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Abstract

A cross-sectional study was carried out from May 2014 to February 2015 to identify potential sources of raw cows’
milk contamination and assess its bacteriological quality, and investigate the bacteriological quality of fresh cows’
milk at different sampling points, in Jimma town. A total of 348 milk samples from udder, milking bucket, storage
containers and vendors were randomly collected. To determine the bacterial load in raw milk samples, standard
plate count test (SPC), coliform counts (CC), somatic cell counts (SCC), and california mastitis test (CMT) were
conducted. The overall mean value of total bacterial counts (TBC) and coliform counts (CC) were 6.76logo
CFU/ml and 4.57 logio CFU/ml respectively. The mean TBC were 5.87 £ 0.09 logio CFU/ml, 6.14 £ 0.07 logio
CFU/ml, 7.39 £ 0.13 logio CFU/ml, and 7.63 £ 0.06 log;o CFU/ml at udder, milking bucket, storage container and
milk vendor levels respectively. The mean CC from udder, milking bucket, storage container and vendor were
3.14 £0.09 logio CFU/ml, 4.08 £ 0.07 logio CFU/ml, 5.07 + 0.23 logio CFU/ml and 6.00 = 0.21 logio CFU/ml
respectively. The difference in the mean TBC and CC at each sampling points were statistically significant
(P=0.001). Among the investigated sampling points, the highest level of contamination in terms of TBC and CC
was at vendor level. Factors that contributed to poor quality of milk were unhygienic milking procedures, lack of
potable water, dirty milking environment and use of unclean milking and storage containers. According to
international standards, TBC, CC and SCC have values above the upper limits set. The results of the current study
indicated that the cow milk produced and distributed in the study area can generally be considered as substandard
in quality. Therefore, it is important to put in place an improved hygienic practice at all levels in the dairy to
improve the quality of cows’ milk.

Keywords: Coliform Count, Milk Quality, Total Bacterial Count.

DOI: 10.7176/FSQM/104-04

Publication date: January 31% 2021

1. Introduction

Livestock farming in general and milk production in particular still play an important socioeconomic role in
developing countries (Hamid and Owni, 2007). In Ethiopia, it assures food security for low-income urban and
peri-urban population and provides a livelihood fora number of peoples who would otherwise be unable to
establish other businesses (Eshetu, 2008; Aseffa, 2010). Although the country has the largest livestock population
in Africa, performance in the production of the major food commodities of livestock origin has been poor. This is
due to factors such as poor management systems like feeding, housing, watering, and treating of diseased animal,
poor marketing access, weak infrastructures, poor genetic improvement, and poor disease control (Befekadu and
Birhanu, 2000).

Ethiopia has great potential for dairy development due to its favorable climate for improved, high-yielding
animal breeds, and landholdings and integration with crop production as criterion, for livestock production
(Mohammed et al., 2004). Milk and milk products are among the most important food products with an animal
origin. It is an important source of nutrients to human and animals. It is meant to be the first and the only food for
the offspring of mammals as is almost complete food (Pandey and Voskuil, 2011). It is a balanced form of food
for building and maintaining the human and animal body as well (Park, 2009).

As milk and milk products play an important role in human nutrition throughout the world, the products must
be of high hygienic quality (Soomro et al., 2003). In less developed areas and especially in hot tropics high quality
of safe product is most important but not easily accomplished. This is required since milk and milk products are
highly susceptible to variety of microorganisms and serves as an excellent culture medium for the growth and
multiplication of several microorganisms due to their complex biochemical composition and high water
content(Kivaria et al., 2006a).
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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 like Ethiopia, where production of milk and various milk products takes
place under unsanitary conditions and poor production practices (Yilma 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 or bacterial load. Different quality tests can be performed through quantifying bacterial
population and other microorganisms present in milk and milk products, the major ones being total bacterial count
and coliform count (Biruk et al., 2009).

Microorganism may contaminate milk at various stages of procurement, processing and distribution. This
contamination could arise from the cow’s udder, barn, milk collection equipment, feed, soil, faces, grass, long
duration of transportation, various ingredients added to dairy products and dairy farm workers (Wubete,
2004;Kaloreu et al., 2007; Parekh et al.,2008;Garedew et al., 2012). Bacterial contamination of milk not only
reduces the nutritional quality but also consumption of such milk threatens health of the society (Nanu et al., 2007).
Bacteriological safety of milk continues to be a topic of concern in the dairy industry and public health
communities. In general, in order to provide safe and healthy milk products, the Hazard Analysis and Critical
Control Points (HACCP) system should be implemented starting from milk collection, through processing and
storage. Microbial exposure assessments are critical components of the risk analysis (Oliver, 2009).

The safety and quality of the milk produced by small scale dairy farmers who are the predominant players in
the dairy industry has to be guaranteed in order to enable them retain and access convectional markets; considering
that consumers were willing to pay more for improved milk safety and quality attributes (Makokha and Fadiga,
2009).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 milkers (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 ef al., 2009).

Ethiopia, as a developing country, faces many challenges in producing quality products that are safe for
consumption. In the country, there is no standard hygienic condition followed by producers during milk production
(Yilma and Faye, 2006). The hygienic conditions are different according to the production system, adapted
practices, level of awareness, and availability of resources (Yilma, 2003). Hygienic quality control of milk and
milk products in Ethiopia is not usually conducted on routine basis. Apart from this, door-to-door raw milk delivery
in the urban and peri-urban areas is commonly practiced with virtually no quality control at all levels (Godefay
and Molla, 2000).

In the country, there is a constant challenge to those involved in milk production to prevent or minimize the
entry and subsequent growth of microorganisms in milk. This is mainly due to the absence of hygienic practices
in dairy farm areas that affect the quality of dairy products (Gonfa et al., 2001).Recent study conducted in different
part of Ethiopia, reported that microbial load of the total bacterial counts and coliform counts obtained from the
storage containers at farm level and distribution containers upon arrival at selling points were higher than the
acceptable limits. This indicates that milk was produced poor hygienically and the equipment’s not kept clean
(Abebe et al., 2012; Welearegay et al., 2012).Moreover, pervious study conducted yet concerning the
microbiological quality of cow milk on dairy farm level in Kersa District, Jimma zone reported that quality and
safety of raw cows’ milk is compromised by contamination from different sources (Tadesse and Bacha, 2014). But
there is no study yet conducted on quality of raw milk along dairy value chain from farm to selling point in Jimma
town where there are relatively large number of dairy farms.

