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Abstract: A cross-sectional study was carried out in Somali Regional State of Ethiopia to investigate the 

hygienic milk handling practices, bacterial loads across different sampling points in the market chain from 

March 2013 to July 2014. The study employed questionnaire survey and bacteriological load analysis. One 

hundred and two (102) randomly selected milk producing households were interviewed for the survey-based 

study. A total of 120 [each 30 from udder, milking bucket, storage containers and market points] raw milk 

samples were also aseptically collected and tested for bacteriological load analysis. The overall mean plate 

count of aerobic mesophilic bacteria were 5.401log10cfu/ ml from udder, 8.132log10cfu/ ml from milking bucket, 

9.976log10cfu/ml from storage containers and 12.699log10cfu/ml  from market. There was an obviously steady 

increasing trend of plate counts throughout the value chain (P<0.05). 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 and the consumption of unpasteurized milk carries an important public health risk. 
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1. INTRODUCTION 

Milk is a compensatory part of daily diet especially for the expectant mothers as well as growing 

children.  It is virtually a sterile fluid when secreted into alveoli of udder. However, beyond this stage 

of production, microbial contamination might generally occur from three main sources: within the 

udder, exterior to the udder and from the surface of milk handling and storage equipments, but the 

surrounding air, feed, soil, faeces and grass are also possible sources of contamination [1].The 

demand of consumers for safe and high quality milk has placed a significant responsibility on dairy 

producers, retailers and manufacturers to produce and market safe milk and milk products [2, 3]. Milk 

and milk products have important role in feeding the rural and urban population owing to its high 

nutritional value. It is the most perfect single balanced food of high biological value in nature as it 

contains almost all ingredients of food in right proportion and in any easily digestible form. 

Wholesome milk and milk products have an important place in supplying potable, refreshing, 

nutritious, economical and convenient food for human being [4]. Milk is produced daily, sold for cash 

or readily processed. It is a cash crop in the milk shed areas that enables families to buy other food 

stuffs and significantly contributing to the household food security [5]. 

Raw or processed milk is a well-known good growth medium that supports the growth of several 

microorganisms because of its high water content, nearly neutral pH, and variety of available essential 

nutrients that renders it as one of the good media for microbial growth and multiplication [6, 7, 

8].Microorganisms may contaminate milk at various stages of procurement, processing and 

distribution. The ill health of the cow and its environment, improperly cleaned and sanitized milk 

handling equipment, and unhygienic workers who milk the cow could serve as sources of 

contamination [9, 10]. 
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Milking equipments, utensils, and storage tanks are the major source for psychrotropic contamination 

of raw milk. 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 of milk and 

various milk products takes place under unsanitary conditions and poor milk production practices 

[11]. Good numbers of studies have been conducted in Ethiopia to evaluate the hygienic milking 

practices with variable results a few of which include studies by [5, 12, 13, 14, 15, 16, 17]. 

On the other hand, significant variation in bacterial plate counts at different milk collection points was 

observed as evidenced by some studies in different parts of the country [1, 5, 15, 16].  

Even when drawn under aseptic condition, milk always contains microorganisms which are derived 

from the milk ducts in the udder, in addition contaminants coming from milking utensils. A range of 

bacteria (Bacillus subtilis, S. aureus, Salmonella spp, Lactobacillus sp and Streptococcus sp., 

coliforms, E. coli, Enterobacter sp., Klebsiella sp., Listeria sp., Corynebacterium sp., Lactobacillus 

sp., Pseudomonas sp., Acinetobacter sp., Flavibacterium sp.) could be isolated from raw cow’s milk 

[18,19,20]. 

Hygienic control of milk and milk products in Ethiopia is not usually conducted on routine bases. 

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 [10]. In the study area, milk and milk products 

are important for family consumption and as a source of income through sale of milk products. 

Consequently, the products must be of high hygienic quality. Though in less developed areas 

especially in hot tropics, the production of milk products with safe and high quality is important; Poor 

hygiene, practiced by milk handlers and milk products, may lead to the introduction of pathogenic 

microorganisms into the products. Since they do not undergo further processing before consumption, 

these foods may pose risk of infections /intoxications to the consumers [5]. Therefore, provision of 

milk and milk products of good hygienic quality is desirable from consumer health point of view [21].  

There is limited or no work undertaken so far to understand the hygienic practices during production 

and the microbiological quality of raw milk in Jigjiga City, which is essential to make improvement 

interventions.  

2. METHODS AND MATERIALS  

2.1. Study Area 

The study was conducted in Jigjiga city and its surroundings from March 2013 to January 2014, 

which is located at 628Km east of Addis Ababa. Jigjiga is the capital city of Ethiopian Somali 

Regional State located at 9
o 

20' north latitude and 42
o 

47' east longitude. The altitude of the district 

ranges from 900-1600 meters above sea level and receives an annual rainfall of 300-500mm with the 

mean minimum and maximum annual temperatures of 20
o
c and 28°C, respectively. The community in 

this region is pastoral and agro-pastoralist and there are large milk production from cows, camels and 

goats [22].  

