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EXTENDED ABSTRACT

Smallholder dairy farmers produce about 70% of cow milk in Tanzania. As the dairy
industry grows, it is increasingly becoming important to focus on milk quality and safety in
order to produce and retain the existing markets. This study was conducted in order to
assess the milk quality and safety in smallholder dairy farming systems in Mbeya rural and
Mbozi districts. A cross sectional study was conducted using a structured questionnaire,
observation as well as collection of milk samples from smallholder dairy farmers (n=96),
milk collection points (n=18) and milk shops (n=36) during the wet and dry seasons of the
year 2015 to 2016. A total of 192, 36 and 216 fresh and processed bovine milk samples
were collected from individual farmer’s herds, milk collection points and milk shops,
respectively. Data on existing practices, general microbial quality of the milk, prevalence
of Staphylococcus aureus and risk of human exposure to Staphylococcus enterotoxins gene
through raw and ready to consume milk were collected. The results showed that 96.9% of
the respondents washed hands and cleaned the cow udders before milking. About 42.2% of
the respondents used individual cloth for drying the udder and teats while the rest (57.8%)
used one cloth to dry subsequent cows. Milk samples collected from cows kept in barn
with concrete floor were significantly (p<0.001) associated with lower Total Bacteria
Counts (TBC) and Total Staphylococcus Counts (TSC). Frequency of cleaning of cow’s
barn had significantly (p<0.05) lower TBC, TSC and Total Coliform Counts (TCC). The
practice of not fore milking and not discarding first strips of milk was significantly
(p<0.05) associated with higher TBC. Milking practices which included washing of hands,
udder and teat, drying of teats using individual cloth/towel per cow and followed by fore
milking yielded milk with significantly (p<0.05) lower bacteria counts than other practices.
Similarly, cow barns with concrete floors and cleaned twice or more daily produced milk
with lower bacteria counts than cows kept on floors made from timber and mad. The
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overall mean for bacteria contamination showed that, TBC, TCC and TSC in the milk were
5.86, 3.47, 4.79 and 5.72, 3.40, 4.25 log10 cfu/ml in Mbeya rural and Mbozi districts,
respectively. Mean TBC and TCC were significantly (p<0.05) higher in the wet than in dry
season. Total bacteria counts increased significantly (p<0.05) from farms to milk shops.
Total staphylococcus counts was comparable (p>0.05) between farms, seasons and
collection points. Fermented and “boiled-milk-served-hot” sold in the milk shops had
significantly (p<0.05) higher TCC in the wet than in the dry season in both districts, while
TSC in fermented and boiled-milk-served-hot was significantly (p<0.05) higher in Mbozi
district. The results of the current study indicated that the 58.7% of raw cow milk produced
and sold in the study area in wet season exceeded the East Africa Standards (EAS) limits
for TBC.

The overall prevalence of S. aureus in milk was 12.4%. At the farm, milk collection points
and milk shops were 3.2, 4.0 and 5.2%, respectively. The antibiotic resistance of S. aureus
isolates showed that, resistance to Penicillin was higher (57.1%) than in other antibiotics
and 57.1% of the isolates were resistant to three or more antibiotics tested in this study.
Staphylococcus aureus isolates demonstrated multiple antimicrobial resistances (MAR)
pattern, particularly with respect to Penicillin, Ampicillin, Erythromycin and Tetracycline.
The results on the prevalence of Staphylococcal Enterotoxins (SEs) gene in S. aureus
isolates showed that 36.4% of the total S. aureus isolates (n=55) had SEs coding genes.
The most frequently observed gene was Sea (32.6%) while Sej was not detected in any of
the isolates. The distribution of the SEs coding genes along the milk market channel
showed that 35, 15 and 50% came from samples collected at farm level, milk collection
points and milk shops, respectively. Hence, 65% of SEs coding genes were detected after
the milk left the farm. Exposure assessment results showed that 1197 litres (L) (90% CI,
987-1 416) of ready to consume milk was sold per day in the study area, of which 860 L
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(90% CI, 645-1 071) and 337 L (90% CI, 168-530) were boiled-milk-served-hot and
fermented milk, respectively. Out of the ready to consume milk, 490 L (90% CI; 464-516)
of boiled-milk-served-hot was contaminated with SEs gene compared to 77.5 L (90% CI,
67-88) of fermented milk. Number of daily consumers of milk and milk products was 2
394 (90% CI, 2 000 – 2 788).

Exposure assessment shows that the probability of consuming boiled-milk–served-hot and
fermented milk contaminated with SEs coding genes at milk shop was 0.42 (90% CI,
0.071-0.838) and 0.17 (90% CI, 0-0.62), respectively. It was estimated that every day, 363
(90% CI, 341-385) and 58 (90% CI, 49-66) people were likely to consume respectively,
boiled-milk-served-hot and fermented milk contaminated with SEs coding gene in the
study areas. The finding shows that exposure to SEs coding gene for the people who
consume boiled-milk-served-hot was two times more (OR. 2.21 (90% CI, 0.6-6.16) likely
to occur than people who consume fermented milk. Generally, the findings of this study
shows that milk produced and marketed in the study area was contaminated with S. aureus
expressing gene for enterotoxins production and MAR which pose a potential health risk to
milk consumers. The high level of microbial counts found in the sampled cow milk
represent a poor keeping quality of milk and public health risk to the consumer. This
suggests the need for improved hygienic practice at all levels of milk production in the
smallholder dairy production system.
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CHAPTER ONE

1.0

INTRODUCTION

1.1

Background of the Study

In Tanzania, smallholder farmers constitute about 70% of dairy farming and their number
is increasing. There are about 218 418 households practicing dairy farming in the country
(URT, 2012) with small herds of cattle ranging from 1 to 5 cows raised under different
farming systems in small plots of land of less than 2.5 hactres. The farming systems
include intensive mixed crop-livestock systems which contribute to food production and
family income. In addition, it enhances the livelihoods of smallholder’s dairy farmers
through regular monetary earnings to farmers and it is characterized by low production
costs, low liabilities, limited liquidity risk and relative resilience to rising feed prices
(FAO, 2010). The intensive system is commonly practiced in Northern and Southern
highland zones of the country including Mbeya region (Njombe et al., 2011).

There are numerous drivers for growth, expansion and development of the dairy subsector in the country which include, increasing urbanization, demands for quality milk by
the expanding tourism industry as well as increased purchasing power of the population
(MLDF, 2010). This creates more opportunities for livestock keepers and marketers to
expand their entrepreneurial endeavours in the dairy industry through integrated and
coordinated supply chain. Projections have shown that the human population in Tanzania
will rise to 138 million in 2050 (United Nations, 2017). The increase in population will go
hand in hand with increased food consumption including milk and other dairy products.
Furthermore, increased trend of per capita consumption of milk for the past five year from
42 litres (Kurwijila et al., 2012) to 45 liters (MLFD, 2017) will be another drivers for
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increased milk production. Hence, there is need for monitoring of milk production hygiene
from farms through selling points so as to ensure quality and safety at all levels.

The quality of milk depend on the physiochemical characteristics, hygienic standard and
nutritional status which are influenced by breed of dairy animals, husbandry practices,
hygienic condition and processing along the collection points. It depends on the hygienic
level exercised during milking, cleanliness of the milk utensils, condition of storage, and
the manner of transport as well as the cleanliness of the udder of the individual animals
(Fatine et al., 2012). However, microbial contaminations in raw milk may originate from
the animal itself (sick or poorly prepared prior to milking) and becomes the potential
sources of contaminations. Nevertheless, secondary contaminations may occur during post
milking and are normally due to unhygienic practices along the milk handling points.
Moreover, little access or absence of cooling facilities in the farm and throughout the dairy
system exacerbates the problem of high microbial counts (Kurwijila, 2006). An increased
level of hygiene and frequent cleaning of the cow barn leads to a lower microbial count.
However, unhygienic production environments, lack of refrigerators and substandard cows’
housing facilities have negative influence on microbiological quality of milk. Most of the
milk produced at farm level in Tanzania is kept at room temperature and less than 3% of
milk produced is processed (Kurwijila et al., 2012). Therefore, focus should be on
measures promoting clean milk production and minimizing the time between milking and
transport to the point of sale for processing or direct consumption.

The safety and quality of the milk produced by smallholder dairy farmers has to be
guaranteed in order to enable them to retain and access the conventional markets. In order
to achieve quality milk production, different quality tests are conducted at the point of
collection in the Southern highlands zone. These tests include relative density, clot on
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boiling and an acid tests. Through milk testing and quality control the demand of good
quality milk from consumers and dairy processors could be satisfied (Mdegela et al.,
2009). Unfortunately, neither of these tests can determine the bacteria load and presence of
bacteria pathogens of public health importance. As the dairy industry grows throughout
Tanzania, it is important to develop standards and procedures for determining the quality of
milk and dairy products throughout the production chain. However, the existing animal
husbandry practices and environment in which cows are housed, milked and handled varies
considerably which creates a big challenge on the quality and safety of milk produced.

According to Biruk et al. (2009), the initial microbiological quality of milk can vary
substantially based on factors such as the health of the animal, the sanitary condition of the
milking environment and the milkers. Thus, strict animal health regulation, appropriate
housing, milking and milk handling technology, as well as following recommended
cleaning and disinfection procedures is very important. This is because milk can be
contaminated with bacteria from the animal itself and during post milking handling
(Murphy and Boor, 2000).

Several authors (Kinabo and Assey 1983; Mdegela et al., 2004; Karimuribo et al., 2005)
conducted studies and established that Staphylococcus aureus was the major causes of
bovine mastitis in Tanzania. It is known to be a major cause of foodborne illnesses, and
milk and dairy products are often contaminated by enterotoxigenic strains of this bacterium
(Peles et al., 2007). Staphylococcus aureus produces several Staphylococcal virulence
factors, including Staphylococcus Enterotoxins (SEs) type A (SEA) to type Q (SEQ).
Ability of S. aureus strains to produce one or more SEs in food products is linked to
staphylococcal food poisoning (Bennett, 2005). It causes a diverse array of diseases,
ranging from relatively harmless localized skin infections to life-threatening systemic
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conditions. Among multiple virulence factors, staphylococci secrete several exotoxins
directly associated with particular disease symptoms. These include toxic shock syndrome
toxin 1 (TSST-1) and exfoliative toxins (ETs) (Le Loir et al., 2003). Despite its toxins
production, S. aureus is known to be naturally resistant to Penicillin group of antibiotics
due to β-lactamase production. Other antimicrobials have also been reported to be not
effective in treatment of Staphlylococcal diseases in animals (Shitandi and Sternesjö,
2004). Considering the large portion of the population that lives in close proximity to their
livestock and milk consumption pattern, there are possibilities for the population to be
exposed to resistant S. aureus genes from livestock to humans through the consumption of
milk and milk products.

1.2

Problem Statement and Justification

1.2.1 Problem statement
Consumption of contaminated milk may be associated with health risks to consumers
especially in informal markets where control procedures are not followed (Swai and
Schoonman, 2011). The quality of milk may be affected by presence of udder infections,
milk contamination before, during and after milking. Moreover, lack of cooling of milk in
the production, collection points and milk shops leads to rapid multiplication of bacteria
which is associated with short shelf life. The scantly available tests commonly used during
collection of milk are not those that can detect the load and type of pathogenic bacteria
contaminating the milk. Thus, more advanced tests capable of detecting the bacteria load
are required.

Most of the studies on mastitis conducted in Tanzania showed S, aureus to be the dominant
bacteria (Kinabo and Assey, 1983; Mdegela et al., 2004, Karimuribo et al., 2005). Few
studies in Tanzania have gone further to study the other negative effects of S. aureus in
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milk and milk products and its importance in food poisoning and public health. This is
important because S. aureus is associated with food intoxication globally (Asao et al.,
2003) and the toxins produced by S. aureus finally contaminate milk. Hence there is a need
for studies to provide clear information on the quality and profile of SEs coding genes in
the milk produced and marketed in Tanzania. Mbeya and Mbozi districts were chosen as
case studies.

1.2.2 Justification of the study
Throughout Tanzania, over 80% of the milk consumed is unregulated (Swai and
Schoonman, 2011), thus the foodborne illness caused by consumption of contaminated
milk is expected to be high. Furthermore, various Non Governmental Organizations
(NGOs) such as Smallholder Dairy Development Project (SHDDP) and Heifer Project
International (HPI) Tanzania have been working to promote milk production in the
Southern Highlands zones for decades with the objectives of improving nutrition through
increased milk consumption and increasing income generation for smallholder dairy
farmers. The main areas of focus have been on genetic improvement, promotion of
marketing and consumption of milk and dairy products, veterinary extension services and
pasture establishment (Kifaro, 1995; Kabungo et al., 2010). Little focus has been placed
on the quality and safety of the milk being produced.

Although most of pre harvest practices seem straight forward and can easily be
implemented, most of the farmers do not use recommended best practises. This is because
milking procedures differ according to the level of awareness and availability of resources.
Furthermore, there is limited data on hygienic practices throughout the dairy production
chain and how they affect the quality and safety of milk and milk products reaching
consumers. This information is crucial to the farmers, policy makers and consumers of
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milk and milk products. Hence there is a need to assess their effects on the bacteriological
quality and safety of milk.

1.3
1.3.1

Study Objectives
Overall objective

To evaluate the bacteriological quality and safety of cow milk produced from smallholder
dairy farmers in relation to management, milking and handling practices.

1.3.2

Specific objectives

i.

To establish the factors influencing the microbiological quality of the milk at the

ii.

farms level
To determine the extent of contamination of milk by pathogenic bacteria with

iii.
iv.

specific reference on S. aureus
To identify drug resistant S. aureus isolates from milk marketed in the study area
To establish the profile of enterotoxins genes (SEs) of S. aureus isolated from raw

v.

milk and milk products in the study area
To determine the risk of exposure of milk consumers to SEs in the study area.

