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ABSTRACT
Milk is important as a valuable djdiutdue to itsnutritional value and perishabbeoduct
it serves as an ideal medium for growth of various microorganismaer suitable
conditions henceit is a staple foodn epidemiologylinked to zoonotic pathogend his
study was carried ouh two districts in Tanga region (Northefiranzania to estimate
microbial load, isolateselectedpathogensand establistiheir possible sourcesr enty
along the milk value chair total of 114respondents were interviewed aubsequently
milk sampleswere aseptically collected fotaboratory microbial analyseusing the
standard 1SO procedures for Food microbial analgsdsorizontal methodsThe resilts
revealed poor practices and lack of formal training on milk hygiene among most of the
actors.More than 90% of all handled milkrepleshad Total plate count (TPCG3bove the
EAC maximumacceptable standard of 2.0RX0DFU/mI. The overallmean coliformplate
count (CPC) was 1.8x£@ 6.2x16 CFU/m|, which indicatecboor animal husbangrand
hygienepractices The values offPC and CPC betweenindependent variablesere not
statistically significant different (P> 0.05). In the samplesone containedCPSisolate
counting t05.1x1¢ CFU/ml likely to cause staphylococcal poisonitgolatedbacteria
were Escherichia coli, Staphylococcusaureus and Listeria spp. including Listeria
innocug Listeria ivanovii and Listeria monocytogenesOther microorganisms itaeded
Klebsiella spp Proteus spp.Stgphylococcuspp, Enterococcus faecaliBacillus cereus
and Pseudomonas spjn theidentified pathogend,. monocytogenewas most(42.1%)
predominantThe quality of milk wa poor; unhygienic practicegpor animahusbandry
practices organization of mk supply chains, dysfunctioaf the regulatory agencies and
quality control structurespredispose the public to risk of contracting rhibrne
infections.Training on animahusbandry practicesnd public educatioon general milk
handling and hygiene are recommend&l$o, sector policies, organizational structures

and support servicesdresearch into public health riska milk must befocused
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background Information

There is a rapidncreasing demand for livestock products in developing countries as a
result of mpulation and income growtas well asurbanization (Delgadet al, 1999).
Annual milk consumptioimncreasan these countries averaged 3.5 ta%4 loetweenl995

and 2005 (FAO, 201@) and is expected to increakether by 2020 Neneet al, 1999).
Therefae, if properly managed the dairy sectorcould serve as a powerful tool for

reducing povertynd creating wealth in developing count(EAO, 201@).

In Tanzania, ot of 4.9 million agricultural households, 35% engage in both crop and
livestock produgbn while 1% consists ofpure livestock keeperstotal annual milk
production is estimatetb be1.65 billion litres Of these86% comes from the traditional
sector which isdominated bythe native Tanzania Short Horn Zebu (TSZ) cattlehe
dairy subsecbr forms onethird of the 4.6%Gross Domestic Product (GDRYyhich is
contributed by the livestock sectofhe subsector hasthereforea big potentialfor
improving standards of living of the majoritf Tanzanian farmers through enhanced
nutrition, incrased income fronsales of milk and milk productas well asreducgng

vulnerability(Njombeet al, 2011)

Despite its importangan many African countriesnarketing of milk is traditional and
informal. In Tanzaniahese marketeande 80i 90% of the locky produced milk(Staalet

al., 2000) andess than 10% of milk produced in the country is marketed as processed
milk. In thesesystens of marketing, milk is commonly rural to rural and a few rural to

direct sales to urbaconsumergKurwijila, et al, 2003). These markepathways provide



social and economic benefits to smallholder producers, agents and consumers in terms of
competitive market pricesand creation of employment(Kang'ethe et al, 2000;
Gopalakurup, 2002)Therefore they are difficult to alelish. However there are neither
regulationsnor control of products in these markatslthe consumption ofaw milk and

milk productsfrom such markets may cause health riskthough a few tradersr
consumergnay take some precaution measur@n theother handbeing anutritious

food, milk serves as an ideal medium for the grovetd multiplicationof various
microorganismgBonfoh, 2003 Parekh and Subhash, 2Q00Bloreover, milk is a highly
perishable commodity and thereforeop handlingof milk can exert both public health

risks and economiclosses Thus milk requires hygienic handling all the way from

production to consuption (Hayeset al, 2003 Swai and Schoonman, 2011

Taken together, theresent state ohilk handling andnarketingmay psehealth risks to
the public. These riskare linked tocontamination of milk growth and survival of
harmful pathogens in the milk and increasing numtfesthermicro-organismscaused by
storage timend conditionsuch as temperature and humidifire aim of this study was
to review the preserstatus of milk handling and marketing and to establish how these can
contribute tothe preserce of harmful microbial pathogensn milk in the sipply chain in

two districts ofTanzania

1.2 Problem Statement and Justification of the Study

Over 9% of the milk which isconsumedn Tanzaniais from the informal markets
(MoAC/SUA/ILRI, 1998) This milk is supplied by traditional livestock sector, which is
mainly composed of indigenous animals. the traditionalsector there is evidence of
inappropriate milking angboor handling of milk, which predisposenilk to microbial

contaminationFurthermorebecause of the greater prevalence of tropical diseases among



livestock in the traditional sectotactating and miking animals might have inborn
pathogens iblood. Thesemay shed harmful pathogens in milk andgatively affecthe

health of consumers afilk or milk products

Preliminary resultobtained inrecent studiesn Morogoro and Tanga regions Tanzania
(Kilango 2011; Shija, 2013Joseph, 2014 have shown that a number of harmful
pathogensexist in milk within the farm and intermediaries However, these studies
highlighted little on thgpathogenicity andources ofdentified pathogens due tstudes
scope and limitations of the analyticalmethodsemployed It was therefore worthy
carrying out a study that will fill this information gam the presenstudy a multr
pathogens analiswascarried outwith the aim ofdetecing additionalpathogens in milk
and providinginformation on thdevelsandsourcesf these pathogens and potential risks
for public health This study ultimately was aimed at identifying a sk of suitable

recommendations for improving hygieaemilk along the value chain.

1.3 Objectives
1.3.1 General objective
To identify pathogens in milk and proposisggategieof reducing the harmful microbial

load in milkalongthemilk value chainn Tanzania

1.3.2 Specific objectives

i) To estimate the micradl load in milk produced in tavfarming systems of Handeni
and Lushoto districts

i) To isolate selectethilk-borne zoonotipathogenslong themilk value chainin the

study area



iii) To establish the possibleogrces of milk microbial hazards the Tanzanianmilk

value chain



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Overview of the Importance of Dairy Production

FAO (201M) estimated that 12 14% of the world population ligeare sustained by dairy
farming World milk production is2xpectedo increase by 153 Millio tons between 2010
and 2020of which 73% isanticipatedto 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 filmentraditional
system which is mainly composed othe indigenous stock dominated by TSZ cattle
(Njombeet al, 2011) These animals account for over 90% of dagry ruminans in the
country and elsewhere ifsubsaharan Africa and contribute significhntto the
production of milk in thecountry(Ndambiet 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 (Njomle¢ al, 2011).Less than 5%f the total milk produced

in Tanzania is formally marketedhereas’O1 80% isconsumedr lost atfarm level and
only 157 25% passes through informal markétsrect sales, hawkers and small vendors)

(RLDC, 2009).

2.2 Milk Value Chain

According to Kaplinskyand 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, disibution and support to the final consumer (Ruijter de Waldal., 2006).

