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Abstract

This study aimed to identify and evaluate the occurrence and antibiotic susceptibility of E. coli in 
various dairy products. Physical, biochemical, and molecular tests were used to identify and charac-
terize the E. coli isolates. The study found that E. coli was present in 16% of raw milk, 8% of cheese, 
6% of butter, and 10% of ice cream samples. No E. coli O157:H7 or its toxin stx1 was identified in 
any samples. The antibiotic susceptibility test revealed that the highest susceptibility was to Azithro-
mycin, Gentamycin, and Ciprofloxacin, while the lowest susceptibility was to Amoxicillin/clavulan-
ic acid, Tetracycline, and Trimethoprim/sulfamethoxazole. Interestingly, 36.84% of E. coli isolates 
showed multidrug resistance, which is a serious health concern as they may transmit and develop 
antibiotic resistance in the human body. The study highlights the need for continued surveillance and 
monitoring of dairy products for food safety and public health purposes.
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Introduction

E. coli is a gram negative, rod-shaped, anaerobic bacterium 
which normally inhabits in human and animal intestinal 
tracts (Abd El Tawab et al. 2015). Many diseases can be 
occurred through pathogenic E. coli (Ribeiro et al. 2019). E. 
coli can be categorized into enterotoxigenic E. coli (ETEC), 
enterohemorrhagic E. coli (EHEC) and enteropathogenic E. 
coli (EPEC) according to their virulence genes (Deb Roy et 
al. 2018).

The pathogenic strain of E. coli can cause several illnesses 
both in humans and animals. E. coli has the capability to 
produce serious diseases like diarrhea and other systemetic 
diseases, urinary tract infection etc. E. coli STEC strains 
mediated infection in human has been reported in several 
countries (Kaddu-Mulindwa et al. 2001; Leelaporn et al. 
2003). About 20% of diarrheal cases in Bangladesh are 
caused due to ETEC E. coli (Qadri et al. 2005).

Milk is very high nutritious food. Milk and dairy products 
contains nutritional components including proteins, lipids, 
minerals, and vitamins which are important for maintenance 

and growth of human body (Ababu et al. 2020). Milk and 
dairy products are very common food of billions of people 
worldwide. Sometimes raw or ununpasteurized milk can 
cause illness as those milk can contain pathogens which are 
contaminated either by animals or environment due to 
improper milk processing in non-hygiene environment (Rehman 
et al. 2014). Ice cream is one of the most delicious foods. 
Peoples of all ages specially children loves ice cream. Milk is 
the main ingredient of ice cream. Pathogens can use ice 
cream as their growth media as milk is the main component 
of ice cream which has almost neutral pH, high nutritional 
value and longer storage time. The main sources of ice cream 
contamination are the ingredients (especially water and raw 
milk) used during production as well as flavoring agents, 
utensils and handling during production system.

Butter is another milk derived product that is produced by 
churning the cream from cows’ milk. Butter is the form of 
highly concentrated fluid milk. About one third of world’s 
total milk is used for butter preparation. 

Butter contains high amount of milk fat but the protein 
concentration is very low. Besides, butter is enriched with 
vitamin A, calcium, phosphorus and vitamin D. Cheese is 
milk-derived fermented food. The health benefits of cheese 
including the body formation enhance strong immune 
system, strong hair and proper fluid balance in body. In 
Bangladesh, cheese is consumed widely in several food 
items. The manufacturing process of cheese in unhealthy 
conditions is public health concern. As the main component 
of cheese production is raw milk, there have possibility to 
contamination of cheese with pathogenic bacteria like E. coli 
during the pre-production to post production process. 

As E. coli inhabits in intestines of warm-blooded animals 
(Lara et al. 2016) so, there have possibility to transmit to 
milk from animal body. The main reason is the fecal 
contamination during the improper handling of milk (Gar-
baj et al. 2016; Sharafati et al. 2014). The products that are 
derived from raw milk including ice cream, butter and 
cheese can introduce pathogenic bacteria in human body. 
The out breaks of food borne diseases have been reported 
due to the consumption of raw milk and processed dairy 
items (CDC, 2022).

Occurrence of pathogens in dairy products are serious health 
issue especially who consumed dairy products that are 
produced from raw or unpasteurized milk. Pathogenic 
bacteria in foods are responsible for foodborne diseases and 
antimicrobial resistance. 

In dairy industry, Bovine mastitis is known as one of the 
serious diseases (Seegers et al. 2003). Bovine mastitis is also 
one of the major problems of Bangladesh in term of milk 
production reduction and loss of milk quality (Biswas et al. 
2020). Several microorganisms such as virus, bacteria, myco-
plasma and yeast are responsible for mastitis (Rahman et al. 
2013). Among the bacteria, E. coli is mostly responsible for 
bovine mastitis worldwide (Barkema et al. 1998; Lan et al. 
2020; Tenhagen et al. 2009; Verbeke et al. 2014).

The microorganisms responsible for milk contamination 
have been investigated throughout the world (Hassan et al. 
2014). Limited number of works has been reported on the 
identification of E. coli in food items like dairy products in 
Bangladesh (Alam et al. 2006; Islam et al. 2008; Hessain et 
al. 2015). Still now only a few researches have been conducted 
on characterization of E. coli at molecular level in dairy 
products.

Therefore, the aim of this current study was to characterize E. 
coli in dairy products at molecular level from different 

locations of Dhaka district Bangladesh. The isolated bacteria 
were subjected to antimicrobial susceptibility testing after 
detection using 16s rRNA gene.

Materials and methods

Sample collection

In this research, about 50 fresh raw milk samples, 50 pasteur-
ized milk samples, 50 cheese samples, 50 butter samples and 
50 local made ice cream samples were randomly collected 
from different areas of Dhaka district including Savar, Ashu-
lia, Dohar, Keraniganj, Nawabganj and Dhamrai. Raw milk 
samples were collected directly from farmers while pasteur-
ized milk samples, cheese and butter samples were collected 
from local stores. About 5 ml of milk samples were collected 
in sterile falcon tubes from June, 2022 to August 2022. After 
collection, the samples were properly stored on ice box and 
transported to the lab for further analysis and stored at -20ºC 
until culture experiments and DNA extraction.

E. coli identification 

E. coli was enriched and isolated following protocol with 
minor modifications. About 500 µl of raw milk samples were 
inoculated into 4.5 ml of LB (Luria Bertani) media (Alpha 
Bioscience, UK) and incubated at 37ºC for overnight. About 
100 µl of bacterial culture was inoculated onto Eosin Methy-
lene Blue Levine (EMB) agar (Hi-media, India) and incubat-
ed at 37ºC for 24 hours. The suspected colonies were further 
streaked on to EMB agar plates for isolation of pure colonies. 
In case of other milk product samples, 10 g of samples were 
homogenized with 90 ml of LB broth. About 100 µl of 
homogenates were spread on MacConkey agar (Tulip Diag-
nostics Ltd., India) and EMB agar plates respectively and 
incubated 37ºC for overnight. The grown colonies were 
confirmed as E. coli through colony morphology on 
MacConkey agar as well as several biochemical tests (Mom-
taz et al. 2013). Final confirmation was accomplished by 16S 
rRNA gene amplification.

Genomic DNA extraction

Bacterial DNA was extracted using AxyPrep TM Multi source 
Genomic DNA Mini prep Kit (Corning, USA) following the 
prescribed protocol. DNA quality was verified through 
Nanodrop quantification. 

Detection of 16s rRNA gene

Universal primers (16S-for (5’-GCTGGAT-
CACCTCCTTTC-3’) and 23S-rev (5’-AGTGCCAAGG-
CATCCACC3’) were used for 16S rRNA gene amplification. 

PCR reaction (25 µl) consisted of primers (0.2 µM each), 
DNA template (1 ng), 2X PCR master mix (12.5 µl) and 
nuclease free H2O. The PCR was performed in AerisTM  Ther-
mal Cycler (Esco Life sciences, Singapore) and the thermal 
cycler conditions were as follows: (i) 95ºC for 1 min; (ii) 40 
cycles of 45 sec at 95ºC, 45 sec at 52ºC and 1 min at 72ºC; 
(iii) 7 min at 72ºC. The PCR products were justified by gel 
electrophoresis. 

Detection of E. coli O157:H7 and its toxin Stx1

Specific primers (listed in Table 2) were used to identify E. 
coli O157: H7 (Forward:  CGGACATCCATGTGATATGG; 
Reverse: TTGCCTATGTACAGCTAATCC) and its toxin 
stx1 (Forward: ATAAATCGCCATTCGTTGACTAC;

Reverse: AGAACGCCCACTGAGATCATC) as previously 
described method (Paton AW and Paton JC 1998). The 
expected amplicon size of E. coli O157:H7 and stx1 was 259 
bp and 180 bp respectively. The 25 µl reaction mix consisted 
of primers (0.2 µM each), DNA template (1 ng), 2X PCR 
master mix (12.5 µl) and nuclease free H2O. Amplification 
was subjected to 35 cycles where  denaturation temperature 
was 95°C for 1 min; 65°C for 2 min for 10 cycles, then 60°C 
for 15 cycles; elongation at 72°C for 1.5 min from cycles 25 
to 35. The PCR products were then analyzed by 2% agarose 
gel electrophoresis. 

Antimicrobial susceptibility testing

In the next step, E. coli isolates were subjected to antimicro-
bial susceptibility tests following standard guidelines (Hum-
phries et al. 2021) by using Kirby-Bauer disc diffusion 
method. Antibiotics including Ampicillin (10 µg), Azithro-
mycin (Azm) 15 µg, Amoxicillin/clavulanic acid (30 µg), 
Ceftazidime (30 µg), Ceftriaxone (30 µg), Chloramphenicol 
(30 µg), Ciprofloxacin (10 µg), Gentamycin (10 µg), Imipen-
em (Imi) 10 µg, Kanamycin (30 µg), Norfloxacin (30 µg), 
Tetracycline (30 µg) and Trimethoprim/sulfamethoxazole 
(10 µg) (HiMedia Laboratories Pvt. Ltd, Mumbai, India) 
were tested. In brief, bacterial suspensions prepared on sterile 
phosphate buffered saline (PBS). Then, a sterile swab stick 
was used to collect bacterial suspensions and later spread on 
agar plate surface. After placing the antibiotic disks for each 
plates, incubated at 37°C for 24 h. Later, the inhibition zones 
on agar plates were recorded according to CLSI criteria. 
Finally, antibiotic susceptibility was measured for each 
antimicrobial agent. In Antimicrobial Susceptibility Testing, 
E. coli ATCC 25922 was used as positive control. Each test 
was repeated for at least three times for better clarification of 
the results. The calculation of Multiple Antibiotic Resistance 
(MAR) index was performed following the prescribed 

formula (Krumperman, 1983). The isolates that showed 
resistance to three or more classes of antimicrobials are titled 
as multidrug resistant (MDR) (Magiorakos et al. 2012). 

Statistical analysis

Data derived from E. coli isolates were analyzed through 
SPSS/16.0 software. Statistical difference tests were 
performed with chi-square at 5% significance level.

Results and discussion

Isolation of E. coli from collected milk and dairy products

About 50 raw milk samples, 50 pasteurized milk samples, 50 
cheese samples, 50 butter samples and 50 local made ice 
cream samples were analyzed in the laboratory using differ-
ent cultural, biochemical and staining methods. The red/pink 
colonies grown on MacConkey agar (Fig. 1A) were further 
streaked on EMB agar and E. coli metallic green glossy 
colonies with a dark or purple center were confirmed as E. 
coli strains (Fig. 1B). Table 1 outlined the overall findings 

from this study. The metallic sheen colonies were isolated 
from 8 (16%) out of 50 raw milk samples, 4 (8%) out of 50 
cheese samples, 3 (6%) out of 50 butter samples and 5 (10%) 
out of 50 ice cream samples. No E. coli isolates were identi-
fied in pasteurized milk samples. At least three colonies were 
collected from each sample type and subjected to molecular 
characterization. PCR amplification was carried out by using 
16s and 23 universal primers and amplified products were 
confirmed the presence of 16sRNA gene by gel electrophore-
sis (Fig. 1C).

Identification of E. coli O157:H7 and virulence gene stx1

PCR genotyping using 16S rRNA housekeeping gene primers 
confirmed the presence of E. coli DNA in 20 isolates. About 
twenty E. coli isolates were detected from raw milk, cheese, 
butter and ice cream samples. The E. coli samples were 
further screened for the presence of E. coli O157:H7 and 
virulence gene (stx1). None of the samples found positive for 
E. coli O157:H7 and stx1 gene. 

Study of antimicrobial resistance and calculation of multiple 
antibiotics Index of identified E. coli strains

Table 3 represents the antibiotic resistance profile and multi-
ple antibiotics index of identified E. coli strains. In this analy-
sis, maximum number of the isolates (13) was resistant to 
Tetracycline which was followed by Amoxicillin (10), Cipro-
floxacin (7), Trimethoprim/sulfamethoxazole (4), Imipenem 
(3), Norfloxacin (2), Kanamycin (1) and Ceftriaxone (1) 
respectively. From this analysis it was observed that, three 
isolates from raw milk samples were resistant to three antibi-
otics, three isolates were resistant to two antibiotics, two 
isolates were resistant to single antibiotic. Among the E. coli 
isolates from cheese samples, one isolate was resistant to four 
antibiotics, two isolates were resistant to two antibiotics and 
one isolate was resistant to single antibiotic. Among the E. 
coli isolates from butter samples, one sample was resistant to 
three antibiotics; another isolate was resistant to two antibiot-
ics. Among the E. coli isolates from ice cream samples, two 

isolates were resistant to three antibiotics, one isolate was 
resistant to two antibiotics and two isolates were resistant to 
single antibiotic. Multidrug resistance analysis showed that, 
36.84% E. coli isolates were resistant to three or more antibi-
otics which might be due to the failed antibiotic therapies and 
may pose potential threat to human health in developing 
antibiotic resistance. Fig. 2 represents the susceptibility 
pattern of tested antibiotics. The susceptibility to Ampicillin , 
Azithromycin (Azm), Amoxicillin/clavulanic acid, Ceftazi-
dime, Ceftriaxone, Chloramphenicol, Ciprofloxacin, Genta-
mycin, Imipenem (Imi), Kanamycin, Norfloxacin, Tetracy-
cline and Trimethoprim/sulfamethoxazole were 73.7%, 
92.7%, 30.7%, 80.6%, 58.9%, 93.9%, 46.6%, 84%, 43%, 
60.4%, 60.9%, 67.4% and 65.1% respectively.

The milk samples were collected maintaining proper hygien-
ic conditions. However, 16% of collected raw milk samples 
contained E. coli. There have some differences in E. coli 
prevalence of this present study with other studies throughout 

the world (Kumar and Prasad 2010; Silva et al. 2001; Disassa 
et al. 2017) but, E. coli contaminationin milk and dairy 
products is a growing challenge throughout the world. Lot of 
peoples especially peoples from developing countries 
consumed unpasteurized milk and milk products throughout 
the world. Reports indicated the presence of pathogenic 
bacterial species including E. coli in milk and milk products 
(Claeys et al. 2013). Presence of E. coli in raw milk has been 
reported in a study from Bangladesh (Uddin et al. 2011). 
Another study identified about 18% of E. coli contaminated 
raw milk samples in Chittagong (Alam et al. 2017). In a 
study in Dinajpur district, Bangladesh has detected E. coli in 
commercial ice cream brands which indicated lack of main-
taining hygienic practices throughout the manufacturing 
process (Hasan et al. 2015). Pathogenic bacterial (including 
E. coli) contamination of ice cream was identified in other 
studies in Bangladesh (Hussain et al. 2012; Sohel et al. 
2022). In Pakistan, about 57% of the raw milk samples and 
51.66% of milk products were detected contaminated with E.  
coli (Soomro et al. 2002).

Molecular characterization of microorganisms derived from 
milk and dairy products are done worldwide (Gebeyehu et al. 
2022; Hassani et al. 2022; Manishimwe et al. 2021; Tóth et 
al. 2020). Occurrence of E. coli in milk samples indicates 
contamination by fecal. Milk can be contaminated in the 
processing stages after milking. It might get contaminated 
from the outer surface of udder, hands of peoples dealing 
with processing, storage equipment and surrounding environ-
ments. Not every E. coli that present in milk and milk 
products are harmful for human health except the pathogenic 
E. coli that contains bacterial toxins that can transmit diseas-
es to human body.

The microbial quality of the milk can be affected by feeding 
style and housing strategies (Pendleton et al. 2013). The use 
of water for washing the milking equipment might be another 
source of contamination (Canizalez-Roman et al. 2013). 
Moreover, milk that has been stored contains high amount of 
gram negative bacteria (Kaper et al. 2004; Martín et al. 2010; 
López-Saucedo et al. 2003; Qadri et al. 2005).

The pathogenic bacteria that are found in milk are responsi-
ble for major dairy-related disorders. One of the major health 
concerns in Bangladesh is the presence of pathogenic bacte-
ria in ice cream. Some microbiological assessment studies on 
ice cream have been conducted in Bangladesh (Hossain et al. 
2012; Sohel et al. 2022). In this analysis, about 10% of the 
analysed ice cream samples that were collected from local 
sellers contained E. coli. Some of the ingredients like milk, 

water might be contaminated by E. coli during the prepara-
tion process. There have evidence of presence of E. coli in 
milk (Islam et al. 2016; Bag et al. 2012) and drinking water 
in Bangladesh (Hasan et al. 2022). A study from Iran reported 
about 15% of the analyzed ice cream samples contained E.  
coli (Hosseini-Naveh et al. 2019) while in Belgium E. coli 
strains such as E. coli O145 and O26 were detected in ice 
cream samples (De Schrijver et al. 2007). Another study 
reported about 51. 4% of homemade ice cream samples 
harbored E. coli in Costarica (Windrantz and Arias, 2000).

Shiga toxin-producing E. coli (STEC) are considered as 
dangerous pathogen causing food borne diseases. In this 
study, neither E. coli O157:H7 nor stx1 were detected from 
the isolated E. coli isolates. Now-a-days, E. coli is identified 
as one of the major etiologies of bovine mastitis (Green et al. 
2005). The major reasons for recurrence of infection might 
be because of infection from environment or those organisms 
were persistent in the mammary gland. In comparison with 
other reports (Zhang et al. 2018), the finding of this present 
study indicated that E. coli contamination in studied milk, 
cheese, butter and ice cream samples were relatively lower 
which might be because of maintaining proper hygienic 
regulations during collecting of raw milk, preparation of 
cheese, butter and ice cream samples. 

Conclusions

The presence of E. coli in raw milk, pasteurized milk, cheese, 
butter and ice cream was assessed through physiological, 
biochemical and molecular tests. Our study has demonstrated 
that, some of these dairy products contained E. coli which 
might be because of contamination during milking and 
further processing steps. As most of the milk products are 
prepared from non-pasteurized milk therefore, proper safety 
precautions are needed to prevent E. coli contamination. The 
peoples who involved in milk processing should be trained 
on regular basis by the regulatory authorities. Antibiotic 
resistant pattern of E. coli isolates indicated an alarming 
condition which needs more attention. Pathogenic bacteria 
may transmit antibiotic resistant genes through their plasmids 
to the human and thus, develop antibiotic resistance in human 
body. Therefore, regular food monitoring is strongly recom-
mended to control foodborne diseases especially in develop-
ing countries like Bangladesh. 
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Butter contains high amount of milk fat but the protein 
concentration is very low. Besides, butter is enriched with 
vitamin A, calcium, phosphorus and vitamin D. Cheese is 
milk-derived fermented food. The health benefits of cheese 
including the body formation enhance strong immune 
system, strong hair and proper fluid balance in body. In 
Bangladesh, cheese is consumed widely in several food 
items. The manufacturing process of cheese in unhealthy 
conditions is public health concern. As the main component 
of cheese production is raw milk, there have possibility to 
contamination of cheese with pathogenic bacteria like E. coli 
during the pre-production to post production process. 

As E. coli inhabits in intestines of warm-blooded animals 
(Lara et al. 2016) so, there have possibility to transmit to 
milk from animal body. The main reason is the fecal 
contamination during the improper handling of milk (Gar-
baj et al. 2016; Sharafati et al. 2014). The products that are 
derived from raw milk including ice cream, butter and 
cheese can introduce pathogenic bacteria in human body. 
The out breaks of food borne diseases have been reported 
due to the consumption of raw milk and processed dairy 
items (CDC, 2022).

Occurrence of pathogens in dairy products are serious health 
issue especially who consumed dairy products that are 
produced from raw or unpasteurized milk. Pathogenic 
bacteria in foods are responsible for foodborne diseases and 
antimicrobial resistance. 

In dairy industry, Bovine mastitis is known as one of the 
serious diseases (Seegers et al. 2003). Bovine mastitis is also 
one of the major problems of Bangladesh in term of milk 
production reduction and loss of milk quality (Biswas et al. 
2020). Several microorganisms such as virus, bacteria, myco-
plasma and yeast are responsible for mastitis (Rahman et al. 
2013). Among the bacteria, E. coli is mostly responsible for 
bovine mastitis worldwide (Barkema et al. 1998; Lan et al. 
2020; Tenhagen et al. 2009; Verbeke et al. 2014).

The microorganisms responsible for milk contamination 
have been investigated throughout the world (Hassan et al. 
2014). Limited number of works has been reported on the 
identification of E. coli in food items like dairy products in 
Bangladesh (Alam et al. 2006; Islam et al. 2008; Hessain et 
al. 2015). Still now only a few researches have been conducted 
on characterization of E. coli at molecular level in dairy 
products.

Therefore, the aim of this current study was to characterize E. 
coli in dairy products at molecular level from different 

locations of Dhaka district Bangladesh. The isolated bacteria 
were subjected to antimicrobial susceptibility testing after 
detection using 16s rRNA gene.

Materials and methods

Sample collection

In this research, about 50 fresh raw milk samples, 50 pasteur-
ized milk samples, 50 cheese samples, 50 butter samples and 
50 local made ice cream samples were randomly collected 
from different areas of Dhaka district including Savar, Ashu-
lia, Dohar, Keraniganj, Nawabganj and Dhamrai. Raw milk 
samples were collected directly from farmers while pasteur-
ized milk samples, cheese and butter samples were collected 
from local stores. About 5 ml of milk samples were collected 
in sterile falcon tubes from June, 2022 to August 2022. After 
collection, the samples were properly stored on ice box and 
transported to the lab for further analysis and stored at -20ºC 
until culture experiments and DNA extraction.

E. coli identification 

E. coli was enriched and isolated following protocol with 
minor modifications. About 500 µl of raw milk samples were 
inoculated into 4.5 ml of LB (Luria Bertani) media (Alpha 
Bioscience, UK) and incubated at 37ºC for overnight. About 
100 µl of bacterial culture was inoculated onto Eosin Methy-
lene Blue Levine (EMB) agar (Hi-media, India) and incubat-
ed at 37ºC for 24 hours. The suspected colonies were further 
streaked on to EMB agar plates for isolation of pure colonies. 
In case of other milk product samples, 10 g of samples were 
homogenized with 90 ml of LB broth. About 100 µl of 
homogenates were spread on MacConkey agar (Tulip Diag-
nostics Ltd., India) and EMB agar plates respectively and 
incubated 37ºC for overnight. The grown colonies were 
confirmed as E. coli through colony morphology on 
MacConkey agar as well as several biochemical tests (Mom-
taz et al. 2013). Final confirmation was accomplished by 16S 
rRNA gene amplification.

Genomic DNA extraction

Bacterial DNA was extracted using AxyPrep TM Multi source 
Genomic DNA Mini prep Kit (Corning, USA) following the 
prescribed protocol. DNA quality was verified through 
Nanodrop quantification. 

Detection of 16s rRNA gene

Universal primers (16S-for (5’-GCTGGAT-
CACCTCCTTTC-3’) and 23S-rev (5’-AGTGCCAAGG-
CATCCACC3’) were used for 16S rRNA gene amplification. 

PCR reaction (25 µl) consisted of primers (0.2 µM each), 
DNA template (1 ng), 2X PCR master mix (12.5 µl) and 
nuclease free H2O. The PCR was performed in AerisTM  Ther-
mal Cycler (Esco Life sciences, Singapore) and the thermal 
cycler conditions were as follows: (i) 95ºC for 1 min; (ii) 40 
cycles of 45 sec at 95ºC, 45 sec at 52ºC and 1 min at 72ºC; 
(iii) 7 min at 72ºC. The PCR products were justified by gel 
electrophoresis. 

Detection of E. coli O157:H7 and its toxin Stx1

Specific primers (listed in Table 2) were used to identify E. 
coli O157: H7 (Forward:  CGGACATCCATGTGATATGG; 
Reverse: TTGCCTATGTACAGCTAATCC) and its toxin 
stx1 (Forward: ATAAATCGCCATTCGTTGACTAC;

Reverse: AGAACGCCCACTGAGATCATC) as previously 
described method (Paton AW and Paton JC 1998). The 
expected amplicon size of E. coli O157:H7 and stx1 was 259 
bp and 180 bp respectively. The 25 µl reaction mix consisted 
of primers (0.2 µM each), DNA template (1 ng), 2X PCR 
master mix (12.5 µl) and nuclease free H2O. Amplification 
was subjected to 35 cycles where  denaturation temperature 
was 95°C for 1 min; 65°C for 2 min for 10 cycles, then 60°C 
for 15 cycles; elongation at 72°C for 1.5 min from cycles 25 
to 35. The PCR products were then analyzed by 2% agarose 
gel electrophoresis. 

