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ABSTRACT 

Milk is important as a valuable diet, but due to its nutritional value and perishable product 

it serves as an ideal medium for growth of various microorganisms under suitable 

conditions, hence it is a staple food in epidemiology linked to zoonotic pathogens. This 

study was carried out in two districts in Tanga region (Northern Tanzania) to estimate 

microbial load, isolate selected pathogens and establish their possible sources or entry 

along the milk value chain. A total of 114 respondents were interviewed and subsequently 

milk samples were aseptically collected for laboratory microbial analyses using the 

standard ISO procedures for Food microbial analyses ð Horizontal methods. The results 

revealed poor practices and lack of formal training on milk hygiene among most of the 

actors. More than 90% of all handled milk samples had Total plate count (TPC) above the 

EAC maximum acceptable standard of 2.0x10
5
 CFU/ml. The overall mean coliform plate 

count (CPC) was 1.8x10
6
 ± 6.2x10

6
 CFU/ml, which indicated poor animal husbandry and 

hygiene practices. The values of TPC and CPC between independent variables were not 

statistically significant different (P > 0.05). In the samples, one contained CPS isolate 

counting to 5.1x10
5
 CFU/ml likely to cause staphylococcal poisoning. Isolated bacteria 

were Escherichia coli, Staphylococcus aureus and Listeria spp. including Listeria 

innocua, Listeria ivanovii and Listeria monocytogenes. Other microorganisms included 

Klebsiella spp., Proteus spp., Staphylococcus spp., Enterococcus faecalis, Bacillus cereus 

and Pseudomonas spp. In the identified pathogens, L. monocytogenes was most (42.1%) 

predominant. The quality of milk was poor; unhygienic practices, poor animal husbandry 

practices, organization of milk supply chains, dysfunction of the regulatory agencies and 

quality control structures predispose the public to risk of contracting milk-borne 

infections. Training on animal husbandry practices and public education on general milk 

handling and hygiene are recommended. Also, sector policies, organizational structures 

and support services and research into public health risks in milk must be focused.   
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CHAPTER ONE 

 

1.0    INTRODUCTION  

1.1    Background Information 

There is a rapid increasing demand for livestock products in developing countries as a 

result of population and income growth as well as urbanization (Delgado et al., 1999). 

Annual milk consumption increase in these countries averaged 3.5 to 4.0% between 1995 

and 2005 (FAO, 2010a) and is expected to increase further by 2020 (Nene et al., 1999). 

Therefore, if properly managed, the dairy sector could serve as a powerful tool for 

reducing poverty and creating wealth in developing countries (FAO, 2010a).  

 

In Tanzania, out of 4.9 million agricultural households, 35% engage in both crop and 

livestock production while 1% consists of pure livestock keepers. Total annual milk 

production is estimated to be 1.65 billion litres. Of these 86% comes from the traditional 

sector, which is dominated by the native Tanzania Short Horn Zebu (TSZ) cattle. The 

dairy sub-sector forms one-third of the 4.6% Gross Domestic Product (GDP), which is 

contributed by the livestock sector. The sub-sector has therefore a big potential for 

improving standards of living of the majority of Tanzanian farmers through enhanced 

nutrition, increased income from sales of milk and milk products as well as reducing 

vulnerability (Njombe et al., 2011). 

  

Despite its importance, in many African countries marketing of milk is traditional and 

informal. In Tanzania these markets handle 80ï90% of the locally produced milk (Staal et 

al., 2000) and less than 10% of milk produced in the country is marketed as processed 

milk. In these systems of marketing, milk is commonly rural to rural and a few rural to 

direct sales to urban consumers (Kurwijila, et al., 2003). These market pathways provide 
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social and economic benefits to smallholder producers, agents and consumers in terms of 

competitive market prices and creation of employment (Kang'ethe et al., 2000; 

Gopalakurup, 2002). Therefore, they are difficult to abolish. However, there are neither 

regulations nor control of products in these markets and the consumption of raw milk and 

milk products from such markets may cause health risks, although a few traders or 

consumers may take some precaution measures. On the other hand, being a nutritious 

food, milk serves as an ideal medium for the growth and multiplication of various 

microorganisms (Bonfoh, 2003; Parekh and Subhash, 2008). Moreover, milk is a highly 

perishable commodity and therefore poor handling of milk can exert both public health 

risks and economic losses. Thus milk requires hygienic handling all the way from 

production to consumption (Hayes et al., 2001; Swai and Schoonman, 2011).  

 

Taken together, the present state of milk handling and marketing may pose health risks to 

the public. These risks are linked to contamination of milk, growth and survival of 

harmful pathogens in the milk and increasing number of other micro-organisms caused by 

storage time and conditions such as temperature and humidity. The aim of this study was 

to review the present status of milk handling and marketing and to establish how these can 

contribute to the presence of harmful microbial pathogens in milk in the supply chain in 

two districts of Tanzania. 

 

1.2    Problem Statement and Justification of the Study  

Over 90% of the milk, which is consumed in Tanzania is from the informal markets 

(MoAC/SUA/ILRI, 1998). This milk is supplied by traditional livestock sector, which is 

mainly composed of indigenous animals. In the traditional sector there is evidence of 

inappropriate milking and poor handling of milk, which predispose milk to microbial 

contamination. Furthermore, because of the greater prevalence of tropical diseases among 
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livestock in the traditional sector, lactating and milking animals might have inborn 

pathogens in blood. These may shed harmful pathogens in milk and negatively affect the 

health of consumers of milk or milk products. 

 

Preliminary results obtained in recent studies in Morogoro and Tanga regions in Tanzania 

(Kilango, 2011; Shija, 2013; Joseph, 2014) have shown that a number of harmful 

pathogens exist in milk within the farm and intermediaries. However, these studies 

highlighted little on the pathogenicity and sources of identified pathogens due to studies 

scope and limitations of the analytical methods employed. It was therefore worthy 

carrying out a study that will fill this information gap. In the present study, a multi-

pathogens analysis was carried out with the aim of detecting additional pathogens in milk 

and providing information on the levels and sources of these pathogens and potential risks 

for public health. This study ultimately was aimed at identifying a set of suitable 

recommendations for improving hygiene of milk along the value chain. 

 

1.3   Objectives 

1.3.1   General objective 

To identify pathogens in milk and proposing strategies of reducing the harmful microbial 

load in milk along the milk value chain in Tanzania.  

 

1.3.2   Specific objectives 

i) To estimate the microbial load in milk produced in two farming systems of Handeni 

and Lushoto districts 

ii)  To isolate selected milk-borne zoonotic pathogens along the milk value chain in the 

study area 
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iii)  To establish the possible sources of milk microbial hazards in the Tanzanian milk 

value chain 
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CHAPTER TWO  

 

2.0   LITERATURE REVIEW   

2.1   Overview of the Importance of Dairy Production 

FAO (2010b) estimated that 12 ï 14% of the world population lives are sustained by dairy 

farming. World milk production is expected to increase by 153 Million tons between 2010 

and 2020 of which 73% is anticipated to come from developing countries (OECD/FAO, 

2011). In Tanzania, annual milk production has increased from 814 million litres in 

2000/01 to 1.65 billion litres in 2009/10 of which over 86% comes from the traditional 

system, which is mainly composed of the indigenous stock dominated by TSZ cattle 

(Njombe et al., 2011). These animals account for over 90% of the dairy ruminants in the 

country and elsewhere in Sub-saharan Africa and contribute significantly to the 

production of milk in the country (Ndambi et al., 2007). The dairy industry is developing 

with prospects for expansion and a greater contribution to the GDP and improvement of 

the welfare of the people (Njombe et al., 2011). Less than 5% of the total milk produced 

in Tanzania is formally marketed whereas 70 ï 80% is consumed or lost at farm level and 

only 15 ï 25% passes through informal markets (direct sales, hawkers and small vendors) 

(RLDC, 2009). 

 

2.2   Milk Value Chain  

According to Kaplinsky and Morris (2000), the value chain describes the complete range 

of activities required to bring a product from conception to the delivery to final 

consumers, and the final disposal after use. It includes activities like design, production, 

marketing, distribution and support to the final consumer (Ruijter de Wildt et al., 2006). 

Milk  value chains have several outlets through which milk products flow from the 

producer to the consumer, which impacts the quality of milk and transaction costs as well 
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as potential risk of contamination with pathogens. Hence, an understanding of functional 

market chains is an important first step towards understanding and dealing with milk 

safety risks (Kilango, 2011).  

 

2.3   Milk Composition and Milk Quality  

On average 87.4 % of the cowôs liquid milk is water, 3.7%  is milk fat (milk lipids or 

butter fat), 8.9% is solids-not-fat (SNF), 3.4% is protein (2.8% casein, 0.6% whey 

protein), 4.8% is lactose, 0.7% includes minerals (micronutrients such as Zinc, Iron and 

Copper as well as macronutrients such as Calcium, Phosphate, Magnesium, Sodium, 

Potassium, Citrate and Chlorine). This group also includes sulphate, bicarbonate, acids 

(citrate, formate, acetate, lactate and oxalate), enzymes (peroxidase, catalase, phosphatase 

and lipase), gases (oxygen and nitrogen) and vitamins A, C, D, Thiamine and Riboflavin 

(Nangwala, 1996; Tesha, 2010). In addition, milk is a good source of many other vitamins 

such as B6, B12, K, E, niacin, biotin, folates, and pantothenic acid (Goff and Hill, 1993). 

