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Abstract

Cross-sectional study was conducted to examine and identify quality of raw bovine milk from in Arsi Zone and East Shewa Zone, in
Oromia, Ethiopia. The purpose of the study was to assess hygienic practices during milking, milk collection and bacteriological quality
of cow’s milk in Arsi and East Shewa Zones milk collection centers. Total of 246 bacterial isolates were obtained from milk samples
taken from Tiyo, Digeluna Tijo, and Lemuna Bilbilo Districts in Arsi Zone and Ada district in East Shewa Zone. Identification of
Escherichia coli done using API 20 E biochemical test kit, Gram stain was used to identify staphylococcus aureus, Listeria was identified
using Rapid Listeria monocytogenes (RLM), and Brucella identified using Milk ring test (MRT). These included Escherichia coli 19.8%,
Listeria monocytogenes 1.2%, Staphylococcus aureus 3.2% and Brucella 3.3%.
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Introduction

In Ethiopia, the traditional milk production system, which is dominated by indigenous breeds of low genetic potential for milk
production, accounts for about 97-98% of the country’s total annual milk production [1]. Cows are the main source of milk, and
as a result, it is cow’s milk that is the focus of processing in Ethiopia. However, due to the fact that dairy processing in the country
is basically done at the smallholder level, standards of products are generally poor [2]. Raw milk is either kept at ambient tempera-
ture or kept in a warm place to ferment [3].

One of the most common food sources in the human diet is milk [4]. Physical, chemical, and biological characteristics of milk fa-
vor the multiplication of many bacteria of various genera (Turner and Veary, 1990). This is especially true in developing countries
where production of milk and various dairy products take place under rather unsanitary conditions [2]. Microbial contamination
of milk and milk products can occur due to unhygienic conditions; the possible source for contaminations are the conditions
within the udder, exterior to the udder, the milk handling and its storage equipment [5].

Post-harvest spoilage losses of about 40% have been reported from milking to consumption. Such losses are mainly attributed to
the employment of hygienic practices at the time of milking, long storage time at high ambient temperature, adulteration of milk,
transportation equipment and distribution systems, which leads to losses in spillage, bacterial contamination and spoilage of milk

[1].

In Ethiopia, in most cases, milk is produced and marketed without quality control measures [2]. Information on the microbial and
chemical properties of raw milk and milk products produced and marketed by smallholder producers is essential to understand
the overall quality of the products being marketed and consumed.Therefore the objectives of this study were to assess bacteriologi-
cal quality of raw milk and to determine some associated determinants and sources of contamination of raw milk [6].
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Methods and Materials
Study Area Description

Arsi and EastShewa Zones were chosen for the study due to their comparative potential for improved dairy production and dairy
production in particular contribute significantly to farmer livelihoods.

Baseline information gathering was conducted in Arsi Zone (Tiyo, DigelunaTijo, and LemunaBilbilo Districts) and East Shewa
Zone (Ada district).

Tiyo district: - is located at about 167 km south east of Addis Ababa and at the foot slopes of Mount Chilalo in the eastern side. Tiyo
has diverse climatic conditions; Midland (weynadega) (52%), Highland (dega) (37%), and Lowland (kola) (11%) agro- ecologies
with altitude ranging from below 2300 to over 3200 meters above sea level.

DigelunaTijo is located 192 km from the capital Addis Ababa in the southeast. The district has diverse climatic conditions;
Highland (dega) (78%) and Midland (weynadega) (22%) agro-ecologies with altitude ranges from 2500 to 3560 meters above sea
level.

LemunaBilbilo is located 223 km from the capital Addis Ababa in thesoutheast.The district has climatically diverse conditions;
Highland (dega) (80%) and Midland (weynadega) (17%) and Lowland (kola) (3%) agro-ecologies with altituderanges from 2500
to 3560 meters above sea level.

Ada is located 47.9 kilometers southeast of Addis Ababa. About 90% of the district belongs to the sub-tropical agro-climatic zone.
The tropical and temperate agro-climatic zones cover 5% of the district each. Under Ada district the following kebeles Lemlem,
Kebele 02, Kebele 11, Denkaka and Babugaya were selected.

