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INTRODUCTION

Milk is one of the most precious natural materials and has
been a basic component of human food for a long time
(Edgar, 1998). It also provides an excellent medium for
the growth of bacteria which may spoil the milk or render
it unsafe for human consumption or unfit for further
processing (O’Connor, 1994). The initial microbiological
quality of milk can vary substantially based on factors
such as the health of the animal, the sanitary condition of
the milking environment and the milker (Biruk et al.,
2009). Microbial contamination of milk can therefore
originate from within the udder; the exterior of the teats
and udder; and from the milk handling and storage
equipment (Chambers, 2002; Biruk et al., 2009).

The safety of dairy products with respect to food-borne
diseases is a great concern around the world. This is
especially true in developing countries where production
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of milk and various dairy products take place under rather
unsanitary conditions and poor production practices
(Mogessie, 1990; Zelalem and Faye, 2006; Alganesh et
al., 2007; Asaminew and Eyassu, 2011). A commonly
used procedure to measure the sanitary quality of milk is
to estimate its bacterial content. Different quality tests
can be performed through quantifying bacterial popula-
tion and other microorganisms present in milk and milk
products, the major ones being aerobic mesophilic
bacterial count (total bacterial count) and coliform count
(Biruk et al., 2009).

On the other hand, the solid components of milk mainly
fat and protein make milk an economically and nutri-
tionally important asset (Zelalem et al., 2004). Similarly
according to O’'Connor (1994), the compositional quality
may be ascertained by measuring the fat, protein and
total solids content. Milk composition is affected by a
number of factors including genetic and environmental
factors (O’Connor, 1994). The factors responsible for
variations in milk composition include breed and
individuality of the cow, strain, interval between milking,
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stage of lactation, age and health of the cow, feeding
regime and completeness of milking (O’'Connor, 1994,
McDonald et al.,, 1995; Zelalem et al., 2004). There is
scanty information on the microbial properties and
chemical composition of raw milk in the country (Ethiopia)
in general and in the study area in particular. The
objective of this study was to assess microbial quality and
chemical composition of raw milk collected from East
Shoa and West Arsi zones of Oromia Regional State,
Central Rift Valley of Ethiopia.

MATERIALS AND METHODS
Study area

The study was conducted in three districts of East Shoa zone
(Adama, Lume and Adami Tulu Jido Kombolcha) and two districts
of West Arsi zone (Arsi Negele and Shashemene) of Oromia
Regional State, Ethiopia. These five districts were purposively
selected since they are potential areas for milk production. The
districts are found in the Mid-Rift Valley of Ethiopia. The altitudes of
these areas range from 1500 to 2300 m above sea level and have a
semi-arid type of climate. The Mid-Rift Valley has an erratic,
unreliable and low rainfall averaging between 500 and 900 mm per
annum. The rainfall is bimodal with the short rains from February to
May and long rains from June to September. The predominant
production system in these areas is mixed crop-livestock farming.
Cattle are the most important livestock species in the areas
(Lemma, 2004).

Milk sampling procedure

Milk samples were collected in June 2010, from households
producing milk from local and crossbred cows. A total of 60
samples (12 from each district) for microbiological analysis and 48
samples (12 from each district excluding Shashemene district) for
chemical analysis were collected aseptically in sterile bottles, kept
in an ice box (at < 5C) and delivered to laboratory for analysis
within 8 to 22 h of sampling.

Microbial analysis

A total of 60 milk samples were collected from individual house-
holds. The microbial analysis considered were total bacterial counts
(TBC) and coliform counts (CC). For the determination of both
counts, peptone water was sterilized by autoclaving at 121<C for 15
min. Similarly the Standard Plate Count Agar (SPCA) (Oxoid) used
for determination of total bacterial counts was sterilized by
autoclaving at 121 for 15 min, while the Violet Red Bile Agar
(VRBA) (Oxoid) used for determination of coliform counts was
sterilized by boiling (Richardson, 1985). The media used were
prepared according to the guidelines given by the manufacturers.