1.4 Research Hypothesis
i.

Ho: Management factors and milking practices have no influence on

ii.
iii.

bacteriological quality of milk
Ho: Bacteriological load does not change along the sampling points
Ho: Staphylococcus aureus isolates from the collected milk samples are

iv.

resistant to antimicrobial agents commonly used in Tanzania veterinary practices
Ho: There are no enterotoxins producing S. aureus strains along the sampling

v.

points
Ho: There is no risk of exposure of consumers to SE genes due to the consumption
of boiled-milk-served-hot and fermented.

not
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CHAPTER TWO
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2.0

GENERAL METHODOLOGY

2.1

Study Location

Smallholder dairying is an important activity in Mbeya region (URT, 1997). Mbeya region
has eight districts including Chunya, Ileje, Kyela, Mbarali, Mbeya urban, Mbeya rural,
Mbozi and Rungwe. Mbozi and Mbeya rural were purposively selected as a case study
due to the large number of dairy cattle and easy accessability. Mbozi district is located in
the Southwestern corner of Mbeya region. The district is located between latitudes 8o and
9o12’ S and longitudes 32o 7’30’’ and 33o 2 0’East. The rainfall pattern in Mbozi district is
unimodal and the rain season is from November to May, while the dry season is from June
to October. Annual rainfall ranges from 800 mm to 1100 mm. Annual temperature ranges
between 16 oC and 23oC (URT, 1997).

Mbozi district occupies a total area of 9679 km2 where 79.2% (7666.4 Km2) is arable land,
9.7% (937.4 Km2) is forest reserve, 8,1% (783.2 Km2) is settlement and other uses and the
remaining 3% is covered by water bodies (URT, 1997). More than 80% of the population is
engaged in crop and livestock production. The types of livestock kept in Mbozi district
include; Cattle, pigs, goat, sheep, poultry and donkey. Mbozi district has 275 301 cattle,
268 549 of which are indigenous breed and 6752 exotic breeds and their crosses (URT,
2016). The common exotic breeds found in the district include Friesian and Aryshire which
have been used to cross with indigenous cattle to cross breds with higher milk production.
Systems used to keep cattle include; intensive system, semi intensive and extensive
systems. Intensive system is used mostly by farmers who keep exotic breeds and their
crosses. In this system, farmers provide all the needs of animal including shelter, water,
pasture and forage. Feeding is indoor and little supplementation is given, especially for
lactating animals. During the dry season crop residues are the main source of feeds. Semi
intensive and extensive systems are used by farmers who keep indigenous cattle breeds. In
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this system, cattle are grazed in communal land, along the road and in individual farms.
During crop season some farmers move their animals to the reserved areas and stay there
for the whole season and thereafter animals are grazed in the field where the crops were
grown.

On the other hand, Mbeya (rural) district lies between latitude 8o 38’ and 9o 20’S and
longitude 33o and 33o 52’E. The district’s annual rainfall ranges from 800 mm to 1800 mm.
Annual temperature ranges between 16oC and 20oC (URT, 1997). Wet and dry season
months are the same as in Mbozi district. Mbeya district has a total area of 19 098 Km2 of
which 1542 Km2 is ideal for crop production, 466.2 Km2 (2.49%) is under forest, 0.5 Km2
(0.003%) is under Game Reserve, 1569.4 Km2 (8.2%) is water bodies and 1641.9 Km2
(8.6%) is used for other activities (URT, 1997). The population of cattle is 134 985, of
which 125 683 are indigenous and 9302 are exotic breeds and their crosses (URT, 2012).
The management system of the cattle is more or less the same as in Mbozi district.

2.2

Study Design, Sample size and Selection of Study Participants

A cross-sectional study was undertaken in Mbozi and Mbeya districts. A multi-stage
purposive sampling procedure was used to select six wards and twelve villages (2 villages
in each ward) while random sampling technique was used to select 8 households and 3
milk shops in each village. Hence, a total of 96 dairy farmers, 24 milk collection points
(six collection sites were removed from the study because they closed their services in the
dry season, therefore 18 collection points were used) and 36 milk shops were used for
interview and milk sampling. Sample size was determined at 95% confidence interval and
margin for random error of 5% using a mathematical model as described by Fox et al.
(2007). N = P (100% - P)/ (SE) 2, SE = MRE/1.96. Where; N = Sample size, P =
Proportion of dairy smallholder farmers, SE = Standard error, MRE = Margin for random
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error (5%) and 1.96 = tabular value for 95% confidence interval. The proportion of farmers
keeping dairy cattle in the study area was about 4%. Based on the formula above a sample
of 78 respondents would have been used, but the number was increased to 96 for precision.
On the other hand, milk sample size was estimated based on the prevalence of S. aureus in
subclinical mastitis of 20.4% at animal level reported by Mdegela et al. (2009). From the
above mentioned formula, the sample size was determined to be 444 (192 from farmers, 36
from milk collection points and 216 milk shops).

2.3 Data Collection Methods
2.3.1 Survey
Structured questionnaire, checklist and observations were used to collect information from
household heads and milk shop owners. Information on milking hygiene practices,
procedures, milking place, milk handling, time between milking and transportation to the
collection points, floor type and constraints in producing quality milk were gathered. Data
collected also included household head education level, herd size, access to training and
the experience in livestock farming. Similarly, information on milk handling practices by
milk collection points and milk shops operators was included as well as data on amount of
milk collected/handled per day, source of milk, number of suppliers, type of containers
(plastic or metals), whether there are any quality checks conducted, or pre-treatment of
milk prior to selling (cooling, boiling) and type of transport used.

2.3.2

Collection of milk sample and microbiological quality analyses

Milk samples were aseptically collected in two seasons (wet and dry) by using 50 ml
Falcon tubes (ISO 707, 2008). Samples were collected between 6.15 am and 7.30 am and
4.15 pm and 6.30 pm from pooled milk in farm level, milk collection points and milk
shops. Samples were kept in cool box packed with ice and maintained at less than 4 oC and
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then transported to the Tanzania Livestock Research Institute (TALIRI), Uyole and stored
at -20oC. The next day after morning collection, samples were transported to Sokoine
University of Agriculture (SUA) using cool box packed with ice and the microbiological
analysis was performed upon the arrival.

In the laboratory, enumeration of Total Bacteria Count (TBC), Total Coliform Count (TCC)
and Total Staphylococcal Count (TSC) was performed using standard procedures (ISO,
1999) in order to determine the loads of the microbial contamination in the milk. Briefly,
tenfold serial dilution of each milk sample was prepared using peptone water. For
determination of TBC, 0.1 ml of each dilution was transferred using sterile pipette and
spread on Plate Count Agar (PCA) (Oxiod) using a sterile glass spreader for each sample.
The plates were incubated at 30oC for 24-48 hours. Following incubation, colonies were
counted using colon counter and those plates with 30-300 colonies were used for
calculation. The average number of colonies in a particular dilution was multiplied by the
dilution factor to obtain the TBC. The TBC was expressed as the number of organisms of
colony forming units per ml (CFU/ml) of samples according to IDF (1990) using the
following formula;
Count = Sk/n1 + 0.1n2 x d
Where, Sk = sum of all colonies counted
n1 = number of plate from the lowest dilution used for computing the count,
n2 = number of plates in the next dilution factor used for computing the count,
d = reciprocal of the dilution factor of the lowest dilution used for computing the count
corresponding to n1.
TCC and TSC were determined by following the same method of TBC except the
incubation temperature and agar. MacConkey agar (Oxoid) and Manitol salt agar (Oxoid)
were used for TCC and TSC, respectively. The incubation temperature for TCC and TSC
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were 37oC for 24-48hrs and each procedure per sample was performed in duplicate. The
results obtained from this study were reported in paper I and II.

2.4 Identification of S. aureus and Antimicrobial Resistance Test
2.4.1 Identification of S. aureus
The colonies that were obtained in section 2.3 were further purified by sub-culturing into
Mannitol Salt Agar plates and incubated aerobically at 37 °C for 24-48 hours. Yellow
colonies which were medium to large in size, round and convex in shape were suspected to
be S. aureus. Gram staining was performed and Gram-positive cocci, which occurred in
clusters under the microscope, were subjected to preliminary biochemical tests such as
catalase, coagulase and oxidase tests. Catalase test was performed using slide method. A
sterile loop was used to transfer a small amount of organism from a well-isolated 18 to 24
hours colony and place into the surface of a clean, dry glass slide. Two drops of 3%
Hydrogen peroxide (H2O2) was placed in the glass slide. The positive samples showed the
evolution of oxygen bubbles while no bubbles was observed in negative samples.
Furthermore, a hemolysis and coagulase test was performed for confirmation of S. aureus.
The coagulase test was performed according to a tube agglutination test method. About 0.1
ml of fresh cultures of S. aureus grown on Nutrient broth (Oxiod) for 18 -24 hours was
added to 0.5 ml of 1 / 10 diluted sterile rabbit plasma in test tube. The tube was incubated
at 37 °C and the presence of coagulation was observed after period of 2, 4, 6 and 24 hours.
Isolates that produced clots were recorded as S. aureus positive and maintained at -20°C in
30% glycerol for further characterization.
2.4.2 Antimicrobial sensitivity test
Determinations of antimicrobial sensitivty were performed on identified positive S. aureus
isolates obtained in section 2.4.1. Susceptibility test was performed on twenty one positive
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S. aureus isolates using Kirby-Bauer disc diffusion method as described by Clinical
Laboratory Standards Institute guidelines (CLSI, 2015) on Mueller-Hinton agar (Becton,
France). Three to four fresh overnight colonies were dissolved in 10 ml of 0.9% saline; the
density was pre-calibrated to 0.5 McFarland turbidity. The antimicrobial discs used in this
study were from Oxoid Ltd, (England) and included; Penicillin (10 IU), Ampicillin (10
μg), Sulfamethoxazole (300 μg), Vancomycin (30 μg), Cloxacilin (10 μg), Ciprofloxacin
(15 μg), Enrofloxacin, Tetracycline (30 μg), Chloramphenicol and Erythromycin (15 μg).
The S. aureus ATCC 25923 was used as reference strain as an internal positive control
whereas sterile water was used a negative control. Sterile cotton-tipped swabs were used to
transfer the inocula onto Mueller-Hinton plates to produce a confluent lawn of bacterial
growth. After the inocula on the plates dried, the antibiotic discs were distributed over the
inoculated plates using a sterile forceps. The plates were incubated at 37 oC for 24 hours.
After incubation period, the plate’s cultures were examined for inhibition zones around the
discs. The inhibition zone diameters were measured by a ruler and values obtained were
interpreted using CLSI, (2015) and given the appropriate status; Susceptible (S),
Intermediate (I), or Resistance (R). Multiple antimicrobial resistant (MAR) phenotypes
were recorded for isolates showing resistance to more than three antibiotics. The findings
from this study are presented in Manuscript III.

2.5

Detection of the Staphylococcal Enterotoxin Gene from Raw and Fermented
Milk

The identification of S. aureus from households, collection points and milk shops samples
were performed according to section 2.4.1 and the EN ISO 6888-1 standard procedure of
the International Organization for Standardization (ISO, 1999). After confirmation of
S.aureus the DNA was extracted for PCR amplification.
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2.5.1

DNA extraction and multiplex PCR amplification

DNA was extracted by boiling method. Two to four colonies of pure culture of S. aureus
were dispensed into Eppendorf tubes containing 100 µl of sterile distilled water. The
suspension was heated for 10 min at 95oC and then centrifuged for 10 min at 13 000x g.
The supernatant was collected and stored at -80 oC and later used in the PCR reaction as
template DNA (Martin et al., 2003).

DNA extracts were allowed to thaw for 5-10 minutes while preparing the master mix. The
master mix contained 0.2 ml reaction tubes in a final reaction volume of 25 μl. Multiplex
PCR was established using nine pairs of primers for detection of genes encoding
staphylococcal enterotoxins a, b, c, d, e, g, i, and j. The PCR mixture consisted of 5 mM
MgCl2, 200 μM dNTPs, buffer, 2 U of Taq polymerase and 5 μl of DNA. Amplification
was performed in a Takara thermal cycler (MJ Research, Inc. Tokyo Japan) and PCR
reactions were carried out using the proccessing time-temperature conditions specified in
Rahimi (2013) with modification in annealing temperature. PCR products were separated
in 1.5 % agarose gel electrophoresis and visualized under UV light. A positive control with
DNAs from a representative SEs coding gene, S. aureus isolates were loaded in the gel
together with amplicons. Samples that tested positive for a particular gene were counted
and prevalence was calculated. The findings from this study are presented in paper IV.

2.6 Assessment of Exposure to Staphylococcal Enterotoxins Genes
The study was carried out in three steps. In the first step, two questionnaires were
administered to milk consumers who were in the sampled milk shops at the time of visits
and were willing to participate in the study. The information collected was on milk
consumption pattern, frequency of consumption, amount consumed, type of milk preferred
(boiled or fermented), whether they buy milk for home consumption, type of milk bought,
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amount, treatment performed before consumption and people in the family who consume
milk. The Milk shop owner was asked to provide information on procedures followed
when receiving milk, access to training on milk handling, source of milk, amount of milk
handled, amount sold, types of consumers, number of consumers, milk treatment
conducted in their shops and types of quality checks conducted. Personal observation was
also used to assess milk handling, milk storage, type of serving utensils, cleanliness of the
milk shop and personal cleanliness of owner and his/her staff.

