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Abstract

Reproductive performance and milk bacteria study carried out using questionnaire survey and milk bacteriology
from December, 2011 to March, 2013 in Hawassa and Debrebrihan cities. Four hundred forty nine household
interviewed and 87 pooled milk samples research work result were used to draw inference about smallholder dairy
farm management in the study area. It was observed that there was no plot for forage development in sampled
household and there was poor feeding, housing and health management. Cross breed and local zebu were breed by
artificial insemination (72%) and natural mating (28%) in Hawassa, whereas almost all cross breed animals were
breed by natural mating (85%) in Debrebrehan the remaining was artificial insemination. Health problems of calf
mortality (34%), infectious (13%), retained placenta (10%), dystocia (5%), mastitis (8%) and others were reported.
Average milk yield in cross breeds were 6-10 liters and local zebu produce an average range of 2-4 liters. There was
significant difference (p<0.05) in calving interval, where local breed had 14.2 ± 0.44 months than others; age at first
calving was 33.9 ± 0.9 than other breeds the difference was significant (p<0.05). Number of service per conception
using artificial insemination was within the range of 1.18 up to 1.72 in majority of the selected animals which was in
the accepted ranges. Bacterial milk assessment indicated that different gram positive and negative bacteria
observed, showing the level of bacterial contamination The study indicates that there was clear managerial problems
in smallholder dairy farms, where feeding, housing, health and milk quality management were poor. Therefore,
strong policy should be implemented in order to leverage the existing smallholder dairy farm status in the country in
general.

Keywords: Small holders; Dairy farms; Health; Reproduction; Milk
bacteria; Management; Ethiopia

Introduction
Epidemiological studies of dairy farm management in Ethiopia in

particular, worldwide in general used to examine potential associations
between an observed index of health or productivity or various
characteristics of management and environment of the livestock.
Currently Ethiopia restructured livestock subsector so as to maximize
the reproduction and production of livestock, especially dairy farm in
order to cope up with milk and meat demand as the result of
urbanization and population growth [1]. Such kinds of studies help for
those who are working with producers to address herd production
problems.

Herd average milk production can be regarded as one important
measure of the performance of a dairy herd. Often this performance is
influenced by various factors, including genetics, nutrition,
environment and management [2]. Large segment of livestock
production sub-sector except few dairy farms, are managed under
extensive traditional grazing system in Ethiopia [3]. All cattle
production system in rural area, regardless of pastoral and sedentary
farmers rear local breeds which are genetically low milk and meat
producers; whereas few dairy farms in urban and peri urban area have
kept cross breeds. To enhance dairy farm production the government
and non-government organization have exerted their effort through
training, provision of artificial insemination (AI) equipment and have
established bull station in selected area. Inseminator and animal

owners have been trained extensively in order to increase their
understanding towards reproductive performance [1].

Hawassa and Debrebirhan cities are growing cities, where there is
steady population growth, which becomes a driving force for the
development of small dairy farms in the area to meet nutritional
demand in the area.

However, despite the rapid population growth, the smallholder
dairy sector is faced with several challenges. These include limited
breeding stock, low productivity, poor management and inadequate
extension service, health and other support services [4]. These
challenges have negative impacts on milk productivity and
reproduction [5,6]. It is important to determine the major factors
associated with low fertility, herd growth and productivity. Herd
growth may not be the target for most smallholder farmers as keeping
more animals may not be practical and economically viable. However,
successful reproduction is still important as the farmers benefit
through continued milk production and sales of weaned calves [7].
This study analyzes the situation and cow fertility and outlines major
challenges and possible solutions in the study area. In line with this
idea research was conducted in Hawassa and Debrebirhan cities with
the following objectives:

Measuring the reproductive performance of small holder dairy cows
in both cities using certain parameters.