Total bacterial count

Briefly, 1 ml of milk sample was added into sterile test tube having 9
ml peptone water. Appropriate decimal dilution of milk samples
were pour-plated on 15-20 ml SPCA solution and mixed thoroughly.
The plated sample was allowed to solidify and then incubated at
30°C for 48 h. Colony counts were made using colony counter
(Marth, 1978).

Coliform count

In brief, 1 ml of milk sample was added into sterile test tube having
9 ml peptone water. Appropriate decimal dilutions of milk samples
were pour-plated on 15-20 ml Violet Red Bile Agar solution (VRBA).
After thoroughly mixing, the plated sample was allowed to solidify
and then incubated at 30T for 24 h. Finally, colony counts were
made using colony counter (Marth, 1978). Typical dark red colonies
were considered as coliform colonies.

Chemical analysis

Fat, protein and solid-not-fat (SNF) percents were determined with
calibrated milk analyzer (EKOMILK, Milkana KAM 98-2A). A total of
48 (26 from indigenous Arsi zebu and 22 from crossbred cows)
samples were analyzed for chemical composition.

Statistical analysis

The number of microorganisms (colony forming unit) per milliliter of
milk was calculated using the following mathematical formula
(APHA, 1992):

N=3%c/(1xn; +0.1xny)d

Where N is the number of colonies per milliliter of milk, >c is the
sum of colonies on plates counted, n; is the number of plates on the
lower dilution counted, n, is the number of plates in next higher
dilution counted and d is the dilution from which the first counts are
obtained. Total bacterial and coliform counts were log transformed
before statistical analysis in order to make the frequency
distribution more symmetrical. The transformed value and the
chemical composition values were analyzed using the General
Linear Model (GLM) for least square mean in Statistical Analysis
Software (SAS) version 9.0 (SAS, 2002). A fixed effect model was
used to estimate the effects of location on the microbial quality and
chemical composition of milk. The Least Significant Difference
(LSD) test was used to separate the means and differences were
considered significant at P < 0.05.

RESULTS AND DISCUSSION

Microbial quality of milk

Results of coliform and total bacterial counts of the study
area are presented in Table 1. According to the result
obtained, total bacterial counts were significantly different
(P<0.05) by locations and it was generally high as com-
pared to the acceptable level of 1 x 10° bacteria per ml of
raw milk (O'Connor, 1994). This implies that the sanitary
conditions in which milk has been produced and handled
are substandard, subjecting the product to microbial
contamination and multiplication (Biruk et al., 2009). Total
bacterial count in the present study (7.08 + 0.07 ml™) is
comparable with the result of Alganesh et al. (2007)
which indicated 7.60 mI™* in milk sampled from a small
scale producer in East Wollega. The present result is also
comparable with the finding of Asaminew and Eyassu
(2011) who reported 7.58 mlI* in cow milk sampled from
around Bahir Dar and Mecha district. The result of current
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Table 1. Microbial quality of raw milk (LSM + SE) collected from five districts.

. Districts
Variables - Mean CV% LSD SL
Shashemene  Arsi Negele ATJIK Adama Lume
N 12 12 12 12 12 60
CC (ml™ 4.41+0.02%° 4.44+013% 4.16+0.10° 4.46+0.12* 4.26+0.08% 435+0.06 10.61 0.38 NS
TBC (M) 6.88+0.20° 7.18+0.13* 7.16+0.13® 6.80+0.16" 7.41+0.12° 7.08+0.07 7.35 043 *

Means with different superscripts within the same raw are significantly (P<0.05) different. N = Number of observation; ATIK = Adami Tulu Jido
Kombolcha; CC = coliform counts; TBC = total bacterial counts; CV = coefficient of variation; LSD = least significant difference; SL = significant

level; NS = not significant; *= Significant (P<0.05).

Table 2. Chemical composition of raw milk (LSM + SE) collected from four districts.

