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Abstract

The informal milk value chain in Uganda controls most of the raw marketed milk, albeit of poor quality. A study was
conducted to assess the milk handling practices, the bacterial quality and the associated health concerns of raw milk
along the informal milk value in Nakasongola District. The cross-sectional study used both qualitative and quantitative
methods to obtain information from key players. The qualitative data was categorized and presented into emerging
themes. Bacterial contamination of 200 milk samples was determined by morphological and biochemical tests. The
antibiotic susceptibility test was done by the disc diffusion method.

Hand milking was carried out mainly by men (92.5%), and most never or rarely practised hand washing (67.5%) during
milking. Milk was mainly delivered to mobile milk-collecting centres located under tree shades (50%). The quality of raw
milk was affected by poor hygienic, handling and transportation practices. Most participants (75%) were aware of the
dangers of drinking raw milk and the requirements to transport milk in metallic cans. Viable bacterial counts above the
recommended limit were recorded in 76 samples (38%) that included Staphylococcus aureus (46%), coagulase-negative
Staphylococcus (29%), Escherichia coli (12%), Streptococcus agalactiae (8%) and Salmonella spp. (5%). The overall antibiotic
resistance was 45% (34/76), which included resistant isolates of S. aureus (17/34), coagulase-negative Staphylococcus
(11/22), S. agalactiae (3/6), Salmonella spp. (2/4) and E. coli (2/9).

The raw milk contaminated with antibiotic drug-resistant bacterial pathogens is of public health concern. Thus, measures to
improve the quality of milk need to be designed for the pastoral commmunity in Nakasongola district.
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Introduction

Agriculture is the main sector of Uganda’s economy, sup-
porting livelihoods of 69% of the current workforce (UBOS
2017). Livestock, particularly cattle, is reared under com-
munal grazing and traditional dairy production systems
among the pastoral communities in the cattle corridor, a
vast savannah grassland which stretches from the south-
west of Uganda to the northeastern borders for over 84,

* Correspondence: saraali67@gmail.com; saraali67@covab.mak.ac.ug
'School of Biosecurity, Biotechnical and Laboratory Sciences, College of
Veterinary Medicine, Animal Resources and Biosecurity (COVAB), Makerere
University, P.O. Box 7062, Kampala, Uganda

Full list of author information is available at the end of the article

@ Springer Open

000 km? (FAO 2018). This supports about 75% of the 11.4
million cattle in the country (UBOS 2017).

Essentially, livestock provides nutritional and income se-
curity as well as strengthens the resilience of the pastoralist
communities (Thornton 2010). Presently, annual milk pro-
duction in Uganda is in excess of 1.5 billion litres, com-
pared to 365 million litres in 1991 (UBOS 2017; Kjeer and
Mwebaze 2013; Mbowa et al. 2012), which can be attrib-
uted to private sector involvement (Kjeer and Mwebaze
2013; Mbowa et al. 2012). Uganda’s dairy sector contributes
more than 50% of total output of the country’s GDP from
agriculture (UBOS 2017) and is earmarked as a priority
livestock investment area for improving household incomes
and livelihoods (Mbowa et al. 2012).
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At present about 70% of the milk is marketed and 30%
consumed by the farming households. Between 10-20%
of the marketed milk is processed, while 70% is mar-
keted raw (Ssajjakambwe et al. 2017). The informal mar-
keting system trades in raw milk, disregarding the
international standards of quality, pasteurization and use
of cold-chain facilities (Omore and Baker 2011).