At Hawassa dairy farm collecting center major milk bacteria are
observed.
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Materials and Methods

Study area
The study was conducted from December 2011 to March, 2013 in

Hawassa and Debrebrehan cities. Hawassa is regional city of Southern
Nation and Nationality People Regional state (SNNPRs) and located
275 Km away from Addis Ababa in southern direction. The area lies
between the altitudes of 1500-2000 meter above sea level and between
4.27 and 8.3°N-34.21 and 39.1°E. The annual mean rainfall is from
800-1000 mm and annual mean temperature is between 20.1-25°C [8].
Whereas, Debrebirhan city is located at the North Eastern direction at
a distance of 137 km away from the capital city Addis Ababa. The
altitude of the area ranges from 2638-2800 meter above sea level.

Study methodology
Smallholder dairy farms in Hawassa and Debrebirhan cities used as

target population for this study. Animal owners interviewed and
information collected about reproductive and productive parameters
from each selected household.

Study conducted using two types of questionnaires: close ended
questionnaire were used to assess reproductive performance
parameters whereas open ended questionnaire were used to assess
major constraints that remained a bottleneck in dairy developments in
the dairy farm. Questionnaire was tested before the actual data
collection. Parameters like calving interval, service per conception, use
of AI, breed, age at first calving, milk yield per day and etc., were
included during data collection. Information about constraints was
open ended regardless of the number of animals present in the selected
farm. Initially, 249 owners interviewed at Hawassa city, in second
round 200 small holders were interviewed in Debre Birhan. In
addition, bacteriological study was incorporated to appreciate species
of bacteria in raw milk collected.

Bacterial isolation and identification: Bacterial isolation and
identification was done [9]. Standard procedures were followed to
culture, colony identification and so on.

For primary bacteria identification procedure, once pure culture is
obtained, [10]. A Gram stain procedure were made to establish the
Gram reaction (Gram-positive or Gram-negative), and cellular
morphology (Coccus or Rod). Gram-positive cocci bacteria that were
identified, further characterized using catalase test, culture on
MacConkey agar and growth on Mannitol salt agar. Catalase negative
and those grown on MacConkey agar were categorized as
Enterococcus species; whereas catalase negative and unable to grow on
MacConkey agar was categorized as Streptococcus species. Catalase
positive and Gram-positive cocci bacteria which were grown on
Mannitol salt agar were categorized as Staphylococcus species.
Staphylococcus species with golden-yellow colony, those that ferment
mannitol and coagulase positive bacteria were categorized as
Staphylococcus aureus [10].

Secondary biochemical tests were done for biochemical
characterization. Biochemical tests such as Indole, Methyl-red, Voges-
proskauer, Citrate Utilization (IMViC) and Carbohydrate fermentation
were carried out [10] and used to characterize enterobacteriacae
bacteria.

Data analysis: Data generated entered in Microsoft Excel spread
sheet and was summarized by descriptive statistics including mean and
standard errors. Association of different factors analyzed using chi-

square and p-value; the factor considered to be significant when p-
value is less than 0.05.

Results and Discussion
A total of 249 and 200 smallholder dairy farm producers were

randomly selected from Hawassa and Debre berhan cities, respectively.
The size of herd ranges from 1 up to 13 cows, either local and/or cross
breeds having different blood level. Research result indicates that 52%
were local Ethiopian zebu, 42% Holstein Friesian cross breed, 0.8%
pure Boran, and 2.0% pure jersey breed having 690 dairy cows
observed, of which 490 from Hawassa and 200 from Debre berhan
cities, respectively.