Antimicrobial susceptibility testing

In the next step, E. coli isolates were subjected to antimicro-
bial susceptibility tests following standard guidelines (Hum-
phries et al. 2021) by using Kirby-Bauer disc diffusion 
method. Antibiotics including Ampicillin (10 µg), Azithro-
mycin (Azm) 15 µg, Amoxicillin/clavulanic acid (30 µg), 
Ceftazidime (30 µg), Ceftriaxone (30 µg), Chloramphenicol 
(30 µg), Ciprofloxacin (10 µg), Gentamycin (10 µg), Imipen-
em (Imi) 10 µg, Kanamycin (30 µg), Norfloxacin (30 µg), 
Tetracycline (30 µg) and Trimethoprim/sulfamethoxazole 
(10 µg) (HiMedia Laboratories Pvt. Ltd, Mumbai, India) 
were tested. In brief, bacterial suspensions prepared on sterile 
phosphate buffered saline (PBS). Then, a sterile swab stick 
was used to collect bacterial suspensions and later spread on 
agar plate surface. After placing the antibiotic disks for each 
plates, incubated at 37°C for 24 h. Later, the inhibition zones 
on agar plates were recorded according to CLSI criteria. 
Finally, antibiotic susceptibility was measured for each 
antimicrobial agent. In Antimicrobial Susceptibility Testing, 
E. coli ATCC 25922 was used as positive control. Each test 
was repeated for at least three times for better clarification of 
the results. The calculation of Multiple Antibiotic Resistance 
(MAR) index was performed following the prescribed 

formula (Krumperman, 1983). The isolates that showed 
resistance to three or more classes of antimicrobials are titled 
as multidrug resistant (MDR) (Magiorakos et al. 2012). 

Statistical analysis

Data derived from E. coli isolates were analyzed through 
SPSS/16.0 software. Statistical difference tests were 
performed with chi-square at 5% significance level.

Results and discussion

Isolation of E. coli from collected milk and dairy products

About 50 raw milk samples, 50 pasteurized milk samples, 50 
cheese samples, 50 butter samples and 50 local made ice 
cream samples were analyzed in the laboratory using differ-
ent cultural, biochemical and staining methods. The red/pink 
colonies grown on MacConkey agar (Fig. 1A) were further 
streaked on EMB agar and E. coli metallic green glossy 
colonies with a dark or purple center were confirmed as E. 
coli strains (Fig. 1B). Table 1 outlined the overall findings 

from this study. The metallic sheen colonies were isolated 
from 8 (16%) out of 50 raw milk samples, 4 (8%) out of 50 
cheese samples, 3 (6%) out of 50 butter samples and 5 (10%) 
out of 50 ice cream samples. No E. coli isolates were identi-
fied in pasteurized milk samples. At least three colonies were 
collected from each sample type and subjected to molecular 
characterization. PCR amplification was carried out by using 
16s and 23 universal primers and amplified products were 
confirmed the presence of 16sRNA gene by gel electrophore-
sis (Fig. 1C).

Identification of E. coli O157:H7 and virulence gene stx1

PCR genotyping using 16S rRNA housekeeping gene primers 
confirmed the presence of E. coli DNA in 20 isolates. About 
twenty E. coli isolates were detected from raw milk, cheese, 
butter and ice cream samples. The E. coli samples were 
further screened for the presence of E. coli O157:H7 and 
virulence gene (stx1). None of the samples found positive for 
E. coli O157:H7 and stx1 gene. 

Study of antimicrobial resistance and calculation of multiple 
antibiotics Index of identified E. coli strains

Table 3 represents the antibiotic resistance profile and multi-
ple antibiotics index of identified E. coli strains. In this analy-
sis, maximum number of the isolates (13) was resistant to 
Tetracycline which was followed by Amoxicillin (10), Cipro-
floxacin (7), Trimethoprim/sulfamethoxazole (4), Imipenem 
(3), Norfloxacin (2), Kanamycin (1) and Ceftriaxone (1) 
respectively. From this analysis it was observed that, three 
isolates from raw milk samples were resistant to three antibi-
otics, three isolates were resistant to two antibiotics, two 
isolates were resistant to single antibiotic. Among the E. coli 
isolates from cheese samples, one isolate was resistant to four 
antibiotics, two isolates were resistant to two antibiotics and 
one isolate was resistant to single antibiotic. Among the E. 
coli isolates from butter samples, one sample was resistant to 
three antibiotics; another isolate was resistant to two antibiot-
ics. Among the E. coli isolates from ice cream samples, two 

isolates were resistant to three antibiotics, one isolate was 
resistant to two antibiotics and two isolates were resistant to 
single antibiotic. Multidrug resistance analysis showed that, 
36.84% E. coli isolates were resistant to three or more antibi-
otics which might be due to the failed antibiotic therapies and 
may pose potential threat to human health in developing 
antibiotic resistance. Fig. 2 represents the susceptibility 
pattern of tested antibiotics. The susceptibility to Ampicillin , 
Azithromycin (Azm), Amoxicillin/clavulanic acid, Ceftazi-
dime, Ceftriaxone, Chloramphenicol, Ciprofloxacin, Genta-
mycin, Imipenem (Imi), Kanamycin, Norfloxacin, Tetracy-
cline and Trimethoprim/sulfamethoxazole were 73.7%, 
92.7%, 30.7%, 80.6%, 58.9%, 93.9%, 46.6%, 84%, 43%, 
60.4%, 60.9%, 67.4% and 65.1% respectively.

The milk samples were collected maintaining proper hygien-
ic conditions. However, 16% of collected raw milk samples 
contained E. coli. There have some differences in E. coli 
prevalence of this present study with other studies throughout 

the world (Kumar and Prasad 2010; Silva et al. 2001; Disassa 
et al. 2017) but, E. coli contaminationin milk and dairy 
products is a growing challenge throughout the world. Lot of 
peoples especially peoples from developing countries 
consumed unpasteurized milk and milk products throughout 
the world. Reports indicated the presence of pathogenic 
bacterial species including E. coli in milk and milk products 
(Claeys et al. 2013). Presence of E. coli in raw milk has been 
reported in a study from Bangladesh (Uddin et al. 2011). 
Another study identified about 18% of E. coli contaminated 
raw milk samples in Chittagong (Alam et al. 2017). In a 
study in Dinajpur district, Bangladesh has detected E. coli in 
commercial ice cream brands which indicated lack of main-
taining hygienic practices throughout the manufacturing 
process (Hasan et al. 2015). Pathogenic bacterial (including 
E. coli) contamination of ice cream was identified in other 
studies in Bangladesh (Hussain et al. 2012; Sohel et al. 
2022). In Pakistan, about 57% of the raw milk samples and 
51.66% of milk products were detected contaminated with E.  
coli (Soomro et al. 2002).

Molecular characterization of microorganisms derived from 
milk and dairy products are done worldwide (Gebeyehu et al. 
2022; Hassani et al. 2022; Manishimwe et al. 2021; Tóth et 
al. 2020). Occurrence of E. coli in milk samples indicates 
contamination by fecal. Milk can be contaminated in the 
processing stages after milking. It might get contaminated 
from the outer surface of udder, hands of peoples dealing 
with processing, storage equipment and surrounding environ-
ments. Not every E. coli that present in milk and milk 
products are harmful for human health except the pathogenic 
E. coli that contains bacterial toxins that can transmit diseas-
es to human body.

The microbial quality of the milk can be affected by feeding 
style and housing strategies (Pendleton et al. 2013). The use 
of water for washing the milking equipment might be another 
source of contamination (Canizalez-Roman et al. 2013). 
Moreover, milk that has been stored contains high amount of 
gram negative bacteria (Kaper et al. 2004; Martín et al. 2010; 
López-Saucedo et al. 2003; Qadri et al. 2005).

The pathogenic bacteria that are found in milk are responsi-
ble for major dairy-related disorders. One of the major health 
concerns in Bangladesh is the presence of pathogenic bacte-
ria in ice cream. Some microbiological assessment studies on 
ice cream have been conducted in Bangladesh (Hossain et al. 
2012; Sohel et al. 2022). In this analysis, about 10% of the 
analysed ice cream samples that were collected from local 
sellers contained E. coli. Some of the ingredients like milk, 

water might be contaminated by E. coli during the prepara-
tion process. There have evidence of presence of E. coli in 
milk (Islam et al. 2016; Bag et al. 2012) and drinking water 
in Bangladesh (Hasan et al. 2022). A study from Iran reported 
about 15% of the analyzed ice cream samples contained E.  
coli (Hosseini-Naveh et al. 2019) while in Belgium E. coli 
strains such as E. coli O145 and O26 were detected in ice 
cream samples (De Schrijver et al. 2007). Another study 
reported about 51. 4% of homemade ice cream samples 
harbored E. coli in Costarica (Windrantz and Arias, 2000).

Shiga toxin-producing E. coli (STEC) are considered as 
dangerous pathogen causing food borne diseases. In this 
study, neither E. coli O157:H7 nor stx1 were detected from 
the isolated E. coli isolates. Now-a-days, E. coli is identified 
as one of the major etiologies of bovine mastitis (Green et al. 
2005). The major reasons for recurrence of infection might 
be because of infection from environment or those organisms 
were persistent in the mammary gland. In comparison with 
other reports (Zhang et al. 2018), the finding of this present 
study indicated that E. coli contamination in studied milk, 
cheese, butter and ice cream samples were relatively lower 
which might be because of maintaining proper hygienic 
regulations during collecting of raw milk, preparation of 
cheese, butter and ice cream samples. 

Conclusions

The presence of E. coli in raw milk, pasteurized milk, cheese, 
butter and ice cream was assessed through physiological, 
biochemical and molecular tests. Our study has demonstrated 
that, some of these dairy products contained E. coli which 
might be because of contamination during milking and 
further processing steps. As most of the milk products are 
prepared from non-pasteurized milk therefore, proper safety 
precautions are needed to prevent E. coli contamination. The 
peoples who involved in milk processing should be trained 
on regular basis by the regulatory authorities. Antibiotic 
resistant pattern of E. coli isolates indicated an alarming 
condition which needs more attention. Pathogenic bacteria 
may transmit antibiotic resistant genes through their plasmids 
to the human and thus, develop antibiotic resistance in human 
body. Therefore, regular food monitoring is strongly recom-
mended to control foodborne diseases especially in develop-
ing countries like Bangladesh. 
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Butter contains high amount of milk fat but the protein 
concentration is very low. Besides, butter is enriched with 
vitamin A, calcium, phosphorus and vitamin D. Cheese is 
milk-derived fermented food. The health benefits of cheese 
including the body formation enhance strong immune 
system, strong hair and proper fluid balance in body. In 
Bangladesh, cheese is consumed widely in several food 
items. The manufacturing process of cheese in unhealthy 
conditions is public health concern. As the main component 
of cheese production is raw milk, there have possibility to 
contamination of cheese with pathogenic bacteria like E. coli 
during the pre-production to post production process. 

As E. coli inhabits in intestines of warm-blooded animals 
(Lara et al. 2016) so, there have possibility to transmit to 
milk from animal body. The main reason is the fecal 
contamination during the improper handling of milk (Gar-
baj et al. 2016; Sharafati et al. 2014). The products that are 
derived from raw milk including ice cream, butter and 
cheese can introduce pathogenic bacteria in human body. 
The out breaks of food borne diseases have been reported 
due to the consumption of raw milk and processed dairy 
items (CDC, 2022).

Occurrence of pathogens in dairy products are serious health 
issue especially who consumed dairy products that are 
produced from raw or unpasteurized milk. Pathogenic 
bacteria in foods are responsible for foodborne diseases and 
antimicrobial resistance. 

In dairy industry, Bovine mastitis is known as one of the 
serious diseases (Seegers et al. 2003). Bovine mastitis is also 
one of the major problems of Bangladesh in term of milk 
production reduction and loss of milk quality (Biswas et al. 
2020). Several microorganisms such as virus, bacteria, myco-
plasma and yeast are responsible for mastitis (Rahman et al. 
2013). Among the bacteria, E. coli is mostly responsible for 
bovine mastitis worldwide (Barkema et al. 1998; Lan et al. 
2020; Tenhagen et al. 2009; Verbeke et al. 2014).

The microorganisms responsible for milk contamination 
have been investigated throughout the world (Hassan et al. 
2014). Limited number of works has been reported on the 
identification of E. coli in food items like dairy products in 
Bangladesh (Alam et al. 2006; Islam et al. 2008; Hessain et 
al. 2015). Still now only a few researches have been conducted 
on characterization of E. coli at molecular level in dairy 
products.

Therefore, the aim of this current study was to characterize E. 
coli in dairy products at molecular level from different 

locations of Dhaka district Bangladesh. The isolated bacteria 
were subjected to antimicrobial susceptibility testing after 
detection using 16s rRNA gene.

Materials and methods

Sample collection

In this research, about 50 fresh raw milk samples, 50 pasteur-
ized milk samples, 50 cheese samples, 50 butter samples and 
50 local made ice cream samples were randomly collected 
from different areas of Dhaka district including Savar, Ashu-
lia, Dohar, Keraniganj, Nawabganj and Dhamrai. Raw milk 
samples were collected directly from farmers while pasteur-
ized milk samples, cheese and butter samples were collected 
from local stores. About 5 ml of milk samples were collected 
in sterile falcon tubes from June, 2022 to August 2022. After 
collection, the samples were properly stored on ice box and 
transported to the lab for further analysis and stored at -20ºC 
until culture experiments and DNA extraction.

E. coli identification 

E. coli was enriched and isolated following protocol with 
minor modifications. About 500 µl of raw milk samples were 
inoculated into 4.5 ml of LB (Luria Bertani) media (Alpha 
Bioscience, UK) and incubated at 37ºC for overnight. About 
100 µl of bacterial culture was inoculated onto Eosin Methy-
lene Blue Levine (EMB) agar (Hi-media, India) and incubat-
ed at 37ºC for 24 hours. The suspected colonies were further 
streaked on to EMB agar plates for isolation of pure colonies. 
In case of other milk product samples, 10 g of samples were 
homogenized with 90 ml of LB broth. About 100 µl of 
homogenates were spread on MacConkey agar (Tulip Diag-
nostics Ltd., India) and EMB agar plates respectively and 
incubated 37ºC for overnight. The grown colonies were 
confirmed as E. coli through colony morphology on 
MacConkey agar as well as several biochemical tests (Mom-
taz et al. 2013). Final confirmation was accomplished by 16S 
rRNA gene amplification.

Genomic DNA extraction

Bacterial DNA was extracted using AxyPrep TM Multi source 
Genomic DNA Mini prep Kit (Corning, USA) following the 
prescribed protocol. DNA quality was verified through 
Nanodrop quantification. 

Detection of 16s rRNA gene

Universal primers (16S-for (5’-GCTGGAT-
CACCTCCTTTC-3’) and 23S-rev (5’-AGTGCCAAGG-
CATCCACC3’) were used for 16S rRNA gene amplification. 

PCR reaction (25 µl) consisted of primers (0.2 µM each), 
DNA template (1 ng), 2X PCR master mix (12.5 µl) and 
nuclease free H2O. The PCR was performed in AerisTM  Ther-
mal Cycler (Esco Life sciences, Singapore) and the thermal 
cycler conditions were as follows: (i) 95ºC for 1 min; (ii) 40 
cycles of 45 sec at 95ºC, 45 sec at 52ºC and 1 min at 72ºC; 
(iii) 7 min at 72ºC. The PCR products were justified by gel 
electrophoresis. 

Detection of E. coli O157:H7 and its toxin Stx1

Specific primers (listed in Table 2) were used to identify E. 
coli O157: H7 (Forward:  CGGACATCCATGTGATATGG; 
Reverse: TTGCCTATGTACAGCTAATCC) and its toxin 
stx1 (Forward: ATAAATCGCCATTCGTTGACTAC;

Reverse: AGAACGCCCACTGAGATCATC) as previously 
described method (Paton AW and Paton JC 1998). The 
expected amplicon size of E. coli O157:H7 and stx1 was 259 
bp and 180 bp respectively. The 25 µl reaction mix consisted 
of primers (0.2 µM each), DNA template (1 ng), 2X PCR 
master mix (12.5 µl) and nuclease free H2O. Amplification 
was subjected to 35 cycles where  denaturation temperature 
was 95°C for 1 min; 65°C for 2 min for 10 cycles, then 60°C 
for 15 cycles; elongation at 72°C for 1.5 min from cycles 25 
to 35. The PCR products were then analyzed by 2% agarose 
gel electrophoresis. 

Antimicrobial susceptibility testing

In the next step, E. coli isolates were subjected to antimicro-
bial susceptibility tests following standard guidelines (Hum-
phries et al. 2021) by using Kirby-Bauer disc diffusion 
method. Antibiotics including Ampicillin (10 µg), Azithro-
mycin (Azm) 15 µg, Amoxicillin/clavulanic acid (30 µg), 
Ceftazidime (30 µg), Ceftriaxone (30 µg), Chloramphenicol 
(30 µg), Ciprofloxacin (10 µg), Gentamycin (10 µg), Imipen-
em (Imi) 10 µg, Kanamycin (30 µg), Norfloxacin (30 µg), 
Tetracycline (30 µg) and Trimethoprim/sulfamethoxazole 
(10 µg) (HiMedia Laboratories Pvt. Ltd, Mumbai, India) 
were tested. In brief, bacterial suspensions prepared on sterile 
phosphate buffered saline (PBS). Then, a sterile swab stick 
was used to collect bacterial suspensions and later spread on 
agar plate surface. After placing the antibiotic disks for each 
plates, incubated at 37°C for 24 h. Later, the inhibition zones 
on agar plates were recorded according to CLSI criteria. 
Finally, antibiotic susceptibility was measured for each 
antimicrobial agent. In Antimicrobial Susceptibility Testing, 
E. coli ATCC 25922 was used as positive control. Each test 
was repeated for at least three times for better clarification of 
the results. The calculation of Multiple Antibiotic Resistance 
(MAR) index was performed following the prescribed 

formula (Krumperman, 1983). The isolates that showed 
resistance to three or more classes of antimicrobials are titled 
as multidrug resistant (MDR) (Magiorakos et al. 2012). 

Statistical analysis

Data derived from E. coli isolates were analyzed through 
SPSS/16.0 software. Statistical difference tests were 
performed with chi-square at 5% significance level.

Results and discussion

Isolation of E. coli from collected milk and dairy products

About 50 raw milk samples, 50 pasteurized milk samples, 50 
cheese samples, 50 butter samples and 50 local made ice 
cream samples were analyzed in the laboratory using differ-
ent cultural, biochemical and staining methods. The red/pink 
colonies grown on MacConkey agar (Fig. 1A) were further 
streaked on EMB agar and E. coli metallic green glossy 
colonies with a dark or purple center were confirmed as E. 
coli strains (Fig. 1B). Table 1 outlined the overall findings 

from this study. The metallic sheen colonies were isolated 
from 8 (16%) out of 50 raw milk samples, 4 (8%) out of 50 
cheese samples, 3 (6%) out of 50 butter samples and 5 (10%) 
out of 50 ice cream samples. No E. coli isolates were identi-
fied in pasteurized milk samples. At least three colonies were 
collected from each sample type and subjected to molecular 
characterization. PCR amplification was carried out by using 
16s and 23 universal primers and amplified products were 
confirmed the presence of 16sRNA gene by gel electrophore-
sis (Fig. 1C).

Identification of E. coli O157:H7 and virulence gene stx1

PCR genotyping using 16S rRNA housekeeping gene primers 
confirmed the presence of E. coli DNA in 20 isolates. About 
twenty E. coli isolates were detected from raw milk, cheese, 
butter and ice cream samples. The E. coli samples were 
further screened for the presence of E. coli O157:H7 and 
virulence gene (stx1). None of the samples found positive for 
E. coli O157:H7 and stx1 gene. 

Study of antimicrobial resistance and calculation of multiple 
antibiotics Index of identified E. coli strains

Table 3 represents the antibiotic resistance profile and multi-
ple antibiotics index of identified E. coli strains. In this analy-
sis, maximum number of the isolates (13) was resistant to 
Tetracycline which was followed by Amoxicillin (10), Cipro-
floxacin (7), Trimethoprim/sulfamethoxazole (4), Imipenem 
(3), Norfloxacin (2), Kanamycin (1) and Ceftriaxone (1) 
respectively. From this analysis it was observed that, three 
isolates from raw milk samples were resistant to three antibi-
otics, three isolates were resistant to two antibiotics, two 
isolates were resistant to single antibiotic. Among the E. coli 
isolates from cheese samples, one isolate was resistant to four 
antibiotics, two isolates were resistant to two antibiotics and 
one isolate was resistant to single antibiotic. Among the E. 
coli isolates from butter samples, one sample was resistant to 
three antibiotics; another isolate was resistant to two antibiot-
ics. Among the E. coli isolates from ice cream samples, two 

isolates were resistant to three antibiotics, one isolate was 
resistant to two antibiotics and two isolates were resistant to 
single antibiotic. Multidrug resistance analysis showed that, 
36.84% E. coli isolates were resistant to three or more antibi-
otics which might be due to the failed antibiotic therapies and 
may pose potential threat to human health in developing 
antibiotic resistance. Fig. 2 represents the susceptibility 
pattern of tested antibiotics. The susceptibility to Ampicillin , 
Azithromycin (Azm), Amoxicillin/clavulanic acid, Ceftazi-
dime, Ceftriaxone, Chloramphenicol, Ciprofloxacin, Genta-
mycin, Imipenem (Imi), Kanamycin, Norfloxacin, Tetracy-
cline and Trimethoprim/sulfamethoxazole were 73.7%, 
92.7%, 30.7%, 80.6%, 58.9%, 93.9%, 46.6%, 84%, 43%, 
60.4%, 60.9%, 67.4% and 65.1% respectively.

The milk samples were collected maintaining proper hygien-
ic conditions. However, 16% of collected raw milk samples 
contained E. coli. There have some differences in E. coli 
prevalence of this present study with other studies throughout 

the world (Kumar and Prasad 2010; Silva et al. 2001; Disassa 
et al. 2017) but, E. coli contaminationin milk and dairy 
products is a growing challenge throughout the world. Lot of 
peoples especially peoples from developing countries 
consumed unpasteurized milk and milk products throughout 
the world. Reports indicated the presence of pathogenic 
bacterial species including E. coli in milk and milk products 
(Claeys et al. 2013). Presence of E. coli in raw milk has been 
reported in a study from Bangladesh (Uddin et al. 2011). 
Another study identified about 18% of E. coli contaminated 
raw milk samples in Chittagong (Alam et al. 2017). In a 
study in Dinajpur district, Bangladesh has detected E. coli in 
commercial ice cream brands which indicated lack of main-
taining hygienic practices throughout the manufacturing 
process (Hasan et al. 2015). Pathogenic bacterial (including 
E. coli) contamination of ice cream was identified in other 
studies in Bangladesh (Hussain et al. 2012; Sohel et al. 
2022). In Pakistan, about 57% of the raw milk samples and 
51.66% of milk products were detected contaminated with E.  
coli (Soomro et al. 2002).

Molecular characterization of microorganisms derived from 
milk and dairy products are done worldwide (Gebeyehu et al. 
2022; Hassani et al. 2022; Manishimwe et al. 2021; Tóth et 
al. 2020). Occurrence of E. coli in milk samples indicates 
contamination by fecal. Milk can be contaminated in the 
processing stages after milking. It might get contaminated 
from the outer surface of udder, hands of peoples dealing 
with processing, storage equipment and surrounding environ-
ments. Not every E. coli that present in milk and milk 
products are harmful for human health except the pathogenic 
E. coli that contains bacterial toxins that can transmit diseas-
es to human body.

The microbial quality of the milk can be affected by feeding 
style and housing strategies (Pendleton et al. 2013). The use 
of water for washing the milking equipment might be another 
source of contamination (Canizalez-Roman et al. 2013). 
Moreover, milk that has been stored contains high amount of 
gram negative bacteria (Kaper et al. 2004; Martín et al. 2010; 
López-Saucedo et al. 2003; Qadri et al. 2005).

The pathogenic bacteria that are found in milk are responsi-
ble for major dairy-related disorders. One of the major health 
concerns in Bangladesh is the presence of pathogenic bacte-
ria in ice cream. Some microbiological assessment studies on 
ice cream have been conducted in Bangladesh (Hossain et al. 
2012; Sohel et al. 2022). In this analysis, about 10% of the 
analysed ice cream samples that were collected from local 
sellers contained E. coli. Some of the ingredients like milk, 

water might be contaminated by E. coli during the prepara-
tion process. There have evidence of presence of E. coli in 
milk (Islam et al. 2016; Bag et al. 2012) and drinking water 
in Bangladesh (Hasan et al. 2022). A study from Iran reported 
about 15% of the analyzed ice cream samples contained E.  
coli (Hosseini-Naveh et al. 2019) while in Belgium E. coli 
strains such as E. coli O145 and O26 were detected in ice 
cream samples (De Schrijver et al. 2007). Another study 
reported about 51. 4% of homemade ice cream samples 
harbored E. coli in Costarica (Windrantz and Arias, 2000).

Shiga toxin-producing E. coli (STEC) are considered as 
dangerous pathogen causing food borne diseases. In this 
study, neither E. coli O157:H7 nor stx1 were detected from 
the isolated E. coli isolates. Now-a-days, E. coli is identified 
as one of the major etiologies of bovine mastitis (Green et al. 
2005). The major reasons for recurrence of infection might 
be because of infection from environment or those organisms 
were persistent in the mammary gland. In comparison with 
other reports (Zhang et al. 2018), the finding of this present 
study indicated that E. coli contamination in studied milk, 
cheese, butter and ice cream samples were relatively lower 
which might be because of maintaining proper hygienic 
regulations during collecting of raw milk, preparation of 
cheese, butter and ice cream samples. 