Milk is the main source of animal-based proteins and
other micronutrients that are easily accessed by the poor,
for example in Zimbabwe (Paraffin et al. 2018). Its con-
sumption has been associated with improved dietary out-
comes especially for women and children in sub-Saharan
Africa (Wiley 2009). Also households that regularly con-
sume milk in rural Uganda have recorded better health out-
comes than non-milk consumers (Dobson and Combs
2005). On the other hand, the high nutritive value and water
content of milk support the growth of bacterial pathogens
(Ondieki et al. 2017) such as Salmonella, Staphylococcus or
Escherichia coli that can cause milk-borne illnesses
(Gwandu et al. 2018; Kateete et al. 2013). These may origin-
ate from the infected cows, the milk handlers, the equip-
ment and/or the unhygienic environment (Kateete et al.
2013, Swai and Schoonman 2011; Kaneene et al. 2016).
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The use of antibiotics in cattle production among the
pastoralists (Ssajjakambwe et al. 2017; Ampaire et al.
2016) is a leading cause of antibiotic resistance of bacter-
ial pathogens from cattle in Uganda (Ampaire et al.
2016; Oliver et al. 2011). Often, the prolonged use of an-
tibiotics in udder infections exerts selection pressure
which promotes resistant bacteria phenotypes (Oliver
et al. 2011). These are shed in milk and can lead to
milk-borne infections with severe consequences among
the consumers (Kuipers et al. 2016; Gwandu et al. 2018).

Whereas consumers’ quest for wholesome quality milk is
paramount, attaining raw milk of acceptable quality re-
mains a challenge for the informal milk value chain. Con-
tamination of milk is associated with the transmission of
resistant bacteria to consumers, causing severe milk-borne
illnesses that are hard to treat with the available antibiotic
drugs (Krahulcova et al. 2018; Sobur et al. 2019). Therefore,
this study assessed the milk handling practices, the bacterial
quality and public health risks of raw milk in the informal
milk value chain in Nakasongola district. The results will
contribute to strategies for improving the quality of milk
and economic returns for the pastoral community in
Nakasongola.
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Fig. 1 Selected study sub-counties in Nakasongola district. 1, Nakitoma;

2, Nabiswera; 3, Kakooge; and 4, Nakasongola Town Council
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Study area

The study was conducted in the pastoralist community of
Nakasongola District which lies within the cattle corridor
of Uganda. This zone is sparsely populated, and its econ-
omy is driven by rain-fed agricultural and pastoral livestock
husbandry practices. Nakasongola is located between lati-
tudes 055N 1 40'N and Longitudes 31 55E and 32 50E, and
lies in between a transition southern zone with a clear bi-
modal rainfall and the northern zone which has a unimodal
rainfall pattern. This is an area characteristic of water stress
and prone to desertification (Lufafa 2006). The District has
a mix of ethnic groups including Baganda, Baruuli, Banyan-
kore and Banyarwanda, who derive their livelihoods mainly
from sale of raw milk, meat, cattle and other livestock prod-
ucts. The District has one of the highest cattle densities in
Uganda with over 150 cattle per square kilometre and 30—
50 cattle per household. The estimated cattle population is
in excess of 222,000 heads of cattle, with 90% of the indi-
genous long-horned Ankole breed. Fencing of farms is
practised by a segment of wealthy households, while a ma-
jority raise their cattle on a communal grazing system, with
shared water reservoirs across the District. Due to pro-
longed droughts and in the dry season, communities move
their animals in search for water and pastures towards the
shores of Lake Kyoga.

The study was carried out from June to August 2017
in four of the seven sub-counties, namely Nabiswera,
Nakitoma, Kakooge and Nakasongola Town Council
(Fig. 1). These counties were purposively selected be-
cause a majority of households keep cattle and sell milk
through the milk-collecting centres located in the area.
The inhabitants also derive their livelihoods mainly from
sale of raw milk and live cattle.

Materials and methods

Study design and sampling

This was a cross-sectional study that used both qualitative
and quantitative research approaches. The qualitative
study utilized focus group discussions (FGDs) and key in-
formant interviews (KIIs) for data collection. Both KII and
FGD participants were purposively selected. Four FGDs
were carried out in groups of 9-11 participants who in-
cluded farmers, milk vendors, transporters (bicyclists and
motorcyclists), middle men, dairy cooperatives and other
key persons involved in the milk value chain. In each
FGD, the different stakeholder types were combined be-
cause the participants were primarily cattle keepers who
also engaged in other activities in the milk value chain.
This diversity was anticipated to enrich the discussions.

