
Abstract

Introduction

A cross-sectional study was carried out from January to April 2018, to determine the presence of Escherichia coli in raw milk from 
in dairy farms of Bishoftu. A total of 50 samples were collected from dairy cow and processed bacteriologically and the isolate were 
tested with a number of biochemical tests for confirmation and identification of E. coli. The study revealed that 42% of the collected 
raw milk were contaminated with E. coli. Besides, all E. coli isolates exhibited bright pink color with lactose fermentation on Mac-
Conkey agar plates, metallic sheen on Eosin Methylene Blue agar plate and gram-negative, pink-colored, small rod-shaped organisms 
arranged in single with pairs or short chains on Gram’s staining. In this study, there was significat (p< 0.05) association between the 
body condition, age, and breed of the cow with the isolates of E. coli. In conclusion, the presence and consumption of raw milk may 
constitute a public health hazard and reduced milk quality due to E. coli. Thus, health professionals should create awearness about 
milk handling practice, storage and milking process to Dairy farmer and milk collectors.
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Milk is considered a complete and nutritious food for the new-born 
mammal and human beings, but it is considered as a good medium 
for many microorganisms (Leedom, 2006). Raw untreated milk is 
still used by large number of farm families and workers and by a 
growing segment of the general population who believe that the 
milk is not only safe but also imparts beneficial health effects that 
are destroyed by pasteurization (LeJeune and Rajala-Schultz, 2009). 
For this reason, utilization of both raw untreated milk and raw milk 
cheeses has frequently been associated with food-borne illness. 
Especially, developing countries are mostly affected by food-borne 
infections (Carbas et al., 2012; Bedasa et al., 2018) because of the 

prevailing poor food handling and sanitation practices, inadequate 
food safety regulatory systems, lack of financial resources to invest 
in safer equipment, and lack of education for food-handlers (FAO 
and WHO, 2004; Oliver, 2005).

The consumption of raw milk and its products is common in Ethio-
pia, which lead to the transmission of various diseases (Shunda et 
al., 2013). The ability of raw milk to support the growth of several 
pathogenic microorganisms that can lead to spoilage of the product 
and infections in consumers (Yilma and Faye, 2006; Abera, 2008). 
Numerous epidemiological reports have implicated raw milk is usu-
ally colonized by a variety of zoonotic foodborne pathogens such as 
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Among the major infectious agents, E. coli has been associated with 
milk and some of dairy products (Abebe et al., 2014; Bedasa et al., 
2018). E. coli is Gram-negative, facultative anaerobic, rod-shaped 
and highly motile bacteria that belong to the family Enterobacteri-
aceae, and a normal inhabitant of the intestines of animals and hu-
mans (Tchaptchet and Hansen, 2011, Virpari et al., 2013, Asmelash, 
2015) but its recovery from food may be of public health concern 
due to the possible presence of enteropathogenic and/or toxigenic 
strains which lead to wide variety of enteric and extraintestinal dis-
eases in animals (Fairbrother et al. 2002, Asmelash, 2015). 

E. coli have several types of strains that are divided into six groups 
of pathotypes based on the mechanism of disease cause. Entero-
pathogenic E. coli (EPEC), Attaching and effacing E. coli (A/EEC), 
Enterotoxigenic E. coli (ETEC), Enteroinvasive E. coli (EIEC), EHEC 
and Enteroaggregative E. coli (EAEC). E. coli strains that produce 
the Stx toxins have been referred to as Vero Toxin-producing E. coli 
(VTEC), Shiga-toxigenic E. coli (STEC) and enterohaemorrhagic E. 
coli (EHEC) (Karmali, 1989; Nataro and Kaper, 1998; Asmelash, 
2015; Saba et al., 2015).

Even though milk represents an important food in consumers’ nu-
trition as well as in the nutrition and income of producers, there is 
limited work so far undertaken regarding the isolation and iden-
tification of E.coli from raw cow milk in Bishoftu town. Therefore, 
this was done in the manner of studying the occurrence of E. coli in 
raw milk samples through a series of biochemical tests.

The study was conducted to isolate and identify Escherichia coli 
from raw milk of bovine in selected dairy farms of central Bishoftu. 
The study area was selected based on the abundance of dairy farms 
in the area. 