In Jimma town, milk and milk products represent an important place in the nutrition of consumers as well as
nutrition and income of producers. Although milk and milk products represent an important place, there is paucity
of information on quality of raw cow’s milk in Jimma town. Therefore, this study was designed to fill this gap
with the following general and specific objectives:

1.1. General objective:
e To identify potential sources of raw cows’ milk contamination and assess its bacteriological quality in
Jimma town.

1.2. The specific objectives:
e To investigate the quality of fresh cows’ milk at different sampling points
e To identify sources of contamination of fresh cows’ milk at different sampling points

2. Materials and methods

2.1. Study area

The study was conducted in Jimma town of Oromia Regional State, South-Western, Ethiopia. Jimma is located at
355km South-West of Addis Ababa, the Ethiopian capital, at 7° 41°N latitude and 36° 50’ E longitude and has an
altitude of 1704 meters above sea level. The area is characterized by a humid tropical climate of heavy annual
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rainfall that ranges from1200-2000 mm per annum. About 80% of the total annual rainfall is received during rainy
season, which extends from May to early September. The mean annual maximum and minimum temperature
ranges from 6°C and 31°C respectively, with an overall average of 18.7°C (Alemu et al., 2011).Based on the 2007
Population and Housing Census conducted by the Central Statistical Agency of Ethiopia, this town has a total
population of 120,960, of whom 60,824 are men and 60,136 women. Mixed crop-livestock production system is
the main form of agriculture in the area. Although the area is mainly known for its coffee production but crop and
livestock production are important agricultural activities as well (Tolosa et al., 2013).Milk is produced in small
dairy farms established in the city and sold to collection centers and milk retailers and/or to consumers(Tolosa et
al., 2013).

2.2. Study population

The study animals were dairy cattle’s from selected dairy farms in Jimma. The average herd size in study farms
were 12 lactating cows, ranges minimum 6 to maximum 16 lactating Holstein-Friesian cross-breed cows managed
under indoor and outdoor management system. The estimated daily milk yield was 7 to 9.5 liters/cow/day. The
milk collection centers and vendors were used for bulk milk sampling. Milk is delivered to the nearest milk
collection centers of their association twice a day. From collection centers, milk sold to the local consumers,
cafeterias or selling point. Jimma town has one dairy cooperative, 8 collection centers and 35vendors. The milk
collection center owners and the vendors were informed on the purpose of the study prior to sample collection
through the dairy co-operative. The time of milk collection from the centers was either during the morning from
8:30 to 9:30am or in late afternoon from 4:00 to 5:30 pm.

2.3. Study design

A cross-sectional study was carried out from May 2014 to February 2015. Bulk milk samples were collected from
three points of milk suppliers (dairy farms, collection centers and vendors) which were expected to be the major
risk areas where contamination can take place as many people may share the pooled product. Raw milk samples
were taken from the udder, milking bucket, storage containers at collection center and vendor 3 times from each
point.

2.4. Sampling procedures

The sampling frame of all dairy farms was obtained from Jimma town dairy producers and marketing cooperative
societies. From a total of 52 small holder dairy farms, a recruitment exercise was made to identify a willing dairy
farm owners, from these 25 of them were selected randomly. The randomly selected farms that supply their milk
to the selected four collection centers were used as sources of samples for this study. Twelve vendors were
randomly selected which receives milk mostly from the selected farms and also milk from various production
farms. From each farm, three individuals milking cows were randomly selected at randomly selected farms and
quarter milk samples were directly collected into sterile screw bottles following the protocol described in National
Mastitis Council guidelines (NMC, 1999). Samples were collected from all sampling points at every two month
intervals for a period of 6 months. A total of 348 milk samples were collected from the various sampling points

(Table 1).

Table 1: Number of samples of raw milk collected from each samplingpoint
Sampling period Udder Bucket Collection center Vendor Total
August-October 75 25 4 12 116
November-December 75 25 4 12 116
January-February 75 25 4 12 116
Total 225 75 12 36 348

2.5. Study methodology

2.5.1. Structured questionnaire survey

A structured questionnaire (Annex 1) were administered to randomly selected dairy owners or workers (milking
personnel and attendants of the farms) to assess associated potential risk factors that might influence the quality
of milk. Risk factors include bedding conditions of the barn (categorized as concert, wood shaving and soil),
frequency of barn cleaning in a day, type of water (potable water or well water),water used for teat and udder
washing purpose (warm potable, cold potable, warm well or cold well water), milk handlers (categorized as
washing hand before milking, after milking, before and after milking and didn’t do), sanitation of containers,
availability of transportation facility, and types of storage facilities (categorized as aluminum, plastic and metal
container) for milking, storage and processing of milk. Assessment of local fresh milk production and the
marketing chain (from the cow’s udder to the selling points) were assessed.

2.5.2. Milk samples collection and transportation

Milk samples were collected from different sampling points: i.e., directly from the teat during milking, milking
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bucket at farm level, storage containers at milk collection center, and vendor. Before sampling of milk, the udder
and teats were cleaned and dried using 68% ethyl alcohol. Then milk was collected after discarding the first 3
streams of milk. Prior to sampling from milking bucket and transport containers, milk samples in the bulk
containers were agitated and samples were taken from the top of the bulk milk witha sanitized dipper.
Approximately, 25 ml of bulk milk was collected aseptically in sterile plastic containers (Jorgensen et al., 2005).At
all levels of sampling, the sampling bottles were capped, labeled with a permanent marker and placed in ice box
and transported to the laboratory. The collected samples were handled aseptically in the laboratory to
prevent/minimize the contamination. All samples were kept in an ice box and transported to the Mastitis and Milk
Quality Laboratory of Jimma University, School of Veterinary Medicine and kept under refrigeration at 4°C until
processed for microbiological analysis. The milk samples were cultured within 24 hours as described by Quinn et
al. (1999).

2.6. Analysis of milk samples

2.6.1. Specific gravity

The specific gravity (SG) was used to check the adulteration of milk. A SG of milk was measured byfilling the
milk sufficiently in the cylinder. The lactometer was held at the tip, and lowered; gently in to the milk. The
lactometer was allowed to float freely until it rest. The lactometer was read at the top of the meniscus. Immediately,
the temperature of the milk was checked to be 20°C. Finally, the SG was determined using appropriate correction
factors (O’Connor, 1995).