In general, milk has a high nutritional value and it is a good diet for the children (FAO, 

2005). It provides nourishment and immunological protection (Bauman, 2004). However, 

if not handled properly, milk can be easily destroyed through contaminations and bacterial 

growth and becomes unfit for human consumption. Some of the microbial contaminants 

are responsible for milk spoilage while others are pathogenic with potential health effects 

to cause milk borne diseases (Kivaria et al., 2006). Bacterial count in milk is influenced 

by the temperature at which milk is stored and the time that elapses since milking.  Once 

the milk is cooled to 4ºC within 2 ï 3 hours after milking, it preserves its original quality 

and remains safe for processing and consumption (Omore et al., 2005). East African 

countries (EAC) have harmonized standards for some products including milk. Standards 

are reference points and tools for ensuring quality and safety. East African Standard (EAS 

67) prescribes quality requirements for raw, normal cowôs milk. It covers bacteriological 
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quality. It is important that all players in the milk value chain implement standard at their 

level of operation to protect the consumer (EAS, 2006). The quality classification for 

standard plate count per ml or g in raw milk as developed by the EAS is shown in Table 1. 

 

Table 1: Microbial limits in raw milk  

 Bacteriological grade CFU/ml 

I or A  

II or B                                                                    

III or C 

< 200 000 

> 200 000ï1 000 0000                                                                  

> 1 000 000ï2 000 000 

Source: EAS (2006)  

 

2.4   Sources of Microbial Hazards in the Milk Value Chain  

Microbial contamination of milk in the value chain can originate from a diseased cow, 

unhygienic milking practice, poor personal hygiene, unsanitary utensils and/or milking 

equipment and water supplied in sanitary activities (Parekh and Subhash, 2008; Kilango, 

2011; Lubote et al., 2014). A cow with an infectious disease can shed pathogens from its 

blood into the milk. Findings by Streeter et al. (1995) indicate that infected cows with 

clinical disease and subclinical infections shed Mycobacterium avium subspecie 

Paratuberculosis in both milk and faeces. Detectable levels of the organism were 

observed in milk from both clinically infected and asymptomatic carrier animals. Also, 

infected mammary quarters or cows and the environment, in which animals are kept, are 

known to be chief sources of bacteria that cause udder infections in a herd. Transmission 

of infectious bacteria to teats of uninfected mammary quarters or cows occurs mostly at 

milking (Kilango, 2011). Appropriate milking hygiene practices reduces the rate of new 

infections during milking (Robert, 1996). The use of pre- and post-milking teat 

disinfectants is an effective measure in reducing the risk of new infections. Pre-dipping 

reduces the resident teat skin bacterial population, which is the main source of infection 
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for the mammary gland. It can reduce new environmental streptococcal infections and E. 

coli by 50%. Post-dipping prevents the transmission of contagious bacteria such as S. 

aureus (NADIS, 2013). All individuals involved in the milk value chain should maintain 

hygiene and must be in sound health because microbes may drop from hands, clothing, 

nose and mouth, and from sneezing and coughing. It is important for them to be in good 

health to avoid becoming a source of infectious diseases (Kurwijila, 1998). Other bacterial 

sources are from air, drugs or chemicals used during treatment of animal and from 

contaminated water used for adulteration by unscrupulous and unfaithful workers/sellers 

may cause additional health problems (Karimuribo et al., 2005). 

 

2.5   Health and Economic Impact of Unsafe Milk 

Food safety is an area of great concern in terms of public health management especially 

from an economic point of view (Mangwayana et al., 2000). Food-borne diseases due to 

microbial pathogens in milk are a serious threat to the health of millions of people (FAO, 

2006). Raw milk continues to be a staple in the epidemiological literature linked to 

campylobacteriosis, salmonellosis, tuberculosis, brucellosis, hemorrhagic colitis, Brainerd 

diarrhoea, Q fever, listeriosis, yersiniosis, and toxoplasmosis to name a few (Plotter, 

2002). These impose a substantial burden on health care systems and reduce economic 

productivity (FAO, 2006). Seventy percent of deaths among children under five years are 

linked to biologically contaminated food and water (Unnevehr and Hirschhorn, 2000).  

Also, unsafe milk and milk borne illnesses cause producers, vendors and wholesalers to 

earn a poor reputation, which may take time to overcome and consequential loss of 

income. These important players may also become prey of milk borne illness thus 

perpetuating the cycle of poverty (Nhachi and Kasilo, 1996; FAO, 2006). The sources of 

contamination are variable and can take place at any point in the milk production and 

marketing chain. The major milk borne pathogens of concern are zoonoses and 
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environmental coliforms of faecal origin. The latter are commonly introduced in milk due 

to poor handling at farm and along the value chain. Contamination of faecal bacteria in 

milk usually occurs through the use of contaminated water and unsanitary equipment 

(Kilango, 2011). Currently, there is limited scientific data to quantify the magnitude of the 

problem and to provide baseline data from which informed decisions can be made. More 

information is needed that will help improved regulatory policy decisions to be made. 

Scientific data will also help ensure more effective control when outbreaks occur 

(Mangwayana et al., 2000). There is evidence of many harmful bacteria being potentially 

linked with bovine milk contaminations (Table 2). 

 

Table 2: Bacterial types commonly associated with bovine milk 

 

Bacteria group and species 

 

Outcome  

  

Lactococci: L. lactis-diacetylactis, L. lactis, L. 

cremoris  

Flavour production and fermentation  

 

Lactobacillus: L. lactis, L. bulgaricua, L. acidophilus, 

Leuconostoc lactis, Propionibacterium 

 

Acid production/fermentation  

 

Pseudomonas, Bacillus cereus  

 

Spoilage  

 

Enterobacteriaceae  

 

Pathogenic and Spoilage  

 

Staphylococci: Staphylococcus aureus (S. aureus).  

 

Pathogenic  

 

Streptococcus: Strep. agalactiae  

 

Pathogenic  

 

Zoonotic Brucella abortus  

 

Pathogenic  

 

Zoonotic Mycobacterium bovis  

 

Pathogenic  

 

Coliforms:  Escherichia coli (E. coli) 

 

Some are zoonotic and pathogenic  

 

Listeria:  Listeria monocytogenes (L. monocytogenes) 

 

Pathogenic; mainly in unpasteurised cheese  

Source: OôConnor (1995) 
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2.5.1   Enterobacteriaceae in milk  

The Enterobacteriaceae is a large family of gram-negative, rod shaped bacteria, which 

includes more familiar pathogens, such as E. coli, Salmonella, Klebsiella, Shigella, 

Yersinia pestis and other disease causing bacteria such as Proteus, Serratia, Enterobacter 

and Citrobacter (Brenner et al., 2005). Many members of this family are normal 

inhabitants of the large intestines of human, animals and insects, while others are found in 

soil, water and decaying matter. Some are enteric pathogens and others are urinary or 

respiratory tract pathogens. These organisms also are used as indicators of microbial 

quality and hygiene. As several of these organisms are potential pathogens, consumption 

of raw milk is considered highly risk (Anand and Griffiths, 2011). In recent years, there 

has been emergence of new milk borne bacterial pathogens with serious and even life-

threatening complications such as enteric E. coli serotypes (Sivapalasingams et al., 2004). 

The enterohemorrhagic (EHEC) class is of most concern, due to its low infectious dose 

and its association with hemorrhagic colitis (HC), hemolytic uremic syndrome (HUS), and 

thrombotic thrombocytopenic purpura (TTP) (Keller and Miller, 2006; Vojdani et al., 

2008; Simforian, 2013). Verocytotoxigenic E. coli sero-groups may infect humans 

through consumption of infected raw unpasteurized milk and milk products, which have 

significant contribution to the reported cases of Shiga toxin producing E. coli (STEC) in 

humans (Baylis, 2009).  

 

Also, Salmonella infections of food animals play an important role in public health and 

particularly in food safety, as food products of animal origin are considered to be the 

major source of human Salmonella infections (OIE, 2008). It has adapted to survive and 

recognize temperature and pH extremes, oxygen limitations, presence of bile salts, 

digestive enzymes, and competing micro flora. The hostile environment within the 

gastrointestinal tract is tolerated and serves as a signal to induce transcription of genes 

http://en.wikipedia.org/wiki/Gram-negative_bacteria
http://en.wikipedia.org/wiki/Bacteria
http://en.wikipedia.org/wiki/Pathogenic_bacteria
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required for host cell attachment and invasion (Ahlstrom, 2011). In contrast with other 

pathogens of the family, the reservoirs of Salmonella cover a greater variety of warm and 

cold blooded animal. Salmonella may be found in milk, and has been associated in milk 

borne disease.  Enterobacteriaceae infections are among the most killing diseases of 

children in developing countries (Frey and Sherk, 2006). Moreover, gastrointestinal 

infections due to pathogenic Enterobacteriaceae in particular Escherichia and Salmonella 

spp. are significant causes of morbidity and mortality worldwide (Bisi-Johnson et al., 

2011). 

 

2.5.2   Staphylococcus aureus in milk 

Staphylococcus aureus is a facultative anaerobic, Gram-positive coccus, which appears as 

grape-like clusters when viewed through a microscope and has large, round, golden-

yellow colonies, often with haemolysis, when grown on blood agar plates (Ryan and Ray, 

2004). It is a versatile pathogen of humans and animals and causes a wide variety of 

diseases ranging in severity from slight skin infection to more severe diseases such as 

pneumonia and septicemia. It is an important food-borne pathogen, which ranks as one of 

the most prevalent causes of gastroenteritis worldwide (Dinges et al., 2000). It survives in 

as much as 15% NaCl and can grow at pH = 4.2 ï 9.3 and in temperatures ranging from 7 

to 48.5ºC.  

 

These characteristics enable S. aureus to grow in a wide variety of foods. The bacterium 

may occur in the milk of cows with clinical or sub-clinical mastitis or as the result of 

contamination by handlers. When toxigenic strains of this organism replicate to numbers 

exceeding 10
5 

CFU/ml, they may produce staphylococcal enterotoxins that cause 

staphylococcal food poisoning (Hudson, 2010). The intoxication is characterized by 
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enteric responses such as diarrhea, abdominal cramps and vomiting within 1 ï 6 hours of 

consumption of contaminated food. The bacterium is heat labile and does not compete 

well with other microorganisms. Contamination usually occurs when there is little 

competition from other microorganisms. Although Staphylococci are also commonly 

found in other materials including animal skins, water and soil, bacteria from food 

handlers and other human sources are considered as the most important contributing 

factors to intoxications associated with food (Kilango, 2011). 