Privately owns small holder dairy farms and state dairy farms lo-
cated in Bishoftu town were involved in the study population. The 
study considered apparently healthy lactating dairy cows, of differ-
ent breed of cattle at different age category.

A cross-sectional study was conducted from January to April 2018 
to isolate and identify E. coli from raw cow milk from selected 
dairy farms of Bishoftu, Ethiopia. The farms were selected by using 
simple random sampling strategies based on data obtained from 
the Bishoftu town Agricultural and natural resource development 
office, department of livestock and fishery. A total of 50 samples 
of raw milk were collected from the selected dairy farms. Data re-
garding the different host risk factors (age, breed and body condi-
tion) were collected from apparently healthy lactating dairy cows 
based on the clinical examination of the animal.

E. coli O157: H7 are toxigenic strains that cause life threating syn-
dromes and resulted in an estimated 74,000 cases and 61 deaths 
annually in USA as a result of outbreaks arising from consumption 
of contaminated cattle products, especially meat and raw milk (Be-
dasa et al., 2018). Later, outbreaks were traced to other dairy prod-
ucts such as yogurt and cheese (Doyle et al., 2006; Mora et al., 2007). 
Escherichia coli O15 7:H7 has also been found in the intestines of 
healthy cattle, deer, goats, and sheep. However, cattle have been 
identified as a major reservoir of E. coli O157: H7 and consumption 
of foods of cattle origin such as beef and dairy products have been 
associated with some of the largest food poisoning outbreak s in 
which this organism was identified as the etiologic agent (Acha and 
Szyfress, 2001; Rey et al., 2003; Perelle et al., 2007).

Study Area

Study Animal

Study Design and Sampling Strategy

Detection of E. coli O157: H7 is dependent on distinguishing the 
pathogenic serotypes from normal fecal flora containing com-
mensal strains of E. coli (Battisti et al., 2006; Woynshet, 2014).

Campylobacter jejuni, enterohaemorragic Escherichia coli, Salmo-
nella typhimurium, Listeria monocytogenes, Staphylococcus aureus 
and Yersinia enterocolitica. These pathogens have been originated 
from environment in the farm, mixing clean milk with mastitis milk, 
manure, soil, and contaminated water (Gwida and EL-Gohary, 2013; 
Nigatu et al., 2017).

Fortunately, E. coli O157: H7 has two unusual biochemical markers; 
delayed fermentation of D-sorbitol and lack of β-D-glucuronidase 
activity, which help to phenotypically separate E. coli O157: H7 iso-
lates from nonpathogenic E. coli strains. One of these markers (de-
layed sorbitol fermentation) enables to develop of several selective 
media (Sorbitol-MacConkey) which aid in the initial recognition of 
suspicious colonies isolated from bloody stools (Woynshet, 2014). 
Detection of E. coli O157: H7 from food samples requires enrich-
ment and isolation with selective and/or indicator media, but lacks 
specificity to identify STEC (Ji-Yeon et al., 2005). 

Materials and Methods
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Raw milk samples were collected from lactating of dairy cows. Dur-
ing sampling, the sample was collected aseptically and put in to 
sterile screw capped bottle and kept in an ice box containing ice 
packs and taken immediately to microbiology laboratory for bac-
teriological analysis. Then the sample was stored over night in re-
frigerator at 4°C and processed within 24hr of sampling. Isolation 
and identification of bacteria was done according to the techniques 
recommended by Quinn et al., 2002.

The results of the present study revealed that out of 50 samples, 20 
samples were found to be positive for E. coli. Isolates were charac-
terized as bright pink color on MacConkey agar plates (Figure 1A) 
and showed blue-greenish metallic sheen on EMB agar plate (Fig-
ure 1B). Upon Gram’s staining of the isolates under 100x using light 
microscope, pink-colored, small rod-shaped organisms arranged in 
single, pairs or short-chain were identified (Figure 1C).

The biochemical characteristics of E. coli isolate showed positive 
for catalase, Methyl red and indole test but negative for Voges-
Proskauer, urease, and citrate. In addition, reactions in TSI agar 
slant revealed yellow but with gas and production of hydrogen 
sulfide was observed. Almost all the isolates of E. coli fermented 
lactose, sucrose and glucose with the production of both acid and 
gas (Table 1).

