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ABSTRACT
Compliance by street fruit salad and juice vendsith nationalfood safety and quality
requirementswas evaluated.Evaluation wasbased on good manufacturing practices
(GMP), good hygienic practices (GHP), selected heavy metals, physicochemical properties
and microbiological qualitparametersCompliance by street vendors walso compared
to vendors in universit cafeteriasand town restaurantsAmong the fruit salad and fruit
juice vendorsy1.4% and 54.3%espectivelyhad nofood safety knowledgeAll vendors
were not compliantvith GHP and GMP. Fruit sala(®4.1%9 and 85.7% juice vendors
werefamiliar with TBS andnone familiar with TFDA. A general compliance assessment
usingvarious indicators showed a range of B% compliance for the righbcation and
premises, 5% sanitation level,-80% ppcessi ng and cl eaning an
hygiene.Samples were founttee fran heavy metals cadmium and lead, with quiee
sample having 0.24mg/L coppétinety seven percent gliice and 85%of saladsamples
contained >3x1TFU/mI or g of aerobic mesophilic counFifty one percenof thejuice
samples hadungi>2.5x16CFU/mI with 41% having an average of 1.64XXDFU/mI
while for salads, 48% of the samples had an avefagi of 1.18x1G CFU/g. Moulds
tentativelyidentified were Aspergillussppand Cladosporiumspp. Twelve percenof fruit
juices had 2.8xIXMPN/mI of coliformsand 88%of the samplebad O 1 . 6 MRANIMI of
juice. Salacs had an averag®ad of 2.4x16MPN/gwi t h 62 % h a*WPNigpf O1 . 6 1
coliforms Ninety four percent of juicand 82% of salad samples we@ntaminated with
E. coliwith onesamplecontainingE. coli O157:H7. Vendoren streetsat Universities and
in restaurants were not significantly different in their complianceytpeime requirements
and microbidogical qualitycriteria (P*.05)Results of this study indicated the need for

educatingstreet endors anather stakeholders in fodd/giene to improvéood safety
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CHAPTER ONE

1.0INTRODUCTION

1.1 Background

Fresh foods are vulnerable to microbial contamination at all stages of production up to
post harvest handling. Fodmbrne micreorganisms are widespread in the natural
environment and can easily crossnt@minate food surfaces, cooking utensils, food
production systems and other food products which may result into food borne illnesses.
Governments and the food industry today are more concerned wittbhéood disease
infection and intoxications than in éhpast(Todd 1997) Different researches and
technologies are innovated and applied in the food industry so as to ensure safe food at all
stages of productior{institute of Medicine and National Research Council, 1998)
Interventions are also carried doteducate producers and consumers on the importance
of food safety so as to reduce the number of food borne outbreaks (Codex Alimentarius,

2007)

Unsanitary food handling is one of the major public health hazards. Food vendors should
have a clear and dict responsibility to ensure that food products are safe for
consumption. Poor practices can lead to potential dangerous hazards that can be physical,
chemical or biological putting a risk to the handler as well as the consumer (HITM,
2006).0f these, biotpcal hazards are the most common sources of food safety
problems(Winter, 2011). Moulds, yeas viruses and bacteria are common
microorganisms that present the greatest health risk. Poor hygiene, inadequate cooking
and temperature controls are among thesthcommon sources of biological hazards

(Kim, 2008).



Bacteria are the most serious cause of foodborne illnesses and are usually the result of the
presence of pathogens which can cause serious illness and even death (Teinaz,
2007).Should a foodborne iss be traced to food sold at a market, all those involved in
the market from the vendors to the organizessthe owners of the facilities could be

open to legal liability and/or civil action (Winter, 2011).

Chemical hazards on the other hand come faaiditives, allergens, pesticides, drug
residues, toxins, metals and cleaning agents (Tuomist@9).2@roper cleaning and
management in the use of chemicals can usually eliminate chemical hazards from the
product, while improper cleaning which should ber@xrted by occasionally changing
chemicals may induce bacteria resistance (Nuneaton and Bedworth Borougbil,Co
2005). Most food mcessors in Tanzania use additives in high concentrations from the
specified maximum requirement or ones that have beenedaftom use due to their

toxicity effects (Xu and Ruteri, 2009).

At national level, Tanzania Food and Drugs Authority (TFDA), underMiv@stry of

Health and Social \ifare, is a regulatory body responsible for controlling the quality,
safety and effetiveness of food, drugs, herbal drugs, cosmetics and medical déMmees (
Tanzania Food, Drugs and Cosmetics Af03). TFDA works hand in hand with the
Tanzania Bureau of Standards (TBS) whose mission is to develop and promote
standardisation and qualissurancevork in industry and commerce of Standards Act
No. 2 of 2009 (TFDA 2009). Municipal health departments at district levels are also

responsible for ensuring safety of food in urban and rural areas.

TFDA is also responsible for monitoring vemdpractices by initiating unannounced

inspections. However, these inspections are sporadic and vendors without permits, food



safety training, and even chronic health violators continue to sell food on the streets and
high way road sides of Morogorin cortrast to restaurants with established locations,
information regarding the past history of health violations of mobile vendors is much

more difficult for the public to acquire.

Morogoro as one of the key fruit basket regions in Tanzania has many foodrsrend
dealing with fruit juices abus stands, highway sides and streBisspite training and
dissemination of food safety knowledge efforts by the government, NGOs and
educational institutions and various achievements obtained, every year, prevalence of
foodborne cases increase leading to illnesses and d8atisrmanet al, 2009) Like in
industrialized countries, the percentage of the population suffering from foodborne
diseases each year has been reported to be up to 30% while less well documented,
developing countries bear the brunt of the problem due to the presence of a wide range of
foodborne diseases, including those caused by para@Né#O, 2007) The high
prevalence of diarrhoeal diseases in many developing countries suggests major underlying
food safety problemgWHO, 2007).For example, the 1998 outbreak of cholera in

Tanzania resulted in costs of US $36 million (Mosha and Magoma, 2002).

1.2 Problem Satement and Justification

Food trade, foreign travel and tourism are increasing each ry@anzania contributing

to the economic growth and social welfgieweka et al, 2001; Ministry of Foreign

Affairs, 2013. Safe food is vital for public health which in turn improves the lalborce
productivity and hence contributes to economic develapmEood consumed may also
impose a high chance for foodborne illnesses and spoilage leading to economic loss and

productivity (Codex Alimentarius, 2003).



WHO/ FAO joint committee (Codex Alimentariugid guidelines toGMP, GHP and
Hazard Analysis and @ical Control Point system (HACCP) so as to assure food safety
(CodexAlimentarius, 2003)As food regulatory and standards organs in Tanzania, TFDA
and TBS work according to these guidelines to implement, formulate and enforce national
laws, regulationsand standards so as to deem food safe for consumption to the public

(Ndabikunzeet al., 2009.

In Tanzania, a large proportion of the food deabsrd small scale processors are not
aware of the food law, quality and hygienic practices and differentdeaitsat may cause
contamination of the food rendering it unsafe for human consumption and thus imposing a
health risk to the public (Mashindano and Nyange, 2012). Howmast of the research

in food safety has not adequately addressed or publishedvisleof compliance of food
vendors to food safety regulations. As a result, there is a possibility afampliance to
national, WHO/FAO food safety and quality requirements. Morogoro, where most of the
foods, especially cereals, fruits and vegetablesasendantlygrown acts as a gateway to
other regions for mass movement and comprises of small scale food processors and

vendors.

Do streetvendors conformto the codes of GMP, GHRmicrobiological, physical and
chemical criteria as stipulated bationalandWHO/FAO food safety requiremerfsThis
guestion thus becomes important as a basis of this stiidythe aim of evaluating their

compliance to these codes.



1.3 Objectives
1.3.10verall objective
To evaluate the compliance of street fruit salad and juice vendorsin Morogoro

(Tanzaniawith national food safety, qu&ilegal requirements

1.3.2 Specificobjectives
i. To evaluate the compliance by street fruit salad and fruit juice vendors to GHP and
GMP as per national standaid@nzania)
ii. To detemine occurrence of copper, lead and cadmium in street vended fruit salad
and juice
ii. To evaluate physichemical and microbiological quality of street vended fruit

salad and juice



CHAPTER TWO

2.0LITERATURE REVIEW

2.1 Agriculture in Tanzania

Tanzania idocated on latitudes’1 12° south of Equator and longitudes’2%41° East of
Greenwich having land area of 9880 knf, inland water of 600 knf and arable land

of 44 million hectares out of which 10.1 million hectares are currently under cultivation
(MAFSC, 2008) About 29.4 million hectares are suitable for irrigation; out of which 2.3
million hectares are of high development potential and 4.8 million hectares are of medium
development potentigMAFSC, 2011) There are many lakes, permanent ancea

rivers and underground water sources for irrigation and other Aigasulture accounts

for about 80% of the employed population and contributing about 50% of (GB#3s

Domestic Productnd about 66% of merchandise exp¢fise World Bank, 2012)

The government through the agricultural sector lead ministriessigonsible for services
such as policy formulation, regulatory functions, research, extension, training, and
provision of information aiming at creating a conducive environment for irelgasvate
sector participation in production, processing, marketing of agricultural commaodities and

inputs (MAFSC, 2008).