2.2. Questionnaire Survey  

A Semi-structured questionnaire was used to assess the hygienic status of milk production, 

transportation and marketing. One hundred two (102) milking personnel and farm attendants located 

within10-21km around the city were interviewed. Consequently, the milk production, handling, 

hygienic practices employed, and others conditions thought to affect the hygienic quality of milk were 

assessed.  

2.3. Study Design 

A cross-sectional study design was formulated to determine the bacteriological quality and safety of 

raw cow’s milk in dairy cows of the mentioned study area.   

2.4. Study Population 

The study populations were raw cow’s milk from individual farmers’ cows in and around Jigjiga city. 

Each individual farmer does have one or more lactating local and/or crossbred cows which were a 

source of milk.   

2.5. Collection of Raw Milk Sample at Critical Control Points and Transportation 

This study had two parts: questionnaire Survey and bacteriological load analysis. One hundred and 

two (102) households that own at least one local milking cow were randomly selected to assess 
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hygienic practices of the milker during milking, means of cleaning of the storage container, hygienic 

condition of transporting container to market. Following this assessment, a total of 120 samples (30 

from each Critical Control Points i.e. from udder, milking bucket, storage container and at selling 

points) were collected in the morning for bacteriological load analysis (Table 3). 

Samples of fresh raw milk (250ml) were collected aseptically following the standard procedure 

described by [23]. Accordingly, mixed and transferred into sterile screw-capped sampling bottles (250 

ml capacities), which were then securely capped, labeled with permanent markers and kept in an ice 

box filled with ice packs and brought to Ethiopian Somali regional laboratory within 24 hours of 

sampling as described by [24], and it had kept in refrigerator at 4°C until the time of analysis and 

culturing was conducted within 24 hours as described by [25]. Milk Samples were taken from points 

considered to be associated with contamination or CCPs. 

2.6. Standard Plate Count [SPC] 

Ten ml from each sample of raw milk were transferred to 90ml sterile peptone water (0.1%) and 

thoroughly mixed to give 1:10 dilution 'first dilution. Serial dilutions were made by transferring 1ml 

of the previous dilution in 9ml of 0.1% peptone water. Aerobic Bacterial Count was made by 

incubating surface plated duplicate decimal dilutions of milk samples on Plate Count Agar (Oxid) 

plates.  Colonies were counted after the culture media is incubated at 30
0
C for 48-72hours. Total 

number of colonies on plates 30 to 300 per plates was selected and colonies were counted [16].   

2.7. Statistical Analysis  

Data collected for questionnaire survey and bacteriological quality analysis were entered and 

analyzed. Counts expressed as colony forming units (CFU/mm
3
) was transformed into log10 prior to 

statistical analysis using SPSS version 20. Both descriptive and analytical statistical methods were 

applied.  Frequency and percentages were computed to describe the relevant variables.  P-value of 

0.05 was taken as cut-off for statistical significance. 

2.8. Ethical Considerations 

Ethical clearance was obtained from the Ethical Clearance Committee of Jigjiga University and 

Ethiopian Somali Regional Health Bureau. Data at the households were collected with full consent of 

head of the households. The study objectives were clearly explained to the households and each 

household was assured that the information provided would be kept confidential and used only for the 

purpose of the research. 

3. RESULTS AND DISCUSSION 

3.1. Results 

3.1.1. Questionnaire Survey  

In this study, a total of 102 households were selected to assess the hygienic conditions, utilization of 

milk and milk products. All the households included in the study had heads of cattle that ranged from 

1 to 50. About 17.6% of respondents owned 10 head of cattle; 14% had 2 cattle, 12% of respondents 

had 8 cattle ranging from 2 to 50 cows. All respondents (100%) had milked their cows twice a day -

early in the morning and at evening. Milk produced was mainly used for family consumption (59%), 

while 41% of the respondents sold to local consumers. About 60.8% of the respondents used plastic 

bags for milk transportation, while 37.3% used pot/jar. An overwhelming proportion (96.1%) of the 

respondents has habits of raw cow milk consumption (Table1). 

In this study, about 92% of respondents had washed the udder before milking but only about 6% 

washed their hands between milking. Only 2% of respondents had washed the udder prior to the 

milking act and had never used warm water. The water sources used for cleaning purpose in 53% was 

tap water without detergent, while about 4% had used well water with detergents. All the interviewees 

did not use towel to dry udder after washing. About 74.5% of the respondents cleaned the barn once a 

day (Table 2). 

