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This study was conducted to assess raw milk bacterial loads and micro-organisms associated with milk 
handling practices and raw milk chain in the North-western region of Rwanda. A multistage sampling 
method was used to collect sixty-seven raw milk samples that were analyzed for milk quality at four 
stages of the raw milk chain: dairy farmers, milk hawkers, milk collection centres (MCC) and milk 
kiosks. Total bacterial counts (TBC) at different stages of the chain were determined and 
microorganisms were isolated. A questionnaire was distributed to gather information on factors and 
milk handling practices that influence milk quality at farm level. The study revealed a TBC mean values 
of 1.2 × 10

6 
CFU/ml (dairy farmers), 2.6 × 10

7
 CFU/ml (milk hawkers), 1.5 × 10

6 
CFU/ml (MCC) and 6.9 × 

10
6 

CFU/ml (kiosks/restaurants). The prevalent micro-organisms were: Escherichia coli (E. coli), 26.9%; 
Salmonella spp., 16.4%; Streptococcus spp., 16.4%; coagulase- negative staphylococci (CNS), 14.9%. 
Bacterial load was highly associated with containers used for milk transport, cleaning time of milk 
containers and source of water used to clean containers. It is, therefore, highly recommended that all 
concerned parties in the raw milk value chain improve their milk handling and storage practices. 
 
Key words: Bacterial contamination, milk handling, milk quality, north-western Rwanda, raw milk. 

 
 
INTRODUCTION 
 
Human health is greatly threatened by the pathogenic 
microorganisms commonly isolated from milk and milk 
products. Raw milk quality is determined by various 
factors including composition (butterfat, protein, lactose, 
milk solids, etc.), udder health (mastitis infection,  somatic 

cell count (SCC)) and hygiene (total bacterial count, 
thermoduric bacteria, psychotropic bacteria) (O’Brien et 
al., 2009). Microbial contamination in milk may result in 
milk spoilage and milk-borne diseases spreading to 
humans (Ngasala  et  al.,  2015). Microbial contamination

 

*Corresponding author. E-mail: mugajpierre@yahoo.fr. 

 

Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution 

License 4.0 International License 

http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US


 

 
 
 
 
of milk may be primary, secondary, or tertiary (Parekh 
and Subhash, 2008). Primary infection is usually from 
infected lactating cows. Secondary infection can be from 
milkers during milking, milk handlers during transportation 
and storage, milk handling procedures, water used in 
cleaning, unclean utensils and/or milking equipment. 
Tertiary infection is mainly due to re-contamination of milk 
after processing due to unhygienic conditions, improper 
handling and poor storage of milk before serving. 

Raw milk is a means of transmission of milk-borne 
pathogens to humans (Addo et al., 2011). However, 
Harding (1995) demonstrated that in milk stored at a 
standard temperature of 4°C for up to  15 h bacteria do 
not multiply appreciably. He also demonstrated that it is 
possible to store milk for 7 days at 1.5-2°C without 
spoilage provided the initial quality is good (Harding, 
1995). Total plate count of microorganisms in milk 
provides useful general information on the microbiological 
quality and indirectly the conditions under which it was 
produced (Jay, 2000).  

According to Boor et al. (1998) TBC for raw milk must 
be less than or equal to 10

5
/ml; for retailed milk, it must 

be less than or equal to 2×10
4
/ml or gram; while for 

frozen desserts it must be 5×10
4
/gram or less. The USA 

has a standard of 10
5
 bacterial cells per milliliter; 

however, other countries take 2×10
5
 colony forming 

units/milliliter as the acceptable bacterial limit (Lore et al., 
2005). The microbial limit of total plate counts is used to 
grade milk as follows: Grade I or A (< 2×10

5
 bacterial 

cells/ml), II or B (>2×10
5
– < 10

6
 bacterial cells/ml) and III 

or C (>10
6
– < 2×10

6
bacterial cells/ml) in Rwanda 

(COMESA, 2006). In Kigali, Rwanda, Doyle et al. (2015) 
reported unacceptably high TBC in milk from three major 
segments of the dairy value chain, milk transporters, 
MCCs and milk kiosks. 