The Second step involved sampling of milk carried out concurrently with administration of
questionnaire. The final step was laboratory analysis, where the identification of S. aureus
was performed using standard procedure (Section 2.4.1) and finally the presence of SEs
gene in the milk was determined by multiplex polymerase chain reaction (Section 2.5.1). A
stochastic model was developed for the exposure of consumers of boiled and fermented
milk to the SE gene using the following parameters obtained from the questionnaire and
laboratory results; The number of milk shops (N), the total quantity of milk sold daily in
the milk shops (Q), the average daily milk sold (Xm), concentration of pathogens in
contaminated milk (C), prevalence of SEs in ready to consume milk (P RV), the quantity of
milk contaminated daily (Qc), the proportion of people consuming boiled hot milk (PB) and
fermented milk (PF), the number of daily milk consumers (Dc) and the probability of
consuming milk containing SEs (P). The findings from this study are presented in paper V.

CHAPTER THREE
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3.0

FINDINGS AND DISCUSSION

3.1

Effect of Management and Milking Practices on the Milk Bacteria Count

3.1.1

Management practices

The management practices studied were type of cow barn, frequency of cleaning, milking
environment, type of utensils and feeding during milking. Most of the cow barns were
substandard compared to specification described by FAO (1998). The results showed that,
common cow barns had walls made from timber (65.6%) and burnt/earthen brick (34.4%)
(Paper I; Table 1). The floor was made from timber (39.6%), concrete (30.2%) and earth
(30.2%). The roofs were either closed (62.5%), open (6.3%) or half closed (31.2%)
(Plate1). The roofing materials were corrugated iron sheet (71.9%) and thatch grass
(18.7%). The place where the cow is kept and condition of the milking area, was one of the
most determinant factors in the production of good quality milk. The results of the current
study showed that the barns had poor drainage and difficult to clean especially for floors
made from timber and soil. Well built barns can drain easily and have positive correlation
with overall hygienic conditions of a given milking environment rendering the production
of better quality milk (Karimuribo et al., 2005). It is therefore important that milk
producers consider appropriate barns (FAO, 1998) with good conditions of the milking
environment as a fundamental part of production hygiene to ensure the supply of good
quality and safe milk.

Similar, observations have been reported in studies conducted in Mvomero and Njombe
districts (Chang’a et al., 2008) and Ethiopia (Zelalem, 2012; Duguma and Janssens, 2015).
Also Karimuribo et al. (2005) reported that poor house hygiene is among the factors which
can result in high udder infections, zoonotic infections and poor quality milk.
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Plate 1: Common types of cow barns found in the study area Barn made from A)
Plastered burnt brick wall with concrete floor B) Unburnt brick with soil
floor. C) Timber wall with timber floor and D) Timber wall with concrete
floor

The type of floor had significant (p< 0.05) association with milk bacteria counts. The milk
samples collected from barns made of concrete floor were significantly (p<0.05) associated
with lower TBC, TCC and TSC (Paper I; Table 4, 5 and 6). Earthen floor was significantly
(p<0.05) associated with higher counts.

Cow teats had variable contamination level depending on the place where animals are kept
between milkings and season; indoor fed cows are more affected in the wet season. It was
observed in the present study that the cows kept on soil floor had dirty flanks, abdomen,
udders and teats and hygiene was poor during the wet season compared to the dry season.
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Milking in such an area could result in high bacteria counts in the milk and negatively
affect its quality because wet skin is known to shed more bacterial colonies into milk than
dry skin. Bramley and Mckinnon (1990) reported similar results that the levels of
microbial contamination of cow’s raw milk were influenced by the hygiene of the
environment where dairy cows are housed and milked. Moreover, Elmosleman et al.
(2010) found a positive correlation between the types of housing with level of bacteria
count.

The frequency of dairy house cleaning had significant (p<0.05) association with milk
bacteria counts. The milk samples collected from cow barns which were cleaned 2 to 3
times per day had significantly (p<0.05) lower TBC and TSC compared to those which
were cleaned just once per day. Maintaining the hygienic condition of the barns and
milking area is important for the production of good quality milk. Frequent cleaning of the
dairy barn prevents the accumulation of manure and urine and keeps the cow clean, thus
removing large amounts of environmental bacteria which could contaminate the milk.
Keeping dairy cows in a clean barn makes the abdomen, flanks, teat and udder clean, thus
enables easy and effective udder cleanness before milking. This is because a dirty cow
takes a longer preparation time than clean cows and it is difficult to achieve desirable
udder cleanness. Where the teats were not properly cleaned and dried before milking, this
dirt with the associated microorganisms would further contaminate the milk. Similar
findings were reported in other studies conducted in Mvomero and Njombe districts
(Chang’a et al., 2008), Sri Lanka (Vairamuthu et al., 2010) and Kenya (Kembe and
Omondi, 2016).

Feeding during milking and type of milk handling utensil had no association with milk
bacteria count. This could be due to the number of respondents feeding their cows during
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milking time being small and amount of feed given which was little such that cows
finished the feed even before udder preparation was completed. Most respondents used
plastic containers for milking and milk handling so the effects of utensils were not
observed because almost all respondents used the same type of utensils. The use of plastic
utensils in milk handling is associated with increased bacterial counts in milk because of
its cleaning difficulties. The presence of crevices and scratches on equipment surfaces
causes accumulation of organic debris that provides good condition for bacterial growth
and multiplication. Studies conducted elsewhere showed this type of handling material to
be inferior compared to aluminium and metal (Omore et al., 2005; Kivaria et al., 2006;
Tasci, 2011; Welearegay et al., 2012; Zelalem, 2012).

Another management factor which was significantly (p<0.05) associated with bacteria
count was herd size. Herds which had one to two dairy cattle had significantly (p<0.05)
lower bacteria count compared to the herds with more than three animals (Paper I; Table
4). Bulk herd TBC and TSC were lower in the herds with few cows than in herds with
many cows. Where effective cleaning is not followed (in indoor fed system), the herd with
many cows could have poor quality milk because when moving from one milking cow to
another the rate of contamination increases. In the current study, it was observed that water
and towel/piece of cloth were not changed in most of the herds (57.8%) during the udder
washing and drying. This could lead to increased contamination and poor milk quality.
Also disturbances from other non-lactating cows where the stock size is high could
contribute to the contamination of herd milk. A similar finding was reported by Jayarao
et al. (2004) that herd size and farm management practices influenced bacteria counts in
bulk tank milk. Contrasting information has been reported by Marcondes et al. (2017) that
TBC values decreased with increasing herd size.
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3.1.2

Effects of milking practices and procedures

Generally, milking practices applied among the farmers had some shortcomings, which are
known to have a negative impact on udder health and milk quality. This showed that no
single practices can itself contribute to higher microbial load of milk. The results showed
that most (87.5%) of the respondents milked their cows in the cow barn which in most
cases were not in a good condition (Plate 2). About 7.3% and 5.2% of the respondents
milked their cows in the crush and open area, respectively. Milk samples collected from
farmers who milked their cow in crush and open space had significantly (p<0.05) lower
TBC compared to those who milked in the dairy barn. The influence of dirty cows on TBC
was aggravated by the extent of the soiling of flanks, abdomen, teat skin and cleaning
procedures adopted immediately before milking.

Hand milking was conducted by all of the respondents in the study area and most of them
washed hands before milking (Paper I; Table 2). The milk samples collected from the
respondents who washed their hands before milking contained significantly (p<0.05) lower
TBC and TSC compared to those who do not practice this activity. Dirty hands
contaminate the teat skin and eventually contaminate milk with environmental bacteria.
When moving from one cow to another, the milker can transfer pathogenic bacteria to all
lactating cows in the herd and become a significant source of udder infection and milk
contamination. Furthermore, the results showed that herds where milkers washed their
hands, the udder and teats and then followed by drying of teats using an individual cow
cloth/towel contained significantly (P<0.05) lower TBC and TSC than the use of single
cloth for all cows (Paper I; Table 2). Unclean udder and teats are the potential carriers of
bacteria from the surroundings and thus, the udder and teat washing, drying and
disinfection prior to milking are important practices. A similar finding was reported by
Molineri et al. (2012) who found that the drying of the teats with individual towel was
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associated with the lowest bacterial counts compared to other methods. Moreover, Pandey
and Voskuil (2011) underline the importance of hygienic milking preparation that milkers
should wash the hands with clean water and soap and dry them with a clean towel before
milking and during the milking procedure between each cow. Also Vissers et al. (2007)
found that teat washing and drying before milking resulted on lower contamination to the
milk and consequently lowers total bacterial counts than washing only or not washing at
all.

Fore-milking provides an opportunity to detect and prevent abnormal milk from entering
the bulk herd milk. This practice allows the milker to see any changes in the milk and
removing the first strips of milk that normally contain high bacteria counts. In the present
study most of the farmers did not practice this activity, which has great influence in bulk
herd bacteria counts. Lack of awareness was the reason as to why farmers do not perform
this practice. A study conducted in Mvomero and Njombe by Chang’a et al. (2008) and
Indonesia by Suranindyah et al. (2015), reported the importance of this practice in the
production of milk with reduced number of bacteria. Similarly, pre, post dipping and teat
disinfection were not performed by all of the respondents in the study area (Paper I).
Farmers were not aware on the importance of these practices on the milk quality and
prevention of contagious mastitis. The positive influence of pre-dipping on a decreased
microbial contamination of milk have been reported by Hemling (2002) and their
application was connected to the use of individual cloths for udder drying and their use
also leads to a decrease in the microbial contamination of milk. Also Ruegg (2004) pointed
out that pre-dipping of the teats with an approved disinfectant is considered the most
effective way of teat disinfection and important step in a teat-cleaning regime. Teatcleaning regimes reduce the microbial load on teats and therefore reduce the potential
contamination of milk and contribute to the control of mastitis.
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3.1.3 Source of water used
The sources of water used for dairying purposes in the study were from the taps, wells,
spring and rivers. The common sources of water were wells (47.9%) and followed by
rivers (19.8%). Water source had a significant (p<0.05) association with TCC (Paper I;
Table 2). Water used for washing milk handling utensils by most of the respondents was
not treated and could be the source of milk contamination. Water quality in dairy activity
play a substantial role in milk quality. Untreated water can be a source of milk
contamination as reported by Bereda et al. (2012), that the water sources used for cleaning
purpose without treatment could serve as a major cause of milk contamination. Similarly,
Van Kessel et al. (2004) reported that, the use of insufficient and poor quality water for
cleaning milk handling equipments can result in milk residues on equipment surfaces that
provide nutrients for the growth and multiplication of bacteria that can then contaminate
the milk.

3.1.4 Use of lubricants
Another practice/procedure observed was teat lubrication before milking. It was observed
that application of lubricant during milking was common to a large proportion of
respondents in the study area. The lubricants that were commonly used in the study area
were milking salve (38.5%), cooking oil (31.2%), petroleum jelly (Body line ®) (18.7) and
Baby care® (4.2%) (Paper I; Table 2). Milk salve is the type of lubricant recommended for
milking practices.

Statistically it was observed that the use of lubricant had insignificant (p>0.05) association
with bacterial counts in this study. Despite the insignificant association, the use of lubricant
other than those recommended for milking purposes like Baby care®, may cause unwanted
smell in the milk and hence affect the milk quality. This finding concurs with the earlier
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study conducted by Mdegela et al. (2009) and Vairamuthu et al. (2010) where the cooking
oil and coconut oil were used as milking lubricant in Njombe and Sri Lanka, respectively.

3.1.5 Cooling of milk
All farmers in the study area did not cool the morning milk immediately after milking.
Only 17.3% of the farmers reported to cool the evening milk by using cold water. Keeping
fresh milk at room temperature together with unhygienic practices during the milking
process may result in microbiologically poor milk. Several reports (Van Kessel et al.,
2004; Kurwijila, 2006; Pandey and Voskuil, 2011) emphasize the importance of cooling the
milk immediately after milking at 4oC, a process which prevent rapid growth and
multiplication of bacteria present in the milk. Cooling milk, an important practice, is
usually not performed or neglected by most of the farmers in the study area.

3.2 Bacteriological Quality of Milk along the collection points
3.2.1 Effect of source of milk
Unless properly handled, milk can be contaminated by microorganisms at any point from
production to consumption (during milking, collection and selling) (Apendix 6). In this
study the TBC differed significantly (p<0.001) between the collection sources/points
(Paper II; Table 1). Milk collected from farmers herds had significantly lower TBC
compared to the milk sampled from milk collection points and milk shops. The results
showed that the TBC increased as the level of handling increased.

This result concur with the report by Omore et al. (2005) in Kenya and Amistu et al.
(2015) in Ethiopia that the microbial quality of milk deteriorates from farmers to selling
points. Also Bereda et al. (2012) reported similar results that total plate counts had
significant variation between milk sampled sources. This revealed that microbial
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contamination was occurring at every stage of milk handling. Furthermore, difference in
TCC and TSC in milk samples collected in Mbozi and Mbeya district was not significant
(p>0.05). However, TCC was significantly lower in samples collected from the milk shops
than from the collection points and herd level. The fact that high proportion of the milk
samples taken from bulk herd milk had TCC higher than in the milk shops, provide
evidence that the udders of the cows were soiled with faecal materials and/or the udder was
improperly washed. The reasons for low counts in the milk shops could be the habits of
some milkshop owner to cool the milk upon arrival as well as dilution effects (Duguma
and Jassens, 2015). Contrary to this study, Werearegay et al. (2012) reported a
progressively increase of TCC for milk samples taken from production to the selling point
in Ethiopia.