2.6.2. California mastitis test

The california mastitis test (CMT) was conducted to screen the presence of subclinical mastitis. A squirt of milk
sample was placed in each of four shallow cups in the CMT paddle and an equal amount of the reagent was added
in accordance with the manufacturer’s guidelines (Delval mastitis test CMT, Poland). A gentle circular motion
was applied in a horizontal plane. Positive samples showed gel formation within a few seconds. The result was
scored based on the gel formation and categorized as negative if there was no gel formation, or positive if there
was gel formation of various degrees. For instance, 0 for negative, T for trace, 1 for weak positive, 2 for distinct
positive and 3 for strong positive according to Quinn et al. (1999).

2.6.3. Somatic cell count (SCC)

The somatic cell count (SCC) was used as an indicator of milk quality. The lower the SCC in the milk, the higher
the quality of milk and vice versa. Somatic cells are animal body cells present in normal milk in few numbers. It’s
presence in high levels indicative of intra-mammary infection (IMI). Bulk milk somatic cell count was measured
by using Delval direct cell counter (DeLaval, 2004). A100ul milk samples was placed into a special cassette and
mixed a reagent, reacts with the nuclei of somatic cells and optic density was measured. The optical density was
recorded as an image, and that image was used to determine the number of somatic density was cells in the milk
which visible in Delval cell counter (DCC) within a minute. Then the numbers observed were recorded as the
number of somatic cells for a particular sample.

2.6.4. Alcohol test

This is a simple and quick test used on fresh milk to indicate whether it forms curdle or not forms curdle by using
the procedures recommended by O' Connor (1994). Briefly, five ml of milk and 68% of alcohol (ethanol) were
placed in test tubes. The test tubes were inverted several times with the thumb held tightly over the open end of
the tube and examined for the formation of curdle particles. If it forms curdle, the milk developed acidity and
considered as positive result to alcohol test.

2.6.5. Clot-on-boiling test

The test is simple, quick and cheap, which used to determine whether the milk is likely to clotting, coagulation or
precipitation during heat processing by using the procedures recommended (O' Connor, 1994). Five ml of milk
was placed in test tubes and then it was placed in a boiling water bath for five minutes. Then, the test tubes were
carefully removed from the water bath and examined for the presence of coagulation or precipitation of milk on
the side of test tubes. If precipitation was formed, the milk has failed the test and it recorded as positive result to
clot on boiling test and it suggesting that milk was sour or acidic, which was not fit for further processing.

2.6.6. Determination of milk quality

2.6.6.1. Standard plate count (SPC)

Standard plate count (SPC) method was used to assess the number of viable bacterial load in milk and graded in
to different categories according to its bacterial content. Standard plate count (total bacterial count) was made by
adding 1 ml of milk sample with sterile disposable pipette into sterile test tube having 9 ml buffered peptone water.
After thoroughly mixing, the sample was serial tenfold diluted from 10! to 10 and duplicate samples (1ml) were
pour plated using 12-15 ml melted standard plate count agar (Oxoid, UK) solution and mixed thoroughly. The
plated sample was allowed to solidify and then incubated at 37°C for 24-48 hours. Quantification of colonies was
done following incubation, plates exhibiting 25-250 colonies were counted for TBC using colony counter. The
average number of colonies in a particular dilution was multiplied by the dilution factor to obtain the TBC. The
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counts for each plate were expressed as the colony forming units per ml (CFU/ml) of samplesof the standard
procedures, according to recommendation of American Public Health Association (1992).
2.6.6.2. Coliform count (CC)
Coliform count (CC) was performed by adding 1 ml of milk sample into sterile test tube having 9 ml buffered
peptone water. After mixing the samples were serially diluted up to 107 to 10-°and duplicated samples (1ml) were
plated using 12-15 ml the selective and differential medium Violet Red Bile Agar (VRBA) (Oxid, UK). After
thoroughly mixing, the plated sample was allowed to solidify and then incubated at 37°C for 24-48 hours. After
incubation, plates exhibiting 10-100 colonies counted, which were dark red characteristics for CC using colony
counter and the total number of colonies found was multiplied by the dilution factor according to standard
procedures by American Public Health Association (1992).
After counting and recording bacterial colonies for both counts (TBC and CC) on selected plates, the number of
bacteria in 1 milliliter of milk was calculated (APHA, 1992).
N=_>colonies
[(n1x1) + (0.1xn2)] x d
Where: N = number of colonies per milliliter of milk,

>C = sum of colonies on plates counted,

nl= number of plates on lower dilution counted,
n2 = number of plates in next higher dilution counted and
d = dilution factor of the lower dilution counted

2.7. Data management and analysis

Microsoft Excel spread sheet was used for raw data base establishment and management. Descriptive statistics
such as minimum, maximum, mean, percentage, and frequency distributions were used to compute the data by
using Statistical Package for Social Science(SPSS, 2010) version 16.0(SPSS Inc. Chicago). The Logio
transformation of bacterial count was done before the analysis of bacterial counts. The analysis of variances test
(ANOVA) was used to show the association between mean of bacterial counts at different sampling points, and
the effect of sources on bacterial counts. The significance of differences (p<0.05) of the mean microbial count was
evaluated with one way ANOVA. Relationship between different factors for microbial contamination in raw milk
was computed against TBC and CC. For all analysis, statistical significance was established at 95% confidence
interval and p<0.05.

3. RESULTS

3.1. Description of milk production system

All farms included in this study had ranged from 6 to 16 cross-breeds (Holstein Friesian with indigenous) lactating
dairy cows. Wheat bran, hay, straw and grass were some of the feed items in the farms. The selling time of milk
was two times a day (morning and afternoon).

None of the collection centers used alcohol test for milk quality checking. Cooling system was not used in
both collection centers and milk vendors. Milk was stored in plastic containers until distributed or sold to the local
customers, shops or cafeterias. All the milk collection centers were located along roadsides that could likely expose
the milk to dust contamination created by moving vehicles. Almost all vendors were using plastic containers for
milk storage and processing purpose.