The government and stakeholdevssion theagricultural sectothat by 2025 it will be
modernized, commerciakd highly productie and profitable, utilizingnatural resources
in asustainable manner and acting as d&actie basis for intesectorlinkages(MAFSC,

2008).



Investment opportunities are available in production, processing, marketing and service
provision in the crop i sector such as;offee, cotton, tobacco, sisal, spices, tea,
pyrethrum, cashew nuts, sugarcane, floriculture, fruits and vegetables, maize, wheat, rice,
oil seeds and other crops as cassava, fraghtoes, sorghum, millets and various legumes

like bears and peaglanzania Invest, 2008)

2.2 Fruit Production and Processing inTanzania

Tanzania is richly endowed with a variety of fruits. Less than 10% of fruits and
vegetables produced are procesgs8tlVv, 2005) It is estimated that, ue to limited
procesing capacitypoor storage facilitieand poor infrastructur@bout 30% of the fruits

are destroyed either in the farm or on transit to therurbarket or at the market level

(SNV, 2005).

MAFSC (2008) reportedhat room for large scale production ofopical as well as
temperate fruits anithvestmenin the fruit sector can be in:
(i) Processingcanning and packagintactories in regions with high potential for
production of fruits such as Morogoro.
(i) Open fruit and vegetables plantations for domesticexpabrt markets in areas for
horticultural crops such as Arusha, Kilimanjaro, Tanga, Morogoro, Dar es Salaam,

Dodoma, Iringa, Mbeya, Mwanza and Kagera.

Despite the potential in the fruit sector where a demand in its products for both regional
and internatnal markets is highruit growing in Tanzania is less developed compared to
other crops such agajn and plantation crops likeoffee, tea, cashew, cotton and sisal
(SNV, 2005). The production of major fruits in Tanzamayear 2009 and 201€an be

sea in Table 1.



Table 1: Annual production of fruits (in metric tonneg in Tanzania

Fruit category Year

2009 2010
Bananas 3 219000 2924 700
Citrus fruit 41480 43 000
Fresh 195527 200000
Tropical fresh 48 643 50 000
Grapes 17 748 18 000
Lemons and limes 267 290
Mangoes, mangdeens, guavas 320 000 25 000
Oranges 939 1000
Pears 206 210
Pineapples 84 000 87 500
Plantains 653 890 660 000
Plums and sloes 209 240

Source: FAO Stat (2012)

2.3 Fruit Production and Processing inMorogoro

Morogoro produces about 8% of citrus, 9% for pineapples, 7% for mangoes, between 8
30% bananas and over 50% of pawpaw national production sunggestt Morogoro is

probably one of the leading producers of fruit crops in Tanzania (SDDB)?2

Potential fruits growrin Morogoroare mangospineapplespranges, tangerines, passions,
bananas and pawpaws including other indigenous fruits. A large number of postharvest
losses are encountered each year due to poor handling and storage lagidleneg

processing (Paavola, 2008). Fruit processing factories in Morogoro still remain at small



scale where most of the fruits are marketed fresh or processed by small scale food
processors and food vendors in streets into dried forms, juices, jamgsparid wines.

Less than 10% of fruits and vegetablesdoed are processeMAFSC, 2008). Notable
challenges the small scale groups of producers face simply remain their inability to
penetrate into the international market due to poor quality and quastitsll a failure to

attain the required standard in the packaging of their agro products (Mashindano and

Nyange, 2012).

The government and stakeholders have seen these setbacks and have taken some
initiatives to improve the situation, particularly inajity and quantity, and modernise the
packaging process so as to make the products meet the market demands (The Citizen,
2011) . Facing similar probl ems, Mor ogor o Be
of a fruit processing cluster in Morogoro for sevemears, has resorted to finding market

solution to its processed juice, wine and vegetables of various kinds

UNNAT Fruits Processing Limited was a medium scale factory in Morogoro with the
potential to process oranges, tomatoes and pineapples and ipgckemgoes, passion

fruit and grapes to be exported. It had a capacitgoofractingan estimate of 1900

farmers who had already agreed to supply the factory putbapples and oranges, and

the company hagd to register an additional ®D0 farmers dablished in the Morogoro

and Tanga regions by the year 2010. Eventually the factory was shut down and is not
operationaldue to management problems fi | f we process our pr
market value increases as well, and this will benefit farmprsgcessors and the

government , 0 said president Kikwete report
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2.4 An Overview of Fuit Salad and diice Safety

The human population is subjected to many life sustaining functions. Of these food is
what we share in common and atirmakes us have life, thus it is very important to the
human race. Food as it contains many nutrientdso contains pathogenic agents which

can lead to food borne illnesses, death andecas®nomic losses like in trade and
employment (Codex Wmetarius, 2003. Safe food is therefore important. Food safety
implies absence or acceptable and safe levels of contaminants, adulterants, naturally
occurring toxins or any other substance that may make food injurious to health on an
acute or chronic bas{&AO, 2003) Food safety is therefore an important aspect to attain
good health as well as physical and mental stability of the body (FAO, 1998). Thus
hygiene is very important to avoid human health and economic consequences related to
food borne illness and spjage. Farmers, processors and manufacturers, food handlers,
governments and consumers have a responsibility to ensure that food is safe and suitable

to consume (CodeAlimetarius, 2083).

2.4.1 Good Manufacturing Practices (GMP) and Good Hygienic Practies (GHP)

The potential effects of primary production activities on the safety and suitability of food
should be considered at all times. In particular, this includes identifying any specific
points in such activities where a high probability of contanmmathay exist and taking

specific measures to minimize that probability (Codex Alimentarius, 1997).

Good Manufacturing Practices (GMPs) (or Prerequisite Programs) are Cosems
practices for creating the conditions required to prevent, minimize orotanicrobial,
chemical and physical contamination in a food production environr{iemtopean

Commission, 2002)There are four basic elements in a GMP food safety program. Each is
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based on the principle of risk reduction through prevention (OMAFRA, 200&y

include:

(i)

(i)
(iii)
(iv)

Control Programs: written operational and training policies and descriptions of
the resulting operational and training procedures, which are applied during
Training and through Operational Controls

Training: the training procedures

Operaional Controls: the operational procedures in the food production facility
Environmental Controls: creation of a physical environment favourable for the

production of safe food.

The joint FAO/WHO (CodexAlimentatrius) has established The Codex General

Principles of Food Hygiene, which identify the essential principles of food hygiene

applicable throughout the food chain (including primary production through to the final

consumer) through good hygienic practices, to achieve the goal of ensuring that food i

safe and suitable for human consumption by:

(i)
(if)
(iii)

Recommending a HACGPased approach as a means to enhance food safety;
Indicaing how to implement those principles; and

Providing guidance for specific codes which may be needed for sectors of the
food chan; processes; or commodities; to amplify the hygiene requirements

specific to those areas.

Effective hygiene control, through GHP atpthe food chain, therefore, is vital to avoid

the adverse human health and economic consequences of foodborne itlodbsyrfe

injury, and food spoilage. Everyone, including farmers and growers, manufacturers and
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processors, food handlers and consumers, has a responsibility to assure that food is safe

and suitable for consumptig@odex Aimentarius, 2003).

2.4.2 Statusof compliance wth GMP regulatory requirements

TFDA observed that, by their nature as small scale entrepreneursappbsénts of food
registration find it very difficult to obtain information oacientific data such as
proportions of food additives us@d manufacture ofoods and or stability data that was
used to establish shelf life of food products (TFDA, 2009).It was also observed that even
large scale food importers are not able to ac&&® data or health certificate that is
required by TFDA asssurance that sudbods are approved for human consumption in

the exporting countriesApplying the HACCP based approach is difficult for food
vendors and small scale processors in Tanzania, thus TFDA recommends applying GMP
and GHP to produce safe protkcA little has been published on the adherence and

compliance of readyo-eat foods especially fruit juice and fruit salads in Tanzania.

2.4.3 Management and activities related to provision of scientific advice by
FAO/WHO
Management, coordination asdpervision within FAO and WHO are engaged in
providing advce on food safety and nutritioRAO has the following bodies:
()  Nutrition and Consumer Protection Division (AGN)
(i)  Animal Production and Health Division (AGA)
(i) Plant Production and Protection DivisiOhGP)

(iv) Fisheries Industry Division (FII)
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WHO in the provision has the followirdgpartments:
(i) Department of Food Safety, Zoonoses and Foodborne Diseases (FOS)
(i) Department of Nutrition for Health and Development (NHD)

(i) Department of Public Health and theMionment (PHE)

The coordination is facilitated by the Codex Alimentarius Commission (CAC) which
brings together government institutions, rgwvernmental organizations, stakeholders
along the different food value chains, professional and scientific iaagjeoms and
academic institutions on different food safety aspects such as regulations for Food

Additives and Contaminan{§AO/WHO, 2007).