Milk value chains have several outlets through which milk products fiom the

producer to the consumer, which impacts the quality of milk and transaction costs as well



as potenal risk of contamination with pathogens. Hence, an understanding of functional
market chains is an important first step towards understanding and dealing with milk

safety riskgKilango, 2011)

2.3 Milk Composition and Milk Quality

On average87.4 % oft he cowods |ateg 8.4%dis mik fatkKmilk |gids or
butter fat) 89% is solidsnotfat (SNF), 3.4% is protein (2.8% casein 0.6% whey
protein), 48% is lactose, 0% includesminerals (nicronutrients such as Zinc, Iron and
Copperas well asmacronutrients such asafcium, Phosphate, Magnesium, Sodium,
Potassium, @rate and Chlorine) This group also includesulphate, bicarbonatecids
(citrate, fomate, acetate, lactate and oxalate), enzyp@®Xidasecatalase, phosphatase
and lipase)gases (oxygen and nitrogen) anthmins A, C, D, Thiamine and Riboflavin
(Nangwala, 1996Tesha, 2010 In addition, milk is a good source of many other vitamins
such aB6, B12,K, E, niacin, biotin, folates, and pathenic acid Goff and Hill, 1993).
In general milk has a high nutritional valugnd it is a goodliet for the children (FAO,
2005) It provides nourishment and immunological protection (Bauman, 26i0#yever,

if not handled properlymilk can be easily destroyed througbntaminations anbacterial
growth and becomes unfit for human consumptiSome of the microbial contaminants
are responsible for milk spoilage while others are pathogenic with pdtbatlth effects
to cause milkborne diseases (Kivaret al., 2006).Bacterial countn milk is influenced
by thetemperature at which milk is storatdthe time that elapses since milkingdnce
the milk is cooled to 4°C within 2 3 hours after milking, ipreservests original quality
and remains safe for processing and consumgtimore et al, 2005) East African
countries(EAC) have harmonized standarfbr some products including millStandards
arereferencepointsandtoolsfor ensuringguality andsafety East AfricanStandard EAS

A

67) prescribes quality requirements for rawr noa | cowbs mil k. It



quality. It is important that all players in the milk valwhain impement standardt their
level of operation to protect the consun{BAS, 2009. The quality classification for

standardplate count per ml or gn raw milk as developed by the EAS shown in Table .1

Table 1: Microbial limits in raw milk

Bacteriological gade CFU/ml

lor A < 200000

IlorB > 200 0001 0000000
lllor C > 1 000000 2 000000

Source: EAS (2006

2.4 Sourcesof Microbial Hazards in the Milk Value Chain

Microbial contaminationof milk in the value chain carmriginate froma diseasd cow
unhygienicmilking practice poor personal hygieneyunsanitary utensils and/or milking
equipmentand water suppleein sanitary activitiegParekh and Subhash, 2003lango,
2017% Luboteet al, 20194. A cow with an infectious disease cained pathogens from its
blood into the milk.Findings byStreeteret al (1999 indicatethat infected cows with
clinical disease and subclinical infections sh&ticobacterium aviumsubsgcie
Paratuberculosisin both milk and faeces. Detectable levels thie organism were
observed in milk from both clinically infected and asymptomatic carrier aniAtde,
infectedmammaryquartersor cows and thenvironmentjn which animals are kept, are
known to be chietources of bacteria that cause udder infectiorssherd.Transmission
of infectiousbacteria to teats of uninfectedlammaryquarters orcowsoccursmostly at
milking (Kilango, 201]). Appropriate milking hygiene practices reduces the rate of new
infections during milking (Robert, 1996)The use ofpre and postmilking teat
disinfectants is an effective measure in redudhmgrisk of new infectionsPredipping

reduces the resident teat skin bacterial population, which is the main source of infection



for the mammary glandt can reducanew environmetal streptococcal infections aritl

coli by 50%. Postipping prevents the transmission of contagious bacteria such as
aureus(NADIS, 2013. All individuals involved in themilk value chain should maintain
hygiene and must be in sound health becauseob®s may drop from hands, clothing,
nose and mouth, and from sneezing and coughing. It is important for them to be in good
healthto avoid becoming a source of infectious diseases (Kurwijila, 1€88gr bacterial
sources are from air, drugs or chemicatsed during treatment of animal and from
contaminatedvater used for adulteration by unscrupulous and unfaithful workers/sellers

may cause additional health probleifkarimuriboet al, 2005).

2.5 Health and Economiclimpact of Unsafe Milk

Food safetys an areaof great concerim terms of public health management especially
from an economic point of viefMangwayaneet al, 2000).Foodborne diseases due to
microbial pathogens imilk are aserious threat to the health of millions of peo{@O,
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 fewerPlott
2002) Theseimpose a substantial burden on healtine systems and reduce economic
productivity (FAO, 2006).Seventy perceraf deaths among children under fiyearsare
linked to biologically contaminated food amehter (Unnevehr and Hirschhorn, 200
Also, unsafe milk ananilk borneillnessescauseproducersvendorsand wholesalergo

earn a poor reputatiprwhich may take time to overcomend consequeial loss of
income These important players may also become preymdk borne illness thus
perpetuaing the cycle of povertyNhachi and Kasilo, 1996:A0, 2006).The sources of
contamination are variable and can take place at any point imitkeproduction and

marketing chain. The major milk borne pathogens of concern are zoonoses and



environmetal 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 ofntaminated water and unsanitagguipment
(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 lke.ma
Scientific data will also help ensure more effective control when outbreaks occur
(Mangwayaneet al, 2000).There is evidence of many Inaful bacteria being potentially

linked with bovine milkcontaminationsTable 3.

Table 2: Bacterial types commonly associated with bovine milk

Bacteria group and species Outcome
Lactococci L. lactisdiacetylactis, L. lactis, L. Flavour production and fermentation
cremoris

Lactobacillus: L. lactis, L. bulgaricua, L. acidophilus, Acid production/fermentation
Leuconostoc lactis, Propionibacterium

Pseudomonas, Bacillus cereus Spoilage

Enterobacteriaceae Pathogenic and Spoilage
Staphylococci Staphylococcus aureS. aureuk Pathogenic

Streptococcus:Strep. agalacte Pathogenic

ZoonoticBrucella abortus Pathogenic
ZoonoticMycobacterium bovis Pathogenic

Coliforms: Escherichia col(E. coli) Some are zoonotic and pathogenic

Listeria: Listeria monocytogendt. monocytogengs Pathogenic; mainly innpasteurised cheese

Source O6Connor (1995)
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2.5.1 Enterobacteriacea@ milk

The Enterobacteriaceaés a large family ofgramnegative rod shapedacteria which
includes more familiarpathogens such ask. coli, Salmonella, Klebsiella, Shigella,
Yersnia pestisand other disease causing bacteria sudPrateus, 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 ara found
soil, water and decaying matte3ome are enteric pathogens and others are urinary or
respiratory tract pathogen3hese organisms also are used as indicators of microbial
quality and hygiene. As several of these organisms are potential pathogens)pti@msu

of raw milk is consideretiighly risk (Anand and Griffiths, 2011)n recent years, there

has been emergence of new milarne bacterial pathogens wisierious and even lie
threatening complications such as enté&ricoli serotypes (Sivapalasingarmet 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 (TTBeller and Miller, 206; Vojdani et al.,

2008; Simforian, 2013). VerocytotoxigenicE. coli seregroups may infect humans
through consumption of infected raw unpasteurized milk and milk products, which have
significant contribution to the reported cases of Shiga toxin prodiirngli (STEC) in

humans (Baylis, 2009).

Also, Salmonellainfections 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 humaSalmonellainfections (OIE, 2008). Ihas adapted to survive and
recognize temperature and pH extremes, oxygen limitations, presence of bile salts,
digestve enzymes, and competing micflora. The hostile environment within the

gastrointestinal tract is tolerated andves as a signal to induce transcription of genes
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required for host cell attachment and invasféhlstrom, 2011). In contrast with other
pathogens of the family, the reservoirsSaimonellacover a greater variety of warm and
cold blooded animalSalmon#a may be found in milk, and has been associated in milk
borne disease.Enterobacteriaceaenfections are among the most killing diseases of
children in develping countries (Frey and SherR006). Moreover, gastrointestinal
infections due to pathogenknterobacteriaceae particularEscherichiaandSalmonella
spp. are significant causes of morbidity and mortality worldwide Bainsonet al,

2011).

2.5.2 Staphylococcusureus in milk

Staphylococcus aureus a facultative anaerohiGrampositivecoccus, which appears as
grapelike 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 amsks 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 fbothe pathogen, which ranks as one of

the most prevalent causes of gastroenteritis worldvidilggeset al, 2000). It survives in

as much as 15% NacCl and can grow at pH = 23 andin temperatures ranging from 7

t0 48.2C.