 

2.5.3   Listeria species in milk 

The genus Listeria contains gram positive, non-spore forming, catalase-positive, oxidase-

negative, and facultative anaerobic bacteria (Vázquez-Boland et al., 2001). It includes 

species such as L. monocytogenes, L. seeligeri, L. welshimeri, L. innocua, L. ivanovii, L. 

grayi and recently identified species, namely L. marthii and L. rocourtia. Two species are 

considered pathogenic with L. monocytogenes representing the only pathogen of public 

and veterinary health significance, while L. ivanovii is usually restricted to causing 

disease in ruminants, mainly sheep. These bacteria are considered as saprophytes as they 

can survive in soil, decaying vegetation, various food products and in both food and non-

food associated environments. They survive in as much as 20% NaCl and can grow in bile 

salts, at pH = 4.3 ï 9.0 and in a wide temperature range of 1 to 45ºC, hence they are 

capable of tolerating a variety of environmental stresses (Ahlstrom, 2011). The ability for 

cells to grow at refrigeration temperatures during shelf-life storage is a major concern for 

food safety (Vasquez-Boland et al., 2001). L. monocytogenes is one of the most important 

agent of food-borne disease. In humans, foodborne L. monocytogenes causes large 

outbreaks of Listeriosis, with a mortality rate of 9 ï 44% (Clark et al., 2010). Possible 

reasons for the emergence of human food-borne Listeriosis as a major public health 

concern include major changes in food production, processing and distribution, increased 
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use of refrigeration as a primary preservation means for foods, changes in the eating 

habits of people towards convenience and ready to eat foods, and an increase in the 

number of people at high risk for the disease (Swaminathan, 2001). The risk of infection 

with L. monocytogenes is increased in the elderly, pregnant women, neonates, 

immunocompromised people and may lead to meningitis, sepsis and abortion (Fsihi et al., 

2001). Listeriosis causes encephalitis, septicaemia and spontaneous abortion and stillbirth 

in domestic animals and is common among individuals who work with animals. Although 

L. monocytogenes has definite zoonotic potential, it is also an important environmental 

contaminant of public health significance (OIE, 2008).  

 

2.6   Multi -Pathogens Analyses 

Multi -pathogens analyses are detailed examinations of numerous microorganisms likely to 

be present in individual samples. These analyses use microbiological testing technologies 

for identification of hazards in the value chain for multi-pathogen risk assessment and/or 

risk management. Microbiological risk assessment in foodstuffs relies on classical 

microbial detection and quantification of indicator microorganism (Kilango, 2011). Food 

microbial analysis is essential for prevention and identification of problems related to 

public health and food safety (Kostiĺ and Sessitsch, 2012). It is based on detection of 

microorganisms by visual, biochemical, immunological or genetic means. Traditionally, it 

is carried out using conventional culture and colony counting methods. These methods are 

based on enumeration and detection of microorganisms present in food. Enumeration of 

microorganisms is accurately estimated through the plate count method. This method 

relies on culturing dilutions of sample suspensions in the interior or on the surface of an 

agar layer. Individual microorganisms will grow and form individual colonies that can be 

counted (Blodgett, 2010). The method has sufficient sensitivity for direct testing (López-

Campos et al., 2012). On the other hand, detection of microorganisms is done through 
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enrichment methods, which permit growth of target organisms to detectable levels and 

performing various biochemical and/or serological tests with pure cultures obtained from 

presumptive colonies to confirm the identity of the desired microorganisms (Betts and 

Blackburn 2009). Conventional culture and colony counting methods remain the most 

reliable and accurate techniques for food-borne pathogen detection with which other 

methods are compared. They are usually very sensitive. However, selection of the 

appropriate analytical method must consider the sensitivity of analysis, the time of 

detection and the specificity of the test (López-Campos et al., 2012). 
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CHAPTER THREE  

 

3.0   MATERIALS AND METHODS  

3.1   Study Area  

This study was carried out in Handeni and Lushoto districts of Tanga region in Tanzania. 

These districts were earlier identified as project sites for the Safe Food, Fair Food (SFFF 

II) project. Selection of these districts was based on the assessment of rural production to 

rural or urban consumption, dairy farming practices, presence of milk collection centres, 

seasonality effects, and agro-ecosystems (Häsler et al., 2013). Tanga region is situated at 

the extreme northïeast corner of Tanzania between longitudes 37º and 39º East and 

latitudes 4º and 6º South and is characterized by hot and humid tropical climate with rainy 

seasons experienced from March to April and November to December. The mean annual 

rainfall varies from 500 ï 1400 mm with relative humidity ranging from 60 ï 90% 

throughout the year.   

 

In the Western plateau of Handeni district a hot and dry climate dominates while the other 

part, which is composed of the Usambara Mountains has temperate climate. Handeni is 

bordered by Kilindi district to the west, Korogwe district to the north, Pangani district to 

the East and Bagamoyo district (Coast region) to the South. The district is characterized 

by the extensive farming system (EFS) where livestock production is dominated by the 

pastoral farming system (Sikira and Ndanu, 2012). Lushoto district is bordered by the 

Republic of Kenya to the north, Muheza district to the east, Same district to the northï

western and Korogwe district to the south. The semi-intensive/intensive system (SIFS) of 

livestock production is practiced in this district and is mainly characterized by smallholder 

production system dominated by agricultural activities with few herds of improved or 

crossbred cattle (Sikira and Ndanu, 2012). Five villages namely Kibaya, Masatu, Sindeni, 
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Kwediyamba and Konje in Handeni and another five villages namely Handei, Manolo, 

Mbokoi, Mwangoi and Kwangôwenda in Lushoto were selected for this study (Figure 1). 

 

 

Figure 1: A map of Tanga region showing surveyed districts and villages involved in the 

study 

 

3.2   Data Collection 

In total, 54 households (from 10 villages) were available for the study. These were 

purposively obtained from a list of cattle keeping households in each village. Selection of 

the households was based on willingness of the respondent to participate in the study. 

Prior to a questionnaire interview and milk sampling, individual consent was asked and 

the respondent was requested to sign an informed consent (Appendix 1). In addition, 25 
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milk suppliers, 13 milk vendors, 18 restaurants and four milk collection centres were 

involved in this study making a total of 114 respondents.  

 

3.2.1   Administration of questionnaire  

A pre tested questionnaire (Appendix 2) was used to capture various information relevant 

for the study including sex, age, education and main occupation of farmers as well as their 

herd size; cow breed, measures practised to control zoonotic diseases, routine mastitis 

control practices, knowledge on health risks associated with consumption of milk, 

knowledge of factors affecting hygiene or quality of milk and their milk handling 

practices at different levels of the value chain. The question was administered by face-to-

face method. Other information such as housing condition, milking methods and condition 

of milk storage equipment, cleanliness of vendors or milk servers, milk serving utensils 

and chilling/cooling facilities were verified through direct observation.  

 

3.2.2   Collection and handling of milk samples 

In total, 114 milk samples were collected in the study areas. Of these, 54 samples were 

taken from household containers and 60 samples were obtained from other actors of the 

value chain such as milk vendors/traders, restaurants and the collection centres. Milk was 

aseptically collected from bulked milk in the households or other nodes of the value chain 

using a sterile falcon tube to a total volume of 50ml for each sample. The samples were 

immediately placed in a cool box packed with ice at an appropriate temperature of ī20°C. 

Later on the same day, samples were transferred to ī20°C for storage until analysis.  

 

3.3   Laboratory Analyses 

Laboratory analyses were carried out in the Public Health Research Laboratory in the 

Faculty of Veterinary Medicine at SUA using conventional microbiological testing 
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methods. The methods involved enumeration and detection of microorganisms present in 

milk. Initially, enumeration of microorganisms was done using colony counting methods 

to establish the microbial load in milk. Then, detection of microorganisms was done using 

enrichment methods and performing various biochemical tests with pure cultures obtained 

from presumptive colonies. 

 

3.3.1   Media preparation 

3.3.1.1   Buffered peptone water 

To obtain Buffered peptone water (BPW), 20 g of the BPW powder was dissolved in 1 

litre of distilled water according to the manufacturerôs instructions (OXOID
® 

Ltd., 

Basingstoke, Hampshire, England). Original BPW powder is a mixture of 10 g/l peptone, 

5 g/l sodium chloride, 3.5 g/l disodium phosphate and 1.5 g/l potassium di-hydrogen 

phosphate. Each 10 ml of the mixture was dispensed in new sterile test tube, sterilized by 

autoclaving at 121°C for 15 minutes and cooled to 25°C for serial dilutions.  

 

3.3.1.2   Plate count agar  

Ready-made sealed pre-poured petri dishes containing 2.5 g/l yeast extract, 5 g/l 

pancreatic digest of casein, 1 g/l glucose, 15 g/l agar and final pH 7.0 ± 0.2 at 25°C (E & 

O Laboratories Ltd., Burnhouse Bonnybridge, Scotland) were received from the supplier. 

These were stored in sterile condition at 2 ï 8°C until time for culturing. The formula 

conforms to American Public Health Association (APHA) (Wehr and Frank, 2004) and 

Association of Official Analytical Chemists (AOAC) standard (Latimer, 2012).  

 

3.3.1.3   Nutrient agar (NA) 

Ready-made sealed pre-poured petri dishes containing 1 g/l óLab-Lemcoô powder, 2 g/l 

yeast extract, 5 g/l peptone, 5 g/l sodium chloride, 15 g/l agar and final pH 7.3 ± 0.2 at 
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25°C were received from the supplier (E & O Laboratories Ltd., Burnhouse Bonnybridge, 

Scotland). These were stored at 2 ï 8°C until when they were used as a basic culture 

medium. 