Study Population

Cross-sectional study design was used to assess the husbandry practices, hygienic status of milk production and transportation.
201 cooperative member farmers were individually interviewed. The milk production, handling and hygienic practices employed,
and other conditions thought to affect the hygienic quality of milk were assessed. The approximate sample size required was
estimated using the formula given by Arsham, (2005) for survey studies and milk sample collection:

N = 0.25/SE2, Where: SE = Standard error, N = required sample size

Hence, at 5% standard error, a total number of 100 individual households were selected randomly for the baseline survey from each
Zone making a total of 200 households in Arsi and East Shewa Zone.

Following proportional allocation, two milk collection centers (Assela town and Gobelencha) and one dairy farm (Del-Besira)
were randomly selected in Arsi Zone and five milk collection stations (Kebele-11, Denkaka, Babugaya, Kebele- 02, Lemlem) were
randomly selected in East Shewa Zone. A total of 106 milk samples were proportionally allocated to the selected milk collection
centers. Milk samples were randomly collected from each collection center.

Sample Collection and Transportation

The study was conducted from February 2011 to January 2014 to assess the bacteriological quality of raw milk. Raw milk samples
were collected from milk containers after milking for bacteriological analysis. The samples were collected aseptically in sterilized
universal bottle, kept in an icebox and transported to National Veterinary Institute (NVI) microbiology laboratory and then stored
in refrigerator at 4 °C to be analyzed within 24 hours of sampling.

Bacteriological Laboratory Analysis

Escherichia coli: One loop of milk was streaked on MacConkey agar plates, and then incubated at 37 °C for 24 hours. Colonies that
were pink colored were counted as presumptive Escherichia coli. Colonies picked from the MacConkey agar plates were re-streaked
on fresh Eosin Methylene Blue (EMB) agar plates to purify and incubated at 37 °C for 24 hours. Colonies that were made green
with metallic shine were counted as presumptive Escherichia coli. These colonies were transferred to Trypticase soy agar (TSA)
plate for the following, Gram-stain, oxidase test and catalase test. Gram negative, oxidase negative and catalase positive colonies
were selected and used for identification of species. The identification was done using API 20 E biochemical test kit (BioMérieux,
France).

Staphylococcus aureus: One loop of milk was streaked on Trypticase Soy Agar (TSA) plates, which then is incubated at 37 °C for
24 hours. Those colonies that are white to golden yellow were counted as presumptive Staphylococcus species. Colonies picked from
the Trypticase Soy Agar plates were re-streaked on fresh Trypticase Soy Agar plates to purify and then incubate at 37 °C for 24
hours. This was followed by Gram-stain, and catalase test. Gram-positive coccus as colonies were selected and used for biochemical
test. Catalase positive, OxidationFermentation (OF) test positive and coagulase positive bacteria were confirmed as Staphylococcus
aureus.
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Listeria monocytogenes: 25ml of milk sample was homogenized with 100ml of Half Fraser broth and incubated at 37 °C for 24
hours. After 24 hours the sample was transferred using a loop and streak over the surface of Rapid Listeria monocytogenes (RLM)
agar plate and incubated at 37 °C for 48 hours for further isolation. Colonies that are gray-blue, round and smooth precipitate
were counted as Listeria monocytogenes. Colonies of Listeria monocytogenes were selected and used for species identification using
Microgen Listeria ID.

Brucella - Milk ring test (MRT): 1 ml of milk sample was put in a test tube and 3l of the standard MRT antigen (killed B. abortus
stained with hematoxylin) was added then mixed well. The mixture was incubated at 37 °C. Positive samples were identified as blue
cream layer over stained milk while negative samples were identified as whitish cream layered over stained milk.

Data Management and Analysis

All the collected data were stored and managed in Microsoft Excel database. The data were analyzed using the statistical software
SPSS (Version 16.0, 2006).

Results
Milking and milk handling practices

According to the survey result, all the respondents stated that they wash their hands before milking and most respondents (94.5%)
wash udder of the cow before milking and 85.6% of the respondents also indicated that they use towel for cleaning the teats before
milking cows.

Large proportion of respondents (88.1%) use plastic materials as milk container and transport, 8% use metallic materials and 3.5%
use traditional pots. Majority of the respondents in Arsi Zone (45.8%) use plastic vessel and 3.5% of the respondents use traditional
pots. In East Shewa Zone majority of the respondents (43.3%) use plastic vessel and the rest (7.5%) use metal vessel.