These characteristics enal3e aureudo grow in a wide variety of foods. The bacterium
may occur in the milk of cows it clinical or subclinical mastitis or as the result of

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

5
exceeding 10 CFU/ml, they may produce staphylococcal enterotoxins that cause

staphylococcal food poisoning (idson, 2010). The intoxication is characterized by
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enteric responses such as diarrhea, abdominal cramps and vomiting witGihdurs of
consumption of contaminated food. The bacterium is heat labile and does not compete
well with other microorganisms. ddtamination usually occurs when there is little
competition from other microorganismélthough Staphylococci ar@lso commonly

found in other materialsncluding animal skins, water and sobacteria from food
handlers and other human sources are cersidas themost important contributing

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

2.5.3 Listeria species in milk

The genud.isteria contains gram positive, nespore forming, catalagmositive, oxidase
negative, and facultative amabic bacteria (VazqueBoland et al, 2001). It includes
species such ds monocytogenes, L. seeligeri, L. welshimeri, L. innocua, L. ivanovii, L.
grayi andrecently identifiedspecies, namell. marthiiandL. rocourtia Two species are
considered patlgenic withL. monocytogenesepresenting the only pathogen of public

and veterinary health significance, while ivanovii is usually restricted to causing
disease in ruminants, mainly sheep. These bacteria are considered as saprophytes as they
can survivan 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 9.0 and ina wide temperature range of 148°C, hence they are
capalte of tolerating a variety of environmental stres@&sistrom, 2011) The ability for

cells to grow at refrigeration temperatures during slifelfstorage is a major concern for

food safety (VasqueBolandet al, 2001).L. monocytogenes one of the mst important

agent of fooeborne disease. In humans, foodborne monocytogenesauses large
outbreaks of Listeriosis, with a mortality rate of 314% (Clarket al, 2010). Possible
reasons for themergence of human fodmbrne Llisteriosis as a major publ 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, andressénan the
number of people at high risk for the disease (Swaminathan, 2001). The risk of infection
with L. monocytogeness increased in the elderly, pregnant women, neonates,
immunocompromised people and may lead to meningitis, sepsis and abortie{Bt)

2001). Listeriosis causes encephalitis, septicaemia and spontaneous abortion and stillbirth
in domestic animals and is common among individuals who work with animals. Although

L. monocytogenebas definite zoonotic potential, it is also an impot environmental

contaminant of public health significance (OIE, 2008).

2.6 Multi -Pathogens Analyses

Multi-pathogens analysesedetailedexamination®f numerousnicroorganismsikely to

be present imndividual samplesTheseanalyses usmicrobidogical testing technologies

for identification of hazards the value chairior multi-pathogen risk assessment and/or
risk managementMicrobiological iisk assessment in foodstuffs relies on classical
microbial detection and quantification of indicatoicroorganism(Kilango, 2011) Food
microbial analys is essentialfor prevention and identification of problems related to
public health and food safefy Ko s t i | and .%essbasedt osdetdction 0 1 2)
microorganisms by visual, biochemical, immunological or genetic m@aaditionally,it

is carried outusing conventional culture and colony counting methods. These methods are
based on enumeratiand detection of microorganisnpsesent infood. Enumeration of
microorganismss accuratelyestimatedthrough the plate count method. T method

relies on culturing dilutions of sample suspensions in the interior or on the surface of an
agar layer. Indiidual microorganisms wilgrow andform individual colonies that can be
counted(Blodgett,2010) The methochas sufficient sensitivity for direct testirigopez

Camposet al, 2012) On the other handjetection of microorganisms donethrough
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enrichmeét methods, which permit growth of target organisms to detectable levels and
performingvarious biochemical and/or serological testth 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 fdmine pathogen detectiomith which other
methods are comparedhey are usually very sensitivédlowever selection of the
appropriateanalytical methodmust considerthe sensitivity of analysisthe time of

detection andhe specificity of the test (Lope€ampo<et al., 2012).
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 StudyArea

This study was carried out in Hamilend Lushoto districts of Tanga region in Tanzania
Thesedistrictswereearlier identified as project sites for the Safe Foodt, Feod (SFFF

II) project Selection of these districts was based on the assessment of rural production to
rural or urban cesumption, dairy farming practices, presence of milk collection centres,
seasonality effects, and ageoosystems (&sleret al, 2013).Tangaregion is situated at
the extreme norileast corner of Tanzaniaetween longitudes 37° and 39° East and
latitudes4® and 6° South and is characterized by hot and humid tropicaitelimth rairy
seasongxperiencedrom March to April and November tOecember. The mean raumal
rainfall varies from 500/ 1400 mm with relaive humidity ranging from 6Q 90%

throughouthe year

In the Western plateau of Handeni district a hot and dry climate dominhileshe other
part, which is composed of the Usambara Mounthastemperate climatadandeni is
bordered by Kilindi districto the westKorogwe districtto the neth, Pangani districto

the East an@agamoyo distric{Coast region}o the South. The district is characterized
by the extensivéarming system (EFS) whellevestock production is dominated by the
pastoral farming ystem (Sikira and Ndanu, 2012)ushob district is bordered bythe
Republic ofKenya to the north, Muheza district to the east, Same district to thd north
western and Korogwe district to the soufhe semiintensive/intensive syste($IFS)of
livestock production is practiced in thisstrict and ismainly characterized by smallholder
production system dominated by agricudluactivities with fewherds of improved or

crossbred cattle (Sikira and Ndanu, 20Ee villagesnamelyKibaya, Masatu, Sindeni,
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Kwediyamba and Konje in Handenndanother five villages namelidandei, Manolo,

Mbokoi, Mwangoi and Weveselegtédorehisstumly(Higore ).u s ho't

Legend

®  Points/villages involved in the study

—— Roads

- Handeni district
- Handeni town
B Lushoto district

Other districts

/ ‘Tanga Urban
Kwediyamba

' Kilindi

Pangani

30 15 0 30 60 90

Kilometers

Figure1l: A map of Tanga region showing surveyed districts and villageslved 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 viBagction of

the households was based on willingness of the respondentti@ppée in the study.
Prior to a questionnaire interview and milk samplimglividual consent was asked and

the respondent was requested to sign an informed coffsgmendix 1) In addition, 25
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milk suppliers, 13 nik vendors, 18 restaurants and fauilk collection centreswere

involved in this study making a total of 114 respondents.

3.21 Administration of questionnaire

A pre tested questionnaire (Appen@xwas used to capture variotdormationrelevant
for the study includingex age, eduation andmain occupatiomf farmers as well as their
herd size; cow breedneasuregractised to control zoonotic diseasesoutine mastitis
control practices,knowledge on health risks assamted with consumption of milk,
knowledge offactors affecting fgiene orquality of milk and their milk handling
practices at differenevelsof the value chainThe question was administered by fdce
face methodOther informatiorsuch as houisg condition milking methodsandcondition
of milk storage equiment, cleanliness of vendsror milk serves, milk serving utensils

and dilling/cooling facilities wereverified throughdirectobservation

3.2.2 Collection and handling of milk samples

In total, 114 milk samples were collected in the study areas. Of, théssamples 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 déititregas
aseptically collected from bulked milk in the householdstbeionodes of the value chain
using a sterile falcon tube to a total volume of 50ml for each sample. Mpesawere
immediately placed in a cool bg@acked withice at an appropriate temperaturei @0°C.

Later on the same day, samples were transfeoredG°Cfor storage until analysis

3.3 Laboratory Analyses
Laboratory aalyses were carried out in the Public Health Research Laboratory in the

Faculty of Veterinary Medicine at U\ using conventional micrablogical testing



18

methods. The methodsvolved enumeration and detection of microorganisms present in
milk. Initially, enumeration of microorganisms wedsne usingcolony countng method

to establistthe microbial loadn milk. Then detection of microorganismsas done using
enrichment methodsnd performing various biochemical testgh pure cultures obtained

from presumptive colonies

3.31 Media preparation

3.31.1 Buffered peptone water

To obtainBuffered ptone wate(BPW), 20 g of the BPW powder was dissolved in 1

litre of distilled wat er according to theOxomfAud,act ur
Basingstoke, Hampshire, Englan@riginal BPW powder is a mixture @D g/l peptone

5 g/l sodium chloride 3.5 g/l disodium phosphate and 1.5 g#tassium dhydrogen
phosphateEach10 ml of the mixturewasdispensedn new steriletest tubesterilized by

autoclaving afl21°C for 15 minuteand cooledo 25°Cfor serial dilutions.

3.31.2 Plate count agar

Readymade saled prepoured petri dishexontaining 2.5 g/l yeast extract, 5 Ig/
pancreatic digest of caseihg/l glucose15g/l agar and final pH 7.0 £ 0.2 at 25{E &
O Laboratories Ltd., Burnhouse Bonnybridge, Scotlamebe receivedrom the supplier
These werestored insterile condition aR 7 8°C until time for culturing.The formula
conformsto American Public Health AssociatigldPHA) (Wehr and Frank, 2004and

Association of Offtial Analytical Chemists (AOAC3tandardLatimer, 2012.