3.2.2

Effect of the season

The overall results showed that, TBC and TCC were significantly (p<0.001) higher in wet
season compared to the dry season. Milk collected from farmers herd in the wet season had
significant (p<0.05) higher TBC and TCC compared to dry season while in the milk shops,
dry season milk had significant (p<0.05) lower TCC than wet season (Paper II; Table 2).
TBC and TCC for the milk collected at farmer level varied between seasons, particularly
that significant higher count was observed in the wet season than in the dry season (Paper
II; Table 2). Seasons affected indoor fed cow cleanliness with a significantly higher
percentage of dirty cow barns, dirty cows, soiled flanks and udders being observed during
the wet season compared to the dry season (Plate 3). High soil moisture during the wet
season favour growth of microorganisms that contaminate milk under poor hygienic
conditions in smallholder dairy farms. Similar result was reported by Nateghi et al. (2014)
in Iran where higher microbial counts were observed in winter than summer.
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Plate 2: Effect of seasons (wet (A) and dry (B)) on cleanliness of cow’s barn in Mbeya
district

Generally, TSC was significantly (p<0.05) higher in the dry seasons in Mbozi district. At
farm level TSC in milk samples had no significant (p>0.05) difference between the
seasons. The source of contamination could be from cows with subclinical mastitis, poor
milking procedures, milk handlers, handling utensils and storage temperature. The source
of Staphylococcus species is difficult to trace due to its ubiquitous nature. For example S.
aureus is carried in the nose of some 20% to 30% of persons, who also carry this bacteria
in their skin and it is frequently isolated in cows with subclinical mastitis (Jørgensen et al.,
2005; Peles et al., 2007).
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3.2.3 Effect of boiling and fermenting milk on bacterial counts
Boiled-milk-served-hot and fermented milk sold in the milk shops in study area had total
bacteria counts above the standard recommended by EAS (2007) (Paper II; Table 3). This
means that effective boiling was not achieved or recontamination occurred from dirty
handling utensils and milk handlers. Where boiling is not effective, some bacteria remain
and reduce the shelf life of the milk significantly. Gratian (2012) reported that 22.7% of
boiled milk in Temeke Dar es salaam contained Staphylococcus aureus.
The presence of bacteria in the boiled hot milk indicates ineffective boiling and
recontamination through personnel and water used to clean utensils. Observation made by
Kitagwa et al. (2006) showed insufficient boiling, poor hygiene during handling of the
milk or serving the milk using dirty utensils to be the sources of bacteria in the boiled milk.

Fermented milk contains low pH which prevents the growth of many bacteria including
Staphylococcus species. The lactic acid and inhibitory substances produced during
fermentation reduce or inhibit S. aureus growth in milk. Besides that, the competition of
high number of lactic acid bacteria with other bacteria for nutrients during fermentation
affects their presence. Nevertheless, S. aureus was found in the samples of fermented milk
collected in the milk shops. Significant reduction in the growth rates of S. aureus during
fermentation phase was found by Zuniga et al. (1999) and through the storage of fermented
milk, S. aureus population decrease from the first day and after 9-10 days it was not
recovered from agar any more. In their study fermented milk was maintained at pH of 4.0
which was inhibitory for S.aureus. One of the most effective tools to inhibit S. aureus
growth in milk is by adding a sufficient amount of active dairy starters, which are able to
produce lactic acid very rapidly, hence inhibit the growth of S. aureus (Baran et al., 2017).
In the study to determine the prevalence of Staphylococcal enterotoxin (SEs) coding genes
in the milk (Paper IV; Table 3), the results indicated the presence of SEs coding genes
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responsible for toxins productions in the fermented milk. Similar finding have been
reported in Egypt by Ahmed et al. (2014) that 17% of the fermented milk samples were
contaminated by staphylococci. Even when the milk is fermented, the recontamination at
the time of consumption may occur and affects the health of the consumers. Also the
dominance of Staphylococci (especially Staphylococcus aureus) in the different parts of
the human body could be another source of contamination in the case where good hygiene
practice is not observed.
Coliform counts in the fermented milk were higher than that recommended by EAS (Paper
II; Table 3). This result concur with Birolo et al. (2001) that coliforms are the most
frequent contaminants of milk and they can remain viable during the fermentation step
and, in some cases, during cold storage of the product. The high number of coliform in the
fermented milk is a sign of poor hygienic condition and post processing contamination.
The count of Coliform bacteria was expected to decrease because of the presence of a
rapidly growing lactic acid which lowers the pH level of the milk, thus prevent the
multiplication of most of bacteria including Coliforms. Their presence in fermented milk is
an indication of recontamination during serving. On the other hand, contrasting result have
been reported by Vedamuthu (2007) that the starter culture used in fermentation contain
bacteria which largely out-compete other bacteria present in milk due to the inhibitory
effect of the lactic acid, utilization of the primary carbohydrate source (lactose), as well as
the production of other inhibitory compounds, such as hydrogen peroxide.

3.3 Prevalence of Staphylococcus Species in the Milk and Antibiotic Resistance
3.3.1

Prevalence of Staphylococcus aureus

The overall prevalence of Staphylococcus species in the study area was 59.7%. The
prevalence in the herd level, milk collection points and milk shops were 17.7, 11.8 and
30.2%, respectively. Moreover, prevalence of Staphylococcus aureus was 12.4%. The
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prevalence of S.aureus in this study is lower than previous study by Gratian (2012) in
Temeke (23.1%). The source of Staphylococcus species in the milk can be from animal
with clinical or subclinical mastitis and poor hygiene during milking. For example S.
aureus contamination may originate from human because 20-30% of the human population
carries S. aureus as commensals (Le Loir et al., 2003). The subclinical mastitis, poor
hygienic condition and milking environment in the study area were thought to contribute to
the observed prevalence.
3.3.2 Antibiotic Resistance of S.aureus Isolates
The study was carried to determine the antimicrobial resistance among the S. aureus
isolates (Paper III). One hundred and fifty samples of milk were used to screen the
presence of S. aureus and 2I positive samples were used for resistance tests. The S. aureus
isolates were tested for antimicrobial resistance against 10 antibiotics used for the
treatment of various diseases of animals in the study districts. The results (Paper III; Table
1) showed that, Penicillin was the most (57.1%) resisted antimicrobial. Twelve isolates,
showed intermediate responses to Ampicillin, Erythromycin, Enrofloxacin, Cloxacillin and
Tetracycline. These results are comparable with the study by Al-Thani and Al-Ali (2012)
and Hamidi Sylejmani (2016) who reported the resistance of 60 and 55.5% against
Penicillin, respectively. Higher levels of resistance to Penicillin have also been reported in
studies by Gandhale et al. (2017) and Abera et al. (2010) who reported the resistance of
91.5% and 100%, respectively. Resistant to Erythromycin observed in this study is almost
similar to the finding by Mohanta and Mazumder (2015) who reported the resistance of
19.6% of S.aureus isolates. Higher resistance of 61.5% was reported by Kenar et al. (2017)
in Turkey.

However, the prevalence of resistance for Chloramphenicol (19%) and Tetracycline (19%)
obtained in this study is higher compared to what was observed in Egypt by Abo-shama
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(2014) who reported that 6.7% and 0% of S. aureus isolates were resistance to respective
antibiotics. In the present study, lower resistance was observed against Enrofloxacin,
Cloxacillin and Sulfamethoxazole (4.8%, 4.8%, and 4.8%, respectively). These results
concur with study by De Oliveira et al. (2000) who reported low level of resistance among
S. aureus isolates for these antimicrobial agents. The observed level of resistance against
Penicillin can be due to the fact that S. aureus is known to be naturally resistant to
Penicillin group of antibiotics due to β-lactamase production. Also the misuse of these
drugs could be another reason, since most animal keepers in the study area buy these
agents and treat their animals without knowing the infection status of the herd. Katakweba
et al. (2012) reported lack of knowledge among livestock keepers to be the reason for the
antibiotic misuse. The misuse of antibiotics may result in building up resistance among
bacteria against the used drugs because some of the bacteria will survive and become the
source of resistance to antibiotics.

The study showed that none of the isolates were resistant to Vancomycin. Other drugs to
which

isolates

showed

higher

susceptibility

were

Cloxacillin,

Ciprofloxin,

Sulfamethoxazole, Enrofloxacin, Ampicillin and Tetracycline (95.2%, 95.2%, 95.2, 85.7%,
76.2% and 76.2%, respectively). This finding is supported by the earlier report by Aboshama (2014) who found that all S. aureus isolates were susceptible to Vancomycin. The
higher susceptibility shown by this drug can be due to the fact that Vancomycin has not
been used in the treatment of animals in the study area. On the other hand, isolates showed
moderately low resistance to Cloxacillin and Ciprofloxacin. This is a concern to the health
sector because the resistant strain can be transmitted to human by consumption of milk and
milk products. Several studies (Acar and Moulin, 2006; Marshall and Levy, 2011) have
reported similar or clonally related antibiotic-resistant bacteria of animal origin in human
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populations without occupational exposure. This provides likely evidence for transfer of
resistance strain following the consumption and/or handling of food.

3.3.3

Multiple antibiotic resistances (MAR)

The frequency of MAR to three or more antibiotics was by 57.1%. In Ethiopia Firaol tafa
et al. (2015) reported MAR of 87.6% which is higher compared to the result reported in
this study. According to our results, resistance to Penicillin, Ampicillin, Erythromycin and
Tetracycline were the most frequent pattern observed (Paper III; Table 3). The observed
level of resistance against Penicillin can be due to the fact that S. aureus is naturally
resistant to Penicillin group of antibiotics due to β-lactamase production. The resistance
against Ampicilillin, Erythromycin and Tetracyline could be due to the frequent use of
these antibiotics in the study area. Another possible reason for the observed pattern is the
knowledge, availability and price of these drugs. It was observed that these drugs were
readily available from agro-vet distributors and can be purchased easily without any
prescription. Since cows and humans share the same environment it is suggested that
molecular studies should be conducted to find out if the isolates from milk are genetically
identical. The food route is mentioned to be the major transmission pathway for resistant
bacteria and resistance genes from food animals to humans, but other routes of
transmission exist. Therefore, regular surveillance studies are important in order to update
the existing resistance data.

3.4
3.4.1

Detection of SEs Genes from S. aureus Isolates from Milk and Milk Products
Detection of SEs genes by multiplex PCR

Staphylococcus aureus isolates were screened by multiplex PCR in order to detect the
staphylococcal enterotoxins genes (sea, seb, see, sed see, seg, she, sei and sej) from the
milk samples. The result showed that 36.4% were positive for gene coding for one or more
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SEs (Paper IV; Table 4). Sea was the most frequently detected gene (32.6%), followed by
sed (20.9%) and seb (18.7%). This result concurs with finding from the study by El-Jakee
et al. (2013) who found enterotoxigenic genes coding for more than one to be 35.7% in the
milk. However, other studies by Veronica et al. (2011) and Rahimi et al. (2012) reported
respectively lower percentages of 11.7% and 20.8% enterotoxigenic genes. Higher values
have been reported in Japan (Katsuda et al., 2005) and Italy (Normano et al., 2005) where
frequencies of 67.8% and 67% of genes coding for one or more enterotoxins genes were
reported. Variations in enterotoxin encoding genes may be attributed to differences in many
factors, including the origin of the isolates (food, clinical or environmental samples), study
locations, source of bacteria isolation which could vary between the animals (depending on
the stage of mastitis) levels of hygiene restrictions among countries, concentration of
bacteria in the sample and also assay methods (El-Jakee et al., 2013; Mathenge et al.,
2015).

3.4.2

Effect of Season on gene distribution along the milk collection points

The distributions of SEs coding genes in the dry season were higher (65%) compared to
the wet season (35%) (Paper IV; Table 6). Distribution of S. aureus isolates between
seasons showed that samples collected in the dry season carried more genes coding for
SEs. Higher temperature favours the growth and multiplication of S. aureus, so in the dry
season there is high possibility for S. aureus to grow and reach its potential characteristics
for strains containing toxin producing genes than in the wet season. Peles et al. (2007)
reported higher temperature to be an important requirement for strains with SEs coding
gene to produce toxins.
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3.4.3 Prevalence of SEs genes along the milk collection points
The prevalence of SEs coding gene along the market channel was 35%, 15% and 50% for
herd level, MCP and milk shops, respectively. Milk samples from shops were detected to
have more SEs genes, followed by milk from farmer’s herds and milk collection points.
This could be due to the milk handling time in the milk shop being long, fluctuation of
temperature during storage and recontamination. Also contamination from milk handlers
could contribute to the higher prevalence of gene coding for SE because 20-30% of human
population carries S. aureus in their body (Jørgensen et al., 2005). It was indicated that
exposure of milk in different temperatures favours the growth of S. aureus and toxins
production (Peles et al., 2007).
Farmer’s bulk herd milk had higher number of isolates that carried SEs genes than milk
collection point (MCP). This could be due to subclinical mastitis, contamination from
milker’s hands and utensils used to handle the milk. In the MCP the SEs gene were fewer
than any other points, the reasons could be due to dilution effects because MCP receives
milk from different sources and some source may have milk which is not contaminated
with S. aureus. Another reason could be the inability of S.aureus to compete with other
bacteria (De Buyser et al., 2001; Paulin et al., 2012).