 

3.3.1.4   Violet red bile glucose (VRBG) agar 

This medium contains 3 g/l yeast extract, 7 g/l peptone, 1.5 g/l bile salts, 10 g/l glucose, 5 

g/l sodium chloride, 0.03 g/l neutral red, 2 mg/l crystal violet and 12 g/l agar (OXOID
® 

Ltd., Basingstoke, Hampshire, England). To obtain VRBG agar, 38.5 g of the powder was 

suspended in 1 litre of distilled water. The mixture was then boiled to allow a complete 

dissolution of the powder and was followed by sterilization through boiling with frequent 

agitation for 1 minute and cooling to 46 ± 2ºC. Then, bottles containing medium were 

placed into water bath at 48ºC for use within 3 hours. 

 

3.3.1.5   MacConkey agar (MA)  

Ready-made sealed pre-poured petri dishes containing 20 g/l peptone, 10 g/l lactose, 5 g/l 

bile salts, 5 g/l sodium chloride, 0.075 g/l neutral red, 12 g/l agar and final pH 7.4 ± 0.2 at 

25°C were received from the supplier (E & O Laboratories Ltd., Burnhouse Bonnybridge, 

Scotland). These were stored at 2 ï 8°C until when they were used. Because of a small 

number of imported ready-to-use MacConkey agar plates, additional preparation was done 

by dissolving 52 g of the powder in 1 litre of distilled water according to manufacturerôs 

instructions (OXOID
® 

Ltd., Basingstoke, Hampshire, England). The mixture was then 

boiled to allow a complete dissolution of the powder. This was followed by autoclaving at 

121°C for 15 minutes before cooling the medium to 45°C and pouring on petri dishes. 

 



 
 
 

20 
  

 

3.3.1.6   Tryptophan broth  

Tryptophan broth was made using 16 g of the powder reconstituted in 1 litre of distilled 

water according to the manufacturerôs instructions (Sigma-Aldrich Company, USA.). The 

mixture was mixed thoroughly followed by heating with frequent agitation and boiling for 

one minute for complete dissolution. 3 ml of the medium were dispensed into new sterile 

test tubes. The tubes were closed with rubber stoppers and sterilized by autoclaving at 

121°C for 15 minutes followed by cooling to 25°C ready for use. 

 

3.3.1.7   Glucose agar 

Ready-made and sealed 15 ml tubes containing glucose agar were received from the 

supplier (E & O Laboratories Ltd., Burnhouse Bonnybridge, Scotland). The media content 

was composed of 10 g/l tryptone, 1.5 g/l yeast extract, 10 g/l glucose, 5 g/l sodium 

chloride, 15mg/l bromocresol purple, 9g agar and Final pH 7.0 ± 0.2 at 25°C. These were 

stored at 2 ï 8°C until analysis. 

 

3.3.1.8   Baird-Parker agar 

Baird-Parker agar was ready-made, pre-poured in petri dishes and sealed. The medium 

contained 10 g/l tryptone, 5 g/l̀  Lab-Lemcoô powder, 1 g/l yeast extract, 10 g/l sodium 

pyruvate, 12 g/l L-Glycine, 5 g/l lithium chloride, 20 g/l agar and final pH 7.0 ± 0.2 at 

25°C (E & O Laboratories Ltd., Burnhouse Bonnybridge, Scotland). Media plates were 

stored in sterile condition at 2 ï 8°C until analysis. 

 

3.3.1.9   Brain heart infusion, porcine broth  

This medium is composed of 10 g/l peptone, 12.5 g/l dehydrated calf brain infusion, 5 g/l 

dehydrated beef heart infusion, 2 g/l glucose, 5 g/l sodium chloride, 2.5 g/l disodium 

hydrogen phosphate anhydrous and final pH 7.4 ± 0.2 at 25 °C. To obtain Brain heart 
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infusion (BHI) broth, 2 g of the powder was dissolved in 100 g of distilled water (2% in 

water) and mixed well as according to the manufacturerôs instructions (Sigma-Aldrich 

Company, USA). Each 5 ml of the medium were then transferred to tubes, sterilized by 

autoclaving at 121°C for 15 minutes and cooled at 25 °C ready for use. All the prepared 

but unused BHI tubes were stored under refrigeration temperature until further analysis. 

 

3.3.1.10   BD BBL
TM

 Coagulase plasma, rabbit with EDTA  

BBL Coagulase plasma, rabbit with EDTA (lyophilized 10 × 15 ml rabbit plasma with 

0.15% ethylene di-amine tetra-acetic acid and 0.85% sodium chloride, approximately) 

contained dry natural rubber (Becton, Dickinson and Company, Sparks, USA). This 

medium was obtained after reconstituting the powder with 15 ml of sterile distilled water 

followed by gentle rotation. Each 0.2 ml of the medium was aseptically dispensed into 

new Eppendorf tubes for coagulase test. 

 

3.3.1.11   Rappaport-vasiliadis soy (RVS) enrichment broth  

This medium contained 5 g/l soya peptone, 8 g/l sodium chloride, 1.6 g/l potassium di-

hydrogen phosphate, 40 g/l magnesium chloride and 0.04 g/l malachite green oxalate 

(OXOID
®
 Ltd., Basingstoke, Hampshire, England). It was prepared according to the 

manufacturerôs instructions by weighing 30 g of the powder and adding to 1 litre of 

distilled water. The mixture was heated gently until completely dissolved. Then, 10 ml 

were dispensed into capped test tubes followed by autoclaving at 115°C for 15 minutes 

and cooling to 25°C for use as a culture enrichment broth.  

 

3.3.1.12   Müller Kauffmann tetrathionate-novobiocin (MKTTn) broth  

MKTTn broth  contained 4.3 g/l meat extract, 8.6 g/l enzymatic digest of casein, 2.6 g/l 

sodium chloride, 38.7 g/l calcium carbonate, 30.5 sodium thiosulphate, anhydrous, 4.78 
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g/l ox bile and 9.6 mg/l brilliant green (OXOID
®
 Ltd., Basingstoke, Hampshire, England). 

The medium was prepared as indicated by suspending 89.5 g in 1 litre of distilled water. 

The mixture was then mixed well, boiled and left to cool to 25°C. Immediately before use 

20 ml of iodine-iodide solution prepared by dissolving 25 g of potassium iodide in 10 ml 

of distilled water, adding 20 g of iodine and diluting to 100 ml with distilled water were 

added. Also, one vial of Novobiocin supplement (SR0181E) was reconstituted per 250 ml 

of medium as recommended. The medium was mixed well and each 10 ml were 

aseptically dispensed into sterile capped test tubes for use as a selective enrichment broth. 

 

3.3.1.13    Xylose lysine desoxycholate (XLD) agar 

The contents of XLD agar were 3 g/l yeast extract, 5 g/l L-Lysine, 3.75 xylose, 7.5 g/l 

lactose, 7.5 g/l sucrose, 1 g/l sodium desoxycholate, 5 g/l sodium chloride, 6.8 g/l sodium 

thiosulphate, 0.8 g/l ferric ammonium citrate, 0.08 g/l phenol red and 12.5 g/l agar. 

Ready-made sealed pre-poured petri dishes were received from the supplier (E & O 

Laboratories Ltd., Burnhouse Bonnybridge, Scotland). These were stored at 2 ï 8°C until 

time of culture. 

 

3.3.1.14    Fraser broth base 

Bags of 5 litres half strength hydrated Fraser broth added with half Fraser selective 

supplement (SR0166E) containing 0.5 g/l ferric ammonium citrate, 12.5 mg/l acriflavine 

and 10 mg/l nalidixic acid were received from the supplier (E and O Laboratories Ltd., 

Burnhouse Bonnybridge, Scotland). These were stored at 2 ï 8°C until time of analysis. 

Fraser broth (OXOID
®
 Ltd., Basingstoke, Hampshire, England) contained 5 g/l proteose 

peptone, 5 g/l tryptone, 5 g/l `Lab-Lemcoô powder, 5 g/l yeast extract, 20 g/l sodium 

chloride, 12 g/l di-sodium hydrogen phosphate, 1.35 potassium di-hydrogen phosphate, 1 

g/l aesculin and 3 g/l lithium chloride. To obtain a full Fraser broth, the medium was 
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prepared as indicated by dissolving 28.7g of the powder into 500ml of distilled water and 

mixing well to dissolve completely. The medium was sterilized by autoclaving at 121°C 

for 15 minutes and cooled to below 50°C. The content of one vial of Fraser selective 

supplement (SR0156) reconstituted as directed in the product insert was aseptically added 

before use. The medium was mixed well and each 10 ml were aseptically dispensed into 

sterile capped test tubes and stored under refrigeration for use as an enrichment medium 

for the detection and isolation of Listeria. 

 

3.3.1.15    Listeria Oxford agar  

Listeria Oxford agar was pre poured in petri dishes and sealed (E & O Laboratories Ltd., 

Burnhouse Bonnybridge, Scotland). The contents of this medium were 39 g/l columbia 

blood agar base, 1 g/l aesculin, 0.5 g/l ferric ammonium citrate, 15 g/l lithium chloride, 2 

g/l agar and Listeria selective supplement at a final pH 7.0 ± 0.2 and temperature of 25°C. 

Storage of the medium was at 2 ï 8°C until analysis. 

 

3.3.1.16    Colorex Listeria agar 

Colorex Listeria agar (E & O Laboratories Ltd., Burnhouse Bonnybridge, Scotland) 

contained 18.5 g/l peptone, 4 g/l yeast extract, 9.5 g/l sodium chloride, 2 g/l sodium 

pyruvate, 15 g/l lithium chloride, 4 g/l maltose, 0.2 g/l X-glucoside chromogenic mix, 14 

g/l agar, Listeria selective supplement and Listeria differential supplement at a final pH 

7.2 ± 0.2 and temperature of 25°C. The medium was pre-poured in petri dishes and sealed. 