Conclusions

The presence of E. coli in raw milk, pasteurized milk, cheese, 
butter and ice cream was assessed through physiological, 
biochemical and molecular tests. Our study has demonstrated 
that, some of these dairy products contained E. coli which 
might be because of contamination during milking and 
further processing steps. As most of the milk products are 
prepared from non-pasteurized milk therefore, proper safety 
precautions are needed to prevent E. coli contamination. The 
peoples who involved in milk processing should be trained 
on regular basis by the regulatory authorities. Antibiotic 
resistant pattern of E. coli isolates indicated an alarming 
condition which needs more attention. Pathogenic bacteria 
may transmit antibiotic resistant genes through their plasmids 
to the human and thus, develop antibiotic resistance in human 
body. Therefore, regular food monitoring is strongly recom-
mended to control foodborne diseases especially in develop-
ing countries like Bangladesh. 
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Fig. 1. Identification of E. Coli from milk and dairy 
products. 1 A: E. coli colonies on MacConkey 
agar; 1 B: metallic green glossy colonies on EMB 
Agar; 1 C: Agarose gel image after PCR

Table I. Isolation of E. coli, E. coli O157:H7 and virulence gene stx1 from raw, pasteurized milk and other 
dairy products

Samples  Total number of 
samples  

E. coli 
Positive  

Occurrence 
(%)  

E. coli 
O157:H7 

STEC 
(stx1) 

Raw milk 50 8 16 ND ND 
Pasteurize milk 50 0 0 ND ND
Cheese 50 4 8 ND ND 
Butter 50 3 6 ND ND 
Ice cream  50 5 10 ND ND 

*ND: Not detected
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Butter contains high amount of milk fat but the protein 
concentration is very low. Besides, butter is enriched with 
vitamin A, calcium, phosphorus and vitamin D. Cheese is 
milk-derived fermented food. The health benefits of cheese 
including the body formation enhance strong immune 
system, strong hair and proper fluid balance in body. In 
Bangladesh, cheese is consumed widely in several food 
items. The manufacturing process of cheese in unhealthy 
conditions is public health concern. As the main component 
of cheese production is raw milk, there have possibility to 
contamination of cheese with pathogenic bacteria like E. coli 
during the pre-production to post production process. 

As E. coli inhabits in intestines of warm-blooded animals 
(Lara et al. 2016) so, there have possibility to transmit to 
milk from animal body. The main reason is the fecal 
contamination during the improper handling of milk (Gar-
baj et al. 2016; Sharafati et al. 2014). The products that are 
derived from raw milk including ice cream, butter and 
cheese can introduce pathogenic bacteria in human body. 
The out breaks of food borne diseases have been reported 
due to the consumption of raw milk and processed dairy 
items (CDC, 2022).

Occurrence of pathogens in dairy products are serious health 
issue especially who consumed dairy products that are 
produced from raw or unpasteurized milk. Pathogenic 
bacteria in foods are responsible for foodborne diseases and 
antimicrobial resistance. 

In dairy industry, Bovine mastitis is known as one of the 
serious diseases (Seegers et al. 2003). Bovine mastitis is also 
one of the major problems of Bangladesh in term of milk 
production reduction and loss of milk quality (Biswas et al. 
2020). Several microorganisms such as virus, bacteria, myco-
plasma and yeast are responsible for mastitis (Rahman et al. 
2013). Among the bacteria, E. coli is mostly responsible for 
bovine mastitis worldwide (Barkema et al. 1998; Lan et al. 
2020; Tenhagen et al. 2009; Verbeke et al. 2014).

The microorganisms responsible for milk contamination 
have been investigated throughout the world (Hassan et al. 
2014). Limited number of works has been reported on the 
identification of E. coli in food items like dairy products in 
Bangladesh (Alam et al. 2006; Islam et al. 2008; Hessain et 
al. 2015). Still now only a few researches have been conducted 
on characterization of E. coli at molecular level in dairy 
products.

Therefore, the aim of this current study was to characterize E. 
coli in dairy products at molecular level from different 

locations of Dhaka district Bangladesh. The isolated bacteria 
were subjected to antimicrobial susceptibility testing after 
detection using 16s rRNA gene.

Materials and methods

Sample collection

In this research, about 50 fresh raw milk samples, 50 pasteur-
ized milk samples, 50 cheese samples, 50 butter samples and 
50 local made ice cream samples were randomly collected 
from different areas of Dhaka district including Savar, Ashu-
lia, Dohar, Keraniganj, Nawabganj and Dhamrai. Raw milk 
samples were collected directly from farmers while pasteur-
ized milk samples, cheese and butter samples were collected 
from local stores. About 5 ml of milk samples were collected 
in sterile falcon tubes from June, 2022 to August 2022. After 
collection, the samples were properly stored on ice box and 
transported to the lab for further analysis and stored at -20ºC 
until culture experiments and DNA extraction.

E. coli identification 

E. coli was enriched and isolated following protocol with 
minor modifications. About 500 µl of raw milk samples were 
inoculated into 4.5 ml of LB (Luria Bertani) media (Alpha 
Bioscience, UK) and incubated at 37ºC for overnight. About 
100 µl of bacterial culture was inoculated onto Eosin Methy-
lene Blue Levine (EMB) agar (Hi-media, India) and incubat-
ed at 37ºC for 24 hours. The suspected colonies were further 
streaked on to EMB agar plates for isolation of pure colonies. 
In case of other milk product samples, 10 g of samples were 
homogenized with 90 ml of LB broth. About 100 µl of 
homogenates were spread on MacConkey agar (Tulip Diag-
nostics Ltd., India) and EMB agar plates respectively and 
incubated 37ºC for overnight. The grown colonies were 
confirmed as E. coli through colony morphology on 
MacConkey agar as well as several biochemical tests (Mom-
taz et al. 2013). Final confirmation was accomplished by 16S 
rRNA gene amplification.

Genomic DNA extraction

Bacterial DNA was extracted using AxyPrep TM Multi source 
Genomic DNA Mini prep Kit (Corning, USA) following the 
prescribed protocol. DNA quality was verified through 
Nanodrop quantification. 

Detection of 16s rRNA gene

Universal primers (16S-for (5’-GCTGGAT-
CACCTCCTTTC-3’) and 23S-rev (5’-AGTGCCAAGG-
CATCCACC3’) were used for 16S rRNA gene amplification. 

PCR reaction (25 µl) consisted of primers (0.2 µM each), 
DNA template (1 ng), 2X PCR master mix (12.5 µl) and 
nuclease free H2O. The PCR was performed in AerisTM  Ther-
mal Cycler (Esco Life sciences, Singapore) and the thermal 
cycler conditions were as follows: (i) 95ºC for 1 min; (ii) 40 
cycles of 45 sec at 95ºC, 45 sec at 52ºC and 1 min at 72ºC; 
(iii) 7 min at 72ºC. The PCR products were justified by gel 
electrophoresis. 

Detection of E. coli O157:H7 and its toxin Stx1

Specific primers (listed in Table 2) were used to identify E. 
coli O157: H7 (Forward:  CGGACATCCATGTGATATGG; 
Reverse: TTGCCTATGTACAGCTAATCC) and its toxin 
stx1 (Forward: ATAAATCGCCATTCGTTGACTAC;

Reverse: AGAACGCCCACTGAGATCATC) as previously 
described method (Paton AW and Paton JC 1998). The 
expected amplicon size of E. coli O157:H7 and stx1 was 259 
bp and 180 bp respectively. The 25 µl reaction mix consisted 
of primers (0.2 µM each), DNA template (1 ng), 2X PCR 
master mix (12.5 µl) and nuclease free H2O. Amplification 
was subjected to 35 cycles where  denaturation temperature 
was 95°C for 1 min; 65°C for 2 min for 10 cycles, then 60°C 
for 15 cycles; elongation at 72°C for 1.5 min from cycles 25 
to 35. The PCR products were then analyzed by 2% agarose 
gel electrophoresis. 

Antimicrobial susceptibility testing

In the next step, E. coli isolates were subjected to antimicro-
bial susceptibility tests following standard guidelines (Hum-
phries et al. 2021) by using Kirby-Bauer disc diffusion 
method. Antibiotics including Ampicillin (10 µg), Azithro-
mycin (Azm) 15 µg, Amoxicillin/clavulanic acid (30 µg), 
Ceftazidime (30 µg), Ceftriaxone (30 µg), Chloramphenicol 
(30 µg), Ciprofloxacin (10 µg), Gentamycin (10 µg), Imipen-
em (Imi) 10 µg, Kanamycin (30 µg), Norfloxacin (30 µg), 
Tetracycline (30 µg) and Trimethoprim/sulfamethoxazole 
(10 µg) (HiMedia Laboratories Pvt. Ltd, Mumbai, India) 
were tested. In brief, bacterial suspensions prepared on sterile 
phosphate buffered saline (PBS). Then, a sterile swab stick 
was used to collect bacterial suspensions and later spread on 
agar plate surface. After placing the antibiotic disks for each 
plates, incubated at 37°C for 24 h. Later, the inhibition zones 
on agar plates were recorded according to CLSI criteria. 
Finally, antibiotic susceptibility was measured for each 
antimicrobial agent. In Antimicrobial Susceptibility Testing, 
E. coli ATCC 25922 was used as positive control. Each test 
was repeated for at least three times for better clarification of 
the results. The calculation of Multiple Antibiotic Resistance 
(MAR) index was performed following the prescribed 

formula (Krumperman, 1983). The isolates that showed 
resistance to three or more classes of antimicrobials are titled 
as multidrug resistant (MDR) (Magiorakos et al. 2012). 

Statistical analysis

Data derived from E. coli isolates were analyzed through 
SPSS/16.0 software. Statistical difference tests were 
performed with chi-square at 5% significance level.

Results and discussion

Isolation of E. coli from collected milk and dairy products

About 50 raw milk samples, 50 pasteurized milk samples, 50 
cheese samples, 50 butter samples and 50 local made ice 
cream samples were analyzed in the laboratory using differ-
ent cultural, biochemical and staining methods. The red/pink 
colonies grown on MacConkey agar (Fig. 1A) were further 
streaked on EMB agar and E. coli metallic green glossy 
colonies with a dark or purple center were confirmed as E. 
coli strains (Fig. 1B). Table 1 outlined the overall findings 

from this study. The metallic sheen colonies were isolated 
from 8 (16%) out of 50 raw milk samples, 4 (8%) out of 50 
cheese samples, 3 (6%) out of 50 butter samples and 5 (10%) 
out of 50 ice cream samples. No E. coli isolates were identi-
fied in pasteurized milk samples. At least three colonies were 
collected from each sample type and subjected to molecular 
characterization. PCR amplification was carried out by using 
16s and 23 universal primers and amplified products were 
confirmed the presence of 16sRNA gene by gel electrophore-
sis (Fig. 1C).

Identification of E. coli O157:H7 and virulence gene stx1

PCR genotyping using 16S rRNA housekeeping gene primers 
confirmed the presence of E. coli DNA in 20 isolates. About 
twenty E. coli isolates were detected from raw milk, cheese, 
butter and ice cream samples. The E. coli samples were 
further screened for the presence of E. coli O157:H7 and 
virulence gene (stx1). None of the samples found positive for 
E. coli O157:H7 and stx1 gene. 

Study of antimicrobial resistance and calculation of multiple 
antibiotics Index of identified E. coli strains

Table 3 represents the antibiotic resistance profile and multi-
ple antibiotics index of identified E. coli strains. In this analy-
sis, maximum number of the isolates (13) was resistant to 
Tetracycline which was followed by Amoxicillin (10), Cipro-
floxacin (7), Trimethoprim/sulfamethoxazole (4), Imipenem 
(3), Norfloxacin (2), Kanamycin (1) and Ceftriaxone (1) 
respectively. From this analysis it was observed that, three 
isolates from raw milk samples were resistant to three antibi-
otics, three isolates were resistant to two antibiotics, two 
isolates were resistant to single antibiotic. Among the E. coli 
isolates from cheese samples, one isolate was resistant to four 
antibiotics, two isolates were resistant to two antibiotics and 
one isolate was resistant to single antibiotic. Among the E. 
coli isolates from butter samples, one sample was resistant to 
three antibiotics; another isolate was resistant to two antibiot-
ics. Among the E. coli isolates from ice cream samples, two 

isolates were resistant to three antibiotics, one isolate was 
resistant to two antibiotics and two isolates were resistant to 
single antibiotic. Multidrug resistance analysis showed that, 
36.84% E. coli isolates were resistant to three or more antibi-
otics which might be due to the failed antibiotic therapies and 
may pose potential threat to human health in developing 
antibiotic resistance. Fig. 2 represents the susceptibility 
pattern of tested antibiotics. The susceptibility to Ampicillin , 
Azithromycin (Azm), Amoxicillin/clavulanic acid, Ceftazi-
dime, Ceftriaxone, Chloramphenicol, Ciprofloxacin, Genta-
mycin, Imipenem (Imi), Kanamycin, Norfloxacin, Tetracy-
cline and Trimethoprim/sulfamethoxazole were 73.7%, 
92.7%, 30.7%, 80.6%, 58.9%, 93.9%, 46.6%, 84%, 43%, 
60.4%, 60.9%, 67.4% and 65.1% respectively.

The milk samples were collected maintaining proper hygien-
ic conditions. However, 16% of collected raw milk samples 
contained E. coli. There have some differences in E. coli 
prevalence of this present study with other studies throughout 

the world (Kumar and Prasad 2010; Silva et al. 2001; Disassa 
et al. 2017) but, E. coli contaminationin milk and dairy 
products is a growing challenge throughout the world. Lot of 
peoples especially peoples from developing countries 
consumed unpasteurized milk and milk products throughout 
the world. Reports indicated the presence of pathogenic 
bacterial species including E. coli in milk and milk products 
(Claeys et al. 2013). Presence of E. coli in raw milk has been 
reported in a study from Bangladesh (Uddin et al. 2011). 
Another study identified about 18% of E. coli contaminated 
raw milk samples in Chittagong (Alam et al. 2017). In a 
study in Dinajpur district, Bangladesh has detected E. coli in 
commercial ice cream brands which indicated lack of main-
taining hygienic practices throughout the manufacturing 
process (Hasan et al. 2015). Pathogenic bacterial (including 
E. coli) contamination of ice cream was identified in other 
studies in Bangladesh (Hussain et al. 2012; Sohel et al. 
2022). In Pakistan, about 57% of the raw milk samples and 
51.66% of milk products were detected contaminated with E.  
coli (Soomro et al. 2002).

Molecular characterization of microorganisms derived from 
milk and dairy products are done worldwide (Gebeyehu et al. 
2022; Hassani et al. 2022; Manishimwe et al. 2021; Tóth et 
al. 2020). Occurrence of E. coli in milk samples indicates 
contamination by fecal. Milk can be contaminated in the 
processing stages after milking. It might get contaminated 
from the outer surface of udder, hands of peoples dealing 
with processing, storage equipment and surrounding environ-
ments. Not every E. coli that present in milk and milk 
products are harmful for human health except the pathogenic 
E. coli that contains bacterial toxins that can transmit diseas-
es to human body.

The microbial quality of the milk can be affected by feeding 
style and housing strategies (Pendleton et al. 2013). The use 
of water for washing the milking equipment might be another 
source of contamination (Canizalez-Roman et al. 2013). 
Moreover, milk that has been stored contains high amount of 
gram negative bacteria (Kaper et al. 2004; Martín et al. 2010; 
López-Saucedo et al. 2003; Qadri et al. 2005).

The pathogenic bacteria that are found in milk are responsi-
ble for major dairy-related disorders. One of the major health 
concerns in Bangladesh is the presence of pathogenic bacte-
ria in ice cream. Some microbiological assessment studies on 
ice cream have been conducted in Bangladesh (Hossain et al. 
2012; Sohel et al. 2022). In this analysis, about 10% of the 
analysed ice cream samples that were collected from local 
sellers contained E. coli. Some of the ingredients like milk, 

water might be contaminated by E. coli during the prepara-
tion process. There have evidence of presence of E. coli in 
milk (Islam et al. 2016; Bag et al. 2012) and drinking water 
in Bangladesh (Hasan et al. 2022). A study from Iran reported 
about 15% of the analyzed ice cream samples contained E.  
coli (Hosseini-Naveh et al. 2019) while in Belgium E. coli 
strains such as E. coli O145 and O26 were detected in ice 
cream samples (De Schrijver et al. 2007). Another study 
reported about 51. 4% of homemade ice cream samples 
harbored E. coli in Costarica (Windrantz and Arias, 2000).

Shiga toxin-producing E. coli (STEC) are considered as 
dangerous pathogen causing food borne diseases. In this 
study, neither E. coli O157:H7 nor stx1 were detected from 
the isolated E. coli isolates. Now-a-days, E. coli is identified 
as one of the major etiologies of bovine mastitis (Green et al. 
2005). The major reasons for recurrence of infection might 
be because of infection from environment or those organisms 
were persistent in the mammary gland. In comparison with 
other reports (Zhang et al. 2018), the finding of this present 
study indicated that E. coli contamination in studied milk, 
cheese, butter and ice cream samples were relatively lower 
which might be because of maintaining proper hygienic 
regulations during collecting of raw milk, preparation of 
cheese, butter and ice cream samples. 

Conclusions

The presence of E. coli in raw milk, pasteurized milk, cheese, 
butter and ice cream was assessed through physiological, 
biochemical and molecular tests. Our study has demonstrated 
that, some of these dairy products contained E. coli which 
might be because of contamination during milking and 
further processing steps. As most of the milk products are 
prepared from non-pasteurized milk therefore, proper safety 
precautions are needed to prevent E. coli contamination. The 
peoples who involved in milk processing should be trained 
on regular basis by the regulatory authorities. Antibiotic 
resistant pattern of E. coli isolates indicated an alarming 
condition which needs more attention. Pathogenic bacteria 
may transmit antibiotic resistant genes through their plasmids 
to the human and thus, develop antibiotic resistance in human 
body. Therefore, regular food monitoring is strongly recom-
mended to control foodborne diseases especially in develop-
ing countries like Bangladesh. 
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Primer ID  Sequence 

16S Fw 5'-GCTGGATCACCTCCTTTC-3'  
23S Rv  5'-AGTGCCAAGGCATCCACC3' 
stx1-Fw ATAAATCGCCATTCGTTGACTAC 
stx1-Rv AGAACGCCCACTGAGATCATC 
rfbO157:H7-Fw  CGGACATCCATGTGATATGG 
rfbO157:H7-Fw TTGCCTATGTACAGCTAATCC 
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Fig. 2. Percentage of Antimicrobial Susceptibility of E. coli



Hasan, Satter and Ahmed 83

Butter contains high amount of milk fat but the protein 
concentration is very low. Besides, butter is enriched with 
vitamin A, calcium, phosphorus and vitamin D. Cheese is 
milk-derived fermented food. The health benefits of cheese 
including the body formation enhance strong immune 
system, strong hair and proper fluid balance in body. In 
Bangladesh, cheese is consumed widely in several food 
items. The manufacturing process of cheese in unhealthy 
conditions is public health concern. As the main component 
of cheese production is raw milk, there have possibility to 
contamination of cheese with pathogenic bacteria like E. coli 
during the pre-production to post production process. 

As E. coli inhabits in intestines of warm-blooded animals 
(Lara et al. 2016) so, there have possibility to transmit to 
milk from animal body. The main reason is the fecal 
contamination during the improper handling of milk (Gar-
baj et al. 2016; Sharafati et al. 2014). The products that are 
derived from raw milk including ice cream, butter and 
cheese can introduce pathogenic bacteria in human body. 
The out breaks of food borne diseases have been reported 
due to the consumption of raw milk and processed dairy 
items (CDC, 2022).

Occurrence of pathogens in dairy products are serious health 
issue especially who consumed dairy products that are 
produced from raw or unpasteurized milk. Pathogenic 
bacteria in foods are responsible for foodborne diseases and 
antimicrobial resistance. 

In dairy industry, Bovine mastitis is known as one of the 
serious diseases (Seegers et al. 2003). Bovine mastitis is also 
one of the major problems of Bangladesh in term of milk 
production reduction and loss of milk quality (Biswas et al. 
2020). Several microorganisms such as virus, bacteria, myco-
plasma and yeast are responsible for mastitis (Rahman et al. 
2013). Among the bacteria, E. coli is mostly responsible for 
bovine mastitis worldwide (Barkema et al. 1998; Lan et al. 
2020; Tenhagen et al. 2009; Verbeke et al. 2014).

The microorganisms responsible for milk contamination 
have been investigated throughout the world (Hassan et al. 
2014). Limited number of works has been reported on the 
identification of E. coli in food items like dairy products in 
Bangladesh (Alam et al. 2006; Islam et al. 2008; Hessain et 
al. 2015). Still now only a few researches have been conducted 
on characterization of E. coli at molecular level in dairy 
products.

Therefore, the aim of this current study was to characterize E. 
coli in dairy products at molecular level from different 

locations of Dhaka district Bangladesh. The isolated bacteria 
were subjected to antimicrobial susceptibility testing after 
detection using 16s rRNA gene.

Materials and methods

Sample collection

In this research, about 50 fresh raw milk samples, 50 pasteur-
ized milk samples, 50 cheese samples, 50 butter samples and 
50 local made ice cream samples were randomly collected 
from different areas of Dhaka district including Savar, Ashu-
lia, Dohar, Keraniganj, Nawabganj and Dhamrai. Raw milk 
samples were collected directly from farmers while pasteur-
ized milk samples, cheese and butter samples were collected 
from local stores. About 5 ml of milk samples were collected 
in sterile falcon tubes from June, 2022 to August 2022. After 
collection, the samples were properly stored on ice box and 
transported to the lab for further analysis and stored at -20ºC 
until culture experiments and DNA extraction.

E. coli identification 

E. coli was enriched and isolated following protocol with 
minor modifications. About 500 µl of raw milk samples were 
inoculated into 4.5 ml of LB (Luria Bertani) media (Alpha 
Bioscience, UK) and incubated at 37ºC for overnight. About 
100 µl of bacterial culture was inoculated onto Eosin Methy-
lene Blue Levine (EMB) agar (Hi-media, India) and incubat-
ed at 37ºC for 24 hours. The suspected colonies were further 
streaked on to EMB agar plates for isolation of pure colonies. 
In case of other milk product samples, 10 g of samples were 
homogenized with 90 ml of LB broth. About 100 µl of 
homogenates were spread on MacConkey agar (Tulip Diag-
nostics Ltd., India) and EMB agar plates respectively and 
incubated 37ºC for overnight. The grown colonies were 
confirmed as E. coli through colony morphology on 
MacConkey agar as well as several biochemical tests (Mom-
taz et al. 2013). Final confirmation was accomplished by 16S 
rRNA gene amplification.

Genomic DNA extraction

Bacterial DNA was extracted using AxyPrep TM Multi source 
Genomic DNA Mini prep Kit (Corning, USA) following the 
prescribed protocol. DNA quality was verified through 
Nanodrop quantification. 

Detection of 16s rRNA gene

Universal primers (16S-for (5’-GCTGGAT-
CACCTCCTTTC-3’) and 23S-rev (5’-AGTGCCAAGG-
CATCCACC3’) were used for 16S rRNA gene amplification. 

PCR reaction (25 µl) consisted of primers (0.2 µM each), 
DNA template (1 ng), 2X PCR master mix (12.5 µl) and 
nuclease free H2O. The PCR was performed in AerisTM  Ther-
mal Cycler (Esco Life sciences, Singapore) and the thermal 
cycler conditions were as follows: (i) 95ºC for 1 min; (ii) 40 
cycles of 45 sec at 95ºC, 45 sec at 52ºC and 1 min at 72ºC; 
(iii) 7 min at 72ºC. The PCR products were justified by gel 
electrophoresis. 

Detection of E. coli O157:H7 and its toxin Stx1

Specific primers (listed in Table 2) were used to identify E. 
coli O157: H7 (Forward:  CGGACATCCATGTGATATGG; 
Reverse: TTGCCTATGTACAGCTAATCC) and its toxin 
stx1 (Forward: ATAAATCGCCATTCGTTGACTAC;

Reverse: AGAACGCCCACTGAGATCATC) as previously 
described method (Paton AW and Paton JC 1998). The 
expected amplicon size of E. coli O157:H7 and stx1 was 259 
bp and 180 bp respectively. The 25 µl reaction mix consisted 
of primers (0.2 µM each), DNA template (1 ng), 2X PCR 
master mix (12.5 µl) and nuclease free H2O. Amplification 
was subjected to 35 cycles where  denaturation temperature 
was 95°C for 1 min; 65°C for 2 min for 10 cycles, then 60°C 
for 15 cycles; elongation at 72°C for 1.5 min from cycles 25 
to 35. The PCR products were then analyzed by 2% agarose 
gel electrophoresis. 

Antimicrobial susceptibility testing

In the next step, E. coli isolates were subjected to antimicro-
bial susceptibility tests following standard guidelines (Hum-
phries et al. 2021) by using Kirby-Bauer disc diffusion 
method. Antibiotics including Ampicillin (10 µg), Azithro-
mycin (Azm) 15 µg, Amoxicillin/clavulanic acid (30 µg), 
Ceftazidime (30 µg), Ceftriaxone (30 µg), Chloramphenicol 
(30 µg), Ciprofloxacin (10 µg), Gentamycin (10 µg), Imipen-
em (Imi) 10 µg, Kanamycin (30 µg), Norfloxacin (30 µg), 
Tetracycline (30 µg) and Trimethoprim/sulfamethoxazole 
(10 µg) (HiMedia Laboratories Pvt. Ltd, Mumbai, India) 
were tested. In brief, bacterial suspensions prepared on sterile 
phosphate buffered saline (PBS). Then, a sterile swab stick 
was used to collect bacterial suspensions and later spread on 
agar plate surface. After placing the antibiotic disks for each 
plates, incubated at 37°C for 24 h. Later, the inhibition zones 
on agar plates were recorded according to CLSI criteria. 
Finally, antibiotic susceptibility was measured for each 
antimicrobial agent. In Antimicrobial Susceptibility Testing, 
E. coli ATCC 25922 was used as positive control. Each test 
was repeated for at least three times for better clarification of 
the results. The calculation of Multiple Antibiotic Resistance 
(MAR) index was performed following the prescribed 

formula (Krumperman, 1983). The isolates that showed 
resistance to three or more classes of antimicrobials are titled 
as multidrug resistant (MDR) (Magiorakos et al. 2012). 

