to the dreaded

food infections and poisoning and eventually food-borne disease outbreaks.
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Conclusions can be made regarding the influence of food safety knowledge on
practices that lead to food contamination. The lack in knowledge of food safety and
hygiene practices of street food vendors, may be overcome by introduction of training
programs, supported and maintained by means of a regulatory framework. Inspections
of the street food establishments and the provision of information material related to
food safety would be key components of a regulatory system that oversees the street
food markets. Street food vendors showed a good level of food safety knowledge
although performed poorly in the specific microbial food hazards. Confirmed
contamination of some foods vended along streets could pose a threat of possible food-
borne disease outbreaks resulting from cross-contamination of foods and food
products. The status quo of microbial food safety regulation needs further scrutiny by
the line authorities, with a closer look at the provisions to include effective wide-spread
food safety awareness trainings. All in all, 60 street food vendors from selected clusters
around Windhoek participated in the study, albeit only a fraction of the numerous street
food vendors around the city. Although they may appear to be agents of potential food-
borne disease outbreaks due to the conditions in which they prepare food, the street
food vendors vitally provide nutrition and income in many developing countries. Age,
education level and length of time in the food vending business, are not determining
factors in the knowledge, attitude and practice of the participants. The study has
brought to light information regarding the food safety knowledge amongst street
vendors in Windhoek, coupled with information regarding potential food

contamination risks.

To have a model like STAMP outlining the entire food system would ease

preparedness and response mechanisms for intercepting food system accidents.
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Continuous changes take place in the implementation of food safety at all levels of the
complex food system, more so amongst street food vendors. The food system covering
Windhoek possesses characteristics of a complex system. Thus, systems analysis
methods were used to study the interactions between the components of the food

system.
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CHAPTER SEVEN: RECOMMENDATIONS

More studies that focus on factors that hinder the transfer of knowledge into food
safety behaviour need to be carried out in the street vendor food markets in Windhoek
so that food safety policies and guidelines can be introduced and implemented
effectively. This study can be used as a baseline that can be elevated to country-wide
level, to determine the relationship between food contamination risk factors and the
food safety knowledge of street food handlers. Collaboration between academia and
the government institutions and a larger population of street food vendors in other
towns for the authorities to establish a comprehensive approach aiming at ensuring

food safety is recommended.

Existence of interlinked food systems are the main reason food safety is maintained
throughout the socio-technical complex food supply chain. The local food markets
have been influenced by the globalisation of food networks with high complexity,
yielding benefits that are unfortunately accompanied by different systemic risks.
Mishaps or accidents can occur at interlinks across system levels, with impact on
economic, social and political levels throughout the entire system. Food safety can be
insured by the use of STAMP, a system accident model that makes use of the concept

of safety constraints.

The survey conducted, together with the microbial food contamination studies would
enhance efforts of providing food safety. Food travels long distances and usually
reaches consumers after being handled at different functional levels; therefore, a wide
scale model is required to help identify factors that occur at any point in the food

system. Country-specific food systems could be designed based on the process used
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on street food vendors around Windhoek as a benchmark. All in all, consumers will be
protected from food-borne disease outbreaks and the stakeholders of the food industry

in Windhoek would benefit from the model.
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ANNEX 2: STUDY QUESTIONNAIRE

FOOD SAFETY AND THE USE OF READY TO USE SCENARIOS TO
ADDRESS MICROBIAL FOOD HAZARDS IN FOOD SYSTEMS AMONG

VENDORS IN SELECTED LOCAL FOOD MARKETS IN WINDHOEK

This Questionnaire is part of a project on the above stated title in which your assistance
will be of great value. All the information to be obtained will remain strictly
confidential, and your answers and name will never be revealed. Note that you are not
obliged to answer any question you do not want to, and you may stop the interview at

any time.

The main objective of this study is to assess the food safety situation. Please answer

the questions as honestly as possible. Feel free to answer questions at your own pace.

Do you agree to participate in this interview? Yes _ No

Signature:
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1. Demographic Information

1. Name
(optional)
2. Sex
O Male O Female [
3. Age
4. Location
5. Length of
O Less O 1to2 O More
employment  in
than a years than 2
the
year years
food vending
business
6.  Educational | Have you ever
O Yes
level attended school?
O No

If ye: What is the
highest level of
school you

attended?