The higher percentage of sea gene among S. aureus strains isolated from milk and milk
products may be due to the fact that sea enterotoxins are less common in strains of animal
origin than of human origin. These strains of human origin contaminate milk and dairy
products during different stages of production and processing or even at consumer outlet.
On the other hand, the presence of sec and sed can be attributed to the increased incidence
of staphylococcal mastitis, as sec and sed enterotoxins were found to be produced by S.
aureus strains isolated from bovine mastitis and were designated as animal strains (Le Loir
et al., 2003).
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3.4.4

Gene coding for SEs in the raw, boiled hot and fermented milk sold in milk
shops

The frequencies of gene coding for SE in raw, boiled hot and soured milk were 15, 20 and
15%, respectively (Paper IV; Table 6). Boiled hot milk was found to have higher frequency
compared to raw and fermented milk. The occurrence of these genes in the boiled hot milk
could be due to recontamination of milk from the utensils and milk handlers. Another
possible reason for the occurrence of genes coding for SEs in the boiled hot milk is
contamination by SEs toxin before the boiling process. It has been indicated that once the
toxins are produced in the milk, boiling cannot inactivate the SEs and in any case after heat
treatment of the food, the main sources of contamination are humans especially handlers
who contaminate food via manual contact or via the respiratory tract secretions (Le Loir et
al., 2003). Nevertheless, in raw milk contaminations from animal origins is more
frequently due to animal carriage or through infections (e.g., mastitis). Moreover, Kitagwa
et al. (2006) reported that presence of S. aureus in boiled milk could be due to insufficient
boiling, poor personal hygiene during handling the food or serving the food using dirty
utensils. In addition, Martin et al. (2004) reported difficulties of inactivating SEs by
normal cooking process. Thus, the presence of SEs gene in boiled milk indicates that most
of the isolates could produce a toxin responsible for food intoxication. The resistance to
temperature is related to the bacteria carrying the gene to produce heat stable toxins and
when milk is boiled the heat cannot inactivate the already produced toxins. According
European Commission for Health and Consumer Protection (ECHCP) (2003) crude SEA in
buffer was reduced from 21 μg/ml to < 1μg/ml after heating at 100°C for 130 minutes and
purified SEA (0.2 mg/ml) was completely inactivated in buffer after heating at 80°C for 3
minutes or 100°C for 1 minute.

34

Regarding the fermented milk, the reduction in pH is said to inactivate the growth and
production of SEs (Le Loir et al., 2003). However, genes coding for SEs was detected in
fermented milk collected in the study area. These results suggested that recontamination
from the handlers and serving utensils could be the source of contamination. During the
process of fermentation, pH of the milk is reduced from near neutral to acidic. In the acidic
condition growth of S. aureus and production of SEs is prevented (Le Loir et al., 2003).

Nevertheless, even at acidic condition the SEs gene was detected in the current study. This
showed that even at acidic condition S. aureus can grow and produce toxins if inadequate
post fermentation hygiene prior to sales occurs and this could increase chances of
contamination at consumption, thus, further study is suggested on the behavior and
expression of SEs in fermented milk.

3.4.5

Combination (genotype) SEs genes among the S. aureus isolates

Fifty percent of the isolates were coded by two or more gene. The highest combination
observed was five genes detected in one isolate from Mbozi district. The earlier study on
antibiotic resistances conducted in the study area (Paper III; Table 2) showed that 57.1% of
the isolates had MAR. Interestingly, the isolates that were observed to have MAR were
found to code for multiple number of SEs genes. However, Varshney et al. (2009) finds no
correlation between number of SE genes and degree of antimicrobial resistance. In this
study seb and sea were frequently involved in the combination than other genes (Paper IV;
Table 5). The combinations among SEs gene have been reported elsewhere and the
combination of up to twelve genes was reported in New York (Varshney et al., 2009).
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3.5

Assessment of Exposure to Staphylococcal Enterotoxins Genes through
Consumption of Ready to Consume Milk Marketed in Milk Shops

3.5.1

Milk consumption characteristics

The consumption characteristics of milk in the study area showed that most of the
households (80%) consumed milk with other food (Paper V; Table 1). Aproximately, 70%
of the respondents buy 0.5 to 2 L of milk for family consumption and 74.2% of the
respondents consume 0.25 to 1 L per day per family, which means that the consumption
was approximately 167 mls per person per day (61 litres per person per year). Furthermore,
76.7% of the respondents boiled milk and 9.2% do not boil milk before consumption. Fifty
percent of the milk bought for the household needs was consumed by the whole family
member (6 people per family), 30% only children and 9.2% only old age persons
consumed milk. The amount purchased and consumed largely depends on the economic
status of individual/family. Similar finding was reported in Ghana (Aidoo et al., 2009) and
Kenya (Njarui et al., 2011) that income of the households head influenced the milk
consumption in a family. Boiling of milk before consumption was a common practice in
the study area. The finding concurs with studies by Omore et al. (2005) that boiling of milk
is a common practice in many households. This practice should be encouraged because
boiling reduces the microbial load into a level considered to be safe for human
consumption, particularly that all pathogens are also destroyed.

3.5.2

Characteristics of milk shops and operators in the study area

Sixty five percent of the milk shops owners were male and their age ranged from 21 to 73
years old. Fifty eight percent of milk shop owners were at the age between 21-50 years. A
large number of the respondents had primary education (63.9%) and only 11.1% attended
food handling training (Paper V; Table 2). In order to safeguard the consumer’s health,
knowledge on milk safety is very important. Most of the milk shops owner had not
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attended any training on food handling and safety. Lack of knowledge in food handling
may have a negative impact on consumer’s health. Omore et al. (2005) reported higher
level of training of milk handler than the current study and associated training with
improved milk quality. It was observed that most of the milk shops had no cooling
facilities. The milk shops that had no cooling facility were relatively at higher risk of
having SEs genes in the milk than the milk shops with cooling facilities. Exposing the milk
to ambient temperature creates a good environment for SEs coding genes to produce toxins
(Paulin et al., 2012).

3.5.3

Hazard identification

The presence of SE genes in the milk samples collected in the study area was identified as
a potential hazard and risk to consumer (Paper V). The SE coding genes were detected in
the ready to consume milk (boiled hot and fermented) sold in the milk shops. The results
(Appendix 13) showed that as the concentration of bacteria (cfu/ml) increase the
possibility of SEs gene detection increases. A similar finding was reported by Asao et al.
(2003) and Peles et al. (2007) that the concentration of > 105 cfu/ml and above had more
chances to contain SEs gene responsible for toxin production.

3.5.4

Assessment of exposure

The detection rate of SEs gene in the ready to consume milk was 57.1% and 23.1% for
boiled-milk-served-hot and fermented milk, respectively. This means that the consumer of
boiled milk at milk shops has a higher chance of ingesting S. aureus bearing SE gene than
the consumers of fermented milk. According to earlier study (Paper IV; Table 6), 65% of
the SEs gene was detected after the milk left the farm and sea gene was frequently
detected, which is an indication that most of the contamination occurs as the handling of
milk increases across the collection points.
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The results showed that 490 L (90% CI, 464-516) and 77.5 L (90% CI, 67- 88) of boiledmilk-served-hot and fermented milk, respectively were contaminated with SE coding gene.
Furthermore, 363 (90% CI, 301-414) and 58 (90% CI, 49-66) peoples were estimated to
consume contaminated boiled and fermented milk daily, respectively. The consumers of
boiled-milk-served-hot have higher chances of consuming milk with S. aureus carrying
SEs gene compared to the consumers of fermented milk (Paper V; Table 4). Studies
conducted by Gratian (2012) and Sylvie et al. (2012) in Tanzania and Ivory Coast,
respectively reported the probability of ingesting milk with S. aureus to be 29.9 and 22.7%.
Their probabilities considered S. aureus isolates and did not go further to detect the SEs
coding gene which is important for food borne disease, thus the reported probabilities
could have been lower than that reported if SEs gene were considered. The probability of
consuming boiled-milk-served-hot and fermented milk contaminated with SE coding gene
at milk shop was 0.42 (90% CI, 0.071-0.838) and 0.17 (90% CI, 0-0.62), respectively. The
exposure to SEs for the people who consume boiled-milk-served-hot was two times more
(OR. 2.21 (90% CI, 0.6-6.16) likely to occur than in people who consume fermented milk.

Contamination of milk can occur as a result of fault handling from the production to selling
points. The results showed decreasing trend of SEs gene detection from production through
selling point. The higher rate of detection of SEs coding gene from raw milk at production
level could be due subclinical mastitis and unhygienic milking procedures. In the MCP and
milk shops the effect of dilution could be the reason for low detection rates. Similar result
was reported by Rall et al. (2008) that samples collected at farm had higher detection of
SEs coding genes followed by street distributors and milk shops. Furthermore, the results
showed higher detection frequence of SEs coding gene in boiled milk at consumption
which is a potential risk to the consumers. The presence of SEs gene in boiled milk shows
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that most of the detection could contain toxin responsible for food-borne disease.
According to Le Loir et al. (2003) the risk of exposure to SEs gene responsible for
intoxication exists due to recontamination and difficulties to eliminate SE toxins by normal
boiling. Sea, have been frequently detected from Staphylococcal food poisoning and it is
said to originate from human i.e Sea genes are less common among the strains of animal
origin than from those of human origin. According to Paulin et al. (2012) these S. aureus
strains of human origin contaminate milk and dairy products during different stages of
production and processing or even at consumer outlet, thus dirty milk handlers and
recontamination during serving could be the source of SEs coding genes in the milk sold in
the study area.

SE coding gene was lower in fermented milk compared to the boiled-milk-served hot. This
could be due to the presence of lactic acid bacteria which inhibit the growth of S. aureus in
the milk due to pH reduction. It has been reported that pH can influence Staphylococcal
Enterotoxins type C (SEC) production and acidic conditions are thought to inhibit the
expression of the sec gene, through the accessory gene regulator system (Regassa and
Betley, 1992). A decrease in the SEC production as acidity in the milk increased has been
reported (Hunt et al., 2014; Schwabe et al., 1990). Moreover, SE coding gene can be
detected in the milk when the population of S. aureus reach the population of105 cfu/ml (Le
Loir et al., 2003). Thus, by inhibiting the growth and multiplication of S. aureus, the
detectable levels of SEs may not be reached. Addition of starter culture during
fermentation ensures the initial dominance of lactic acid bacteria and also supporting the
growth of the natural lactic acid bacteria present in milk in competition with other
undesirable bacteria (Hunt et al., 2014). Factors such as pH, temperature and starter culture
activity have been identified as important factors affecting the viability of S. aureus in milk
products and toxin production (Baran et al., 2017).

39

However, SE producing rather than S. aureus itself has to be considered in exposure
assessment because S. aureus can easily be eliminated from milk by heat treatment or by
competition with other flora, whereas SEs resists most of the treatment used during milk
processing.

CHAPTER FOUR
4.0 CONCLUSION AND RECOMMENDATIONS
4.1 Conclusions
The following conclusions can be drawn from the study;
i.

Some of management and milking practices including presence of concrete floor,
frequency of barn cleaning, washing of hands, teats and udder and drying of teats
using single use towels were significantly associated with production of milk of
lower bacteria counts.

ii.

Milk produced in the wet season contained higher bacteria counts compared to the
dry season due to poorer hygiene, dirty barn condition, soiled hind quarters of
cows, udder and teats; hence more attention to hygienic practices is needed so as to
reduce the effects of seasons on the quality of milk.

iii.

Compared to farm level, the bacteriological load increased significantly along the
milk value chain due to inappropriate milk handling and storage.
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iv.

Moderate rates of antimicrobial resistance were found in most of the S.aureus
isolated from raw boiled and fermented milk and the multiple resistances were
observed

against

Penicillin,

Ampicillin,

Erythromycin,

Tetracycline

and

Chloramphenicol which are commonly used in veterinary practices in Tanzania.
v.

Gene encoding for the SE were detected in S. aureus isolates from milk at different
production stages and in the “boiled-milk-served-hot” and fermented milk which is
a matter of concern to the public health.

vi.

Consumers of both “boiled-milk-served-hot” and fermented milk are exposed to
ingestion of SEs even though the later has significantly lower risk of exposure.

Contribution of the study; The main contribution of this study is that for the first time in
Tanzania the presence of SEs genes in the milk and milk products has been demonstrated.
Also despite the perceived safety of boiled milk by most consumers the study shows that
there is higher risk of exposure to S. aureus bearing SEs genes compared to fermented
milk.

4.2 Recommendations
i.

The study has shown that some of recommended milking practices were not fully
performed by most of the dairy farmers which results into poor quality milk. Thus,
guidelines on the implementation of recommended practices must be availed to the
farmers. Additionally, further study is required on why farmers are not using some
of recommended milking procedures.

ii.

Inspection of the milk production environment and the raw milk should be
conducted regularly and provision of appropriate advice and enforcement of the
regulations by relevant authorities especially in the wet season where the hygienic
condition is poor.
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iii.

Training on the recommended milking procedures and proper milk handling from
production to selling points is suggested. Also facilities used for milk handling and
storage should be available at a subsidised price so that farmers can afford to buy.
Since the initial numbers of S. aureus play an important role for the production of
SEs, thus one of the most effective tools to inhibit S. aureus growth is by cooling of
the milk immediately after milking. Therefore, availability of cooling facilities at
farm level and milk collection points is highly recommended.

iv.

Livestock keepers should be educated on the treatment of animals based on the
laboratory diagnosis of the diseases. Additionally, available law should be
reinforced to restrict unskilled personnel to treat the animal.

v.

The presence of SEs genes in milk and milk products sold at milk shops pose a
potential risk for public health and higher numbers of consumers of boiled-milkserved-hot in the milk shops are exposed to consumption of milk with SE coding
genes. Thus, further study is recommended to determine the enterotoxins
production and gene diversity among S. aureus strains in the region and other part
of the country as well.

vi.