A total of four key informants in charge of sub-
counties and responsible for veterinary extension
services were selected. Deliberate effort was made to
interview both men and women, especially those
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Table 1 Composition of the different focus group discussions
from Nakasongola district

Focus group Stakeholders Number of Total

discussion number Men Women

FDG 1N=10 i. Cattle farmers 2 1 3
ii. Bicycle mobile milk 2 0 2
vendors
iii. Motorcycle milk vendors 2 0 2
iv. Mobile milk vendor 0 2 2
centres
v. Livestock dairy 1 0 1
cooperatives

FGD 2N=10 i. Cattle farmers 2 1 3
ii. Bicycle mobile milk 2 0 2
vendors
iii. Motorcycle milk vendors 2 0 2
iv. Mobile milk vendor 0 1 1
centres
v. Livestock dairy 1 1 2
cooperatives

FGD 3N=11 i. Cattle farmers 2 1 3
ii. Bicycle mobile milk 2 0 2
vendors
iii. Motorcycle milk vendors 2 0 2
iv. Mobile milk vendor 0 2 2
centres
v. Livestock dairy 2 0 2
cooperatives

FGD 4N=9 i. Cattle farmers 1 2 3
ii. Bicycle mobile milk 2 0 2
vendors
ii. Motorcycle milk vendors 2 0 2
iv. Mobile milk vendor 0 1 1
centres
v. Livestock dairy 1 0 1
cooperatives

Total 28 12 40

regularly involved in the milk value chain, to obtain in-
formation regarding their activities (Table 1).

Data collection for the qualitative study

The research team used various methods to collect data.
Direct observations were used to gather and record in-
formation about the various activities of farmers, milk
vendors and distributors; activities which could com-
promise milk quality and safety along the value chain.
All FGDs were conducted in the local language using an
interview guide and a moderator to guide the discus-
sions. A tape recorder was used with the verbal consent
from the participants, and recordings were later tran-
scribed into English. In addition, semi-structured inter-
views conducted with each of the 40 participants of the
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FGDs gave additional information on the milk handling
by the different actors along the value chain.

Milk sample collection and processing

Two mobile milk-collecting centres from Kakooge and
another one in Nakasongola Town Council were se-
lected for milk sample collection, which was carried out
between 9:30 am and 12:00 pm every Friday for 10 weeks.
At each centre, the first 10 mobile milk vendors were se-
lected and from each vendor a milk sample was obtained
from a plastic can containing milk from multiple farms.
Approximately 40 ml of milk sample was aseptically ob-
tained from each plastic can, and in total, 200 samples
were collected. All samples were securely capped, la-
belled and kept at 4-8 °C on ice in a cooler box. These
were then transported to the central diagnostic labora-
tory at the College of Veterinary Medicine, Animal Re-
sources and Biosecurity (COVAB) where analysis started
immediately.

Bacterial isolation and identification

The bacterial quality assessment of milk was carried by
the viable bacterial count method to enumerate colony-
forming units per millilitre (cfu/ml) of the milk samples.
Briefly, serial dilutions of milk in peptone water from 10~
to 107° in duplicates were made and cultured on standard
plate count agar at 37 °C for 24—48 h. The number of col-
onies between 30 and 300 colonies per plate was counted
and expressed as cfu/ml (Cowan et al. 1993).

For identification of bacteria, about 50 pl of the milk sam-
ple was inoculated onto nutrient agar (Oxoid, Hampshire,
England) and incubated at 37°C for 18-24h. Briefly, a
discrete single colony was inoculated for each of the three
selective media, namely Mac-Conkey agar (Mastgroup,
Merseyside, UK), MSA agar (Oxoid, Hampshire, England)
and Xylose-lysine-deoxycholate medium (HiMedia, India).
The culture plates were incubated at 37 °C for 18-24h to
isolate bacteria. These were then characterized using stand-
ard morphological and biochemical tests (Cowan et al.
1993). Pure cultures stored as glycerol stocks were used for
further analysis.