The role of governments goes beyond adopting and monitoring compliance with national
food legislation: they shouldctively promote food safety measure through the adoption

of food safegy management systems such as HACCP. Businesses such as small or less
developed types bear the ultimate responsibility for assuring the quality and safety of the
foods they produce. Tadd, they are required to interact and comply with government
requirements regarding food safety management systems, inspection and auditing so as to

meet basic requirements such as GHP and HACCP (FAO/WHO, 2006).

2.4.4 Microbiological Food Safety

Food praides a good environment for harboring microorganisms due to the nutrients and
moisture it attains suitable for their growth. Bacteria are the most widespread microbes in
the natural environment. They can easily be cross contaminated to food from psé¢ to po

harvest handling causing spoilage and food borne illness which ultimately affect the

c ons umer Greigethak 2007). h  (
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Some readyo-eat foodsassuch fruits and fruit producerea | s o r egar ded as
hazardouso. S u c the drowth df pathogemc (fsod posaning) bacteria

and must be kept at certain temperatucesinimise the growth of any pathogens that

may be present in the food or to prevent fieemation of toxins in the food
(Mukhopadhyay and Basu, 2Q01$tewartand Williams, 2009. Foods may contain a

variety of microorganisms, many of which are harmless (NSW, 2009).

Non-sporeforming bacteria such as enterotoxigenic and enterohemorriagteerichia
coli, Campylobacter jejuni, Listeria monocytogenes, Salmonellaigea spp.,
Staphylococcus aureuandVibrio spp. could contaminate fresh produce by cross contact
with humans or animals carrying these origens withthe fecal oral routebeingpossibly

the main mechanism of transf@iames, 2006All of these bactes have been associated
with publicized fresh produce foodborne outbreaks of public health signifi¢svide®,
2006) The transfer of these organisms could be controllegragticinggood personal
hygiene, cleaning food contact surfaces, and always usitaplp water when water is

required (James, 2006).

Data regarding foodborne diseases in thecafti Region are extremely scarce. However,
limited studies have shown that the following pathogens are prev&antpylobacter,
Salmonella, Shigella, HepatitisBrucella, Staphylococcus aureus, Bacillus cereus,
Escherichia coli and rotavirus. Foodborne bacterial infections are particularly common:
children in the African Region may experience five episodes of diarrhea per year and 800

000 children die each yeitom diarrhea and dehydrati¢/HO, 2007)

I n addition, chil drends exposure to pest

causing immunological and endocrine defects, neurotoxic disorders, and sometimes
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cancer. The number of consumers who are kighilnerable to foodborne illness is
growing in this region(WHO, 2006) In subSaharan Africa, where approximately 25
million adults and children live with HIV/AIDS, bacterial infections such as Salmonella
can cause particularly serious complications,luding death. Among the elderly,
infections such as enterohemorrhaggcherichia colican be particularly fatal (De Waal

et al, 2005).

Maintaining low temperature throughout distribution is critical to maintaining quality of
freshcut fruits and its freh products like juices. Low temperatures reduce enzymatic
reactions and greatly slow down the multiplication of spoilage organisms. Low
temperatures also prevent the multiplication of most foodborne pathogens, with the
exception ofListeria monocytogeneand a few others that are capable of growing, albeit

slowly, at refrigerated temperatures (Gorny and Zagory, 2004).

2.4.4.1 Bacteriacommonly associatedvith food poisoning n fruits

A wide range of bacteria are associated Viithts in bringing aboutspoilage or food
poisoning which includee.g E. coli, L. monocytogenessalmonellasppand S. aureus
Lactic acid bacteria are also predominianagilis and L. plantarum. Other species
identified included L. bifermentans, L. minor, L. divergens, L. cosfusuhilgardii, L.
fructosus, L. fermentuamd Streptococcusspp (Nyangaet al, 2007). Staphylococcus
aureusis a facultative anaerobic,ragmpositive coccus which appears as grapke
clusters when viewed through a microscope and has large, rounengeltbw colonies,
often with hemolysis, wén grown on blood agar plates ijipedia, 2012). Skin
infections are the most common infections associated w#taphylococcus
Staphylococcal food poisoning is an illness of the bowels that causes nauseajgvomiti

diarrhea, and dehydration. It is caused by eating foods contaminated with toxins produced
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by S. aureusSymptoms usually develop within one to six hours after eating contaminated
food. The illness usually lasts for one to three days and resolves onntgStoppler,
2009).S. aureudood poisoning is often caused when a food handler contaminates food
products that are served or stored at room or refrigerator tempef@ante for Health
Protection 2012) Common examples of such foods are dessesfeally custards and
cream filled or topped desserts), fruits, salads (especially those containing mayonnaise),
or baked goods (Medlinelus, 2007). A study on biofilm formation of both fecelated

and clinicalS. aureustrains grown under differestress conditions (temperature, sodium
chloride, glucose and ethanol) relevant food processing was conducted wetersg

biofilm formers were identifiedamong fooerelated S. aureusstrains, and biofilm
formation was affected by environmental condisaelevant for the food industry (Rode

et al 2007). E. coliis a Gam negative, facultative anaerobic and-sporulating. Most
strains are harmless, but serotypes types like O157:H7 can cause serious food poisoning
in humans(Soller et al, 2010) Mog of the dangerous strains like tke coli O157:H7
produce Shiga toxins which cause various symptoms to humans (CDC, 2008) Common
routes of transmission include: unhygienic food preparation, farm contamination due to
manure usage, irrigation using greyteraor raw sewage, feral pigs on crop land. Food
products associated with. coli outbreaks include; raw ground beef, raw seed sprouts or
spinach, raw milk, unpasteurized juice, and food contaminated by infected food workers
via fecaloral route (Wikipedia 2012). Salmonellaspp. on the other hand is closely
related toE. coli. It is a rodshapedyram negative, neaspore forming angiredominantly

a nonmotile bacterium They cause illnesses to humans and animals such as, typhoid
fever, paratyphoid fever dnthe food borne illness salmonellosis (Wikipedia, 2012).
Salmonellosis can be caused by eating food contaminated during processing or handling;
from an infected food handleBGalmonellaspp are usually found in feces. A frequent

cause is a food handler widoes not wash his or her hands with soap after using the
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bathroom. Salmonella infection usually stems from undercooked meat and poultry, raw
eggs, unpasteurized milk, contaminated fruits or water containing Salmonella sp. Pet
turtles and other animals rtecarry the bacteria (CDC, 2008; Healguare, 2009).
Symptoms associated with Salmonella food poisoning include; diarrhea or constipation,
headaches, stomach cramps, nausea and vomiting, fever and a possibility of blood in
feces. Dehydration may also ocdeading to weakening of the body, urine defects and
increased thirstMahajanet al, 2003. It is therefore important to develop ways so as to

ensure safe food from food related pathogensHikeoli, Salmonellaspp and S. aureus

2.4.4.2 Yeastsand Moulds commonly associated with food poisoning ifruit

products
Yeasts and moulds are highly efficient at causing foods to spoil and are a problem for
most food manufactureré&Scuddey 2011). There are several factors that enable these

microorganisms toajonise a wide range of foodstuffs (Fisher Scientific, 2009):

() Some species can grow over a wide pH range, enabling them to survive in very
acidic environments, such as fruit juices and pulps.

(i)  Some can tolerate extremes of temperatures. The temperatge far the
growth of yeasts is 0 to 47°C. Many species are able to grow at low temperatures
and at low pH, making them a particular problem for fermented milk products.

(i) Many species areerotolerant (able to grow in environmentghwery low water
activity (ay) as low as 0.65), and can grow in foods such as dried fruits, nuts,
grains and spices. Other osmophilic and halophilic species are able to grow in
environments with high osmotic pressure due to the presence of sugar or salt
respectively. Such orgams can be a particular problem for bakery products and

dried/cured meats.
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Different fungi found in fruits include:Penicillium, GeotrichuFusarium, Botrytis,
Colletotrichum, Mucor, Monilia, RhizopwdPhtyophtho(UC Davis, 2013 Tournasaet

al., 2009. The shelf life (i.e., the length of time that corresponds to a tolerable loss in
quality of a processed food and other perishable items) of-érgstuits and vegetables
ranges from 1 to 35 days depending on types of shelf life (such as marketingfeshelf |
food safety shelf life, sensory shelf life, or microbiological shelf life), food safety
concerns, marketing strategies of fresit processors, produce commodities, raw
materials, refrigerated storage temperatures, preparation methods, and pacletigots m

(Barthet al,, 2009).

Yeasts and some bacteria, includigvinia and Xanthomonascan also spoil some fruits

and these may particularly be a problem for fresh cut packaged(tllits 2007)They

often colonize foods witthigh sugar, with low H or salt content and contribute to
spoilage of maple syrup, pickles, sauerkraut, fruits and juices. They have a diverse
secondary metabolism producing a number of toxic and carcinogenic mycotoxins.
Spoilage may be manifested as surface pellicles or Sbmwats of molds, cloudiness, and
off-flavors (Ellin, 2007). Tanzania having a tropicéimate becomes a potential harbor

area forspoilagetypes.