There are pathogens which cause milk contamination. 
These include Escherichia coli, Staphylococcus aureus, 
Salmonella spp., Listeria monocytogenes, Brucella 
abortus, Mycobacterium spp., Campylobacter spp., 
Leptospira spp., Clostridium spp., Pseudomonas 
aeruginosa and Proteus spp. (Farah et al., 2007; FAO, 
2010). The microorganisms that are principally involved 
in milk spoilage are psychrotrophic organisms, most of 
which are destroyed by pasteurization temperatures (Goff 
et al., 1989). However, some, such as Pseudomonas 
fluorescens and Pseudomonas fragi, can produce 
proteolytic and lipolytic extracellular enzymes which are 
heat stable and capable of causing spoilage (Goff et al., 
1989). In addition, some species and strains of 
Clostridium, Microbacterium, Micrococcus, Bacillus, 
Corynebacterium, Arthrobacter, Lactobacillus, and 
Streptococcus can withstand pasteurization temperatures 
and grow at refrigeration temperatures leading to 
spoilage of treated milk (Banwart, 1989). 

Ideally, milk meant for human consumption must be 
free from any pathogenic organisms (Bertu et al., 2010). 
Considering that milk is  normally  sterile  when  it  comes  
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from a normal cow’s udder, contamination occurrs during 
milking, transportation, cooling, storage and processing 
(Farah et al., 2007). There  is need for good management 
of raw milk and milk products in order to minimize the 
contamination. This will subsequently enable the dairy 
sector serve as a contributing tool for alleviation of 
poverty and creation of wealth in developing countries 
(FAO, 2010). 

Food safety is an area of great concern in relation to 
public health management and particularly from an 
economic perspective (Kaiza, 2011). Microbial 
contamination of milk is a risk to the public health through 
transmission of food borne diseases (Pires et al., 2009). 
Raw milk is and continues to be a major distress in the 
epidemiological data of campylobacteriosis, 
salmonellosis, tuberculosis, brucellosis, hemorrhagic 
colitis, Brainerd diarrhoea, Q fever, listeriosis, among 
others (Alvarez, 2009). It is known that, microbial 
contamination of milk could be reduced by adhering to 
effective hygienic practices at the farm level. Many 
developing countries are ignorant about the existence of 
milk-borne infections and consuming raw milk 
predisposes small-scale livestock farmers, consumers 
and the general public at risk of contracting these 
infections (Mosalagae et al., 2011). Therefore, this study 
was conducted to establish microbial contamination and 
assess factors and management practices associated 
with bacterial contamination along raw milk value chain in 
three districts (Musanze, Nyabihu and Rubavu) of 
Rwanda.  
 
 
MATERIALS AND METHODS 
 

Study area 
 

This study was carried out in the North-western region of Rwanda, 
specifically in Musanze, Nyabihu and Rubavu districts. Musanze 
District is located in Northern Province (1°30′6.94″S; 29°37′59.75″E 
at 1850 m above sea level) whereas Rubavu (1°40'52.54"S; 
29°19'45.55"E and 1,830 m above sea level) and Nyabihu 
(1°39'9.90"S; 29°30'24.62"E and 2,437 m above sea level) districts 
are located in Western Province.  

The average temperatures for Musanze, Rubavu and Nyabihu 
districts are 19.4, 18.1 and 15°C, respectively. The average annual 
rainfall is 1 100, 1 377 and 1 400 mm for Musanze, Rubavu and 
Nyabihu districts, respectively. Soil types in the region consist of 
volcanic, lateritic and humus-bearing and clayey soils (MINALOC, 
2011). There are two wet seasons in the North-western region of 
Rwanda, the first being from February to May and the second from 
September to November. This region has 14 MCCs and has over 
70% of the cheese processors in Rwanda. More than 91% of the 
human population in the North-western region of Rwanda is 
engaged in agriculture.  
 