Statistical analysis

Data derived from E. coli isolates were analyzed through 
SPSS/16.0 software. Statistical difference tests were 
performed with chi-square at 5% significance level.

Results and discussion

Isolation of E. coli from collected milk and dairy products

About 50 raw milk samples, 50 pasteurized milk samples, 50 
cheese samples, 50 butter samples and 50 local made ice 
cream samples were analyzed in the laboratory using differ-
ent cultural, biochemical and staining methods. The red/pink 
colonies grown on MacConkey agar (Fig. 1A) were further 
streaked on EMB agar and E. coli metallic green glossy 
colonies with a dark or purple center were confirmed as E. 
coli strains (Fig. 1B). Table 1 outlined the overall findings 

from this study. The metallic sheen colonies were isolated 
from 8 (16%) out of 50 raw milk samples, 4 (8%) out of 50 
cheese samples, 3 (6%) out of 50 butter samples and 5 (10%) 
out of 50 ice cream samples. No E. coli isolates were identi-
fied in pasteurized milk samples. At least three colonies were 
collected from each sample type and subjected to molecular 
characterization. PCR amplification was carried out by using 
16s and 23 universal primers and amplified products were 
confirmed the presence of 16sRNA gene by gel electrophore-
sis (Fig. 1C).

Identification of E. coli O157:H7 and virulence gene stx1

PCR genotyping using 16S rRNA housekeeping gene primers 
confirmed the presence of E. coli DNA in 20 isolates. About 
twenty E. coli isolates were detected from raw milk, cheese, 
butter and ice cream samples. The E. coli samples were 
further screened for the presence of E. coli O157:H7 and 
virulence gene (stx1). None of the samples found positive for 
E. coli O157:H7 and stx1 gene. 

Study of antimicrobial resistance and calculation of multiple 
antibiotics Index of identified E. coli strains

Table 3 represents the antibiotic resistance profile and multi-
ple antibiotics index of identified E. coli strains. In this analy-
sis, maximum number of the isolates (13) was resistant to 
Tetracycline which was followed by Amoxicillin (10), Cipro-
floxacin (7), Trimethoprim/sulfamethoxazole (4), Imipenem 
(3), Norfloxacin (2), Kanamycin (1) and Ceftriaxone (1) 
respectively. From this analysis it was observed that, three 
isolates from raw milk samples were resistant to three antibi-
otics, three isolates were resistant to two antibiotics, two 
isolates were resistant to single antibiotic. Among the E. coli 
isolates from cheese samples, one isolate was resistant to four 
antibiotics, two isolates were resistant to two antibiotics and 
one isolate was resistant to single antibiotic. Among the E. 
coli isolates from butter samples, one sample was resistant to 
three antibiotics; another isolate was resistant to two antibiot-
ics. Among the E. coli isolates from ice cream samples, two 

isolates were resistant to three antibiotics, one isolate was 
resistant to two antibiotics and two isolates were resistant to 
single antibiotic. Multidrug resistance analysis showed that, 
36.84% E. coli isolates were resistant to three or more antibi-
otics which might be due to the failed antibiotic therapies and 
may pose potential threat to human health in developing 
antibiotic resistance. Fig. 2 represents the susceptibility 
pattern of tested antibiotics. The susceptibility to Ampicillin , 
Azithromycin (Azm), Amoxicillin/clavulanic acid, Ceftazi-
dime, Ceftriaxone, Chloramphenicol, Ciprofloxacin, Genta-
mycin, Imipenem (Imi), Kanamycin, Norfloxacin, Tetracy-
cline and Trimethoprim/sulfamethoxazole were 73.7%, 
92.7%, 30.7%, 80.6%, 58.9%, 93.9%, 46.6%, 84%, 43%, 
60.4%, 60.9%, 67.4% and 65.1% respectively.

The milk samples were collected maintaining proper hygien-
ic conditions. However, 16% of collected raw milk samples 
contained E. coli. There have some differences in E. coli 
prevalence of this present study with other studies throughout 

the world (Kumar and Prasad 2010; Silva et al. 2001; Disassa 
et al. 2017) but, E. coli contaminationin milk and dairy 
products is a growing challenge throughout the world. Lot of 
peoples especially peoples from developing countries 
consumed unpasteurized milk and milk products throughout 
the world. Reports indicated the presence of pathogenic 
bacterial species including E. coli in milk and milk products 
(Claeys et al. 2013). Presence of E. coli in raw milk has been 
reported in a study from Bangladesh (Uddin et al. 2011). 
Another study identified about 18% of E. coli contaminated 
raw milk samples in Chittagong (Alam et al. 2017). In a 
study in Dinajpur district, Bangladesh has detected E. coli in 
commercial ice cream brands which indicated lack of main-
taining hygienic practices throughout the manufacturing 
process (Hasan et al. 2015). Pathogenic bacterial (including 
E. coli) contamination of ice cream was identified in other 
studies in Bangladesh (Hussain et al. 2012; Sohel et al. 
2022). In Pakistan, about 57% of the raw milk samples and 
51.66% of milk products were detected contaminated with E.  
coli (Soomro et al. 2002).

Molecular characterization of microorganisms derived from 
milk and dairy products are done worldwide (Gebeyehu et al. 
2022; Hassani et al. 2022; Manishimwe et al. 2021; Tóth et 
al. 2020). Occurrence of E. coli in milk samples indicates 
contamination by fecal. Milk can be contaminated in the 
processing stages after milking. It might get contaminated 
from the outer surface of udder, hands of peoples dealing 
with processing, storage equipment and surrounding environ-
ments. Not every E. coli that present in milk and milk 
products are harmful for human health except the pathogenic 
E. coli that contains bacterial toxins that can transmit diseas-
es to human body.

The microbial quality of the milk can be affected by feeding 
style and housing strategies (Pendleton et al. 2013). The use 
of water for washing the milking equipment might be another 
source of contamination (Canizalez-Roman et al. 2013). 
Moreover, milk that has been stored contains high amount of 
gram negative bacteria (Kaper et al. 2004; Martín et al. 2010; 
López-Saucedo et al. 2003; Qadri et al. 2005).

The pathogenic bacteria that are found in milk are responsi-
ble for major dairy-related disorders. One of the major health 
concerns in Bangladesh is the presence of pathogenic bacte-
ria in ice cream. Some microbiological assessment studies on 
ice cream have been conducted in Bangladesh (Hossain et al. 
2012; Sohel et al. 2022). In this analysis, about 10% of the 
analysed ice cream samples that were collected from local 
sellers contained E. coli. Some of the ingredients like milk, 

water might be contaminated by E. coli during the prepara-
tion process. There have evidence of presence of E. coli in 
milk (Islam et al. 2016; Bag et al. 2012) and drinking water 
in Bangladesh (Hasan et al. 2022). A study from Iran reported 
about 15% of the analyzed ice cream samples contained E.  
coli (Hosseini-Naveh et al. 2019) while in Belgium E. coli 
strains such as E. coli O145 and O26 were detected in ice 
cream samples (De Schrijver et al. 2007). Another study 
reported about 51. 4% of homemade ice cream samples 
harbored E. coli in Costarica (Windrantz and Arias, 2000).

Shiga toxin-producing E. coli (STEC) are considered as 
dangerous pathogen causing food borne diseases. In this 
study, neither E. coli O157:H7 nor stx1 were detected from 
the isolated E. coli isolates. Now-a-days, E. coli is identified 
as one of the major etiologies of bovine mastitis (Green et al. 
2005). The major reasons for recurrence of infection might 
be because of infection from environment or those organisms 
were persistent in the mammary gland. In comparison with 
other reports (Zhang et al. 2018), the finding of this present 
study indicated that E. coli contamination in studied milk, 
cheese, butter and ice cream samples were relatively lower 
which might be because of maintaining proper hygienic 
regulations during collecting of raw milk, preparation of 
cheese, butter and ice cream samples. 

Conclusions

The presence of E. coli in raw milk, pasteurized milk, cheese, 
butter and ice cream was assessed through physiological, 
biochemical and molecular tests. Our study has demonstrated 
that, some of these dairy products contained E. coli which 
might be because of contamination during milking and 
further processing steps. As most of the milk products are 
prepared from non-pasteurized milk therefore, proper safety 
precautions are needed to prevent E. coli contamination. The 
peoples who involved in milk processing should be trained 
on regular basis by the regulatory authorities. Antibiotic 
resistant pattern of E. coli isolates indicated an alarming 
condition which needs more attention. Pathogenic bacteria 
may transmit antibiotic resistant genes through their plasmids 
to the human and thus, develop antibiotic resistance in human 
body. Therefore, regular food monitoring is strongly recom-
mended to control foodborne diseases especially in develop-
ing countries like Bangladesh. 

Acknowledgement

We would like to thank Institute of Food Science and 
Technology (IFST), BCSIR for giving financial and logistic 
support.

Declaration of competing interest

The authors have declared no conflict of interest.

References

Ababu A, Endashaw D and Fesseha H (2020), Isolation and 
antimicrobial susceptibility profile of Escherichia coli 
O157: H7 from raw milk of dairy cattle in Holeta 
District, Central Ethiopia, International Journal of 
Microbiology 2020: 6626488.  Doi: org/ 10.1155/ 
2020/6626488

Abd El Tawab AA, Ammar AM, Nasef SA and Reda RM 
(2015), Prevalence of E. coli in diseased chickens with 
its antibiogram pattern, Benha Veterinary Medical 
Journal 28(2): 224-230.

Alam MKU, Akther S, Sarwar N, Morshed S and Debnath 
GK (2017), Prevalence and antimicrobial susceptibility 
of Escherichia coli O157 isolated from raw milk 
marketed in Chittagong, Bangladesh, Turkish Journal 
of Agriculture-Food Science and Technology 5(3): 
214-220. DOI: org/10.24925/turjaf.v5i3.214-220.976

Alam M, Hasan NA, Ahsan S, Pazhani G P, Tamura K, 
Ramamurthy T, Gomes DJ, Rahman SR, Islam A, 
Akhtar F, Shinoda S, Watanabe H, Faruque SM and 
Nair GB (2006), Phenotypic and molecular character-
istics of Escherichia coli isolated from aquatic 
environment of Bangladesh, Microbiology and immu-
nology 50(5): 359-370. DOI: org/10.1111/ j.1348- 
0421.2006.tb03802.x

Bag MAS, Khan MSR, Sami MDH, Begum F, Islam MS, 
Rahman MM, Rahman MT and Hassan J (2021), 
Virulence determinants and antimicrobial resistance of 
E. coli isolated from bovine clinical mastitis in some 
selected dairy farms of Bangladesh, Saudi journal of 
biological sciences 28(11): 6317-6323. DOI: org/10. 
1016/j.sjbs.2021.06.099

Barkema HW, Schukken YH, Lam TJGM, Beiboer ML, 
Wilmink H, Benedictus G and Brand A (1998), 
Incidence of clinical mastitis in dairy herds grouped in 
three categories by bulk milk somatic cell counts, 
Journal of dairy science 81(2): 411-419. DOI: org/10. 
3168/jds.S0022-0302(98)75591-2

Biswas D, Hanif SM, Rana EA and Anower AM (2020), A study 
on udder health management practices, reproductive 
disorders and subclinical mastitis in buffalo herds in 

coastal region of Bangladesh, Turkish Journal of Agricul-
ture-Food Science and Technology 8(8): 1662-1667.  
DOI: org/10. 24925/turjaf. v8i8. 1662- 1667. 3416

Canizalez-Roman A, Gonzalez-Nuñez E, Vidal JE, 
Flores-Villaseñor H and León-Sicairos N (2013), 
Prevalence and antibiotic resistance profiles of 
diarrheagenic Escherichia coli strains isolated from 
food items in northwestern Mexico, International 
journal of food microbiology 164(1): 36-45. DOI: org/ 
10.1016/j.ijfoodmicro.2013.03.020

Centers for Disease Control and Prevention (CDC) (2022), 
Raw Milk Questions and Answers. Retrieved from 
h t t p s : / / w w w . c d c . g o v / f o o d s a f e t y / r a w -
milk/raw-milk-questions-and-answers.html

Claeys WL, Cardoen S, Daube G, De Block J, Dewettinck K, 
Dierick K, De Zutter L, Huyghebaert A, Imberechts H, 
Thiange P, Vandenplas Y and Herman L (2013), Raw 
or heated cow milk consumption: Review of risks and 
benefits, Food control 31(1): 251-262. DOI: 
org/10.1016/j.foodcont.2012.09.035

De Schrijver K, Buvens G, Possé B, Van den Branden D, 
Oosterlynck O, De Zutter L, Eilers K, Piérard D, 
Dierick K, Van Damme-Lombaerts R, Lauwers C and 
Jacobs R (2008), Outbreak of verocytotoxin-producing 
E. coli O145 and O26 infections associated with the 
consumption of ice cream produced at a farm, 
Belgium, 2007, Eurosurveillance 13(7): 9-10. 

DebRoy C, Fratamico PM and Roberts E (2018), Molecular 
serogrouping of Escherichia coli, Animal health 
research reviews 19(1): 1-16. DOI: org/10.1017/ S146 
6252317000093

Disassa N, Sibhat B, Mengistu S, Muktar Y and Belina D 
(2017), Prevalence and antimicrobial susceptibility 
pattern of E. coli O157: H7 isolated from traditionally 
marketed raw cow milk in and around Asosa town, 
western Ethiopia, Veterinary medicine international, 
2017: 7581531. DOI: org/10.1155/2017/7581531

Garbaj AM, Awad EM, Azwai SM, Abolghait SK, Naas HT, 
Moawad AA, Gammoudi FT, Barbieri I, and 
Eldaghayes IM (2016), Enterohemorrhagic Escherich-
ia coli O157 in milk and dairy products from Libya: 
Isolation and molecular identification by partial 
sequencing of 16S rDNA, Veterinary world 9(11): 
1184. DOI: 10.14202/vetworld.2016.1184-1189

Gebeyehu A, Taye M and Abebe R (2022), Isolation, molecu-
lar detection and antimicrobial susceptibility profile of 
Salmonella from raw cow milk collected from dairy 
farms and households in southern Ethiopia, BMC 
microbiology 22(1): 1-10. 

Green MJ, Green LE, Medley GF, Bradley AJ, Burton PR 
and Schukken YH (2005), Prevalence and associations 
between bacterial isolates from dry mammary glands 
of dairy cows, Veterinary record 156(3): 71-77. DOI: 
org/10.1136/vr.156.3.71 

Hasan MK, Rahman MM, Khan MSR and Afroz F (2015), 
Determination of bacterial loads of ice cream in 
Dinajpur District, Bangladesh, Microbes and Health 
4(2): 1-4. DOI: org/10.3329/mh.v4i2.30560

Hasan MM, Hoque Z, Kabir E and Hossain S (2022), Differ-
ences in levels of E. coli contamination of point of use 
drinking water in Bangladesh, PloS one 17(5): 
e0267386. DOI: org/10.1371/journal.pone.0267386

Hassan J, Parvej MS, Rahman MB, Khan MSR, Rahman MT, 
Kamal T and Nazir KNH (2014), Prevalence and 
characterization of Escherichia coli from rectal swab 
of apparently healthy cattle in Mymensingh, Bangla-
desh, Microbes and Health 3(1): 12-14. DOI: org/10. 
3329/mh.v3i1.19775

Hassani S, Moosavy MH, Gharajalar SN, Khatibi SA, 
Hajibemani A and Barabadi Z (2022), High preva-
lence of antibiotic resistance in pathogenic food-
borne bacteria isolated from bovine milk, Scientific 
Reports 12(1): 1-10.

Hessain AM, Al-Arfaj AA, Zakri AM, El-Jakee JK, Al-Zogi-
bi OG, Hemeg HA and Ibrahim IM (2015), Molecular 
characterization of Escherichia coli O157: H7 recov-
ered from meat and meat products relevant to human 
health in Riyadh, Saudi Arabia, Saudi Journal of 
Biological Sciences 22(6): 725-729. DOI: 
org/10.1016/j.sjbs.2015.06.009

Hossain KM, Kabir SL, Rahman MM, Rahman MB and 
Choudhury KA (2012), Organoleptic and Microbial 
Quality of Ice Cream Sold at Retail Stores in Mymens-
ingh, Bangladesh, Journal of Microbiology Research 
2(4): 89-94. DOI: 10.5923/J.MICROBIOLO-
GY.20120204.05

Hosseini-Naveh O, Kariminik A, Azizi A and Khodadadi E 
(2019), Microbial contamination of traditional ice 

creams in Rafsanjan, Iran, MicroMedicine 7(1): 13-18. 
DOI: org/10.5281/zenodo.2574170

Humphries R, Bobenchik AM, Hindler JA and Schuetz AN 
(2021), Overview of changes to the clinical and labora-
tory standards institute performance standards for 
antimicrobial susceptibility testing, M100, Journal of 
clinical microbiology 59(12): e00213-21.  DOI: org/ 
10.1128/jcm.00213-21

Islam MA, Kabir SML and Seel SK (2016), Molecular detec-
tion and characterization of Escherichia coli isolated 
from raw milk sold in different markets of Bangladesh,  
Bangladesh Journal of Veterinary Medicine 14(2): 
271-275. DOI: org/10.3329/bjvm.v14i2.31408

Islam MA, Mondol AS, De Boer E, Beumer RR, Zwietering 
MH, Talukder KA and Heuvelink AE (2008), Preva-
lence and genetic characterization of shiga toxin-pro-
ducing Escherichia coli isolates from slaughtered 
animals in Bangladesh, Applied and environmental 
microbiology 74(17): 5414-5421. DOI: org/10.1128/ 
AEM.00854-08

Kaddu-Mulindwa DH, Aisu T, Gleier K, Zimmermann S and 
Beutin L (2001), Occurrence of Shiga toxin-producing 
Escherichia coli in fecal samples from children with 
diarrhea and from healthy zebu cattle in Uganda, Inter-
national Journal of Food Microbiology 66(1-2): 
95-101.  DOI: org/10.1016/S0168-1605(00)00493-1

Kaper JB, Nataro JP and Mobley HL (2004), Pathogenic 
escherichia coli, Nature reviews microbiology 2(2): 
123-140.

Krumperman PH (1983), Multiple antibiotic resistance 
indexing of Escherichia coli to identify high-risk 
sources of fecal contamination of foods, Applied and 
environmental microbiology 46(1): 165-170. DOI: 
org/10.1128/aem.46.1.165-170.1983

Kumar R and Prasad A (2010), Detection of E. coli and 
Staphylococcus in milk and milk products in and 
around Pantnagar, Veterinary World 3(11): 495. 

Lan T, Liu H, Meng L, Xing M, Dong L, Gu M, Wang J and 
Zheng N (2020), Antimicrobial susceptibility, phylo-
types, and virulence genes of Escherichia coli from 

clinical bovine mastitis in five provinces of China, 
Food and Agricultural Immunology 31(1): 406-423. 
DOI: org/10.1086/647952

Lara VM, Carregaro AB, Santurio DF, Sá MFD, Santurio J M 
and Alves SH (2016), Antimicrobial susceptibility of 
Escherichia coli strains isolated from Alouatta spp. 
feces to essential oils, Evidence-Based Complementary 
and Alternative Medicine 2016: 1643762. DOI: 
org/10.1155/2016/1643762

Leelaporn A, Phengmak M, Eampoklap B, Manatsathit S, 
Tritilanunt S, Siritantikorn S, Nagayama K, Iida T, 
Niyasom C and Komolpit P (2003), Shiga toxin-and 
enterotoxin-producing Escherichia coli isolated from 
subjects with bloody and nonbloody diarrhea in Bang-
kok, Thailand, Diagnostic microbiology and infectious 
disease 46(3): 173-180. DOI: org/10.1016/S0732- 
8893(03)00044-0

López-Saucedo C, Cerna JF, Villegas-Sepulveda N, Thomp-
sonR, Velazquez FR, Torres J, Tarr PIand Estrada-Gar-
cia T (2003), Single multiplex polymerase chain 
reaction to detect diverse loci associated with diarrhe-
agenic Escherichia coli, Emerging infectious diseases 
9(1): 127-131. DOI: 10.3201/eid0901.01-0507

Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas 
ME, Giske CG, Harbarth S, Hindler FJ, Kahlmeter G, 
Olsson-Liljequist B, Paterson DL, Rice LB, Stelling J, 
Struelens MJ, Vatopoulos A, Weber JT and Monnet DL 
(2012), Multidrug-resistant, extensively drug-resistant 
and pandrug-resistant bacteria: an international expert 
proposal for interim standard definitions for acquired 
resistance, Clinical microbiology and infection 18(3): 
268-281. DOI: org/10.1111/j.1469-0691.2011.03570.x

Manishimwe R, Moncada PM, Bugarel M, Scott HM and 
Loneragan GH (2021), Antibiotic resistance among 
Escherichia coli and Salmonella isolated from dairy 
cattle feces in Texas, Plos one 16(5): e0242390. DOI: 
10.1371/journal.pone.0242390

Martín MC, Martínez N, Del Rio B, Ladero V, Fernández M 
and Alvarez MA (2010), A novel real-time polymerase 
chain reaction-based method for the detection and 
quantification of lactose-fermenting Enterobacteriace-
ae in the dairy and other food industries, Journal of 
dairy science 93(3): 860-867. DOI: org/10.3168/-
jds.2009-2481

Momtaz H, Dehkordi FS, Rahimi E and Asgarifar A (2013), 
Detection of Escherichia coli, Salmonella species, and 
Vibrio cholerae in tap water and bottled drinking water 
in Isfahan, Iran, BMC public health 13(1): 1-7.  DOI: 
org/10.1186/1471-2458-13-556

Paton AW and Paton JC (1998), Detection and characteriza-
tion of Shiga toxigenic Escherichia coli by using 
multiplex PCR assays for stx 1, stx 2, eaeA, enterohe-
morrhagic E. coli hlyA, rfb O111 and rfb O157, 
Journal of clinical microbiology 36(2): 598-602. DOI: 
10.1128/JCM.36.2.598-602.1998

Pendleton JN, Gorman SP and Gilmore BF (2013), Clinical 
relevance of the ESKAPE pathogens, Expert Rev. 
Anti-Infective Therapy 11(3): 297-308. DOI: 
10.1586/eri.13.12

Qadri F, Svennerholm AM, Faruque ASG and Sack RB 
(2005), Enterotoxigenic Escherichia coli in developing 
countries: epidemiology, microbiology, clinical 
features, treatment, and prevention, Clinical microbi-
ology reviews 18(3): 465-483.  DOI: 10.1128/C-
MR.18.3.465-483.2005

Rahman MT, Islam MS and Hasan M (2013), Isolation and 
identification of bacterial agents causing clinical 
mastitis in Cattle in Mymensingh and their 
antibiogram Profile, Microbes and Health 2(1): 19-21. 
DOI: org/10.3329/mh.v2i1.17258

Rehman MU, Rashid M, Sheikh JA and Bhat MA (2014), 
Molecular epidemiology and antibiotic resistance 
pattern of enteropathogenic Escherichia coli isolated 
from bovines and their handlers in Jammu, India, 
Journal of Advanced Veterinary and Animal Research 
1(4): 177-181. DOI: 10.5455/javar.2014.a30

Ribeiro LF, Barbosa MMC, Pinto FR, Lavezzo LF, Rossi 
GAM, Almeida HMS and Amaral LA (2019), Diarrhe-
agenic Escherichia coli in raw milk, water, and cattle 
feces in non-technified dairy farms, Ciência Animal 
Brasileira 20: 1-9. DOI: 10.1590/1089-6891v 
20e-47449

Seegers H, Fourichon C and Beaudeau F (2003), Production 
effects related to mastitis and mastitis economics in 
dairy cattle herds, Veterinary research 34(5): 475-491. 
10.1051/vetres:2003027 

Sharafati Chaleshtori R and Rafieian-Kopaei M (2014), 
Screening of antibacterial effect of the Scrophularia 
striata against E. coli in vitro, Journal of Herbmed 
Pharmacology 3(1): 31-34.

Silva ZND, Cunha ASD, Lins MC, Carneiro LDA, Almeida 
ACDF and Queiroz ML (2001), Isolation and serologi-
cal identification of enteropathogenic Escherichia coli 
in pasteurized milk in Brazil, Revista de Saude publica 
35(4): 375-379. DOI: 10.1590/ s0034- 8910200 
1000400007

Sohel M, Akter M, Hasan MF, Mahmud S, Islam MJ, Islam 
A, Islam K and Al Mamun A (2022), Antibiotics Resis-
tance Pattern of Food-Borne Bacteria Isolated from Ice 
Cream in Bangladesh: A Multidisciplinary Study, 
Journal of Food Quality 2022: 5016795. DOI: org/10. 
1155/2022/5016795

Soomro AH, Arain MA, Khaskheli M and Bhutto B (2002), 
Isolation of Escherichia coli from raw milk and milk 
products in relation to public health sold under market 
conditions at Tandojam, Pakistan Journal of Nutrition 
1(3): 151-152.  DOI: 10.3923/pjn.2002.151.152

Tenhagen BA, Hansen I, Reinecke A and Heuwieser W 
(2009), Prevalence of pathogens in milk samples of 
dairy cows with clinical mastitis and in heifers at 
first parturition, Journal of Dairy Research 76(2): 
179-187. DOI: 10.1017/S0022029908003786

Tóth AG, Csabai I, Krikó E, Tőzsér D, Maróti G, Patai ÁV, 
Makrai L, Szita G and Solymosi N (2020), Antimicro-
bial resistance genes in raw milk for human consump-
tion, Scientific reports 10(1): 1-7. DOI: 10.1038/ 
s41598-020-63675-4

Uddin MA, Motazzim-ul-Haque HM and Noor R (2011), 
Isolation and identification of pathogenic Escherichia 
coli, Klebsiella spp. and Staphylococcus spp. in raw 
milk samples collected from different areas of Dhaka 
City, Bangladesh, Stamford Journal of Microbiology 
1(1): 19-23. DOI: org/10.3329/sjm.v1i1.9098

Verbeke J, Piepers S, Supré K and De Vliegher S (2014), 
Pathogen-specific incidence rate of clinical mastitis in 
Flemish dairy herds, severity, and association with 
herd hygiene, Journal of dairy science 97(11): 
6926-6934. DOI: org/ 10.3168/jds.2014-8173

Windrantz P and Arias ML (2000), Evaluation of the bacteri-
ological quality of ice cream sold at San Jose, Costa 
Rica, Archivos latinoamericanos de nutricion 50(3): 
301-303.