Milking was done in the barn by hand in all farms by male workers and none of the farms had cooling systems
and transportation facility. Twelve percent and 60% of the farms were used metal and plastic containers for
milking, storage and processing, respectively. The milk passes through different plastic containers before reaching
to the consumers. Most dairy farms did not use sieves. In almost all the farms, the floor of the house, cleanliness
of the milking house, milking personnel, milking and storage containers, udder and teat preparation and water used
for these purposes were poor. Milkers were not seen washing of hands between cows in all farms. Most farms
(84%) did not use teat dip and towel but very few of the farms use a common towel. Only (8%) and (16%) of farms
were used warm well water and warm potable water for udder washing purpose respectively. In addition, most
farms were milking in a cow barn (Table 2).
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Table 2: Hygienic practices of dairy farms in Jimma

Farm practices Numbers of farms Percentage (%)
Frequency of barn cleaning
1-2 times per day 19 76
3-4 times per day 6 24
Water used for washing teat and udder
Warm potable water 4 16
Cold potable water 2 8
Warm well water 2 8
Cold well water 17 68
Use teat dip and towel to clean teat before milking
Yes 4 16
No 21 84
Dry hand before milking
Yes 4 16
No 21 84
Cows milking takes place
In barn 23 92
In milking room 2 8
Types of storage container
Aluminum 7 28
Plastic 15 60
Metal 3 12
Types of bedding in farms
Concerte 4 20
Woody shaving 13 48
Soil 8 32
Time of washing hands
Before milking 6 24
After milking 12 48
Before and after milking 3 12
Didnot wash at all 4 16

4.2. Milk analysis

4.2.1. Specific gravity, alcohol and boiling tests

The majority (95%) of the milk samples in this study had specific gravity values between 1.027and 1.031 which
was acceptable range. Only (5%) of the milk samples had specific gravity below 1.025 which was an indicative of
adulteration. All milk samples at collection centers and at the same time at vendors level were found to be positive
to alcohol and boiling tests.

4.2.2. California mastitis test (CMT)

Ninety two percent of milk samples (n=25) examined were positive to CMT. Accordingly, 1(4%) trace, 3 (12%)
weak, 4 (16%) distinct and 15 (60%) of samples were strongly positive for CMT which was indicative of mastitis.
4.2.3 Milk quality indicator tests

4.2.3.1. Total bacterial counts and coliform counts

The overall mean total bacterial count (TBC) and coliform count (CC)of cow’s milk were 6.76 log;o CFU/ml and
4.57 logio CFU/ml respectively. The total viable counts varied from 0 to 7.93 logio CFU/ml at udder, 3.57 to 7.80
logio CFU/ml at milking bucket, 6.87 to 7.83 logio CFU/ml storage containers at collection centerand 5.61 to
7.831logio CFU/ml at vendor level. Results of analysis of variance indicated that there were statistically significant
differences (p=0.001) in total bacterial counts of milk at udder, milking bucket, storage containers at collection
center and vendor. The mean + standard error of coliform counts in udder, milking bucket, collection center and
vendor were3.14 + 0.09 logio CFU/m1,4.08+0.07 logio CFU/ml, 5.07 + 0.23 logio CFU/ml and 6.00 + 0.21 logio
CFU/ml respectively. There was an increasing trend of coliform counts as the milk passed through udder, milking
bucket, collection centers and vendors. Results of analysis of variance indicated that there were statistically
significant difference (p=0.001) in coliform counts between the sampling points (Table 3).
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Table 3: Minimum, maximum and mean (+standard error) of total bacterial counts (TBC) and coliform counts
(CC) of milk samples (logio CFU/ml) in the four sampling points

Type of counts Samp.pt No. Minimum Maximum Mean (£S.E) P-value
TBC 0.001
Udder 225 0 7.93 5.87(0.09)
Bucket 75 3.57 7.80 6.14 (0.07)
C.center 12 6.64 7.83 7.39 (0.13)
Vendor 36 5.61 7.83 7.63 (0.06)
Total 348 3.57 7.82 6.76 (0.06)
cC 0.001
Udder 225 0 5.20 3.14 (0.09)
Bucket 75 0 5.71 4.08 (0.07)
C.center 12 0 6.65 5.07 (0.23)
Vendor 36 4 6.65 6.00 (0.21)
Total 348 0 6.05 4.57(0.07)

TBC: Total bacterial count, CC: Coliform count, C. center: Collection center, S.E: Standard error, log;oCFU/ml:
Logarithm in base 10 of colony forming unit per ml, No.: number of raw milk samples, Samp.pt: sampling points

Figure 3: Shows colonies of total bacterial count in PCA media

The mean + standard error of total bacterial counts and coliform counts (expressed in log;o CFU/ml) of raw
milk sampled from the three sources were shown (Table 4). Milk samples collected from vendors were higher
bacterial load (TBC and CC) than milk samples collected from dairy farms. Results of analysis of variance
indicated that there were statistically significant differences in mean TBC and CC (p=0.001) between the three
sources of sampling.
Table 4: Summary of mean (+standard error) for TBC and CC (expressed in logio CFU/ml) of bulk milk samples
based on the source of samples excluding udder

Type of counts Sources Mean (£S.E) 95% CI for mean P-value
TBC 0.001
Farm 6.14 (0.07) (5.99, 6.27)
C. center 7.39 (0.13) (7.12,7.67)
Vendor 7.63 (0.06) (7.49, 7.76)
CcC 0.001
Farm 4.08 (0.07) (3.93,4.21)
C. center 5.07 (0.23) (4.56, 5.60)
Vendor 6.00 (0.21) (5.58, 6.42)

TBC: Total bacterial count, CC: Coliform count, £S.E: standard error, CI: Confidence interval
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Figure 4: Shows coliform counts under colony counter
Accordingly our finding, the mean TBC was increased by (1.25 logio CFU/ml) from milking bucket (farm)

to storage containers of milk samples taken at collection center. Similarly, mean TBC was increased by (1.49

log1oCFU/ml) from point of milking bucket to vendor. The mean difference of CCbetween the groups of critical

points of farm to vendor was (0.93 logio CFU/ml)(Table 5).

