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Milk is a substantial source of nutrients needed by all humans across lifespan development. Given its 
nutritional composition, milk is considered a vehicle for various microbes including beneficial and 
pathogenic bacteria. In this study, 270 milk samples comprising raw cow and buffalo milk and 
pasteurized milk with different shelf-life durations were tested along with pasteurized organic milk for 
the presence of Staphylococcus aureus and Escherichia coli. Collectively, 21 E. coli and 14 S. aureus 
isolates were cultivated and identified from total milk samples. All E. coli and S. aureus isolates 
exhibited resistance to erythromycin and penicillin, respectively. Serogroups O26, O128, and O111 were 
the most frequently identified amongst E. coli isolates, whereas staphylococcal enterotoxins (SEs) were 
inconsistently produced across S. aureus isolates. The molecular profile showed clustering of 6 
isolates of E. coli by harboring stx1, stx2, eaeA genes, and 5 isolates of S. aureus by mecA gene. 
Findings revealed the bacteriological quality of popularly consumed milk in Egypt, including raw and 
pasteurized milk with preference to pasteurized organic milk and 7-day shelf life (7DSL) pasteurized 
milk. However, raw milk and 3MSL pasteurized milk were the major sources of E. coli and S. aureus, 
posing a serious public health issue. 
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INTRODUCTION 
 
Milk and dairy products are substantial sources of macro- 
and micronutrients needed by humans that make them 
prone   to    contamination    with    microbial   pathogens. 

Simultaneously, milk nutrients support the growth of 
specific beneficial microbes (e.g. lactobacilli and 
bifidobacteria)  that  promote  human  health  and  fitness
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(Fernandes, 2009). Though the ingestion of contaminated 
milk either raw or pasteurized is the major cause of 
serious food-poisoning outbreaks, potentially result from 
microbial toxins production (Dhanashekar et al., 2012). 
Contaminated milk may harbor harmful microbes that 
lead to either milk spoilage (e.g. Pseudomonas and 
thermoduric microbes such as Clostridium and Bacillus) 
or the emergence of public health issues (e.g. Listeria, 
Salmonella, E. coli, and S. aureus) (Bennett et al., 2013; 
Quigley et al., 2013b). Milk is sterile at secretion in udder 
but is contaminated with extraneous microbes before 
leaving the animal udder (Elgadi et al., 2008). In 
developing countries especially rural areas, raw milk is 
directly used for either consumption or local dairy 
production (FAO, 2011; Zeinhom and Abdel-Latef, 2014).  
Raw milk has a short shelf life that could be extended by 
heating. However, in the dairy industry, the shelf life of 
pasteurized milk is greatly influenced by the 
microbiological quality of the used raw milk (Murphy et 
al., 2016). In general, spoilage of commercialized milk 
and dairy products is attributable to various contamination 
sources including; pre-pasteurization psychrotophic 
growth, the degradable activity of heat-resistant microbial 
enzymes, and contamination after pasteurization process 
which is the most probable source (Sarkar, 2015). Gram-
negative rods are the major psychrotrophic bacteria 
inhabiting raw milk (e.g., Enterobacteriaceae family 
including coliform bacteria that encompasses 5 to 33% of 
milk psychrotrophic bacteria) and proliferate during 
storage with the production of thermoresistant degradative 
enzymes (De Oliveira et al., 2015; Barbano et al., 2006; 
Mallet et al., 2012; Lewis and Gilmour, 1987). In addition, 
some Gram-positive bacteria contaminate raw milk with 
less frequent existence compared to Gram-negative 
psychrotrophs such as Staphylococcus species 
(Vithanage et al., 2016). 

In general, pasteurization and ultra-high temperature 
(UHT) sterilization are the most commonly used 
techniques in the dairy industry for proper preservation 
and prolonged usability periods (Rais et al., 2013). 
Pasteurization meant to destroy common pathogens 
inhabiting raw milk microbiotas, especially those 
responsible for milk spoilage and influencing the shelf-life 
duration. Furthermore, pasteurization inactivates microbial 
enzymes that catalyze the breakage of milk macro-
nutrients (e.g., lipids and proteins) and result in spoilage 
and invalidity of dairy products for consumption (Sarkar, 
2015). In UHT treatment, heating is applied in the range 
of 135 to 150°C for up to 4 s for safe commercial dairy 
products combined with prolongation of the milk shelf-life 
duration (up to 12 months) (Vranješ et al., 2015).Though, 
aseptic packaging is crucial in both techniques that 
assure safety and extended usability of final dairy 
products (Deeth, 2017).  

There is a  considerable  number  of  published  studies  
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that have been conducted on the prevalence of E. coli 
and S. aureus in milk (Kandil et al., 2018; Vahedi et al., 
2013). Milk and dairy products are one of the major 
causes of the transmission of pathogenic E. coli strains 
into the human (Ombarak et al., 2019; Momtaz et al., 
2012). With the advent of the high throughput sequencing 
technology, Escherichia coli was reported as a dominant 
inhabitant of the healthy human gut microbiome 
(Desmarchelier and Fegan, 2016). However, some E. coli 
strains exhibited virulence traits that enabled them to 
infect different body organs and cause illness (Awadallah 
et al., 2016; Zeinhom and Abdel-Latef, 2014).  
Noteworthy, diarrheagenic E. coli strains increasingly 
become the leading cause of pediatric diarrhea. The most 
important diarrheagenic E. coli that threaten human 
health worldwide are enteropathogenic E. coli (EPEC) 
(the etiological agent of watery diarrhea in infants), 
enterohemorrhagic E. coli (EHEC) (leads to hemorrhagic 
colitis and hemolytic-uremic syndrome), entero-
aggregative E. coli (EAEC) (causes persistent diarrhea), 
and enterotoxigenic E. coli (ETEC) (known to cause 
traveler's diarrhea) (Nataro and Kaper, 1998). The 
pathogenicity of diarrheagenic E. coli is attributed to 
possessing genetically encoded virulence traits. For 
instance, enterohemorrhagic E. coli  (EHEC) causes 
illness through the expression of intimin outer membrane 
protein encoded by eae gene and required for tissue 
colonization along with the production of Shiga toxins 
(ST) (e.g., Stx1, Stx2 or Stx2 variants) (Kaper et al., 
2004). However, Enteropathogenic E. coli (EPEC) lacks 
ST genes, but exhibits its pathogenicity through the 
formation of A/E lesions on the intestinal cells, and is 
identified as eae-harboring diarrheagenic E. coli (Aidar-
Ugrinovich et al., 2007).  

S. aureus is a facultative anaerobic Gram-positive 
coccus and one of the world top pathogens that causes 
food-poisoning (Tirado and Schmidt, 2001; Hennekinne 
et al., 2012). Globally, enterotoxigenic S. aureus is 
implicated in udder infection of dairy cows combined with 
improper handling and poor storage conditions that result 
in frequent contamination of milk and dairy products. S. 
aureus produces several toxins including classical 
staphylococcal enterotoxins (SE) (SEA to SEE), in 
addition to other new types (SEG to SElU2) (Argudín et 
al., 2010). S. aureus could be inactivated by 
pasteurization however, thermostable SEs were found to 
retain their biological activity after the thermal treatment 
(Asao et al., 2003). Furthermore, more recent evidence 
suggests that SEA is the leading cause of staphylococcal 
food poisoning worldwide (Argudín et al., 2010). In order 
to verify the prevalence of genes encoding SE in S. 
aureus isolated from milk and dairy products, the 
phenotypic/serotypic assays of SE production should be 
conducted (Morandi et al., 2007). Of the classical 
techniques  used  for  SE  serotyping   analysis,   the  gel- 
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Figure 1. Prevalence of isolated and identified E. coli and S. aureus contaminants across milk samples collected from different sources. 
3MSL: 3-month shelf life; 6MSL: 6-month shelf life and 7DSL: 7-day shelf life. 

 
 
 
diffusion test,  agglutination test, and reverse passive 
latex agglutination (RPLA) test kits (Wu et al., 2016). 
When compared to molecular techniques, the serological 
tests have limited sensitivity and specificity for SEs 
detection and cannot be used for total quantification of  
SE (Wu et al., 2016). 