Zhang D, Zhang Z, Huang C, Gao X, Wang Z, Liu Y, Tian C, 
Hong W, Niu S and Liu M (2018), The phylogenetic 
group, antimicrobial susceptibility, and virulence 
genes of Escherichia coli from clinical bovine mastitis, 
Journal of dairy science 101(1): 572-580. DOI: org/10. 
3168/jds.2017-13159

Table III. Antibiotic Resistance Profile and Multiple Antibiotic Resistant Index of Individual E. coli

Am: Amoxicillin, Tet: Tetra cycline, Kan: Kanamycin, Nor: Norfloxacin, Cip: Ciprofloxacin,
Cef: Ceftriaxone, St: Trimethoprim/sulfamethoxazole, Imi:Imipenem.

Samples
Raw milk

 No. of Antibiotics Antibiotic resistance  MAR Index  

Sample -1 2 Am 0.2 
Sample-2 3 Am-Tet-Cef 0.3 
Sample-3 3 Cip-Tet-St 0.3 
Sample-4 2 Kan-Imi 0.2 
Sample-5 3 Nor-Cip-tet 0.3 
Sample-6 2 Tet-Am 0.2 
Sample-7 2 Tet 0.2 
Sample-8 2 Am-Cip 0.2 
Cheese      

 Sample-1 2 Am-Imi 0.2 
Sample-2 4 Am-Cip-tet-st 0.4 
Sample-3 2 Tet 0.2 
Sample-4 2 Cip-Tet 0.2 
Butter      

 Sample-1 3 Tet-Cip-St 0.3 
Sample-2 2 Tet-Am 0.2 
Ice cream      

 Sample-1 2 Am-Tet 0.2 
Sample-2 4 Am-Cip-tet-St 0.4 
Sample-3 2 Tet 0.2 
Sample-4 3 Nor-Imi-Am 0.3 
Sample-5 2 Tet 0.2 
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Butter contains high amount of milk fat but the protein 
concentration is very low. Besides, butter is enriched with 
vitamin A, calcium, phosphorus and vitamin D. Cheese is 
milk-derived fermented food. The health benefits of cheese 
including the body formation enhance strong immune 
system, strong hair and proper fluid balance in body. In 
Bangladesh, cheese is consumed widely in several food 
items. The manufacturing process of cheese in unhealthy 
conditions is public health concern. As the main component 
of cheese production is raw milk, there have possibility to 
contamination of cheese with pathogenic bacteria like E. coli 
during the pre-production to post production process. 

As E. coli inhabits in intestines of warm-blooded animals 
(Lara et al. 2016) so, there have possibility to transmit to 
milk from animal body. The main reason is the fecal 
contamination during the improper handling of milk (Gar-
baj et al. 2016; Sharafati et al. 2014). The products that are 
derived from raw milk including ice cream, butter and 
cheese can introduce pathogenic bacteria in human body. 
The out breaks of food borne diseases have been reported 
due to the consumption of raw milk and processed dairy 
items (CDC, 2022).

Occurrence of pathogens in dairy products are serious health 
issue especially who consumed dairy products that are 
produced from raw or unpasteurized milk. Pathogenic 
bacteria in foods are responsible for foodborne diseases and 
antimicrobial resistance. 

In dairy industry, Bovine mastitis is known as one of the 
serious diseases (Seegers et al. 2003). Bovine mastitis is also 
one of the major problems of Bangladesh in term of milk 
production reduction and loss of milk quality (Biswas et al. 
2020). Several microorganisms such as virus, bacteria, myco-
plasma and yeast are responsible for mastitis (Rahman et al. 
2013). Among the bacteria, E. coli is mostly responsible for 
bovine mastitis worldwide (Barkema et al. 1998; Lan et al. 
2020; Tenhagen et al. 2009; Verbeke et al. 2014).

The microorganisms responsible for milk contamination 
have been investigated throughout the world (Hassan et al. 
2014). Limited number of works has been reported on the 
identification of E. coli in food items like dairy products in 
Bangladesh (Alam et al. 2006; Islam et al. 2008; Hessain et 
al. 2015). Still now only a few researches have been conducted 
on characterization of E. coli at molecular level in dairy 
products.

Therefore, the aim of this current study was to characterize E. 
coli in dairy products at molecular level from different 

locations of Dhaka district Bangladesh. The isolated bacteria 
were subjected to antimicrobial susceptibility testing after 
detection using 16s rRNA gene.

Materials and methods

Sample collection

In this research, about 50 fresh raw milk samples, 50 pasteur-
ized milk samples, 50 cheese samples, 50 butter samples and 
50 local made ice cream samples were randomly collected 
from different areas of Dhaka district including Savar, Ashu-
lia, Dohar, Keraniganj, Nawabganj and Dhamrai. Raw milk 
samples were collected directly from farmers while pasteur-
ized milk samples, cheese and butter samples were collected 
from local stores. About 5 ml of milk samples were collected 
in sterile falcon tubes from June, 2022 to August 2022. After 
collection, the samples were properly stored on ice box and 
transported to the lab for further analysis and stored at -20ºC 
until culture experiments and DNA extraction.

E. coli identification 

E. coli was enriched and isolated following protocol with 
minor modifications. About 500 µl of raw milk samples were 
inoculated into 4.5 ml of LB (Luria Bertani) media (Alpha 
Bioscience, UK) and incubated at 37ºC for overnight. About 
100 µl of bacterial culture was inoculated onto Eosin Methy-
lene Blue Levine (EMB) agar (Hi-media, India) and incubat-
ed at 37ºC for 24 hours. The suspected colonies were further 
streaked on to EMB agar plates for isolation of pure colonies. 
In case of other milk product samples, 10 g of samples were 
homogenized with 90 ml of LB broth. About 100 µl of 
homogenates were spread on MacConkey agar (Tulip Diag-
nostics Ltd., India) and EMB agar plates respectively and 
incubated 37ºC for overnight. The grown colonies were 
confirmed as E. coli through colony morphology on 
MacConkey agar as well as several biochemical tests (Mom-
taz et al. 2013). Final confirmation was accomplished by 16S 
rRNA gene amplification.

Genomic DNA extraction

Bacterial DNA was extracted using AxyPrep TM Multi source 
Genomic DNA Mini prep Kit (Corning, USA) following the 
prescribed protocol. DNA quality was verified through 
Nanodrop quantification. 

Detection of 16s rRNA gene

Universal primers (16S-for (5’-GCTGGAT-
CACCTCCTTTC-3’) and 23S-rev (5’-AGTGCCAAGG-
CATCCACC3’) were used for 16S rRNA gene amplification. 

PCR reaction (25 µl) consisted of primers (0.2 µM each), 
DNA template (1 ng), 2X PCR master mix (12.5 µl) and 
nuclease free H2O. The PCR was performed in AerisTM  Ther-
mal Cycler (Esco Life sciences, Singapore) and the thermal 
cycler conditions were as follows: (i) 95ºC for 1 min; (ii) 40 
cycles of 45 sec at 95ºC, 45 sec at 52ºC and 1 min at 72ºC; 
(iii) 7 min at 72ºC. The PCR products were justified by gel 
electrophoresis. 

Detection of E. coli O157:H7 and its toxin Stx1

Specific primers (listed in Table 2) were used to identify E. 
coli O157: H7 (Forward:  CGGACATCCATGTGATATGG; 
Reverse: TTGCCTATGTACAGCTAATCC) and its toxin 
stx1 (Forward: ATAAATCGCCATTCGTTGACTAC;

Reverse: AGAACGCCCACTGAGATCATC) as previously 
described method (Paton AW and Paton JC 1998). The 
expected amplicon size of E. coli O157:H7 and stx1 was 259 
bp and 180 bp respectively. The 25 µl reaction mix consisted 
of primers (0.2 µM each), DNA template (1 ng), 2X PCR 
master mix (12.5 µl) and nuclease free H2O. Amplification 
was subjected to 35 cycles where  denaturation temperature 
was 95°C for 1 min; 65°C for 2 min for 10 cycles, then 60°C 
for 15 cycles; elongation at 72°C for 1.5 min from cycles 25 
to 35. The PCR products were then analyzed by 2% agarose 
gel electrophoresis. 

Antimicrobial susceptibility testing

In the next step, E. coli isolates were subjected to antimicro-
bial susceptibility tests following standard guidelines (Hum-
phries et al. 2021) by using Kirby-Bauer disc diffusion 
method. Antibiotics including Ampicillin (10 µg), Azithro-
mycin (Azm) 15 µg, Amoxicillin/clavulanic acid (30 µg), 
Ceftazidime (30 µg), Ceftriaxone (30 µg), Chloramphenicol 
(30 µg), Ciprofloxacin (10 µg), Gentamycin (10 µg), Imipen-
em (Imi) 10 µg, Kanamycin (30 µg), Norfloxacin (30 µg), 
Tetracycline (30 µg) and Trimethoprim/sulfamethoxazole 
(10 µg) (HiMedia Laboratories Pvt. Ltd, Mumbai, India) 
were tested. In brief, bacterial suspensions prepared on sterile 
phosphate buffered saline (PBS). Then, a sterile swab stick 
was used to collect bacterial suspensions and later spread on 
agar plate surface. After placing the antibiotic disks for each 
plates, incubated at 37°C for 24 h. Later, the inhibition zones 
on agar plates were recorded according to CLSI criteria. 
Finally, antibiotic susceptibility was measured for each 
antimicrobial agent. In Antimicrobial Susceptibility Testing, 
E. coli ATCC 25922 was used as positive control. Each test 
was repeated for at least three times for better clarification of 
the results. The calculation of Multiple Antibiotic Resistance 
(MAR) index was performed following the prescribed 

formula (Krumperman, 1983). The isolates that showed 
resistance to three or more classes of antimicrobials are titled 
as multidrug resistant (MDR) (Magiorakos et al. 2012). 

Statistical analysis

Data derived from E. coli isolates were analyzed through 
SPSS/16.0 software. Statistical difference tests were 
performed with chi-square at 5% significance level.

Results and discussion

Isolation of E. coli from collected milk and dairy products

About 50 raw milk samples, 50 pasteurized milk samples, 50 
cheese samples, 50 butter samples and 50 local made ice 
cream samples were analyzed in the laboratory using differ-
ent cultural, biochemical and staining methods. The red/pink 
colonies grown on MacConkey agar (Fig. 1A) were further 
streaked on EMB agar and E. coli metallic green glossy 
colonies with a dark or purple center were confirmed as E. 
coli strains (Fig. 1B). Table 1 outlined the overall findings 

from this study. The metallic sheen colonies were isolated 
from 8 (16%) out of 50 raw milk samples, 4 (8%) out of 50 
cheese samples, 3 (6%) out of 50 butter samples and 5 (10%) 
out of 50 ice cream samples. No E. coli isolates were identi-
fied in pasteurized milk samples. At least three colonies were 
collected from each sample type and subjected to molecular 
characterization. PCR amplification was carried out by using 
16s and 23 universal primers and amplified products were 
confirmed the presence of 16sRNA gene by gel electrophore-
sis (Fig. 1C).

Identification of E. coli O157:H7 and virulence gene stx1

PCR genotyping using 16S rRNA housekeeping gene primers 
confirmed the presence of E. coli DNA in 20 isolates. About 
twenty E. coli isolates were detected from raw milk, cheese, 
butter and ice cream samples. The E. coli samples were 
further screened for the presence of E. coli O157:H7 and 
virulence gene (stx1). None of the samples found positive for 
E. coli O157:H7 and stx1 gene. 

Study of antimicrobial resistance and calculation of multiple 
antibiotics Index of identified E. coli strains

Table 3 represents the antibiotic resistance profile and multi-
ple antibiotics index of identified E. coli strains. In this analy-
sis, maximum number of the isolates (13) was resistant to 
Tetracycline which was followed by Amoxicillin (10), Cipro-
floxacin (7), Trimethoprim/sulfamethoxazole (4), Imipenem 
(3), Norfloxacin (2), Kanamycin (1) and Ceftriaxone (1) 
respectively. From this analysis it was observed that, three 
isolates from raw milk samples were resistant to three antibi-
otics, three isolates were resistant to two antibiotics, two 
isolates were resistant to single antibiotic. Among the E. coli 
isolates from cheese samples, one isolate was resistant to four 
antibiotics, two isolates were resistant to two antibiotics and 
one isolate was resistant to single antibiotic. Among the E. 
coli isolates from butter samples, one sample was resistant to 
three antibiotics; another isolate was resistant to two antibiot-
ics. Among the E. coli isolates from ice cream samples, two 

isolates were resistant to three antibiotics, one isolate was 
resistant to two antibiotics and two isolates were resistant to 
single antibiotic. Multidrug resistance analysis showed that, 
36.84% E. coli isolates were resistant to three or more antibi-
otics which might be due to the failed antibiotic therapies and 
may pose potential threat to human health in developing 
antibiotic resistance. Fig. 2 represents the susceptibility 
pattern of tested antibiotics. The susceptibility to Ampicillin , 
Azithromycin (Azm), Amoxicillin/clavulanic acid, Ceftazi-
dime, Ceftriaxone, Chloramphenicol, Ciprofloxacin, Genta-
mycin, Imipenem (Imi), Kanamycin, Norfloxacin, Tetracy-
cline and Trimethoprim/sulfamethoxazole were 73.7%, 
92.7%, 30.7%, 80.6%, 58.9%, 93.9%, 46.6%, 84%, 43%, 
60.4%, 60.9%, 67.4% and 65.1% respectively.

The milk samples were collected maintaining proper hygien-
ic conditions. However, 16% of collected raw milk samples 
contained E. coli. There have some differences in E. coli 
prevalence of this present study with other studies throughout 

the world (Kumar and Prasad 2010; Silva et al. 2001; Disassa 
et al. 2017) but, E. coli contaminationin milk and dairy 
products is a growing challenge throughout the world. Lot of 
peoples especially peoples from developing countries 
consumed unpasteurized milk and milk products throughout 
the world. Reports indicated the presence of pathogenic 
bacterial species including E. coli in milk and milk products 
(Claeys et al. 2013). Presence of E. coli in raw milk has been 
reported in a study from Bangladesh (Uddin et al. 2011). 
Another study identified about 18% of E. coli contaminated 
raw milk samples in Chittagong (Alam et al. 2017). In a 
study in Dinajpur district, Bangladesh has detected E. coli in 
commercial ice cream brands which indicated lack of main-
taining hygienic practices throughout the manufacturing 
process (Hasan et al. 2015). Pathogenic bacterial (including 
E. coli) contamination of ice cream was identified in other 
studies in Bangladesh (Hussain et al. 2012; Sohel et al. 
2022). In Pakistan, about 57% of the raw milk samples and 
51.66% of milk products were detected contaminated with E.  
coli (Soomro et al. 2002).

Molecular characterization of microorganisms derived from 
milk and dairy products are done worldwide (Gebeyehu et al. 
2022; Hassani et al. 2022; Manishimwe et al. 2021; Tóth et 
al. 2020). Occurrence of E. coli in milk samples indicates 
contamination by fecal. Milk can be contaminated in the 
processing stages after milking. It might get contaminated 
from the outer surface of udder, hands of peoples dealing 
with processing, storage equipment and surrounding environ-
ments. Not every E. coli that present in milk and milk 
products are harmful for human health except the pathogenic 
E. coli that contains bacterial toxins that can transmit diseas-
es to human body.

The microbial quality of the milk can be affected by feeding 
style and housing strategies (Pendleton et al. 2013). The use 
of water for washing the milking equipment might be another 
source of contamination (Canizalez-Roman et al. 2013). 
Moreover, milk that has been stored contains high amount of 
gram negative bacteria (Kaper et al. 2004; Martín et al. 2010; 
López-Saucedo et al. 2003; Qadri et al. 2005).

The pathogenic bacteria that are found in milk are responsi-
ble for major dairy-related disorders. One of the major health 
concerns in Bangladesh is the presence of pathogenic bacte-
ria in ice cream. Some microbiological assessment studies on 
ice cream have been conducted in Bangladesh (Hossain et al. 
2012; Sohel et al. 2022). In this analysis, about 10% of the 
analysed ice cream samples that were collected from local 
sellers contained E. coli. Some of the ingredients like milk, 

water might be contaminated by E. coli during the prepara-
tion process. There have evidence of presence of E. coli in 
milk (Islam et al. 2016; Bag et al. 2012) and drinking water 
in Bangladesh (Hasan et al. 2022). A study from Iran reported 
about 15% of the analyzed ice cream samples contained E.  
coli (Hosseini-Naveh et al. 2019) while in Belgium E. coli 
strains such as E. coli O145 and O26 were detected in ice 
cream samples (De Schrijver et al. 2007). Another study 
reported about 51. 4% of homemade ice cream samples 
harbored E. coli in Costarica (Windrantz and Arias, 2000).

Shiga toxin-producing E. coli (STEC) are considered as 
dangerous pathogen causing food borne diseases. In this 
study, neither E. coli O157:H7 nor stx1 were detected from 
the isolated E. coli isolates. Now-a-days, E. coli is identified 
as one of the major etiologies of bovine mastitis (Green et al. 
2005). The major reasons for recurrence of infection might 
be because of infection from environment or those organisms 
were persistent in the mammary gland. In comparison with 
other reports (Zhang et al. 2018), the finding of this present 
study indicated that E. coli contamination in studied milk, 
cheese, butter and ice cream samples were relatively lower 
which might be because of maintaining proper hygienic 
regulations during collecting of raw milk, preparation of 
cheese, butter and ice cream samples. 

Conclusions

The presence of E. coli in raw milk, pasteurized milk, cheese, 
butter and ice cream was assessed through physiological, 
biochemical and molecular tests. Our study has demonstrated 
that, some of these dairy products contained E. coli which 
might be because of contamination during milking and 
further processing steps. As most of the milk products are 
prepared from non-pasteurized milk therefore, proper safety 
precautions are needed to prevent E. coli contamination. The 
peoples who involved in milk processing should be trained 
on regular basis by the regulatory authorities. Antibiotic 
resistant pattern of E. coli isolates indicated an alarming 
condition which needs more attention. Pathogenic bacteria 
may transmit antibiotic resistant genes through their plasmids 
to the human and thus, develop antibiotic resistance in human 
body. Therefore, regular food monitoring is strongly recom-
mended to control foodborne diseases especially in develop-
ing countries like Bangladesh. 
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Butter contains high amount of milk fat but the protein 
concentration is very low. Besides, butter is enriched with 
vitamin A, calcium, phosphorus and vitamin D. Cheese is 
milk-derived fermented food. The health benefits of cheese 
including the body formation enhance strong immune 
system, strong hair and proper fluid balance in body. In 
Bangladesh, cheese is consumed widely in several food 
items. The manufacturing process of cheese in unhealthy 
conditions is public health concern. As the main component 
of cheese production is raw milk, there have possibility to 
contamination of cheese with pathogenic bacteria like E. coli 
during the pre-production to post production process. 

As E. coli inhabits in intestines of warm-blooded animals 
(Lara et al. 2016) so, there have possibility to transmit to 
milk from animal body. The main reason is the fecal 
contamination during the improper handling of milk (Gar-
baj et al. 2016; Sharafati et al. 2014). The products that are 
derived from raw milk including ice cream, butter and 
cheese can introduce pathogenic bacteria in human body. 
The out breaks of food borne diseases have been reported 
due to the consumption of raw milk and processed dairy 
items (CDC, 2022).

Occurrence of pathogens in dairy products are serious health 
issue especially who consumed dairy products that are 
produced from raw or unpasteurized milk. Pathogenic 
bacteria in foods are responsible for foodborne diseases and 
antimicrobial resistance. 

In dairy industry, Bovine mastitis is known as one of the 
serious diseases (Seegers et al. 2003). Bovine mastitis is also 
one of the major problems of Bangladesh in term of milk 
production reduction and loss of milk quality (Biswas et al. 
2020). Several microorganisms such as virus, bacteria, myco-
plasma and yeast are responsible for mastitis (Rahman et al. 
2013). Among the bacteria, E. coli is mostly responsible for 
bovine mastitis worldwide (Barkema et al. 1998; Lan et al. 
2020; Tenhagen et al. 2009; Verbeke et al. 2014).

The microorganisms responsible for milk contamination 
have been investigated throughout the world (Hassan et al. 
2014). Limited number of works has been reported on the 
identification of E. coli in food items like dairy products in 
Bangladesh (Alam et al. 2006; Islam et al. 2008; Hessain et 
al. 2015). Still now only a few researches have been conducted 
on characterization of E. coli at molecular level in dairy 
products.

Therefore, the aim of this current study was to characterize E. 
coli in dairy products at molecular level from different 

locations of Dhaka district Bangladesh. The isolated bacteria 
were subjected to antimicrobial susceptibility testing after 
detection using 16s rRNA gene.

Materials and methods

Sample collection

In this research, about 50 fresh raw milk samples, 50 pasteur-
ized milk samples, 50 cheese samples, 50 butter samples and 
50 local made ice cream samples were randomly collected 
from different areas of Dhaka district including Savar, Ashu-
lia, Dohar, Keraniganj, Nawabganj and Dhamrai. Raw milk 
samples were collected directly from farmers while pasteur-
ized milk samples, cheese and butter samples were collected 
from local stores. About 5 ml of milk samples were collected 
in sterile falcon tubes from June, 2022 to August 2022. After 
collection, the samples were properly stored on ice box and 
transported to the lab for further analysis and stored at -20ºC 
until culture experiments and DNA extraction.

E. coli identification 

E. coli was enriched and isolated following protocol with 
minor modifications. About 500 µl of raw milk samples were 
inoculated into 4.5 ml of LB (Luria Bertani) media (Alpha 
Bioscience, UK) and incubated at 37ºC for overnight. About 
100 µl of bacterial culture was inoculated onto Eosin Methy-
lene Blue Levine (EMB) agar (Hi-media, India) and incubat-
ed at 37ºC for 24 hours. The suspected colonies were further 
streaked on to EMB agar plates for isolation of pure colonies. 
In case of other milk product samples, 10 g of samples were 
homogenized with 90 ml of LB broth. About 100 µl of 
homogenates were spread on MacConkey agar (Tulip Diag-
nostics Ltd., India) and EMB agar plates respectively and 
incubated 37ºC for overnight. The grown colonies were 
confirmed as E. coli through colony morphology on 
MacConkey agar as well as several biochemical tests (Mom-
taz et al. 2013). Final confirmation was accomplished by 16S 
rRNA gene amplification.

Genomic DNA extraction

Bacterial DNA was extracted using AxyPrep TM Multi source 
Genomic DNA Mini prep Kit (Corning, USA) following the 
prescribed protocol. DNA quality was verified through 
Nanodrop quantification. 

Detection of 16s rRNA gene

Universal primers (16S-for (5’-GCTGGAT-
CACCTCCTTTC-3’) and 23S-rev (5’-AGTGCCAAGG-
CATCCACC3’) were used for 16S rRNA gene amplification. 

PCR reaction (25 µl) consisted of primers (0.2 µM each), 
DNA template (1 ng), 2X PCR master mix (12.5 µl) and 
nuclease free H2O. The PCR was performed in AerisTM  Ther-
mal Cycler (Esco Life sciences, Singapore) and the thermal 
cycler conditions were as follows: (i) 95ºC for 1 min; (ii) 40 
cycles of 45 sec at 95ºC, 45 sec at 52ºC and 1 min at 72ºC; 
(iii) 7 min at 72ºC. The PCR products were justified by gel 
electrophoresis. 

Detection of E. coli O157:H7 and its toxin Stx1

Specific primers (listed in Table 2) were used to identify E. 
coli O157: H7 (Forward:  CGGACATCCATGTGATATGG; 
Reverse: TTGCCTATGTACAGCTAATCC) and its toxin 
stx1 (Forward: ATAAATCGCCATTCGTTGACTAC;

Reverse: AGAACGCCCACTGAGATCATC) as previously 
described method (Paton AW and Paton JC 1998). The 
expected amplicon size of E. coli O157:H7 and stx1 was 259 
bp and 180 bp respectively. The 25 µl reaction mix consisted 
of primers (0.2 µM each), DNA template (1 ng), 2X PCR 
master mix (12.5 µl) and nuclease free H2O. Amplification 
was subjected to 35 cycles where  denaturation temperature 
was 95°C for 1 min; 65°C for 2 min for 10 cycles, then 60°C 
for 15 cycles; elongation at 72°C for 1.5 min from cycles 25 
to 35. The PCR products were then analyzed by 2% agarose 
gel electrophoresis. 