3.31.3 Nutrient agar (NA)
Readymade saledpre-poured petri dishesontaining 1g / llab-Lé6e mc 0 6 ,RAg/lwd e r

yeast extract, 5 g/l peptone, 5 g/l sodium chloride, 15 g/l agar andpfh&@l3+ 0.2 at
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25°Cwere receivedrom the supplie(E & O Laboratories Ltd., Burnhouse Bonnybridge,
Scotland). These were storatl2 i 8°C until when they wereused as a basic culture

medium

3.31.4 Violet red bile glucose(VRBG) agar

This medium contain8 g/l yeast extract, 7 gdeptone 1.5 g/l bile salts, 10 g/l glucose, 5
g/l sodium chloride, 0.03 g/l neutral red, 2 mgystal violet andL2 g/l agar (OXOIY
Ltd., BasingstokelHampshire, EnglarjdTo obtain VRBG agai38.5 g of the powdewras
suspendedh 1 litre of distilled water. The mixtureasthenboiled toallow a complete
dissolutionof the powder and was followed by sterilizatibmaughboiling with frequent
agitationfor 1 minuteand cooling to 46 = 2°C. Then, ottles containingmedium were

placed into water batat 48°C foruse within 3 hours.

3.31.5 MacConkey agar(MA)

Readymade saled prepoured petrdishes containin@0 g/l peptone, 10 g/l lactose, 5 g/l

bile salts, 5 g/l sodium chloride, 0.075 g/l neutral &Ig/l agaand finalpH 7.4+ 0.2 at
25°Cwere receivedrom the supplie(E & O Laboratories Ltd., Burnhouse Bonnybridge,
Scotland). These wergoredat 2 1 8°C until when they were use@ecauseof a small

number ofimportedreadyto-useMacConkey agaplates additional preparation was done

by dissolving52 g of the powdein 1 litre of distilled watelaccordingtonanuf act ur e
instructions(OXOID® Ltd., Bashgstoke, Hampshire, Englandjhe mixture was then

boiled to allow a complete dissolution of the powddris was followed byautoclaving at

121°C for 15 minutebefore coolinghie mediumto 45°Cand pouringn petri dishes
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3.3.1.6 Tryptophan broth

Tryptophan broth was made usiti§ g of the powder reconstituted in 1 litre of distilled
water@c or di ng to the ma (SigmaAdichCompardyIJSA). At r uct
mixture was mixed thoroughlpllowed by heating with frequent agitation and boilfiog

one minute for complete dissolutioBml of the medium werdispensed intmew sterile

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

121°C for 15 minute®llowed bycoolingto 25°Cready for use.

3.31.7 Glucose agar

Readymade and sealed 15 ml tubes containing glucass were received from the
supplier (E & O Laboratories Ltd., Burnhouse Bghridge, Scotland The media content
was composed o010 g/l tryptone 1.5 g/l yeast extract, 10 g/l glucose, A gpdium
chloride, 15mg/lI bromocresol purple, 99 agar and Final pH: D@ at 25°C These were

stored a2 i 8°Cuntil analysis.

3.31.8 Baird-Parker agar

Baird-Parker gar was readynade, prepoured in petri dishes and sealed. The medium
contained10 g/l tryptone 5 g/I' Lab-L e mc 0 6 p o/lwebst extractlO g/l sodium
pyruvate,12 g/l L-Glycine, 5 g/l lithiumchloride, 20g/l agar and final pH 7.0 £ 0.2 at
25°C (E & O Laboratories Ltd., Burnhouse Bonnybridge, Scotland). Media plates were

storedin sterile conditiomat 2i 8°C until analysis

3.319 Brain heart infusion, porcine broth
This mediumis 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 chiazideg/l disodium

hydrogen phosphate anhydrous and final pll £ 0.2 at 28C. To obtainBrain 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 welasaccor di ng t o t he ionsa(BigmbAdach ur er ¢
Company, USA Each 5 ml of the medium wethentransferred to tubes, sterilized by
autoclaving at 121°C for 15 mites and cooled &5 °C ready for useAll the prepared

but unused BHI tubes were stored under refrigeration tempenatif further analysis.

3.31.10 BD BBL™ Coagulase plasma, rabbitvith EDTA

BBL Coagulase lasma rabbit with EDTA (lyophilized 10 x 15 mlrabbit plasma with
0.15% ethylenali-amine tetraacetic acid and 0.85% sodium chlorideproximately
containg dry natural rubberBecton, Dicknson and Company, SparkglSA). This
medium was obtained afteeconstitutingghe powder withl5 ml of sterile distilled water
followed by gentle rotationEach 0.2 ml of the medium wassepticallydispensed into

new Eppendorftubes for coagulase test.

3.31.11 Rappaport-vasiliadis soy(RVS) enrichment broth

This mediumcontained5 g/l soy peptone, 8 g/l sodium chloridé.6 g/l potassium di
hydrogen phosphatel0 g/l magnesium chloride and 0.04 g/l malachite greeadatx
(OXOID® Ltd., Basingstoke, Hampshire, Englandt was preparedaccording to the
manufacturer 6s i nstgrofi the powdersandbagdingvteliirg bfi n g
distilled water. The mixturevas heated gently until completely dissolvdthen,10 ni

were dispensed int@appedtest tubs followed by autoclaving at 115°C for 15 minutes

and cooling to 25°@or use as a culture enrichment broth

3.31.12 Miuller Kauffmann tetrathionate-novobiocin (MKTTn) broth
MKTTn broth contained4.3 g/l meat extct, 8.6 g/lenzymatic digest of casein, 2.6 g/l

sodium chloride, 38.7 g/l calcium carbonate, 30.5 sodium thiosulphate, anhydrous, 4.78



22

g/l ox bile and 9.6 mghrilliant green(OXOID® Ltd., BasingstokeHampshire, England
The medium wagpreparedas indcatedby suspending 89.5 g in 1 krof distilled water.
The mixturewasthenmixed wel, boiled and left to cool to2C. Immediately before use
20 ml of iodineiodide solutionprepared by dissolving 25 g of potassium iodide in 10 ml
of distilled water,adding 20 g of iodine andiluting to 100ml with distilled waterwere
addedAlso, anevial of Novobiocin supplement (SRO1B)lwas reconstituted per 250 ml
of medium as recommended’he medium was mixed well angach 10 ml were

aseptically dispensed insterilecappedest tibes for use as a selectiverichment broth.

3.31.13 Xyloselysine desoxycholat€¢XLD) agar

The contents of XLD agar wel g/l yeast extract, 5 g/l-Lysine, 3.75 xylose, 7.5 g/l
lactose, 7.5 g/l sucrose, 1 ghidium desoxychate, 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.
Readymade sealed pigoured petridishes werereceived from the suppligfE & O
Laboratories Ltd., Burnhouse Bonnybridge, $oud). These were stored afi 28°C until

time of culture.

3.31.14 Fraser broth base

Bags of 5 litres half strength hydratedrraserbroth addedwith half Fraser selective
supplement (SR0166Epntaining 0.5 g/l ferric ammonium citrate, 12.5 mg/| davihe

and 10 mg/l nalidixic acidvere receivedfrom the supplieE and O Laboratories Ltd.,
Burnhouse Bonnybridge, Scotland). These were stored &°Z until time of analysis.

Fraser brot{OXOID® Ltd., Basingstoke, Hampshire, Englarmhntaineds g/l proteose
peptone, 5 g/l tryptone, 5 gllLabL e mcod powder , 5 g/l yeast
chloride, 12 g/l disodium hydrogen phosphate, 1.35 potassiwmydrogen phosphate, 1

g/l aesculin and 3 g/l lithium chloriddo obtain a full Fraser brothhé medium was
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prepared as indicatdnyy dissolving28.7g 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 cooletb below 50°C. Tie contentof one vial & Fraser selective
supplement (SR0156) reconstituted as directed in the product insert was aseptically added
before useThe medium was mixed well arghch10 mlwereaseptically dispensed into
sterile cappedtest tibes and stored under refrigeratidor use as arenrichment medium

for the detection and isolation of Listeria.

3.31.15 Listeria Oxford agar

Listeria Oxford agar was pre poured in petri dishes and s€Ble&& O Laboratories Ltd.,
Burnhouse Bonnybridge, Scotlandjhe contents of this mediuwere39 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 agarandListeria selective supplemeiat a finalpH 7.0 £ 0.2 and temperature of 25°C.

Storage of the medium was 21 8°C until analysis

3.31.16 Colorex Listerna agar

Colorex Listeria agar (E & O Laboratories Ltd., Burnhouse Bonnybridge, Scotland)
contained18.5 g/l peptone4 g/l yeast extract, 9.5 g/l sodium chloride, 2 g/l sodium
pyruvate, 15 g/l lithium chloride, 4 g/l maltgsg2 g/IX-glucoside chromogenic mix, 14
g/l agar Listeria selective supplement and Listeria differential suppleraeatfinal pH
7.2 £ 0.2 and temperature of 25°C. The medium wappuoeed in petri dishes and sealed.