 

Sample size and sampling procedure 
 

A multistage sampling method was used involving all entities of the 
milk value chain as applied in Rwanda. The sampling procedure 
was based on the schematic presentation of raw milk commodity in 
the  value  chain (Figure  1).  A  total  of  sixty-seven  samples  were



 

642          Afr. J. Microbiol. Res. 
 
 
 

 
 

Figure 1. Raw milk value chain in the study area. 

 
 
 
collected from September 2016 to March 2017 at four different 
levels of the value chain. These were 36 dairy farmers (26 in 
Nyabihu, 10 in Musanze and ten in Rubavu district), 15 milk 
hawkers, 12 milk kiosks (four in Nyabihu, five in Musanze town and 
three in Rubavu town) and four MCCs (CEMO and CEZONYI in 
Nyabihu, CODERU in Rubavu and IWACU ZIRAKAMWA in 
Musanze).  

A milk collection centre was defined as a place with milk quality 
testing equipment (alcoholmeter; lacto densimeter; thermometer; 
antibiotic residue test kit and mastitis test kit) and cooling facilities, 
where milk from different dairy farmers and milk transporters within 
the same location was gathered and cooled before sale. Milk 
kiosk/restaurant was defined as a safe/certified commercial place 
where milk was sold either as fresh-raw, skimmed or mixed with tea 
(African tea) (MINAGRI, 2016). 
 
 
Milk sample collection and transportation 
 
At the dairy farmer’s level, milk was sampled from the bulked milk 
containers prior to carrying it to the MCC. Additionally, designed 
questionnaires were sdministered to individual farmers to get more 
information regarding factors and milk handling practices that 
influenced milk quality at their farms. At the MCC level, milk was 
sampled from the bulk tank. At the hawker’s level, milk was 
sampled from milk containers at the selling point (public road, 
market, etc.) whereas at the kiosks/restaurants milk samples were 
collected from previously boiled and cooled milk, ready to be 
served. At each stage, 15 ml of  milk  was aseptically  collected  into 

sterile labelled tubes, kept on ice in cooler box (4°C) and then taken 
to the University of Rwanda, Busogo campus Microbiology 
Laboratory within 1-2 h, for further analysis. The analysis was 
performed immediately after reaching the laboratory. 
 
 
Total bacterial count and bacteriological analysis  
 
Total bacterial count was performed as described previously 
(Campbell et al., 2015). The standard plate count (SPC) agar 
(Oxoid-CM0325, UK) was cooled to 50°C before 15-20 ml was 
poured onto sterile Petri dishes and left to solidify. Then ten-fold 
dilutions of the milk samples were prepared, up to a dilution of 10-7, 
using sterile peptone water (Oxoid-CM0509, UK) and sterile test 
tubes; and mixing was done using an electronic vortex. A standard 
volume (1 ml) of milk sample was spread in duplicate onto the solid 
agar, prepared earlier; this was then incubated at 37°C for 48 h. 
Colony count was made using an electronic colony counter (Galaxy 
230 Colony Counter, ROCKER SCIENTIFIC CO., LTD, New 
Taipei,Taiwan), focusing mainly on plates containing 30-300 colony 
forming units (Campbell et al., 2015). The bacterial concentration 
(colony forming units) in the respective original milk sample was 
then calculated using the formula given by Campbell et al. (2015).  
 

Average count (number of colonies)
cfu/ml =

(Dilution plated) x (Volume plated)
 

 
For   bacteriological    analysis,    milk    samples   were   inoculated
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Table 1. Summary of bacterial count (in CFU/mL) and mean correlation between milk hawkers and other levels of the raw 
milk chain. 
 