Antimicrobial susceptibility testing

In the next step, E. coli isolates were subjected to antimicro-
bial susceptibility tests following standard guidelines (Hum-
phries et al. 2021) by using Kirby-Bauer disc diffusion 
method. Antibiotics including Ampicillin (10 µg), Azithro-
mycin (Azm) 15 µg, Amoxicillin/clavulanic acid (30 µg), 
Ceftazidime (30 µg), Ceftriaxone (30 µg), Chloramphenicol 
(30 µg), Ciprofloxacin (10 µg), Gentamycin (10 µg), Imipen-
em (Imi) 10 µg, Kanamycin (30 µg), Norfloxacin (30 µg), 
Tetracycline (30 µg) and Trimethoprim/sulfamethoxazole 
(10 µg) (HiMedia Laboratories Pvt. Ltd, Mumbai, India) 
were tested. In brief, bacterial suspensions prepared on sterile 
phosphate buffered saline (PBS). Then, a sterile swab stick 
was used to collect bacterial suspensions and later spread on 
agar plate surface. After placing the antibiotic disks for each 
plates, incubated at 37°C for 24 h. Later, the inhibition zones 
on agar plates were recorded according to CLSI criteria. 
Finally, antibiotic susceptibility was measured for each 
antimicrobial agent. In Antimicrobial Susceptibility Testing, 
E. coli ATCC 25922 was used as positive control. Each test 
was repeated for at least three times for better clarification of 
the results. The calculation of Multiple Antibiotic Resistance 
(MAR) index was performed following the prescribed 

formula (Krumperman, 1983). The isolates that showed 
resistance to three or more classes of antimicrobials are titled 
as multidrug resistant (MDR) (Magiorakos et al. 2012). 

Statistical analysis

Data derived from E. coli isolates were analyzed through 
SPSS/16.0 software. Statistical difference tests were 
performed with chi-square at 5% significance level.

Results and discussion

Isolation of E. coli from collected milk and dairy products

About 50 raw milk samples, 50 pasteurized milk samples, 50 
cheese samples, 50 butter samples and 50 local made ice 
cream samples were analyzed in the laboratory using differ-
ent cultural, biochemical and staining methods. The red/pink 
colonies grown on MacConkey agar (Fig. 1A) were further 
streaked on EMB agar and E. coli metallic green glossy 
colonies with a dark or purple center were confirmed as E. 
coli strains (Fig. 1B). Table 1 outlined the overall findings 

from this study. The metallic sheen colonies were isolated 
from 8 (16%) out of 50 raw milk samples, 4 (8%) out of 50 
cheese samples, 3 (6%) out of 50 butter samples and 5 (10%) 
out of 50 ice cream samples. No E. coli isolates were identi-
fied in pasteurized milk samples. At least three colonies were 
collected from each sample type and subjected to molecular 
characterization. PCR amplification was carried out by using 
16s and 23 universal primers and amplified products were 
confirmed the presence of 16sRNA gene by gel electrophore-
sis (Fig. 1C).

Identification of E. coli O157:H7 and virulence gene stx1

PCR genotyping using 16S rRNA housekeeping gene primers 
confirmed the presence of E. coli DNA in 20 isolates. About 
twenty E. coli isolates were detected from raw milk, cheese, 
butter and ice cream samples. The E. coli samples were 
further screened for the presence of E. coli O157:H7 and 
virulence gene (stx1). None of the samples found positive for 
E. coli O157:H7 and stx1 gene. 

Study of antimicrobial resistance and calculation of multiple 
antibiotics Index of identified E. coli strains

Table 3 represents the antibiotic resistance profile and multi-
ple antibiotics index of identified E. coli strains. In this analy-
sis, maximum number of the isolates (13) was resistant to 
Tetracycline which was followed by Amoxicillin (10), Cipro-
floxacin (7), Trimethoprim/sulfamethoxazole (4), Imipenem 
(3), Norfloxacin (2), Kanamycin (1) and Ceftriaxone (1) 
respectively. From this analysis it was observed that, three 
isolates from raw milk samples were resistant to three antibi-
otics, three isolates were resistant to two antibiotics, two 
isolates were resistant to single antibiotic. Among the E. coli 
isolates from cheese samples, one isolate was resistant to four 
antibiotics, two isolates were resistant to two antibiotics and 
one isolate was resistant to single antibiotic. Among the E. 
coli isolates from butter samples, one sample was resistant to 
three antibiotics; another isolate was resistant to two antibiot-
ics. Among the E. coli isolates from ice cream samples, two 

isolates were resistant to three antibiotics, one isolate was 
resistant to two antibiotics and two isolates were resistant to 
single antibiotic. Multidrug resistance analysis showed that, 
36.84% E. coli isolates were resistant to three or more antibi-
otics which might be due to the failed antibiotic therapies and 
may pose potential threat to human health in developing 
antibiotic resistance. Fig. 2 represents the susceptibility 
pattern of tested antibiotics. The susceptibility to Ampicillin , 
Azithromycin (Azm), Amoxicillin/clavulanic acid, Ceftazi-
dime, Ceftriaxone, Chloramphenicol, Ciprofloxacin, Genta-
mycin, Imipenem (Imi), Kanamycin, Norfloxacin, Tetracy-
cline and Trimethoprim/sulfamethoxazole were 73.7%, 
92.7%, 30.7%, 80.6%, 58.9%, 93.9%, 46.6%, 84%, 43%, 
60.4%, 60.9%, 67.4% and 65.1% respectively.

The milk samples were collected maintaining proper hygien-
ic conditions. However, 16% of collected raw milk samples 
contained E. coli. There have some differences in E. coli 
prevalence of this present study with other studies throughout 

the world (Kumar and Prasad 2010; Silva et al. 2001; Disassa 
et al. 2017) but, E. coli contaminationin milk and dairy 
products is a growing challenge throughout the world. Lot of 
peoples especially peoples from developing countries 
consumed unpasteurized milk and milk products throughout 
the world. Reports indicated the presence of pathogenic 
bacterial species including E. coli in milk and milk products 
(Claeys et al. 2013). Presence of E. coli in raw milk has been 
reported in a study from Bangladesh (Uddin et al. 2011). 
Another study identified about 18% of E. coli contaminated 
raw milk samples in Chittagong (Alam et al. 2017). In a 
study in Dinajpur district, Bangladesh has detected E. coli in 
commercial ice cream brands which indicated lack of main-
taining hygienic practices throughout the manufacturing 
process (Hasan et al. 2015). Pathogenic bacterial (including 
E. coli) contamination of ice cream was identified in other 
studies in Bangladesh (Hussain et al. 2012; Sohel et al. 
2022). In Pakistan, about 57% of the raw milk samples and 
51.66% of milk products were detected contaminated with E.  
coli (Soomro et al. 2002).

Molecular characterization of microorganisms derived from 
milk and dairy products are done worldwide (Gebeyehu et al. 
2022; Hassani et al. 2022; Manishimwe et al. 2021; Tóth et 
al. 2020). Occurrence of E. coli in milk samples indicates 
contamination by fecal. Milk can be contaminated in the 
processing stages after milking. It might get contaminated 
from the outer surface of udder, hands of peoples dealing 
with processing, storage equipment and surrounding environ-
ments. Not every E. coli that present in milk and milk 
products are harmful for human health except the pathogenic 
E. coli that contains bacterial toxins that can transmit diseas-
es to human body.

The microbial quality of the milk can be affected by feeding 
style and housing strategies (Pendleton et al. 2013). The use 
of water for washing the milking equipment might be another 
source of contamination (Canizalez-Roman et al. 2013). 
Moreover, milk that has been stored contains high amount of 
gram negative bacteria (Kaper et al. 2004; Martín et al. 2010; 
López-Saucedo et al. 2003; Qadri et al. 2005).

The pathogenic bacteria that are found in milk are responsi-
ble for major dairy-related disorders. One of the major health 
concerns in Bangladesh is the presence of pathogenic bacte-
ria in ice cream. Some microbiological assessment studies on 
ice cream have been conducted in Bangladesh (Hossain et al. 
2012; Sohel et al. 2022). In this analysis, about 10% of the 
analysed ice cream samples that were collected from local 
sellers contained E. coli. Some of the ingredients like milk, 

water might be contaminated by E. coli during the prepara-
tion process. There have evidence of presence of E. coli in 
milk (Islam et al. 2016; Bag et al. 2012) and drinking water 
in Bangladesh (Hasan et al. 2022). A study from Iran reported 
about 15% of the analyzed ice cream samples contained E.  
coli (Hosseini-Naveh et al. 2019) while in Belgium E. coli 
strains such as E. coli O145 and O26 were detected in ice 
cream samples (De Schrijver et al. 2007). Another study 
reported about 51. 4% of homemade ice cream samples 
harbored E. coli in Costarica (Windrantz and Arias, 2000).

Shiga toxin-producing E. coli (STEC) are considered as 
dangerous pathogen causing food borne diseases. In this 
study, neither E. coli O157:H7 nor stx1 were detected from 
the isolated E. coli isolates. Now-a-days, E. coli is identified 
as one of the major etiologies of bovine mastitis (Green et al. 
2005). The major reasons for recurrence of infection might 
be because of infection from environment or those organisms 
were persistent in the mammary gland. In comparison with 
other reports (Zhang et al. 2018), the finding of this present 
study indicated that E. coli contamination in studied milk, 
cheese, butter and ice cream samples were relatively lower 
which might be because of maintaining proper hygienic 
regulations during collecting of raw milk, preparation of 
cheese, butter and ice cream samples. 

Conclusions

The presence of E. coli in raw milk, pasteurized milk, cheese, 
butter and ice cream was assessed through physiological, 
biochemical and molecular tests. Our study has demonstrated 
that, some of these dairy products contained E. coli which 
might be because of contamination during milking and 
further processing steps. As most of the milk products are 
prepared from non-pasteurized milk therefore, proper safety 
precautions are needed to prevent E. coli contamination. The 
peoples who involved in milk processing should be trained 
on regular basis by the regulatory authorities. Antibiotic 
resistant pattern of E. coli isolates indicated an alarming 
condition which needs more attention. Pathogenic bacteria 
may transmit antibiotic resistant genes through their plasmids 
to the human and thus, develop antibiotic resistance in human 
body. Therefore, regular food monitoring is strongly recom-
mended to control foodborne diseases especially in develop-
ing countries like Bangladesh. 
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Butter contains high amount of milk fat but the protein 
concentration is very low. Besides, butter is enriched with 
vitamin A, calcium, phosphorus and vitamin D. Cheese is 
milk-derived fermented food. The health benefits of cheese 
including the body formation enhance strong immune 
system, strong hair and proper fluid balance in body. In 
Bangladesh, cheese is consumed widely in several food 
items. The manufacturing process of cheese in unhealthy 
conditions is public health concern. As the main component 
of cheese production is raw milk, there have possibility to 
contamination of cheese with pathogenic bacteria like E. coli 
during the pre-production to post production process. 

As E. coli inhabits in intestines of warm-blooded animals 
(Lara et al. 2016) so, there have possibility to transmit to 
milk from animal body. The main reason is the fecal 
contamination during the improper handling of milk (Gar-
baj et al. 2016; Sharafati et al. 2014). The products that are 
derived from raw milk including ice cream, butter and 
cheese can introduce pathogenic bacteria in human body. 
The out breaks of food borne diseases have been reported 
due to the consumption of raw milk and processed dairy 
items (CDC, 2022).

Occurrence of pathogens in dairy products are serious health 
issue especially who consumed dairy products that are 
produced from raw or unpasteurized milk. Pathogenic 
bacteria in foods are responsible for foodborne diseases and 
antimicrobial resistance. 

In dairy industry, Bovine mastitis is known as one of the 
serious diseases (Seegers et al. 2003). Bovine mastitis is also 
one of the major problems of Bangladesh in term of milk 
production reduction and loss of milk quality (Biswas et al. 
2020). Several microorganisms such as virus, bacteria, myco-
plasma and yeast are responsible for mastitis (Rahman et al. 
2013). Among the bacteria, E. coli is mostly responsible for 
bovine mastitis worldwide (Barkema et al. 1998; Lan et al. 
2020; Tenhagen et al. 2009; Verbeke et al. 2014).

The microorganisms responsible for milk contamination 
have been investigated throughout the world (Hassan et al. 
2014). Limited number of works has been reported on the 
identification of E. coli in food items like dairy products in 
Bangladesh (Alam et al. 2006; Islam et al. 2008; Hessain et 
al. 2015). Still now only a few researches have been conducted 
on characterization of E. coli at molecular level in dairy 
products.

Therefore, the aim of this current study was to characterize E. 
coli in dairy products at molecular level from different 

locations of Dhaka district Bangladesh. The isolated bacteria 
were subjected to antimicrobial susceptibility testing after 
detection using 16s rRNA gene.

Materials and methods

Sample collection

In this research, about 50 fresh raw milk samples, 50 pasteur-
ized milk samples, 50 cheese samples, 50 butter samples and 
50 local made ice cream samples were randomly collected 
from different areas of Dhaka district including Savar, Ashu-
lia, Dohar, Keraniganj, Nawabganj and Dhamrai. Raw milk 
samples were collected directly from farmers while pasteur-
ized milk samples, cheese and butter samples were collected 
from local stores. About 5 ml of milk samples were collected 
in sterile falcon tubes from June, 2022 to August 2022. After 
collection, the samples were properly stored on ice box and 
transported to the lab for further analysis and stored at -20ºC 
until culture experiments and DNA extraction.

E. coli identification 

E. coli was enriched and isolated following protocol with 
minor modifications. About 500 µl of raw milk samples were 
inoculated into 4.5 ml of LB (Luria Bertani) media (Alpha 
Bioscience, UK) and incubated at 37ºC for overnight. About 
100 µl of bacterial culture was inoculated onto Eosin Methy-
lene Blue Levine (EMB) agar (Hi-media, India) and incubat-
ed at 37ºC for 24 hours. The suspected colonies were further 
streaked on to EMB agar plates for isolation of pure colonies. 
In case of other milk product samples, 10 g of samples were 
homogenized with 90 ml of LB broth. About 100 µl of 
homogenates were spread on MacConkey agar (Tulip Diag-
nostics Ltd., India) and EMB agar plates respectively and 
incubated 37ºC for overnight. The grown colonies were 
confirmed as E. coli through colony morphology on 
MacConkey agar as well as several biochemical tests (Mom-
taz et al. 2013). Final confirmation was accomplished by 16S 
rRNA gene amplification.

Genomic DNA extraction

Bacterial DNA was extracted using AxyPrep TM Multi source 
Genomic DNA Mini prep Kit (Corning, USA) following the 
prescribed protocol. DNA quality was verified through 
Nanodrop quantification. 

Detection of 16s rRNA gene

Universal primers (16S-for (5’-GCTGGAT-
CACCTCCTTTC-3’) and 23S-rev (5’-AGTGCCAAGG-
CATCCACC3’) were used for 16S rRNA gene amplification. 

PCR reaction (25 µl) consisted of primers (0.2 µM each), 
DNA template (1 ng), 2X PCR master mix (12.5 µl) and 
nuclease free H2O. The PCR was performed in AerisTM  Ther-
mal Cycler (Esco Life sciences, Singapore) and the thermal 
cycler conditions were as follows: (i) 95ºC for 1 min; (ii) 40 
cycles of 45 sec at 95ºC, 45 sec at 52ºC and 1 min at 72ºC; 
(iii) 7 min at 72ºC. The PCR products were justified by gel 
electrophoresis. 

Detection of E. coli O157:H7 and its toxin Stx1

Specific primers (listed in Table 2) were used to identify E. 
coli O157: H7 (Forward:  CGGACATCCATGTGATATGG; 
Reverse: TTGCCTATGTACAGCTAATCC) and its toxin 
stx1 (Forward: ATAAATCGCCATTCGTTGACTAC;

Reverse: AGAACGCCCACTGAGATCATC) as previously 
described method (Paton AW and Paton JC 1998). The 
expected amplicon size of E. coli O157:H7 and stx1 was 259 
bp and 180 bp respectively. The 25 µl reaction mix consisted 
of primers (0.2 µM each), DNA template (1 ng), 2X PCR 
master mix (12.5 µl) and nuclease free H2O. Amplification 
was subjected to 35 cycles where  denaturation temperature 
was 95°C for 1 min; 65°C for 2 min for 10 cycles, then 60°C 
for 15 cycles; elongation at 72°C for 1.5 min from cycles 25 
to 35. The PCR products were then analyzed by 2% agarose 
gel electrophoresis. 

Antimicrobial susceptibility testing

In the next step, E. coli isolates were subjected to antimicro-
bial susceptibility tests following standard guidelines (Hum-
phries et al. 2021) by using Kirby-Bauer disc diffusion 
method. Antibiotics including Ampicillin (10 µg), Azithro-
mycin (Azm) 15 µg, Amoxicillin/clavulanic acid (30 µg), 
Ceftazidime (30 µg), Ceftriaxone (30 µg), Chloramphenicol 
(30 µg), Ciprofloxacin (10 µg), Gentamycin (10 µg), Imipen-
em (Imi) 10 µg, Kanamycin (30 µg), Norfloxacin (30 µg), 
Tetracycline (30 µg) and Trimethoprim/sulfamethoxazole 
(10 µg) (HiMedia Laboratories Pvt. Ltd, Mumbai, India) 
were tested. In brief, bacterial suspensions prepared on sterile 
phosphate buffered saline (PBS). Then, a sterile swab stick 
was used to collect bacterial suspensions and later spread on 
agar plate surface. After placing the antibiotic disks for each 
plates, incubated at 37°C for 24 h. Later, the inhibition zones 
on agar plates were recorded according to CLSI criteria. 
Finally, antibiotic susceptibility was measured for each 
antimicrobial agent. In Antimicrobial Susceptibility Testing, 
E. coli ATCC 25922 was used as positive control. Each test 
was repeated for at least three times for better clarification of 
the results. The calculation of Multiple Antibiotic Resistance 
(MAR) index was performed following the prescribed 

formula (Krumperman, 1983). The isolates that showed 
resistance to three or more classes of antimicrobials are titled 
as multidrug resistant (MDR) (Magiorakos et al. 2012). 

Statistical analysis

Data derived from E. coli isolates were analyzed through 
SPSS/16.0 software. Statistical difference tests were 
performed with chi-square at 5% significance level.

Results and discussion

Isolation of E. coli from collected milk and dairy products

About 50 raw milk samples, 50 pasteurized milk samples, 50 
cheese samples, 50 butter samples and 50 local made ice 
cream samples were analyzed in the laboratory using differ-
ent cultural, biochemical and staining methods. The red/pink 
colonies grown on MacConkey agar (Fig. 1A) were further 
streaked on EMB agar and E. coli metallic green glossy 
colonies with a dark or purple center were confirmed as E. 
coli strains (Fig. 1B). Table 1 outlined the overall findings 

from this study. The metallic sheen colonies were isolated 
from 8 (16%) out of 50 raw milk samples, 4 (8%) out of 50 
cheese samples, 3 (6%) out of 50 butter samples and 5 (10%) 
out of 50 ice cream samples. No E. coli isolates were identi-
fied in pasteurized milk samples. At least three colonies were 
collected from each sample type and subjected to molecular 
characterization. PCR amplification was carried out by using 
16s and 23 universal primers and amplified products were 
confirmed the presence of 16sRNA gene by gel electrophore-
sis (Fig. 1C).

Identification of E. coli O157:H7 and virulence gene stx1

PCR genotyping using 16S rRNA housekeeping gene primers 
confirmed the presence of E. coli DNA in 20 isolates. About 
twenty E. coli isolates were detected from raw milk, cheese, 
butter and ice cream samples. The E. coli samples were 
further screened for the presence of E. coli O157:H7 and 
virulence gene (stx1). None of the samples found positive for 
E. coli O157:H7 and stx1 gene. 

Study of antimicrobial resistance and calculation of multiple 
antibiotics Index of identified E. coli strains

Table 3 represents the antibiotic resistance profile and multi-
ple antibiotics index of identified E. coli strains. In this analy-
sis, maximum number of the isolates (13) was resistant to 
Tetracycline which was followed by Amoxicillin (10), Cipro-
floxacin (7), Trimethoprim/sulfamethoxazole (4), Imipenem 
(3), Norfloxacin (2), Kanamycin (1) and Ceftriaxone (1) 
respectively. From this analysis it was observed that, three 
isolates from raw milk samples were resistant to three antibi-
otics, three isolates were resistant to two antibiotics, two 
isolates were resistant to single antibiotic. Among the E. coli 
isolates from cheese samples, one isolate was resistant to four 
antibiotics, two isolates were resistant to two antibiotics and 
one isolate was resistant to single antibiotic. Among the E. 
coli isolates from butter samples, one sample was resistant to 
three antibiotics; another isolate was resistant to two antibiot-
ics. Among the E. coli isolates from ice cream samples, two 

isolates were resistant to three antibiotics, one isolate was 
resistant to two antibiotics and two isolates were resistant to 
single antibiotic. Multidrug resistance analysis showed that, 
36.84% E. coli isolates were resistant to three or more antibi-
otics which might be due to the failed antibiotic therapies and 
may pose potential threat to human health in developing 
antibiotic resistance. Fig. 2 represents the susceptibility 
pattern of tested antibiotics. The susceptibility to Ampicillin , 
Azithromycin (Azm), Amoxicillin/clavulanic acid, Ceftazi-
dime, Ceftriaxone, Chloramphenicol, Ciprofloxacin, Genta-
mycin, Imipenem (Imi), Kanamycin, Norfloxacin, Tetracy-
cline and Trimethoprim/sulfamethoxazole were 73.7%, 
92.7%, 30.7%, 80.6%, 58.9%, 93.9%, 46.6%, 84%, 43%, 
60.4%, 60.9%, 67.4% and 65.1% respectively.

The milk samples were collected maintaining proper hygien-
ic conditions. However, 16% of collected raw milk samples 
contained E. coli. There have some differences in E. coli 
prevalence of this present study with other studies throughout 

the world (Kumar and Prasad 2010; Silva et al. 2001; Disassa 
et al. 2017) but, E. coli contaminationin milk and dairy 
products is a growing challenge throughout the world. Lot of 
peoples especially peoples from developing countries 
consumed unpasteurized milk and milk products throughout 
the world. Reports indicated the presence of pathogenic 
bacterial species including E. coli in milk and milk products 
(Claeys et al. 2013). Presence of E. coli in raw milk has been 
reported in a study from Bangladesh (Uddin et al. 2011). 
Another study identified about 18% of E. coli contaminated 
raw milk samples in Chittagong (Alam et al. 2017). In a 
study in Dinajpur district, Bangladesh has detected E. coli in 
commercial ice cream brands which indicated lack of main-
taining hygienic practices throughout the manufacturing 
process (Hasan et al. 2015). Pathogenic bacterial (including 
E. coli) contamination of ice cream was identified in other 
studies in Bangladesh (Hussain et al. 2012; Sohel et al. 
2022). In Pakistan, about 57% of the raw milk samples and 
51.66% of milk products were detected contaminated with E.  
coli (Soomro et al. 2002).

Molecular characterization of microorganisms derived from 
milk and dairy products are done worldwide (Gebeyehu et al. 
2022; Hassani et al. 2022; Manishimwe et al. 2021; Tóth et 
al. 2020). Occurrence of E. coli in milk samples indicates 
contamination by fecal. Milk can be contaminated in the 
processing stages after milking. It might get contaminated 
from the outer surface of udder, hands of peoples dealing 
with processing, storage equipment and surrounding environ-
ments. Not every E. coli that present in milk and milk 
products are harmful for human health except the pathogenic 
E. coli that contains bacterial toxins that can transmit diseas-
es to human body.

The microbial quality of the milk can be affected by feeding 
style and housing strategies (Pendleton et al. 2013). The use 
of water for washing the milking equipment might be another 
source of contamination (Canizalez-Roman et al. 2013). 
Moreover, milk that has been stored contains high amount of 
gram negative bacteria (Kaper et al. 2004; Martín et al. 2010; 
López-Saucedo et al. 2003; Qadri et al. 2005).

The pathogenic bacteria that are found in milk are responsi-
ble for major dairy-related disorders. One of the major health 
concerns in Bangladesh is the presence of pathogenic bacte-
ria in ice cream. Some microbiological assessment studies on 
ice cream have been conducted in Bangladesh (Hossain et al. 
2012; Sohel et al. 2022). In this analysis, about 10% of the 
analysed ice cream samples that were collected from local 
sellers contained E. coli. Some of the ingredients like milk, 

water might be contaminated by E. coli during the prepara-
tion process. There have evidence of presence of E. coli in 
milk (Islam et al. 2016; Bag et al. 2012) and drinking water 
in Bangladesh (Hasan et al. 2022). A study from Iran reported 
about 15% of the analyzed ice cream samples contained E.  
coli (Hosseini-Naveh et al. 2019) while in Belgium E. coli 
strains such as E. coli O145 and O26 were detected in ice 
cream samples (De Schrijver et al. 2007). Another study 
reported about 51. 4% of homemade ice cream samples 
harbored E. coli in Costarica (Windrantz and Arias, 2000).

Shiga toxin-producing E. coli (STEC) are considered as 
dangerous pathogen causing food borne diseases. In this 
study, neither E. coli O157:H7 nor stx1 were detected from 
the isolated E. coli isolates. Now-a-days, E. coli is identified 
as one of the major etiologies of bovine mastitis (Green et al. 
2005). The major reasons for recurrence of infection might 
be because of infection from environment or those organisms 
were persistent in the mammary gland. In comparison with 
other reports (Zhang et al. 2018), the finding of this present 
study indicated that E. coli contamination in studied milk, 
cheese, butter and ice cream samples were relatively lower 
which might be because of maintaining proper hygienic 
regulations during collecting of raw milk, preparation of 
cheese, butter and ice cream samples. 