Feed source and feeding system
Feeding system in the study area includes indoor, outdoor and both

in a proportion of 46.2%, 14.9% and 37.3%, respectively. However, feed
shortage was the major problem in these two cities. Feed source was
either from communal grazing or purchase green grass, clover, straw
from neighborhood. Supplement feed like wheat bran, barley bran,
nugue cake and molasses are scarce but purchased from private
enterprise. Dairy farmers they don’t have their own established forage
field. Shopping grasses as well as concentrate was the main activity for
animal owners. The amount of feed given to animals’ was not to the
level of requirement. Knowledge of feed provision biased towards
crossbreeds. Only small holders with cross breed Holstein Friesian
cattle provide grass mixed with concentrate than local breed because of
their better milk yield. They usually provide better amount of
supplement for early lactating cow than late lactating cow, but there
was no standard. In general majority (42.9%) of them uses zero grazing
added with few concentrates feed. Followed by communal grazing
system with concentrate feed (32.1%) and finally a proportion of
(25.0%) animal owners feed their animals using only communal
grazing system. The types of grass found in both areas were Napier and
Rhodes grass which are common types of grass in the area. Legumes,
which are important in supplementing protein, do not have routine
practice, although their use by smallholder farmers has been reported
[11,12]. Fodder legume production has challenge such as
inaccessibility of land and farmers’ were not well aware about quality
feed in relation to productivity [12]. Promotion of legume production
coupled with proper practical training and diet formulation could be
useful to improve dairy cattle production; however, the practice was
under grass root level. If there is, the pasture land are often inadequate
to provide feed throughout the year; a range of 0.1 to 0.2 ha of land
might be the maximum land hold in urban area it may be as wide as
0.5 ha in peri urban area. So the average size of pasture plot is about
0.26 ha. This plot exists only in a few dairy farmers. In Ethiopia in
general it is not a requirement to have a plot to conduct dairy farm. As
far as there is barn, it is free to start dairy farming. There is no well-
organized mentoring and monitoring system in the sector, which is
one of the setbacks for the dairy development in the country.
Assuming an average DM yield of 16 t/ha/year [13], the Napier grass
DM yield per year would be 4.2 t/year in 0.26 ha plots. For a lactating
cow weighing 500 kg, required daily DM intake would be 15 kg [13],
and this forage would last for about 9 months. If the number of cows is
more than one, then the forage ends up within short period of time. In
this study majority of them have more than two cows and have no plot
for feed production. In addition, the feed supply, frequency and
amount given are often inadequate. Reports by Gibbons [14] and
Munthali [15] about inadequate feeding of dairy animals by
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smallholder farmers suggest that inadequate feeding coupled with
some nutritional deficiencies results in negative energy balance, which
in turn contributes to low fertility. Friggens [16] reported that animals
with constrained energy reserves either reduce their ‘reproductive
burden’ or delay onset of the next reproductive cycle. For a dairy cow
carrying one fetus at a time, reduction of the ‘reproductive burden’
implies no pregnancy and delayed onset of reproductive cycles means
long calving intervals [16]. Hence poor nutrition observed is the major
cause of infertility and low productivity of dairy cattle under
smallholder systems and recommends more attention has to be given
to nutrition.

Housing system
House constructions in the study area were similar to other part of

the country. There was irregularity in type of construction. In urban
and peri urban area the roof is made of iron sheet, but the wall varies
depending on economic status of the owner, some of them have built
with block and the other built with wood and mud, whereas the floor
was constructed in concrete, soil compact with or without beddings.
Drainage system was not sufficient enough to remove slurry. Most of
them dispose the slurry inappropriate place outside their compound;
which contaminate nearby water reserve or lake or well. There is no
experience of having biogas production system. Almost all have
milking pen, only 37% of them have feeding and water troughs in their
compound and the remaining free scavenging, and 40% respondents
have feed store.

The results suggest that some farmers have not fully gripped the
importance of proper housing of dairy animals. Inadequate roofing
and poor drainage can result in accumulation of slurry during the
rainy season, which would be difficult to clean given that the farmers
need to perform many tasks, particularly in the rainy season when
crop production is a primary issue.

Accumulation of slurry would be detrimental to the animals and
provide a medium for pathogens as well as high chances of milk
contamination [17]. The use of iron sheet roofs also needs to be
critically evaluated because they conduct heat and could be associated
with heat stress mainly in the hot-dry season.