Source of samples 
No. of 

samples 

Mean 

counts 
D.F SEM P-value 

Dairy farmers 36 1.2×10
6
 35 2 × 10

5
 <0.001 

MCCs 4 1.5 × 10
6
 3 2.6 × 10

5
 0.008 

Kiosks 12 6.9 × 10
6
 11 1.8 × 10

6
 0.003 

Milk hawkers 15 2.6 × 10
7
 14 8.5 × 10

6
 - 

 

D.F: Degrees of freedom 
SEM: Standard Error of the Mean. 

 
 
 

separately onto MacConkey agar and blood agar plates by 
streaking method. Inoculated plates were then incubated aerobically 
at 37°C for 24-48 h. After 24 h, primary bacteriological identification 
was made based on colony morphology, colour and haemolytic 
characteristics; after which pure cultures were prepared through 
subculturing and incubation. The purified isolates were then 
subjected to Gram staining and further biochemical testing as 
previously describe by Quinn et al. (2011). Staphylococci were 
identified based on catalase and tube coagulase tests. Streptococci 
were identified based on catalase production and the Christie, 
Atkins, and Munch-Peterson (CAMP) test as previously described 
by Quinn et al. (2011). Gram negative isolates were identified 
based on growth characteristics on MacConkey agar and reactions 
to oxidase test, catalase test, Triple sugar Iron (TSI) agar and the 
“IMViC” tests (Indole, Methyl-Red, Vogas Proskaur and Citrate 
utilization) (Quinn et al., 2011).  
 
 
Statistical analysis 
 
All data collected throughout the survey were encoded into 
Microsoft Excel, 2013 and analyzed using Statistical Package for 
Social Sciences (SPSS). Bacterial counts at different levels of the 
value chain were determined by comparing respective means using 
ANOVA. Total bacterial counts were subjected to Least Significance 
Difference (LSD), Levene’s test (Page et al., 2003), Welch test 
(Welch, 1951), and Games-Howell post-hoc test (Games and 
Howell, 1976) to determine homogeneity of variance and overall 
statistical significance. Association between farming/milk handling 
practices with milk grades was determined using Chi-square, while 
strength of association was determined using Cramer’s “V” test 
(Cramér, 1946). Distribution of microorganisms invading milk at 
different levels of the raw milk chain was performed using 
descriptive statistics. 

 
 
RESULTS 
 

Total bacterial counts 
 

Total bacterial count (TBC) was interpreted according to 
COMESA milk grading standards. The mean TBC at 
dairy farmers’ level was 1.2 × 10

6 
CFU/ml (SE± 2 × 10

5
); 

at milk hawkers’ level, it was 2.6 × 10
7 
CFU/ml (SE± 8.5 × 

10
6
); while at MCC’s and kiosks/restaurants’ levels, it was 

1.5 × 10
6 

CFU/ml (SE± 2.6 × 10
5
) and 6.9 × 10

6 
CFU/ml 

(SE± 1.8 × 10
6
), respectively (Table 1). ANOVA tests 

showed that there was a significant difference (p <0.001) 
in the mean values among the four levels of the value 
chain considered. There was also significant difference in 

TBC mean values between milk hawkers, dairy farmers 
(p <0.001), MCC (p =0.008) and kiosks (p =0.003) (Table 
1). Additional statistical analysis showed a significant 
difference between dairy farmers and kiosks (p =0.044). 
However, there was no significant difference observed 
between dairy farmers and MCC (p =0.975) and between 
MCC and kiosks (p =0.551).  

Based on COMESA milk grades, it was found that all 
tested hawker’s milk (15/15; 100%) and 10/12 (83.3%) of 
the milk samples collected from kiosks were above the 
lowest COMESA grade (>2,000,000 CFU/ml) (Table 2). 
This study also showed that 3/4 (75%) of the milk 
samples collected from MCC were within COMESA 
Grade III/C (1 000 000-2 000 000 CFU/ml) whereas 
(15/36; 41.7%) of the milk samples from dairy farmers 
were within COMESA Grade I/A (<200 000 CFU/ml). 
 