3.1.2. Standard Plate Counts (SPC)  

The mean ± standard error for standard plate counts [expressed in log 10cfu/ml] of raw milk sampled 

at four critical points are shown in Table 3. The overall mean count was 5.401, 8.132, 9.976 and 
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12.699log10cfu/ml for milk samples collected directly from the udder, milking bucket, storage 

containers and market points, respectively. Accordingly, the count increased by 2.7log10cfu/ml 

(66.7%) from point of production to milk samples taken from storage container at the farm. Similarly, 

SPC increased by1.84 log10cfu/ml (81.5%) from milking bucket to storage containers at the farm 

level. It also increased by 2.72log10cfu/ml (78.6%) from point of storage containers to arrival in 

market. Results showed very significant differences in plate counts (P< 0.05) between each CCPs 

(Table3). 

Table1. General information on milking and milk use in Jigjiga City and its surroundings 

Attributes Frequency [N=102] Percent [%] 

Milk used for  Family 60 58.8 

Processing plants 1 1.0 

Local consumers 35 34.3 

Milking frequency per day Twice a day 102 100.0 

Storage container type for transport Plastic bag 62 60.8 

Pot/jar 38 37.3 

Others 2 1.9 

Performing  milk quality test at 

collection centers 

Yes 98 96.1 

No 4 3.9 

Having habit of raw milk drinking Yes 98 96.1 

No 4 3.9 

Milking System 

                                                        

Hand 100 98.0 

Machine 2 2.0 

No of cows milked by one man 1-3 64 62.8 

4-6 18 17.7 

7-9 0 0.0 

10-12 0 0.0 

13-15 2 2.0 

Table2. Hygienic, sanitary practices followed during milking by the individual farmers in Jigjiga city 

Attributes Frequency [N=102] Percent [%] 

Hand Washing                              Before milking 

                                                      Between milking  

                                                      Using detergent 

94 

6 

7 

92.2% 

5.9% 

6.9% 

Hand Washing by:                         Tap water 

                                                       Well water 

                                                      With Detergent 

                                                       Combination 

54 

4 

14 

28 

52.9% 

3.9% 

13.7% 

27.5% 

Teat Cleaning By                           Detergent 2 2% 

Barn Cleaning                                Once 

                                                       Twice 

                                                       Not every day 

                                                      Four times a day 

                                                       Not at all 

76 

16 

2 

2 

2 

74.5% 

15.7% 

2.0% 

2.0% 

2.0% 

Teat Dipping 2 2.0% 

Use of Bactericidal Chemical 20 19.6% 

Use of Traditional Favorants on Transport Equipment 90 88.2% 

Smoking of Milk Handling Containers [%] 102 100% 

Table3.  Different variables of standard plate counts of milk samples collected from the four CCPs 

CCPs of 

Sampling 

N Min Max Mean [± S.E]  

log 10 cfu/ ml 

% increment 

/ decrement 

    

df 

95% CI for Mean P-value 

Lower Bound Upper Bound  

Udder 30 4.70 6.16 5.40 [0.09]  3 5.2114 5.5907 0.000 

Collection 

Bucket  

30 6.70 8.79 8.13 [0.113] 66.7% 7.9004 8.3654  

Storage 30 9.00 10.81 9.98 [0.114] 81.5% 9.7420 10.2093  

Market 30 11.60 14.49 12.70 [0.12] 78.6%  12.4593   12.9381  
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3.2. Discussions 

Milk is virtually a sterile fluid when secreted into alveoli of udder. However, beyond this stage of 

production, microbial contamination might generally occur from three main sources; within the udder, 

exterior to the udder and from the surface of milk handling and storage equipments. 

Cows in the study area are usually milked twice a day (100%). Comparable figures (95%) were 

reported by [5] from households in Southern Ethiopia.  About 75% of the respondents clean the barn 

once per day, while 16% clean two times a day. Comparable to this study [21] in Addis Ababa 

reported that about 87% of the respondents cleaned their barn on daily basis, while few (9%) of them 

cleaned only once or twice a week. Contrary to this work, study by [5] reported very low proportion 

(47%) of the respondents cleaned the barn three times a week, while 39% cleaned two times and only 

11.7% of them reported to clean daily.  