Conclusions

The presence of E. coli in raw milk, pasteurized milk, cheese, 
butter and ice cream was assessed through physiological, 
biochemical and molecular tests. Our study has demonstrated 
that, some of these dairy products contained E. coli which 
might be because of contamination during milking and 
further processing steps. As most of the milk products are 
prepared from non-pasteurized milk therefore, proper safety 
precautions are needed to prevent E. coli contamination. The 
peoples who involved in milk processing should be trained 
on regular basis by the regulatory authorities. Antibiotic 
resistant pattern of E. coli isolates indicated an alarming 
condition which needs more attention. Pathogenic bacteria 
may transmit antibiotic resistant genes through their plasmids 
to the human and thus, develop antibiotic resistance in human 
body. Therefore, regular food monitoring is strongly recom-
mended to control foodborne diseases especially in develop-
ing countries like Bangladesh. 
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Butter contains high amount of milk fat but the protein 
concentration is very low. Besides, butter is enriched with 
vitamin A, calcium, phosphorus and vitamin D. Cheese is 
milk-derived fermented food. The health benefits of cheese 
including the body formation enhance strong immune 
system, strong hair and proper fluid balance in body. In 
Bangladesh, cheese is consumed widely in several food 
items. The manufacturing process of cheese in unhealthy 
conditions is public health concern. As the main component 
of cheese production is raw milk, there have possibility to 
contamination of cheese with pathogenic bacteria like E. coli 
during the pre-production to post production process. 

As E. coli inhabits in intestines of warm-blooded animals 
(Lara et al. 2016) so, there have possibility to transmit to 
milk from animal body. The main reason is the fecal 
contamination during the improper handling of milk (Gar-
baj et al. 2016; Sharafati et al. 2014). The products that are 
derived from raw milk including ice cream, butter and 
cheese can introduce pathogenic bacteria in human body. 
The out breaks of food borne diseases have been reported 
due to the consumption of raw milk and processed dairy 
items (CDC, 2022).

Occurrence of pathogens in dairy products are serious health 
issue especially who consumed dairy products that are 
produced from raw or unpasteurized milk. Pathogenic 
bacteria in foods are responsible for foodborne diseases and 
antimicrobial resistance. 

In dairy industry, Bovine mastitis is known as one of the 
serious diseases (Seegers et al. 2003). Bovine mastitis is also 
one of the major problems of Bangladesh in term of milk 
production reduction and loss of milk quality (Biswas et al. 
2020). Several microorganisms such as virus, bacteria, myco-
plasma and yeast are responsible for mastitis (Rahman et al. 
2013). Among the bacteria, E. coli is mostly responsible for 
bovine mastitis worldwide (Barkema et al. 1998; Lan et al. 
2020; Tenhagen et al. 2009; Verbeke et al. 2014).

The microorganisms responsible for milk contamination 
have been investigated throughout the world (Hassan et al. 
2014). Limited number of works has been reported on the 
identification of E. coli in food items like dairy products in 
Bangladesh (Alam et al. 2006; Islam et al. 2008; Hessain et 
al. 2015). Still now only a few researches have been conducted 
on characterization of E. coli at molecular level in dairy 
products.

Therefore, the aim of this current study was to characterize E. 
coli in dairy products at molecular level from different 

locations of Dhaka district Bangladesh. The isolated bacteria 
were subjected to antimicrobial susceptibility testing after 
detection using 16s rRNA gene.

Materials and methods

Sample collection

In this research, about 50 fresh raw milk samples, 50 pasteur-
ized milk samples, 50 cheese samples, 50 butter samples and 
50 local made ice cream samples were randomly collected 
from different areas of Dhaka district including Savar, Ashu-
lia, Dohar, Keraniganj, Nawabganj and Dhamrai. Raw milk 
samples were collected directly from farmers while pasteur-
ized milk samples, cheese and butter samples were collected 
from local stores. About 5 ml of milk samples were collected 
in sterile falcon tubes from June, 2022 to August 2022. After 
collection, the samples were properly stored on ice box and 
transported to the lab for further analysis and stored at -20ºC 
until culture experiments and DNA extraction.

E. coli identification 

E. coli was enriched and isolated following protocol with 
minor modifications. About 500 µl of raw milk samples were 
inoculated into 4.5 ml of LB (Luria Bertani) media (Alpha 
Bioscience, UK) and incubated at 37ºC for overnight. About 
100 µl of bacterial culture was inoculated onto Eosin Methy-
lene Blue Levine (EMB) agar (Hi-media, India) and incubat-
ed at 37ºC for 24 hours. The suspected colonies were further 
streaked on to EMB agar plates for isolation of pure colonies. 
In case of other milk product samples, 10 g of samples were 
homogenized with 90 ml of LB broth. About 100 µl of 
homogenates were spread on MacConkey agar (Tulip Diag-
nostics Ltd., India) and EMB agar plates respectively and 
incubated 37ºC for overnight. The grown colonies were 
confirmed as E. coli through colony morphology on 
MacConkey agar as well as several biochemical tests (Mom-
taz et al. 2013). Final confirmation was accomplished by 16S 
rRNA gene amplification.

Genomic DNA extraction

Bacterial DNA was extracted using AxyPrep TM Multi source 
Genomic DNA Mini prep Kit (Corning, USA) following the 
prescribed protocol. DNA quality was verified through 
Nanodrop quantification. 

Detection of 16s rRNA gene

Universal primers (16S-for (5’-GCTGGAT-
CACCTCCTTTC-3’) and 23S-rev (5’-AGTGCCAAGG-
CATCCACC3’) were used for 16S rRNA gene amplification. 

PCR reaction (25 µl) consisted of primers (0.2 µM each), 
DNA template (1 ng), 2X PCR master mix (12.5 µl) and 
nuclease free H2O. The PCR was performed in AerisTM  Ther-
mal Cycler (Esco Life sciences, Singapore) and the thermal 
cycler conditions were as follows: (i) 95ºC for 1 min; (ii) 40 
cycles of 45 sec at 95ºC, 45 sec at 52ºC and 1 min at 72ºC; 
(iii) 7 min at 72ºC. The PCR products were justified by gel 
electrophoresis. 

Detection of E. coli O157:H7 and its toxin Stx1

Specific primers (listed in Table 2) were used to identify E. 
coli O157: H7 (Forward:  CGGACATCCATGTGATATGG; 
Reverse: TTGCCTATGTACAGCTAATCC) and its toxin 
stx1 (Forward: ATAAATCGCCATTCGTTGACTAC;

Reverse: AGAACGCCCACTGAGATCATC) as previously 
described method (Paton AW and Paton JC 1998). The 
expected amplicon size of E. coli O157:H7 and stx1 was 259 
bp and 180 bp respectively. The 25 µl reaction mix consisted 
of primers (0.2 µM each), DNA template (1 ng), 2X PCR 
master mix (12.5 µl) and nuclease free H2O. Amplification 
was subjected to 35 cycles where  denaturation temperature 
was 95°C for 1 min; 65°C for 2 min for 10 cycles, then 60°C 
for 15 cycles; elongation at 72°C for 1.5 min from cycles 25 
to 35. The PCR products were then analyzed by 2% agarose 
gel electrophoresis. 

Antimicrobial susceptibility testing

In the next step, E. coli isolates were subjected to antimicro-
bial susceptibility tests following standard guidelines (Hum-
phries et al. 2021) by using Kirby-Bauer disc diffusion 
method. Antibiotics including Ampicillin (10 µg), Azithro-
mycin (Azm) 15 µg, Amoxicillin/clavulanic acid (30 µg), 
Ceftazidime (30 µg), Ceftriaxone (30 µg), Chloramphenicol 
(30 µg), Ciprofloxacin (10 µg), Gentamycin (10 µg), Imipen-
em (Imi) 10 µg, Kanamycin (30 µg), Norfloxacin (30 µg), 
Tetracycline (30 µg) and Trimethoprim/sulfamethoxazole 
(10 µg) (HiMedia Laboratories Pvt. Ltd, Mumbai, India) 
were tested. In brief, bacterial suspensions prepared on sterile 
phosphate buffered saline (PBS). Then, a sterile swab stick 
was used to collect bacterial suspensions and later spread on 
agar plate surface. After placing the antibiotic disks for each 
plates, incubated at 37°C for 24 h. Later, the inhibition zones 
on agar plates were recorded according to CLSI criteria. 
Finally, antibiotic susceptibility was measured for each 
antimicrobial agent. In Antimicrobial Susceptibility Testing, 
E. coli ATCC 25922 was used as positive control. Each test 
was repeated for at least three times for better clarification of 
the results. The calculation of Multiple Antibiotic Resistance 
(MAR) index was performed following the prescribed 

formula (Krumperman, 1983). The isolates that showed 
resistance to three or more classes of antimicrobials are titled 
as multidrug resistant (MDR) (Magiorakos et al. 2012). 

Statistical analysis

Data derived from E. coli isolates were analyzed through 
SPSS/16.0 software. Statistical difference tests were 
performed with chi-square at 5% significance level.

Results and discussion

Isolation of E. coli from collected milk and dairy products

About 50 raw milk samples, 50 pasteurized milk samples, 50 
cheese samples, 50 butter samples and 50 local made ice 
cream samples were analyzed in the laboratory using differ-
ent cultural, biochemical and staining methods. The red/pink 
colonies grown on MacConkey agar (Fig. 1A) were further 
streaked on EMB agar and E. coli metallic green glossy 
colonies with a dark or purple center were confirmed as E. 
coli strains (Fig. 1B). Table 1 outlined the overall findings 

from this study. The metallic sheen colonies were isolated 
from 8 (16%) out of 50 raw milk samples, 4 (8%) out of 50 
cheese samples, 3 (6%) out of 50 butter samples and 5 (10%) 
out of 50 ice cream samples. No E. coli isolates were identi-
fied in pasteurized milk samples. At least three colonies were 
collected from each sample type and subjected to molecular 
characterization. PCR amplification was carried out by using 
16s and 23 universal primers and amplified products were 
confirmed the presence of 16sRNA gene by gel electrophore-
sis (Fig. 1C).

Identification of E. coli O157:H7 and virulence gene stx1

PCR genotyping using 16S rRNA housekeeping gene primers 
confirmed the presence of E. coli DNA in 20 isolates. About 
twenty E. coli isolates were detected from raw milk, cheese, 
butter and ice cream samples. The E. coli samples were 
further screened for the presence of E. coli O157:H7 and 
virulence gene (stx1). None of the samples found positive for 
E. coli O157:H7 and stx1 gene. 

Study of antimicrobial resistance and calculation of multiple 
antibiotics Index of identified E. coli strains

Table 3 represents the antibiotic resistance profile and multi-
ple antibiotics index of identified E. coli strains. In this analy-
sis, maximum number of the isolates (13) was resistant to 
Tetracycline which was followed by Amoxicillin (10), Cipro-
floxacin (7), Trimethoprim/sulfamethoxazole (4), Imipenem 
(3), Norfloxacin (2), Kanamycin (1) and Ceftriaxone (1) 
respectively. From this analysis it was observed that, three 
isolates from raw milk samples were resistant to three antibi-
otics, three isolates were resistant to two antibiotics, two 
isolates were resistant to single antibiotic. Among the E. coli 
isolates from cheese samples, one isolate was resistant to four 
antibiotics, two isolates were resistant to two antibiotics and 
one isolate was resistant to single antibiotic. Among the E. 
coli isolates from butter samples, one sample was resistant to 
three antibiotics; another isolate was resistant to two antibiot-
ics. Among the E. coli isolates from ice cream samples, two 

isolates were resistant to three antibiotics, one isolate was 
resistant to two antibiotics and two isolates were resistant to 
single antibiotic. Multidrug resistance analysis showed that, 
36.84% E. coli isolates were resistant to three or more antibi-
otics which might be due to the failed antibiotic therapies and 
may pose potential threat to human health in developing 
antibiotic resistance. Fig. 2 represents the susceptibility 
pattern of tested antibiotics. The susceptibility to Ampicillin , 
Azithromycin (Azm), Amoxicillin/clavulanic acid, Ceftazi-
dime, Ceftriaxone, Chloramphenicol, Ciprofloxacin, Genta-
mycin, Imipenem (Imi), Kanamycin, Norfloxacin, Tetracy-
cline and Trimethoprim/sulfamethoxazole were 73.7%, 
92.7%, 30.7%, 80.6%, 58.9%, 93.9%, 46.6%, 84%, 43%, 
60.4%, 60.9%, 67.4% and 65.1% respectively.

The milk samples were collected maintaining proper hygien-
ic conditions. However, 16% of collected raw milk samples 
contained E. coli. There have some differences in E. coli 
prevalence of this present study with other studies throughout 

the world (Kumar and Prasad 2010; Silva et al. 2001; Disassa 
et al. 2017) but, E. coli contaminationin milk and dairy 
products is a growing challenge throughout the world. Lot of 
peoples especially peoples from developing countries 
consumed unpasteurized milk and milk products throughout 
the world. Reports indicated the presence of pathogenic 
bacterial species including E. coli in milk and milk products 
(Claeys et al. 2013). Presence of E. coli in raw milk has been 
reported in a study from Bangladesh (Uddin et al. 2011). 
Another study identified about 18% of E. coli contaminated 
raw milk samples in Chittagong (Alam et al. 2017). In a 
study in Dinajpur district, Bangladesh has detected E. coli in 
commercial ice cream brands which indicated lack of main-
taining hygienic practices throughout the manufacturing 
process (Hasan et al. 2015). Pathogenic bacterial (including 
E. coli) contamination of ice cream was identified in other 
studies in Bangladesh (Hussain et al. 2012; Sohel et al. 
2022). In Pakistan, about 57% of the raw milk samples and 
51.66% of milk products were detected contaminated with E.  
coli (Soomro et al. 2002).

Molecular characterization of microorganisms derived from 
milk and dairy products are done worldwide (Gebeyehu et al. 
2022; Hassani et al. 2022; Manishimwe et al. 2021; Tóth et 
al. 2020). Occurrence of E. coli in milk samples indicates 
contamination by fecal. Milk can be contaminated in the 
processing stages after milking. It might get contaminated 
from the outer surface of udder, hands of peoples dealing 
with processing, storage equipment and surrounding environ-
ments. Not every E. coli that present in milk and milk 
products are harmful for human health except the pathogenic 
E. coli that contains bacterial toxins that can transmit diseas-
es to human body.

The microbial quality of the milk can be affected by feeding 
style and housing strategies (Pendleton et al. 2013). The use 
of water for washing the milking equipment might be another 
source of contamination (Canizalez-Roman et al. 2013). 
Moreover, milk that has been stored contains high amount of 
gram negative bacteria (Kaper et al. 2004; Martín et al. 2010; 
López-Saucedo et al. 2003; Qadri et al. 2005).

The pathogenic bacteria that are found in milk are responsi-
ble for major dairy-related disorders. One of the major health 
concerns in Bangladesh is the presence of pathogenic bacte-
ria in ice cream. Some microbiological assessment studies on 
ice cream have been conducted in Bangladesh (Hossain et al. 
2012; Sohel et al. 2022). In this analysis, about 10% of the 
analysed ice cream samples that were collected from local 
sellers contained E. coli. Some of the ingredients like milk, 

water might be contaminated by E. coli during the prepara-
tion process. There have evidence of presence of E. coli in 
milk (Islam et al. 2016; Bag et al. 2012) and drinking water 
in Bangladesh (Hasan et al. 2022). A study from Iran reported 
about 15% of the analyzed ice cream samples contained E.  
coli (Hosseini-Naveh et al. 2019) while in Belgium E. coli 
strains such as E. coli O145 and O26 were detected in ice 
cream samples (De Schrijver et al. 2007). Another study 
reported about 51. 4% of homemade ice cream samples 
harbored E. coli in Costarica (Windrantz and Arias, 2000).

Shiga toxin-producing E. coli (STEC) are considered as 
dangerous pathogen causing food borne diseases. In this 
study, neither E. coli O157:H7 nor stx1 were detected from 
the isolated E. coli isolates. Now-a-days, E. coli is identified 
as one of the major etiologies of bovine mastitis (Green et al. 
2005). The major reasons for recurrence of infection might 
be because of infection from environment or those organisms 
were persistent in the mammary gland. In comparison with 
other reports (Zhang et al. 2018), the finding of this present 
study indicated that E. coli contamination in studied milk, 
cheese, butter and ice cream samples were relatively lower 
which might be because of maintaining proper hygienic 
regulations during collecting of raw milk, preparation of 
cheese, butter and ice cream samples. 

Conclusions

The presence of E. coli in raw milk, pasteurized milk, cheese, 
butter and ice cream was assessed through physiological, 
biochemical and molecular tests. Our study has demonstrated 
that, some of these dairy products contained E. coli which 
might be because of contamination during milking and 
further processing steps. As most of the milk products are 
prepared from non-pasteurized milk therefore, proper safety 
precautions are needed to prevent E. coli contamination. The 
peoples who involved in milk processing should be trained 
on regular basis by the regulatory authorities. Antibiotic 
resistant pattern of E. coli isolates indicated an alarming 
condition which needs more attention. Pathogenic bacteria 
may transmit antibiotic resistant genes through their plasmids 
to the human and thus, develop antibiotic resistance in human 
body. Therefore, regular food monitoring is strongly recom-
mended to control foodborne diseases especially in develop-
ing countries like Bangladesh. 

Acknowledgement

We would like to thank Institute of Food Science and 
Technology (IFST), BCSIR for giving financial and logistic 
support.

Declaration of competing interest

The authors have declared no conflict of interest.

References

Ababu A, Endashaw D and Fesseha H (2020), Isolation and 
antimicrobial susceptibility profile of Escherichia coli 
O157: H7 from raw milk of dairy cattle in Holeta 
District, Central Ethiopia, International Journal of 
Microbiology 2020: 6626488.  Doi: org/ 10.1155/ 
2020/6626488

Abd El Tawab AA, Ammar AM, Nasef SA and Reda RM 
(2015), Prevalence of E. coli in diseased chickens with 
its antibiogram pattern, Benha Veterinary Medical 
Journal 28(2): 224-230.

Alam MKU, Akther S, Sarwar N, Morshed S and Debnath 
GK (2017), Prevalence and antimicrobial susceptibility 
of Escherichia coli O157 isolated from raw milk 
marketed in Chittagong, Bangladesh, Turkish Journal 
of Agriculture-Food Science and Technology 5(3): 
214-220. DOI: org/10.24925/turjaf.v5i3.214-220.976

Alam M, Hasan NA, Ahsan S, Pazhani G P, Tamura K, 
Ramamurthy T, Gomes DJ, Rahman SR, Islam A, 
Akhtar F, Shinoda S, Watanabe H, Faruque SM and 
Nair GB (2006), Phenotypic and molecular character-
istics of Escherichia coli isolated from aquatic 
environment of Bangladesh, Microbiology and immu-
nology 50(5): 359-370. DOI: org/10.1111/ j.1348- 
0421.2006.tb03802.x

Bag MAS, Khan MSR, Sami MDH, Begum F, Islam MS, 
Rahman MM, Rahman MT and Hassan J (2021), 
Virulence determinants and antimicrobial resistance of 
E. coli isolated from bovine clinical mastitis in some 
selected dairy farms of Bangladesh, Saudi journal of 
biological sciences 28(11): 6317-6323. DOI: org/10. 
1016/j.sjbs.2021.06.099

Barkema HW, Schukken YH, Lam TJGM, Beiboer ML, 
Wilmink H, Benedictus G and Brand A (1998), 
Incidence of clinical mastitis in dairy herds grouped in 
three categories by bulk milk somatic cell counts, 
Journal of dairy science 81(2): 411-419. DOI: org/10. 
3168/jds.S0022-0302(98)75591-2

Biswas D, Hanif SM, Rana EA and Anower AM (2020), A study 
on udder health management practices, reproductive 
disorders and subclinical mastitis in buffalo herds in 

coastal region of Bangladesh, Turkish Journal of Agricul-
ture-Food Science and Technology 8(8): 1662-1667.  
DOI: org/10. 24925/turjaf. v8i8. 1662- 1667. 3416

Canizalez-Roman A, Gonzalez-Nuñez E, Vidal JE, 
Flores-Villaseñor H and León-Sicairos N (2013), 
Prevalence and antibiotic resistance profiles of 
diarrheagenic Escherichia coli strains isolated from 
food items in northwestern Mexico, International 
journal of food microbiology 164(1): 36-45. DOI: org/ 
10.1016/j.ijfoodmicro.2013.03.020

Centers for Disease Control and Prevention (CDC) (2022), 
Raw Milk Questions and Answers. Retrieved from 
h t t p s : / / w w w . c d c . g o v / f o o d s a f e t y / r a w -
milk/raw-milk-questions-and-answers.html

Claeys WL, Cardoen S, Daube G, De Block J, Dewettinck K, 
Dierick K, De Zutter L, Huyghebaert A, Imberechts H, 
Thiange P, Vandenplas Y and Herman L (2013), Raw 
or heated cow milk consumption: Review of risks and 
benefits, Food control 31(1): 251-262. DOI: 
org/10.1016/j.foodcont.2012.09.035

De Schrijver K, Buvens G, Possé B, Van den Branden D, 
Oosterlynck O, De Zutter L, Eilers K, Piérard D, 
Dierick K, Van Damme-Lombaerts R, Lauwers C and 
Jacobs R (2008), Outbreak of verocytotoxin-producing 
E. coli O145 and O26 infections associated with the 
consumption of ice cream produced at a farm, 
Belgium, 2007, Eurosurveillance 13(7): 9-10. 

DebRoy C, Fratamico PM and Roberts E (2018), Molecular 
serogrouping of Escherichia coli, Animal health 
research reviews 19(1): 1-16. DOI: org/10.1017/ S146 
6252317000093

Disassa N, Sibhat B, Mengistu S, Muktar Y and Belina D 
(2017), Prevalence and antimicrobial susceptibility 
pattern of E. coli O157: H7 isolated from traditionally 
marketed raw cow milk in and around Asosa town, 
western Ethiopia, Veterinary medicine international, 
2017: 7581531. DOI: org/10.1155/2017/7581531

Garbaj AM, Awad EM, Azwai SM, Abolghait SK, Naas HT, 
Moawad AA, Gammoudi FT, Barbieri I, and 
Eldaghayes IM (2016), Enterohemorrhagic Escherich-
ia coli O157 in milk and dairy products from Libya: 
Isolation and molecular identification by partial 
sequencing of 16S rDNA, Veterinary world 9(11): 
1184. DOI: 10.14202/vetworld.2016.1184-1189

Gebeyehu A, Taye M and Abebe R (2022), Isolation, molecu-
lar detection and antimicrobial susceptibility profile of 
Salmonella from raw cow milk collected from dairy 
farms and households in southern Ethiopia, BMC 
microbiology 22(1): 1-10. 

Green MJ, Green LE, Medley GF, Bradley AJ, Burton PR 
and Schukken YH (2005), Prevalence and associations 
between bacterial isolates from dry mammary glands 
of dairy cows, Veterinary record 156(3): 71-77. DOI: 
org/10.1136/vr.156.3.71 

Hasan MK, Rahman MM, Khan MSR and Afroz F (2015), 
Determination of bacterial loads of ice cream in 
Dinajpur District, Bangladesh, Microbes and Health 
4(2): 1-4. DOI: org/10.3329/mh.v4i2.30560

Hasan MM, Hoque Z, Kabir E and Hossain S (2022), Differ-
ences in levels of E. coli contamination of point of use 
drinking water in Bangladesh, PloS one 17(5): 
e0267386. DOI: org/10.1371/journal.pone.0267386

Hassan J, Parvej MS, Rahman MB, Khan MSR, Rahman MT, 
Kamal T and Nazir KNH (2014), Prevalence and 
characterization of Escherichia coli from rectal swab 
of apparently healthy cattle in Mymensingh, Bangla-
desh, Microbes and Health 3(1): 12-14. DOI: org/10. 
3329/mh.v3i1.19775

Hassani S, Moosavy MH, Gharajalar SN, Khatibi SA, 
Hajibemani A and Barabadi Z (2022), High preva-
lence of antibiotic resistance in pathogenic food-
borne bacteria isolated from bovine milk, Scientific 
Reports 12(1): 1-10.

Hessain AM, Al-Arfaj AA, Zakri AM, El-Jakee JK, Al-Zogi-
bi OG, Hemeg HA and Ibrahim IM (2015), Molecular 
characterization of Escherichia coli O157: H7 recov-
ered from meat and meat products relevant to human 
health in Riyadh, Saudi Arabia, Saudi Journal of 
Biological Sciences 22(6): 725-729. DOI: 
org/10.1016/j.sjbs.2015.06.009

Hossain KM, Kabir SL, Rahman MM, Rahman MB and 
Choudhury KA (2012), Organoleptic and Microbial 
Quality of Ice Cream Sold at Retail Stores in Mymens-
ingh, Bangladesh, Journal of Microbiology Research 
2(4): 89-94. DOI: 10.5923/J.MICROBIOLO-
GY.20120204.05

Hosseini-Naveh O, Kariminik A, Azizi A and Khodadadi E 
(2019), Microbial contamination of traditional ice 

creams in Rafsanjan, Iran, MicroMedicine 7(1): 13-18. 
DOI: org/10.5281/zenodo.2574170

Humphries R, Bobenchik AM, Hindler JA and Schuetz AN 
(2021), Overview of changes to the clinical and labora-
tory standards institute performance standards for 
antimicrobial susceptibility testing, M100, Journal of 
clinical microbiology 59(12): e00213-21.  DOI: org/ 
10.1128/jcm.00213-21

Islam MA, Kabir SML and Seel SK (2016), Molecular detec-
tion and characterization of Escherichia coli isolated 
from raw milk sold in different markets of Bangladesh,  
Bangladesh Journal of Veterinary Medicine 14(2): 
271-275. DOI: org/10.3329/bjvm.v14i2.31408

Islam MA, Mondol AS, De Boer E, Beumer RR, Zwietering 
MH, Talukder KA and Heuvelink AE (2008), Preva-
lence and genetic characterization of shiga toxin-pro-
ducing Escherichia coli isolates from slaughtered 
animals in Bangladesh, Applied and environmental 
microbiology 74(17): 5414-5421. DOI: org/10.1128/ 
AEM.00854-08

Kaddu-Mulindwa DH, Aisu T, Gleier K, Zimmermann S and 
Beutin L (2001), Occurrence of Shiga toxin-producing 
Escherichia coli in fecal samples from children with 
diarrhea and from healthy zebu cattle in Uganda, Inter-
national Journal of Food Microbiology 66(1-2): 
95-101.  DOI: org/10.1016/S0168-1605(00)00493-1

Kaper JB, Nataro JP and Mobley HL (2004), Pathogenic 
escherichia coli, Nature reviews microbiology 2(2): 
123-140.

