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Microbiological Quality Analysis of Raw and 
Pasteurized Milk Samples Collected from  

Addis Ababa and Its Surrounding in Ethiopia

Introduction
Raw milk is milk produced by the secretion of the mammary 

gland of farmed animals, which has not been heated to more than 40 
oC or has not undergone any treatment with an equivalent effect [1]. 
Pasteurization is a heating process to prevent the spoilage of milk. 
Pasteurization has been used since the early 1900s (heating raw 
milk to 16 oF for 15 minutes) is expected to remove microorganisms 
from milk [2].

Milk is one of the most important food products with livestock 
origin which enjoys special significance in terms of its various 
nutritional properties such as protein, lactose, fat, minerals and 
vitamins and other various ingredients dispersed in water, it is 
considered as complete diet [3] but at the same time, it is highly 
vulnerable to bacterial contamination and hence is easily perishable 
[4,5]. Milk is estimated to be sterile in healthy udder cells and not to  

 
contain bacteria in the mammary gland at the site of its production, 
unless there is an intra-mammary infection and/or the animal 
has a systemic disease .However, as soon as milk is excreted it is 
immediately colonized by a complex microorganisms that naturally 
dwell in the teat skin and the epithelial lining of the teat canal. 

According to the Ethiopian Standards Agency (ESA) (Ref No 
ES 3460: 2009), the bacteriological quality of whole/raw cow 
milk is set to be less than 200,000, 200,000-1,000,000, 1,000,000-
2,000,000 and above 2,000,000 coliform units(CFU)/ml for Very 
good, Good, Bad, and very bad, respectively. Similarly, the grades 
of milk quality according to the total number of coliform plate 
count/ml is set to be less than 1000, 1000-50,000, 50,000-500,000 
and above 500,000cfu/ml for Very good, Good, Bad, and very bad, 
respectively. These standards are more or less similar to other 
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Abstract

This study was conducted to evaluate microbiological quality of raw and pasteurized milk samples collected from different locations in Ethiopia in 
2016/2017G.c. Two types of milk samples were collected from different part of Addis Ababa and its surrounding of selected sites. A total of 48 samples 
were analyzed including 28 raw milk samples from the local producers, collectors and dairy markets and 20 different brands of pasteurized treated 
milk samples collected from different processing industries and from super market. The samples were examined for determining the Total Bacterial 
Count (TBC) and Total Coli form Count (TCC). The results revealed that the raw and half of pasteurized milk samples were substandard in terms of TBC 
and TCC. No growth in terms of TBC and TCC in sample number Ra-12 and no growth at TCC in sample number Ra-3. The range of TBC and TCC in raw 
milk samples was 5*103 to 3.18*108cfu/ml and 1.81*102 to 3.08*106cfu/ml, respectively. The TBC and TCC range in pasteurized milk samples was from 
4.4*101 to 4.43*105cfu/ml and 4.5*101 to 2.3*104cfu/ml, respectively. In some samples the result was much greater of the recommended level by the 
Ethiopian Standards Agency /ESA/. Exceptionally sample numbers Pa1-6 and Pa-20 of pasteurized milk samples had no growth at all both in terms of 
TBC and TCC sample number pa-8, 9, 14, and 15 have no growth in terms of TCC. Statistical analysis of data revealed that there is significant difference 
between results of different samples which implies the contamination of raw and pasteurized milk is above standards. The finding of the study is an 
indication about the initial bacterial load in raw milk samples as well as in the processed milk sample. So from the consumer point of view, it needs 
high attention from the regulatory body and other concerned institutions especially on pasteurized types of milk because it is considered to be safe 
for consumption without any further treatment within the mentioned expiry date. Depends on the result this substandard/lower quality milk leads to 
high public health hazards. Besides, different regulatory bodies may also realize the importance of frequently inspection of the market milks to ensure 
whether they meet the minimum standers for the society in terms of quality and safety.
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international standards according to different literatures. Again, 
according to the Ethiopian Standards specification for pasteurized 
liquid milk, to mention only the bacteriological grades, set by 
the ESA, the total plate count should be less than 50,000 and 
between 50,000 and 100,000cfu/ml for very good and good quality 
standards, respectively. The ESA recommends that milk with a total 
plate count above 100,000 shall not be offered for sale. Again it is 
indicated that no fecal coliform and not more than 10cfu/ml of non 
fecal coliform should be present in pasteurized milk. 