Antibiotic susceptibility testing

The antibiotic susceptibility of bacterial isolates was deter-
mined using the modified Kirby-Bauer disc diffusion
method (Hudzicki 2009). Briefly, an overnight bacterial in-
oculum (0.5 McFarland) was spread on Mueller-Hinton
agar (Bio-Rad, France) and six antibiotic discs were placed
on each plate. These contained ampicillin (Amp) 10 pg,
amoxicillin (Amx) 25 pg, ceftriaxone (Cef) 30 pg, gentamy-
cin (Gen) 30 pg, tetracycline (Tet) 30 ug and vancomycin
(Van) 30pg (Oxoid, Hampshire, England). S. aureus
(ATCC 25923) was used as the control strain.
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Data management and analysis

Responses from FGD transcripts were cross-checked to
ensure completeness of data and analysed using content
analysis (Kondracki et al. 2002). The data was categorized
and presented into emerging themes including (i) key
players in handling and transportation of milk in Naka-
songola district, (ii) risky practices affecting the quality of
milk and transmission of diseases from milk to humans
and (iii) challenges to policies and regulation for the infor-
mal milk value chain. Descriptive analysis was used to
summarize data from the questionnaire in the form of fre-
quencies and percentages. A modified assessment of the
farm hygiene index was used to generate scores for milk
quality (Kaneene et al. 2016). The index scores categorized
as low risk, score 1; moderate risk, scores 2—3; and high
risk, scores 4—5 were then used to construct radar charts
in Excel 2013. Data on the bacterial counts was first trans-
formed to logarithm of colony-forming units per millilitre
of sample (log cfu/ml). The East African Community
(EAC) acceptable level of the total bacterial counts for raw
cow milk of <2x10°cfu/ml [https://law.resource.org/
pub/eac/ibr/eas.67.2006.html] was used to qualify contam-
ination in raw milk samples.

The diameter of zonal clearance was measured in
millimetres, and results were recorded as susceptible (S),
intermediate (I) and resistant (R) according to CLSI, per-
formance standards for antibiotic susceptibility testing
(CLSI 2012).

Results

Socio-demographic characteristics of the participants
From the four sub-counties (Nabiswera, Nakitoma,
Kakooge, and Nakasongola Town Council), a total of 40
participants were recruited into the FGDs. These included
12 (30%) farmers, 8 (20%) comprised of equal numbers of
bicycle and motorcycle mobile milk vendors (M2Vs),
while 6 (15%) each were from mobile milk vendor centres
(MVc) and the livestock dairy cooperatives (LDCs). A ma-
jority (87.5%) had at least 3 years of experience in dealing
with the milk value chain and 28 (70%) were males.

Milk handling and transportation in Nakasongola District

Table 2 describes the major aspects associated with hand-
ling and transportation of milk in Nakasongola. Hand
milking was carried out mainly by men (92.5%), of whom
only 7.5% routinely washed hands before, 25% rarely or
never washed hands while 42.5% cleaned their hands on
the skin of cows. Most milkers (50%) used a rod referred
to as emkoni to restrain the calf while milking. Milk was
collected from the farm mainly by M2Vs (80%) using mo-
torcycles (70%) and in plastic cans (75%). The MVc were
mainly located under tree shades (50%) or a verandah
(25%). The most frequently used milk adulterant was water
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Table 2 Milk handling and transportation in Nakasongola