2.45 Chemical contaminantsin foods

Chemical contaminants may be naturally occurring or may be addedj dgiitultural
production, posharvest handling and other unit operatiodsccording to Codex
Alimentarius (Codex standard 1:9995), a contaminant is any substance not intentionally
added to food, which is present in such food as a result of the pauy{ctcluding

operations carried out in crop husbandry, animal husbandry and veterinary medicine),
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manufacture, processing, preparation, treatment, packing, packaging, transport or holding
of such food or as a result of environmental contamination. The dees not include

insect fragments, rodent hairs and other extraneous n{@belex Alimetarius, 1995)

There are too many other insidious hazards which can affect food and consumers health.
The main other insidious hazards in food are: heavy metals ynaintanned foods,
natural toxins, irradiated food productsxic chemicals, and so many othefSloves
contain harmful chemicals such as thiurams, anthidicarbamates (Sekhett al,

2008). Chemical contaminants in foods arise from food additivesel in concentrations
higher than set maximum limits, cleaning agents in food processing, processing

equipment, handlers, and environment.

Codex Alimentarius (1995) has established the Codex general standard for food additives
(CODEX STAN 1921995). Accading to this standard, the use of food additives is
justified only when such use has an advantage, does not present an appreciable health risk
to consumers, does not mislead the consumer, and serves one or more of the technological
functions set out by Qtex and the needs set out from (a) through (d) below, and only
where these objectives cannot be achieved by other means that are economically and

technologically practicable:

a) To preserve the nutritional quality of the food; an intentional reducticiien
nutritional quality of a food would be justified in the circumstances dealt with in
subparagraph

(b) and also in other circumstances where the food does not constitute a significant
item in a normal diet;

c) to provide necessary ingredients or ddunents for foods manufactured for

groups of consumers having special dietary needs;
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d) to enhance the keeping quality or stability of a food or to improve its organoleptic
properties, provided that this does not change the nature, substance or duality o
the food so as to deceive the consumer;

€) to provide aids in the manufacture, processing, preparation, treatment, packing,
transport or storage of food, provided that the additive is not used to disguise the
effects of the use of faulty raw materialsad undesirable (including unhygienic)

practices or techniques during the course of any of these activities.

The Global Chemicals Outlook (2012) reported that poisonings from industrial and
agricultural chemicals are among the top five leading causedeath worldwide,
contributing to over 1 million deaths annuallyhe agricultural chemicals including
pesticide residues accumulate in Huely and possibly lead to two typesserious health
effects namely acute poisoning andranic poisoning. The acuteffects are almost
immediate and have symptoms such as headache, skin rashes, nausea, vomiting, blurry
vision, dizziness, sweating, diarrhoea, unusual weakness, loss of concentration, difficulty
in breath, convulsion, coma and death. Theonic effects ge usually felt or seen after
repeated exposures. The effects take a long time to appear and normally difficult to cure
and some of the symptoms include cancer, birth defects, miscarriageirttd| sterility

in men, liver and bone damage to the nesveystem, asthma and allergies (Johnson and

Yawson, 2009).

Pesticides are also called Persistent Organic Pollu(@@®'3. Some commonly used
pesticides, commonly called the dirty dozen are DDT, lindane, aldrin, dieldrin, endrin,
chlordane, heptachlomirex, toxaphene, hexachlorobenzene, poly chlorinated bipegnyl

dioxins and furanes. Thesegticides poison the soil and water for many years and enter
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our food chain through fruits, vegetables and grains as well as through meats and fish

(Mallya, 2008)

Metals such adead, cadmium, mercury and coppare cumulative poisongHITM,

2006) They have been reported to be exceptionally toxic. Lead has been associated with
intoxications leading to problems in the kidney and liver, the central nervous system,
reproductive organs and anaemia. Although Copper is an essential trace element in the
functions of the human body, chronic and excessive intake has been linked with digestive

tract problems and cirrhosis of the liver (HITM, 2006; Tuomi2GD9).

2.4.6 Physical contaminants in foods

These are hard foreign objects that can cause illness or injury that may be, inherent to the
food or ingredientcontaminant during processing, metal, glass, wood splinters, rocks,
insects, hair, dust and dirkéener, 2002Mallya, 200§.Removal of these hazards is
usually byfilter or sieve (meat grinder), water bath (vegetables), metal detector (all

foods), good handler practices (jewelry), good sanitation and quality control programs.

lliness and serious injuries can rasiibm foreign material in produce; these physical
hazards can result from poor practices during harvesting, washing, sorting and packaging
operations(Goldman, 2002;Keener 2002) Filth and foreign matter in fruits and
vegetablesare listed in many instees among the main barriers to international trade
(HITM, 2006). FAO(2010) showed different physical hazards, risks and reasons for

occurrence as shown in Table 2.
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Table 2: Physical hazards, risks and reasons for occurrence

Physical hazards Risks Reason
Saoll Presencén finished products: Harvested with the crop
Machinery (i) Soil and stones (i) Dirty packaging
materials
Equipmentand containers (i) Metal (i) Inadequate inspection ¢

field equipment and
packing facilities
(iif) Wood (i) Inadequatenaintenance

of containers and

machinery

(iv) Glass and lastic (iv) Discarded rubbish, e.g.
bottles, cigarette butts

(v) Knives (v) Inadequate cleaning
schedule

(vi) Plasters (vi) Staff untrained in

personal hygiene

(vii) End product contains: (viii) Inappopriate
jewelry and pieces of working clothes
clothing

Source: FAO, (2010)

2.47 Foodsafety controlin Tanzania

The food regulatory organ in Tanzania is TFDA and the standards body iSMIBIS.a
number of related problems keep foodborne diseasbgylatlevels within the African
region, the root cause is poverty, which disproportionately affects women and children.

Poverty exacerbates food safety problems in many ways and contributes to:

()  Unsanitary conditions in rapidly growing urban centers
(i) Lack of access to clean water

(i)  Unhygienc transportation and storage of foods
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(iv) Low education levels among consumers and foaadlers, leading to reduced

information on food safety

In 1997 WHO Food Safety Programme conducted a case study In Buguruni market
(WHO, 2006). The Buguwni Healthy Marke Task Force (BHMTF) Plan of Action
resulted in a number of successful outcomes, including:

() Improvement in road access (Plan International);

(i) Construction of a solid waste storage bay (JICA);

(i) Construction of toilet and hand washing facilities (WHO); and

(iv) Development of a system for the collection and sorting of solid waste for

subsequent disposal.

As evidenced by improved handling of solid waste, activities within and outside the
market have produced a synergism which has contributed significantly to grenioy
conditions in the market. Local resourcesre mobilized for an education program for
market participants, consumers and other stakeholders to promote awareness that safe and
nutritionally adequate food is the foundation of good health. The Heltibg Market

concept has also been introduced into several other markets in Dar es Salaam and other

cities in Tanzania.

Foodborne diseases have many adverse econoomseguences within the African
region. For example, the 1998 outbreak of cholera in Taazzsost US $36 milliorfor
medication WHO has documented numerous food safety and quality problems that have
affected food exports and imports in African countries including TanZsvi#0O, 2007)

Those include: spoilage, substandard/fake products, daituprovide production dates,

improper or deceitful labeling of food imports, poor product quality and packaging of
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food exports, expired food, exceeding levels for preservatives/additives, lack of
harmonization of food g$ety regulations and fraud (De &1 and Robert, 2005).
Currentlythere is no existing food safety policy in Tanzania. This makes the population

more susceptible to health hazards each year.

2.5 StreetVended Foods

Street vendors are an important source of affordable food. But strestdfted do not

meet proper hygiene standards, in large part because of weak regulatory systems, lack of
financial resources to invest in safer equipment, and lack of education fehdodters

(De Waal and Robert, 2005).

There has been a continuing gtbwin urbanisation in developing countries, and
governments face a major challenge in ensuring that street dwellers are able to procure
sufficient food and safe fooWVHO, 1996) According to WHO,Streetvended foods or

its equivalent "street foods" arefoed as foods and beverages prepared and/or sold by
vendors in streets and other public places for immediate consumption or consumption at a
later time without further processing or preparation. This definition includes fresh fruits
and vegetables whichrea sold outsideauthorized marketareas for immediate
consumption (WHO, 1996). Food handlers have shown potentially contaminating actions,

i ncluding spitting on the sidewal k, smoki i
mouth or nose, were also notBdrt et al, 2003). These actions including unsanitary
areas may contribute to contamination of the different foods sold including fruit products.
Abdalla et al (2009) reported thatosio-economic and demographic data showed that
most of the food vendsr were females, although, it is not certain whether the
predominance of women in the street food vending trade\msntageous to food safety.

The vendors studiedagreed that the hand must be washed (74.0%), because the
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organisms such aSalmonella typhinontyphi Salmonella Compylobacterspp. andE.
coli can survive orfingers tips and other surfaces for varying periods of timé some
cases after hand washing. Also clean water supply andwestdng or toilet facilities are

not available to food stetvendors (Abdallat al, 2009).