Health requirements for production animals and hygienic 
requirements on milk production holdings (e.g., premises and 
equipment, hygiene conditions during milking, milk collection and 
transport, staff hygiene) are also regulated, in order to guarantee 
all the needed standards of microbiological characteristics. As a 
consequence, only reaching the legal standard is not ideal to stay in 
global market of dairy products. The safety of dairy products with 
respect to food born disease is of great concern around the world. 
This is especially true in developing countries where production 
of milk and various milk products takes place under unsanitary 
conditions and poor production practices [6]. The consumption of 
raw milk and its derivatives is also common in Ethiopia [7], which 
is not safe from consumer health point of view as it may lead to the 
transmission of various diseases. On the other hand bacteria can 
cause spoilage of the milk and spoilage and poor yields of products 
[8].

Many studies have been done on its constituents and 
physicochemical characteristics. From other important measures 
of quality in food industries and between customers, are microbial 
content and hygiene condition of the pasteurized and raw milk 
which can affect on the quality of raw, pasteurized milk and 
consequent products of them. Nowadays to conserve the customers` 
health, measures other than protein and fat content such as specific 
gravity, acidity, coli form and E. coli count, Solid Not Fat and total 
bacterial count are being determined for milk. 

Contaminations of raw milk within milking process are 
originated from production in substandard way the udder, the 
exterior of the udder and the milking equipment used, air, feed, 
soil, feces, grasses and adulteration [9,10]. Another key issue often 
associated with the quality of milk is the dealers equipment used 
for transportation and storage are the source for the formation 
of bacterial biofilms, which may lead to an increased opportunity 
for microbial contamination [9,11,12]. It is hypothesized that 
the various ways in feeding and housing strategies of cows may 
influence the microbial quality of milk [10]. The water used for 
rinsing milking machine and equipment may also be responsible for 
the presence of high load of micro-organisms including pathogens 
in raw milk [13]. The coli form count is related to the unsanitary 
milking process and dirty cow`s environment [14]; Further 
contaminations increase for some reasons including the cooling and 
storage temperature plus holding time [15]. Milk quality in Ethiopia 
is still assessed by physical and chemical tests (milk density and 
fat content). Despite importance of hygienic and microbiological 
criteria at the farm level, there is not such information in retail 

milk products in Ethiopia the bacterial count is a useful method to 
measure milk quality. 

Milk is normally sold as fresh and pasteurized to consumers 
in Addis Ababa. Approximately raw milk yield is around 4.6billion 
liter/year (CSA 2018 GC). In Ethiopia most of the produced milk 
used for production of different type of milk and dairy products 
such as whole and skim milk, yoghurt, flavored yoghurt, ice cream, 
butter and cheese . The rest raw milk is sold directly to consumers, 
for house consumption and traditionally boiled, then it changed to 
butter, cheese to the market and whey for home use. 

The preamble of pasteurized processed milk in Ethiopia is 
passed for 5 decades and proved to be very adaptive and well-
liked among consumers. Recently microbiological status of various 
types of treated milk is gaining a matter of great interest (society 
compliant in media Addis Tv). Due to the treatment process, high 
microbial load in milk is unexpected in the pasteurized milk after 
the date of manufacture, the recommended date of consumption 
for the pasteurized milk is 7 days. But the poor initial milk quality, 
defective processing or problem in preservation at the consumer 
side may deteriorate milk quality before the original date of expiry. 
The Ethiopian standard Agency (ESA) has set various chemical and 
sanitary requirements for the pasteurized milk. In order to protect 
the public health, microbiological assessments have an important 
role to play in the dairy industry. This will also reduce economic 
losses by the early detection of insufficient processing, packaging 
or refrigeration. Therefore this study was initiated to calculate the 
raw as well as pasteurized milk quality with the following specific 
objectives.