District
Attribute Frequency Percentage
Gender of hand milkers
Males 37 92.5
Females 3 75
Experience of handling milk
0-2 years 5 125
3-5years 28 70
> 5years 7 175
Washing hands before milking
Always 3 75
Sometimes 10 25
Rarely 5 12.5
Never 5 125
Others (clean hands on the skin of 17 425
a cow between milking different cows)
Restraining calf
Tie with rope 10 25
Use a stick 25 50
Use a hand to hit the calf 10 25
Milk collectors
Farmer 5 125
Mobile milk vendors (M2Vs) 32 80
Others 3 75
Mode of milk transport
Bicycle 9 225
Motorcycle 28 70
Vehicle 3 75
Milk transportation containers
Plastic jerrycans 30 75
Metallic cans 7 17.5
Others 3 75
Location of mobile milk vending centres
Verandah 10 25
Under a tree shade 20 50
Other mobile locations 10 25
Test of milk quality control
Water adulteration with a hygrometer 30 75
Smell 5 125
Taste 2 5
Colour change 3 75
Common milk adulterants
Water 28 70
Cassava/maize flower 7 17.5
Herbs 3 75
Chemicals 2 50

Data was obtained from the questionnaire interviews
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(75%); others include flour (cassava), herbs and chemicals
(Table 2).

Key players in milk handling and transportation in
Nakasongola district

M2Vs reported that they delivered pooled milk from
several farms to the MVc and livestock dairy cooperative
(LDC) within 4—6 h after milking (Fig. 2).

Between 2 -5 vendors operate the MVc, and each buys
400-10001 of milk, which is immediately transported on
pick-up trucks at ambient temperature in plastic cans. It
was observed that MVc operate in a dirty environment with
no running water, handwashing or toilet facilities (Fig. 3).

Milk handling practices are shown in Fig. 4. Scores of
11 practices affecting the quality of raw milk were
ranked, of which 8 (73%) had scores of 3—5 that indi-
cated poor quality of milk (Fig. 4). Cleaning milkers’
hands on the skin of cows and poor hygiene of the milk-
ing environment were scored 5, while unhygienic mobile
milk-collecting centres and dirty water used to wash
milking utensils scored 4 (Fig. 4). Broadly, these prac-
tices can be categorized into poor hygienic, handling and
transportation practices of milk (Fig. 4).

Awareness of the transmission of diseases from raw milk
Most participants in all the four FGDs (75%) were aware
of the dangers associated with drinking raw milk. They
admitted either they themselves or someone in their
households drank/drinks raw or half-cooked milk and
also eat milk products produced from raw milk. Reasons
given for drinking raw milk as quoted are (i) ‘we have
been drinking raw milk since we were little children and
it has not caused us any harm’ and (ii) ‘we drink raw
milk because it is good for our health, gives high nutri-
ents to our bodies and keeps one stronger’.

Policy issues and challenges for the informal milk value
chain

Most of the milk vendors and operators of MVc (80%)
were aware of the dangers of transporting milk in non-
food grade containers, particularly those made of plas-
tics. Further, 75% were aware of the regulations and re-
quirements for proper transportation of milk using
metallic cans. However, it was deemed expensive to buy
this equipment as participants quoted ‘the right milk
equipment is very expensive, we request the government
to provide us with metallic cans or coolers at a subsided
price or give loans at a low interest rate to buy these
equipment’.

Bacterial quality of milk and source of contamination in
Nakasongola district

A total of 200 milk samples were analysed for bacterial
contamination. Of these, 76/200 (38%) had bacterial
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Fig. 2 Key players in the milk value chain in Nakasongola district. Practices affecting the quality of milk in the milk value chain in Nakasongola

contaminations above the recommended limits (<2 x
10°cfu/ml). As in Table 2, staphylococcal organisms
were the most common milk contaminant (n =57, 75%),
comprising of S. aureus (n =35, 46%) and CoNS (n =22,
29%) isolates. Other bacterial contaminants are E. coli
(n=9, 12%), S. agalactiae (n=6, 8%) and Salmonella
spp. (n =4, 5%).

Antibiotic-resistant bacterial isolates in raw milk from
Nakasongola

The frequency and patterns of antibiotic resistance in
the bacterial isolates were determined. Out of 76 bacter-
ial isolates, 35 (46%) were resistant to at least one anti-
microbial drug as follows: S. aureus, 17 of 34 (50%);
coagulase-negative Staphylococcus (CoNS), 11 of 22
(50%); S. agalactiae, 3 of 6 (50%); Salmonella spp., 2 of 4
(50%); and E. coli, 2 of 9 (22%). None of the isolates was
resistant to vancomycin.