Districts

Variables - Mean CV% LSD SL
Arsi Negele ATJIK Adama Lume

N 12 12 12 12 48

Fat (%) 6.21+0.39%° 545+0.33" 5.24+034® 503+0.39" 548+0.19 23.00 1.08 *

Protein (%) 350 +0.05% 3.48+0.05° 3.43+0.06° 3.43+0.11° 3.46+0.04 747 021 NS

Solid-not-fat (%) 9.22+0.13* 9.08+0.10° 9.05+0.16*° 9.05+0.31° 9.10#0.09 7.38 055 NS

Means with different superscripts within the same raw are significantly (P<0.05) different. N = Number of observation; ATJK = Adami Tulu
Jido Kombolcha; CV = coefficient of variation; LSD = least significant difference; SL = significant Level, NS=Not Significant, *= Significant

(P<0.05).

study, on the other hand, was slightly lower than the
result of Zelalem and Faye (2006) who reported total
bacterial count of 8.34, 8.63 and 8.18 ml™ , respectively
on milk samples collected from small scale, large scale
producers and research centers.

Generally, the higher total bacterial counts are the
indication of a diseased udder, unsanitary handling of
milk, or unfavorable storage temperatures (Benson,
2001; Biruk et al., 2009). Coliform counts did not show
significant difference (P>0.05) among districts (Table.1).
The average coliform counts in the present study
(4.3510.06) is comparable with the finding of Alganesh et
al. (2007) which reported average coliform counts of 4.46
ml™in milk samples collected from small holder producers
in East Wollega. It is also comparable with the result of
Asaminew and Eyassu (2011) which reported mean
coliform count of 4.49 mI™* in milk sampled from around
Bahir Dar and Mecha district. On the other hand, the
result of this study was lower than the report of Zelalem
and Faye (2006) obtaining higher coliform count of
6.57ml™ for cows’ milk collected from different producers
in the central highland of Ethiopia.

Coliform counts can indicate fecal contamination or
contamination from equipment that has not been properly
cleaned and sanitized (Schmidt, 2008; Bintsis et al.,
2008; Biruk et al., 2009). Therefore, the higher coliform
count observed in general, could be due to the initial
contamination of the raw milk samples either from the
cows, the milkers, milk containers and the milking
environment.

Chemical composition of milk

Table 2 shows the result of fat, protein and solid-not-fat
(SNF) percents in the study area. Protein and SNF
percents of milk did not show significant differences
(P>0.05) among districts. The current result for fat, SNF
and protein were 5.48 + 0.19, 9.10 + 0.09 and 3.46 +
0.04, respectively (Table 2). The current result have
similarity with the results obtained by Rehrahie and
Yohannes (2000) which reported 5.88% fat and 9.27%
SNF, but a little higher than 2.67% protein. The result of
fat, protein and solid-not-fat (SNF) percents in the current
study was respectively lower than, comparable and
higher than the finding of Alganesh et al. (2007) obtaining
6.05% fat, 3.31% protein and 8.22% SNF. The result of
present finding was also comparable with the result of
Zelalem et al. (2004) in terms of fat and protein percents,
indicating 5.43 and 3.17%, respectively, but to some
extent higher in terms of SNF (8.43%). Fat and protein
present in the current study fall within the acceptable
range which is between 2.5 to 6.0% and between 2.9 to
5.0% for fat and protein respectively (O’Connor, 1994).
Moreover, there was significance difference (P<0.05)
between breeds and among districts for fat percent.
Accordingly, local Arsi zebu cows (5.87 + 0.25%) were
observed to have high fat percent than crossbred cows
(5.02 £ 0.25%). This could be due to the exotic blood
level of the crosses (they contain 50 to 75% Holstein
Friesians blood level). The genetic factor of both breeds
may contribute to the higher percent of fat for crossbred
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cows. Friesians contains about 3.5% fat and zebu cows
can give milk containing up to 7% fat (O’Connor, 1994).
As far as districts are concerned, significant differences
might be due to the difference in terms of available feed
resources in the respective districts.

Conclusions

The higher coliform counts and total bacterial counts
observed in the present study could be due to
contamination of raw milk samples either from the cow,
the milker, milk container and the milking environment.
Therefore, sanitary measures should be installed at all
stages starting from production to consumption in the
study area since milk is a known vehicle for a number of
human pathogens. However, the chemical compositions
of the milk collected from all districts met the acceptable
standards; this requires further investigation with different
level and type of feeds across the season.
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