Objective 
A. To evaluate microbiological quality of both raw as well 
as pasteurized milk samples and to compare them with the 
national standard.

B. To identify the risk areas of contaminant in the milk value 
chain and suggest corrective action.

Materials and Methods
Study area and sampling procedure

The study population in this research was raw and 
pasteurized milk in Addis Ababa and it’s surrounding. The 
altitude is approximately 2355masl. The mean/ average minimum 
temperature was 16 °C and the maximum 20 °C, respectively. In 
this cross sectional study sampling was done by selecting different 
farmers, milk collectors, collection centers, shops/ super markets, 
and milk processing industries with random sampling and the 
others from retails representing pasteurized milk to customers.

Working place and study period
All the laboratory tests of this work were carried out in the 

Department of milk and milk product Quality and safety assurance 
directorate, Dairy Microbiology Laboratory, At Ethiopian Meat and 
Dairy Industry Development Institute, Bishoftu, Ethiopia from 
2016 to 2017. 
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Sample collection
In this study, raw milk samples were purchased from local dairy 

markets, collection centers and the processed milks were bought 
from different shops/super markets and dairy processors in and 
around Addis Ababa city. A total of 48 samples were studied 28 raw 
milk (designated as Ra-1 to Ra-28) of the remaining 20 pasteurized 
milk (designated as Pa-1 to Pa-20) that are different brands. All the 
samples were aseptically collected using sterile test tubes and also 
with their pouch’s on a sample collector ice box at 4 °C and were 
transported to the laboratory without delay. 

Microbiological Analysis

Standard plate count
The microbial content of milk indicates the hygienic levels 

during milking that include cleanliness of the milking utensils, 
proper storage and transport as well as the wholesomeness of the 
udder of the individual cow [16]. Standard Plate Count (SPC) is one 
of the most commonly used microbial quality tests for milk and 
milk products.

The total bacterial and coli form count was made by adding 
1ml of milk sample into sterile test tube having 9ml peptone water. 
After thoroughly mixing, the sample was serially diluted up to 1:10-

3 and 1:10-7 and duplicate samples (1ml) were pour plated using 
15-20ml autoclaved Standard Plate Count Agar (SPCA) and Violate 
Bile Red Agar (VBRA) solution then mixed thoroughly. The plated 

sample was allowed to solidify and then incubated at 37 ºC for 48 
and 24 hours to SPCA and VBRA, respectively. Colony counts were 
made using colony counter [17]. 

After counting and recording bacterial colonies in each 
peterdish, the number of bacteria in millimeter milk was calculated 
by the formula given by American Public Health Association (APHA) 
[18]

( ) ( ) /  1 2 0.1 2 *N C n x xn d  + = ∑

Where: N= number of colonies per milliliter of milk,
C∑  = sum of colonies on plates counted,

n1 = number of plates on lower dilution counted,

n2 = number of plates in next higher dilution counted and 

d = dilution from which the first counts are obtained.

When computing TBC and TCC, only the first two significant 
digits were recorded and the bacterial count was reported as colony 
forming unit per milliliter of milk (CFU/ml).

Data management and analysis
Bacterial count was done before the analysis and SPSS version 

23 software was used for the analysis after Microsoft excel spread 
sheet was employed for raw data entry. Then the result interpreted 
as log10 transformation of descriptive statics and directly as it is.

Results and Discussion
Total bacterial count (TBC)

Figure 1: Graphic representation of raw milk sample result.

Table 1: Result of raw milk sample.