These were stored at 2 ï 8°C until time of culture. 

 

3.3.1.17    Sheep blood agar  

Sheep blood agar is a non-selective medium with the addition of sheep blood used to 

isolate and cultivate fastidious microorganisms with clearly visible haemolytic reactions. 
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Ready-made sealed pre-poured petri dishes contained 14 g/l tryptone, 4.5 g/l peptone 

neutralized, 4.5 g/l yeast extract, 5 g/l sodium chloride, 12 g/l agar and Final pH 7.3 ± 0.2 

at 25°C added with 5% sheep blood (TSA with 5% Sheep Blood). These were received 

from the supplier (E & O Laboratories Ltd., Burnhouse Bonnybridge, Scotland) and 

stored under refrigeration temperature until time of culture. 

 

3.3.1.18    Glycerol medium  

Glycerol medium was used for preservation and long term storage of the isolated colonies. 

This was prepared by mixing nutrient broth with glycerol solution (HiMedia laboratories 

Pvt
®
 Ltd., Mumbai, India) according to the manufacturerôs instructions. The medium was 

obtained by dissolving 13 g of nutrient broth in 1000ml of distilled water. The medium 

was heated to dissolve completely and autoclaved at 121°C for 15 minutes. Thereafter, the 

nutrient broth was mixed with 20% of Glycerol solution (Philip Harris Limited, 

Shenstone, England) and was dispensed into the cryovials for the inoculation of isolated 

colonies. For long term storage of the isolates, inoculated vials were stored at ï20°C. 

 

3.3.2    Initial suspension and serial dilutions 

Initial suspension and serial dilutions were prepared according to the ISO 6887-1 rules 

(ISO, 1999). The samples were left to thaw at room temperature for 1 hour (Plate 1). 

Using a sterile pipette 25 ml of the sample were transferred into a conical flask containing 

225 ml of BPW and mixed well. From the mixture 1 ml as the initial inoculum was 

transferred into a test tube containing 9 ml of BPW (10
-1
 dilution) using a fresh sterile 

pipette, which was followed by serial dilutions. The procedure was repeated up to 10
-7

 

dilution and in the last dilution 1 ml of inoculum was discarded (Figure 2). The dilutions 

were mixed using a vortex mixer for 5 ï 10 seconds. The dilutions were used in 

microbiological tests to detect and enumerate Enterobacteriaceae and S. aureus and to 
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estimate the microbial load in milk. The remaining initial suspension was used in the 

initial preparation for isolation and presumptive identification of Salmonella spp. Remains 

of the original sample was used in the initial preparation for isolation and presumptive 

identification of Listeria spp. All samples were passing through this preparatory step prior 

to microbiological tests.  

 

 

Plate 1: Thawing of samples 

 

 

Figure 2: Procedure adopted for serial dilutions of milk samples 
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3.3.3    Control  isolates 

Five hundred millilitres of milk was obtained from Magadu dairy farm at Sokoine 

University of Agriculture (SUA) and were used as a control during the microbial analyses. 

The control sample was sterilized by boiling at 100°C and was placed in a clean sterile 

bottle. Part of the sample was inoculated with known bacterial strains of E. coli (E. coli 

2262-79 DEC9B), Salmonella (S. enterica ATCC13076), S. aureus (S. aureus NCTC 

6571/ATCC 9144) and L. monocytogenes (L. monocytogenes NCTC 13372/ATCC 7644). 

A fresh sterile pipette was used to transfer 10 ml of the inoculum sample into a sterile 

beaker containing 90 ml half strength Fraser broth for cultivation of L. monocytogenes. 

The mixture was sealed with an Aluminium foil and incubated at 30°C for 24 hours. 

Another 25 ml of the inoculum sample were mixed with 225 ml of BPW from serial 

dilutions were prepared after initial suspension. Thereafter, the ISO procedures were 

followed to detect and enumerate the desired microorganisms. The resulting colony 

morphology and colour were used to do comparisons against test samples. Known 

bacterial strains were cultured and stored in sterile condition at 2 ï 8°C for use as a 

control in the entire microbial analysis. Confirmation of the identified colonies from each 

sample was done along with positive and negative control cultures. 

 

3.3.4    Micr obiological tests  

For evaluation of milk quality, microbial contamination was assessed through estimating 

total plate count (TPC), coliform plate count (CPC) and Coagulase Positive Staphylococci 

(CPS) count in milk produced in farming systems of the study districts and testing the 

samples for presence of pathogenic bacteria. In this study, a few selected pathogens 

including E. coli, Salmonella, S. aureus and L. monnocytogenes were targeted.  
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3.3.4.1    Total plate count 

Total plate count (TPC) was determined according to the procedure of ISO 4833-2 

standard protocol. The protocol detects all viable microorganisms that can grow 

aerobically on plate count agar at an appropriate incubation condition of 30 ºC for 72 

hours. Plate count agar (PCA) plates were placed at room temperature and labelling of the 

agar plates was clearly done prior to culturing. From the last dilution (10
-7

) of milk 

sample, 0.1 ml was obtained for inoculation of PCA plates in duplicates. The sample was 

spread on the media surface using a fresh and sterile swab and the plates were allowed to 

dry with their lids on for 15 minutes. The plates were inverted and incubated at 30ºC 

under aerobic condition for 72 hours to allow microbial growth (ISO, 2013). The 

procedure was repeated as above with the other dilutions up to the first dilution and with 

the remaining test samples, where only consecutive critical dilution steps were chosen for 

the inoculation of petri dishes. Two consecutive plates with 15 to 300 colonies per plate 

were considered for record. TPC was determined by manual counting of colonies and was 

expressed as CFU/ml. The following formula was used in the final estimation of TPC: 

 

 

 

Where;  = the number of bacteria, 

= the sum of colonies identified on two consecutive dilution steps, 

 = the volume of inoculum on each dish, in millilitres, 

 = the number of dishes selected at the first dilution, 

 = the number of dishes selected at the second dilution, 

 = the dilution rate corresponding to the first dilution selected. 

éééé..ééé.éééééééééééé.é.(1) 
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3.3.4.2    Detection and enumeration of coliforms 

Detection and enumeration of coliforms in the Enterobacteriaceae family was carried out 

according to the procedure of ISO 21528ï2: 2004 standard protocol (ISO 2004) through 

the following stages: 

 

Stage 1: Inoculation and incubation  

By means of a fresh and sterile pipette, 1 ml of the test sample was transferred from the 

serial dilutions (10
-7 
ï 10

-1
) to the media on petri dishes in duplicates. About 10 ml of the 

Violet Red Bile Glucose (VRBG) agar at 46 ± 2ºC was poured into each petri. The 

inoculum was mixed with the medium by horizontal movements and allowed to solidify. 

After complete solidification of the mixture, a covering layer of about 15 ml of the VRBG 

agar was added to prevent spreading growth and to achieve semi-anaerobic conditions and 

then allowed to solidify again. Thereafter, the plates were inverted and placed in the 

incubator at 37 ºC for 24 hours. The procedure was repeated with the remaining test 

samples where only consecutive critical dilution steps were chosen for the inoculation of 

petri dishes. 

 

Stage 2: Sub-culturing and identification of coliforms 

Five suspected colonies were selected at random from each plate and streaked onto NA 

plates for biochemical confirmation. Colonies were also streaked onto MA plates in order 

to stain them for lactose fermentation and hence differentiation of Enterobacteriaceae. All  

plates were incubated at 37 ºC for 24 hours. Thereafter, MA plates were examined for 

lactose fermentation. Strong lactose fermenting bacteria such as E. coli, Enterobacter and 

Klebsiella species utilize lactose available in the medium, which produce sufficient acid to 

cause precipitation of the bile salts also available in the medium, resulting in a pink halo 

in the medium surrounding individual colonies or areas of confluent growth. Bacteria with 
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weaker lactose fermentation such as Serratia and Citrobacter spp. appear pink to red but 

are not surrounded by a pink halo in the surrounding medium. Lactose non fermenting 

bacteria such as Salmonella, Proteus and Shigella utilize peptone available in the medium, 

which forms ammonia that raises the pH of the agar resulting into the formation of 

colourless colonies on the medium and the agar surrounding the bacteria becomes fairly 

transparent (Allen, 2005). 

 

Stage 3: Biochemical confirmation of coliforms 

Isolated colonies were picked from NA plates for biochemical confirmation. An oxidase 

test and a glucose fermentation test were performed on each selected colony. In summary, 

well-isolated colonies were streaked onto oxidase strips (OXOID
®
 Ltd., Basingstoke, 

U.K.) using sterile plastic loops. The strips were observed for colour change. A positive 

detection changes into purple colour within 10 seconds. As for glucose fermentation test, 

a positive reaction changes into yellow colour throughout the contents of the glucose agar 

tube and sometimes with gas production after 37 ºC incubation for 24 hours. Colonies that 

were oxidase negative and glucose positive were confirmed as coliform bacteria. 

 

Stage 4: Colony counting and determination of coliform plate count 

When all of the selected typical colonies were oxidase negative and glucose fermentation 

positive, the number of colonies was counted. In the other case the number was calculated 

as the percentage of oxidase negative and glucose fermentation positive colonies in 

relation to the total number of selected colonies. Coliform plate count (CPC) was 

determined using the same formula as that used for the determination of TPC and was 

expressed as CFU/ ml. 
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3.3.4.3    Detection and enumeration of Coagulase Positive Staphylococci 

This was done according to the European Standard EN ISO 6888-1:1999/A1: 2003, which 

has the status of a British Standard (BSI, 2003). 