So far, culture-dependent methods are still used as a 
routine protocol for the microbial assessment of raw and 
pasteurized milk. However, the detection of bacterial 
species that exist at subdominant levels is needed since 
the conventional laboratory methods are not enough to 
support the in vitro growth of milk-associated microbiota 
(Quigley et al., 2013a). Nowadays, culture-based 
foodborne pathogen detection methods have been 
developed to reduce the inspection time and improve 
product quality. One of the most informative and cost-
effective molecular-based detection techniques is the 
multiplex PCR, which enables the screening of multiple 
target genes within a single reaction (Postollec et al., 
2011). 

In developing countries, consumption of raw milk is not 
prohibited and the advanced pasteurization techniques 
are still neither regulated nor implemented. Given the 
nutritional importance of milk and its widespread 
consumption particularly, among women and children, 
the study aimed to investigate the bacteriological quality 
of popularly consumed milk in the Delta area, Egypt for 
the presence of E. coli and S. aureus as major milk 
contaminants. The identified isolates were subjected to 
further testing for their potential pathogenicity through 
serotypic characterization and molecular profiling along 
with their antibiotic susceptibility profile. 

MATERIALS AND METHODS  
 

Samples collection  
 

Two hundred and seventy milk samples (10 ml each) were 
randomly collected (from January to June 2017) from local grocery 
stores and farmer vendors in El-Beheira governorate that 
represents Delta area in Egypt as street vendors are coming from 
different villages of neighbor Delta governorates. The milk samples 
included 100 samples of raw milk (50 samples of cow milk and 50 
samples of buffalo milk), and 170 samples of pasteurized milk (50 
samples of 6-month shelf life (6MSL), 50 samples of 3-month shelf 
life (3MSL), 50 samples of 7-day shelf life (7DSL) and 20 samples 
of pasteurized organic milk (6MSL)) (Figure 1 and Table S1A). All 
milk samples were collected in an icebox and brought to the laboratory 
to assess them for the presence of E. coli and S. aureus contaminants. 
 

 
Isolation and identification of E. coli 
 

Under aseptic conditions, 1 ml of each milk sample was drawn, 
homogenized with 10 ml of nutrient broth and incubated overnight 
at 37°C. Next day, 100 µl of the cultivated broth were streaked on 
MacConkey agar plate and incubated overnight for selection of 
enteric Gram-negative (Gm-ve) bacteria. Every lactose-fermenting 
(LF) colony was picked up using sterile toothpicks and streaked on 
Eosin methylene blue (EMB) agar plate, then incubated overnight at 
37°C for further purification. Colonies exhibited blue-black color with 
a metallic green sheen were isolated and examined under a light 
microscope for gram stain. E. coli candidates were biochemically 
confirmed using indole, methyl Red, Voges Proskauer, citrate, triple 
sugar iron, and urease tests (Table S1B) according to Kreig and 
Holt (1984) and Miller (1992). 
 

 
Isolation and identification of S. aureus 
 

For   isolation   of   S.  aureus,  100 µl  of  overnight  cultivated  milk  



 

 

 

 
 
 
 
samples were streaked on Mannitol salt agar (MSA) plate and 
incubated overnight for bacterial growth. A yellow colony grown on 
a red/pink (MSA) medium was picked up and then streaked on a 
Baired parker (BP) agar plate for further purification. Every unique 
single colony was gram stained and visualized under the light 
microscope. The identification of S. aureus isolates was confirmed 
by performing a specific scheme of biochemical tests including 
coagulase, oxidase and DNase tests (Table S1C) according to 
MacFaddin (2000) and Lachica et al. (1971). 50% glycerol stocks of 
all identified bacterial isolates under this study were prepared and 
stored at -80°C freezer for further experiments. 

 

 
Antibiotic susceptibility testing  
 

The susceptibility of E. coli and S. aureus isolates to antibiotics 
were tested using the agar disk diffusion method. 11 antibiotics 
including ampicillin 10 µg (AML), amoxicillin/clavulanic 30 µg 
(AMC), imipenem 10 µg (IPM), cefipime 30 µg (CPM), cefotaxime 
30 µg (CTX), gentamicin 10 µg (CN), azithromycin 15 µg (AZM), 
chloramphenicol 30 µg (C), tetracycline 30 µg (TE), 
sulphamethoxazole/trimethoprim 1.25/23.75 (SXT) and ciprofloxacin 
5 µg (CIP) were used for the screening of E. coli isolates. With 
respect to testing S. aureus isolates, 9 antibiotics including penicillin 
10U (P), cefoxitin 30 µg (CX), vancomycin 30 µg (VA), gentamicin 
10 µg (CN), erythromycin 15 µg (E), chloramphenicol 30 µg (C), 
tetracycline 30 µg (TE), sulphamethoxazole/trimethoprim 1.25/23.75 
(SXT) and ciprofloxacin 5 µg (CIP) were used. Following 16 to 18 h 
of aerobic incubation at 37°C, the plates were examined for 
bacterial growth and the diameter of inhibition zones surrounding 
antibiotic disks were scored in millimeter (mm). The zone diameters 
were interpreted as resistant (R), intermediate (I) or susceptible (S) 
according to (CLSI, 2017).  

 
 
Serotyping of E. coli isolates 
 

Serotyping of E. coli isolates was performed using rapid diagnostic 
E. coli antisera sets (Denka Seiken Co, Japan) for lab diagnosis of 
Enteropathogenic serotypes according to the manufacturer's 
instructions. All antisera were obtained and absorbed with the 
corresponding cross-reacting antigens to remove the non-specific 
agglutinins. 

 
 
Staphylococcal enterotoxins (SE) production test using SET-
RPLA assay 
 

S. aureus isolates were tested for enterotoxin production (SEA to 
SED) using SET-RPLA assay (SET-RPLA; Denka Seiken Co. Ltd., 
Tokyo, Japan) (Park and Szabo, 1986). The serotypic assay was 
performed according to the manufacturer’s instruction 

 
 
Genomic DNA purification 
 

DNA was purified from E. coli and S. aureus isolates along with 
used reference strains using a genomic DNA purification QIAamp 
kit (Qiagen, Germany) according to the manufacturer’s 
recommendations. The used reference strains for E. coli were: E. 
coli O157:H7 Sakai (positive for stx1, stx2, eaeA, and hylA genes) 
and E. coli K12 DH5α (a non-pathogenic negative control strain). 
Whereas enterotoxigenic S. aureus strains ATCC 13565 (positive 
for sea gene), ATCC 14458 (positive for  seb  gene),  ATCC  19095  
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(positive for sec gene), ATCC 23235 (positive for sed gene), 95-S-
739 (positive for mecA gene) were used as positive controls for S. 
aureus molecular profiling, and S. xylosus ATCC 29971 was used 
as a negative control. 
 
 

Molecular shiga toxin profiling and eaeA gene in E. coli 
isolates  
 

The multiplexed-PCR technique was used for molecular profiling of 
E. coli isolates through amplification of shiga toxin-encoding genes; 
stx1, stx2 along with intimin-encoding gene (eaeA). The PCR 
reaction was performed using primers listed in (Table 1) in a 
Thermal Cycler (Master Cycler, Eppendorf, Hamburg, Germany). 
Approximately 50 ng of bacterial DNA was added to 12.5 μl 
DreamTaq Green PCR Master Mix (2X) (Thermo), 0.5 µl (5 pmol) of 
each primer and the final volume was adjusted to 25 μl by adding 
sterile ultrapure water. The amplification conditions started by initial 
denaturation for 3 min at 95°C followed by 35 cycles of 95°C for 20 
s, 58°C for 40 s, and 72°C for 90 s. The final cycle was followed by 
72°C final extension for 5 min. The amplified DNA fragments were 
separated by 1.5% of agarose gel electrophoresis (Applichem, 
Germany, GmbH) in 1x TBE buffer and captured as well as 
visualized on a UV transilluminator. A 100 bp plus DNA Ladder 
(Qiagen, Germany, GmbH) was used to determine each amplicon 
size and strains; E. coli O157:H7 Sakai and E. coli K12 DH5-α were 
used as a positive and negative control, respectively. 
 