Dairy breeds in the study area
Most of the smallholder dairy farmers in Hawassa and Debrebirhan

cities had Holstein Friesian cross breed with local Ethiopian zebu, but
there were few pure local breeds too. The study indicated that farmers
refused to keep pure exotic breed because of their disease susceptibility
and high feed requirement. Pure exotic breed is not common in dairy
farm practice, except few large scale dairy farms at government
institution and private dairy plants. Local and crossbreeds were
dominant as shown in Table 1. This may be associated with capacity
and management skill of farmers. Majorities were cross breed (37%
and 64%) in both cities followed by local zebu, and few jersey and
Boran breeds.

Sites Breeds

Hawassa Holstein Friesian

Cross breed

Local zebu Jersey Boran Total

n 179 291 14 6 490

Proportion 37% 59.4% 2.9% 1.2% 100

Debrebirhan

n 128 72 - - -

Proportion 64% 36% - - -

Table 1: Types of dairy breeds observed during study period in
Hawassa and Debre birhan cities.

Herd structure
Herd structure shows that there was no bull kept at individual level,

especially bull of exotic breed because of management problem no one
was interested. This was attributed to management and feed cost. The
size of herd structure per respondents’ observed as calves, heifers,
lactating, pregnant and total herd with an average of 1.8, 0.7, 1.5, 0.6
and 4.6; respectively. The proportion of herd structure indicates that
42.3% were calves, 14.5% were heifers, 31.8% lactating cows and 12.2%
were pregnant. Out of total herd 36.6% were cross breed dairy cows at
Hawassa, whereas in Debrebrihan 64% were cross breed. This indicates
that dairy farm in these two sites were at its grass root level. The
situation could be a reflection of country status on dairy farm, where
milk production and productivity poorly growing. Heifers and heifer
calves are necessary as replacements for cows in the dairy herd, and
surplus heifers are an important component of the income from dairy
production. Therefore, proper reproductive management is important
for successful dairying (Table 2) [18].

Sites Herd structure per household

Hawassa

city

Calve
s

Heifers Lactatin
g

cows

Pregnant Total herd

n 462 163 356 136 1119

range 0-5 0-3 0-5 0-4 2-13

average 1.8 0.7 1.5 0.6 4.6

% 36.5 14.5 31.8 12.2 100

Debrebirhan n 252 209 239 138 830

range 0-8 0-7 0-9 0-6 2-27

average 1.3 1.1 1.2 0.69 4.2

% 30.4 25.1 28.8 16.6 100

Table 2: Herd structure in small holder dairy farms in Hawassa and
Debre Brehan cities.

Though dairy farm had low milk producing, there was sufficient
number of calves and heifers in the herd studied for replacement
purpose, considering the herd structure observed. It would be
reasonable for farmers to target having at least 25% heifers for their
herds to be maintained. Moran [19] illustrated that a system with 36%
heifers, for example, would have sufficient replacement stock as well as
enable sale of breeding stock or allow higher culling rate to improve
herd genetics. Most smallholder farmers may not necessarily aim for
expanding herds but would benefit from sales of breeding stock. Bebe
[20] showed that the proportions of heifers to cows among smallholder
farmers in Kenya were related to feeding resources. Farmers that
practiced zero grazing keep the proportion of low number of calves
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and heifers through early weaning to sales, and it was concluded that
availability of sufficient pastures determined the ability to rear
adequate stock replacement heifers.

Breeding
Cows and heifers were mated using 36% AI and 63.2% natural

insemination methods in Hawassa, whereas in Debrebirhan breeding
conducted using 10% AI and 90% natural insemination. Source of
semen for AI was from national insemination center at Kaliti, the only
semen collection center in the country, which distributes semen
throughout the country. Use of natural service varies in these two sites,
where at Hawassa 53.4% open air natural service used mainly for local
breeds, whereas at Debrebirhan natural service used for local and cross
breeds at proportion of 35.5% and 55%, respectively. Most of natural
services were free of charge (67.8%) and the remaining was using hired
bull (33.2%) as shown in Table 3. Natural service preferred more than
artificial insemination because of semen availability and /or
transportation and other challenges.