Milk Sample Collection 

Bacteriological Examination of Milk Sample

Isolation and Identification of Escherichia coli 

Culturing was carried out according to standard protocols ISO 
-16654: 2001. The milk samples were stirred in a sterile Typtone 
soya broth in 1:10 ratio and incubated aerobically at 37˚C for 18-24 
hrs. A loopfull from the incubated broth was streaked onto Mac-
Conkey agar base (Oxoid) and incubated at 37˚C for 24-48 hrs. All 
suspected colonies that shows characterstic features of E.coli from 
each plate were picked up, streaked on buffered peptone water 
(BPW) and incubated at 37˚C for 18-24 hrs for further identifica-
tion. 

For the isolation and identification of E. coli, one ml from incubated 
BPW was transferred to Eosin methylene blue (EMB) (Oxoid) agar 
and incubated at 37˚C for 24 hrs. Morphologically typical colonies 
producing metallic sheen were taken sorbitol MacConkey agar base 
(Oxoid) and incubated at 37˚C for 24 hr. The purified colonies were 
then streaked onto nutrient broth and incubated at 37˚C for 18-24 
hrs for further identification.

Simultaneously another single colony with similar characteristics 
was picked from agar plate and stained with Gram’s stain. The iso-
late was examined for stain and morphological characteristics us-
ing bright-field microscopy. KOH test was then employed to confirm 
the Gram’s reaction (Quinn et al., 2004). Suspected colonies of E. 
coli (pinkish color appearance on MacConkey agar and green me-
tallic sheen on Eosin Methylene Blue was then sub-cultured onto 
nutrient agar to appreciate colony characteristics and then pure 
colonies taken from EMB was inoculated on nutrient agar (non-
selective media). The isolated colonies were subjected to series of 
different biochemical tests. 

Biochemical Characteristics 
The isolated strains were subjected to a series of different biochem-
ical tests  using the procedure of (ISO, 2003) to confirm E. coli. Cata-
lase test, indole production test, Methyl red test, Voges-Proskauer 

test, and Simmon’s citrate test on tryptone broth, MR-VP medium, 
Simon citrate agar and Sugar fermentation were performed on all 
suspected isolates to confirm the E. coli.

Data collected from field and laboratory investigations were re-
corded, screened and coded using Microsoft Excel 2013 program 
and analyzed using STATA version 12.0. Descriptive statistics 
were used to figure out the proportions of E.coli isolate. The Chi-
square(x2) test was applied to test the existence of association 
between the pathogen and the risk factors and a p-value less than 
0.05 was taken as statistically significant. 

Data Management and Statistical Analysis

E.coli isolation and identification

Biochemical characterization of E. coli

Results

Figure 1: (A) Pink colonies of E. coli on MacConkey agar, 
(B). Metallic sheen on EMB by E. coli. (C). Gram-negative, 

pink-colored, small rod shape E. coli (arrow) (100x).
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The present study showed a statistically significant (P=0.048) asso-
ciation between E.coli and body condition of animals. In this study 
animals with good body conditions were at high risk of infected 
with E.coli as compared with animals that have poor and medium 
body conditions (Table-2).

Out of the total animal examined in the study, the recovery rate 
of E.coli was 34% in young animal compared with adult animals 
(8%) and this shows statistically significant (P=0.014) association 
between E.coli and age. Similarly, out of overall examined animals, 
34% of crossbreeds were positive for E.coli as compared with Hol-
stein (8%). This result showed that there was a statistically signifi-
cant association between E.coli and breed (Table 3).

In current study, a total of Fifty raw milk samples were collected and 
processed bacteriologically and biochemical tests were performed 
to detect Escherichia coli from raw milk. All the E. coli isolates were 
able to produce bright pink colored colonies on MacConkey agar, 
characteristic metallic sheen colonies on the EMB agar and pink 
colored, small rod-shaped Gram-negative bacilli on Gram’s stain-
ing. The results of catalase, MR and indole test of the E. coli isolates 
were positive but the V-P test was negative which are in agreement 
with the reports of (Zinnah et.al., 2007). 