Table 5: Comparisons of mean (+standard error) TBC and CC(logio CFU/ml) to see themean difference between

the sources

Source Source Mean difference (#S.E) 95% CI P-value
TBC
Farm Vendor 1.49 (0.81) (1.93,1.05) 0.001
C.center 1.25 (0.31) (1.98, 0.52) 0.001
Vendor Farm 1.49 (0.18) (1.05, 1.94) 0.001
C.center 0.24 (0.35) (0.59,1.06) 0.77
C.center Farm 1.25 (0.31) (0.52,1.98) 0.001
Vendor 0.24 (0.35) (1.06, 0.59) 0.77
CcC
Farm Vendor 0.93 (0.20) (2.40, 1.45) 0.001
C.center 0.99 (0.33) (1.78,0.21) 0.001
Vendor Farm 1.93 (0.20) (1.45, 2.40) 0.001
C.center 0.93 (0.37) (0.04, 1.81) 0.03
C.center Farm 0.99 (0.33) (0.21, 1.78) 0.001
Vendor 0.93 (0.37) (1.81, 0.04) 0.03

One -Way ANOVA test(Post hoc test), mean difference is significant at 0.05 levels

The mean +standard error for total bacterial counts and coliform counts(log;o CFU/ml) at three different
periods of sampling were presented (Table 6).The difference in mean total bacterial counts of milk at the udder
level and storage containers at the collection center were statistically significance difference(p<0.05) among the
different sampling periods.
Table 6: Mean (+standard error) of TBC and CC of raw milk at different sampling points and periods of sampling
(10g10 CFU/ml)

Type of counts  Sampling point  August-October November-December  January-February  P-value

TBC Udder 5.72(0.17) 5.83(0.14) 6.37(0.13) 0.01
Bucket 6.50 (0.12) 6.34 (0.11) 6.32(0.10) 0.99
C.center 7.70 (0.06) 7.59 (0.07) 6.87 (0.20) 0.03
Vendor 7.68(0.10) 7.53(0.18) 7.72 (0.04) 0.51
cC Udder 3.09 (0.16) 3.24(0.15) 3.11(0.09) 0.85
Bucket 4.39 (0.13) 4.47(0.13) 420 (0.12) 0.38
C. center 4.91(0.62) 5.00 (0.00) 5.31(0.45) 0.81
Vendor 6.18 (0.21) 5.68 (0.55) 6.15(0.19) 0.56

TBC: total bacterial count, CC: coliform counts, C. center: collection center

Fifty six percent of raw milk samples from udder, 65.4% of bulk milk from milking bucket, 100% of bulk
milk from storage containers at collection center and from vendors had counts above 4x10°CFU/ml which was
higher than the international standard set for acceptable total bacterial counts and were graded as poor quality. In
the case of coliform count, 80.5% from udder, 96% from milking bucket, 100% from storage containers at
collection center and from vendors had counts greater than 1.50x10> CFU/ml which was regarded as poor quality
as per international standard(EU) set for acceptable coliform counts(Table 7).
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Table7: Quality of milk samples categorized on the basis of bacterial loadunder three grades (quality) (%) based
on international standard set

Type of counts Point of sampling No. Very good quality Fairy quality Poor quality

TBC Udder 225 46 (20.5) 52 (23) 127 (56.5)
Bucket 75 10 (13.3) 16 (21.3) 49 (65.4)
C.center 12 0(0) 0 (0) 12 (100)
Vendor 36 0(0) 0 (0) 36 (100)

cC Udder 225 21(9.3) 23(10.2) 181 (80.5)
Bucket 75 2(27) 1(1.3) 72 (96)
C.center 12 0(0) 0 (0) 12 (100)
Vendor 36 0(0) 0 (0) 36 (100)

Recommended values (EU), TBC= Very good quality=<1x103CFU/ml, Fair quality=1x10°-4x10° CFU/ml, Poor
quality=>4x10°CFU/ml, CC= Very good quality = <50 CFU/ml, Fair quality=50-150 CFU/ml, Poor
quality=>1.50x10?>CFU/ml, No.: number of raw milk samples
4.2.3.2. Somatic cell counts
The numbers of milk samples falling into different categories of SCC were presented (Table 10).Thirty seven
percent of milk samples had somatic cell counts between 4x10°-75x10* cells/ml which was higher than the
European standard set for acceptable range (group 3).Only (2.7%) of samples showed cell counts between 2x103
and 4x10° cells/ml (group 2) which was acceptable level for human consumption according to the EU (Table 8).
Table 8: Somatic cell counts in raw milk samples (cells/ml) categorized based on EU standard set

Cells/mISCC distribution from udder samples (%) Farms (n=25)(%)

Group 1<2x10%0 (0) 0 (0)
Group2  2x10%-4x10%2 (2.7) 2(8)

Group 34x105-7.5x10528 (37.3) 9 (36)
Group4  >7.5x10%5 (60) 14(56)

4.2.3.3. Risk factors associated with bacterial counts

In our study, milk samples collected from dairy farms thatused well water for washing purpose had higher mean
TBC (6.26 logio CFU/ml) than farmsthose using potable water (5.53 logio CFU/ml). The mean TBC was associated
with source of water and the difference was statisticallysignificant (p<0.05). The influence of type of bedding,
place of milking, udder cleaning practice and time of washing hands on TBC was statistically significant (p<0.05)
(Table 9).

Table 9:Variation in mean TBCat udder level (Mean £S.E) (logio CFU/ml) among raw  milk samples collected
under different variables

Variables No. Mean (£S.E) 95% of CI for Mean P- value
Source of water 0.001
Potable water 93 5.53(0.14) (5.24,5.82)

Well water 132 6.26 (0.10) (6.03, 6.44)

Time of washing hands 0.01
Before milking 101 6.06 (0.14) (5.77, 6.35)

After milking 67 6.11(0.13) (5.84, 6.35)

Before and after milking 24 5.33(0.22) (4.87,579)

Didn’t wash at all 33 5.67 (0.16) (5.33,6.10)

Water used for teat and udder washing 0.001
Warm potable water 36 5.52(0.23) (5.05, 5.99)

Cold potable water 21 6.66 (0.26) (6.11, 7.20)

Warm well water 15 4.87 (0.14) (4.56, 5.18)

Cold well water 153 6.07 (0.11) (5.83, 6.30)

Type of bedding in farm 0.001
Wood shaving 110 6.18 (0.11) (5.94, 6.42)

Soil 70 5.86 (0.18) (5.48, 6.22)

Concert 45 5.29 (0.15) (4.97, 5.61)