There was significant difference between two cities(p<0.05) in using
AI and natural service, where cross breed animals relatively use more
AI (72%) than natural insemination(29.9%) in Hawassa; More natural
service (85.3%) than AI (14.7%) used for cross breed in Debrebrihan as
shown in Table 3. The reason for such difference in Debrebrihan might
be there was research center which have bull kept for natural service,
which is nearby the city so that community can get access for natural
service.

Another reason for AI usage at Hawassa city might be the only
option they have is semen, regardless of low conception rate and skill
of inseminator. There is no pure or cross breed exotic bull station; the
existing bulls are all local zebu, which are not accepted for breeding
purpose.

Site Breed AI Natural Total

Hawassa Local zebu 16 (10.8%) 132 (89.2%) 148

Cross (zebu x HF) 31 (72.1%) 12 (29.9%) 43

Exotic 42 (77.8%) 12 (22.2%) 54

Total 89 (36.4%) 156 (63.6%) 247

Debrebirhan Local 1 (1.4%) 71 (98.6%) 72

Cross 19 (14.7%) 110 (85.3%) 129

Total 20 (10%) 181 (90%) 201

Table 3: Breeding methods using Artificial insemination and natural
service at Hawassa and Debre brihan cities.

Community perception on repeat breeders
Farmers were interviewed about their perception on failure of

conception among their dairy cows. Most of natural service users
assumed that repeat breeding are due to health problems of the cow
(38.9%) followed by poor knowledge of the attendants (11.6%) and the
remaining group have no idea. Owners who were AI users believe that
52.1% is due to skill of AI technician followed by poor knowledge of
the attendant (35.2%) and health problem of cow (11.3%). Well trained
and experienced AI technician plays an important role for efficient
service conception rate, in addition to semen availability and transport

facilities. Knowledge of the attendant recognizing heat period, calling
the technician on time is one of the crucial activity as far as attendants’
knowledge concerned. Studies in other areas such as Kasungu and
Mzimba in Malawi indicated similar problems; AI technicians have
challenges such as lack of transport, shortage of AI equipment and
high AI technician farmer ratios [21]. These challenges lead to delayed
or misused inseminations thereby high calving interval.

Herd health
Farmers were getting veterinary services from governments, private

practitioners, and drug store. Most of smallholders in study area were
getting veterinary service through telephone call base. Farmers have
reported various health problems in their dairy farm during interview
period. Among these reproductive problems the following were
reported: retained placenta, uterine prolapse, milk fever, calf mortality,
still birth, abortion, infection, dystocia and others. Calf mortality and
abortion case receive high proportion among the reported problems
followed by infectious diseases like blackleg, foot and mouth, foot
abscess as shown in Figure 1. Calves within 1-3 months of age showed
relatively high proportion of mortality shown in Figure 2. The results
show that dairy cow health is a challenge among small holder farmers

Figure 1: Major Health problems reported in Hawassa and Debre
brihan study sites.

Figure 2: Proportion of calf mortality based on age group.
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However, the report was based on the interview made, which could
limit the information depending on the skill of the interviewee and the
experience he has; there was also no well documented records to know
about reproductive performance in general, health problem in
particular in order to quantify and prioritize major problems.

Huttner [22] reported malnutrition and poor animal husbandry as
the major predisposing factors to poor animal health among
smallholder farms. The combination of health and nutrition challenge
in dairy production implies further suppression of animal productivity
in terms of milk yield and fertility. It is therefore important to have in
place programmes that constantly and systematically monitor and
support disease control while providing timely treatments and
vaccinations as need arises. This can be achieved through collaboration
among stakeholders like farmers, service providers, policy makers and
implementers.