Sample Code TBC (cfu/ml) TCC (cfu/ml) Sample Code TBC (cfu/ml) TCC (cfu/ml)

Ra 1 1.73*107 3.34*104 Ra 15 2.59*106 4.55*105

Ra 2 5.09*107 1.23*105 Ra 16 1.28*108 5.49*105

Ra 3 5*103 0 Ra 17 1.41*107 5.5*105

Ra 4 2.68*107 1.81*102 Ra 18 1.36*107 5.*105

Ra 5 1.63*106 3.1*102 Ra 19 3.68*106 5.1*105
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Ra 6 1.37*108 8.04*103 Ra 20 5.45*107 5.45*104

Ra 7 3.18*108 5.45*104 Ra 21 5.45*107 5.05*104

Ra 8 1.27*106 3.08*106 Ra 22 5.45*107 5.45*104

Ra 9 4.09*107 7.72*105 Ra 23 5.45*107 5.8*104

Ra 10 2.13*106 4.8*103 Ra 24 5.45*107 4.95*104

Ra 11 8.18*104 3.03*103 Ra 25 5.45*107 5.4*104

Ra 12 0 0 Ra 26 1.11*106 5.15*105

Ra 13 5.45*107 5.45*104 Ra 27 5.45*107 5.65*104

Ra 14 5.45*107 5.45*104 Ra 28 6*106 4.15*104

Ra: Raw Milk Sample; TBC: Total Bacteria Count; TCC: Total Coliform Count

Figure 2: Coli form bacterial growth in VBRA sample media.

Figure 3: Control media VBRA no growth.

The total bacterial count is the number of bacteria in a sample 
that can grow and form countable colonies on Standard Plate Count 
Agar (SPCA) after being held at 37 °C for 48 hours. The results of 
bacterial distribution of the raw milk samples are presented in 
Table 1 and (Figure 1-3). The raw milk samples had high bacterial 
load which ranged from 5*103- 3.8*108cfu/ml (Mean 6.15log10 cfu/
ml). The most frequent cause of high bacterial load is normally as a 
result of poor cleaning of the milking system. Bacterial count may 

be high due to milking dirty udders, maintaining an unclean milking 
and housing environment and failing to rapidly cool milk to less 
than 40 °F [19]. The Mean TBC result of this study in raw milk was 
6.15log10 cf/ml which is less than the study of [20] 7.58log cfu/ml 
in Bahir Dar Zuria and Mecha districts, Ethiopia; [21] 7.07log cfu/
ml in Debre Zeit town, Ethiopia, [22]. 7.07Log10 CFU/mlin DebreZeit 
town, Ethiopia. And the result by [23] who reported bacterial count 
from 7.36-7.88Log10 CFU/ml of raw cows’ milk in Borana, Ethiopia.
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Figure 4: Graphic representation of pasteurized milk samples.

Table 2: Result of pasteurized milk sample.

Sample Code TBC TCC

pa 1 1.97*105 2.3*104

pa 2 0 0

pa 3 0 0

pa 4 0 0

pa 5 0 0

pa 6 0 0

pa 7 1.1*104 1.75*103

pa8 1.6*102 0

pa9 2.81*104 0

pa 10 4.4*10 3.15*103

pa 11 2.05*105 4.09*102

pa 12 3.19*104 3.13*102

pa 13 6.6*103 1.09*102

pa 14 1.36*102 0

pa 15 1.8*103 0

pa 16 3.3*104 1.18*102

pa 17 5.45*103 6.14*10

pa 18 4.43*105 4.5*10

pa 19 2.13*103 1.13*102

pa 20 0 0

Pa: Pasturized Milk; TBC: Total Bacterial Count; TCC: 
Total Coli form Count

The TBC of the pasteurized milk samples in this study was 
ranged from 4.4*10 to 4.43*105cfu/ml (mean 2.42log10 cfu/ml) 
(Table 2) and (Figure 4), except sample number pa 11 and pa 18 
the other milk samples are slightly lower than that recommended 
by ESA (not exceeding 50,000cfu/ml). This result was lower than 
[24] found the bacterial count in pasteurized milk samples were 
in between 7.5×107 to 1.24×108cfu/ml and The result of [25] who 
found 2.6*105 to 19*107cfu/ml. Interestingly, seven milk samples 
(pa1-6 and pa 20) showed no growth at all. As expected, TBC of each 

of the pasteurized milks in this study was not minimal or nil. This 
was an indication that there might be problem in pasteurization 
process. 