Many foodborne ilinesses are transmitted by foods soldtreets, making sure that food

is handled and prepared in a safe and sanitary manner can reduce the chance of people
contracting foodborne illnessé3ames 2006)The most effective food safety behawio

include keeping foods at safe temperatures, using a thermometer to determine the
adequate cooking of foods, avoiding cressitamination, washing hands, and avoiding

high-risk foods (Simonnet al, 2008).

Street vended foods contribute significantly to the economic enhancement of those
involved in its production, particularly suppliers of raw produce, food processors and
vendors. In Morogoro itvas observed that the water used to prepare street vended foods
(like stiff porridge, and rice) is not safe due to large total counts. afoli contained
including the foodsanddrinking water sold indicating low and n@ompliance to GMP

and GHP as laid by WHO/ FAO, 1997 guidelife80, 2005). It is therefore importata
evaluate the safety of frugroducts such as juicesd saladsvhich are consumed by

many people.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 StudyLocation and Duration

The study wasarried out in Morogoro Municipalitpf Morogoro regionfor 8 months
startingin August 2012 to March 20134orogoro produces about 8% of citrus, 9% for
pineapples, 7% for mangoes, betweeB086 bananas and over 50% of pawpaw national
production suggesting that Morogoro is probably one of the leading producensitof fr
crops in Tanzania (SNV, 2009)lorogorois| ocat ed bet ween3 BMA 40N,
0. 12 njit B boedered to the north by the Tanga Region, to the east by the Pwani and
Lindi Regions, to the south by the Ruvuma Region and to the west by the Iringa and

Dodoma regiongdrig.1 shows the map lation.
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Morogoro
Municipality

Figure 1: Morogoro location
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3.2 StudyPopulation

The population evaluateduring the current studwas categorised into three groups: (i)
Street Vendors (ii) University Cafeteriasand (iii) Town Restaurants.Theseincluded

mobile andstationarystreetfruit salad and juic&endors They were identifiedlong road
sidesstreetsn the Morogoro municipalitycentre in municipality market areas (Morogoro
central market, Mwenzi market)transportation terminals and bus pgo(Morogoro bus
terminal, Msamvu bus terminaljgstaurants (Morogoro municipa¢ntre) universities and
colleges (Sokoine University of Agriculture, Mzumbe University, Jordaiversity) and
secondary andrpary schools(Uhuru, Mwere Bungo, Morogoro econdary schoal)

From the preliminary survey it showed that some places were more congested with vendors
compared to others e.g. schools thes trespondents were randomly selected basebdeon
preliminary survey carried out prior to start of the reseaftle survey also showed that
some respondents were not willing to be interviewed due to fear of the government
overtaking their businesses. Some also requested to make a follow up so as to improve

their practices through knowledge dissemination and trgsni

3.3 Study design

This studyconsisted otwo parts. The first panvas asurvey ofstreetvendors(located

along road sides, bus terminals, market areas, town centre, primary and secondary schools),
University cafeteriaand restaurantgo collect da& on knowledge and practices related to
GMP and GHP by using a questionnalrethesecond part35 fruit juice and35 fruit salad
samples were colleced from interviewed vendorsfor laboratory analysis of

microbiologicalandphysi@m-chemical quality paraeters.
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3.4 SampleCollection

Samples were randomly collected from the vendorthe afternoon (1300 to 1460in
February 2013, duringainy seasonThe samples were put in aseptic containers (liquid and
solid 500ml and 40Qgespectively) and stored i cool box containing sterile ice packs

and taken for immediate analysis. The assumption in collecting the samples was that the
population was unknown, thus a preliminary survey was made to identify locations where
they are mostly found (Section 3.4 total of 70 samples were collected, 35 from fruit
salad vendors and 35 samples juice vendors. Thelsampre taken to laboratories at the
Department ofFood Science and Tegology, Department d@rop Science and Production

andDepartmenbf Soil ScienceSokoine University of Agriculturéor analysis

3.5 Survey: Evaluation of Good Manufacturing Practices (GMP) and Good Hygienic
Practices (GHP)

Evaluation of GMP and GH®Ras carried out gser Codex Alimentarius Codes$ practice

The codes werecompiledin the quesonnaire (Appendix I) which wasodified from

WHO and TFDAcodeson essential safety requirements for street vended foods and

guidelines to good manufacturing practiaespectively (WHO, 1996; TFDA, 200Main

aspectsevaluate includeddenographic characteristics, business details, product and

preparation practice, food safety knowledge, types of infrastructure and a general

assessment of location and premises, sanitation status, maintenance and cleaning,

processing and personal hygiene.

3.6 General AssessmentfolLocation, Sanitation level, Rocessing andCleaning and
Personal Hygiene ofFruit Salad and Juice \éndors
These parameters were ranked in score sheet assigning different levels of quality. The scale

was from very good= 2; good= 1 to poor= 0. The sums and percentages were then
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computed from different criteria for each category giving a general picture of the premises

and sartation status (Appendix 1)

3.7 Physicochemical Analysis

3.7.1 pH

The pH of samples was determined usangtandard pH meter (Benchtop pH24017/208,
HANNA instruments) Fruit juice sample§100ml)were agitatedby vigorously shaking for
45sec and theunsed for pHdeterminationFruit salads were homogenized usstgrilized
motor and pestle and00g of eachsamplewas weighed using an electronic balance

(Denver Instruments FB002, Germany) wherggH measurement was taken from slurry/

pulp.

3.7.2 Oxidation-Reduction Potential (ORP)

The oxidatioareduction potential was determined using an ORP/ pH combinest (péd
510cyberscan, EUTECH InstrumentdJSA). Fruit juice samples were agitateay
vigorously shaking for 45sagere approximately 10l was used foORP determination
in millivolts (mV) while for fruit salads samplesvere homogenized using sterilizetbtor
and pestlé¢o obtain the slurry which was less viscouppfoximately 100g was used from

each respective sample for ORRV) determination

3.73 Heavy metals

Lead cadmiumand copperwere determined as described byngeand Bergseth(1992).
Both fruit salad and fruit juiceamples were agitated and homoginisedwdfich, each
sample was filtered usingvehatmanfilter paperNo. 1 (Whatman, Bglang overnight get
20 ml of filtrate. The filtratesof juice and salad samplegere then put in thatomic

absorption spectrophotometer (AASe UNICAM 919, Ehgland and concentrationof
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the metalsveredeterminedrom their absorbanaasingtheir respective lamp#b, Cd and

Cu).

3.7.4Colourings and Flavourings

Food colars and flavouringsas additiveswere assessed bwsing the questionnaire
(Appendix 1) administered to the respondens® as to evaluateompliance with
recommendedstandardsas described by Codex general standard for food additives

CODEX STAN 1921995 Codex Alimentarius1995)

3.8 Microbi ological Analysis
The microbiological quality of the productsasdeterminedasdescribedn Bacteriological
AnalyticalManual(1998. Sampls were collectedandcarried in a cool boxontaining ice

of potable water qualitior immediate analysis to prevgoroliferation ofmicroorganisms

3.8.1 Total Mesophilic Aerobic Count

Enumeratiorof samples fototal mesophilic aerobimicroorganismsvas doneaccording

to procedures described by Maturin and Peeler (2001) in Bdthylated spirit and 70%
ethanol vere used to sterilize working surfaces while a lamina flow ({ratstar PV 100,
Spair) was used for culturing and platingor fruit salad samples wre weighed to 250g
andhomogenized bynotor and pestléhat werepre-steriisedat 150°C for 120 mirin an

oven (Memert UM 400, &many while fruit juice samples wereomoginisedy shaking.
Standard nutrient agar (NAHimedia laboratory, Pvt, Indiayas used as media. NA was
prepared in glass bottles containing magnetic stirrers by dissolving 28g in 1060 m
distilled water. The bottles were then heated in an electric water bath to achieve
geletinisation temperature (Precision Scientific 180 series. Chicago, USA) and then

sterilisedusing an autoclave (SHAVX 90.E electronic, Fancg at 121°C for 15 minThe
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temperature of the NA for plating (around 45°C) was regulated using the-bhaher
(Precision Scientific 180 series. Chicago, USA).The media was left to cool to around 45 °C

after being autoclaved before used for plating.

Glass petri dishes for plag were cleaned and also steriliz&d150°C for 120 mimsing

the oven (Memert UM 400, @many.An 8.5% buffered polypeptone physiological
solution (PPS) was used for dilution and serial dilution of the samples. It was prepared by
taking 1g of polypeptom (Becton, Dickinson and Company, Sparks, USA) together with
8.5g of Sodium chloride (common salt) and dissolving them in 1000 ml of distilled water.
The PPS was then dispensed in test tubes each containing 9 ml (for serial dilution) and
glass bottles coatning 225ml with magnetic stirrers (for first dilution of 25ml of juice)
and then autoclaved at 121°C for 15 min. héatmagnetic stirrer (Yellow lindSHC:

MSC basic, @rmany wasused toagitate25 ml of juiceor 25gof fruit salad samplem

225 ml of8.5% buffered polypeptone watefwenty five grams of the homogenized fruit
salad sample or 2&l of fruit juice sample was the dispensed in a glass bottle containing
225 ml of PPS and mixed using a magnetic stirrer for 1min. Serial dilutions were then
caried out in a series of tubes containing@of PPS to a 18 dilution. After the sample

was serially diluted, 1 ml from each respective dilution was pour plated in duplicate using
nutrient agar. The plates were left to cool and solidify then incufiiteter 960285,
Germany upside down at 3T for 2448 hrs, after which colonies were counted in plates
containing the range of 3B00 colonies and recorded. The CFU/mlI (fruit juice) and CFU/g

(fruit salad) were calculated as shown in equation 1.