Herd productivity
The main parameter that is used to gauge the efficiency of

production in dairy farm is milk. Milk yield varies depending upon the
management, stage of lactation and genetic potential of the animals.
Milk production in Ethiopian zebu produces an average range of 2-4
liters with minimum of 1 liters and maximum of 6 liters. Cross breed
having 75% blood level and above produces an average range of 6-10
liters with a maximum of 17 liters; whereas jersey, Boran and 50%
cross breed produces an average of 4-6 liters. Level of milk production
were dependent on type and amount of feed, when there was
concentrate feed in sufficient amount, milk production increases
accordingly. However, the link between management and production
was not well understood by farmers rather they focus mainly on
genetic potential. The yields are generally low when compared with the
potential milk yield of the breeds. A wide variation in milk yield is
observed among farms, which might be a reflection of differences in
management skill.

Farms with access to resources are associated with high yields
[12,17]. The wide variation between farms indicates that the potential
to improve yield by adjusting management in terms of feeding and
health exists. Another challenge related to cow productivity is lack of
understanding among farmers the relation between management input
and productivity.

In addition knowledge about body condition score relationship with
productivity and reproductivity is generally overlooked by smallholder
dairy farmers. However, BCS is generally recognized to provide a
measure of the body energy reserves [23]. Low BCS during late
gestation and early lactation is associated with delayed resumption of
ovarian cycle which could reduce chances of subsequent reproductive
success [24] in terms of parturition and rebreeding interval. BCS is an
important trait which forms an integral part of dairy records in many
countries and informs cow productivity. However, in this study body
condition score was not recorded.

Fertility status
In this questionnaire survey animal owners were used as primary

source of information, there was no record in any farm. All the
information was inside the owner mind, one has to ask thoroughly in
order to get enough information, however; memory were not equal
across the respondents and some of them were not available that made

it difficult to get full information. The absence of record in the farm
indicates the poor standard of dairy farm. It shows there is no policy or
directives which push them to the right truck. The record should be
available and used by anyone.

Calving interval was calculated a period between two successive
calving. It is probably the best index of a cattle herd's reproductive
efficiency. Significant difference (p<0.05) observed between Arsi zebu
and cross breed Holstein Friesian and other breed. Arsi zebu had a
mean calving interval of 14.2 months with SD + 0.44 months which
was greater than other breeds in the study area. Reports by other
scholars have shown that Arsi zebu has mean range of
12.9-15.1months and Horro breed had shown 12.2 months [25]. The
finding agrees with the previous report. Some suggested that, in
N'Dama, Sokoto Gudali and West African Shorthorn cows, calving
intervals shorter than 410 days (13.6 months) are very good, those of
411-460 (13.6-15.3 months) are satisfactory and those greater than 461
days (15.3 months) are unsatisfactory. However, season of calving,
nutrition, genetic type, age of cow; other factors like sex of calf, health
status of cow contribute on calving interval [25]. Relatively longer
interval in periurban and large herd size as shown in Debre brihan area
might be related to nutrition deficiency and managerial limitation.

Age at first calving
Under controlled breeding, heifers are usually mated when they are

mature enough to withstand the stress of parturition and lactation.
This increases the likelihood of early conception after parturition. In
traditional production systems, however, breeding is often
uncontrolled and heifers are bred at the first opportunity. This
frequently results in longer subsequent calving intervals. Researchers
have indicated in Ethiopia that of highland zebu had 53 months and
east African zebu had 35.1+3.1 months. Arsi zebu had a mean of 33.9
months age at first calving, which was relatively greater than other
breed types as shown in Table 4. Local breed in Debrebirhan has
shown 45 months. The findings were in agreement with previous work.
Heritability’s of age at puberty, at first conception and at first calving
are generally low, indicating that these traits are highly influenced by
environmental factors. Researchers found that Gobra (Senegal Fulani)
heifers kept on pasture and fed a balanced concentrate supplement
calved first at 31 months old, compared with 40 months for un
supplemented heifers [25].