These were storeat 27 8°C until time of culture

3.31.177 Sheepblood agar
Sheep blood agais a nonselective medium with the addition of sheep blasgdto

isolate and cultivate fastidious microorganisms with clearly vidiblemolytic reactions
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Readymade sealed ppoured peat dishescontaired 14 g/l tryptone, 4.5/l peptone
neutralized, 4.9/ yeast extract, 5 g/l sodium chloride, 12 g/l agar Bma&l pH 7.3 = 0.2
at 25°Cadded with 5% sheep blod@SA with 5% Sheep Blood)Thesewerereceived
from the supplier (E & O Latratories Ltd., Burnhouse Bonnybridge, Scotlaady

storedunder refrigeration temperature until time of culture

3.31.18 Glycerol medium

Glycerol medium was used for preservation and long term storage of the isolated colonies.
This was preparedybmixing nutrient broth witrglycerol solution (HiMedia laboratories

Pvt® Ltd., Mumbai, India)a cor di ng t o t he ma The fediomwas er 6 <
obtained by dissolvind3 g of nutrient broth in 1000ml of distilled water. The medium

was heated toissolve completely and autoclaved at A21or 15 minutes Thereafter, the

nutrient broth was mixed with 20%f Glycerol solution (Philip Harris Limited,
Shenstone, Englandnd was dispensed into theyavials for the inoculation of isolated

colonies.Forlong term storage of the isolatésoculated vials werstored at 20°C.

3.32 Initial suspension and serial dilutions

Initial suspension and serial dilutions were prepared according tt5@e8871 rules
(ISO, 1999).The samples weréeft to thaw at room temperaturéor 1 hour Plate 1).
Usinga sterile pipette25 mlof the sampleveretransferred into a conical flask containing
225 ml of BPW and mixed well From the mixturel ml asthe initial inoculumwas
transferred intca test tube containing ml of BPW (10* dilution) using afresh sterile
pipette which was followed by serial dilution§he procedure was repeateq to 10’
dilution and in the last dilution 1 naf inoculumwasdiscardedFigure 3. The dilutions
were mixed using a vortex migr for 57 10 seconds.The dilutions were used in

microbiological tests to detect and enumeratterobacteriacea@nd S. aureusand to
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estimate the microbial load in milkche remaininginitial suspension was used in the
initial preparation forsolationand presumptive identification &almonella sppRemains

of the original samplewas used in thanitial preparationfor isolation and presumptive
identification ofListeriaspp.All samples were passing through this preparatory step prior

to microbiologia@l tests.

Platel: Thawing of samples

Figure2: Procedure adopted for serial dilutions of milk samples
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3.33 Control isolates

Five hundred millilitresof milk was obtained from Magadudairy farm & Sokoine
University of Agriculture §UA) and wereusedas a controtluring the microbial analyse
The control sample was sterilized by boilirgg 100°Candwasplaced in a clean sterile
bottle. Part of thesamplewas inoculated with knowbacterialstrans of E. coli (E. coli
226279 DEC9B), Salmonella(S. entericaATCC13076) S. aureus(S. aureusNCTC
6571/ATCC 9144pndL. monocytogene@d.. monocytogenedCTC 13372/ATCC 7644).
A fresh sterile pipettevas used to transfefO ml of the inoculum sampl@to a sterile
beaker containing 90 ml hastrengthFraser broth for cultivation df. monocytogenes.
The mixturewas sealed with an Aluminiurfoil and incubated at 30°@r 24 hours.
Another25 ml of theinoculum sample were mixed witl225 ml of BPW from seial
dilutions were preparedfter initial suspension.Thereafter the ISO procedures were
followed to detect and enumeratie desired microorganismsThe resulting olony
morphology and colouwere used todo comparisonsagainsttest samplesKnown
bacteial strains were cultured and stored in sterile condition at&C for use as a
controlin the entiremicrobial analysis Confirmation of the identified colonies frogach

samplewas donelong with wsitive and negative controtltures

3.34 Micr obiological tests

For evaluation of ntk quality, microbial contamination waassessethrough estimating
total plate count (TPCyoliform plate count (CPC) and Coagulase Posiaphylococci
(CPS) countn milk produced infarming systems of the studyistricts and testing the
samplas for presence of pathogenic bactetia.this study, a few selected pathogens

includingE. coli, SalmonellaS. aureusindL. monnocytogenesere targeted.
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3.34.1 Total plate count

Total plate count (TPCyWas cterminedaccording tothe procedure oflISO 48332
standard protocol. The protocoldetecs all viable microorganisms that can grow
aerobically on plate count agar at an appedp incubation condition of 3@C for 72
hours.Plate count agarfCA) plates vereplaced aroom temperaturand labelling of the
agar plates was clearly domeior to culturing From the last dilution 107) of milk
sample 0.1 mlwasobtained forinoculation of PCA plates in duplicatéBhe sample was
spread on the media surfacgng a fresh and sterile swab and the plates were allowed to
dry with their lids on for 15 minuteS'he plates were inverted and incubated at 30°C
under aerobic condition for 72 hours to allow microbial groffBO, 2013) The
procedure was repeated aboe with the othedilutions up to the first dilutiorandwith
theremaining test samples, wheyely consecutive critical dilution stepgere choseifior

the inoculation of petri dishe$wo consecutive plates with 15 to 300 colones plate
were considexd for recordTPCwas determinetdy manualcounting ofcolonies andvas

expresedasCFU/ml. The following brmulawas used in the final estimation of TPC

Ic
N = éeee.ééeééeeceééeeeceé e (1)
[VX(n, +0.1n,)] Xd

Wher, N = the numler of bacteria
Ec =thesum of colonies identifiedrotwo consecutive dilution steps
V' =the volume of inoculm on each dish, in iiiitres,
n, = the number of disheselected at the first dilution
n, = the number of dishes selectedls second dilution

d = the dilution rate corresponding to the first dilution selected.
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3.34.2 Detection and enumeration of coliforms
Detection and enumeration cbliforms in theEnterobacteriaceaéamily was carried out
accordng to the procedure d50 215282: 2004 stadard potocol (ISO 2004)through

the following stages

Stagel: Inoculation and incubation

By means of afresh andsterile pipette,1 ml of the test sanig was transferred from the
serialdilutions (1071 10%) to the media orpetri dishesn duplicatesAbout 10 ml of the

Violet Red Bile GQucose YRBG) agar at 46 + 2°C was poured into each petiThe
inoculum was mixed with the medium by horizontavements and allowed to solidify.
After complete solidification of the mixture, a covering layer of aldduml of the VRBG

agar was added to prevesgreading growth and to achiesemianaerobic conditions and

then allowed to solidifyagain Thereafter, theplates were inverted and placed in the
incubator at37 °C for 24 hours.The procedure was repeatedttwihe remaining test
samples where only consecutive critical dilution steps were chosen for the inoculation of

petri dishes.

Stage2: Sub-culturing and identification of coliforms

Five suspeatd colonieswere selected at randofrom eachplate and strea&d onto NA
platesfor biochemical confirmationColonies werealsostreaked ontd1A platesin order
to stain them for lactose fermentatiand hence differentiation &nterobacteriaceadll
plateswere incubatedt 37 °C for 24 hours.Thereafter MA plates were examined for
lactose fermentatiorStronglactose fermenting bacteria suchEascoli, Enterobacterand
Klebsiellaspeciesitilize lactose available in the medium, which prodsaé#icient acid to
cause precipitation of the bile salts also avadahlthe 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 suchSesratiaand Citrobacterspp.appear pink to red but
are not surrounded by a pink hato the surrounding medium. Lactose non fermenting
bacteria such aSalmonellaProteusandShigellautilize peptone available in the medium,
which forms ammonia that raises the pH of the agar resuiltittg the formation of
colourless colonies on the mediwand the agar surrounding the bacteria becomes fairly

transparenAllen, 2005)

Stage3: Biochemical confirmation of coliforms

Isolaed colonies were picked froiMA plates for biochemical confirmation. An oxidase
test and a glucose fermentation test werdormedon each selected colony summary,
well-isolated colonieswvere streaked ontoxidase strips (OXOID® Ltd., Basingstoke,
U.K.) using sterile plastic loops.h€ strips were observed for colatlrange A positive
detection changeinto purplecolour within 10 secondsAs for glucose fermentation test,
a positive reaction changes into yellow colour throughout the contents glut@se agar
tubeand sometimes with gas production afte@7ncubation for 24 hourgolonies that

were oxidase negae and glucose positive were confirmedtabform bacteria.