Consumers of milk in informal channels should be well informed that boiled-milkserved-hot does not guarantee the safety of the product. Additionally, similar,
studies should be conducted on commercially processed milk products available on
the markets in Tanzania to determine the level of safety with respect to the presence
or otherwise of S. aureus encoding SEs genes.
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ABSTRACT
The study was conducted to determine the extent of milk contamination along the milk
market channels in Mbeya region, Tanzania. The study was conducted in wet and dry
season and involved sampling milk from 96 randomly selected milk producing households,
18 milk collection points and 36 milk shops for bacterial load analysis. A total of 300 raw
cow milk samples were aseptically collected from bulked herd milk, collection points and
milk shops. In addition144 samples of ready-to-consume cultured and boiled hot cow milk
were collected from milk shops for bacterial analysis. Bacterial culture was performed
using standard laboratory protocols as described by International Standards Organizations
(ISO). General Linear Model (GLM) procedure of SAS was used to study the extent of
bacterial load along the market channels. The overall mean for Total Bacteria Counts
(TBC), Total Coliform Counts (TCC) and Total Staphylococcus Counts (TSC) were 5.86,
5.72, 3.47 and 3.40, 4.79 4.25 log10 cfu/ml for Mbeya and Mbozi districts, respectively.
Mean TBC and TCC were significantly (p<0.05) higher in the wet than in dry seasons.
Furthermore, TSC varied significantly (p<0.05) between the study districts while no
significant difference was observed for TBC and TCC. Raw cow milk collected from
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farmer herds had significantly (p<0.05) higher TBC and TCC in the wet season compared
to dry seasons. Regarding the TSC, there was no statistically significant (p>0.05)
differences between the farmers, seasons and collection points. Moreover, raw cow milk
collected from milk collection points and milk shops differed significantly between the
season in terms of TBC and TCC. Cultured and boiled hot milk sold in milk shops had
significant (p<0.05) higher TCC count in wet season than in dry season. The result also
reveal that TSC in cultured and boiled hot milk was significantly (p<0.05) higher in the
wet than in the dry season in Mbozi district. The results of the current study indicated that
the 58.7% of raw milk produced and sold in the study area in wet season exceeded the East
Africa Standards (EAS) limits for TBC and can generally be considered as poor in quality.
Therefore, education intervention on the methods of producing quality milk is highly
encouraged.
Keywords: Bacteriological Quality, Milk hygiene, Raw Milk, Total Bacteria Count, Total
coliform count, Total Staphylococcus Count
Introduction
Fresh milk drawn from a healthy cow normally contains a low microbial load (less than
1000/ ml), but the microbes may increase up to 100 fold or more once it is stored for some
time at ambient temperatures (Grimaud et al., 2009). Milk produced under hygienic
conditions from healthy animals should not contain more than 5 x 10 5 cfu/ml microbial
load (Bereda et al., 2012; Fatine et al., 2012). East Africa Community standards specify
that, Grade ‘A’ milk should contain less than 200 000 bacteria/ml and milk containing
more than 1 000 000 cfu/ml should not be accepted for processing (EAS 67, 2007).
Pasteurized milk should have not more than 30 000 TBC/ml (EAS 69, 2006). The presence
of zoonotic pathogens poses a serious public health hazard to the producer and consumers
of raw milk and other milk products (Mdegela et al., 2009). There exists the possibility of
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consuming milk, which contains disease causing organisms originating directly from the
cow or through environmental contamination. In tropical countries where high
temperatures and lack of refrigeration limits production and storage of fresh milk, it has
traditionally been used as fresh immediately after milking, by boiling , or by processing
into more stable products such as fermented milk.

The environment where milk is produced and handled along the value chain has a great
influence on the quality of milk produced. Furthermore, the quality of a dairy product is
highly determined by the milk handling practices by smallholder dairy farmers and other
stakeholders along the value chain (Abebe et al., 2012; Worku et al., 2012).

Lack of

refrigeration facilities at the farm and increased level of milk handling, is also a limiting
factor for production of good quality milk (Kurwijila et al., 1995; Omore et al., 2005).
Conversely, milk testing and quality control may be done to satisfy the demand for high
quality milk by consumers and dairy processors (Mdegela et al., 2009). Unfortunately, in
developing countries like Tanzania the monitoring of milk quality from production to
market is not conducted regularly and the quality control methods employed at collection
points often cannot detect the level of microbial contamination.

There have been efforts to promote milk production in the Southern Highlands zone for
decades with the objectives of improving nutrition through increased milk consumption
and income generation for smallholder dairy farmers. The main areas of focus have been
on genetic improvement, promotion and improving performance of marketing and
consumption of milk and dairy products, veterinary extension services and pasture
establishment (Kifaro, 1995, Kabungo et al., 2011). Little focus has been placed on the
quality of the product being produced. Thus, the study aimed to determine the microbial
quality of milk produced and marketed in Mbeya region at production to marketing points.
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The study hypothesized that milk marketed in the study area has low microbiological
quality than levels recommended by EAS.

Materials and Methods
Study area
The study was conducted in two districts namely Mbozi and Mbeya rural district within the
Mbeya region (Fig.1). Mbozi district is located in the south western corner of Mbeya
region. The district is located between latitudes 8o and 9o12’ S and longitudes 32o 7’30”
and 33o 2 0’East. The rainfall pattern in Mbozi district is unimodal and the rain season start
from November to May, while the dry season starts from June to October. Annual rainfall
ranges from 800 mm to 1 100 mm. Annual temperature ranges between 16 oC and 23oC
(URT, 1997). Mbeya rural district lies between latitude 8 o 38’ and 9o 20’S and longitude
33o and 33o 52’E. The rainfall pattern in Mbeya district is unimodal, which ranges from
800 mm to 1 800 mm annually. Annual temperature ranges between 16 oC and 20oC (NBS,
2013). Wet and dry seasons are the same as in the Mbozi district.
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Figure 1: A map of Tanzania showing two districts of Mbeya Region

The breed of cattle kept under smallholder dairy herds in these districts includes Friesian,
Ayrshire, and their crosses with Tanzania shorthorn zebu. Most of smallholder dairy
farmers keep their cattle under zero-grazing system. The cattle are kept in cowsheds, which
range from simple structures with earthen floor and thatched roof to structures with a
concrete floor and corrugated iron sheets as roofing material. The mean herd sizes were 3.9
and 5.9 per house hold in Mbeya and Mbozi district, respectively. The herd structure
consisted of milking cows, dry cows, heifer, calves (male and female) and some herd
consisted of breeding bull. Breeding bulls were kept in few herds and were hired for
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breeding since the artificial insemination is not widely used. The average milk production
per cows was 14.23 and 17.79 liters/day in Mbeya and Mbozi districts, respectively. Milk
is mainly sold in the farmers gate to neighbours, milk shops and collection points which
are located between 500 m and 1,5 km from their homes.

Study design and sampling procedure
A cross-sectional study was conducted to determine the TBC, TCC and TSC in milk from
dairy farmers’ herds, milk collection points and milk shops in two districts of Mbeya
region. The sample sizes for households keeping dairy cattle and milk samples for
microbiological analysis were calculated by the formula described by Fox et al. (2007).
The household sample size was based on proportion of dairy farmers (4%) in the two
districts (NBS, 2013). The sample size for milk was based on prevalence of 20.4 % of S.
aureus reported in Tanzania (Mdegela et al., 2004). Sample size was determined at 95%
confidence interval and 5% margin for random error where N = P (100% - P)/ (SE) 2, SE =
MRE/1.96.
Where; N = Sample size, P = Prevalence of subclinical mastitis, SE = Standard error, MRE
= Margin for random error (5%) and 1.96 = tabular value for 95% confidence interval.

From above formula, sample size was as follows; 96 herd milk samples, 18 samples from
milk collection points and 36 samples from milk shops. Furthermore two more samples
(boiled and cultured milk) were collected from each milk shop for microbial analysis. The
criterion for household inclusion in the sampling frame was any household composed of at
least one lactating dairy cow during the study period.
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Sampling procedure
Twelve villages were randomly selected by using a table of random numbers, from a
sampling frame comprised of a list of all villages in the study area, which were obtained
from the District Livestock office. Proportional sampling was adopted to obtain the
number of villages from each of the two study districts. Within each village eight
households, two collection points and three milk shops were randomly selected for milk
sampling. In this study milk collection points were selected based on the presence of
cooling facility, container for receiving and storing milk, quality control and members
capable of collecting not less than 150 litres/day. Two of these had milk cooling tanks
while 16 used refrigerators and cold water for cooling of milk.

Samples were collected between 6.15 am and 7.30 am, and 4.15 pm and 6.30 pm from
farmers herds, milk collection centre and milk shops. Samples were collected in sterile
universal bottles of 50 ml with a screw lid and kept in a cool box at less than 4oC and then
transported to the Tanzania Livestock Research Institute (TALIRI), Uyole. The next day
after morning collection, samples were transported to Sokoine University of Agriculture
(SUA) and stored at -20oC until analysis.

Laboratory analysis
Enumeration of TBC, TCC and TSC was performed by using standard procedures (ISO
6888-1, 1999). Briefly, tenfold serial dilution of each milk sample was prepared using
sterile peptone water. Initially dilution of 10-2 to 10-10 was used in order to establish best
dilution to be used in the following samples. The dilution of 10 -2 to 10-7, 10-2 to 10-4 and 102

to 10-4 was found appropriate for TBC, TCC and TSC counts, respectively. Then, 1ml of

the milk sample was added into the 9 ml peptone water (10 -1 dilution). Then, 1 ml of the
resulting solution was transferred into a second tube containing 9 ml pepton water (10 -
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2

dilution). This process was repeated for the 10-3 dilution and for further decimal dilutions.

For the determination of TBC, 0.1 ml of each dilution was transferred using sterile pipette
and spreaded on Plate Count (PC) agar using a sterile glass spreader for each sample. The
plates were then kept in an incubator at 30oC for 24-48 hours. Following incubation,
colonies were counted with the aid of a colony counter. Total Coliform Count and TSC
were also determined by following the same procedure but differences in incubation
temperature (37oC,) and agar MacConey agar (Oxoid) and Manitol salt agar (Oxoid) were
used for TCC and TSC, respectively.
Statistical analysis
The extent of microbial contamination of each sampling point was transformed into log 10
values and data was analyzed by using SAS (2002). The General Linear Model (GLM)
procedure was used to compare the extent of milk contamination between the sampling
points (Farmer, collection points and milk shops) and season (dry and wet). Significant
levels were defined at P<0.05.

Statistical model
Yijkl= µ+Li + Dj + Sk + LDij + SLm + SDn + εijk……...............................................…..……1
Where
Yijk = TBC, TCC and TSC of ith location in jth sampling points and kth seasons.
µ= overall mean common to all observation
Li= the effect of ith location
Dj= the effect of jth sampling points (source) (where 1=Herd level, 2 = Collection point, 3 =
Milk shops
Sk = the effect of Kth seasons (where 1= wet and 2=dry)
LDl = the effect of kth interaction of location and sampling points
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SLm = the effect of mth interaction of location and seasons
SDn = the effect of nth interaction of seasons and sampling points and

ijkl

= Random error

team

Results
The overall mean for TSC in Mbeya district was significantly (p<0.05) higher than in
Mbozi district (Fig 2). The results further showed that there were no statistical (p>0.05)
differences observed for TBC and TCC between the districts.

Figure 2: Overall mean for TBC, TCC and TSC (log10Cfu/ml) (with standard error
bar) in Mbeya and Mbozi districts, Tanzania

Figure 3 shows the overall mean for TBC, TCC and TSC in wet and dry season in the
study area. The results showed that TBC and TCC was significantly (p<0.001) higher in
wet than in the dry season for both districts. TSC was significantly (p<0.05) higher in dry
season in Mbozi district and no significant difference was observed in Mbeya district.
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Figure 3: Overall bacteriological mean count (with standard error bars) in wet and
dry season in Mbeya and Mbozi districts

Regarding the source of milk, TBC differs significantly (P<0.001) along the collection
points (Table 1). There was significant increase in TBC from farmer’s bulked milk to milk
collected in the milk shops. Total Coliform Count had non-significant (p>0.05) difference
for milk collected from farms and milk collection points, where as TCC in milk from these
two points differed significantly (p<0.05) with milk collected from milk shops in Mbeya
districts. In Mbozi district TCC from farmers bulked herd milk differed significantly
(p<0.05) with milk from collection point and Milk shops. Furthermore, TSC had nonsignificant (P>0.05) increase between the source and districts, though there were slight
numerical increase from farmer’s herds to milk shop

Table 1:
District

Effects of source of milk on bacterial quality of raw milk along the milk
collection point in Mbeya and Mbozi districts, Mbeya, Tanzania

N
Source
TBC(log10cfu/ml)
TCC(log10cfu/ml)
TSC(log10cfu/ml)
48
Farmer
4.02 ± 0.59c
3.13 ± 0.86a
3.89 ± 0.58
Mbeya
18
MCP
5.96 ± 0.48b
3.23 ± 0.69a
4.01 ± 0.72
36
Milk shop
6.73 ± 0.65a
2.10 ± 0.94b
4.18 ± 0.79
48
Farmer
3.88 ± 0.49c
3.07 ± 0.71a
3.79 ± 0.59
Mbozi
18
MCP
5.82 ± 0.53b
2.05 ± 0.76b
4.53 ± 0.63
36
Milk shop
7.47 ± 0.56a
2.18 ± 0.81b
4.89 ± 0.68
Means with the same superscript within a column do not differ significantly (P>0.05). Cfu/ml = colony-forming
units per millilitre. MCP = milk collection Points, TBC – Total bacterial counts, TCC-Total coliform count, TSCTotal staphylococcus count
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The effects of source and season on microbial quality in the study area are shown in Table
2. TBC and TCC in the milk collected from farmers bulk herds differs significantly (p<
0.001) between the seasons where wet season had higher values compared to the dry
seasons. However, no statistical significant (p>0.05) difference was observed in the case of
TSC between farmers and seasons.
In the milk collection points the results showed that milk collected from Mbozi districts
collection points had significantly (p<0.05) lower TBC in wet compared to dry season.
Furthermore, TCC in milk of both district were significantly (p<0.05) higher in wet season
than in dry season. The milk from Mbozi collection points contained significantly (p<0.05)
lower TSC count in wet season than in dry season. No differences were observed for TSC
in Mbeya district in relation to season.
The microbial quality in milk collected from the milk shop showed significantly (p<0.05)
lower TBC in dry season compared to the wet season for both districts. TCC differs
significantly (p<0.05) between the districts in dry season where Mbozi had significant
lower TCC. There was no significant difference in TSC for milk collected from Mbeya and
Mbozi in both seasons.
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Table 2: Effect of Source and Season on bacteriological quality of raw along the milk
value chain in Mbeya and Mbozi, district, Tanzania
Milk source