 

Molecular enterotoxin profiling and mecA gene in S. aureus 
 

The genotypic profile of S. aureus isolates was generated based on 
the presence of sea, seb, sec and sed SE-encoding genes using 
multiplexed PCR along with conventional PCR for mecA gene 
amplification. PCR conditions used in E. coli molecular profiling 
were adapted by changing the annealing temperature to 50°C for 1 
min and 56°C for 30 s for multiplexed and conventional PCR, 
respectively. S. aureus strains ATCC 13565, ATCC 14458, ATCC 
19095, ATCC 23235 and 95-S-739 were used as positive controls 
for sea, seb, sec, sed and mecA genes, respectively and S. 
xylosus ATCC 29971 was used as a negative control. Sequences 
of the used primers are listed in (Table 2). 

 
 
RESULTS  
 

Prevalence of E. coli and S. aureus contaminants 
across milk samples 
 

In the current study, a total of 21 (7.8%) E. coli isolates 
were identified in particular, from raw and pasteurized 
3MSL milk samples (Figure 1 and Table S1B). At the 
other side, raw and pasteurized 6MSL milk samples were 
the main sources of S. aureus isolates (14 isolates, 
accounting for 5.2% of the total milk samples) (Table 
S1C). Interestingly, pasteurized 7DSL and organic 6MSL 
samples exhibited negative bacterial growth (Figure 1). 
 
 

Antibiotic susceptibility testing  
 

Findings  revealed  the  resistance of all E. coli isolates to  



 

 

 

584          Afr. J. Microbiol. Res. 
 
 
 

Table 1. Primers used for molecular profiling of E. coli isolates. 
 

Primer Oligonucleotide sequence (5' → 3′) Product size (bp) References 

stx1 (F) 5′ACACTGGATGATCTCAGTGG′3 
614 

Olowe et al. (2014) 
stx1 (R) 5′ CTGAATCCCCCTCCATTATG ′3  
   

stx2 (F) 5′CCATGACAACGGACAGCAGTT′3 
779 

stx2 (R) 5′CCTGTCAACTGAGCAGCACTTTG′3 
    

eaeA (F) 5′ GTGGCGAATACTGGCGAGACT ′3 
890 

Kargar and 
Homayoon (2015) eaeA (R) 5′ CCCCATTCTTTTTCACCGTCG ′3 

 
 
 

Table 2. Primers used for molecular profiling of S. aureus isolates. 

 

Primer Oligonucleotide sequence (5' → 3′) Product size (bp) Reference 

sea (F) 5′ TTGGAAACGGTTAAAACGAA′3 
120 

Rall et al. (2008) 

sea (R) 5′ GAACCTTCCCATCAAAAACA ′3  
   

seb (F) 5′ TCGCATCAAACTGACAAACG ′3 
478 

seb (R) 5′ GCGGTACTCTATAAGTGCC ′3 
   

sec (F) 5′ GACATAAAAGCTAGGAATTT ′3 
257 

sec (R) 5′ AAATCGGATTAACATTATCC ′3 
   

sed (F) 5′ CTAGTTTGGTAATATCTCCT ′3 
317 

sed (R) 5′ TAATGCTATATCTTATAGGG ′3 
   

mecA (F) 5′ TAGAAATGACTGAAC GTCCG ′3 
533 

mecA (R) 5′ TTGCGATCA ATGTTACCGTAG ′3 

 
 
 

 
 

Figure 2. Antibiotic susceptibility patterns of E. coli isolates. R: Resistant; I: Intermediate; S: sensitive. 

 
 
 

erythromycin (100%) whereas 24 and 14% of the total E. 
coli isolates exhibited resistance to amoxicillin and 
amoxicillin/clavulanic acid, respectively. Of note, all E. 
coli isolates were susceptible to imipenem, 
chloramphenicol,  gentamicin,   cefotaxime,   tetracycline, 

and sulfamethoxazole (Figure 2). Similarly, all S. aureus 
isolates showed resistance to penicillin followed by far 
behind cefoxitin (50%) and sulfamethoxazole (29%). 
Meanwhile, vancomycin and ciprofloxacin inhibited the 
growth of all S. aureus isolates (Figure 3). 
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Figure 3. Antibiotic susceptibility patterns of S. aureus isolates. R: Resistant; I: Intermediate; S: sensitive. 

 
 
 
Serotyping of E. coli and S. aureus isolates 
 
The serological typing of E. coli isolates showed that 
EHEC was the most dominant pathotype accounting for 
62% (13 out of 21 isolates), followed by far behind ETEC 
(19%, 4 isolates), EPEC (14%, 3 isolates), and EIEC 
(5%, 1 isolate) (Table 3). Interestingly, O26, O128, and 
O111 were the most prevalent serogroups identified in 
29, 19 and 14% of the isolates, respectively. With respect 
to staphylococcal enterotoxin production, RPLA assay 
showed that 3 out of 14 isolates (21.4%) produced 
different SE listed in (Table 4). 
 
 
Molecular profiling of E. coli and S. aureus isolates 
 
The molecular profiling of E. coli isolates showed positive 
results for the presence of stx1, stx2, eaeA genes 
accounting for 90.5% (19 out of 21) of total E. coli 
isolates, and spanning different sources of milk samples 
(Table ). However, stx1, stx2, eaeA genes were amplified 
altogether in 31.6% (6 out of 19) of E. coli isolates. Of 
note, these 6 isolates were purified from raw milk and 
3MSL pasteurized milk (Figure 4 (A and B) and Table 3). 
Interestingly, 35.7% (5 out of 14) of S. aureus isolates 
exhibited positive PCR products for mecA gene, 
exclusively collected from raw milk (Figure 4) (C and D) 
and (Table 4). Only 3 S. aureus isolates showed positive 
results for the tested SE-encoding genes with an 
exception for sed gene (Table 3).  
 
 
DISCUSSION  
 
Bacterial   contamination   of   milk   may   originate   from  

diverse sources mainly; infected udders and unhygienic 
practices during the milking process. Of the major 
bacterial contaminants of milk; E. coli and S. aureus that 
are responsible for serious food-poisoning outbreaks 
worldwide (Vahedi et al., 2013). In the current study, 270 
milk samples including raw and pasteurized milk of 
different shelf life durations (Figure 1) were tested for the 
presence of E. coli and S. aureus contaminants. 
Interestingly, 11% (11 out of 100) of raw milk samples 
were the source of approximately half of the identified E. 
coli isolates (11 out of 21 E. coli isolates). This 
percentage was significantly lower than previously 
published reports from Iran and Egypt, where E. coli was 
identified from 42% (Vahedi et al., 2013), 33% (Hassan et 
al., 2015) and 60% (Kandil et al.,2018) of tested milk 
samples. 36.4% (4 out of 11 isolates) of identified E. coli 
isolates from raw milk originated from 8% (4 out of 50 
samples) of raw cow milk (Figure 1). Similarly, cultivated 
raw buffalo milk samples resulted in the isolation of 14% 
(7 out of 50) of E. coli isolates which is a lower rate 
compared to previously published studies (Ranjbar et al., 
2018). These findings indicated a relatively good 
bacteriological quality of raw milk in El-Beheira area 
when compared to previous studies (Bali et al., 2013; 
Garedew et al., 2012; Disassa et al., 2017; Reta et al., 
2016). With regard to pasteurized milk, 5.9 % of tested 
samples resulted in the isolation of 10 E. coli isolates (9 
out of 50 samples (18%) from 3MSL, and 1 out of 50 
samples (2%) from 6MSL milk samples). Contrarily, in 
other published work (Kandil et al., 2018;  Hassan et al., 
2015; Garedew et al., 2012), none of the 
pasteurized/sterile milk samples was reported for in vitro 
bacterial growth of E. coli. 

The incidence of S. aureus in milk is increasingly 
ubiquitous  as  a  result    of   the  widespread  of  various



 

 

 

586          Afr. J. Microbiol. Res. 
 
 
 

Table 3. Summary of the serological identification and molecular profiling along with the antibiotic resistance patterns of E. coli isolates. 
 