Stage 4:Colony counting and determination of coliform plate count

Whenall of the selected typical colonies were oxidase negative and glucose fermentation
positive, thenumber of colonies waunied. In the other casthe numberascalculated

as the percentage of oxidase negative and glucose fermentation positive colonies in
relation to the tal number of selected colonies. Coliform plateunt (CPC) was
determinedusing thesameformula asthat usedfor the deéermination of TPCand was

expressed aSFU/ml.
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3.343 Detedion and enumeration of Coagulase Bsitive Staphylococci
This was done according to the European Standard EN ISGIB88889A1: 2003 which

has the status of a Britisha®idardBSI, 2003)

Stage 1:Inoculation and incubation

Usinga fresh and sterilpipette, 0.1 ml of the test sample was transferred 6/ 10*
diluentsonto Baird-Parker (BP) agaplates.The sample was spread on the media surface
using a fresh stile swab The plates were allowetb dry with their lids on forl5
minutes. The plates werethen inverted and incubate@t 37 °C for 24 hours.After
incubation periodall typical and atypical colonies present were counted and the plates
were reincubate atthe same conditiofor another24 hours.Thereaftey all typical and
atypical colonies present were counteda second timeThe same procedure was used in
the remaining samples where only consecutive critical dilution steps were chosen for the
inoculation of petri dishes. To estima@oagulase Positive Staphyloco¢€PS plates

with 257 250 colonies were selected for readimgpical coloniesgrown on BP agarra

black or grey, shiningue to reduced action of telluriteonvexshapedand surrouned by

a clear zone sometimes with an opalescent ding to proteolysisAtypical colonies are
shining black or grey with or without a narrow white edge; fearczone and opalescent

ring are absent.

Stage 2:Coagulase test

Coagulase test wassed to tet for the production of coagulasazyme whichdetermins
pathogenicity.An average of three colonies of each typical and atypical colorees
isolatedfor confirmation.Using a sterile loop an inoculum was removeaht the surface

of eachisolatedcolony and transferred into a tube containing BHI broth and incubated at

37 °C for 24 hours.Then0.1 ml of each culture was aseptically added.Boml of the
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rabbit plasma in gpendorf tubeand incubated at 3%C for 4 i 6 hours Thereafter, the
tubes wereexamined for clottingand if the test was negative, tubes werexamined at
24 hours of incubationlThe test was considered to be positive if the clot occupied more
than half of the original volume of the liquids a negative control 0.1 ml of steriledB
broth was added to 0.2 ml of rabbit plasma and incubaigaut inoculation. Also, for
positive contrgl 0.1 ml of sterile BHI broth inoculated witlh knownstrain ofS. aureus

was added to 0.2 ml of rabbit plasma and incubated.

Stage 3:Determination of number of CoagulasePositive Staphylococci
For each platethe number oCoagulase Positivet&hylococciwas calculated usg the

following equation:

b T
ﬂ:H—GXCc‘F;cXEM 6éééééééé.6ééééééeééééé. (2

Where a = the numbebf identified @agulase positive staphylococci,
A_ =the number of typical colonies submitted to the coagulase test
A,. =the number of atypicaloloniessubmitted to the coagulase test
b. = the number ofypical colonies, which havghown to be coagulase positive
b, .= thenumber of agpical colonies, which hav&hown to be coagulase positive

C. =the total number of typi¢@olonies seen on the plate,

C,.. = the total number odtypical colonies seen on the plate

As a weighted mean from the two sucoesddilutions, the number of identifie@PS
present in the test sample was calculated using the same faamukat used irthe

determination ofPCandwasexpressed aSFU/mI.
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3.34.4 Isolation and identification of Salmonellaspp.
Identification of Salmonella spp.in milk was done according tothe ISO 65792002

standard protocdBSI, 2002 BSI 2007 through the following stages

Stage 1:Selective enrichmenbf initial culture s

For the selective enrichment of initial culture, thegial suspensiorwas incubated at 37

°C for 18 hours.Thereafter0.1 ml of the culture obtained was transferred to a test tube
containing 10 ml RVS toth and anothet ml of the culture was transferred to a test tube
containingl0 mI MKTTn broth. The inoculated RVS andWM Tn broths were incubated

at 42°C and37 °C respectivelyfor 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 andAMplatesto isolate cabniesand stain
them forlactose fermentatioandsimilarly for the culture obtained in the MKTTn broth.
The plates were inverted andcubatedat 37 °C for 24 hours After incubation the plates
were examined forhe presence of typical coloniesd atypial colonies that may be
Salmonellaand theability to ferment lactosen MA. Typical colonies ofSalmonellaare
characteristicallyed with black centeren XLD agardue to xylose fermentation, lysine
decarboxylation andoroduction of Hydrogen SulphidéH,S). This is the primary
differentiation of Salmonella from nonpathogenic bacteriaSalmonellaH,S negative
variants grown on XLD agar are pinith a darker pink centre and Lactose positive
Salmonellaare yellow with or without blackening. Alsoed colomes might occur with

someProteusandPseudomonaspecies
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Stage 3:Confirmation of Salmonella

Identification of colonies from each XLD agar plate was confirmed uSalmonellatest

kit (OXOID® Ltd., Basingstoke, U.K.)Thisis a rapid latex agglutinan test for the
presumptive identification oBalmonella(Plate 2). As a negative control, a drop of
Salmonella latex reagent was mixed with a drof.86% isotonicsaline within one circle

on the reaction card and observed for agglutination for two tesn\lso, as a positive
control, a drop ofSalmonellalatex 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 mmutes. For test culturgadrop of 0.85% istwnic saline was added
within one circle on the reactiarard. Sispect colony was emulsified in the drop of saline
and the suspension was observed for any agglutindtlereafter a drop ofSalmonella
latex reagent was added to the saline suspen$tommixing was doneusing a clean
sterile loop andwas examined for agglutinatiotogether with positive and negative

controlfor two minutes.

Plate2: (A) Salmonellatest kit and (B) ktex agglutination test for thidentification

of Salmonella
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3.34.5 Isolation and identification of Escherichia coli

To isolate and identifyE. coli, well stainedcoloniesfor lactose fermentatiorwhich

showed pink colouwere pickedfrom MA plates These isolates/ere streaked on MA
plates and incubated at %7 for 24 hourgo obtain pure coloniesThereafterGram stain
testwas carried outo characterizehe available bacterial organissiby chemical and
physical properties of their cell wall§he Gram stain protocol involves thepéipation of

a series of dyes that results in some bacteria staining purple and othersigehienical

analysis wagerformed to cofirm the presence d. coli using Indole productiotest.

Gram stain test: The Gram staining of the bacterial colony velme according to the
procedure described by the supplier (Remel Inc., Santa Fe Dewexa, Kansas KS
66215USA). Suspectedolonieswere smearedn glass slide andwere allowed to air
dry completely. Firstly, thesslides were fixed by passing thrduthe flame of a Bunsen
burner3i 4 times. Secondly, afllides wee placed on a staining raakerlaid with Gram
Crystal Violet for one minute anavashed thoroughly with watefmhen, the slides were
overlaid withGram lodine mordant for one minudadflooded with Gram Decolourizer
for 107 30 secondsintil the solvenstreamedcolourless from the slide3hereaftey the
slides were rinsed with water, overlaidtiiviGram &franin for 30 seconds, rinsed with
water andallowed to dry Finally, specinens onslides wereviewed under oil immersion
(1000x) with a brighfield compound microscope (Plate 3). Bacteria thatappeared
spherical or cocci in shape with pale to dark purple stane considered Grafpostive,
and those thaappeared rod or coccobacilliittv pink or pale to dark red stawere

classified assramnegative
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Plate3: Microscopic examination d&. colicells

Indole test: From the surface of each suspected colanyinoculum wasbtainedand
transferred into a & tube containig tryptophan broth followed by incubatian 37°C for
24 hoursAlso, positive and negative controls were prepafedthe broth culture0.5 ml
of Kovac @Leba ChemiggRvthtd. 107 Wode House Road, Mumbai, Injliaas
added.The formation of a pink tocherryred color in the reagent layer on top of the
medium within seconds of adding the reagergvealed positive indole te§the reagent
layer remained yellow oslightly cloudy when a culture was indole negativEhe
presence foa black coloration in the media after incubationi¢ated lack of HS in the
media (Cappuccino and Sherman, 200@Jost strains ofE.coli, Proteus vulgaris
Klebsiella oxytoca Citrobacter koseri and Providenca spp. are indole positive.
Salmonella spp.Pseudomonas spyg;itrobacter freundii, Proteus mirabilisand most

Klebsiella sppare indole negativ@Ninn Jr.et al,, 2006)

3.34.6 Isolation and identification of Listeria spp
The presence or absenceladteria spp in test samples was deterniniey carrying out
the tess in accordance with the ISO 112901997/A1:2005protocol (AENOR, 2005)

through three stages described hereatfter.
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Stage 1:Primary and secondary enrichmentof test samples

In the enrichment stage, 10 ml of the test sample wemasferred into a sterile beaker
containing 90 ml halstrengthFraser brotland theinoculumwas incubated at 3G for 24
hours. Thereafter0.1 ml of the culturavas transferred to a test tube containing 10 ml
Fraser broth The test tube was incubated Z°C for 48 hours.The procedure was

repeated fothe remaining test samples.