,,,,,,,,,,,,,,,,,,,,,,,,

Where,

X= CFU/ml or CFU/g.
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V= number of colonies in a plate.

A= dilution factor for accepted plate alwdvolume of inoculum (1 ml for pour plate)

3.8.2Enumeration of coliformsand E. coli

3.8.2.1 Enumeration and presumptive confirmation of coliforms

The detection and enumeration odliforms andE. coli (indicator organisrs) wascarried
out accordng to BAM proceduresdlescribedoy Fenget al (2002) A presumptive test for
coliformswas first @rried out followed by a confiratory test of coliforms and finallf.
coli. Lauryl sulfate Tryptose Broth (LSTB) single andutie strength, Brilliant Green
Bile Broth (BGBB) and E.C broth; coli broth) and Kovacks reagetbdole (all products
of Himeda laboratory, Pvt Indjawvere used for enumerati@md confirmatory test$orty
grams and 15g of BGBB and LSTB respectively, were weighed and dissolved in 1000 ml
glass bottles, whe 10ml of BGBB and LSTB were dispensed in a series of test tubes
contaning Durham tubes, then autoclavi&Hi- AVX 90.E electronic, Frangeat 121°C
for 15 min. All media were adjusted to suitable pH using 0.1N &fdnd 0.1N NaOk)
The tubes weralso left to cool to around 46 in a clean chamber with lamina flow
(Telstar PV 100, Spajrfor use for coliform evaluation.r&it salad, samples were weighed
to 250g and homogenized by motor and pestle that werstgniésedin an oven ai50°C
for 120 minutegMemert UM 400, @rmany. Fruit juice samples wereomogenized Y
shaking. Twenty five gramsf the homogenized fruit salast 25 ml of fruit juice sample
was dispensed in a glass bottle containing 286o0f PPS and mixé using a magnetic
stirrer for Imin. One millilitre of diluted sample wasserially diluted in 5conscutive
dilutions (10" to 10°) of 5 tubes containingpurham tubes anél ml eachof LSTB with
each respective dilution containing a set of 5 tdbesa 5 tube MPN.Thetubeswere then
incubated ©35°C+ 0.5°Cfor 48h The tubes were recorad for reactiors displacing the

medium through gas production in Durham tubesn fermentation From each gassing
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LSTB tube,aloopful of suspensiowas transferredo a tube of BGB. The BGLB tubes
were incubated @5°C+ 0.5°C and examiddor gas productiorafter 48h Positive tubes
were recorded anthe most probable number (MPN) of coliforms basednumberof

confirmed gassing LS tubes for 3 consecutive dilutionsas determined(close to

dilution to extinction tube showing no growth)

3.8.22 Confirmatory Test for Fecal coliforms and E. coli

From double strengthSTB tubesfrom the Presumptive test, a loophifl each suspension
was transferretb a tube of EC broth (the loogstick was sterilized befordransfers).The
EC broth tubeswere incubatedat 45.83C for 24hrsand examine for gas productiorfor
presence ofecal coliformsand enumerated by usingPN tablesE. coli confirmationwas
carried outby testingfor indole productionMVC pattern Suspensiosiwere noculatel in
tubes of tryptone broth and incubett for 24hrs at 35°C.Kovacs' reagent)(2-0.3 ) was
added to test for indolproduction. Theappearance o# distinct red color inthe upper
layer of the suspensionsagpositiveindication of presence d&. coli. The enumeration of

coliforms ancE. col is summarized ifrig. 2.
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Figure 2: Illustration of Coliforms and E. coli enumeration (Source:Fenget al,, 2002)
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3.8.2.3PolymeraseChain Reaction PCR) Analysis

The molecular standard technique was used to identify patitcoBercoli 0157:H7 ina

street fruit juice sample using their specific primers as described by ¥ aalg(1997).

DNA from theE. colicul t ur e was e x tAamp®tVeadRNA MinirkKi- t h e
Qiaged (QIAGEN Sciences, Maryland 20874, USA) following teanuf act ur €
protocol. A known positive isolate fdE. coli O157:H7 was obtained and DNA was
extracted by boiling at 8C for 30 min. PCR amplification for E. coli was then carried

out. The PCR mixture consisted of 25 pl containing0.5 ul of Tag DNAnperase, 12.5 pl

of 2X reaction buffer, 8 pl of RNase free water, 10 pmol of each primer and 2 pl of DNA
template. The PCR reactionaw performed in a thermo cyclat a denaturation
temperature of PZ for 10 min. A total of 35 cycles at 95, 53°C and 72C each for 30

sec followed denaturation. The PCR products weralyzed using 1.5%gel
electrophoresis which wasim at 100 voltages for 30 mend viewed under ultra violet

light where a potographwas taken.

3.9Moulds and Yeasts

Moulds and yeasts weenumerated as described by Toureasl (2001) in BAM. For

fruit salad, sample@50g)were weighed and homogenized by motor and pestle that were
pre-sterilised at 150°C for 120 mim an oven (Memert UM 400, Germany) while fruit
juice samples were horgmised by shaking. Rosebengal chloramphenicol agar (RBCA)
(Himedia laboratory, Pvt India) was used for enumeration. RBCA was prepared in glass
bottles containing magnetic stirrers by dissolving 32.15gdAd ml of distilled waterThe
bottles were therheated in an electric water bath to achigedatinization(Precision
Scientific 180 series. Chicago, USA) and then sterilised using an autoclaveA®Xli

90.E electronic, France) at 121°C for 15 min. The maaia left to cool to around 45°C,

poured in terile petri dishes and left to solidify for surface spreading. Twenty five grams
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of the homogenized fruit salad sample orr@bof fruit juice sample was dispensed in a
glass bottle containing 228l of 8.5% buffered polypetone water (PPS) and agitated)us

a magnetic stirrer for 1min. Serial dilution was then carried out in a series of sterile test
tubes containing 9ml of PPS to a“ldilution. After the sample was serially diluted, 0.1 ml
from each respective dilution was plated in duplicate by sugpoeading on solidified
RBCA in 15 x 100 mm sterile glass petri plates. The plates were then inc(Batddr
960285, Germany) upside down at’@5for 5 days. Theaumber ofcolonies counted in
plates containing a range of-250 coloniesThe CFU/mI of fruit juice or fungi/g of fruit

salad where then computedisolates from plates with gmth were sukcultured and
incubated PDA at 2& for 3-5 days for morphological analysis. The isolates were assessed
for morphological characteristics for identificatiarsing an electric light microscope
(Brunel microscope B25, UK) under x1 000 magnification. A loop sterilized by flame

and ethanol was used to swab a fungi colony. The colony was spread on a microscope slide
and wet mounted using distilled water. The oglavas then stained using lacto phenol
cotton bluewhere a cover slip was placed on top. The edge of a dry paper was touched on
the coverslip to withdraw excess water. The slide was then spread with an oil immersion
for higher magnification view (for x100bjective lens). The morphology of colony, size,
shape, budding, mycelia and fruiting bodies were studied for specie identification

according to MathuandKongsdal (2003).

3.10 Data Analysis

In combination with Excel software for Windows, data welgettedto one way analysis

of variance (ANOVA) and Tukey HSD multiple range test was usedetermine the

di fferences at pO0. 05 using SPSS 21.0 (SP

Inc., USA).
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CHAPTER FOUR

4.0RESULTS AND DISCUSSION

4.1 Production of Street Fruit Salad and Fruit J uice

4.1.1 Production of fruit juice

This parameter addressed the first specific objective using the questionnaire (Appendix 1).
Fruit salad and fruit juice’ending in streetsUniversity cafeteriasand restaurants ia
common practicand themajority of the populatiorconsumes the productstuit juicewas
producedusing simple equipment which includedirminum pots; knives; plastic buckets;
cool boxes; plastic cups ang-used plastic bottleSThe peparation aftepurchasing fuits
from local marketgMorogoro central market and Mawenzi markeihcluded washng,
peelng, extraction of juice (using a home electrical blen@@dblendng with water.The
mixture was mechanically blended using an electrical blentlee juice was then
transferred into a cool box contaig frozen ice blocksn plastic packetsThe juice was
eithersold as prgpacked in 250nl or 500 ml re-usableplastic bottles or poured ung a
plastic cup into the resable plastic bottles according consumer preferenc@late 1)
The juice was transported by usingpbile carts for street vendors and softh site at

University cafeteriasandtown restaurants.
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Plate 1: Street vended prepacked juices for salg§Note: The nrames Mountain Dew,
Kilimanjaro and Azam Cola are names of drinks previously packed in the

respective bottles. These bottles have been reused by vendors)

4.1.2 Production of fruit salad

The productiorof fruit salad was not much different from productidnfroit juice. This
addressed the first specific objective using the questionnaire (Appendikelgquipment
used by vendors were; knives; plastic bucketsgé&jglastic plates amablyethylene bags
Fruits were bought frontocal markets (Morogoro ceal market and Mawenzi market).
From own observations,ose vendors washed the fruits before peeling and chopping
while others did not. After the fruits were peelesing knives they were then choppetdao
plate and servedr stored in a refrigeratarncoweredwaiting to be soldSometimedruit
salad wagacked into polyethylene bagsd sold to the consumen siteat universites

and restaurants or sdby mobilevendorson streetgPlate 2)



40

Plate 2: Fruits salad preparation for sale

4.2 Status of Good Manufacturing Practices (GMP) and Good Hygienic Practices
(GHP) of Street Fruit Salad and Fruit Juice
The characteristics to follow addressed the first specific objective using the questionnaire

(Appendix 1).