Sample source 
Sample 

code 
Serotyping 

characterization 
Serodiagnosis 

Molecular 
profiling 

Antibiotic failed to 
inhibit bacterial growth 

Raw buffalo milk 

(n = 7) 

EB15 EIEC O124 - E, AMC, AML 

EB16 EHEC O121:H7 stx2 E 

EB23 EHEC O111:H2 stx1,eaeA E, AML, CPM 

EB25 EHEC O26:H11 stx1,stx2 E 

EB26 EHEC O26:H11 stx1,stx2,eaeA E 

EB24 EPEC O146:H21 stx2 E 

EB39 EPEC O15:H2 stx2 E, AML 
      

Raw cow milk 

( n = 4) 

EC27 EHEC O121:H7 stx2 E 

EC29 EHEC O111:H2 stx1,stx2,eaeA E 

EC30 ETEC O128:H2 stx1 E 

EC32 ETEC O128:H2 stx1 E, AML 
      

Pasteurized 3MSL milk 

( n = 9) 

ET2 EHEC O91:H21 stx1, stx2 E 

ET4 ETEC O128:H2 stx1 E 

ET5 EPEC O119:H6 - E 

ET6 EHEC O26:H11 stx1,stx2,eaeA E 

ET7 EHEC O111:H2 stx1,stx2,eaeA E 

ET33 EHEC O26:H11 stx1,stx2,eaeA E 

ET35 EHEC O91:H21 stx1, stx2 E, AMC, AML 

ET37 EHEC O26:H11 stx2,eaeA E 

ET38 EHEC O26:H11 stx1,stx2,eaeA E 
      

Pasteurized 6MSL milk ES41 ETEC O128:H2 stx1 E 
 

EHEC: Enterohaemorrhagic E. coli, ETEC: Enerotoxigenic E. coli; EPEC: Enteropathogenic E. coli; EIEC: Enteroinvasive E. coli. 
 
 
 

Table 4. Summary of the serological identification and molecular profiling along with the antibiotic resistance patterns of S. aureus 
isolates. 
 

Sample source Sample code 
Serotyping 
characterization 

Molecular 
profiling 

Antibiotic failed to 
inhibit bacterial growth 

Raw cow milk 

SC93 SEC sec P, CX, SXT, C 

SC118 SEA sea, mecA P, E, SXT, TE 

SC95 - - P, CX, SXT, TE 

SC75 - - P, CN 

SC55 - - P 
     

Raw buffalo milk 

SB57 SEA, SEB sea, seb, mecA P, CX 

SB119 - - P, CX, SXT 

SB61 - - P, CX, CN 

SB81 - mecA P, CX 

SB113 - mecA P, CX 

SB48 - - P 

SB67 - mecA P 

SB68 - - P 
     

Pasteurized 6 MSL milk SS94 - - P, E 
 

SEA: Staphylococcal enterotoxin A; SEB: Staphylococcal enterotoxin B; SEC: Staphylococcal enterotoxin C. 
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Figure 4. Molecular profiles of bacterial contaminants associated with tested milk samples: panel A and B show the 
multiplexed PCR profile of identified E. coli isolates for the presence of stx1(614 bp), stx2 (779 bp) and eaeA (890 bp) 
genes, panel C shows the multiplexed PCR profile of identified S. aureus isolates for the presence of sea (120 bp), seb 
(478 bp), sec (257 bp) and sed (317 bp) genes, and panel D shows the PCR profile of identified S. aureus isolates for the 
presence of mecA gene (533 bp). 

 
 
 
pathogenicity factors including; toxin-mediated virulence, 
invasiveness, and antibiotic resistance (Kadariya et al., 
2014). 14 S. aureus isolates from all tested milk samples 
were biochemically identified. Approximately, 93% (13 
out of 14 isolates) of S. aureus isolates were cultivated 
from raw milk (100 samples) accounting for 13% of the 
tested samples (Figure 1). The results came in 
accordance with those obtained by Zeinhom et al. (2015) 
and Mansour et al. (2017) that reported 12 and 16.3% of 
tested raw milk samples were contaminated with S. 
aureus, respectively. However, moderate and high 
contamination levels were also reported worldwide 
indicating the crucial importance of livestock health 
combined with the hygienic practices of milking on the 
safety of the dairy industry. For instance, a study from 
Egypt recorded the highest contamination incidence rates 
of raw milk with S. aureus accounting for 80% of the 
tested samples (Kandil et al., 2018). Interestingly, 10% (5 
out of 50 samples) of  the raw cow milk samples were 
contaminated with S. aureus that is comparatively lower 
than a previous report (24.2%) from Reta et al. (2016) in 
Ethiopia. However, only 0.6% (1 out of  170  samples)  of 

pasteurized milk (6MSL milk) was contaminated with S. 
aureus. This result is consistent with a report published 
by Kandil et al. (2018) where S. aureus had zero 
existence in pasteurized milk samples in Egypt. In 
contrast, a higher contamination rate (14.92%) had been 
reported in Algeria (Matallah et al., 2019). 

Globally, the unsupervised use of antimicrobial agents 
in the treatment of animal and human infections have 
been contributed to the emergence of antimicrobial 
resistance (Van Boeckel et al., 2015). The antimicrobial 
resistance mainly originates from the transfer of 
resistance genes across microbes enabling them to 
survive in the presence of antimicrobial agents that 
eventually resulted in failure of antibiotic therapeutic 
protocols (Blair et al., 2015). Furthermore, the overuse of 
antibiotics in animal husbandry as growth promoters 
could be a potential source of bacterial resistance 
through dissemination of resistant microbes from 
intestinal microbiotas of livestock that contaminate the 
surrounding environment and enhance the transmission 
of resistant genes to autochthonous bacteria (resident 
microbes)  of  the  surface  water  systems  (McEwen and  
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Collignon, 2018). In this study, all E. coli isolates 
exhibited susceptibility to tetracycline, ciprofloxacin, 
sulfamethoxazole and chloramphenicol (except for one 
isolate that was resistant to ciprofloxacin) (Figure 2) 
which disagreed with reports published by Nobili et al. 
(2016), Schroeder et al. (2002), Mora et al. (2005), 
Abebe et al. (2014) and Ranjbar et al. (2018). However, 
the results reported by Tadesse et al. (2018) were 
relatively similar to our study where the in vitro growth E. 
coli was restrained by gentamicin, ciprofloxacin, and 
tetracycline. Of note, erythromycin inhibited the growth of 
all E. coli isolates, whereas Tadesse et al. (2018) 
reported a considerably moderate percentage (60%) of 
erythromycin resistance. Interestingly, only  14% of  E. 
coli isolates were resistant to amoxicillin-clavulanic acid, 
while Nobili et al. (2016) reported a significantly higher 
percentage (100%).  Furthermore, all E. coli isolates 
exhibited sensitivity to tested sulfa-drug antibiotic that 
disagreed with reports from Tadesse et al. (2018) and 
Nobili et al. (2016) where the susceptibility levels were 40 
and 50%, respectively. Regarding the antibiotic 
resistance patterns of S. aureus, the isolates exhibited 
resistant to penicillin, cefoxitin, sulfamethoxazole, 
tetracycline, gentamicin, and erythromycin (Figure 3) 
which concurred with the findings published by Hoque et 
al. (2018) and Reta et al. (2016). Interestingly, 29% of S. 
aureus isolates showed resistance to 
sulphamethoxazole-trimethoprim that completely agreed 
with Hoque et al. (2018), and spiking high when 
compared to those reported by Reta et al. (2016) and 
Umaru et al. (2013). Despite previous studies, Umaru et 
al. (2013) and Reta et al. (2016) reported variable 
sensitivity rates (44.3 and 6.9%, respectively) of S. 
aureus isolates to vancomycin, findings showed absolute 
susceptibility of all tested isolates to it. Similarly, all S. 
aureus isolates were susceptible to ciprofloxacin that 
disagreed with findings reported by Hoque et al. (2018) 
and Zeinhom et al. (2015). 