Stage 2:Plating out and identification of Listeria

In the plating stagehe primary enrichment cultugreviouslyincubated for 24 hours was
inoculated tothe surface otisteria Oxford agar andColorex CX) Listeria agar. The
plates wergheninverted and incubated at 37f@r 24 hours. Thereafter, the plates were
examined for the presence of colonigében the sameplates wereagain incubatedor
another24 hoursafter whid they wereexamined forthe growth of colonies The
procedure waslso followedwith the secondary enrichment cultufEhe plates were
examined for the presence of colonmgpposedo be Listeria spp according to the
explanation of media manufactur@iomed Diagnostics, Inc. White City, USAAII
Listeria spp.grown onListeria Oxford agarare characteristicallysmall brown-greento
darkbrown surrounded byblack zonesdue to hydrolysis of aesculin present in the
medium.BesidesL. monocytogenesndL. ivanoviigrown on CXListeriaagar areblue-
green colonieswvith well-defined edges surrounded by an opaque, white lalahe
medium contains lecithin substravehich differentiate these bacteribtom otherListeria
spp. Some strains dBacillus cereiscan also grow as blue colonies on Cisteriaagar,
but they can simply be distinguished from colonietisferia sincethey 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 testsnamelyhaemolysion a fieepblood agar CAMP, oxidaseandListeria test kit
were carried outo confirm the presence &f monocytogeneand othellListeria spp.in

test samples.

Haemolysison a sheep blood agar. This test was carried out to confirmhetrer the
isolatescan destroy the cells and digest theerhoglobin An isolated colony for each
culture was plated and stabbed on one spacheép blood agar platélso, a control
culturewasstabbed at the same timihe plates were inverted and incultbé 37°C for
24 hoursAfter incubation the plates were examinedlight for revealings i gns -of
haemolysisin comparson with the control Discolouration or darkening of the medium
after growthindicatedthat the organisnmad demonstratedrhaemolysis.If the medium
wascleared undr growth, the organism wdshaemolytic. Unchangen the colorof the

medium indicaed lhaemolysis

CAMP test: In the CAMP testsynergisticreactionof diffusible substances produced by
microorganisms growing adjacent to each othersbeepblood agarresults in an
enhanced zone of hemolysis in the regmatween the two culture3herefore,known
cultures ofS. aureugS. aureusNCTC 6571/ATCC 9144andRhodococcugqui(R. equi
NCTC 1621/ATCC 6939)vere streked in single lines across theegep blood agar plate
parallel andcompletelyopposite to each bér. Also, several isolated test strains were
streaked in single lines on the same plate at right angles to the two csdiuhes the test
culture andS. aureusandR. equicultures were about il 2 mm apartMoreover, control
cultures were streaked siftaneously. The plates were incubated aP@7or 24 hours
while inverted After incubation, the plates were examined for ¢batents An enhanced

zone ofb-haemolysis at the intersection between the test strain ancdetdahS. aureus

Ce
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andR. equicultures was considered as a positive reactiomnnocuadid not haemolyse
the medium.L. monocytogenesormed aweak enhanced and small less obvious
rect angul thaemdysinbetaeerstreaks of test strain@naureusvheread..

ivanovii formedashovel shape hemolysis between streaks of test straiR.asgli

Oxidase test: This test was undertaketo avoid false reactions that might occur to
Listeria test kit with oxidase positive cultureksisteria spp are oxidase negativ@Vell-
isolated ctonieswerestreaked ontoxidase test strips using stenikastic loos andwere

observed for colour changeéthin 10 seconds

Listeria test kit: The kit (Oxoid® Ltd., Basingstoke, Hampshire, Englandses the
principle of rapid latex agglutination tefor the presumptive identification dfisteria
spp (Plated). This was performed to test the possibilityexisience ofrarestrains ofL.
monocytogenesvhich mightn ot s-tmenwlysfs or a positive reaction to the CAMP
test. Listeria latex reagentvas used as a negative control whereby one diap mixed
with anotherdrop of saline within one circle on the reaction candl wasobserved for
agglutnation for 2 minutesAs a positive control, a drop dfisteria latex reagent was
mixed with a smoothuspension of the knowln. monocytogenewithin one circle on the
reaction card andiasobserved for agglutination for Binutes.For smooth strains of the
bacterial isolateghe test was performed by addiagirop of 0.85% isotonic saline within
one circk on the reaction car@he suspeetd colony was emulsified in the drop of saline
by using a sterile loopnd the suspension was oh&el for any agglutination. Thereafter
a drop ofListena latex reagent was added to the saline suspension and the mvaiire
mixed with a clean sterile loop. The suspension mixture was examined for agglutination
within two minutes along wit positive and negative contrdh the caseough strains of

the bacterial isolatespnspecific agglutination wadgemonstrated in noral saline alone.
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Plate 4. (A) Listeria test kit and (B) &tex agglutination test for thpresumptive

identification ofListeria spp

3.3.5 Statistical analysis

Two types of analysewere performed in the present studirstly, questionnairedata
wereanalyzed using the Statistical Package for Social Scig8tESS)version 17.0The
proporticns of categoricalvariables were computed and comparkm statistical
significance byPearsofs Chi-square test ah Confidence Iterval (Cl) of 95% The
difference wasonsideredstatistically significantat P < 0.05. Secondly three dependent
variables namelffPC, CPCand CPS counts weenalyzedagainst independertriables
using the General Linear Models (GLM) procedures of Stettistical Analysis System
(SAS) version9.1 for Windows(SAS Institute Inc. Cary, NC 27513, USABacterial
countswere normalized by exponential conversidie ®unts wereused to compute
means, standaidkeviationsminimum and maximum CFU/mindepen@nt variables were

farming systengF), sourcgS) andform (T) of milk as shown in thenodel:

Yijk|:|J.+Fi+Sj+Tk+(FS)ij+(FT)ik+Eijk|ééééééééééééééé e . . ( 3)

Where Y = observed value HTEnterobacteriaceaeountor CPS courjt

K = Overallmean
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F, = effect of the I farming system,

S = Effect of the" sourceof milk (Household, vendor/traderestaurant, kioskr
collection centrg

Ty = Effect of the K form of milk (Raw, boiéd, freezed or fermented milk),

(FS)j and (FT) = interactiors,

Eijx1 = random residual error.

3.4 Consentand Ethical Consideration

Consent to conduct the study was sought fparticipants in the selected villagesfore
beginning the study.The people involved in the study were informed about the
backgoundand objectives of the studiypes of data required and collection procedure,
how the information would be used and how the confidentiality of participants would be
protectedParticipation in the study was voluntary basisDatacollected andesuts of
laboratorymicrobial analysis omilk sample were undeprotective caref researcheras

confidential.
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 Characteristics and Distribution of Respondents

Characteristicaind distribution ohouseholdespondentare presented in Table Gf the

total household respondent#o participated in the stugdy83.3% were males arkb.7%

were females. Those aged above 45 years com@#%86&o and the remaining proportion
(35.2%) were under 45. Regard their level of education, the majority (794 had
completedonly primary education. Most of the respondem& r e househol ds ¢
few were either spouses or sons of the heads of the households. All respondents were
obtained from villages indicated Table 3.Regarding baracteristics 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 categorieBhe majority ofrespondents ithese categoriesere under

45 years of ageRegarding educatigrall respondents had completed primary education
except 33.3% of owners of restauratitet had completed secondary education. The

majority were heads of tHeuseholds.