As shown in Fig. 5, the overall resistance of S. aureus
to Amp, Amx and Gen was 82% (n =14), 59% (n =10)
and 76% (n =13), respectively. Also 59% (n =10) and
29% (n=5) were resistant to Tet and Cef, respectively.
Similarly, the overall resistance of CoNS isolates with

respect to each drug; Amp, Amx, and Gen was (82%, n=9),
while 55 (n=6) and 36% (n=4) for Tet and Cef.

Discussion

The dairy sector in pastoral communities of Nakason-
gola District simultaneously operates within the formal
and informal milk marketing channels. Although the in-
formal milk sector is weakly organized with little to no
support from the Ugandan government, it continues to
handle the largest segment of the raw milk in Nakason-
gola and Uganda at large (80%) (Ekou 2014), as well in
East Africa (Makoni et al. 2014; Nyamwaro et al. 2018).
In contrast to formal dairy cooperatives, the strategic lo-
cation of informal MVc in the vicinity of farm-holds
provides convenient options for collecting and market-
ing milk at the community level. MVc provide invaluable
services of transporting milk from the remote areas of
Nakasongola, especially during the rainy seasons when
the murram dirt roads are impassable for cars (Staal and
Kaguongo 2003). They link the pastoral communities to
consumers in urban centres (Ashoke and Keshav 2002)
and offer farmers immediate payments for the supplied
milk (Mugendi 2013). Besides, the sale of raw milk
provides business opportunities for the indigenous
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Fig. 3 Milk handling practices in Nakasongola district. a Milk is dispensed in a plastic container. In the background is a green bucket for keeping

large volume of milk. Also note the presence of dry cow dung marked by red stars. b Milk is protected with a cloth/towel from flies and dust. ¢ A
typical roadside mobile milk-collecting centre. Milk is dispensed from plastic cans by mobile milk vendors to other cans at the centre. d A mobile
milk-collecting centre showing the poor hygiene. The environment is dusty or muddy and littered with garbage
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Fig. 4 Practices affecting the quality of milk. High risk, scores 4-5; moderate risk, scores 2-3; low risk, score 1
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communities in the milk value chain, which conse-
quently empowers the local communities (FAO 2007).

The consumption of raw milk is attractive to consumers
with cultural beliefs and preferences for raw milk, particu-
larly among the pastoralists in Uganda (Tumwine et al.
2015) and elsewhere in sub-Saharan Africa (Caudell et al.
2019; Ayele et al. 2017). Traditionally, raw milk is perceived
to have health benefits (Amenu et al. 2019) and unique fla-
vours, but these assertions lack scientific evidence. On the
contrary, drinking raw milk is associated with transmission
of diseases to consumers (Tumwine et al. 2015). Thus,
treating of milk before consumption is highly recom-
mended for the pastoralist communities, in order to pre-
vent transmission of milk-borne infections especially
among the vulnerable children.

Regardless of the benefits, efforts to enforce the use of
metallic cans for milk handling in Uganda have
remained futile. This has continued to cause conflicts
between the regulators and players in the milk value
chain (Ekou 2014). Although the quality of milk and
farmers’ incomes were increased with the introduction
of metal cans in Kenya (Ndungu et al. 2016), the infor-
mal sector in Uganda has not yet adopted this practice.
In part, this failure may be due to the high equipment
cost, and the Government of Uganda may consider pro-
viding equipment support mechanisms for the pastoral-
ist communities to engage competitively in the milk
business. On the other hand, the pastoral communities
are unwilling to invest in the purchase of equipment
(Kabirizi 2006) due to the unresolved socio-cultural con-
cerns (Kjeer and Mwebaze 2013; Ekou 2014). This is be-
cause efforts to modernize livestock production may be
seen as an attempt to dismantle and restructure the pas-
toralist way of life and a threat to their existence. Thus,
it is necessary to engage the communities in decision-
making and ownership of such technologies, rather than
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imposing unilateral government decisions. In concur-
rence, involving communities in problem-solving leads
to more effective, feasible and responsive solutions and
enhances the acceptance and legitimacy of decisions (De
Weger et al. 2018). The most viable option is a gradual
streamlining of the informal milk sector to secure the
socio-economic well-being of stakeholders, backed by in-
clusive policies (Omore and Baker 2011), cognizant of
the unique social-cultural context of the pastoral com-
munities. This streamlining process would have to con-
sider affirmative strategic interventions such as public
sector investment in infrastructure, access to credit and
training for the informal sector to engage competitively
in the milk business.