Water source and watering practices

Respondent had two different water sources in both zones; these are river and tap water. Majority of the respondents in both zones
(61.2%) used tap water while 37.8% used river water and 1.0% of the respondents used both water sources. In Arsi Zone majority
37.8% used river as source of water while 49.8% respondents in East Shewa Zone used tap water as water source.

Bacteriological Laboratory Analysis

Among the bulk milk samples analyzed a total of 247 isolates were obtained including Enterobacteriaceae, Listeria, Staphylococcus
and Brucella antibodies (Table 1).

Type of bacteria No of bacteria isolated Percent prevalence
Enterobacteriaceae 92 372
E. coli 49 19.8
Other Entro 43 17.4
Listeria 106 42.9
Listeria monocy 3 1.2
Other Listeria 103 41.7
Staphylococcus 41 16.6
S. aureus 8 3.2
Non patho Staph 33 13.4
Brucella Positive 8 33
Total 247

Table 1: Pathogenic Bacteria isolates from 106 bulk milk samples from Asella
Dairy Union and Ada Primary Dairy Cooperative, Ethiopia

Lemlem milk collection center showed higher Escherichia coli isolates followed by Kebele 02 and Denkaka in East Shewa Zone
whereas lower isolates were found in Gobelench in Arsi Zone. Higher isolates of pathogenic Listeria monocytogenes was detected
in Kebele 02 milk collection center East Shewa Zone. This is followed by Denkaka milk collection center in East Shewa Zone.

Isolates of Staphylococcus aureus were detected high in Babugaya and Lemlem milk collection centers in East Shewa Zone. Next
higher isolates were found in Gobelencha, Arsi Zone and Kebele 02 in East Shewa Zone. Higher isolates of Brucella isolates were
found in Kebele 02 milk collection center in East Shewa Zone. In Arsi Zone only Asella milk collection center showed Brucella
isolates.
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Discussion

The present study shows that faulty handling, in some dairy farmers milking procedures, where there is no proper cleaning or
washing of hands immediately before milking can lead to the contamination of the milk [7] and [8] noted that insufficiently
cleaning the udder before milking and lack of other pre-milking hygienic preparations play an important role in the contamination
of milk during milking. The current study further indicates that even those respondents who practiced washing their hands before
milking, as well as the teats of the cows may not be much of guarantee for the safety of the milk. This is due to several factors.
The cleaning is not properly done with clean and boiled water and disinfected to remove both visible dirt and bacteria, so it is not
effective [9] and [10]. On top of this, it was clear that for few of the respondents, the cleanliness of the sources of their water is
far from certain. They get their water from rivers which in most cases is not clean; the use of this water for cleaning hands and
udder prior to milking won’t avoid or prevent contamination of the milk. These are possible contributing factors for the high
contamination of milk during milking in the current study area and for other problems ensuing from this.

Microbial contamination in raw milk depends not only on contamination during milking but also on the temperature at which
milk is stored and on the time that elapses between milk production and collection [11]. As observed during the field work milk
is transported by locally available means that may include transport by foot, donkey or public transport from farmers further
than 10-20 kilometers away from cooperative centers, this very well defines high bacterial contamination in our study, which is
due to long distance of milk transport to the cooperative center without cooling system results in rise of milk temperature, which
spoils the milk within 3-4 hours. According to [12] the detection of bacterial contamination can also be attributed to higher
environmental contamination during transportation and/or contamination during waiting along the roadside.

During transporting the milk to the cooperative centers, there is no chance of cooling the milk, as there is no cooling system in
place; the first cooling of the milk is done at the milk cooperative centers. Major transport means of milk in current study area is
by foot, horse/donkey, bicycle and public transport. The time that elapse between the milking time and the cooling of the milk has
huge influence on the milk to be contaminated in line with the finding by [13,14].

Conclusion

The present study shows the bacteriological, particularly with pathogenic microorganisms of raw bulk milk from milk collection
centers.The presence of these pathogens in milk indicates that contamination comes from various sources such as unclean
environment and utensils. The high numbers of the isolated microorganisms not only contaminate the milk but also multiply and
grow in the milk. The occurrence of pathogens is likely to affect the keeping of quality and safety of raw milk as well as products
derived from it. The presence of these pathogenic bacteria in raw milk is of public health concern since drinking raw milk is still
considered good for health in rural population of the country.In general, the result of the study indicated that an urgent measures
are needed to ensure clean and safe milk production and handling at farmer level and collection centers through trainings on
hygienic practices and sanitary measures from production to consumption levels.
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