Total coli form count
Average Coli Form Count (TCC) in the raw milks ranged from 

1.81*102 to 3.08*106cfu/ml (Mean 3.59log10 cfu/ml) which was 
higher than that obtained by [26], who found TCC of <1000cfu/
ml. However, when comparing this result with other countries the 
mean coliform counts 3.59log10 cf/ml of raw milk in this study is 
less than the reports of [27] from India (5.89log cfu/ml); [28] from 
Tanzania (5cfu/ml), and [29] from Kenya (4.67log cfu/ml) and [30] 
from Mali (6log cfu/ml).

The result of this study was much greater than study by [31] 
which founed 1.24log10 cfu/ml again it was greater than the study 
reported by [22] who reported a mean coliform count of 1.82Log10 
CFU/ml raw milk sample in a study conducted in Debrezeit, 
Ethiopia. Reasons for higher coliforms counts in raw milk may be 
as a result of poor hygiene, contaminated water, unsanitary milking 
practices, and improperly washed and maintained equipment [32-
34].

The result of TCC in pasteurized milk in Table 2 and Figure 4 
was ranges from 4.5*10 to 2.3*104cfu/ml this study was less than 
the study of [25] 1.2*105 to 6.9*104cfu/ml. The coli form bacteria 
are supposed to be absent in pasteurized milk as they can’t survive 
the pasteurization temperature. There are several reasons for the 
occurrence of bacterial contamination in the pasteurized milk 
samples such as defect in pasteurization machinery, to survive even 
after pasteurization, and contamination in the post-pasteurized 
process, contamination in packaging materials, defects in pipe lines, 
poor processing and handling conditions and/or maintenance of 
substandard hygienic practices by working personnel, milk quality, 
sanitation of process plant, [35] but TCC may still be detected in 
the pasteurized milk samples [33,34]. So the absence of bacteria in 
pasteurized milk revels the fact that the dairy company produced 
high quality of pasteurized milk. According to ESA not over 10cfu/
ml is acceptable for ‘Grade A’ pasteurized milk ES 3462:2009. 
These results of detecting the coli form bacteria test indicates 
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that processed milk available in Ethiopia are of some are good 
quality and the greater are of very bad and will cause health risk to 
consumers so corrective action is necessary. 

In Ethiopia milk is produced and marketed to consumer as raw 
and pasteurized or not subjected to quality standard. About 98% of 
the annual milk produced by subsistence farmers who live in rural 
areas where dairy products processing in the country is basically 
limited to smallholder level and hygienic qualities of products are 
generally poor [36]. Moreover, in the traditional practice the status 
of the cleanliness of the milkmen, the quality of water used for 
cleaning purposed not secured, the udder of the cow, the milking 
environment and the milking equipments could be the chief sources 
of the initial milk contamination [37]. 

The traditional milk equipment are reported to be often porous 
and therefore a reservoir for many organisms and difficult to clean 
[38]. All these reasons might increase the microbial load of milk 
produced in traditional practices of Ethiopia. Producers need to 
pay particular attention for the type as well as cleanliness of milk 
equipment. Milking equipment should be easy to clean. Aluminum 
and stainless steel equipment are mostly preferred [7].

Even if, it is not practical to produce milk that is always free 
of coliforms their presence in raw milk maybe tolerated. However, 
if present in large numbers, over 100 coliform organisms per 
milliliter of raw milk, it means that the milk was produced under 
improper procedures [39]. Hence their presence in large number 
in dairy products is an indication that the products are potentially 
hazardous to the consumers’ health [40]. 

Earlier research conducted in different part of the country 
revealed that the microbial counts of milk and milk products 
produced and marketed are generally much higher than the 
acceptable limits [41]. The higher number of cfu/ml implies that the 
sanitary conditions in which milk has been produced and handled 
are substandard subjecting the product to microbial contamination 
and multiplication. It is indicated that total bacterial count is a 
good indicator for monitoring the sanitary conditions practiced 
during production, collection, and handling of raw milk [42]. Hence 
training of milk handlers about hygiene can significantly reduce the 
bacterial load in milk. A good example for this could be reduced 
total bacterial count observed in milk sampled from farmers who 
received training on hygienic milk production and handling [43,44].