+S.E: standard error, CI: confidence interval, No.: number of raw milk samples

Milk samples taken from dairy farms that were washed their hand before milking, and before and after milking
had lower mean TBC (6.02and 5.86 logio CFU/ml) than those samples that were washed hand after milking and
did not do(6.36and 6.64log o CFU/ml). The result also revealed that there was a statistically significant variation
for TBC between samples collected from dairy farms those milkers dry hands by towel before milking and farms
those didn’t do by which milk samples from dairy farms those milkers dry hands by towel before milking had
lower bacterial count (5.89 logi10CFU/ml) than those from farms didn’t do (6.27 logi0CFU/ml) (Table 10).
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Table 10: Variation in mean TBC at farm level (Mean +S.E) (logio CFU/ml) among bulk milk samples collected
under different variables

Variables No. Mean (£S.E) 95% CI for mean P-value
Milk storage containers 0.03
Aluminum container 21 5.92(0.12) (5.67,6.17)

Plastic container 45 6.45 (0.09) (6.12, 6.50)

Metal container 9 6.00 (0.20) (5.57, 6.38)

Source of water 0.03
Potable water 26 6.02(0.08) (5.58, 6.20)

Well water 49 6.35(0.11) (6.11, 6.59)

Time of washing hand 0.04
Before milking 39 6.02 (0.10) (5.82,6.22)

After milking 18 6.36 (0.16) (5.91, 6.56)

Before and after milking 8 5.86 (0.20) (5.44, 6.28)

Didn’t wash at all 10 6.64 (0.16) (6.29, 6.99)

Type of bedding in farm 0.04
Wood shaving 38 6.50 (0.10) (6.09, 6.50)

Soil 23 6.10 (0.17) (5.68, 6.39)

Concert 14 5.92(0.11) (5.68, 6.15)

Hand dry by towel before milking 0.04
Yes 13 5.89(0.14) (5.62, 6.14)

No 62 6.27 (0.08) (6.05, 6.38)

No.: number of raw milk samples, CI: confidence interval

In this study, samples from dairy farms that used well water had higher mean CC (3.46 logioCFU/ml)
compared to those using potable water (2.94 logi;o CFU/ml). In addition, milk samples taken from farms where
milking takes place in barn had higher bacterial load (3.19 log;o CFU/ml) than those milked in milking room (2.35
logio CFU/ml). The difference in mean CC of milk at udder level was statistically significant in all of the assessed
variables (p<0.05) (Table 11).
Tablel1: Variations in mean CC at udder level (Mean=S.E) (logio CFU/ml) among raw milk samples collected
under different variables

Variables No. Mean(£S.E) 95% CI for mean P- value
Source of water 0.04
Potable water 93 2.94 (0.14) (2.65,3.23)

Well water 132 3.46 (0.12) (3.05, 3.55)

Place of milking 0.03
In milking room 18 2.35(0.34) (1.61, 3.09)

In barn 207 3.19 (0.09) (3.00, 3.38)

Time of hand washing 0.01
Before milking 101 3.10(0.27) (2.53, 3.65)

After milking 67 3.31(0.18) (2.94, 3.66)

Before and after milking 24 2.35(0.28) (2.53, 3.69)

Didn’t wash at all 33 3.15(0.13) (2.89,3.41)

5. DISCUSSION

The safety of dairy products with respect to food-borne diseases is a great concern around the world in general and
in developing countries like Ethiopia in particular, where the production of milk and milk products take place
under unsanitary conditions and poor production practices (Wubete, 2004; Yilma and Faye, 2006).

Proper udder preparation and teats antiseptic is important to reduce the contamination that could arise from
direct contact with the ground, urine, dung and feed refusals while resting (Ruegg, 2003). In this study, most of
the farms (84%) did not use teat dip and towel to clean teat and udder before milking. However, few dairy owners
used a common towel for all cows in share to dry the udders. This reuse of towel for cleaning may recontaminate
the udder. In addition, most dairy cow owner’s (68%) in the present study cleaned their cows' teat and udder only
with cold well water and did not perform the cleaning sufficiently and hence could serve as a major cause of milk
contamination. Similar findings were also reported (Galton, 1986; Gonfa et al., 2001) that insufficiently cleaning
the udder before milking and lack of other pre-milking hygienic preparations plays an important role in the
contamination of milk during milking.

Containers used for milking, storage and processing determine the quality of milk and milk products (Bonfoh,
2003). The result identified in our study was very much related to the type and cleanliness of the milk containers
used for milking, storage and transportation. Majority (60%) of the farms in the current study used for storage and
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transportation purpose were plastic container and washing the bottom and inner corners of this material was
difficult and thus may lead to sticking of milk residues. This end up rapidly builds up of microorganism
consequently contaminating the milk on subsequent uses. Similar observations were also reported in Ethiopia
(Abebe et al., 2012) and other countries (Kivaria et al., 2006a; Bukuku, 2013; Shija, 2013) in which high microbial
load in milk were correlated with narrow necked plastic containers used in handling of milk. Also in the current
study, the milk vendors transfer small quantities of milks in to big container while receiving milk, agrees with
Bonfoh et al. (2003) who reported handling of small quantities of milk with a big container (small milk volume to
container ratio) contributes to high level of contamination of milk.

The acceptable limit for total bacterial counts(TBC), coliform counts (CC) and somatic cell counts (SCC)for
raw milk in developed world (American and European community member states: EU) are between 2x10° and
4x10° CFU/ml, 1.50x10> CFU/ml, and<2x10°and between 2x10° and 4x10°cells /ml respectively (APHA,
1992;Hillerton et al., 2004). However, (56.5%) of the milk samples from udder, (65.4%) from the bucket at farm
level, and (100%) from storage containers at collection center and vendor in this study had TBC greater than 4 x
10° CFU/m. While the CC,(80.5%) of the raw milk samples from udder, (96%) from bucket and (100%) from
storage containers at collection center and transportation containers upon arrival at selling point (vendor) had
counts greater than the acceptable limit for quality and graded as poor quality which was not fit for further
processing. Ninety seven percent of the milk samples from the farms had SCC greater than the acceptable limit
and graded as poor quality. In general milk presented for the consumer in Jimma town had a high bacterial loads
and cell counts. This indicative of the prevailing substandard milk handling practices (Biruk et al., 2009). This
agrees with the work of Fatineer al. (2012),Reda et al. (2014) and Mesfine et al. (2015) in Ethiopia and elsewhere,
Al-Tahiri (2005) in Jordan,Kivaria et al. (2006a) in Tanzania, and Parekh and Subhash (2008) in India, who
reported higher bacterial counts that exceeds the acceptable limit.