Enterohemorrhagic Escherichia coli (EHEC) strains 
comprise a subgroup of Shiga-toxin (ST)-producing E. 
coli (STEC) and are the most frequently implicated in 
severe clinical illness worldwide (Vendramin et al., 2014). 
In this study, we found that 62% of E. coli isolates were 
serologically identified as EHEC (Table 3), known to 
cause outbreaks of bloody diarrhea. This percentage is 
higher than Vanitha et al. (2018), Vendramin et al. 
(2014), Momtaz et al. (2012) and Ranjbar et al. (2018). 
Interestingly, the molecular profiling showed that 90% (19 
out of 21 isolates) of E. coli isolates were positive for stx 
genes, whereas 42.8% (9 out of 21 isolates)  of them 
were positive for both stx1 and stx2 genes (Figure 4 and 
Table 3). However, these results were higher than that 
reported in previous studies (Tabaran et al., 2017; Nobili 
et al., 2016; Neher et al., 2015; Virpari et al., 2013) 
(Figure 4 and Table 3).  Furthermore,  38%  (8  out  of  21  

 
 
 
 
isolates) of E. coli isolates harbored eaeA gene and 
serotypically characterized as EHEC including O26 and 
O111 serogroup (Figure 4 and Table 3).  These results 
were congruent with previously published studies 
(Momtaz et al., 2012; and Vanitha et al., 2018) where 
33.33 and 36% of identified E. coli isolates were positive 
for eaeA gene, respectively. Contrarily, in a study 
conducted by Nobili et al. (2016), all STEC isolates 
exhibited negative results for eaeA gene. 

S. aureus isolates are able to produce enterotoxins 
posing a public health threat. This means that the 
detection of SE in milk is very crucial for the 
bacteriological assessment of milk and dairy products 
(Wu et al., 2016). In the current study, the molecular 
detection of SE-encoding genes was greatly helpful for 
proper characterization of SE-producing S. aureus. In 
general, multiplex PCR detection could infer the presence 
of genes but does not consider their expression. 
Therefore, RPLA technique is needed to emphasize the 
SE production (van Belkum, 2003). Here, SET-RPLA 
assay showed that 21.4% (3 out of 14 isolates) of S. 
aureus isolates produced classic enterotoxins (SEA, 
SEC, SED) (Figure 4 and Table 4), which is in line with 
results reported by Fagundes et al. (2010). Interestingly, 
the molecular profiling of S. aureus isolates for SE-
encoding genes confirmed the results of SET-RPLA 
technique (Figure 4 and Table 4) and agreed with 
previously published reports (Mansour et al., 2017). In 
contrast, in a study performed by Rall et al. (2008), a 
higher prevalence rate of S. aureus was reported, 
whereas 68.4% of the S. aureus isolates were positive for 
one or more enterotoxins-encoding-genes. Of note, 
Arcuri et al. (2010) detected SE genes in 13.6% of 
mastitic cow milk and 41.7% of a bulk milk tank. In 
general, methicillin-resistant S. aureus (MRSA) strains 
have the ability to express multiple antibiotic resistance 
genes that pose a global threat to animal and human 
health (Shah et al., 2019). In this study, mecA gene was 
detected in approximately 36% of the total S. aureus 
isolates that indicated the potential emergence of MRSA 
outbreaks from consumption of contaminated raw milk in 
particular, in traditional societies (Figure 4 and Table 4). 
Noteworthy, similar percentages (22.2 and 20%) of 
MRSA detection in milk were reported by Umaru et al. 
(2013) and Hoque et al. (2018), respectively. 
  
 
Conclusion 
 
To conclude, findings revealed that raw and 3MSL 
pasteurized milk are most prone to be contaminated by 
the pathogenic E. coli and S. aureus isolates, that poses 
serious health issues upon direct consumption of milk 
from these sources. Noteworthy, pasteurized organic milk 
and   7DSL   milk   were   found   to   be   of   the   highest  



 

 

 

 
 
 
 
bacteriological quality when tested for the presence of E. 
coli and S. aureus. Eventually, our findings implicitly 
highlighted the importance of constituting strict regulations 
with regard to milk handling in local farms and dairy 
plants to minimize the chance of milk contamination and 
the transmission of bacterial pathogens along with their  

antimicrobial resistance from dairy animals to humans. 
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Table S1A. Primary microbiological testing of milk samples for the presence of E.coli and S.aureus 

 

Sample code Sample source 
Pasteurization 

technique 

E.coli S.aureus 

Macconkey EMB Mannitol salt BP 

B1 Buffalo milk Raw (Non pasteurized) LF + + - 

B2 Buffalo milk Raw (Non pasteurized) LF - + + 

B3 Buffalo milk Raw (Non pasteurized) LF - + + 

B4 Buffalo milk Raw (Non pasteurized) LNF - + + 

B5 Buffalo milk Raw (Non pasteurized) LNF - + + 

B6 Buffalo milk Raw (Non pasteurized) LNF - + - 

B7 Buffalo milk Raw (Non pasteurized) LF + + - 

B8 Buffalo milk Raw (Non pasteurized) LF + + - 

B9 Buffalo milk Raw (Non pasteurized) LF - + + 

B10 Buffalo milk Raw (Non pasteurized) LF + + - 

B11 Buffalo milk Raw (Non pasteurized) LF + + - 

B12 Buffalo milk Raw (Non pasteurized) - - + + 

B13 Buffalo milk Raw (Non pasteurized) LF + + + 

B14 Buffalo milk Raw (Non pasteurized) LF + + + 

B15 Buffalo milk Raw (Non pasteurized) LF - + + 

B16 Buffalo milk Raw (Non pasteurized) LF - + + 

B17 Buffalo milk Raw (Non pasteurized) LF - + + 

B18 Buffalo milk Raw (Non pasteurized) LF - + + 

B19 Buffalo milk Raw (Non pasteurized) LF - - ND 

B20 Buffalo milk Raw (Non pasteurized) LF + + + 

B21 Buffalo milk Raw (Non pasteurized) - - - ND 

B22 Buffalo milk Raw (Non pasteurized) LF + + - 

B23 Buffalo milk Raw (Non pasteurized) LNF - NA - 

B24 Buffalo milk Raw (Non pasteurized) LF + + + 

B25 Buffalo milk Raw (Non pasteurized) LF - NG ND 

B26 Buffalo milk Raw (Non pasteurized) LF - + + 

B27 Buffalo milk Raw (Non pasteurized) LF - NA - 

B28 Buffalo milk Raw (Non pasteurized) LF - + - 

B29 Buffalo milk Raw (Non pasteurized) LF - + - 

B30 Buffalo milk Raw (Non pasteurized) LF - NA - 

B31 Buffalo milk Raw (Non pasteurized) LF + + - 

B32 Buffalo milk Raw (Non pasteurized) LF - NG ND 
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B33 Buffalo milk Raw (Non pasteurized) LF - - - 

B34 Buffalo milk Raw (Non pasteurized) LF - + + 

B35 Buffalo milk Raw (Non pasteurized) LF - - - 

B36 Buffalo milk Raw (Non pasteurized) LF - + + 

B37 Buffalo milk Raw (Non pasteurized) LF - + + 

B38 Buffalo milk Raw (Non pasteurized) LF - + - 

B39 Buffalo milk Raw (Non pasteurized) LF - NA - 

B40 Buffalo milk Raw (Non pasteurized) LF - - - 

B41 Buffalo milk Raw (Non pasteurized) LF + + + 

B42 Buffalo milk Raw (Non pasteurized) LF + + + 

B43 Buffalo milk Raw (Non pasteurized) LNF - - - 

B44 Buffalo milk Raw (Non pasteurized) LNF - NA - 

B45 Buffalo milk Raw (Non pasteurized) LNF - - - 

B46 Buffalo milk Raw (Non pasteurized) LNF - + + 

B47 Buffalo milk Raw (Non pasteurized) LF + + + 

B48 Buffalo milk Raw (Non pasteurized) LF + - - 

B49 Buffalo milk Raw (Non pasteurized) LF - NA - 

B50 Buffalo milk Raw (Non pasteurized) LF - - - 

C1 Cow milk Raw (Non pasteurized) LNF - + - 

C2 Cow milk Raw (Non pasteurized) LNF - NA - 

C3 Cow milk Raw (Non pasteurized) LNF - - - 

C4 Cow milk Raw (Non pasteurized) - - + - 

C5 Cow milk Raw (Non pasteurized) LNF - - - 

C6 Cow milk Raw (Non pasteurized) LNF - NA - 

C7 Cow milk Raw (Non pasteurized) - - + + 

C8 Cow milk Raw (Non pasteurized) LNF - + + 

C9 Cow milk Raw (Non pasteurized) - - + - 

C10 Cow milk Raw (Non pasteurized) LF + + - 

C11 Cow milk Raw (Non pasteurized) LF - + - 

C12 Cow milk Raw (Non pasteurized) - - NA - 

C13 Cow milk Raw (Non pasteurized) LNF - + + 

C14 Cow milk Raw (Non pasteurized) LF + + - 

C15 Cow milk Raw (Non pasteurized) LF + + - 

C16 Cow milk Raw (Non pasteurized) LNF - + - 
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C17 Cow milk Raw (Non pasteurized) LF + + - 