4.2.1 Demographiccharacteristics

The cemographicfeaturesof fruit salad and fruit juicesendorson streetsat University
cafeteriasand restaurantsare shown in Tabl&. The results indicated th#éhe majority
(88.6%) of the fruit juice vendors were men while ainen involved wereonly 11.4%.
Similarly, a majority 74.3%) of the fruitsaladvendors were men while women wenaly

25.7.4%. Findings alsashowed that vendorsald a relatively low level of educatiofhe
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majority (943%) of the fruitjuice vendorshad primary leel educationwhile 5.7 had

none Similarly dl fruit saladvendorshad primary level educatio®imilar to other studies,
illiteracy is presumed to characterize the street food verjfBanda, 2010Campell, 2011)

The loweducation leveimay beassociaté with poormanufacturing anttygiene practices
during handlingstorageand preparationsf the salads and juicashich can increase the

risk of street food contaminatioM(yanjaet al, 2011). Most fruit juice vendorg62.9%)

were mobile businesses wiB7.1% were stationary (sold on site). Ba other handhe
majority (85.7%) of fruit salad vendors were stationary businesses while 14.3% were
mobile businessedhis impliesa diverse accessibility by consumers in different locations

around the munigpiality for these products

Table 3. Demographic and businesscharacteristics of food street vendors in

Morogoro municipality

Characteristic Fruit juice Fruit salad
(n=35) (n=35)
Gender
Male 31 (88.6) 26 (74.3)
Female 4 (11.4) 9 (25.7)
Vendor type
Street vendor 25 (71.4) 25 (57.1)
University 5(14.3) 5(14.3)
Restaurant 5(14.3) 10 (28.6)
Marital status
Single 33 (94.3) 29 (82.9)
Married 2(5.7) 6 (17.1)
Education level
Primary 33 (94.3) 35 (100)
None 2(5.7) 0 (0)
Type of business
Mobile 22 (62.9) 5(14.3)
Stationary 13 (37.1) 30 (85.7)
Type of preparation
Prepacked 35 (100) 0 (0)
Prepacked or prepared on site 0 (0) 35 (100)
Business location
Along road sides 7 (20) 0 (0)
Market area 0 (0) 7 (20)
Transpet terminal 13 (37.1) 0 (0)
University 5 (14.3) 5 (14.3)
Primary school 5 (14.3) 0 (0)
Town centre 5 (14.3) 23 (65.7)

*Figures in parenthesis indicate percentage of total population (n)
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4.2.2 Composition of the street vended fruit juice and fruit salads

Thecomposition of fruit juice and fruit saladstiown in Tablel. For fruit salad a majority
(80%) of the vendors used mangos, pineapples and avocados for making the mix while
only 20% used mangoes, bananas, pineapples, avocados, cucumbaianged to make

the chopped mixA majority of fruit juice vended82.9%) wassold as mango juice
followed with a mix of mango and orandruits sold as only 8.6%f vendors identified.

The useof mangos and peapples in most formulations mighdve beerattributed to the
maturity of the fruits and loweprice atthe fruit marketsMost of these citrus fruits are
locally grown in large quantities in Morogoro by small scale farmers (FAO, 2012; SNV
2005)However,juice and fruit salad vendors did not use &ogd colour flavouring or

preservative

Table 4: Composition and use of additives irfruit juice and fruit salad s

Ingredients Fruit juice (n=35) Fruit salad (n=35)
Fruits

Mango 29 (82.9) 0 (0)
Mango and avocado 2 (5.7) 0 (0)
Mango and orange 3 (8.6) 0 (0)
Mango andbaobab 1(2.9) 0 (0)
Mango, banana, pineapple, 0 (0) 7 (20)
avocado, cucumber and orange

Mango, pineapples and avocad 0 (0) 28 (80)
Food colours

Use 0 (0) 0 (0)
Do not use 35 (100) 35 (100)
Preservatives

Use 0 (0) 0 (0)
Do not use 35 (100) 35 (100)
Flavourings

Use 0 (0) 0 (0)
Do not use 35 (100) 35 (100)

*Figures in parenthesis indicate percentage of total population (n)
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4.2.3 Foodsafety knowledge and health fovendors

4.2.3.1Fruit juice vendors foal safety perception &ad health

The perception of basic food safety knowledge and the health status of fruit juice vendors
IS summarized in Table. ®f the vendors54.3%were not familiar with the terrfifood
safety while 45.7% were familiamwith it. In other countries including developed ones
such adreland it was observedhat some of vendorslid not know food safety concepts
(McCarthy et al., 2007)In terms ofawarenessall vendorshad never heard of TFDA
However 85.7%of vendorswereaware and onlyl4.3% unawaref TBS. This could be
attributed to thepublic sensitizatiorby TBS and themportance of the marthat usually
appears in TBS certified food producssl juice was soldpre-packed in rasableplastic
bottles or paper cup&ll vendors werenot familiar with food safety programs including
GMP and GHR and implemented neithefhe majorityof the vendorg94.3%)went for
checkup only when sick and only 5.7%went for medical checkup twice a year
However all of them did not remember thestatime they went for medical chedcip.
WHO (2006 reported that most countries had insufficient inspection personnel,
insufficient application othe HACCP concept and noted that registration, training and

medical examinationwere not amongst selected magement strategies
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Table 5: Food safety and health knowledge

Characteristic Fruit juice (n=35) Fruit salad (n=35
Familiarisationwith food safety terminology

Familiar 16 (45.7) 10 (28.6)
Not familiar 19 (54.3) 25 (71.4)
Heard about TFDA

Have heard 0 (0) 0 (0)
Have not heard 35 (100) 35 (100)
Heard about TBS

Have heard 30 (85.7) 33 (91.4)
Have not heard 5(14.3) 2 (8.6)
Quality registration certificate

Posses 0 (0) 0 (0)
Do not posses 35 (100) 35 (100)
Type of preparation

Prepacked 35 (100) 0 (0)
Prepacked or prepared on site 0 (0) 35 (100)
Familiarisation with food safety program

and implementation

Familiar and implement 0 (0) 0 (0)
Not familiar and do not 35 (100) 35 (100)
implement

Heard of GMP

Have heard 0 (0) 0 (0)
Have not heard 35 (100) 35 (100)
Heard of GHP

Have heard 0 (0) 0 (0)
Have not heard 35 (100) 35 (100)
Do medical checkip

Yes 35 (100) 35 (100)
No 0 (0) 0 (0)
Frequency of medical checip

Once per year 2 (5.7) 0 (0)
Twice per year 0 (0) 0 (0)
At least once every month 0 (0) 0 (0)
When sick 33 (94.3) 35 (100)
Last time for medical cheakp

Remembered month/ year 0 (0) 0 (0)
Do not remember 35 (100) 35 (100)

*Figures in parenthesis indicate percentage of totaliladipn (n)
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4.2.3.2Fruit salad vendors food safety perception ad health

The food safety knowledge and health characteristidsuit salad vendors are shown in
Table 5 The majority of the vendorg71.4%)were not familiar wih the term food safety
while 286% were familiar.Similarly, with fruit juice vendorsnone had heard about
TFDA. Ninety four percent weraware of TBSwhile8.6%were not This may alsobe
attributed to thesensitizationby TBS and the logomark that usually appears in TBS
certified food productsFruit saladwas sold asither pre-packed or prepared on site o
plates orpackaged inpolyethylene bagsAll vendors were also not familiar with food
safety programs including GMP and GHP and implemented neflievendorswent for
medical checkup only when sick However as in the case of fruit juice vendoed| of
them did not remember the last time they went for medical ehpclkood safety
sensitization/ educationay be effective and additionarategiesare necessary to develop
specific food safety messages targdtedendor minesets and measure the effectiveness
of thedelivered food safety messages (SautdMoskowitz, 2011). Basic training in food
hygieneis recommendedh orderto ensure that food vendors follow the regdirules for

proper hygiene and sanitati@@hukuezi, 2010).