 
Isolated bacteria 
 

Of the microorganisms which contaminated milk at 
different levels of the raw milk chain coliforms were the 
most predominant, at 34.4%. With respect to individual 
bacteria, E. coli was the most predominant isolate, 
followed by Salmonella spp., Streptococcus spp, 
coagulase-negative staphylococci, Enterobacter spp., 
Bacillus spp., S. aureus and Yersinia enterocolitica (Table 
3).  

Bacterial isolates were distributed across the market 
chain in such a way that high prevalence rates were 
recorded at milk hawkers for gram negative bacteria 
(Table 3). This predominance can be partially explained 
by the fact that milk hawkers store their milk at ambient 
temperatures for a long time before they reach their 
customers.  
 

 
Factors associated with bacterial contamination 
along market chain 
 

When statistically evaluated, it was revealed that 
bacterial contamination of milk was significantly and 
strongly associated with containers used for milk 
transport (p <0.0001), milk containers cleaning time (p 
<0.0001)  and  source  of  water  used to clean containers
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Table 2. Quality grade of milk samples tested on the basis of bacterial load (TBC). 
 

Source of 
samples 

No. of 
samples 

Milk quality grade 

Grade Ior A Grade II or B Grade IIIor C Above COMESA standards 

Dairy farmers 36 15 (41.7%) 6 (16.9%) 8 (22.2%) 7 (19.4%) 

MCCs 4 0 0 3 (75%) 1 (25%) 

Kiosks 12 2 (16.7%) 0 0 10 (83.3%) 

Milk hawkers 15 0 0 0 15 (100%) 
 

Grade I or A: <2 x10
5
 cfu/ml 

Grade II or B: 2 x10
5
-1 x10

6
 cfu/ml 

Grade III or C: 1-2 x10
6
 cfu/ml  

TBC – Total bacterial count 
MCC – Milk collection centre. 

 
 
 

Table 3. Distribution of isolated bacteria according to the sampled sites. 
 

Bacterial isolates n Farms MCCs Kiosks Milk hawkers Prevalence (%) 

Escherichia coli 18 4 1 4 9 26.9 

Streptococcus spp. 11 5 2 0 4 16.4 

Salmonella spp. 11 2 1 2 6 16.4 

CNS 10 4 3 0 3 14.9 

Bacillus spp. 5 3 2 0 0 7.5 

Enterobacter spp. 5 0 0 1 4 7.5 

Staphylococcus aureus 5 3 0 0 2 7.5 

Yersinia enterocolitica 2 0 0 0 2 3.0 
 

CNS – coagulase-negative staphylococci. 

 
 
 

Table 4. Association between Milk Grade and bacterial contamination risk factors at farm level. 
 

Selected factors Chi-square value D.F Significance level (P-Value) Cramer's V 

Production system  17.308
a
 1 0.001 0.693 

Milking space 17.308
a
 1 0.001 0.693 

Time to supply to MCC 3.441
a
 1 0.328 0.309 

Containers for Transport 25.435
a
 1 0.000 0.841 

Milk containers cleaning time 23.813
a
 1 0.000 0.813 

Source of water for cleaning containers 20.034
a
 1 0.000 0.746 

Type of water used in cleaning 28.832
a
 2 0.000 0.633 

 

D.F: Degrees of freedom. 

 
 
 
(p <0.0001) (Table 4). Milk which was transported from 
farms to MCC in aluminum containers had lower TBC 
mean values than milk transported in plastic Jeri 
cans/containers; farmers who cleaned their utensils 
(milking and milk transport equipment) five to eight hours 
before milking delivered milk that had lower bacterial 
counts than those who cleaned one to two hours before 
milking, and farmers who used tap water to clean utensils 
had reduced bacterial contamination of their milk than 
those who used stream water; farmers who used warm 
water with disinfectant (soap) to  clean  utensils  had  milk 

with lower bacterial contamination (TBC mean values) 
than those who used cold water with disinfectant (soap). 
There was a correlation and moderate strength of 
association between bacterial contamination of milk and 
production system (p <0.001), milking space (p <0.001) 
and type of water used to clean utensils (p <0.001). 
Results indicated that there were lower TBC values in 
milk from cows kept under intensive system than from 
those kept in extensive system, milk from cows milked 
from Kraal showed lower TBC values than from those 
milked  in  open  space.  Although  milk  supplied to MCC
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Table 5. Factors influencing milk quality on dairy farms: number and percentage of milk samples showing contamination at stated grades. 
 