C18 Cow milk Raw (Non pasteurized) LNF - + - 

C19 Cow milk Raw (Non pasteurized) LNF - + - 

C20 Cow milk Raw (Non pasteurized) - - + - 

C21 Cow milk Raw (Non pasteurized) LF + + - 

C22 Cow milk Raw (Non pasteurized) LNF - + + 

C23 Cow milk Raw (Non pasteurized) LF + + - 

C24 Cow milk Raw (Non pasteurized) LNF - + + 

C25 Cow milk Raw (Non pasteurized) - - + - 

C26 Cow milk Raw (Non pasteurized) - - + - 

C27 Cow milk Raw (Non pasteurized) LNF - + - 

C28 Cow milk Raw (Non pasteurized) LNF - + - 

C29 Cow milk Raw (Non pasteurized) - - + - 

C30 Cow milk Raw (Non pasteurized) - - NA - 

C31 Cow milk Raw (Non pasteurized) LNF - NG ND 

C32 Cow milk Raw (Non pasteurized) LNF - NG ND 

C33 Cow milk Raw (Non pasteurized) LNF - NA - 

C34 Cow milk Raw (Non pasteurized) LNF - NG ND 

C35 Cow milk Raw (Non pasteurized) LNF - NA - 

C36 Cow milk Raw (Non pasteurized) LNF - + + 

C37 Cow milk Raw (Non pasteurized) LNF - + + 

C38 Cow milk Raw (Non pasteurized) - - + + 

C39 Cow milk Raw (Non pasteurized) - - + + 

C40 Cow milk Raw (Non pasteurized) LNF - + + 

C41 Cow milk Raw (Non pasteurized) LF + + + 

C42 Cow milk Raw (Non pasteurized) LNF - + - 

C43 Cow milk Raw (Non pasteurized) - - + - 

C44 Cow milk Raw (Non pasteurized) - - + - 

C45 Cow milk Raw (Non pasteurized) LNF - + - 

C46 Cow milk Raw (Non pasteurized) LF + + - 

C47 Cow milk Raw (Non pasteurized) LF + + + 

C48 Cow milk Raw (Non pasteurized) LNF - + + 

C49 Cow milk Raw (Non pasteurized) LNF - + + 

C50 Cow milk Raw (Non pasteurized) LNF - + + 
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S1 Pasteurized 6MSL UHT LF - NA - 

S2 Pasteurized 6MSL UHT LF - NA - 

S3 Pasteurized 6MSL UHT LF - + - 

S4 Pasteurized 6MSL UHT LF - + - 

S5 Pasteurized 6MSL UHT LF - + - 

S6 Pasteurized 6MSL UHT LF - + - 

S7 Pasteurized 6MSL UHT NG ND + - 

S8 Pasteurized 6MSL UHT NG ND NG ND 

S9 Pasteurized 6MSL UHT NG ND NA - 

S10 Pasteurized 6MSL UHT NG ND + - 

S11 Pasteurized 6MSL UHT LF - NG ND 

S12 Pasteurized 6MSL UHT LF + + - 

S13 Pasteurized 6MSL UHT LF + + - 

S14 Pasteurized 6MSL UHT NG ND NG ND 

S15 Pasteurized 6MSL UHT NG ND + + 

S16 Pasteurized 6MSL UHT LF - + + 

S17 Pasteurized 6MSL UHT LF - NG ND 

S18 Pasteurized 6MSL UHT NG ND NG ND 

S19 Pasteurized 6MSL UHT NG ND NG ND 

S20 Pasteurized 6MSL UHT NG ND NG ND 

S21 Pasteurized 6MSL UHT NG ND NG ND 

S22 Pasteurized 6MSL UHT NG ND NG ND 

S23 Pasteurized 6MSL UHT NG ND NG ND 

S24 Pasteurized 6MSL UHT LNF - NG ND 

S25 Pasteurized 6MSL UHT NG ND NG ND 

S26 Pasteurized 6MSL UHT NG ND NG ND 

S27 Pasteurized 6MSL UHT NG ND NG ND 

S28 Pasteurized 6MSL UHT NG ND NG ND 

S29 Pasteurized 6MSL UHT LNF - NG ND 

S30 Pasteurized 6MSL UHT NG ND NG ND 

S31 Pasteurized 6MSL UHT NG ND NG ND 

S32 Pasteurized 6MSL UHT NG ND NG ND 

S33 Pasteurized 6MSL UHT NG ND NG ND 

S34 Pasteurized 6MSL UHT NG ND NG ND 
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S35 Pasteurized 6MSL UHT NG ND NG ND 

S36 Pasteurized 6MSL UHT NG ND NG ND 

S37 Pasteurized 6MSL UHT NG ND NG ND 

S38 Pasteurized 6MSL UHT NG ND NG ND 

S39 Pasteurized 6MSL UHT NG ND NG ND 

S40 Pasteurized 6MSL UHT LNF - NG ND 

S41 Pasteurized 6MSL UHT NG ND NG ND 

S42 Pasteurized 6MSL UHT NG ND NG ND 

S43 Pasteurized 6MSL UHT NG ND NG ND 

S44 Pasteurized 6MSL UHT NG ND NG ND 

S45 Pasteurized 6MSL UHT NG ND NG ND 

S46 Pasteurized 6MSL UHT NG ND NG ND 

S47 Pasteurized 6MSL UHT NG ND NG ND 

S48 Pasteurized 6MSL UHT NG ND NG ND 

S49 Pasteurized 6MSL UHT NG ND NG ND 

S50 Pasteurized 6MSL UHT NG ND NG ND 

T1 Pasteurized 3MSL Sterilized LF + NG ND 

T2 Pasteurized 3MSL Sterilized LNF - NG ND 

T3 Pasteurized 3MSL Sterilized LF + + + 

T4 Pasteurized 3MSL Sterilized NG ND + + 

T5 Pasteurized 3MSL Sterilized LF + NA - 

T6 Pasteurized 3MSL Sterilized LF + NG ND 

T7 Pasteurized 3MSL Sterilized LF + NA - 

T8 Pasteurized 3MSL Sterilized NG ND + - 

T9 Pasteurized 3MSL Sterilized NG ND + - 

T10 Pasteurized 3MSL Sterilized NG ND + - 

T11 Pasteurized 3MSL Sterilized LF + + - 

T12 Pasteurized 3MSL Sterilized LNF - NA - 

T13 Pasteurized 3MSL Sterilized NG ND + - 

T14 Pasteurized 3MSL Sterilized NG ND + - 

T15 Pasteurized 3MSL Sterilized NG ND NG ND 

T16 Pasteurized 3MSL Sterilized NG ND + - 

T17 Pasteurized 3MSL Sterilized NG ND + - 

T18 Pasteurized 3MSL Sterilized LF + + + 
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T19 Pasteurized 3MSL Sterilized LF + NA - 