The overall mean total bacterial count (TBC) (6.76 logio CFU/ml)of cow’s milk in the study area was higher
than the acceptable value by American Public Health Association (1992) which is (5.3-5.6 logio CFU/ml),and the
current result was in agreement with the findings of the previous works in Ethiopia by Ashenafi and Beyene (1994)
(6.65 logio CFU/ml),Yilma and Fay (2006) (6.97 and 6.81 logio CFU/ml), Debebe (2010) (6.98 logio CFU/ml),
Yigrem and Welearegay(2015)(6.79 logio CFU/ml) from Hawassa, and Mesfine et al. (2015)(6.76 logio CFU/ml)
in Dire Dawa. Apart from Ethiopia, the current result was comparable to the findings ofRai and Dawvedi (1990)
6.68 logio CFU/ml from India, and AbdElrahman (2009) (6.63 logio CFU/ml) from Sudan. However, this finding
was higher than the previous works in Ethiopia by Fekadu (1994) (3-5.7 logio0CFU/ml)from Adeno, Gulgula and
Dongora districts of Southern Ethiopia, Asrat (2010) (6.36 logio CFU/ml) from Wolaytazone and Welearegay et
al.(2012) (4.571ogio CFU/ml) from Hawassa, and also higher than the previous works in other countries by Ombui
et al. (1995) (5 logio CFU/ml) from Kenya, Esther et al. (2004) (6 logio CFU/ml) from Botswana and Stulova et
al. (2010) (4.43 1og10CFU/ml) from Estonia. Possible reasons for the high total bacterial counts could be poor
udder preparation, unhygienic milking procedures and inferior quality of water used for cleaning equipments, dirty
milking environment, and time elapsed since milking for storing and transporting without utilization of
refrigerator.

In this study, the mean TBC (7.39 logio CFU/ml) and CC (5.07 logio CFU/ml) of raw milk fromstorage
containers at collection center was comparable with findings ofWubete (2004) (7.32 logiy CFU/ml) from
DebreZeit, Alganesh et al. (2007) (7.3logio CFU/ml) from Wollega,Tassew and Seifu (2011) (7.58 logio CFU/ml)
from Bahir Dar Zuria and Mecha district, Bonfoh (2003) (7 logio CFU/ml) from Mali and Esther et al. (2004) (7.47
logio CFU/ml) from Botswana. However, the current result of TBC was higher than the reports of Fekadu (1994)
(6 logio CFU/ml) from southern region, Godefay and Molla(2000) (4.04 log;¢oCFU/mland (6.60 logio CFU/ml)
around Addis Ababa, and Aberra (2010) (6.89 logio CFU/ml) in and around Addis Ababa. The mean CC of raw
milk, in this study, was higher than the reports of Godefay and Molla (2000) (4.11 to 4.85 logio CFU/ml) from
Addis Ababa, and Alganesh et al. (2007) (4.46 logio CFU/ml) from East Wallega, Ethiopia. The higher counts
imply the sanitary conditions in which milk has been produced and handled are substandard.

The mean TBC (7.63 logio CFU/ml) and CC (6.0 log;o CFU/ml) of raw milk at vendor level obtained in this
study was inline with previous findings by Haile (1989) (7.24-7.87 logio CFU/ml), DeGraaf et al. (1997) (7.58
logio CFU/ml), and Ghilu et al. (2012) (7.6 logio CFU/ml), but lower than the previous reports by Welearegay et
al.(2012)(10.28 logio CFU/ml). The mean CC of raw milk in this study wasin agreement with findings of previous
study by Welearegay et al. (2012) (6.5 logio CFU/ml). However, the mean CC was higher than the reports of Yilma
and Faye (2006) (5.41 logio CFU/ml),Nanuet al. (2007) (3.2 logioCFU/ml),Yilma (2012) (4.58 log CFU/ml), and
Dehinenet et al. (2013) (4.47 logi1oCFU/ml).

The overall mean coliform count (CC) of cow’s milk in the study area was (4.57 logio CFU/ml) and this
finding was higher than acceptable value by American Public Health Association (1992) which is (2.17 logio
CFU/ml). The coliform count obtained in the current study was comparable with that reported elsewhere in
Ethiopiaby Godifay and Molla (2000) (4.84 logio CFU/ml), Alganesh et al. (2007) (4.46 logio CFU/ml), Derese
(2008) (4.84 logioCFU/ml) from Bahir Dar, Tassew and Seifu (2011) (4.47 log;oCFU/ml), Asaminew and Eyassu
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(2011) (4.49 logio CFU/ml),and Negash et al. (2012) (4.37 logio CFU/ml). This finding also agrees with the
findings from East Africa Ombui ef al. (1995) (4.68 logio CFU/ml) from Kenya. However, the mean CC of raw
milk in this study was lower than the good number of previous reports in the country by Wubete (2004) (6.1 logio
CFU/ml), Yilma and Faye (2006) (6.56 logioCFU/ml) from central highlands of Ethiopia, Gemechu et al.
(2014)(4.991o0g1o CFU/ml) from Shashemen town and Tadesse and Bacha(2012) (5.82 logio CFU/ml)from Kersa
District, Jimma Zone. But the mean CC of raw milk in this study was lower than the reports from other countries
by Bonfoh (2003) from Mali, Rai and Dawvedi (1990) from India (5.89 logjy CFU/ml and 6.68 log;y CFU/ml),
and Mosselet al. (1982) (5.8 logio CFU/ml) from Khartum. However, the coliform count obtained in the current
study was higher than the report from the previous study done in different parts of Ethiopia byFekadu (1994) (3.8,
4.0 and 3.8 logio CFU/ml), Abebe et al. (2012) (4.03 logio CFU/ml), Mosu et al. (2013) (1.82 logio CFU/ml),
Mesfineet al. (2015) (1.24 log;o CFU/ml). The higher coliform counts observed in this study in general, could be
due to poor hygienic practices during production and subsequent handling, since they are mainly of fecal origin
the initial contamination of the milk samples either from the milking cows (related with subclinical coliform
mastitis, improper udder preparation, negligence on post-milking teat dipping and lack of herd health
management), the milkers (improper hand washing, and fecal contamination), milk containers (improper cleaning
with contaminated water and absence of detergents and/or disinfectants to wash), the milking environment
(contamination from dust), and improper handling of milk (improperly washed or contaminated utensil for
handling and storing milk).