Selected factors 
 

Milk grades 

Grade I Grade II Grade III 
Above COMESA 

Standards 

Production system 
Intensive (n=10) 10 (100%) 0 0 0 

Extensive (n=26) 6 (23.1%) 6 (23.1%) 8 (30.8%) 6 (23.1%) 
      

Milking space 
Open (n=26) 6 (23.1%) 6 (23.1%) 8 (30.8%) 6 (23.1%) 

Kraal (10=2) 10 (100%) 0 0 0 
      

Time to supply to MCC 
Immediately after milking (n=34) 16 (47.1%) 6 (17.6%) 7 (20.6%) 5 (14.7%) 

One (1) hour after milking (n=2) 0 0 1 (50%) 1 (50%) 
      

Containers for milk transport 
Aluminum (n=13) 13 (100%) 0 0 0 

Plastic (n=23) 3 (13%) 6 (26.1%) 8 (34.8%) 6 (26.1%) 
      

Milk containers cleaning time 
Five to eight hours before milking (n=24) 16 (66.7%) 5 (20.8%) 3 (12.5%) 0 

One to two hours before milking (n=12) 0 1 (8.3%) 5 (41.7%) 6 (50%) 
      

Source of water for cleaning 
containers 

Tap water (n=19) 15 (78.9%) 2 (10.5%) 1 (5.3%) 1 (5.3%) 

Stream water (n=17) 1 (5.9%) 4 (23.5%) 7 (41.2%) 5 (29.4%) 
      

Type of water used in cleaning 

Warm water only (n=17) 1 (5.9%) 5 (29.4%) 6 (35.3%) 5 (29.4%) 

Warm water with disinfectant (soap) (n=17) 15 (88.2%) 2 (11.8%) 0 0 

Cold water with disinfectant (Soap) (n=3) 0 0 2 (66.7%) 1 (33.3%) 
 

Grade I or A: <2 ×10
5
 cfu/ml 

Grade II or B: 2 ×10
5
-1 ×10

6
 cfu/ml 

Grade III or C: 1-2 ×10
6
 cfu/ml  

MCC: Milk collection centre. 
 
 
 

immediately after milking had lower bacterial 
counts than that which was kept for more than 
one hour after milking; there was no statistical 
association between raw milk bacterial 
contamination and time taken to supply milk to the 
MCC (p >0.328) (Table 5).  
 
 
DISCUSSION 
 
The  mean   TBC   values   for  the  hawkers’  milk  

samples (15/15; 100%) and kiosks/restaurant’s 
samples (10/12; 83.3%) were above COMESA’s 
acceptable levels. This contamination at hawkers’ 
level is influenced by different factors, including: 
storage and transport in unclean milk containers, 
prolonged time for milk storage and uncontrolled 
temperature along transportation. In the study 
area, some farmers milked their cows in the 
morning hours and stored milk (for about 5 h) at 
ambient temperature. They then waited for milk 
hawkers  who  came to  collect it for distribution to 

different customers like individual consumers, milk 
kiosks/restaurants. The hawkers also had 
tendency of selling milk in the afternoon hours on 
public roads or milk “markets”. Indeed, 80% of 
Rwanda’s milk market is designated as “informal” 
due to the fact that the milk coming from a 
majority of small-holder farmers does not enter 
the regulatory food chain (MINAGRI, 2013). 