T20 Pasteurized 3MSL Sterilized LF + NG ND 

T21 Pasteurized 3MSL Sterilized LF + + - 

T22 Pasteurized 3MSL Sterilized LF + NG ND 

T23 Pasteurized 3MSL Sterilized LF + NG ND 

T24 Pasteurized 3MSL Sterilized NG ND NG ND 

T25 Pasteurized 3MSL Sterilized NG ND + - 

T26 Pasteurized 3MSL Sterilized NG ND NG ND 

T27 Pasteurized 3MSL Sterilized NG ND NG ND 

T28 Pasteurized 3MSL Sterilized NG ND NG ND 

T29 Pasteurized 3MSL Sterilized LF + NA - 

T30 Pasteurized 3MSL Sterilized NG ND NA - 

T31 Pasteurized 3MSL Sterilized NG ND NA - 

T32 Pasteurized 3MSL Sterilized NG ND NG ND 

T33 Pasteurized 3MSL Sterilized NG ND NA - 

T34 Pasteurized 3MSL Sterilized NG ND NG ND 

T35 Pasteurized 3MSL Sterilized NG ND NG ND 

T36 Pasteurized 3MSL Sterilized NG ND NG ND 

T37 Pasteurized 3MSL Sterilized NG ND NG ND 

T38 Pasteurized 3MSL Sterilized NG ND NG ND 

T39 Pasteurized 3MSL Sterilized NG ND NA - 

T40 Pasteurized 3MSL Sterilized NG ND NG ND 

T41 Pasteurized 3MSL Sterilized LNF - NG ND 

T42 Pasteurized 3MSL Sterilized LNF - NG ND 

T43 Pasteurized 3MSL Sterilized NG ND NG ND 

T44 Pasteurized 3MSL Sterilized NG ND NA - 

T45 Pasteurized 3MSL Sterilized LNF - NA - 

T46 Pasteurized 3MSL Sterilized NG ND NG ND 

T47 Pasteurized 3MSL Sterilized LNF - NG ND 

T48 Pasteurized 3MSL Sterilized NG ND NG ND 

T49 Pasteurized 3MSL Sterilized LNF - NG ND 

T50 Pasteurized 3MSL Sterilized LNF - NG ND 

D1 Pasteurized 7DSL ultra processed NG ND + - 

D2 Pasteurized 7DSL ultra processed NG ND NA - 
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D3 Pasteurized 7DSL ultra processed NG ND NA - 

D4 Pasteurized 7DSL ultra processed NG ND NG ND 

D5 Pasteurized 7DSL ultra processed NG ND NA - 

D6 Pasteurized 7DSL ultra processed NG ND NA - 

D7 Pasteurized 7DSL ultra processed NG ND NG ND 

D8 Pasteurized 7DSL ultra processed NG ND NA - 

D9 Pasteurized 7DSL ultra processed NG ND NG ND 

D10 Pasteurized 7DSL ultra processed LNF - NG ND 

D11 Pasteurized 7DSL ultra processed NG ND NG ND 

D12 Pasteurized 7DSL ultra processed LNF - NG ND 

D13 Pasteurized 7DSL ultra processed NG ND NG ND 

D14 Pasteurized 7DSL ultra processed LNF - NG ND 

D15 Pasteurized 7DSL ultra processed LNF - NG ND 

D16 Pasteurized 7DSL ultra processed NG ND NG ND 

D17 Pasteurized 7DSL ultra processed NG ND NG ND 

D18 Pasteurized 7DSL ultra processed NG ND NG ND 

D19 Pasteurized 7DSL ultra processed NG ND NA - 

D20 Pasteurized 7DSL ultra processed NG ND NG ND 

D21 Pasteurized 7DSL ultra processed NG ND NG ND 

D22 Pasteurized 7DSL ultra processed NG ND NG ND 

D23 Pasteurized 7DSL ultra processed NG ND NG ND 

D24 Pasteurized 7DSL ultra processed NG ND NA - 

D25 Pasteurized 7DSL ultra processed NG ND NG ND 

D26 Pasteurized 7DSL ultra processed NG ND NA - 

D27 Pasteurized 7DSL ultra processed NG ND NA - 

D28 Pasteurized 7DSL ultra processed NG ND NG ND 

D29 Pasteurized 7DSL ultra processed NG ND NG ND 

D30 Pasteurized 7DSL ultra processed NG ND NG ND 

D31 Pasteurized 7DSL ultra processed NG ND NG ND 

D32 Pasteurized 7DSL ultra processed NG ND NG ND 

D33 Pasteurized 7DSL ultra processed NG ND NG ND 

D34 Pasteurized 7DSL ultra processed NG ND NG ND 

D35 Pasteurized 7DSL ultra processed NG ND NG ND 

D36 Pasteurized 7DSL ultra processed NG ND NG ND 
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D37 Pasteurized 7DSL ultra processed NG ND NG ND 

D38 Pasteurized 7DSL ultra processed NG ND NG ND 

D39 Pasteurized 7DSL ultra processed NG ND NG ND 

D40 Pasteurized 7DSL ultra processed NG ND NG ND 

D41 Pasteurized 7DSL ultra processed NG ND NG ND 

D42 Pasteurized 7DSL ultra processed NG ND NG ND 

D43 Pasteurized 7DSL ultra processed NG ND NG ND 

D44 Pasteurized 7DSL ultra processed NG ND NG ND 

D45 Pasteurized 7DSL ultra processed NG ND NG ND 

D46 Pasteurized 7DSL ultra processed NG ND NG ND 

D47 Pasteurized 7DSL ultra processed NG ND NG ND 

D48 Pasteurized 7DSL ultra processed NG ND NG ND 

D49 Pasteurized 7DSL ultra processed NG ND NG ND 

D50 Pasteurized 7DSL ultra processed NG ND NG ND 

O1 Pasteurized Organic UHT NG ND NA - 

O2 Pasteurized Organic UHT NG ND NA ND 

O3 Pasteurized Organic UHT NG ND NG ND 

O4 Pasteurized Organic UHT NG ND NA - 

O5 Pasteurized Organic UHT LNF - NG ND 

O6 Pasteurized Organic UHT LNF - NG ND 

O7 Pasteurized Organic UHT NG ND NG ND 

O8 Pasteurized Organic UHT NG ND NG ND 

O9 Pasteurized Organic UHT NG ND NA - 

O10 Pasteurized Organic UHT NG ND NA - 

O11 Pasteurized Organic UHT NG ND NG ND 

O12 Pasteurized Organic UHT NG ND NG ND 

O13 Pasteurized Organic UHT NG ND NG ND 

O14 Pasteurized Organic UHT NG ND NG ND 

O15 Pasteurized Organic UHT NG ND NG ND 

O16 Pasteurized Organic UHT NG ND NG ND 

O17 Pasteurized Organic UHT NG ND NG ND 

O18 Pasteurized Organic UHT NG ND NG ND 

O19 Pasteurized Organic UHT NG ND NG ND 

O20 Pasteurized Organic UHT NG ND NG ND 

Total 270 
  

40 predicted E. coli 
 

67 predicted S. aureus 
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LF Lactose fermenter 
     

LNF Lactose non-fermenter 
     

NG No growth 
     

NA Non aureus 
     

ND Not determined 
     

Macconkey 
      

LF Red non mucoid colonies 

LNF White/colorless colonies 

EMB 
      

+ Purple coloured colonies with green metallic sheen 

- Purple mucoid colonies 

Mannitol 
      

+ Yellow colonies with yellow halo. 

- Pink colonies with pink halos 

Baired parker 
(BP)       

+ Grey-black shiny convex 1-1.5 mm diameter (18 hours) up to 3 mm (48 hours) narrow white entire margin surrounded by zone of clearing 2-5mm 

- Brown colonies (Colonies which do not form the black pigmentation) 
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Sample source Number of collected samples 

Raw 
Raw Cow milk milk 50 

Raw Buffalo milk milk 50 

Pateurized 

Pasteurized 6 MSL 50 

Pasteurized 3 MSL 50 

Pasteurized 7 DSL 50 

Pasteurized Organic milk 20 

Total number of collected samples 270 

MSL Month Shelf life  

DSL  Day Shelf life  

 

50 

50 

50 

50 

50 

20 

Raw Cow milk milk

Raw Buffalo milk milk

Pasteurized 6 MSL

Pasteurized 3 MSL

Pasteurized 7 DSL

Pasteurized Organic milk
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Table S1B. Biochemical identification of purified E. coli isolates. 
 