The pattern of sugar fermentation reaction by the isolated E. coli 
with three sugars was observed and produced acid and gas. The 
isolates were able to ferment glucose, lactose, and sucrose com-
pletely. Acid production was indicated by the color change from 
reddish to yellow and the gas production was noted by the appear-
ance of gas bubbles in the test tubes. This result was in agreement 
with the findings (Asmelash, 2015; Bedassa, 2018; Zinnash, 2007; 
Giwida and Gohary, 2013). This result was partially in agreement 
with the findings of (Beutin et al., 1993 and Sandhu et al., 1996). 
They reported that although E. coli ferments all three basic sugars 
but it partially ferments sucrose and glucose. Variation of the re-
sults may be due to genetic factors and the nature of the inhabitant 
of the organisms.

In this study, 42% of the raw milk were contaminated with E. coli. 
In addition, three factors on the farm level were assessed as prob-
able variables related to the higher frequency of samples positive 
for E.coli. There was statistically significant (P< 0.05) associa-
tions between body condition, age and breeds of the animals with 
positive isolates. This finding was comparable with the finding 
of Iqbal et al. 2004 (40.7%). However, it is much higher than the 
finding of (Biruke and Shimeles, 2015) (18.6%). This prevalence 
of Escherichia coli is presumably due to the fact that E. coli is the

Association of host risk factors and E.coli isolates

Biochemical test Reaction 
Lactose fermentation Positive 
Catalase Positive 
Simmon’s citrate Negative 
Indole Production Positive 
Nitrate Reduction Positive 
Methyl Red Positive 
Voges- Proskauer Negative 
Urease Negative 
Acid from sugar 
Glucose Positive 
Mannitole Positive 
Lactose Positive 
Salicin Positive 
Sucrose Positive 

Table 1: Biochemical characterization of E. coli.

Body 
Condition

Total animal 
examined 

E.coli positive 
(%)

X2 P-value

Poor 4 4(8%) 6.092 0.048
Moderate 12 4(8%)

Good 34 13(26.0%)
Total 50 21(42%)

Table 2: Association of E.coli with regards to body condition.

Age Total animal 
examined 

E.coli positive 
n (%)

X2 P-Value

Young 46 17 (34) 6.004 0.014
Adult 4 4 (8)
Breed
Cross 46 17 (34)

Holstein 4 4 (8)
Total 50 21(42%)

Table 3: Association of E.coli isolates with age and breed.

Discussion
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The present study was conducted on isolation and identification 
of E.coli from dairy cow raw milk in Bishoftu from January to April 
2018 and the prevalence of E.coli from the collected raw milk 
was 42%. This indicates that E.coli is one of the major problems 
of dairy cows in milk production that reduced the quality of milk. 
The distribution of this bacterial pathogen in the herd indicates the 
economic impact of the disease. Besides, the disease has economic 
importance and it also do harm the health and well being of hu-
man being. In conclusion, the results of the present study provided 
that microbial quality and safety of raw milk was unsatisfactory. 
These findings stress the need for an integrated control of E. coli 
from farm production on to consumption of food of animal origin. 
In light of the above conclusive remarks, the following recommen-
dations are forwarded:-

Conclusion and Recommendations

commonest environmental contaminants, which is closely associ-
ated with hygiene condition of the animals as well as the environ-
ment. It becomes pathogenic whenever the hygienic conditions of 
the animal or environment become poor. Moreover, the existence 
of high concentration of E. coli in milk also indicates the relatively 
poor quality of milk, related with substandard hygiene of the farm 
management, milk collection and processing system. The isolation 
of E. coli is of public health significance as this bacterium is known 
to cause serious gastrointestinal disorders in both young and adult 
humans (FAO and WHO, 2004).

Concerning the type of examined milk samples, the high prevalence 
of E. coli in raw milk may be attributed in Bishoftu dairy farms is 
since milk is mainly transported directly to the dairy plant for pro-
cessing meanwhile market milk is usually collected from small 
farms or farmers therefore it will be liable to cross contamination 
by different ways as mixed fresh clean milk with mastitis milk, 
unclean hands of workers, unclean utensils and unhygienic water 
supply for washing the utensils could be the source for accelerat-
ing the bacterial contamination. This idea agreed with conditions 
for contamination of raw milk at different critical points due to less 
hygienic practices (Reta et al., 2016; Gwida and EL-Gohary, 2013). 

Awearness should be created on milk handling practice, stor-• 
age and milking process to Dairy farmer and milk collectors.
The professionals should apply different methods for preven-• 
tion and control of the disease. 
The professionals should inform the public about the rel-• 
evance of milk pasteurization before consumption to avoid 
food born infection.
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