N

Farmer
Farmer
Farmer

48
48
48

TBC
TCC
TSC

Wet
Mbeya
Lsmean ±SE
(Log10cfu/ml)
3.66± 0.61a
3.96 ± 0.89a
4.25 ± 0.75a

MCP
MCP
MCP

18
18
18

TBC
TCC
TSC

4.63 ± 0.72b
3.91 ± 1.04a
4.43 ± 0.88a

Parameter

Mbozi
Lsmean±SE
(Log10cfu/ml)
3.49 ± 0.52a
3.59 ± 0.75a
3.50 ± 0.63a

Dry
Mbeya
Lsmean±SE
(Log10cfu/ml)
3.06 ± 0.62b
2.24 ± 0.89b
3.95 ± 0.75a

Mbozi
Lsmean±SE
(Log10cfu/ml)
3.12 ± 0.52b
1.10 ± 0.75b
3.92 ± 0.63a

5.85 ± 0.64a
2.80 ± 0.93a
3.01 ±0.78b

4.51 ± 0.72b
1.31 ± 1.04b
4.11 ± 0.88a

5.08 ± 0.64b
1.81 ± 0.92b
3.72 ± 0.78a

Milk shop
36
TBC
6.51 ± 0.49a
6.93 ± 0.57a
4.30 ± 0.57b
5.06 ± 0.57b
a
ab
b
Milk shop
36
TCC
4.05 ± 0.70
3.71 ± 0.83
2.80 ± 0.83
1.64 ± 0.83c
a
a
a
Milk shop
36
TSC
3.95 ± 0.59
4.21 ± 0.70
4.08 ± 0.70
4.19 ± 0.70a
Means with the same superscript within a row do not differ significantly (P>0.05). Lsmean ±SE – Least square means,
standard error, Cfu/ml = colony-forming units per millilitre, MCP- Milk collection point, TBC – Total bacterial counts,
TCC-Total coliform count, TSC-Total staphylococcus count

Microbiological quality of ready-to-consume milk sold at Milk shops are showed in Table
3. Generally in the dry season boiled hot milk collected from Mbeya milk shops had
significant (p<0.05) lower TBC compared to the milk collected from Mbozi milk shops.
No statistical significant difference was observed for the milk collected in wet season
between the milk shops in both districts. Furthermore, the results showed that TCC in
boiled hot milk had significantly (p<0.05) higher counts in wet seasons compared to dry
season in both districts. TSC was significantly (p<0.05) lower in wet season in Mbeya
than in Mbozi district and no statistical difference were observed in dry season between the
two districts.
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Table 3: Bacteriological quality for cultured and boiled hot milk sold in milk shop in
Mbeya and Mbozi districts in the wet and dry seasons
Wet
Dry
Mbeya
Mbozi
Mbeya
Mbozi
STATUS
N Parameter
Lmean±SE
Lsmean±SE
Lsmean±SE
Lsmean±SE
(Log10cfu/ml)
(Log10cfu/ml)
(Log10cfu/ml)
(Log10cfu/ml)
Boiled hot
36
TBC
2.65± 0.79b
3.07±0.61ba
1.90 ±0.69c
3.27±0.77a
a
a
b
Boiled hot
36
TCC
2.93±1.15
2.71 ± 0.90
1.13±1.02
1.29±1.14b
Boiled hot
36
TSC
1.45±0.94c
3.71±0.73a
2.35±0.83cb
3.08±0.70b
a
a
a
Fermented/sour
36
TCC
3.11±1.08
3.16 ±1.23
2.97±1.22
2.15±0.96b
Fermented/sour
36
TSC
3.11±0.87b
2.93±1.01b
3.19±0.99b
4.35±0.78a
Means with the same superscript within a row do not differ significantly (P>0.05). Lsmean ±SE – Least square means,
standard error. Cfu/ml = colony-forming units per milliliter. TBC – Total bacterial counts, TCC-Total coliform count,
TSC-Total Staphylococcus count

Regarding cultured milk, the results showed that milk sold in Mbeya milk shops had
significantly (p<0.05) lower TCC than in Mbozi in the dry season. No statistical
differences were observed for the case of TCC and TSC in the wet season in both districts.
However TSC in cultured milk collected from Mbozi district was significantly (p<0.05)
higher in dry than wet season. There was no significant different observed for this
parameter in Mbeya district.

Discussion
The results of this study showed that the mean TBC was moderately high when compared
to EAS (EAS 67, 2007). According to the East African community standards of raw milk
(EAS 67, 2007), good quality raw milk should have TBC of less than 5.3 log10 cfu/ml for
the milk intended for further processing. The presence of high bacterial load in milk could
be due to the unhygienic milking practices, dirty animal houses, the unhygienic
environment and general milk handling may have resulted into contamination of the raw
milk. Another reason could be the absence of cooling facilities in the production level thing
which was not practiced by the majority of farmers. The results of this study are
comparable with other done in other part of Tanzania by Kivaria et al. (2006) and
Karimuribo et al. (2015) and also in other countries like Bangladesh (Khan et al., 2008)
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and Ghana (Addo et al., 2011). Higher value of 7.36 -7.88 and 7.07 log10 cfu/ml have been
reported in Ethiopia by Worku et al. (2012) and Mosu et al. (2013), respectively.

According to East African Community standards for TCC of raw milk (EAS 67, 2007),
good quality raw cow milk should not exceed TCC counts of 4.69 log10 cfu/ml. Based on
the East African Standards the mean (3.46 log10cfu/ml) TCC obtained in this study was
within the recommended range of good quality milk of 3.0 to 4.69 log 10 cfu/ml. Coliforms
are used as indicator bacteria and their presence in milk implies that other enteric
pathogens may be present. Poor housing conditions have been mentioned to be a source of
contamination for housed cows, mainly from bedding material which are mixed with cow
dung and urine (Oliver et al., 2005). In this study it was observed that most of house of
cows were dirty and the bedding used was soiled with dung and urine. Milking cows in
such an area can leads into contamination of milk with Coliforms bacteria. This finding
concurs with that from other studies in Ghana (Addo et al., 2011) and in Tanzania (Swai
and Schoonman, 2011).

Mean TSC counts obtained in this study were above 4 log

10

cfu/ml. The observed counts

could be due to the lack of personal hygiene, procedures followed during milking and post
milk handling. Also the presence of subclinical mastitis among the dairy herds could be
another reason which influences the increased TSC in raw milk. Currently no established
standard for TSC in East Africa, however, even low counts do not assure safety because the
organism can grow and produce enterotoxins especially for bacteria like Staphylococcus
aureus. TSC in the raw milk samples obtained in this study are comparable to the report by
Hossain et al. (2011) who found the TSC in the raw milk to range from 5.7×10 4 to
1.48×106 cfu/ml. Higher TSC counts of 7.37 ± 0.57 log

10

cfu/ml have been reported in

Sudan by Rahamtalla et al. (2016). The bacteriological quality at each milk source in the
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dry and wet seasons showed that TBC and TCC for the milk collected at farmer level
varied between seasons, particularly that significant higher count was observed in the wet
season than in the dry season. Seasons affected zero grazing cow cleanliness with a
significantly higher percentage of dirty cow sheds, dirty cows and soiled udders being
observed during the wet season compared to the dry season (Massawe et al., 2018). High
soil moisture during the wet season favour growth of microorganisms that contaminate
milk under poor hygienic conditions in smallholder dairy farms. Similar result was
reported by Nateghi et al. (2014) in Iran where higher microbial counts were observed in
winter than summer. Higher microbial counts in milk during summer have been reported in
Romania, Iran and Sudan by Popescu et al. (2014), Najand and Rezaii (2014) and Suliman
and Mohamed (2010), respectively. It was observed in the study areas that during the wet
season the environment in which animals were housed and milked, was poor compared to
dry season and this may have contributed to the higher microbial counts in the wet season.

TSC in milk at farm level was higher in both seasons and 65% of the collected samples had
counts value of 104 and above. The source of contamination could be from milk handlers
or cows with subclinical mastitis, handling utensils and storage temperature. The source of
Staphylococcus species is difficult to trace due to its ubiquitous nature. For example S.
aureus is carried in the nose of some 20% to 30% of persons, who also carry this bacteria
on their skin and it is frequently observed in cows with subclinical mastitis (Jørgensen et
al., 2005; Peles et al., 2007). The dominance of Staphylococcus species in the incidence of
subclinical mastitis has also been reported in studies conducted in Tanzania (Mdegela et
al., 2004, 2009; Kivaria, 2006) and poor milking practices and hygiene were the reason
mentioned for the dominance of this group of pathogens.

Microbial milk qualities of raw milk sold in the milk shops in wet season had TBC counts
below grade III of EAS. The observed higher counts are an indication of poor handling
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along the market chain, storage and time taken to sell the milk received. The results are in
line with finding reported in Tanga, Tanzania by Swai and Schoonman (2011) that raw
milk marketed was of poor quality.

The effects of milk source on bacteriological quality showed that the TBC in the milk
collected from collection points and milk shops had significantly higher counts compared
to farmer’s bulked milk. The results showed that the TBC increses as the level of handling
is increased. This result concurs with the report by Omore et al. (2005) in Kenya and
Amistu et al. (2015) in Ethiopia that the microbial quality of milk deteriorates from
farmers to selling points. The reason for the increased TBC at this level is that the process
of collecting small quantity of milk from many small holder dairy farmers takes a
considerable long period of times which affect the time of cooling down the milk and
hence give chance for bacteria to multiply.

It was observed that TCC in milk had a significant difference between the collection
sources. Higher counts were observed in farmer’s levels and lower value being observed at
milk shops.

Based on EAS67 (2007), the values of TCC obtained were within the

recommended limit. This may have been attributed by the dilution effects as milk shops
receive milk from different sources of varying levels of coliform counts. Other reasons
could be the death of coliform bacteria because their survivability decreases with keeping
time and in most cases hot water with soap was used to wash the milk handling utensils.
Most of milk shops in the study area sold ready-to-consume boiled hot and cultured/sour
milk. The results showed that values of TCC were higher in boiled hot milk than the
recommended limit for EAS 69 (2006). It is well known that Coliform do not survive
pasteurization and or effective boiling, so their presence in the boiled milk (ready-toconsume) indicates ineffective boiling or recontamination after boiling. EAS 69 (2006)
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recommended pasteurized/boiled milk to have zero cfu/ml. Higher values of TCC have
been reported by Hossain et al. (2011) who found the coliform count of 1.2 x10 6 cfu/ml.
Also higher coliform bacteria of 7.21 ± 0.25 log

10

cfu/ml have been reported in Sudan by

Rahamtalla et al. (2016).

Total staphylococcus counts for boiled hot and cultured/sour milk were higher than the
level recommended in most of milk shops. Higher Staphylococcus species (e.g.
Staphylococcus aureus) count has been related to production of enterotoxins which cause
food poisoning (Peles et al., 2007). Presence of Staphylococcus species in boiled hot milk
(ready-to-consume) could be due to personnel hygiene handling the food or serving the
food using dirty utensils, insufficient boiling and recontamination from the milk servers.
Gratian (2012) reported that 22.27% of boiled hot milk collected from Temeke had S.
aureus. Insufficient boiling, poor hygiene during handling of the milk or serving the milk
using dirty utensils have been mentioned as source of this bacteria in the boiled milk
(Kitagwa et al., 2006). Therefore, effective boiling, clean serving utensil and appropriate
storage condition of milk can reduce microbial contamination of the milk sold in the milk
shops and safeguard the health of consumers.

Conclusion and recommendation
It can be concluded that milk quality decrease from production to the milk marketing point.
This is ascribed to the increased handling and subsequent microbial multiplication during
transportation to the selling points. TBC and TCC were higher in wet than in the dry
season along the value chain. Moreover, boiled hot and fermented /sour milk (ready-toconsume) sold in milk shops in the study area had higher TBC and TCC counts than that
recommended by EAS.
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Currently there is no standards for TSC in East Africa, thus it is high time for EA to set a
standards for TSC because some of the species e.g. Staphylococcus aureus is important
pathogen which cause food poisoning worldwide.
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APPENDICES
Appendix 1: Farmers questionnaire
General information
Districts…………………………………………
Division…………………………………………
Ward……………………………………………
Village…………………………………………..
Date of interview……………………………….
Name of enumerator…………………………...
GPS Read………………………………………
A. Household characteristics
1. Name of the respondent……………
2. Respondent position in the household 1=household head 2= wife of household head
3=children of household 4=other [ ]
3. Age of household head………….years
4. Gender of household head: Male [ ] female [ ]
5. Ethnic group of household head………
6. Marital status: 1=Married 2= single 3=widowed 4=divorced
7. Education level of household head: 1= no formal education 2=adult education
3=Primary 4=secondary 5=post secondary
8. How many people live in your house………
9. Household composition
Age group
Below 10 years
10 – 16 years
17-21years
22- 50 years
Above 51

Size of age group (number)

B. Economic activity of the respondent
1. What is your main economic activities
s/n
1
2
3
4
5
6

Type of economic
activities
Livestock keeping
Crop farming
Business
Employed
Artisan
Other (specify)

Tick the
appropriate

C. Livestock keeping
1. Is dairying major activity in your household Yes [
2. Type of livestock do you keep and their number
Type of livestock
1.
2.
3.
4.
5.