The higher values found in this study for both TBC and CC as compared to the previous reports and EU and
USA standards were attributed to the cumulative results of milk contamination at different levels while milk was
passing through the different sampling points. Factors that could potentially contribute to the contamination of
milk in this study include, poor pre-milking udder preparation, insufficient cleaning of milkers’ hands, milking
utensils and storage containers, lack of potable water for washing purpose, storage and transport time after the
milk leaves the dairy farms, and handling of milk by different plastic containers may cause the contamination of
milk higher, since the increased use of plastic containers also increased the chance of contamination as most plastic
containers have characteristics that make them unsuitable for milk handling. Because plastics containers are easily
scrape or cut and provide suitable or hiding places for bacteria during cleaning and sanitization and they are poor
conductor of heat that will hinder effective sanitization by heat (Godefay and Molla, 2000). Milk produced under
hygienic conditions from healthy cows should not contain more than 103> CFU/ml for TBC and 1.50x10>*CFU/ml
for CC(O’ Connor, 1994). The presence of high numbers of coliforms in milk also indicates that the milk has been
contaminated with fecal materials, unclean udder and teats of cows,use of improperly washed milking equipment,
poor hygiene of the milking environments, unsanitary milking practices, contaminated water and cows with
subclinical or clinical coliform mastitis can all lead to elevated coliform count in raw milk (Jayarao et al.,2004).

In this study, udder milk had better bacteriological quality relatively when comparing with other sampling
points, because it was not subjected to further contamination after milking. The continuous contamination of raw
milk as the milk passed through different points was evidenced by statistically significant increment of both counts
of TBC and CC from the initial point of milk production to selling point. The first contamination occurred during
milking due to insufficient udder preparations, followed by contaminations from milking bucket and milkers’ hand
at farm level. In addition, contamination of milk occurred as the milk was transported to the milk collection centers
and handled at the milk collection centers due to lack of cold chain, use of milk containers lacking tight sealing,
handling of milk with unclean hands and equipment. Further contamination occurred as milk was transported to
the selling point without any cold chain facility for long time elapsed, high exposure to dusts and pathogenic
organisms from the environment and lack of refrigeration facility throughout the critical point (O’Connor, 1995;
Godefay and Molla, 2000).

The mean total bacterial counts of the samples collected during the first sampling period at udder level were
significantly different from the counts of the samples collected during the third sampling period (Table 8). Also
the mean TBC of the samples collected during first sampling period significantly (p<0.05) differed from the counts
of the samples collected from collection center during the third sampling period. The seasonal value indicated that
temperature of the environment also matters in the microbial quality of milk. It was observed that the load or mean
of bacterial counts were high in raw milk in all sampling periods (seasons) when compared with legal acceptable
limits set (EU). The high microbial load indicated poor udder health of the cows and the unhygienic practices
prevailing at the production level. Proceeding time and environmental condition during transportation plus
unhygienic practices in milking process allows favorable growth of microorganism increasing microbial load.

The results of screening for mastitis using CMT indicated that 92% of the samples were positive for mastitis.
Mastitis infection might have contributed a lot to the many bacterial species isolated and high bacterial counts of
milk samples found in this study. This may render milk unsuitable for human consumption and this poses an impact
on economy and human healthy (Radostitis et al., 2007). An increasing in cell counts (SCC) is indicative of
increased inflammation and has a negative influence on the quality of raw milk. If mastitis is with no visible sign,
it is termed as subclinical mastitis (SCM). The SCM is always related to low milk production, changes to milk
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consistency (density), reduced possibility of adequate milk processing, low protein and high risk for milk hygiene
since it may even contain pathogenic organisms (Sharma et al., 2011). Milk from dairy animals infected with
mastitis generally has higher total bacteria counts and somatic cell counts than milk from uninfected animals. In
generally the contribution of mastiticudder in the bacterial quality of cow’s milk is an established fact and
therefore, adequate control of mastitis (udder health programs at a herd level) could help to enhance the production
of high quality dairy products (Bhutto ez al., 2010; Mekbib ez al., 2010).

Poor hygiene, practiced by handlers of milk and milk products, may lead to the introduction of pathogenic
micro-organisms into the milk products and if there is further processing before consumption, these foods may
pose risk to the consumers. Therefore, provision of milk and milk products of good hygienic quality is desirable
from consumer health point of view (Yilma, 2010).According to Yilma and Faye (2006) the first step to set a high
quality product with longer shelf life is to make sure that the production and handling is hygienic, which will result
in fewer spoilage organisms in the products.

6. Conclusion and recommendations

Clean milk could only be obtained if effective sanitary measures are taken starting from the point of milk
withdrawn from the cow until it reaches the consumers. The results obtained in this study showed that milk
available to consumer in Jimma town has poor quality. Measurable increased in total bacterial counts and coliform
counts throughout all sampling points were indicated. The major factors that contributed to poor quality of milk
in the study area were poor hygienic standard, insufficient cleaning of milkers hand and milking equipment, use
of poor quality (well water) for cleaning of udder, milking utensils and storage containers, absence of cold chains
facility and handling of milk by plastic containers. Furthermore, the result showed that the milk samples collected
from farms, collection centers and vendors were subjected to microbial contamination. High bacterial loads, the
presence of several pathogenic bacteria in milk samples not only affect the milk quality but also definitely pose a
safety issue to consumer. The difference between TBC and coliform counts and bacterial isolates at different
sampling points clearly demonstrated exogenous sources of milk bacterial contamination. The current study
indicated majority of raw milk samples from the udder, bucket and all the samples from storage containers and
vendors had higher bacterial counts and coliform counts which was above acceptable limit set by American and
European community member states (EU). The somatic cell counts (SCC) of bulk milk samples from almost all
farms had higher cell counts than acceptable limit suggesting the prevalence of subclinical mastitis..

Based on the above conclusion the following recommendations are forwarded:

e  Awareness should be created along dairy cow owners, collection centers and vendors on the importance
of' good hygienic milk production to reduce the level of bacterial contamination using the available limited
resource.

e There is need to create farmers awareness to improve their efforts in preventing and controlling mastitis.

e The use of locally available milk cooling system at all milk handling points is essential to improve the

quality of milk.
e Providing milk cooling system at affordable prices is required at least at the collection centers and at
vendors.
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