 

Stage 1: Inoculation and incubation  

Using a fresh and sterile pipette, 0.1 ml of the test sample was transferred from 10
-7 
ï 10

-1 

diluents onto Baird-Parker (BP) agar plates. The sample was spread on the media surface 

using a fresh sterile swab. The plates were allowed to dry with their lids on for 15 

minutes. The plates were then inverted and incubated at 37 ºC for 24 hours. After 

incubation period, all typical and atypical colonies present were counted and the plates 

were re-incubated at the same condition for another 24 hours. Thereafter, all typical and 

atypical colonies present were counted for a second time. The same procedure was used in 

the remaining samples where only consecutive critical dilution steps were chosen for the 

inoculation of petri dishes. To estimate Coagulase Positive Staphylococci (CPS, plates 

with 25 ï 250 colonies were selected for reading. Typical colonies grown on BP agar are 

black or grey, shining due to reduced action of tellurite; convex shaped and surrounded by 

a clear zone sometimes with an opalescent ring due to proteolysis. Atypical colonies are 

shining black or grey with or without a narrow white edge; the clear zone and opalescent 

ring are absent.  

 

Stage 2: Coagulase test 

Coagulase test was used to test for the production of coagulase enzyme, which determines 

pathogenicity. An average of three colonies of each typical and atypical colonies were 

isolated for confirmation. Using a sterile loop an inoculum was removed from the surface 

of each isolated colony and transferred into a tube containing BHI broth and incubated at 

37 ºC for 24 hours. Then 0.1 ml of each culture was aseptically added to 0.2 ml of the 
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rabbit plasma in Eppendorf tube and incubated at 37 ºC for 4 ï 6 hours. Thereafter, the 

tubes were examined for clotting and if the test was negative, tubes were re-examined at 

24 hours of incubation. The test was considered to be positive if the clot occupied more 

than half of the original volume of the liquid. As a negative control 0.1 ml of sterile BHI 

broth was added to 0.2 ml of rabbit plasma and incubated without inoculation. Also, for 

positive control, 0.1 ml of sterile BHI broth inoculated with a known strain of S. aureus 

was added to 0.2 ml of rabbit plasma and incubated.  

 

Stage 3: Determination of number of Coagulase Positive Staphylococci 

For each plate, the number of Coagulase Positive Staphylococci was calculated using the 

following equation: 

 

 

Where;  = the number of identified coagulase positive staphylococci, 

 = the number of typical colonies submitted to the coagulase test, 

 = the number of atypical colonies submitted to the coagulase test, 

 = the number of typical colonies, which have shown to be coagulase positive, 

= the number of atypical colonies, which have shown to be coagulase positive, 

 = the total number of typical colonies seen on the plate, 

= the total number of atypical colonies seen on the plate. 

 

As a weighted mean from the two successive dilutions, the number of identified CPS 

present in the test sample was calculated using the same formula as that used in the 

determination of TPC and was expressed as CFU/ml. 

ééééééééé..ééééééééééééé.(2) 
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3.3.4.4    Isolation and identification of Salmonella spp. 

Identification of Salmonella spp. in milk was done according to the ISO 6579:2002 

standard protocol (BSI, 2002; BSI 2007) through the following stages: 

 

Stage 1: Selective enrichment of initial culture s 

For the selective enrichment of initial culture, the initial suspension was incubated at 37 

ºC for 18 hours. Thereafter, 0.1 ml of the culture obtained was transferred to a test tube 

containing 10 ml RVS broth and another 1 ml of the culture was transferred to a test tube 

containing 10 ml MKTTn broth. The inoculated RVS and MKTTn broths were incubated 

at 42 ºC and 37 ºC respectively for 24 hours. The procedure was repeated with the 

remaining test samples. 

 

Stage 2: Plating out and identification of Salmonella 

RVS broth culture was inoculated to XLD and MA plates to isolate colonies and stain 

them for lactose fermentation and similarly for the culture obtained in the MKTTn broth. 

The plates were inverted and incubated at 37 ºC for 24 hours. After incubation the plates 

were examined for the presence of typical colonies and atypical colonies that may be 

Salmonella and the ability to ferment lactose on MA. Typical colonies of Salmonella are 

characteristically red with black centers on XLD agar due to xylose fermentation, lysine 

decarboxylation and production of Hydrogen Sulphide (H2S). This is the primary 

differentiation of Salmonella from non-pathogenic bacteria. Salmonella H2S negative 

variants grown on XLD agar are pink with a darker pink centre and Lactose positive 

Salmonella are yellow with or without blackening. Also, red colonies might occur with 

some Proteus and Pseudomonas species.  
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Stage 3: Confirmation  of Salmonella 

Identification of colonies from each XLD agar plate was confirmed using Salmonella test 

kit (OXOID
®
 Ltd., Basingstoke, U.K.). This is a rapid latex agglutination test for the 

presumptive identification of Salmonella (Plate 2). As a negative control, a drop of 

Salmonella latex reagent was mixed with a drop of 0.85% isotonic saline within one circle 

on the reaction card and observed for agglutination for two minutes. Also, as a positive 

control, a drop of Salmonella latex reagent was mixed with a smooth suspension of a 

known Salmonella spp. within one circle on the reaction card and observed for 

agglutination for two minutes. For test cultures, a drop of 0.85% isotonic saline was added 

within one circle on the reaction card. Suspect colony was emulsified in the drop of saline 

and the suspension was observed for any agglutination. Thereafter, a drop of Salmonella 

latex reagent was added to the saline suspension. The mixing was done using a clean 

sterile loop and was examined for agglutination together with positive and negative 

control for two minutes.  

 

  

Plate 2:  (A) Salmonella test kit and (B) Latex agglutination test for the identification       

of Salmonella 

 

A B 
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3.3.4.5   Isolation and identification of Escherichia coli 

To isolate and identify E. coli, well stained colonies for lactose fermentation, which 

showed pink colour were picked from MA plates. These isolates were streaked on MA 

plates and incubated at 37
o
C for 24 hours to obtain pure colonies. Thereafter, Gram stain 

test was carried out to characterize the available bacterial organisms by chemical and 

physical properties of their cell walls. The Gram stain protocol involves the application of 

a series of dyes that results in some bacteria staining purple and others pink. Biochemical 

analysis was performed to confirm the presence of E. coli using Indole production test. 

 

Gram stain test: The Gram staining of the bacterial colony was done according to the 

procedure described by the supplier (Remel Inc., Santa Fe Drive, Lenexa, Kansas KS 

66215 USA). Suspected colonies were smeared on glass slides and were allowed to air-

dry completely. Firstly, these slides were fixed by passing through the flame of a Bunsen 

burner 3 ï 4 times. Secondly, all slides were placed on a staining rack, overlaid with Gram 

Crystal Violet for one minute and washed thoroughly with water. Then, the slides were 

overlaid with Gram Iodine mordant for one minute and flooded with Gram Decolourizer 

for 10 ï 30 seconds until the solvent streamed colourless from the slides. Thereafter, the 

slides were rinsed with water, overlaid with Gram Safranin for 30 seconds, rinsed with 

water and allowed to dry. Finally, specimens on slides were viewed under oil immersion 

(1000x) with a bright-field compound microscope (Plate 3). Bacteria that appeared 

spherical or cocci in shape with pale to dark purple stain were considered Gram-positive, 

and those that appeared rod or coccobacilli with pink or pale to dark red stain were 

classified as Gram-negative. 
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Plate 3: Microscopic examination of E. coli cells 

 

Indole test: From the surface of each suspected colony an inoculum was obtained and 

transferred into a test tube containing tryptophan broth followed by incubation at 37 ºC for 

24 hours. Also, positive and negative controls were prepared. To the broth culture, 0.5 ml 

of Kovacôs reagent (Loba Chemie Pvt. Ltd. 107 Wode House Road, Mumbai, India) was 

added. The formation of a pink to cherry red color in the reagent layer on top of the 

medium, within seconds of adding the reagent, revealed positive indole test. The reagent 

layer remained yellow or slightly cloudy, when a culture was indole negative. The 

presence of a black coloration in the media after incubation indicated lack of H2S in the 

media (Cappuccino and Sherman, 2002). Most strains of E.coli, Proteus vulgaris, 

Klebsiella oxytoca, Citrobacter koseri and Providencia spp. are indole positive. 

Salmonella spp., Pseudomonas spp, Citrobacter freundii, Proteus mirabilis and most 

Klebsiella spp. are indole negative (Winn Jr. et al., 2006). 

 

3.3.4.6    Isolation and identification of Listeria spp 

The presence or absence of Listeria spp. in test samples was determined by carrying out 

the tests in accordance with the ISO 11290-1:1997/A1:2005 protocol (AENOR, 2005) 

through three stages described hereafter. 
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Stage 1: Primary and secondary enrichment of test samples 

In the enrichment stage, 10 ml of the test sample were  transferred into a sterile beaker 

containing 90 ml half strength Fraser broth and the inoculum was incubated at 30ºC for 24 

hours. Thereafter, 0.1 ml of the culture was transferred to a test tube containing 10 ml 

Fraser broth. The test tube was incubated at 37ºC for 48 hours. The procedure was 

repeated for the remaining test samples. 