Service per conception
The number of services per conception (NSC) depends largely on

the breeding system used. It is higher under uncontrolled natural
breeding and low where hand-mating or artificial insemination is used.
NSC values greater than 2.0 should be regarded as poor [25]. In this
study natural service conception had 1.18 which was in agreement
with previous reports; whereas artificial insemination users (1.5 up to
2.3) as shown in Table 4. This might indicate that there were problems
in using AI methods due to various reasons, of these factors feed
availability, time of insemination and heat detection plays a major role.
Azage et al. [26], using 3 local Ethiopian breeds, the Barca, Horro and
Boran, found that NSC was lower for animals from wet areas than for
those from drier areas (1.74 ± 0.6 vs 1.98 ± 0.07). Crossbred cows
required 0.12 and 0.14 fewer services per conception than local zebu
cows in wet and dry areas, respectively.
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Breed type n Days open

Mean+SD (days)

Mean

CI+SD (months)

Mean service per conception+SD Mean AFC+ SD
(months)

F P-value

Arsi zebu 290 161.6 ± 48.8 14.2 ± 0.44 1.18 ± 0.025 33.9 ± 0.9 3.00 0.01

*Cross breed ≤ 50%
HF

94 133.3 ± 60.9 12.4 ± 0.77 1.50 ± 0.074 27.8 ± 1.3

**Cross breed ≥ 50%
HF

86 165.0 ± 76.0 11.3 ± 0.77 1.72 ± 0.085 22.9 ± 1.1

Boran 6 176.0 ± 59.0 11.8 ± 4.00 2.17 ± 0.31 18.8 ± 6.1

Jersey 14 184.0 ± 25.0 12.4 ± 1.93 2.29 ± 0.32 25.4 ± 3.1

Table 4: Mean calving interval, service per conception and age at first calving as compared with different breed type in Hawassa and Debrebirhan.
*Cross breed<50 percentage Holstein Friesian had similar color like local breed with some morphological difference. **Cross breed>50% Holstein
Friesian blood level, they have a color of Holstein Friesian.

Bacterial isolate
In the course of the study, bacteria belongs to the nine genera were

isolated. The most predominant were Staphylococcus species (35.2%)
followed by Streptococcus species (15.7%), Bacillus species (15.1%),
Enterococcus species (10%), E. coli (8.2%), Klebsiella pneumoniae
(5%), Corynebacterium species (4.4%), Enterobacter aerogenes (3.8%)
and Citrobacter diversus (2.5%) as shown in Tables 5-7.

The type and number of bacteria present in milk indicate the
hygienic quality of milk. Bacillus species, Staphylococcus species,
Micrococcus species, Streptococcus species and coliform
microorganisms can cause spoilage of the milk when present in raw
and pasteurized milk [27]. In this study 8.8% of Staphylococcus aureus
isolates were identified and this could be a concern of human health as
some strains of Staphylococcus aureus are capable of producing heat
stable enterotoxin [28]. Though E. coli is a frequent organism in milk
and its products [29], however, few verocytotoxigenic strains may
cause hemmorhagic colitis; the most important strain is the
enterohemmorrhagic type E. coli O157: H7 [30], that cause food borne
illness and is now considered as important human pathogens [31].
Transmission of coliform organisms potentially including E. coli O157:
H7 occurs through ingestion of raw milk [32]. In this study 8.2% of E.
coli was isolated and it could be a concern as verocytotoxigenic E. coli
strain that can affect consumers’ health in milk shed area.