Cleaning the udder of cows before milking is important since it could have direct contact with the 

ground, urine, dung and feed refusals while resting. However, 92% of respondents did not use udder 

washing before milking and only about 2% of respondents had washed the udder prior to the milking 

act and had never used warm water in this study. This is in agreement with other reports [5; 12, 13, 

14]. Contrary to our finding, the works by [15] in Debre Zeit, [16] in Hawasa reported the households 

are practicing pre milking udder washing. [26] reported that cleaning of the udder before milking is 

important to remove both visible dirt and bacteria from the outer surface of the udder and to minimize 

contamination and produce good quality milk. Unless properly handled, milk can be contaminated by 

microorganisms at any point from production to consumption. The water sources used for cleaning 

purpose in 53% was well water without detergent, while about 4% had used well water with 

detergents.  All the interviewees did not use towel to dry udder after washing. Plus, most of the dairy 

cow owners cleaned milk equipments with cold water without detergent after each usage, which may 

lead to insufficient cleaning and hence could serve as a major cause of milk contamination. It was 

reported by [17] that pre-milking udder preparations play an important part in the contamination of 

milk during milking. 

Equipment used for milking, processing and storage determine the quality of milk and milk products. 

Over 60% of the interviewed households in the study area used plastic jars as milking utensil and 

remaining 40% used pots. The use of plastic and traditional containers can be a potential source for 

the contamination of milk by bacteria, because this allows the multiplication of bacteria on milk 

contact surfaces during the interval between milking. There may be difficulty of removing all milk 

residues from traditional containers that are porous by nature with the common cleaning systems. 

Producers need, therefore, to pay particular attention for the type as well as cleanliness of milk 

equipment. Milking equipment should be easy to clean. Aluminum and stainless steel equipment are 

mostly preferred. Similar concern was addressed by [5]. 

This study reveal that the overall mean count of total aerobic bacteria were 5.401, 8.132, 9.976 and 

12.699log10cfu/ml for milk samples collected directly from the udder, milking bucket, storage 

containers and at market, respectively. In agreement with our finding, reports by [16] in Hawasa 

showed that average counts of aerobic mesophilic bacteria from the udder, storage containers at farm 

gate, and selling points upon arrival, were 4.57, 7.28, and 10.28log10cfu/ml respectively. A 

comparable result reported by [15] in Addis Ababa that the  mean  total  aerobic  plate  counts  of  raw  

milk  samples  from  udder, collection bucket, storage  container, and upon  arrival  at processing  

plant were 5.322log10cfu/ml, 7.199 log10cfu/ml, 8.176 log10cfu/ml, and  9.754 log10cfu/ml 

respectively. In our finding, there was an increasing trend of total aerobic plate counts as the milk 

passed through udder, milking bucket, collection centers and upon arrival at the market (P<0.05). 

Accordingly, in our finding the SPC increased by 2.7329 log10cfu/ml (66.7%) from udder to milk 

samples taken from storage container. Similarly, SPC increased by 1.84 log10cfu/ml (81.5%) from 

milking bucket to storage containers; it also increased by 2.72log10cfu/ml (78.6%) from point of 

storage containers to arrival in market. Results showed very significant differences in plate counts 

between each CCPs (P<0.05). This is in agreement with report by [16] in Hawassa that Average 

counts of aerobic mesophilic bacteria increased by 2.71 log10cfu/ml from udder to milk sample taken 

from storage container, and it also increased by 3log10cfu/ml from storage containers to arrival in 

market (P<0.001). A similar increasing trend was observed from the work by [15] in Addis Ababa 
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increased by 2.854 log10cfu/ml from udder to milk samples taken from storage container; it also 

increased by 1.578 log10cfu/ml from storage containers to arrival at market. As reported by [1], there 

was significant difference (P<0.05) between counts of bacteria in raw milk collected from milk 

containers and milking buckets. In agreement with our result, [5] in Gurage zone revealed that the 

average aerobic mesophilic count of milk samples from storage container were 9.82log10 cfu/ml.  

The overall mean SPC observed in  the current  study  was  higher than  the maximum acceptable  

limits given for raw  milk  intended  for processing (1.0×10
5
cfu/ml or 5log10cfu/ml) and  direct  

human consumption (5.0×10
4
cfu/ml or 4.69897log10cfu/ml) [5]. This high level of contamination of 

milk might be due to initial contamination originating from the udder surface, quality of cleaning 

water, milking utensils and materials used for filtering the milk, poor hygienic practices during 

milking. Milk residues on equipment surfaces provide nutrients for growth and multiplication of 

bacteria that contaminate milk of subsequent milking. Cows with mastitis and failure to cool milk 

rapidly to <4.4°C and extremely hot and humid weather can also contribute to high SPC in raw milk 

[15].  

4. CONCLUSION  

Very poor dairy farm hygiene is observed in the study area. The habit of boiling milk before 

consumption in the study area is almost non-existent. The quality of milk sold and distributed in the 

study area indicates unacceptable levels of contamination with microorganisms that profoundly 

increase across CCPs. In conclusion, dairy cow owners should be educated on farm hygienic practices 

and consumption of boiled/pasteurized milks. Further studies that could incorporate isolation of milk 

contaminating bacteria to the species level should be done to evaluate the imminent danger posed by 

microbes from milks.  
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