 

Stage 2: Plating out and identification of Listeria 

In the plating stage, the primary enrichment culture previously incubated for 24 hours was 

inoculated to the surface of Listeria Oxford agar and Colorex (CX) Listeria agar. The 

plates were then inverted and incubated at 37ºC for 24 hours. Thereafter, the plates were 

examined for the presence of colonies. Then, the same plates were again incubated for 

another 24 hours after which they were examined for the growth of colonies. The 

procedure was also followed with the secondary enrichment culture. The plates were 

examined for the presence of colonies supposed to be Listeria spp. according to the 

explanation of media manufacturer (Biomed Diagnostics, Inc. White City, USA). All 

Listeria spp. grown on Listeria Oxford agar are characteristically small, brown-green to 

dark-brown surrounded by black zones due to hydrolysis of aesculin present in the 

medium. Besides, L. monocytogenes and L. ivanovii grown on CX Listeria agar are blue-

green colonies with well-defined edges surrounded by an opaque, white halo, as the 

medium contains lecithin substrate, which differentiates these bacteria from other Listeria 

spp.  Some strains of Bacillus cereus can also grow as blue colonies on CX Listeria agar, 

but they can simply be distinguished from colonies of Listeria since they are much larger 

with an irregular edge to the colony and very large white halo. 
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Stage 3: Confirmation  of Listeria 

Four tests namely haemolysis on a sheep blood agar, CAMP, oxidase and Listeria test kit 

were carried out to confirm the presence of L. monocytogenes and other Listeria spp. in 

test samples. 

 

Haemolysis on a sheep blood agar: This test was carried out to confirm whether the 

isolates can destroy the cells and digest the haemoglobin. An isolated colony for each 

culture was plated and stabbed on one space of sheep blood agar plate. Also, a control 

culture was stabbed at the same time. The plates were inverted and incubated at 37 ºC for 

24 hours. After incubation, the plates were examined in light for revealing signs of Ŭ or ɓ-

haemolysis in comparison with the control. Discolouration or darkening of the medium 

after growth indicated that the organism had demonstrated Ŭ-haemolysis. If the medium 

was cleared under growth, the organism was ɓ-haemolytic. Unchange in the color of the 

medium indicated Ư-haemolysis. 

 

CAMP test: In the CAMP test synergistic reaction of diffusible substances produced by 

microorganisms growing adjacent to each other on sheep blood agar results in an 

enhanced zone of hemolysis in the region between the two cultures. Therefore, known 

cultures of S. aureus (S. aureus NCTC 6571/ATCC 9144) and Rhodococcus equi (R. equi 

NCTC 1621/ATCC 6939) were streaked in single lines across the sheep blood agar plate 

parallel and completely opposite to each other. Also, several isolated test strains were 

streaked in single lines on the same plate at right angles to the two cultures so that the test 

culture and S. aureus and R. equi cultures were about 1 ï 2 mm apart. Moreover, control 

cultures were streaked simultaneously. The plates were incubated at 37 ºC for 24 hours 

while inverted. After incubation, the plates were examined for the contents. An enhanced 

zone of ɓ-haemolysis at the intersection between the test strain and each of the S. aureus 
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and R. equi cultures was considered as a positive reaction. L. innocua did not haemolyse 

the medium. L. monocytogenes formed a weak enhanced and small less obvious 

rectangular zones of ɓῐhaemolysis between streaks of test strain and S. aureus whereas L. 

ivanovii formed a shovel shape hemolysis between streaks of test strain and R. equi.  

 

Oxidase test: This test was undertaken to avoid false reactions that might occur to 

Listeria test kit with oxidase positive cultures. Listeria spp. are oxidase negative. Well-

isolated colonies were streaked onto oxidase test strips using sterile plastic loops and were 

observed for colour change within 10 seconds.  

 

Listeria test kit: The kit (Oxoid® Ltd., Basingstoke, Hampshire, England) uses the 

principle of rapid latex agglutination test for the presumptive identification of Listeria 

spp. (Plate 4). This was performed to test the possibility of existence of rare strains of L. 

monocytogenes, which might not show ɓ-haemolysis or a positive reaction to the CAMP 

test. Listeria latex reagent was used as a negative control whereby one drop was mixed 

with another drop of saline within one circle on the reaction card and was observed for 

agglutination for 2 minutes. As a positive control, a drop of Listeria latex reagent was 

mixed with a smooth suspension of the known L. monocytogenes within one circle on the 

reaction card and was observed for agglutination for 2 minutes. For smooth strains of the 

bacterial isolates, the test was performed by adding a drop of 0.85% isotonic saline within 

one circle on the reaction card. The suspected colony was emulsified in the drop of saline 

by using a sterile loop and the suspension was observed for any agglutination. Thereafter, 

a drop of Listeria latex reagent was added to the saline suspension and the mixture was 

mixed with a clean sterile loop. The suspension mixture was examined for agglutination 

within two minutes along with positive and negative control. In the case rough strains of 

the bacterial isolates, non-specific agglutination was demonstrated in normal saline alone. 
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Plate 4: (A) Listeria test kit and (B) Latex agglutination test for the presumptive 

identification of Listeria spp. 

 

3.3.5    Statistical analysis  

Two types of analyses were performed in the present study. Firstly, questionnaire data 

were analyzed using the Statistical Package for Social Sciences (SPSS) version 17.0. The 

proportions of categorical variables were computed and compared for statistical 

significance by Pearsonôs Chi-square test at a Confidence Interval (CI) of 95%. The 

difference was considered statistically significant at P < 0.05. Secondly, three dependent 

variables namely TPC, CPC and CPS counts were analyzed against independent variables 

using the General Linear Models (GLM) procedures of the Statistical Analysis System 

(SAS) version 9.1 for Windows (SAS Institute Inc. Cary, NC 27513, USA). Bacterial 

counts were normalized by exponential conversion. The counts were used to compute 

means, standard deviations; minimum and maximum CFU/ml. Independent variables were 

farming system (F), source (S) and form (T) of milk as shown in the model: 

 

Y ijkl  = µ + Fi + Sj + Tk + (FS)ij + (FT)ik + Eijkl   ééééééééééééééé.é..(3) 

 

Where; Y ijk = observed value (TPC/Enterobacteriaceae count or CPS count), 

µ = Overall mean, 

 

A B 
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Fi = effect of the i
th
 farming system, 

Sj = Effect of the j
th
 source of milk (Household, vendor/trader, restaurant, kiosk or 

collection centre), 

Tk = Effect of the k
th 

form of milk (Raw, boiled, freezed or fermented milk), 

(FS)ij and (FT)ik = interactions, 

Eijk l = random residual error. 

 

3.4    Consent and Ethical Consideration  

Consent to conduct the study was sought from participants in the selected villages before 

beginning the study. The people involved in the study were informed about the 

background and objectives of the study, types of data required and collection procedure, 

how the information would be used and how the confidentiality of participants would be 

protected. Participation in the study was on voluntary basis. Data collected and results of 

laboratory microbial analysis of milk samples were under protective care of researchers as 

confidential. 
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CHAPTER FOUR 

 

4.0    RESULTS AND DISCUSSION 

4.1    Characteristics and Distribution of Respondents 

Characteristics and distribution of household respondents are presented in Table 3. Of the 

total household respondents who participated in the study, 83.3% were males and 16.7% 

were females. Those aged above 45 years comprised 64.8% and the remaining proportion 

(35.2%) were under 45. Regarding their level of education, the majority (70.4%) had 

completed only primary education. Most of the respondents were householdsô heads; a 

few were either spouses or sons of the heads of the households. All respondents were 

obtained from villages indicated in Table 3. Regarding characteristics of other categories 

of respondents (suppliers, vendors and restaurateurs) followed a similar trend as 

household representatives with some few exceptions. Males constituted a large part of 

respondents in all categories. The majority of respondents in these categories were under 

45 years of age. Regarding education, all respondents had completed primary education 

except 33.3% of owners of restaurants that had completed secondary education. The 

majority were heads of the households.   
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Table 3: Characteristics and distribution of respondents 

Demographic 

information 

 

Category 

Households 

(N = 54) 

Suppliers 

(N = 25) 

Vendors 

(N = 13) 

Restaurants (N 

= 18) 

n % n % n % n % 

Sex 

 

Age 

 

Education 

 

 

Position in the 

household 

 

Study villages in 

Handeni 

 

 

 

Study villages in 

Lushoto 

Males 

Females 

>45 years 

Ò45 years 

Primary 

Secondary 

No formal 

Head 

Spouse 

Son 

Kibaya 

Masatu 

Sindeni 

Kwediyamba 

Konje 

Handei 

Manolo 

Mbokoi 

Mwangoi 

Kwangôwenda 

45 

9 

35 

19 

38 

1 

15 

39 

9 

6 

9 

7 

8 

3 

10 

5 

3 

2 

3 

4 

83.3 

16.7 

64.8 

35.2 

70.4 

1.9 

27.7 

72.2 

16.7 

11.1 

24.3 

18.9 

21.6 

8.1 

27.0 

29.4 

17.7 

11.7 

17.6 

23.5 

22 

3 

6 

19 

25 

0 

0 

13 

4 

8 

0 

2 

3 

5 

3 

2 

2 

5 

1 

2 

88.0 

12.0 

24.0 

76.0 

100 

0.0 

0.0 

52.0 

16.0 

32.0 

0.0 

15.3 

23.1 

38.5 

23.1 

16.7 

16.7 

41.6 

8.3 

16.7 

13 

0 

3 

10 

13 

0 

0 

7 

0 

6 

1 

2 

3 

2 

0 

1 

0 

0 

2 

2 

100 

0.0 

23.1 

76.9 

100 

0.0 

0.0 

53.8 

0.0 

46.2 

12.5 

25.0 

37.5 

25.0 

0.0 

20.0 

0.0 

0.0 

40.0 

40.0 

13 

5 

8 

10 

12 

6 

0 

10 

6 

2 

4 

0 

2 

1 

1 

1 

2 

3 

3 

1 

72.2 

27.8 

44.4 

55.6 

66.7 

33.3 

0.0 

55.6 

33.3 

11.1 

50.0 

0.0 

25.0 

12.5 

12.5 

10.0 

20.0 

30.0 

30.0 

10.0 

EFS = Extensive farming system, SIFS = Semi intensive/intensive farming system 

 

4.2    Farming Systems, Farm Management and Control of Diseases 

Two farming systems namely Extensive farming system (EFS) and Semi intensive/ 

intensive farming system (SIFS) existed in the study sites at the time of this study. In the 

EFS majority of animals were TSZ as revealed by 86.5% of the respondents. Farmers in 

this system owned between 6 and 125 herds of cattle and the majority (75.7%) of farmers 

were milking between 1 and 10 cows collecting 2 ï 20 litres of milk per household per 

day at the time of the survey. Natural mating was the common method where 10.8% of 

farmers were obtaining bulls for mating when their herds come into contact with other 

herds during communal grazing. On communal grazing, animals share water sources and 

pastures which can be one among the means of disease transmission in cattle herds. 