OO Primary school

I Secondary school

1 Higher

Work experience

Less than one year

O 1-5years

O 6-10 years
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0 More than 10 years

Types of Foods

Sold

O 1type

I 2 types

0 More than 2 types

Average Income

per Month

O Up to N$1000

O N$1000 — 2000

0 >N§3000

2. Knowledge on Food Hazards

Food safety knowledge and

awareness

Strongly

disagree

Disagree | Strongly

agree | agree

Don’t

know

1. Food hygiene requires the removal

of microorganisms from food

2. It is necessary to keep waste

materials and foodstuffs separate

3. Store cooked and uncooked foods
separately and prepare cooked and
uncooked foods with  separate

equipment
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4. Unclean equipment can transfer

bacteria to food

5. Freezing kills harmful

microorganisms in food

6. Favorable temperature range of
bacteria responsible for food borne

diseases is 5°C -60°C

7. It is safe to keep foods of animal
origin such as meat, milk, eggs at room

temperature

8. Drinkable water must be used for

food preparation

9. Bacteria that that cause food
poisoning multiply very quickly in the

foods that are kept at room temperature

10. Cooked foods kept at room
temperature for more than 2 hours

before serving can cause illness

11. Frozen foods can be frozen again

after thawed

12. | have heard about at least one of
the following as a problem in food:
Salmonella, Listeria, Campylobacter,

and E. coli.
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13. Parasites, Fungi, Bacteria, and
Virus are the microorganism most

likely to cause food poisoning

14. Diarrhoea, nausea, vomiting, fever,
abdominal pain, fatigue and loss of
appetite are important signs in food

poisoning cases

3. Personal Hygiene

Hygiene practice

Strongly

disagree

Disa

gree

Agree

Strongly

agree

Don’t

know

1. Anyone can be a means for

transportation of microbes to food

2. It is always safe to prepare food with

bare hands

3. Bacteria which can cause food
poisoning can be found in our nose and

on hands

4. Preparing food while having an open
wound or abscess can transmit bacteria

that cause food poisoning

5. There is no problem for a person to
serve food when suffering from flu,

diarrhoea, influenza or other illnesses
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4. Perception on Food Safety

Perceived safety from food illnesses

Strongly

disagree

Disagree

Agree

Strongly

agree

Don’t

know

1. Some people are more likely to get

sick from food infections than others

2. food infections are serious and can

lead to death if untreated

3. food contamination and associated

infections are easy to prevent

5. Response to Food-borne Outbreak

Preparedness to food-borne disease

outbreak

Strongly

disagree

Disagree

Agree

Strongly

agree

Don’t

know

1. Report suspected food-borne

outbreak to relevant Authorities

2. Medical attention should be sought if

you suspect food-borne disease

3. Itis necessary to inform other vendors
and suppliers about suspected food

contamination
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ANNEX 3: STATISTICAL ANALYSIS TABLES

Table 20. Normality test for the data of physicochemical and microbial quality of the
sampled foods

Tests of Normality

Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

& 207 24 .009 872 24 .006
Moisture

pH 389 24 .000 .608 24 .000
On PCA 139 24 200" 909 24 .034
On MRS 203 24 011 .867 24 .005
On PDA 71 24 .069 913 24 .042

*. This is a lower bound of the true significance.

a. Lilliefors Significance Correction

Since the sample of the groups is equal, and less than 2000, the results of Shapiro-Wilk
test are considered. Hence the following hypothesis is tested.

Ho: Data is normally distributed

Hy: Data is not normally distributed

From the normality test table, the p-value for PDA is greater than 0.05, hence the Ho is
retained, and conclude that the data is normally distributed. On the other hand, the p-
value for other variables is less than 0.05, which means that the data are not normally
distributed. Despite the violation of the normality test, ANOVA tests can still be, and
were performed. Therefore, the test for reliability and homogeneity were conducted and

they all yielded positive results below.
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Table 21. Homogeneity test for the data of physicochemical and microbial quality of

the sampled foods

Test of Homogeneity of Variances

Levene Statistic | dfl | df2 | Sig.
Percentage Moisture 0.004 3| 20| 1.000
pH 0.016 3| 20| 0.997
On PCA 0.38 3| 20| 0.769
On MRS 0.096 3| 20| 0.961
On PDA 0.009 3| 20| 0.999

Ho: The means of the groups are equal

H1: The mean of the groups are not equal

NB: group means are not equal if “Sig.” or p < 0.05.

The homogeneity test to determine if the means of the groups are equal, on top of the

sample size of the groups are equal and do not necessary require homogeneity test.

Nevertheless, evidence from the homogeneity test show shat all the groups’ p-values

are greater than 0.05. This implies that the means of groups are equal. Hence the data

are fit for ANOVA tests.

Table 22. Reliability test for the data of physicochemical and microbial quality of the

foods

Reliability Statistics

Cronbach's Alpha N of Items

227

5

It can be seen from the reliability statistics that the Cronbach’s value is 0.227, which

shows that there is consistency in the data, meaning the data are reliable.
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