Sample code Source Indole test MR test VP test Citrate test TSI test isolate code Interpretation 

B1 Buffalo milk + + - - + 15 E. coli 

B7 Buffalo milk + + - - + 23 E. coli 

B8 Buffalo milk - - + + - 12 Enterobacter aerogens 

B10 Buffalo milk + + - -   E16 E. coli 

B11 Buffalo milk - - + + + 21 Not  E. coli 

B13 Buffalo milk - - + + + 13 Not  E. coli 

B14 Buffalo milk - - + + + 14 Not  E. coli 

B20 Buffalo milk - + + + + 11 Not  E. coli 

B22 Buffalo milk - - + + + 9 Not  E. coli 

B24 Buffalo milk - + + + + 40 Mixed 

B31 Buffalo milk + - + + + 22 Not  E. coli 

B41 Buffalo milk + + - - + E25 E. coli 

B42 Buffalo milk + + - - + E26 E. coli 

B47 Buffalo milk + + - - + E24 E. coli 

B48 Buffalo milk + + - - + E39 E. coli 

C10 Cow milk - + + + - 17 Hafnia species 

C14 Cow milk + - + + + 19 Not E. coli 

C15 Cow milk - + + + - 31 Mixed 

C17 Cow milk + - + + + 8 Not E. coli 

C21 Cow milk + - + + - 18 Not  E. coli 

C23 Cow milk + + - - + E32 E. coli 

C41 Cow milk + + - - + E30 E. coli 

C46 Cow milk + + - - + E27 E. coli 

C47 Cow milk + + - - + E29 E. coli 

C48 Cow milk + - + + - 28 Not  E. coli 

S12 Pasteurized 6MSL - - + + + 1 Enterobacter agglomerans 

S13 Pasteurized 6MSL + + - - + E41 E. coli 

T1 Pasteurized 3MSL - - + + - 3 mixed 

T3 Pasteurized 3MSL + - + + - 34 Not  E. coli 

T5 Pasteurized 3MSL + + - - + E35 E. coli 

T6 Pasteurized 3MSL + + - - + E2 E. coli 

T7 Pasteurized 3MSL + + - - + E37 E. coli 

T11 Pasteurized 3MSL + + - - + E7 E. coli 



 

 

 

Shalaby et al.         603 
 
 
 
Table S1B. contd. 
 

T18 Pasteurized 3MSL + + - - + E5 E. coli 

T19 Pasteurized 3MSL + + - - + E38 E. coli 

T20 Pasteurized 3MSL + + - - + E6 E. coli 

T21 Pasteurized 3MSL + + - - + E4 E. coli 

T22 Pasteurized 3MSL + - + + - 20 Not E. coli 

T23 Pasteurized 3MSL - - + + + 36 Enterobacter aerogens 

T29 Pasteurized 3MSL + + - - + E33 E. coli 

Total 40             21 E. coli 

 
Triple sugar iron (TSI) test Butt Slope H2S 

    

 
+ Acid/Gas Acid - 

    

  
      

    

 
Indole test 

       

 
+  red color change 

    

 
- no color change 

    

 
Methyl Red (MR) 

       

 
+ stable red color  

    

 
- yellow color 

    

 
Voges-Proskauer (VP) test 

       

 
+ 

pink-red color on the surface of the medium 15 
minutes to one hour after the addition of the 

reagents.      

 
- yellow color on the surface of the medium 

    

 
Citrate test  

       

 
+ colour change of medium to blue   

    

 
- no colour change of medium 
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Types of milk samples E. coli 

Raw Buffalo milk milk 7 

Raw Cow milk milk 4 

Pasteurized 6 MSL 1 

Pasteurized 3 MSL 9 

Pasteurized 7 DSL 0 

Pasteurized organic milk 0 

Total 21 

 

E.coli 

Raw Buffalo milk milk

Raw Cow milk milk

Pasteurized 6 MSL

Pasteurized 3 MSL

Pasteurized 7 DSL

Pasteurized organic milk
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Table S1C. Biochemical identification of purified S.aureus isolates. 

 

Sample code Source Coagulase test DNase test Isolate code  Interpretation  

B1 Buffalo milk - - 46 Not S. aureus 

B2 Buffalo milk + + S67 S. aureus 

B3 Buffalo milk - - 78 Not S. aureus 

B4 Buffalo milk - - 65 Not S. aureus 

B5 Buffalo milk - - 104 Not S. aureus 

B6 Buffalo milk - - 49 Not S. aureus 

B7 Buffalo milk - - 79 Not S. aureus 

B8 Buffalo milk - - 69 Not S. aureus 

B9 Buffalo milk + + S57 S.aureus 

B10 Buffalo milk - - 72 Not S. aureus 

B11 Buffalo milk - - 45 Not S. aureus 

B12 Buffalo milk - - 44 Not S. aureus 

B13 Buffalo milk - - 54 Not S. aureus 

B14 Buffalo milk - - 42 Not S. aureus 

B15 Buffalo milk - - 70 Not S. aureus 

B16 Buffalo milk + + S48 S.aureus 

B17 Buffalo milk + + S68 S.aureus 

B18 Buffalo milk + + S61 S.aureus 

B20 Buffalo milk - - 71 Not S. aureus 

B22 Buffalo milk - - 47 Not S. aureus 

B24 Buffalo milk + + S81 S.aureus 

B26 Buffalo milk - - 58 Not S. aureus 

B28 Buffalo milk - - 88 Not S. aureus 

B29 Buffalo milk - - 83 Not S. aureus 

B31 Buffalo milk - - 43 Not S. aureus 

B34 Buffalo milk - - 62 Not S. aureus 

B36 Buffalo milk - - 112 Not S. aureus 

B37 Buffalo milk + + S119 S.aureus 

B41 Buffalo milk - - 116 Not S. aureus 

B42 Buffalo milk + + S113 S.aureus 

B46 Buffalo milk - - 117 Not S. aureus 

B47 Buffalo milk - - 115 Not S. aureus 
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C4 Cow milk - - 56 Not S. aureus 

C7 Cow milk + + S55 Not S. aureus 

C8 Cow milk - - 85 Not S. aureus 

C9 Cow milk - - 99 Not S. aureus 

C11 Cow milk - - 110 Not S. aureus 

C13 Cow milk + + S93 S.aureus 

C14 Cow milk - - 96 Not S. aureus 

C15 Cow milk - - 63 Not S. aureus 

C16 Cow milk - - 108 Not S. aureus 

C17 Cow milk - - 77 Not S. aureus 

C18 Cow milk - - 50 Not S. aureus 

C19 Cow milk - - 97 Not S. aureus 

C20 Cow milk - - 73 Not S. aureus 

C21 Cow milk - - 132 Not S. aureus 

C22 Cow milk + + S95 S.aureus 

C23 Cow milk - - 82 Not S. aureus 

C24 Cow milk + + S75 S.aureus 

C25 Cow milk - - 122 Not S. aureus 

C26 Cow milk - - 74 Not S. aureus 

C28 Cow milk - - 123 Not S. aureus 

C29 Cow milk - - 124 Not S. aureus 

C39 Cow milk - - 120 Not S. aureus 

C40 Cow milk - - 121 Not S. aureus 

C48 Cow milk + + S118 S.aureus 

S16 Pasteurized 6MSL + + S94 S.aureus 

T3 Pasteurized 3MSL - - 64 Not S. aureus 

T4 Pasteurized 3MSL - - 66 Not S. aureus 

T8 Pasteurized 3MSL - - 91 Not S. aureus 

T9 Pasteurized 3MSL - - 84 Not S. aureus 

T10 Pasteurized 3MSL - - 102 Not S. aureus 

T11 Pasteurized 3MSL - - 105 Not S. aureus 

T16 Pasteurized 3MSL - - 111 Not S. aureus 

T17 Pasteurized 3MSL - - 51 Not S. aureus 
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T18 Pasteurized 3MSL - - 53 Not S. aureus 

T25 Pasteurized 3MSL - - 103 Not S. aureus 

D1 Pasteurized Organic - - 80 Not S. aureus 

Total 67 14 14     

  

     Coagulase  

     + Clumping 

    - No clumping 

          DNase 

     + Clear zone precipitate around the test organism 

  - No Clear zone around the test organism 
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Types of milk samples S. aureus 

Raw Buffalo milk milk 8 

Raw Cow milk milk 5 

Pasteurized 6 MSL 1 

Pasteurized 3 MSL 0 

Pasteurized 7 DSL 0 

Pasteurized organic milk 0 

Total 14 
 

S.aureus 

Raw Buffalo milk milk

Raw Cow milk milk

Pasteurized 6 MSL

Pasteurized 3 MSL

Pasteurized 7 DSL

Pasteurized organic milk