42

Table 3: Characteristics and distribution of respondents

Demographic Households  Suppliers Vendors  RestaurantéN
information Category (N =54) (N =25) (N=13) =18)
n % n % n % n %
Sex Males 45 833 22 88.0 13 100 13 72.2
Females 9 16.7 3 12.0 0 0.0 5 27.8
Age >45 years 35 64.8 6 24.0 3 231 8 44.4
045 year 19 352 19 760 10 76.9 10 55.6
Education Primary 38 704 25 100 13 100 12 66.7
Secondary 1 1.9 0 0.0 0 0.0 6 33.3
No formal 15 277 O 0.0 0 0.0 0 0.0
Position in the Head 39 722 13 520 7 53.8 10 55.6
household Spouse 9 16.7 4 16.0 0 0.0 6 33.3
Son 6 111 8 320 6 46.2 2 11.1
Study villagesn Kibaya 9 24.3 0 0.0 1 125 4 50.0
Handeni Masatu 7 18.9 2 15.3 2 25.0 0 0.0
Sindeni 8 216 3 231 3 37.5 2 25.0
Kwediyamba 3 8.1 5 38.5 2 25.0 1 125
Konje 100 270 3 231 0 0.0 1 12.5
Study villagesin Handei 5 29.4 2 16.7 1 20.0 1 10.0
Lushoto Manolo 3 17.7 2 16.7 0 0.0 2 20.0
Mbokoi 2 11.7 5 41.6 0 0.0 3 30.0
Mwangoi 3 17.6 1 8.3 2 40.0 3 30.0
Kwangdéwe 4 235 2 16.7 2 40.0 1 10.0

EFS = Extensive farming system, SIFS = San@nsivédintensive 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 (SIF8Xistedin the study siteat the time of this studyn the
EFS majority of animals were TSZ as revealed by 86.5% of the resporngamters in
this system ownetletween 6 and25herds of cattle ande majority(75.7%)of farmers
were milking between 1 and 10 cowsllecting 2i 20 litres of milk per household per
day at the time of the surveMatural mating was the common methotere10.8% of
farmerswere obtainingbulls for matingwhen their herds come into contact hwitther
herds duringcommunalgrazing On comnunal grazinganimals shar&ate sources and
pastures which cabe oneamongthe means of disease transmissioncattle herds
Herdingwas commonly done by males (83.8%n the SIFS it was observed thatlal

animalsin the participant househacdave exotic blood dominatelly the Friesianx
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Indigenous crosse$ he total herd sizeangel from1 to 8 crossbreaows,1 and 2 heifers
and 1 and calves Milk collection was estimated &ti 7 litres of milk per ow perday.

Il n an ear | i eetal £2010 ¢howed thdt aatihgldea farmers in Tanzania
were individuals that kepta small number of cattle indoors with the average herd
consisting of 3 9 crossbred cowdVating was natral at the time of thistudyin which

breeding bulls were commonly shataetween farmers in a village

Regarding managememhost ofanimalsin the EFSwerekept in simple sheltersuilt of
trees/ | og sfew @abmanteuses weé&enade of tree branches and/or woods,
concree floors andoofed withiron sheets. Floors werd poor drainage mainly of mud

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

and beddings A similar situation waseported by Shija (2013)t is advised that catl

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, cawsiogs

kinds of infectious diseases (Sharma, 2009). Wilsbal. (1997) observed thagioorly
designed and unclean animal houseselerate the transmission of mastiéspecially

when milking practicesare also poor. Besides, Ruegg (2003) reportedekabsure to
moisture, mud, and manure in cow housing areas can influence the rate of clinical mastitis
thus influencing the quality of milk producedhis would probably be the causes of
prevalence of a number diseases in the study arddajor diseaseanditions reported to

affect cattle in the two farming systems ah®wn in Figure 3.
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Figure 3: Prevalence of common diseases reported to affect cattle in the two farming

systems

Regardinganimal healthknapsack spraying andumge dipping were practiced in both
systemsto control ticks and external parasit&2.4% and 41.8% of the household
respondents reported to give prophylactic treatment to cattleeforinthiosisin the EFS

and SIFSrespectively. A few respondents refsal to previously vaccinate cattle against
Anthrax andLumpy skin disease (LSD). Of theterviewed household respondents,
31.5% repaed that their cattle herds haden vaccinated by Veterinary officers, 16.7%

by animal health attendants and %.4y village extension officers. He 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
respondentfiad complained about high price of vetenipalrugs.There was no routine
screening forTB and brucellosis It is advised that all animal® cattle households
including Dogs and Cats musé¢ screened and vaccinated against infectious diseases on a
regular basis. Also, thewareness on the importanof 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 summarizedTable 4.
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Table 4. Cattle management andypes ofanimals owned

EFS SIFS
(N=37) (N=17)
Factor Category n % n %
Cattle breed TSZ 32 86.5 0 0.0
Friesian cross 4 10.8 17 100
Boran cross 1 2.7 0 0.0
Source of breeding bull ~ Own herd 30 81.1 1 5.8
Herd contacts 4 10.8 0 0.0
Neighbours 1 2.7 10 58.8
Far mersd groups O 0.0 5 29.4
Type of animal house Tree/l ogs fAboma 23 62.2 0 0.0
Shed 0 0.0 17 100
Floor design Natural eath 14 37.8 13 76.5
Deep liter 9 24.3 1 5.8
Beddings 0 0.0 1 5.8
Concrete 0 0.0 2 11.8
Prophylactic treatment Helminthiosis 12 32.4 7 41.8
Disease vaccination Anthrax 0 0.0 1 5.8
LSD 4 10.8 2 11.8

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

During the survey, hand milking was the commmuethod 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-&brigping 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 toreduce the esident teat skin bacterial population and prevent the
transmission of contagious bacteria respectivelye Teats of the cow should be dried
after washing to avoid milk contamination with water remaining on the tdaistening

hand in milk, water or oiis not recommendednd 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 flowing at all some of the important steps during milkisgme(33.3%9
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of them reported usingrushes 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 tea 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 feagipping 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 teatip. The technique of pulling teats was commonly used by most

farmers in hand milking.

It was observed in this study thatost of the milk collected was consumed inthe
householdsWhereas 35.2% of respondents reported consumption of actual raw milk,
above half (53.7%})eportedconsumption ofermented raw milk and the rest were boiling
the milk before consumptio&urpiisingly, milk from sick animalsvasalso reported to be
consumedy family membersThis was evidenced by consumption of this type of milk
by 27.8% of the household respondemtile 42.6%did not milk sick animals, 14.8%
were leaving the milk for calve8,2% werediscardingthe milk and the res wereselling

the milk.

The behaviar of direct consumption of home produced products such as milk is common
in many developing countries including TanzaM&dmbiet al, 2007;RLDC, 2009).
Farmers visited in the present study were practitiegsame but what was surprising was
the consumption of raw milk and milk from sick animdlBe 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 pitdduced and consumed in rural areas is
handled urhygienically. Moreover, consumption afilk from sick animals should be

avoided as it may posan unnecessary healthreat to the consumers dueit® possible
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contamination witha variety of agents inclling pathognic microorganismsAlso, these
animabk might have beetreated with antibioticeand milk shouldthereforebe dscarded
for the prescribed duration as it midive antibiotic radue and antibiotics, which not

only affecs the quality of the ntk but alsothe health of consumers (Sharma, 2009).

Bacterial contamination in milk can come from sevemlreses, 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 animalsThe potential pathogens present in raw milk can be
diverse, variable, and unpredictable (Olietral, 2009).It is therefore strongly advised

that milk should be boiled before consumption (Clagtyal, 2012).Whenever possibje
routine health checksof people handling milk should be conducted to ensure good
quality milk. However, at the time of this surviherewasno routine screening of health
status of people who were handling milnother possible sourag milk contamination

can be equipment fdandling and storing milk. In the present study 64@8%he farmers

were storing milk in plastic buckets. 12.9%ere using metatontainers andinother
12.9% were usingalabashedHowever,metal containers werenly observed in the SIFS
while calabashe were found in the EFS.he storagecontainers were cleaned on gail
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 coverd. All farmers reported that theyddnot get formal training on milk
handling and marketind.here wereno cold storage facilities amilk was being stored at

room temperature. This way of storaigeilitates growth of microorganisms over time.
Waterthatwas beingrequently used fowateringcattle herdsaand for sanitaryncluding
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

cratchel plastic containers and traditional vessels made out of \@gdcalabash clay
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or animal skin are not easiteanable Aluminium vessels or stainless steel containers
shoul d be used due bdeasilysclatehed aadthey arehgastclean h e y
(Plate5). FAO (1995) r ec o mmamimidgésdmparthnain ordeta meee r s 0
the demands of a modem dairy industry and the requirements of the .ntaskatlvised

that water for animals and sanitary activitsould be obtained fromortablesources.
Responses on milking, milk handling, consumption and awareness on milk curality

presented in Table. 5

Plate5: Equipment for handling and storing milk (A) Dirty plastic milking buciket
one of thesurveyed households (B) Calabash; is not easily cleanable and (C)

Aluminium can and stainless steel bucket; the best materials for milking







































































































































































































