Krumperman PH (1983), Multiple antibiotic resistance 
indexing of Escherichia coli to identify high-risk 
sources of fecal contamination of foods, Applied and 
environmental microbiology 46(1): 165-170. DOI: 
org/10.1128/aem.46.1.165-170.1983

Kumar R and Prasad A (2010), Detection of E. coli and 
Staphylococcus in milk and milk products in and 
around Pantnagar, Veterinary World 3(11): 495. 

Lan T, Liu H, Meng L, Xing M, Dong L, Gu M, Wang J and 
Zheng N (2020), Antimicrobial susceptibility, phylo-
types, and virulence genes of Escherichia coli from 

clinical bovine mastitis in five provinces of China, 
Food and Agricultural Immunology 31(1): 406-423. 
DOI: org/10.1086/647952

Lara VM, Carregaro AB, Santurio DF, Sá MFD, Santurio J M 
and Alves SH (2016), Antimicrobial susceptibility of 
Escherichia coli strains isolated from Alouatta spp. 
feces to essential oils, Evidence-Based Complementary 
and Alternative Medicine 2016: 1643762. DOI: 
org/10.1155/2016/1643762

Leelaporn A, Phengmak M, Eampoklap B, Manatsathit S, 
Tritilanunt S, Siritantikorn S, Nagayama K, Iida T, 
Niyasom C and Komolpit P (2003), Shiga toxin-and 
enterotoxin-producing Escherichia coli isolated from 
subjects with bloody and nonbloody diarrhea in Bang-
kok, Thailand, Diagnostic microbiology and infectious 
disease 46(3): 173-180. DOI: org/10.1016/S0732- 
8893(03)00044-0

López-Saucedo C, Cerna JF, Villegas-Sepulveda N, Thomp-
sonR, Velazquez FR, Torres J, Tarr PIand Estrada-Gar-
cia T (2003), Single multiplex polymerase chain 
reaction to detect diverse loci associated with diarrhe-
agenic Escherichia coli, Emerging infectious diseases 
9(1): 127-131. DOI: 10.3201/eid0901.01-0507

Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas 
ME, Giske CG, Harbarth S, Hindler FJ, Kahlmeter G, 
Olsson-Liljequist B, Paterson DL, Rice LB, Stelling J, 
Struelens MJ, Vatopoulos A, Weber JT and Monnet DL 
(2012), Multidrug-resistant, extensively drug-resistant 
and pandrug-resistant bacteria: an international expert 
proposal for interim standard definitions for acquired 
resistance, Clinical microbiology and infection 18(3): 
268-281. DOI: org/10.1111/j.1469-0691.2011.03570.x

Manishimwe R, Moncada PM, Bugarel M, Scott HM and 
Loneragan GH (2021), Antibiotic resistance among 
Escherichia coli and Salmonella isolated from dairy 
cattle feces in Texas, Plos one 16(5): e0242390. DOI: 
10.1371/journal.pone.0242390

Martín MC, Martínez N, Del Rio B, Ladero V, Fernández M 
and Alvarez MA (2010), A novel real-time polymerase 
chain reaction-based method for the detection and 
quantification of lactose-fermenting Enterobacteriace-
ae in the dairy and other food industries, Journal of 
dairy science 93(3): 860-867. DOI: org/10.3168/-
jds.2009-2481

Momtaz H, Dehkordi FS, Rahimi E and Asgarifar A (2013), 
Detection of Escherichia coli, Salmonella species, and 
Vibrio cholerae in tap water and bottled drinking water 
in Isfahan, Iran, BMC public health 13(1): 1-7.  DOI: 
org/10.1186/1471-2458-13-556

Paton AW and Paton JC (1998), Detection and characteriza-
tion of Shiga toxigenic Escherichia coli by using 
multiplex PCR assays for stx 1, stx 2, eaeA, enterohe-
morrhagic E. coli hlyA, rfb O111 and rfb O157, 
Journal of clinical microbiology 36(2): 598-602. DOI: 
10.1128/JCM.36.2.598-602.1998

Pendleton JN, Gorman SP and Gilmore BF (2013), Clinical 
relevance of the ESKAPE pathogens, Expert Rev. 
Anti-Infective Therapy 11(3): 297-308. DOI: 
10.1586/eri.13.12

Qadri F, Svennerholm AM, Faruque ASG and Sack RB 
(2005), Enterotoxigenic Escherichia coli in developing 
countries: epidemiology, microbiology, clinical 
features, treatment, and prevention, Clinical microbi-
ology reviews 18(3): 465-483.  DOI: 10.1128/C-
MR.18.3.465-483.2005

Rahman MT, Islam MS and Hasan M (2013), Isolation and 
identification of bacterial agents causing clinical 
mastitis in Cattle in Mymensingh and their 
antibiogram Profile, Microbes and Health 2(1): 19-21. 
DOI: org/10.3329/mh.v2i1.17258

Rehman MU, Rashid M, Sheikh JA and Bhat MA (2014), 
Molecular epidemiology and antibiotic resistance 
pattern of enteropathogenic Escherichia coli isolated 
from bovines and their handlers in Jammu, India, 
Journal of Advanced Veterinary and Animal Research 
1(4): 177-181. DOI: 10.5455/javar.2014.a30

Ribeiro LF, Barbosa MMC, Pinto FR, Lavezzo LF, Rossi 
GAM, Almeida HMS and Amaral LA (2019), Diarrhe-
agenic Escherichia coli in raw milk, water, and cattle 
feces in non-technified dairy farms, Ciência Animal 
Brasileira 20: 1-9. DOI: 10.1590/1089-6891v 
20e-47449

Seegers H, Fourichon C and Beaudeau F (2003), Production 
effects related to mastitis and mastitis economics in 
dairy cattle herds, Veterinary research 34(5): 475-491. 
10.1051/vetres:2003027 

Sharafati Chaleshtori R and Rafieian-Kopaei M (2014), 
Screening of antibacterial effect of the Scrophularia 
striata against E. coli in vitro, Journal of Herbmed 
Pharmacology 3(1): 31-34.

Silva ZND, Cunha ASD, Lins MC, Carneiro LDA, Almeida 
ACDF and Queiroz ML (2001), Isolation and serologi-
cal identification of enteropathogenic Escherichia coli 
in pasteurized milk in Brazil, Revista de Saude publica 
35(4): 375-379. DOI: 10.1590/ s0034- 8910200 
1000400007

Sohel M, Akter M, Hasan MF, Mahmud S, Islam MJ, Islam 
A, Islam K and Al Mamun A (2022), Antibiotics Resis-
tance Pattern of Food-Borne Bacteria Isolated from Ice 
Cream in Bangladesh: A Multidisciplinary Study, 
Journal of Food Quality 2022: 5016795. DOI: org/10. 
1155/2022/5016795

Soomro AH, Arain MA, Khaskheli M and Bhutto B (2002), 
Isolation of Escherichia coli from raw milk and milk 
products in relation to public health sold under market 
conditions at Tandojam, Pakistan Journal of Nutrition 
1(3): 151-152.  DOI: 10.3923/pjn.2002.151.152

Tenhagen BA, Hansen I, Reinecke A and Heuwieser W 
(2009), Prevalence of pathogens in milk samples of 
dairy cows with clinical mastitis and in heifers at 
first parturition, Journal of Dairy Research 76(2): 
179-187. DOI: 10.1017/S0022029908003786

Tóth AG, Csabai I, Krikó E, Tőzsér D, Maróti G, Patai ÁV, 
Makrai L, Szita G and Solymosi N (2020), Antimicro-
bial resistance genes in raw milk for human consump-
tion, Scientific reports 10(1): 1-7. DOI: 10.1038/ 
s41598-020-63675-4

Uddin MA, Motazzim-ul-Haque HM and Noor R (2011), 
Isolation and identification of pathogenic Escherichia 
coli, Klebsiella spp. and Staphylococcus spp. in raw 
milk samples collected from different areas of Dhaka 
City, Bangladesh, Stamford Journal of Microbiology 
1(1): 19-23. DOI: org/10.3329/sjm.v1i1.9098

Verbeke J, Piepers S, Supré K and De Vliegher S (2014), 
Pathogen-specific incidence rate of clinical mastitis in 
Flemish dairy herds, severity, and association with 
herd hygiene, Journal of dairy science 97(11): 
6926-6934. DOI: org/ 10.3168/jds.2014-8173

Windrantz P and Arias ML (2000), Evaluation of the bacteri-
ological quality of ice cream sold at San Jose, Costa 
Rica, Archivos latinoamericanos de nutricion 50(3): 
301-303.

Zhang D, Zhang Z, Huang C, Gao X, Wang Z, Liu Y, Tian C, 
Hong W, Niu S and Liu M (2018), The phylogenetic 
group, antimicrobial susceptibility, and virulence 
genes of Escherichia coli from clinical bovine mastitis, 
Journal of dairy science 101(1): 572-580. DOI: org/10. 
3168/jds.2017-13159

Hasan, Satter and Ahmed 87



Butter contains high amount of milk fat but the protein 
concentration is very low. Besides, butter is enriched with 
vitamin A, calcium, phosphorus and vitamin D. Cheese is 
milk-derived fermented food. The health benefits of cheese 
including the body formation enhance strong immune 
system, strong hair and proper fluid balance in body. In 
Bangladesh, cheese is consumed widely in several food 
items. The manufacturing process of cheese in unhealthy 
conditions is public health concern. As the main component 
of cheese production is raw milk, there have possibility to 
contamination of cheese with pathogenic bacteria like E. coli 
during the pre-production to post production process. 

As E. coli inhabits in intestines of warm-blooded animals 
(Lara et al. 2016) so, there have possibility to transmit to 
milk from animal body. The main reason is the fecal 
contamination during the improper handling of milk (Gar-
baj et al. 2016; Sharafati et al. 2014). The products that are 
derived from raw milk including ice cream, butter and 
cheese can introduce pathogenic bacteria in human body. 
The out breaks of food borne diseases have been reported 
due to the consumption of raw milk and processed dairy 
items (CDC, 2022).

Occurrence of pathogens in dairy products are serious health 
issue especially who consumed dairy products that are 
produced from raw or unpasteurized milk. Pathogenic 
bacteria in foods are responsible for foodborne diseases and 
antimicrobial resistance. 

In dairy industry, Bovine mastitis is known as one of the 
serious diseases (Seegers et al. 2003). Bovine mastitis is also 
one of the major problems of Bangladesh in term of milk 
production reduction and loss of milk quality (Biswas et al. 
2020). Several microorganisms such as virus, bacteria, myco-
plasma and yeast are responsible for mastitis (Rahman et al. 
2013). Among the bacteria, E. coli is mostly responsible for 
bovine mastitis worldwide (Barkema et al. 1998; Lan et al. 
2020; Tenhagen et al. 2009; Verbeke et al. 2014).

The microorganisms responsible for milk contamination 
have been investigated throughout the world (Hassan et al. 
2014). Limited number of works has been reported on the 
identification of E. coli in food items like dairy products in 
Bangladesh (Alam et al. 2006; Islam et al. 2008; Hessain et 
al. 2015). Still now only a few researches have been conducted 
on characterization of E. coli at molecular level in dairy 
products.

Therefore, the aim of this current study was to characterize E. 
coli in dairy products at molecular level from different 

locations of Dhaka district Bangladesh. The isolated bacteria 
were subjected to antimicrobial susceptibility testing after 
detection using 16s rRNA gene.

Materials and methods

Sample collection

In this research, about 50 fresh raw milk samples, 50 pasteur-
ized milk samples, 50 cheese samples, 50 butter samples and 
50 local made ice cream samples were randomly collected 
from different areas of Dhaka district including Savar, Ashu-
lia, Dohar, Keraniganj, Nawabganj and Dhamrai. Raw milk 
samples were collected directly from farmers while pasteur-
ized milk samples, cheese and butter samples were collected 
from local stores. About 5 ml of milk samples were collected 
in sterile falcon tubes from June, 2022 to August 2022. After 
collection, the samples were properly stored on ice box and 
transported to the lab for further analysis and stored at -20ºC 
until culture experiments and DNA extraction.

E. coli identification 

E. coli was enriched and isolated following protocol with 
minor modifications. About 500 µl of raw milk samples were 
inoculated into 4.5 ml of LB (Luria Bertani) media (Alpha 
Bioscience, UK) and incubated at 37ºC for overnight. About 
100 µl of bacterial culture was inoculated onto Eosin Methy-
lene Blue Levine (EMB) agar (Hi-media, India) and incubat-
ed at 37ºC for 24 hours. The suspected colonies were further 
streaked on to EMB agar plates for isolation of pure colonies. 
In case of other milk product samples, 10 g of samples were 
homogenized with 90 ml of LB broth. About 100 µl of 
homogenates were spread on MacConkey agar (Tulip Diag-
nostics Ltd., India) and EMB agar plates respectively and 
incubated 37ºC for overnight. The grown colonies were 
confirmed as E. coli through colony morphology on 
MacConkey agar as well as several biochemical tests (Mom-
taz et al. 2013). Final confirmation was accomplished by 16S 
rRNA gene amplification.

Genomic DNA extraction

Bacterial DNA was extracted using AxyPrep TM Multi source 
Genomic DNA Mini prep Kit (Corning, USA) following the 
prescribed protocol. DNA quality was verified through 
Nanodrop quantification. 

Detection of 16s rRNA gene

Universal primers (16S-for (5’-GCTGGAT-
CACCTCCTTTC-3’) and 23S-rev (5’-AGTGCCAAGG-
CATCCACC3’) were used for 16S rRNA gene amplification. 

PCR reaction (25 µl) consisted of primers (0.2 µM each), 
DNA template (1 ng), 2X PCR master mix (12.5 µl) and 
nuclease free H2O. The PCR was performed in AerisTM  Ther-
mal Cycler (Esco Life sciences, Singapore) and the thermal 
cycler conditions were as follows: (i) 95ºC for 1 min; (ii) 40 
cycles of 45 sec at 95ºC, 45 sec at 52ºC and 1 min at 72ºC; 
(iii) 7 min at 72ºC. The PCR products were justified by gel 
electrophoresis. 

Detection of E. coli O157:H7 and its toxin Stx1

Specific primers (listed in Table 2) were used to identify E. 
coli O157: H7 (Forward:  CGGACATCCATGTGATATGG; 
Reverse: TTGCCTATGTACAGCTAATCC) and its toxin 
stx1 (Forward: ATAAATCGCCATTCGTTGACTAC;

Reverse: AGAACGCCCACTGAGATCATC) as previously 
described method (Paton AW and Paton JC 1998). The 
expected amplicon size of E. coli O157:H7 and stx1 was 259 
bp and 180 bp respectively. The 25 µl reaction mix consisted 
of primers (0.2 µM each), DNA template (1 ng), 2X PCR 
master mix (12.5 µl) and nuclease free H2O. Amplification 
was subjected to 35 cycles where  denaturation temperature 
was 95°C for 1 min; 65°C for 2 min for 10 cycles, then 60°C 
for 15 cycles; elongation at 72°C for 1.5 min from cycles 25 
to 35. The PCR products were then analyzed by 2% agarose 
gel electrophoresis. 

Antimicrobial susceptibility testing

In the next step, E. coli isolates were subjected to antimicro-
bial susceptibility tests following standard guidelines (Hum-
phries et al. 2021) by using Kirby-Bauer disc diffusion 
method. Antibiotics including Ampicillin (10 µg), Azithro-
mycin (Azm) 15 µg, Amoxicillin/clavulanic acid (30 µg), 
Ceftazidime (30 µg), Ceftriaxone (30 µg), Chloramphenicol 
(30 µg), Ciprofloxacin (10 µg), Gentamycin (10 µg), Imipen-
em (Imi) 10 µg, Kanamycin (30 µg), Norfloxacin (30 µg), 
Tetracycline (30 µg) and Trimethoprim/sulfamethoxazole 
(10 µg) (HiMedia Laboratories Pvt. Ltd, Mumbai, India) 
were tested. In brief, bacterial suspensions prepared on sterile 
phosphate buffered saline (PBS). Then, a sterile swab stick 
was used to collect bacterial suspensions and later spread on 
agar plate surface. After placing the antibiotic disks for each 
plates, incubated at 37°C for 24 h. Later, the inhibition zones 
on agar plates were recorded according to CLSI criteria. 
Finally, antibiotic susceptibility was measured for each 
antimicrobial agent. In Antimicrobial Susceptibility Testing, 
E. coli ATCC 25922 was used as positive control. Each test 
was repeated for at least three times for better clarification of 
the results. The calculation of Multiple Antibiotic Resistance 
(MAR) index was performed following the prescribed 

formula (Krumperman, 1983). The isolates that showed 
resistance to three or more classes of antimicrobials are titled 
as multidrug resistant (MDR) (Magiorakos et al. 2012). 

Statistical analysis

Data derived from E. coli isolates were analyzed through 
SPSS/16.0 software. Statistical difference tests were 
performed with chi-square at 5% significance level.

Results and discussion

Isolation of E. coli from collected milk and dairy products

About 50 raw milk samples, 50 pasteurized milk samples, 50 
cheese samples, 50 butter samples and 50 local made ice 
cream samples were analyzed in the laboratory using differ-
ent cultural, biochemical and staining methods. The red/pink 
colonies grown on MacConkey agar (Fig. 1A) were further 
streaked on EMB agar and E. coli metallic green glossy 
colonies with a dark or purple center were confirmed as E. 
coli strains (Fig. 1B). Table 1 outlined the overall findings 

from this study. The metallic sheen colonies were isolated 
from 8 (16%) out of 50 raw milk samples, 4 (8%) out of 50 
cheese samples, 3 (6%) out of 50 butter samples and 5 (10%) 
out of 50 ice cream samples. No E. coli isolates were identi-
fied in pasteurized milk samples. At least three colonies were 
collected from each sample type and subjected to molecular 
characterization. PCR amplification was carried out by using 
16s and 23 universal primers and amplified products were 
confirmed the presence of 16sRNA gene by gel electrophore-
sis (Fig. 1C).

Identification of E. coli O157:H7 and virulence gene stx1

PCR genotyping using 16S rRNA housekeeping gene primers 
confirmed the presence of E. coli DNA in 20 isolates. About 
twenty E. coli isolates were detected from raw milk, cheese, 
butter and ice cream samples. The E. coli samples were 
further screened for the presence of E. coli O157:H7 and 
virulence gene (stx1). None of the samples found positive for 
E. coli O157:H7 and stx1 gene. 

Study of antimicrobial resistance and calculation of multiple 
antibiotics Index of identified E. coli strains

Table 3 represents the antibiotic resistance profile and multi-
ple antibiotics index of identified E. coli strains. In this analy-
sis, maximum number of the isolates (13) was resistant to 
Tetracycline which was followed by Amoxicillin (10), Cipro-
floxacin (7), Trimethoprim/sulfamethoxazole (4), Imipenem 
(3), Norfloxacin (2), Kanamycin (1) and Ceftriaxone (1) 
respectively. From this analysis it was observed that, three 
isolates from raw milk samples were resistant to three antibi-
otics, three isolates were resistant to two antibiotics, two 
isolates were resistant to single antibiotic. Among the E. coli 
isolates from cheese samples, one isolate was resistant to four 
antibiotics, two isolates were resistant to two antibiotics and 
one isolate was resistant to single antibiotic. Among the E. 
coli isolates from butter samples, one sample was resistant to 
three antibiotics; another isolate was resistant to two antibiot-
ics. Among the E. coli isolates from ice cream samples, two 

isolates were resistant to three antibiotics, one isolate was 
resistant to two antibiotics and two isolates were resistant to 
single antibiotic. Multidrug resistance analysis showed that, 
36.84% E. coli isolates were resistant to three or more antibi-
otics which might be due to the failed antibiotic therapies and 
may pose potential threat to human health in developing 
antibiotic resistance. Fig. 2 represents the susceptibility 
pattern of tested antibiotics. The susceptibility to Ampicillin , 
Azithromycin (Azm), Amoxicillin/clavulanic acid, Ceftazi-
dime, Ceftriaxone, Chloramphenicol, Ciprofloxacin, Genta-
mycin, Imipenem (Imi), Kanamycin, Norfloxacin, Tetracy-
cline and Trimethoprim/sulfamethoxazole were 73.7%, 
92.7%, 30.7%, 80.6%, 58.9%, 93.9%, 46.6%, 84%, 43%, 
60.4%, 60.9%, 67.4% and 65.1% respectively.

The milk samples were collected maintaining proper hygien-
ic conditions. However, 16% of collected raw milk samples 
contained E. coli. There have some differences in E. coli 
prevalence of this present study with other studies throughout 

the world (Kumar and Prasad 2010; Silva et al. 2001; Disassa 
et al. 2017) but, E. coli contaminationin milk and dairy 
products is a growing challenge throughout the world. Lot of 
peoples especially peoples from developing countries 
consumed unpasteurized milk and milk products throughout 
the world. Reports indicated the presence of pathogenic 
bacterial species including E. coli in milk and milk products 
(Claeys et al. 2013). Presence of E. coli in raw milk has been 
reported in a study from Bangladesh (Uddin et al. 2011). 
Another study identified about 18% of E. coli contaminated 
raw milk samples in Chittagong (Alam et al. 2017). In a 
study in Dinajpur district, Bangladesh has detected E. coli in 
commercial ice cream brands which indicated lack of main-
taining hygienic practices throughout the manufacturing 
process (Hasan et al. 2015). Pathogenic bacterial (including 
E. coli) contamination of ice cream was identified in other 
studies in Bangladesh (Hussain et al. 2012; Sohel et al. 
2022). In Pakistan, about 57% of the raw milk samples and 
51.66% of milk products were detected contaminated with E.  
coli (Soomro et al. 2002).

Molecular characterization of microorganisms derived from 
milk and dairy products are done worldwide (Gebeyehu et al. 
2022; Hassani et al. 2022; Manishimwe et al. 2021; Tóth et 
al. 2020). Occurrence of E. coli in milk samples indicates 
contamination by fecal. Milk can be contaminated in the 
processing stages after milking. It might get contaminated 
from the outer surface of udder, hands of peoples dealing 
with processing, storage equipment and surrounding environ-
ments. Not every E. coli that present in milk and milk 
products are harmful for human health except the pathogenic 
E. coli that contains bacterial toxins that can transmit diseas-
es to human body.

The microbial quality of the milk can be affected by feeding 
style and housing strategies (Pendleton et al. 2013). The use 
of water for washing the milking equipment might be another 
source of contamination (Canizalez-Roman et al. 2013). 
Moreover, milk that has been stored contains high amount of 
gram negative bacteria (Kaper et al. 2004; Martín et al. 2010; 
López-Saucedo et al. 2003; Qadri et al. 2005).

The pathogenic bacteria that are found in milk are responsi-
ble for major dairy-related disorders. One of the major health 
concerns in Bangladesh is the presence of pathogenic bacte-
ria in ice cream. Some microbiological assessment studies on 
ice cream have been conducted in Bangladesh (Hossain et al. 
2012; Sohel et al. 2022). In this analysis, about 10% of the 
analysed ice cream samples that were collected from local 
sellers contained E. coli. Some of the ingredients like milk, 

water might be contaminated by E. coli during the prepara-
tion process. There have evidence of presence of E. coli in 
milk (Islam et al. 2016; Bag et al. 2012) and drinking water 
in Bangladesh (Hasan et al. 2022). A study from Iran reported 
about 15% of the analyzed ice cream samples contained E.  
coli (Hosseini-Naveh et al. 2019) while in Belgium E. coli 
strains such as E. coli O145 and O26 were detected in ice 
cream samples (De Schrijver et al. 2007). Another study 
reported about 51. 4% of homemade ice cream samples 
harbored E. coli in Costarica (Windrantz and Arias, 2000).

Shiga toxin-producing E. coli (STEC) are considered as 
dangerous pathogen causing food borne diseases. In this 
study, neither E. coli O157:H7 nor stx1 were detected from 
the isolated E. coli isolates. Now-a-days, E. coli is identified 
as one of the major etiologies of bovine mastitis (Green et al. 
2005). The major reasons for recurrence of infection might 
be because of infection from environment or those organisms 
were persistent in the mammary gland. In comparison with 
other reports (Zhang et al. 2018), the finding of this present 
study indicated that E. coli contamination in studied milk, 
cheese, butter and ice cream samples were relatively lower 
which might be because of maintaining proper hygienic 
regulations during collecting of raw milk, preparation of 
cheese, butter and ice cream samples. 

Conclusions

The presence of E. coli in raw milk, pasteurized milk, cheese, 
butter and ice cream was assessed through physiological, 
biochemical and molecular tests. Our study has demonstrated 
that, some of these dairy products contained E. coli which 
might be because of contamination during milking and 
further processing steps. As most of the milk products are 
prepared from non-pasteurized milk therefore, proper safety 
precautions are needed to prevent E. coli contamination. The 
peoples who involved in milk processing should be trained 
on regular basis by the regulatory authorities. Antibiotic 
resistant pattern of E. coli isolates indicated an alarming 
condition which needs more attention. Pathogenic bacteria 
may transmit antibiotic resistant genes through their plasmids 
to the human and thus, develop antibiotic resistance in human 
body. Therefore, regular food monitoring is strongly recom-
mended to control foodborne diseases especially in develop-
ing countries like Bangladesh. 
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