According to bacterial multiplication and growth 
curve, at ambient temperature, for example E. coli 
divides   into   two   after   every   twenty   minutes  
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(Harding, 1995); this seems to be the most likely scenario 
at hawker’s level, where milk undergoes prolonged 
storage time at ambient temperature and E. coli isolates 
were found to be many. Furthermore, bacterial 
contamination was exacerbated when the milk was 
stored in unhygienic plastic containers, and when it was 
subjected to poor handling practises during distribution to 
different customers. This observation is in agreement 
with the results of Grimaud et al. (2007), when they 
analysed raw milk marketed through the informal 
subsector in Uganda. They reported that unhygienic 
conditions from the production source to the consumer 
combined with an improper milk storage were associated 
with increased bacterial contamination.  

The findings of the current study corroborate with those 
obtained by Doyle et al. (2015), who recorded TBC mean 
values at kiosks of 9.8 × 10

6 
CFU/ml; they were slightly 

higher than 6.9 × 10
6 

CFU/ml obtained in the current 
study but also above COMESA’s acceptable level).  
Normally, in the study area, milk sold in 
kiosks/restaurants is obtained either directly from dairy 
farmers, or from MCC and/or milk hawkers. It is normally 
boiled before consumption; served either hot or cold, 
however it needs to be noted that, even though boiled 
before consumption, the milk still carry pathogenic 
bacteria which it can transmit to respective consumer(s); 
that is, contamination can occur after boiling. This 
possibility of contamination after boiling of the milk is also 
highlighted by other scientists (Kilango et al., 2012); this 
is influenced by contamination level of storage utensils, 
storing temperature and hygienic status of milk handlers. 
Kiosks/restaurants in the study area also served raw milk 
which was found to be of very poor quality. This could 
have been due to milk contamination at source, poor 
hygienic milk handling conditions after boiling, inadequate 
refrigeration and recontamination during milk storage and 
serving (consumption). Though the current study did not 
evaluate the impact /safety hazards of poor milk quality 
on human health on consumption, in the United States, 
Oliver et al. (2009) did so and showed that several 
documented milk-borne disease outbreaks which 
occurred within the years 2000-2008 were traced back to 
consumption of raw unpasteurized milk.  

The TBC mean values of MCC’s and dairy farmer’s 
milk (1.5 x 10

6 
CFU/ml and 1.2 × 10

6 
CFU/ml, 

respectively) laid in grade III/C according to COMESA’s 
milk grades. Similar results were found by Doyle et al. 
(2015); they recorded MCC milk samples’ TBC mean 
values of 1.5 × 10

6 
CFU/ml. In this study, it was found 

that, once milk reached the MCC, it was directly tested 
via platform tests for organoleptic properties, added water 
and then cooled in cooling tanks at 4°C in compliance to 
a ministerial order (MINAGRI, 2016). The slight increase 
of the TBC mean values from dairy farmers to MCC, 
observed in this study, could have been caused by use of 
contaminated transportation containers and/or time the 
utensils were cleaned after supplying milk to a MCC.  

 
 
 
 
These findings are supported by Grimaud et al. (2007) in 
Uganda (with similar milk handling and transport 
conditions); they demonstrated increase of bacterial load 
in milk during transportation. 