4.2.4 Typesof infrastructure and gear used

Table 6 shows the type of infrastructure used by vendwisst of the vendors(80% for

juice and 42%or salad)indicatedthatthey had acces® potable vater hut relied on the
safetymeasures taken tsuppliers with only 40%of juice vendordoiling the waterThis

is similar with observations made in Nigeria on usepobr qualitywater by vendors
(Chukuezi, 2010T.he major source of wateusedwas munidpality supplytap water.A
majority of juice and salad vendqr$7.1% and 71.4%respectively had no access to
toilets. Fruit salad vendors used waste bins while juice vendors (57.1%) used Pit/earth

holes for disposal of wast@. large proportion of juie vendors (71.4%) had no processing
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outfit gear while 46.7% of fruit salad vendors wore hair nets/caps together with aprons.
Multiple comparisons showed no statistical significance difference amendoxs on
streets, university cafeterigand restaurant$P>0.05). This indicated presence gfoor
infrastructureacilities usedby vendors whicimightlead to more cross contaminatigll
vendors didnot weargloves, although gloves could be hazardous if not properly used.
Street vendors in Uganda alseere dservedto have variable poor infrastructure for

preparation of foodduyanjaetal., 2017
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Table 6: Type of infrastructure and gear used in processing

Type Characteristic Fruit juice (n=35)  Fruit salad (n=35)

Sve Potables water availability

u? Yes 35 (100) 35 (100)

T No 0 (0) 0 (0)

a Source of water for processing

SV Wel 0 (0) 0 (0)

% Municipal tap 28 (80) 15 (42.9)
Hawked in plastic containers 7 (20) 20 (57.1)

S\ How is water ensured f&a

u? Boil 14 (40) 0 (0)

T Rely from supplier 21 (60) 35 (100)

S\ Are toilets available

Uk Yes 10 (28.6) 15 (42.9)

T No 25 (71.4) 20 (57.1)

S\ Hand washing facilities

u? Yes 35 (100) 15 (42.9)

T No 0 (0) 20 (57.1)
Cooling faclities

S\ Refrigeration 6 (17.1) 15 (42.9)

u? Cool box 25 (71.4) 0 (0)

T Cooling dispenser 4 (11.4) 0 (0)
None 0 (0) 20 (57.1)

S\ Waste disposal available

u? Yes 35 (100) 35 (100)

T No 0 (0) 0 (0)
Type of waste disposal

S\ Wastebin 8 (22.9) 35 (100)

u? Pit/ earth hole 20 (57.1) 0 (0)

T? Plastic bag 7 (20) 0 (0)
Plastic bucket 0 (0) 0 (0)
Processing gear
Hair net/ cap 3 (8.6) 6 (17.1)

S\ Gloves 0 (0) 0 (0)

u? Apron/ Processing coat 0 (0) 0 (0)

T? Boots 0 (0 0 (0)
Hair net / cap and apron 7 (20) 16 (46.7)
None 25 (71.4) 8 (22.9)

*Figures in parenthesis indicate percentage of total population Wr) University
cafeterias, SV= Street vendors and T= Town restaur&atsie lowercase letters denotes
no difference amourthe street vendor$>0.05)
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4.2.5 General assessmenbf location, sanitation level, processing rad cleaning and
personal hygiene of fruit salad ad juice vendors

4.2.5.1 Location and premises

The parametersassessednhclude location and surroundiisg waste/garbage around that

could harboranimals, pests or germs, dusts and bad smell, toxic substancasapeaitsy

around, wateloggedareas andighting and ventilationAs indicatedin Fig. 3, most of the

fruit juice vendors irrestaurantsissessetbr sanitation, location, processinggeaning and

personal hygienewere better scoring a higher levelabove 57%)as compared to

universitiesand streevendors and the three vendors differed significantly (P<@=0%).

salad vendors wer®bserved tohave compliance levels belovb0% (Fig. 4) with

restaurantdeingbetteroff than universitiegndstreetv e n d mram&es and environment

(Plate3).
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Figure 3. Status of location and premises of fruit juice vendorsBars with same
lowercase letters means there is no significant difference of vendofsr

different percentagescores(p>0.05).
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Figure 4: Status of location and premises of fruit salad vendorsBars with same
lowercase letters means there is neignificant difference of vendorsfor

different percentage scoregp>0.05).
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Plate 3: Fruit juice and fruit salad vending premises and environment (a) Bus

terminal (b) University cafeteria

4.2.5.2Sanitation level
The parameters thassessewerewater availability water qualitybeingcleanpotable;lid
type containers for disposil sufficient proper disposal systendetergent/disinfectant
presencendpreventive structures for animal/insect infestatMWater used for processing
was physically dirty and of poor quality including poor infrastructi@@sed on national
and Codex Alimentarius guidelinethe sanitation level of the fruit salagndorsranged
from 825% showing avery low compliance(Fig. 5). However there was no significance
difference between universities and street vendors (P<0.85%o). fruit juice vendorshe
sanitation level rangk from 1658% (Fig. 6).Restaurantsand universities showed a
moderate sanitation with street vendoasihg poor sanitatiotevels with all vendors were
significantly different(P<0.05%) Key findings showed that infrastructure developments
were relatively limited with restricted access to potabigter (47%), toilets (15%),

refrigeration (43%) and washirand waste disposé#cilities (WHO, 2006)In Nigeria it
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wasreportedthat water used by street vendors was didpdallaet al., 2009;Chukuezi,
2010. Studiescarried outin Morogoromunicipality Jiwaetal., 1991)andin the suburb
Kingolwira (Shayoet al., 2007) indicated that wer used was of poor quality and highly

contaminated and needpropertreamentbefore consumptian
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[CIRestaurant

Percentage score

0 2 4 6 8 10 12
Total samples

Figure 5: Sanitation level of fruit salad vendors.Bars with same lowercase letters
means thereis no significant difference of vendordor different percentage

scores(p>0.05).
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Figure 6: Sanitation level of fruit juice vendors. Bars with same lowercase letters
means there is no significant difference of vendorf®r differ ent percentage

scores(p>0.05).

4.2.5.3Processingand cleaning

The parameterinvestigated included cleanliness ahggienic satus of premises, and
appropriateness of tools used food processin@nd packagingThe level of processing
and cleahness of fruit juice vendors rangeffom 0-50% (Fig. 7 and plate 4) Stree¢
vendors scored 0% comparetith university cafeteriagnd restaurantscoring amaverage
of 50% There was nagignificantdifference betweenniversitiesand restaurant$>>0.05)
but on the oter hand,streetvendorsdiffered significantly with latter two categories
(P<0.05%)This could beattributedto poor equipment used for processiegpecially by
street vendors using cool boxas sole means for juictorage Juice vendors alspacked
the juice in usedplastic bottleshat werejust rinsedwith the same wate(batch), being
usedrepeatedlyfor washingconsecutive bottke that were used fgracking and serving

juice to consumers he same water that was used for rinsing could contain higiolomel
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loads and dirt which could impose a risk by increasing the microbial load in the packed

juice.

b O street vendor
DUmversity
50| b [ R.estaurant

Percentage score

Total samples

Figure 7. Processing and cleaning level of fruit juice vendorsBars with same
lowercase letters means there is no signifiot difference of vendorsfor

different percentage scoregp>0.05).
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Plate 4: Fruit juice vending equipment. (a) along road side and (b) in bus terminal.

There was natatisticalsignificart difference amongfruit salad vendors compliance the

same paramete(BP>0.05)where they generally scored low (25%) (Bignd Fate 5)

[ 5treet vendor

|:|University
[OEestaurant

Percentage score

Total samples

Figure 8: Processing and cleaning level of fruit salad vendorsBars with same
lowercase lettersmeans there is no significant difference of vendoror
different percentage scores (p0.05).
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Plate 5: Fruit salad preparation equipment, (a) and (c): University and (b) restaurant

4.2.5.4 Personalhygiene

Parameters assessed for personal hygiene wanedfker washedthy not suffering from
any comnunicable diseases anattending medicakxaminationafter every 6 months,
suitable clean clothes for processing, no decorative artatksmliness ohands ad nails,
washingof handsbeforeandafter work,usage ofjloves, hair net/ hat amutesencef first
aid kit. It was observedhat personal hygiene compliance by fruit juice vendees poor
(below 19%)(Fig. 9) and there was aignificant difference ammg vendors (P<0.05%).
Similarly, fruit salad vendorshowedlow levels of personal hygien®@ 5 ¥igure 10),
with no significant difference between restaurants and univers{f#e<.05) but
significantly different from street vendors (P<0.0B)e poor lggiene was attributetb
vendorshaving dirty hands lack of gloveswhile handlingfood and unsuitable andirty
clothesthat might causeontamination A similar study carried out inSudanurged that
routine medical examination of foddandlers shouldbe carriedout by health offigals in

orderto regulate safe strefefod handling, preparation and vendidd@allaetal., 2009).

The majority of street vendors did not complyth the general codes of hygiene as laid by

national andCodex Alimentariusequrements This emphasizetheimportarce oftraining


















































































