One of our main purposes was to ascertain the quality
of pooled milk at MV, prior to its dispatch to the urban
consumers. That 30% of milk samples had bacterial
loads beyond the acceptable limits (>/2x 10° cfu/ml)
confirms the challenges of handling raw milk through
the informal value chain in Nakasongola. This was simi-
lar to previous studies in Uganda (Kaneene et al. 2016;
Wangalwa et al. 2016) and elsewhere in Rwanda and
Kenya, which reported higher bacterial loads for raw
milk arriving at milk collection centres (Doyle et al
2015; Ndungu et al. 2016). Given our observations and
FGD and KII, we can surmise that the poor milk quality
was due to poor practices along the milk value chain.
The time lapse of 4—6 h between milking and collection
without refrigeration of milk augmented microbial
multiplication. Besides, the plastic milk cans are a source
of contamination that promotes bacterial proliferation.
The rough surfaces of plastic containers prevent effective
cleaning and sanitization, and this increases bacterial con-
tamination of milk (Ayele et al. 2017). While motorcycles
remain the major means of transportation of milk in
Nakasongola, the milk was further exposed to long hours
of high tropical heat. Subsequently, poor quality and simi-
lar observations have been reported in Zimbabwe and
elsewhere (Amenu et al. 2019; Paraffin et al. 2018; Ayele
et al. 2017).

Of note, milk constitutes an integral part of pastoralist
communities’ social life in Nakasongola District, and can
be processed into sour milk, yoghurt, ghee and eshabwe,
a traditional delicacy served on important ceremonial
celebrations. There were various practices that could
compromise the quality of milk. For instance, farmers
never washed their hands before milking and instead
cleaned their hands on the skin of the cows. This was
similar to noted earlier where many farmers did not suf-
ficiently clean their hands before milking (Wangalwa
et al. 2016; Hofi 2011). The use of a rod known as
enkoni to restrain the calf during milking could as well
be a source of milk contamination, especially if the en-
vironment is littered with cow dung. Although the
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plastic buckets were covered with cloth, this may not
guarantee improved hygiene; also the kraals were littered
with cow dung that could be a source for milk contam-
ination. We also observed a common practice of mixing
milk from different farms by the milk vendors which
could further compromise the quality of milk. The oper-
ation of MVc in unregulated dusty and dirty places that
lacked toilets and running water facilities is a further
concern to the quality of milk. Generally, the highlighted
unhygienic milk handling practices compromise the
quality of raw milk. It is thus crucial to adopt good milk
handling practices that minimize contamination along
the value chain if milk of acceptable quality is to be real-
ized (Wangalwa et al. 2016; Sudhir and Kalule 2014).