Bacillus cereus produces two different forms of food poisoning; the
diarrheal syndrome caused by heat stable enterotoxin and emetic
syndrome involving a very heat stable enterotoxin [32]. In this study
15.1% of Bacillus species were isolated from the milk samples and this
need a concern as Bacillus cereus could cause a public health hazard.
The bacteria of the genus Enterococcus species also known as
Enterococci are considered to be important in food as indicator of
spoilage or potential pathogenic organisms. In dairy products both E.

faecalis and E. faecium species are relatively heat resistant as well. Most
enterococci are also relatively resistant to freezing. Higher levels of
Enterococci in milk are considered to be the result of contamination
during the collection or processing of milk [33]. In this study 10.1% of
Enterococci were isolated which implies a risk that other enteric
pathogens may be present in the milk. Enterococci are therefore of
particular importance in food and public health microbiology. E.
faecalis is as a causative agent of gastro enteritis (Figure 3) [34].

Gram stain Isolates No of
positive

Relative
percentage

Gram positive
(128, 80.5%)

Bacillus spp. 24 15.1

Staphylococcus aureus 14 8.8

Other Staphylococcus
spp.

42 26.4

Corynebacterium spp. 7 4.4

Streptococcus spp. 25 15.7

Enterococcus spp. 16 10.1

Gram negative
(31, 19.5%)

E. coli 13 8.2

Klebsiella pneumonia 8 5

Citrobacter diversus 4 2.5

Enterobacter aerogenes 6 3.8

Total 159 100

Table 5: Proportion of different bacterial isolates recovered from raw
milk of Hawassa city smallholder dairy farms [35].

Growth on
blood agar

growth
MacConkey

Gram
Stain

Arrangement on
staining Catalase

Mannitol salt
agar

Lactose
fermentation on
MacConkey Coagulase Bactria isolated

+ - + rod large rod + - - - Bacillus spp.

+ - + cocci Cluster + - - - Staphylococcus spp.

+ - + cocci Cluster + golden yellow - + Staphylococcus aureus
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+ - + rod Irregular + - - - Corynebacterium spp.

+ - + cocci Chain - - - - Streptococcus spp.

+ Pink + cocci Chain - - + - Enterococcus spp.

Table 6: Isolation and characterization of Gram positive bacteria [35].

Growth

MacConkey

Gram stain

/KoH Catalase

lactose on

MacConkey Indole Methyl red

Voges-

Proskuer citrate urease TSI slant/but H2S Motility
Bacteria
isolated

Pink Rod + - - - + + + y/y - +

Enterobacter

spp.

Pink - rod - + - - + + + y/y - - Klebsiella

Pink rod + + + + - - - y/y - + E. coli

Pale rod + - + + - + + R/Y - + Citrobacter spp.

Table 7: Gram negative isolates and their biochemical characteristics [35].

Figure 3: Biochemical test, gram stain and coagulase test results from left to right (IMViC test, gram positive and negative then coagulase
positive and negative results) shown during milk bacteriology study.

Conclusion and Recommendation
Smallholder dairy farms in Ethiopia particularly in regional and

zonal cities are alarmingly increasing because of high demand of milk
and milk product from resident. However, the existing farming system
which holds maximum of 10 or 15 cows per individual is not
satisfactory to fulfill the demand. Furthermore, farming system has a

major problem with regards to feed source, feed supply and the
amount given per animal was below the minimum standard, which
entails in reduction in production and reproduction in the farm. In
addition, snapshot observation on milk bacteriology has shown that
milk hygiene was poor and can result intoxication because of few
pathogenic spp.
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Therefore based on the above conclusion the following
recommendations are forwarded:

There must be strict policy that can ensure a minimum requirement
for the dairy farm to be established. Otherwise, everybody who has
many and shelter, but no grazing land will continue to establish, which
affect the environment as well as results in poor productivity.

Awareness of animal owner and stakeholder should be raised in
order to increase their management ability. As management
significantly affect productivity and reproductive in dairy farm.

Minimum standard should be set during milking and collection
center in order to minimize bacterial contamination.
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