The highest TBC mean values obtained at dairy 
farmer’s level was found to be associated with the 
investigated factors and milk handling practices used by 
farmers in the study area. These include source of water 
used to clean containers, milking space, production 
systems, milking hygiene and cleanliness of milk 
containers used during milking. This is in agreement with 
findings of  (Banwart (1989); he concluded that poorly 
cleaned and sanitized milking utensils are the source of 
many microorganisms which transform high quality milk 
to an unacceptable product. The current findings also 
corroborate those of Grimaud et al. (2007), who during an 
evaluation of milk quality in Uganda, noted that milk 
contamination took place as early as at the farm level, the 
beginning of the value chain. They concluded that raw 
milk contamination along the value chain is associated 
with storage and milk handling conditions, especially 
during transportation from the primary production area to 
the urban market place. 
In this study, coliforms (E. coli and Enterobacter spp.) 
were the most isolated bacteria from different levels of 
the raw milk chain, representing 34.4%. The results are in 
agreement with those of Garedew et al. (2012) who found 
E. coli (29.6%) to be the most isolated Gram-negative 
staining bacterial pathogen. Adams and Moss (2008) 
concluded that E. coli is the most prominent fecal coliform 
and that its presence indicates fecal contamination of raw 
milk and its products; which is in agreement with the 
findings of the current study. Mellenberger and Roth 
(2009) also stated that coliform bacteria are normal 
inhabitants of soil and the intestines of cows. They 
accumulate and multiply in manure, polluted water, dirt 
and contaminated bedding. Iraguha et al. (2015), from 
their study in eastern Rwanda, found that the 
predominance of coliform bacteria were largely of 
environmental origin, at farm level.  

The predominance of coliforms found in the current 
study seems to be associated with milking practices such 
as unclean water use during milking and cleaning of milk 
utensils, poor milker’s hygiene, milking space and non-
use of teat dips. The coliform contamination at other 
levels of the value chain (milk hawkers and kiosks) 
increased largely due to poor hygiene of milk handlers 
and poorly cleaned utensils used for milk transport. 
Salmonella organisms were found at 16.4% in the current 
study. These findings corroborate those found by Lubote 
et al. (2014) in Arusha, Tanzania; they reported 
prevalence of Salmonella organisms at 37.3% of all the 
bacterial isolates along the raw milk chain. This high 
prevalence is explained by factors such as poor animal 
husbandry and hygienic practices, inappropriate 
transportation and storage facilities, lack of cooling 
systems  and  use  of  unclean  water. The presence of E.  



 

 
 
 
 
coli and Salmonella organisms is also an indication of 
fecal contamination by milk handlers as previously 
reported (Kamana et al., 2014). 

The current results have also revealed high prevalence 
of coagulase-negative staphylococci (CNS), at 14.9%. 
Coagulase-negative staphylococci are commonly 
considered to be teat skin opportunists that normally 
reside on the teat skin (Radostits et al., 2007). So, they 
may contaminate milk during udder washing and milking, 
which also explains their association with poor milking 
hygienic practices and non-use of teat desinfectant(s) 
before milking. Other bacteria isolated in this study were: 
Streptococcus spp. at 16.4%, Bacillus spp. at 7.5 % and 
Staphylococcus aureus at 7.5%. These bacteria could 
originate from mastitic milk (O’Brien et al., 2009).  

Although the current study did not go further to 
establish diseases associated with consumption of raw 
milk; De Buyser et al. (2001) did so when they explored 
the implication of milk and milk products in food-borne 
diseases in France and in different industrialized 
countries. They found that 37.5% of the food vehicles 
were from raw milk where Salmonella spp. were 
responsible for 29 outbreaks, L. monocytogenes for 10 
outbreaks, pathogenic E. coli 11 outbreaks, and 
Staphylococcus aureus 10 outbreaks. Furthermore, 
Rohrbach et al. (1992) reported that 68 of 195 (34.9%) 
dairy producers in East Tennessee and Southwest 
Virginia consumed raw bulk-tank milk produced on their 
farm. Twenty-five percent (17 of 68) of the bulk-tank milk 
samples were shown to contain Listeria monocytogenes, 
Campylobacter jejuni, Y. enterocolitica and/or Salmonella 
(Rohrbach et al., 1992). 
The high mean values of TBC that placed milk in the third 
grade at farm level (according to COMESA’s grading) 
was mainly due to poorly cleaned milk containers used by 
farmers during milking, the time milk containers were 
cleaned, poor hygiene practices of milkers, use of stream 
water to clean containers and udder, milking from open 
space, and use of cold water without disinfectant to clean 
utensils. The study also revealed that milk contamination 
took place as early as at the farm level-the beginning of 
the value chain; increasing along the rest of raw milk 
chain.  
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