Conclusion
Milk and milk products play a crucial role in human nutrition 

both urban and pre-urban area of the country. However, evidences 
showed that the microbial properties milk and Ethiopian traditional 
fermented milk products made from different dairy producer 
were substandard in quality. This is due to absence of standard 
hygienic condition followed by producers during milk production. 
The hygienic conditions under smallholder conditions is limited 
to letting the calf to suckle for few minutes and/or washing the 
udder before milking. Moreover, unhygienic cleaning and handling 
of milk containers and inadequate dairy infrastructure coupled 
with limited knowledge of the hygienic production and handling 

of milk and milk products result in the contamination of the milk. 
Therefore, strict hygienic control measures along the food chain to 
improve the hygienic conditions of milk is necessary.

From this present study, it can be concluded that the 
microbiological quality of most of the raw milk samples and half 
of pasteurized milk collected from different areas of Addis Ababa 
and its surrounding were un satisfactory as indicated by their high 
bacterial loads and presence of coli-form bacteria which are public 
health concerns. After pasteurization treatment milk is expected to 
be safe but some of them were found to be un safe for the consumers. 
There is a need for improved communication to consumers on the 
hazards and control measures associated with consumption of raw 
drinking milk and improper pasteurized milk, Infants, children, 
pregnant women, old people and those with a weakened immune 
system have a higher risk of falling ill from drinking raw milk and 
such unsafe pasteurized milk or improper pasteurized milk.

There are standards for TBC and TCC internationally and 
nationally. The results clearly manifested that the milk hygienic 
quality is not satisfying for consumers because of milking methods, 
milk temperature, packaging, handling, cleaning, transportation, 
shops conditions (un proper refrigerators). 

Recommendation
A. Only authorized producers registered for supplying 
raw milk through food graded materials and cold track 
transportation way are allowed to place raw milk to dairy 
processors.

B. Food graded materials have to be used to transport raw 
milk, the duration of transportation to consumption spots must 
be very short, raw milk is to be boiled before consumption and 
stored between 0 oC and 4 oC.

C. It is not allowed to stock any milk batch in the storage 
material for more than 24h, as certain pathogens are capable 
of multiplying at low temperatures and prolonged storage may 
boost their growth. 

D. Any residual milk must be removed carefully and the 
machine must be cleaned prior to refilling. Internal and external 
cleaning procedures for milk container should be part of good 
hygienic practices (GHPs). The safety issue is that biofilms 
may survive the cleaning process. To that end, special cleaning 
treatments, e.g., pre-rinsing with water, circulation of sanitizing 
and/or alkali/acidic solutions and final cleaning with water are 
required.

E. The prompt application of a cooling treatment after 
milking and of cold temperatures for storage, which are a 
routine practice to control the microbiological quality and 
safety of raw milk, are thus not effective to have a fall-off in 
the growth rate of psychotropic bacteria early processing is 
necessary

F. Government role in the marketing system is a must thing 
to break the illegal trade system as well as to the promotion of 
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the sector and the payment system has to be changed to quality 
based payment system

G. The food and medicine health administration control 
authority and other relevant stack holders must take 
more responsibility to control and reduce the risk of milk 
contamination as well as public health hazards in Addis Ababa 
and it’s surrounding without any excuses in this regard.

H. Specifically this listed sectors have a great role in the 
regulation, testing, supporting, taking action in the sector 
they have to play their Owen role in the development of 
the industries Ethiopian standard Agency (ESA), Ethiopian 
food, medicine and health administration control authority( 
FMHACA), Conformity Assessment (CA), Ethiopian public 
health institute (EPHI), Ethiopian consumer protection 
control authority (ECPA), Ministry of agriculture and livestock, 
Ministry of industry (MOI), Ethiopian meat and dairy industry 
development institute (EMDIDI).

I. Finally, consumers have to take some precautions because 
pasteurized and raw milk transportation from selling points to 
home, handling and storage practices can also be a critical point 
and potentially have an impact on the microbiological quality of 
drinking milk. 
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