In the present study, isolated bacterial contaminants of
milk included E. coli, S. aureus, CoNS, S. agalactiae and
Salmonella spp. Previously, similar bacterial contami-
nants were reported in milk from Uganda (Kateete et al.
2013; Kasozi et al. 2014). The bacterial isolate was S.
aureus which could be from milk handlers that lacked
appropriate protective wear and good hygienic practices
(Table 3). Evidently, S. aureus is a commensal bacteria
from nasal passages of healthy humans (Hanssen et al.
2017), and during coughing or sneezing, the bacteria
shed into milk. Aside from humans, S. aureus and CoNS
could be associated with sub-clinical mastitis which is
common in milking cows in Uganda (Kateete et al. 2013;
Kasozi et al. 2014). Although remaining undetected by
most farmers, sub-clinical mastitis continues to be a
source for milk bacterial contamination (Kateete et al.
2013; Hosseinzadeh and Saei 2014). Whether the major
source of contamination was udder infection or from
other external sources requires another study. S. agalac-
tiae are associated entirely with udder infection, suggest-
ing the occurrence of sub-clinical mastitis as the source.
Salmonella spp. were probably shed by cattle and con-
taminated milk through the faecal matter. Previously,
Salmonella strains were isolated from rectal faeces of
cattle in Uganda (Kagirita et al. 2017); however, humans
can also be a source of Salmonella. This is because in-
fected food handlers have been associated with Salmon-
ella contamination of ready-to-eat foods elsewhere
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(Holman et al. 2014). E. coli is mainly an environmental
bacteria, and its presence indicates transfer of the patho-
gens from the contaminated environment due to poor
hygiene.

The bacterial pathogens isolated from the milk showed
marked antibiotic resistance. A majority of S. aureus
were resistant to Amp, Amx and Gen (82%) which was
higher than previously reported from milk in Uganda
(Kateete et al. 2013; Kasozi et al. 2014), suggesting an in-
crease in resistance of animal pathogens in the cattle
corridor over the years. Antibiotic resistance is pro-
moted by an excessive use and misuse of antibiotics in
cattle production (Mukasa et al. 2012). Also the higher
resistance to Tet in our study than in Kasozi et al’s
(2014) study (55% vs 33%) from the cattle corridor may
be linked to the excessive use of tetracycline drugs by
farmers. Tet is relatively cheap and readily available as
over-the-counter drug used by the farmers in Uganda
without veterinary supervision (Ssajjakambwe et al.
2017). However, further studies are needed to generate
household data on antimicrobial use to provide conclu-
sive evidence on the extent of antimicrobial resistance of
milk-borne pathogens in the community.

We report 29% and 36% resistance of S. aureus and
CoNS to Cef, respectively, which was unexpected be-
cause this drug was not used in cattle production in
Uganda, but available for treatment of human S. aureus
bloodstream infections (Lowe et al. 2017). This shows
that antibiotic drug resistance is more extensive than
previously thought among bacterial pathogens from cat-
tle in Uganda. This suggests that beyond antibiotic use,
there are other factors that probably promote the emer-
gence of resistance and would necessitate future studies.
It was surprising that E. coli showed the least resistance,
contrasting with other previous studies (Kasozi et al
2014). E. coli isolates were from the environment, where
the antibiotic selection pressure was still low, rather than
from cattle with higher antibiotic selection pressure
(Table 3). That all pathogens were susceptible to vanco-
mycin was expected since these drugs have not been
used in animals and resistant strains have not emerged
in cattle as yet. However, this finding was inconsistent

Table 3 Bacterial isolates associated with contamination of raw milk

Bacteria type Number Frequency Probable source®

S. aureus 35 46 Milk handlers, mastitic cows
CoNS 22 29 Milk handlers, mastitic cows
E. coli 9 12 Environment, cattle, humans
S. agalactiae 6 8 Cattle

Salmonella spp. 4 5 Cattle, humans

Total number and percentage 76 100

aS. aureus and CoNS are frequently shed from the nostrils of humans and infected udders of cows; E. coli is associated with human and cattle (animals) faecal
matter and is shed into the soil and water; S. agalactiae is associated with infected udder while Salmonella can be shed by infected humans and cattle
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with the reports from Ethiopia in which most S. aureus
were resistant to vancomycin (Ayele et al. 2017).

Conclusion

Undeniably, the informal milk markets of Nakasongola
District are associated with poor quality milk contami-
nated with antibiotic drug-resistant bacterial pathogens
that may be of public health concern. Thus, measures to
improve the quality of milk need to be designed for the
pastoral communities in Nakasongola district.
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