Herding was commonly done by males (83.8%).  In the SIFS, it was observed that all 

animals in the participant households have exotic blood dominated by the Friesian x 
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Indigenous crosses. The total herd size ranged from 1 to 8 crossbred cows, 1 and 2 heifers 

and 1 and 2 calves. Milk collection was estimated at 2 ï 7 litres of milk per cow per day. 

In an earlier study, Changôa et al. (2010) showed that smallholder farmers in Tanzania 

were individuals that kept a small number of cattle indoors with the average herd 

consisting of 3 ï 9 crossbred cows. Mating was natural at the time of this study in which 

breeding bulls were commonly shared between farmers in a village.  

 

Regarding management, most of animals in the EFS were kept in simple shelters built of 

trees/logs ñbomaò. A few animal houses were made of tree branches and/or woods, 

concrete floors and roofed with iron sheets. Floors were of poor drainage mainly of mud 

or earthen. A few farmers provided beddings. In the SIFS floors were mainly concrete 

and beddings.  A similar situation was reported by Shija (2013). It is advised that cattle 

houses should be designed well and constructed properly in order to protect the health of 

animals due to the fact that on many instances, the animal sheds are breeding places for 

microorganisms, flies and mosquitoes, which may attack the animal, causing various 

kinds of infectious diseases (Sharma, 2009). Wilson et al. (1997) observed that poorly 

designed and unclean animal houses accelerate the transmission of mastitis, especially 

when milking practices are also poor. Besides, Ruegg (2003) reported that exposure to 

moisture, mud, and manure in cow housing areas can influence the rate of clinical mastitis 

thus influencing the quality of milk produced. This would probably be the causes of 

prevalence of a number of diseases in the study area. Major disease conditions reported to 

affect cattle in the two farming systems are shown in Figure 3. 
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Figure 3: Prevalence of common diseases reported to affect cattle in the two farming 

systems 

 

Regarding animal health, knapsack spraying and plunge dipping were practiced in both 

systems to control ticks and external parasites. 32.4% and 41.8% of the household 

respondents reported to give prophylactic treatment to cattle for helminthiosis in the EFS 

and SIFS, respectively. A few respondents reported to previously vaccinate cattle against 

Anthrax and Lumpy skin disease (LSD). Of the interviewed household respondents, 

31.5% reported that their cattle herds had been vaccinated by Veterinary officers, 16.7% 

by animal health attendants and 7.4% by village extension officers. The rest did not 

vaccinate against diseases. In each village there was an animal health worker 

administering treatment to the livestock. However, most (68.5%) of the household 

respondents had complained about high price of veterinary drugs. There was no routine 

screening for TB and brucellosis. It is advised that all animals in cattle households 

including Dogs and Cats must be screened and vaccinated against infectious diseases on a 

regular basis. Also, the awareness on the importance of milk borne zoonoses as diseases 

of public health and economic concern should be improved through training of farmers 

(Minja and Latonga, 2003). General information on cattle management and types of 

animals owned is summarized in Table 4. 
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Table 4: Cattle management and types of animals owned  

 

 

Factor 

 

 

Category 

EFS 

(N = 37) 

SIFS 

(N = 17) 

n % n % 

Cattle breed 

 

 

Source of breeding bull  

 

 

 

Type of animal house  

 

Floor design 

 

 

 

Prophylactic treatment 

Disease vaccination 

 

TSZ 

Friesian cross 

Boran cross 

Own herd 

Herd contacts 

Neighbours 

Farmersô groups 

Tree/logs ñbomaò 

Shed 

Natural earth  

Deep liter  

Beddings  

Concrete  

Helminthiosis 

Anthrax 

LSD 

32 

4 

1 

30 

4 

1 

0 

23 

0 

14 

9 

0 

0 

12 

0 

4 

86.5 

10.8 

2.7 

81.1 

10.8 

2.7 

0.0 

62.2 

0.0 

37.8 

24.3 

0.0 

0.0 

32.4 

0.0 

10.8 

0 

17 

0 

1 

0 

10 

5 

0 

17 

13 

1 

1 

2 

7 

1 

2 

0.0 

100 

0.0 

5.8 

0.0 

58.8 

29.4 

0.0 

100 

76.5 

5.8 

5.8 

11.8 

41.8 

5.8 

11.8 

  

 

4.3    Milking , Milk Handling, Consumption and Awareness on Milk Quality 

During the survey, hand milking was the common method of milking practiced in all 

surveyed households. Safe hand milking steps have been highlighted by Kurwijila (1998) 

and Sharma (2009). It is important that before milking the hands should be washed using 

clean water and soap and dried well and fore-stripping should be done to discard the first 

few strokes of milking in order to avoid milk contamination by extraneous bacteria and 

allow a quick check for signs of clinical mastitis. Farmers are advised to use pre and post 

dipping in order to reduce the resident teat skin bacterial population and prevent the 

transmission of contagious bacteria respectively. The teats of the cow should be dried 

after washing to avoid milk contamination with water remaining on the teats. Moistening 

hand in milk, water or oil is not recommended and the technique of pulling teats in 

milking should be avoided as it can cause irreparable damage to the udder due to the fact 

that the udder is made by tissues and ligaments. However, most of the farmers were either 

skipping or not following at all some of the important steps during milking. Some (33.3%) 
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of them reported using crushes during milking.  Only, 55.5% of the interviewed farmers 

reported that they were washing hands before milking and only 38.9% of them were 

cleaning the teats of cows before milking. The rest allowed the calf to suckle for a few 

minutes before milking in order to stimulate the flow of milk and this was regarded as 

cleaning of teats. All farmers were not fore-stripping on the quarters during milking. Very 

few (5.6%) farmers reported to dry cow teats after washing. Also, few (12.9%) farmers 

reported to apply teat-dip. The technique of pulling teats was commonly used by most 

farmers in hand milking.  

 

It was observed in this study that most of the milk collected was consumed in the 

households. Whereas 35.2% of respondents reported consumption of actual raw milk, 

above half (53.7%) reported consumption of fermented raw milk and the rest were boiling 

the milk before consumption. Surprisingly, milk from sick animals was also reported to be 

consumed by family members. This was evidenced by consumption of this type of milk 

by 27.8% of the household respondents. While 42.6% did not milk sick animals, 14.8% 

were leaving the milk for calves, 9.2% were discarding the milk and the rest were selling 

the milk. 

 

The behaviour of direct consumption of home produced products such as milk is common 

in many developing countries including Tanzania (Ndambi et al., 2007; RLDC, 2009). 

Farmers visited in the present study were practicing the same but what was surprising was 

the consumption of raw milk and milk from sick animals. The consumption of raw and/or 

raw fermented milk should be avoided as it can pose significant health risks to the 

consumers due to the fact that most of the milk produced and consumed in rural areas is 

handled un-hygienically. Moreover, consumption of milk from sick animals should be 

avoided as it may pose an unnecessary health threat to the consumers due to its possible 
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contamination with a variety of agents including pathogenic microorganisms. Also, these 

animals might have been treated with antibiotics and milk should therefore be discarded 

for the prescribed duration as it might have antibiotic residue and antibiotics, which not 

only affects the quality of the milk  but also the health of consumers (Sharma, 2009).  

 

Bacterial contamination in milk can come from several sources, such as the presence of 

animal excrement on the animal's skin, the milk containers and even the hands of the 

workers who milk the animals. The potential pathogens present in raw milk can be 

diverse, variable, and unpredictable (Oliver et al., 2009). It is therefore strongly advised 

that milk should be boiled before consumption (Claeys et al., 2012). Whenever possible, 

routine health checks for people handling milk should be conducted to ensure good 

quality milk. However, at the time of this survey there was no routine screening of health 

status of people who were handling milk. Another possible source of milk contamination 

can be equipment for handling and storing milk. In the present study 64.8% of the farmers 

were storing milk in plastic buckets. 12.9% were using metal containers and another 

12.9% were using calabashes. However, metal containers were only observed in the SIFS 

while calabashes were found in the EFS. The storage containers were cleaned on daily 

basis. Upon direct observation, most (50%) of the milk storage equipment were found to 

be covered while 14.8% were uncovered. The rest vessels were unknown if they were 

previously covered. All farmers reported that they did not get formal training on milk 

handling and marketing. There were no cold storage facilities as milk was being stored at 

room temperature. This way of storage facilitates growth of microorganisms over time. 

Water that was being frequently used for watering cattle herds and for sanitary including 

washing hands, utensils and/or equipment was obtained mainly from unsanitary sources. 

This might also be causing health problems to the animals and contaminate the milk 

cratched plastic containers and traditional vessels made out of wood (e.g. calabash), clay 
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or animal skin are not easily cleanable. Aluminium vessels or stainless steel containers 

should be used due to the fact that they canôt be easily scratched and they are easy to clean 

(Plate 5). FAO (1995) recommended that farmersô training is important in order to meet 

the demands of a modem dairy industry and the requirements of the market. It is advised 

that water for animals and sanitary activities should be obtained from portable sources. 

Responses on milking, milk handling, consumption and awareness on milk quality are 

presented in Table 5. 

 

   

   Plate 5: Equipment for handling and storing milk (A) Dirty plastic milking bucket in 

one of the surveyed households (B) Calabash; is not easily cleanable and (C) 

Aluminium can and stainless steel bucket; the best materials for milking 
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