Total number

] No [

Rank (order of
importance)

]
Rank (order of importance)
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3. How long have you been in dairy production……….
4. What was the source of dairy cattle you have: 1= inheritance 2= purchase 3=gift 4=
SHDDP 5= Heifer project 6= specify
5. What forced you to engage in dairy production?
6. Have you ever participate in any training concerning livestock management? Yes [ ] No [
]
7. If yes what was the training about
8. Who/which organization conduct the training.
9. What breed of dairy cattle do you keep
a) Exotic
b) Cross bred
10.
What system do you use
a) Zero grazing
b) Semi intensive
c) Others
11. Who is responsible for carrying out dairy activity;
sno
1
2
3
4
5

Feeding

Milking

Barn cleaning

Utensil cleaning

Selling of milk

Socioeconomic role of Dairy cattle
D. Husbandry practices
1. Do you have animal barn? Yes [ ] No [ ]
2. If no where do you keep animal during rain/adverse condition?
3. Frequency of barn cleaning
a) Once per day
b) Twice per day
c) Thrice per day
d) Once per week
e) More than twice per week
f) When necessary
4.
5.
6.

Do you supplement your cows?
If yes when do you supplement?
Amount given (kg)

E. Milking practices
1.
How many milking cows do you have
2.
Do you have specific milking place? Yes[ ] No [ ]
If no which place do you use to milk your cows?
a) Outside
b) In their house
c) In crush
d) Others (specify)
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3.

What milking technique do you use?
a) Hand milking
b) Machine milking
4.
Who do milking activity?
a) Yourself
b) family member
c) Hired labor
5.
How many times do you milk your cows per day?
a) Once per day(morning/afternoon/evening)
b) Twice per day(morning /afternoon)
c) Trice per day(morning/afternoon/evening)
6. At what time do you milk your cows?
I.
In the morning
a) 4.45 – 5.00 a.m
b) 5.00 – 6.00 a.m
c) 6.00 – 7.00 a.m
d) After 7.00 a.m
II. In the evening
a) 2.00 – 3.00 p.m
b) 3.00 – 4.00 p.m
c) 4.00 – 5.00 p.m
d) After 5.00 p.m
F. Milking, milk hygiene and handling (observational),
1. Which procedure do you follow before milking,
a) Wash hand using cold water
b) Wash hand using warm water
c) Washing hand using warm water and soap
d) Washing hand using warm water and soap
e) Do not wash hand
2. Do you wash cow’s udder before milk? Yes [ ] No [ ]
If yes what condition of water do you use?
a) Warm water
b) Cold water
c) Mixture
3. What type of material do you use to dry cows teat
a) Towel
b) A piece of cloth
c) None
4. Does this material applied to individual cows or one material is used to all milking cows?
5. Which source of water do you use to wash cows teats and milking utensils?
a) Borehole
b) Well
c) Spring
d) River
e) Dams
f) Rainfall
g) Other
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6. Do you apply any lubricant on teat during milking? Yes [ ] No [ ]
If yes what type
7. Do you use teat dip (disinfectant) before and after milking? Yes [ ] No [ ]
8. What type of milking utensils do you use?
a) Aluminium cans
b) Plastic cans
c) Stainless steel cans
d) Any other
9. Do you use any detergent or sanitizer to wash the milking utensils? Yes [ ] No [ ]
If yes what type?
10.

Do you test for mastitis? Yes [ ] No
[ ]
If yes, which method do you use? (Tick where appropriate)
a) Strip cup
b) California mastitis test
c) Mastitis test paper
d) Others………………………
If no, why……………………………………………………………….
11.
How do you control mastitis? (Tick where appropriate)
a) Wash the udder and use of udder towels
b) Teat dipping
c) Wash and use of milking salve
d) Treat clinical cases
12. What do you do to ensure clean milk production? (Tick where appropriate)
a) Observe strict cleanliness
b) Strain milk
c) Milk healthy animals only
d) Use health and clean personnel for milking
e) Any other (specify).......

G. Milk marketing and consumption
1.
How much milk do you produce per day?.....litres and at what price per litre
2.
How much do you sell and how much do you consume?
a) Sell……litre
b) Consumption in the family…….litre
c) Offering to neighbours………..litre
3. To whom do you sell?
a) Collector
b) Vendor
c) Cooperatives
d) Processors
e) Neighbors
f) Restaurant
g) Shops
h) Any other
4. Which milk do you sell?
a) Morning milk
b) Evening
c) Morning and evening
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5.
How much do you sell per day?
6.
Is market available to all milk you intend to sell? Yes [ ] No [ ]
7.
If no what do you do with the remaining milk?
8.
Is there at time when milk is rejected? Yes [ ] No [ ]
9.
If yes what is the cause of its rejection?
10. Does it occur frequently?
11. Can you estimate how much milk is spoiled as a result of rejection?
12. Do you process milk? Yes [ ] No [ ]
If yes what type of product do you process?
a) ………………………………….
b) ………………………………….
c) ………………………………….
d) ………………………………….
e) ………………………………….
13.
Are you selling milk at home? Yes[ ] No [ ]
If no how far is your market place?
14.
Who provides you with market information?
15.
What kind of market information do you get from the answer you have given in
question 8?
16. What type of transport do you use to send milk to the selling point?
a) Bicycle
b) A cart
c) Motorcycle
d) Collection car
e) Other
17.
How long does it take to transport milk to the selling point?
a) Less than an hour
b) Between 1 and 2 hour
c) More than 3 hours
18.
a)
b)
c)
d)
e)

What problem do you face on producing quality milk?
……………………………………………
……………………………………………
……………………………………………
……………………………………………
……………………………………………

H. Extension services
1. Do you get extension services for your dairy production? Yes [ ] No [ ]
2. If yes who provides the services? 1=government extension staff 2=private extension staff
3= researcher 4= experienced dairy keepers 5=specify
3. How often do extension staff visits you? 1=once per week 2= once per month 3=when
need arise
4. How often are the following extension services provided to your dairy enterprise;
Extension service
Treatment
Construction of animal shed
Better milking practices
Better milk handling
Control of animal diseases

Sometimes

Often

Most
often

Not at
all

138

Appendix 2: Milk marketing agent’s questionnaire
District……………………………
Division…………………………….
Ward………………………………
Village…………………………….
Date of survey…………………….
Name of enumerator……………
GPS reading……………………
1. Category of milk marketing agents
a) Vendor
b) Milk collection centre
c) Retailer/kiosk/hotels/milk shops
2. How long have you been in this business?
3. Where do you buy milk for sale?
a).Processing plant
b).Dairy farmers
c).Group collection points
d).Cooperatives
4. At what time do you buy the milk?
a).5.00 – 6.00 a.m
b).7.00 a.m
c).8.00 a.m
d).2.00 p.m
e).4.00 – 5.00 p.m
f).Other
5. How much do you buy and sell per day (litre).
a).Amount bought per day……..litre
b).Amount sold per day………..litre
6. What is the buying price and selling price
a).Buying price per litre……
b).Selling price per litre……
7. What strategy do they use to get a regular supply of raw milk?
8. How do you guarantee quality of milk?
9. What type of utensils do you use for milk transportation and storage?
a).Aluminium
b).Stainless steel
c).Metal
d).Wooden
c).Any other
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10. Is there any preservation method do you use for milk storage? Yes [ ] No [ ]
If yes what type?
11. What type of transport do you use?
a).Bicycle
b).Cart
c).Motorcycle
d).Public transport
e).Any other
12. How long does it take to transport milk from the buying point to the market centre
……hrs
13. How many km from the buying point to the market centre…….km.
14.To whom do you sell the milk?
a) Processing plant
b) Kiosk
c) households
d) Restaurant
e) Schools
f) Hotels
g) Any other
15. How long does it take to sell the milk you have bought?
a) One hour
b) Two hrs
c) Three hrs
d) Four hrs
e) More than five hrs
16.Do you process milk? Yes [ ] No [ ]
If yes what type of product do you produce?
a) Yoghurt
b) Cheese
c) Butter
d) Any other
17.Where do you sell these processed products?
a) House hold
b) Hotels
c) Restaurant
d) Retailer
e) Other
18.What type of processing utensils do you use (Observation)?
a) Stainless steel
b) Metal
c) Plastic
d) Wooden
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e) Aluminium
f) Other
19. What type of water do you use to wash the utensils after selling the milk of milk by
product?
a) Hot water
b) Cold water
c) Warm water
d) Hot water +soap
e) Cold water + soap
f) Warm +soap
g) Any other
20. Do you use any sterilizer? Yes [ ] No [ ]
If yes what type of sterilizer?
21 Source of water do you use to wash milk handling utensils?
a) Borehole
b) Well
c) Spring
d) River
e) Dams
f) Rainfall
g) Other
22. What problem do you face in this business?
a)………………………………………..
b)………………………………………..
c)………………………………………..
d)……………………………………….
e)………………………………………..
Appendix 3: Consumers questionnaire
District……………………………..
Division…………………………….
Ward………………………………..
Village……………………………...
Date of survey………………………
Name of enumerator………………..
GPS reading………………………...
A.
1.
2.
3.
4.

Background information
Name of the respondent……………
Age of respondent………….years
Gender ofrespondent: Male [ ] female [ ]
Education level of respondent: 1= no formal education 2=adult education
3=Primary 4=secondary 5=post secondary

B. Milk consumption
1. How do you assess the quality of milk before buying it?
2. How many times do you take milk in a week?
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a) Daily [ ] b) Occationaly [ ]
3. How much do you take (consume) per individual per day in your family?
a) 0.25L b) 0.5L c) 1L
4. Do you buy milk for home consumption? Yes [ ] No [ ]
If yes what kind a) Raw [ ] b) Boiled [ ] c) Soured [ ]
5. Quantity bought a) 0.5L b) 1L c) 1.5L d) >= 2L;
6. Which groups of family member consume more milk? a) Children b) Elder c) Sick
d) Whole family
7. Are you the daily costumer in this shop?Yes [ ] No [ ]
8. If yes what kind of milk do you consume most;
a) Raw [ ] b) Boiled hot [ ] c) Soured [ ]
9. What makes you buying milk in this shop and not in others.
10. Is there any health effect(s) which can be encountered by drinking raw milk?
11. If yes, what are they?
Appendix 4: Checklist for farmer
Milking, hygiene and handling practices
1. Cleanliness of barn
[1]
[2]
[3]
2. Cow cleanliness of cow
[1]
[2]
[3]
3. Udder cleanliness
[1]
[2]
[3]
4. Hand wash before milking
[No wash] [wash with water]
[Wash
with soap + water] [Disinfectant]
5. Washing of the udder
[Yes]
[No]
6. Wipe dry after washing
[Udder]
[Only teats]
7. Water Quality
[1]
[2]
[3]
8. Wiping
[With wet cloth] [with dry cloth] [No wiping]
[Same cloth to all/many cows]
[One cloth to each cow]
9. Lubricant
[Yes]
[No]
[Type]
10. Foremilk elimination
[Yes]
[No]
11. Teat dipping
[Yes]
[No]
[Type]
12. Other post- milking routines
13. Washing of equipment
[With water Hot water] [Cold water with dish soap]
[With brush Dry before using (turn upside down?) ]
14. Type of equipment
[metal]
[aluminium]
[Plastic]
[Stainless steel]
15. Type of sieve used
[Plastic] [Cloth]
16. Fly control
[Yes]
[No]
17. Feeding during milking
[Yes]
[No]
18. Milking environment,
[lairage]
[Open space] [inside the barn]
[crush]
19. Condition of environment
[Clean + dry] [Clean + wet] [Dirty +dry] [Dirty +
wet] [muddy]
20. Floor type
[Concrete] [Earth] [Stone] [Timber]
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21. Roof type
[Open] [Closed]
22. Water source
[Tape] [Spring] river] [Borehole]
23. Distance and time taken to the selling point
24. Transport to the milk collection centre
25. Temperature of milk
Appendix 5: Checklist for Milk shops
1. Type of equipment
[Bucket]
[Can]
[Plastic]
[Stainless steel]
2. Fly control
[Yes]
[No]
3. Environment cleanliness
[Clean]
[Moderate] [Dirty]
4. Personnel cleanliness
[Clean]
[Moderate] [Dirty]
5. Presence of cooling facilities
[Yes]
[No]
6. House type
[Brick] [Timber]
7. Wall
[Plastered] [Tiles]
8. Floor type
[Concrete] [Tiles] [Earth]
9. Roof type
[Open] [Closed]
10. Water source
[Tape] [Spring] [river] [Borehole] [well]
11. Type of utensil
[Plastic] [Aluminum] [Metal]
12. Quality control
[Yes] [No]
13. Presence of area for washing hands [Yes] [No]
14. Presence of toilet [Yes] [No]
15. Milk storage after boiling ........
16. Types of milk sold...
17. Utensils used to store milk before selling to costumer.
18. Type of utensils used for serving customer
19. Water used to wash the utensils
20. Type of detergent used.
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Appendix 6: Milking and milk collection activities

Appendix 7: Handling of cans in one of milk collection point
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Appendix 8: Milk quality test conducted in MCP

Appendix 9: Cooling of milk in one of milk shop in the study area
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Appendix 10: Haemolysis test

Appendix 11: Antibiotic disc used

146

Appendix 12: Condition of cattle barn, milking environment and manure disposal in
Mbeya and Mbozi districts
Districts
Total
n=96(%)
Parameter
Condition
Mbeya
Mbozi
n=48(%)
n=48(%)
Animal Barn
Satisfactory
9(18.8)
5(10.4)
14(14.6)
Not satisfactory
39(81.2)
43(89.6)
82(85.4)
Milking environment Satisfactory
18(37.5)
23(47.9)
41(42.7)
Not satisfactory
30(62.5)
25(52.1)
55(57.3)
Manure disposal
Satisfactory
15(31.3)
21(43.7)
36(37.5)
Not satisfactory
33(68.7)
27(56.3)
60(62.5)
Appendix 13: Isolation of SEs genes according to their concentration (cfu/mls) in the milk sample in
the study area (n=20)
Concentration of S. aureus (cfu/ml)
Freq of SEs isolation
%
103
2
10
104
3
15
105
6
30
106
9
45
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