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High prevalence of antibiotic 
resistance in pathogenic foodborne 
bacteria isolated from bovine milk
Sima Hassani1, Mir‑Hassan Moosavy1*, Sahar Nouri Gharajalar2, Seyed Amin Khatibi1, 
Abolfazl Hajibemani3 & Zahra Barabadi4

This study aimed to investigate the prevalence of foodborne pathogenic bacteria in bovine milk, their 
antibiogram phenotype, and the carriage of antibiotic resistance genes. Raw bovine milk samples 
(n = 100) were randomly collected from different suppliers in the northwest of Iran. Antibiotic‑
resistant patterns and the presence of antibiotic resistance genes were evaluated in the isolates. 
Escherichia coli, Listeria monocytogenes, Staphylococcus aureus, and Salmonella spp. were isolated 
from 78%, 47%, 25%, and 21% of samples, respectively. All isolates showed high rates of resistance 
to amoxicillin, penicillin, and cefalexin. The blaTEM and blaSHV genes were detected in 50.0% and 6.4% 
of E. coli isolates, respectively. Also, 28.5% and 19.0% of Salmonella isolates were positive for blaTEM 
and blaSHV. The frequency of mecA and blaZ in S. aureus isolates was 20.0% and 12.0%, respectively. 
The high prevalence of bovine milk contamination with antimicrobial‑resistant species in this study 
necessitates precise control on antibiotic prescription in veterinary medicine.

The burden of foodborne diseases in humans remains largely  unknown1. During the past decade, the incidence 
of foodborne microbial diseases has considerably increased in most  countries2.

Milk and dairy products, as common food products in many countries, provide favorable environments 
for the growth of many microorganisms because of their nutrient  composition3. Many studies have been per-
formed to improve raw milk quality to reduce the risk of microbial contamination and to increase the chemical 
nutritional quality of dairy  products3,4. In recent years, the consumption of raw milk has been increasingly 
welcomed due to its potential benefits such as having high nutritional content and beneficial bacteria as well as 
the prevention of lactose intolerance. However, due to the potential presence of pathogens and their toxins, the 
consumption of raw milk can pose a serious risk of foodborne disease to public  health5–8. Staphylococcus aureus, 
Salmonella spp., Listeria monocytogenes, and Escherichia coli are the most common pathogens that can be found 
in raw milk and dairy products made from raw  milk4,7. Also, S. aureus, L. monocytogenes, and Salmonella spp. 
can contribute to bovine mastitis and be excreted directly into the  milk8–10.

Inappropriate use of antibiotics is a common problem in medical and veterinary medicine, which may result 
in the development of multidrug-resistant  microorganisms11. The antibiotic resistance in pathogenic bacteria 
is known as a big challenge for public health  worldwide12–14. One of the most important enzymes involved in 
antibiotic resistance of bacteria is beta-lactamase, especially extended-spectrum beta-lactamase (ESBL), which 
deactivate the beta-lactam antibiotics through hydrolysis of beta-lactam  ring15. The most common ESBL-pro-
ducing genes are SHV (blaSHV), TEM (blaTEM), and CTX-M genes (blaCTX-M)16.

Over the last decades, mecA has been detected in S. aureusisolates17. The mecA gene is responsible for resist-
ance to methicillin and other β-lactam antibiotics. This gene encodes a penicillin-binding protein (PBP2A) with 
a low affinity for β-lactam  antibiotics18,19. Also, blaZ has been reported as the main gene in S. aureus responsible 
for resistance against several  antibiotics20. TEM and SHV-type β-lactamases are reported as the main causes of 
resistance in E. colistrains21. Also, numerous beta-lactamases such as TEM, SHV, PER, OXA, and CTX enzymes 
have been identified in different Salmonella  species22. Therefore it seems important to investigate the antibiotic 
resistance patterns of pathogenic bacteria and the presence of associated encoding genes as the key elements of 
antibiotics resistance.
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This study aimed to evaluate the prevalence of pathogenic foodborne bacteria in raw bovine milk through 
culture-based techniques, their antibiogram phenotype, and the presence of antibiotic resistance genes among 
the isolates using multiplex-PCR.

Material and methods
Sampling. Raw bovine milk samples (n = 100) were collected aseptically from different retail sellers in the 
northwest of Iran. At the seller level, all milk samples were stored in the refrigerator (≤ 4  °C). Samples were 
transported to the laboratory in an icebox at a temperature less than 4 °C. They were kept in a refrigerator at 
4 ± 1 °C before analysis. The microbiological experiments were performed immediately. All microbiological cul-
ture mediums were provided by Merck Company (Darmstadt, Germany).

Total bacterial count. Serial tenfold dilutions of raw milk samples were prepared using the tubes contain-
ing 9 ml of sterile % 0.1 peptone water (up to 1:10,000 dilutions)23. Then, 0.1 mL of each sample dilutions was 
cultured on Nutrient agar. The total mesophilic bacterial count was calculated after the plates were incubated 
aerobically at 37 °C for 48  h24.

Isolation and detection of pathogenic bacteria. Eecherichia coli was isolated from samples accord-
ing to the method of Feng et al.25and Ombarak et al.26 Three to five presumptive colonies (dark centered and 
flat colonies with metallic green sheen) from Levine’s Eosin Methylene Blue (L-EMB) agar plates were selected, 
transferred on tryptic soy agar (TSA), and incubated at 37 °C for 24 h. Biochemical confirmatory tests were 
performed according to the method of Feng et al.25 and Quinn et al.27.

Staphylococcus aureus was detected in the samples using Baird-parker agar. After incubation of plates at 37 °C 
for 48 h, typical black colonies with a clear zone were considered as presumptive S. aureus. The isolates were 
confirmed by biochemical tests such as coagulase, catalase, DNase, lecithinase, oxidase, Lysostaphin sensitivity, 
VP, urease, glucose, and mannitol  fermentation28.

For isolation and detection of L. monocytogenes, samples were enriched in Buffered Listeria enrichment broth 
(BLEB) at 30 °C for 48 h. The bacterial suspension was streaked onto PALCAM agar and incubated at 35 °C for 
48 h. The isolates were confirmed by motility test, gram staining, and biochemical tests such as catalase, oxidase, 
hemolysis, nitrate reduction, carbohydrate fermentation, Christie-Atkins-Munch-Peterson test (CAMP), methyl 
red, and Voges-Proskauer (MR/VP)29.

For isolation and detection of Salmonella spp., the raw milk samples were cultured on Bismuth Sulphite agar 
(BSA), Brilliant Green, and Phenol-Red agar (BGA) for 24 h (BGA)/48 h (BSA) at 37 °C. The suspected colonies 
were transferred to Samonella-Shigella agar plates and incubated at 37 °C for another 24 h. The presumptive 
colonies on the plates were subjected to biochemical tests using Lysine Iron agar, Triple Sugar Iron Agar, Sulfide-
Indole-Motility medium, and Christensen’s Urea  agar30.

Antimicrobial susceptibility test. Antibiotic susceptibility tests of isolates were performed by the Kirby-
Bauer disk diffusion method according to the guidelines of clinical laboratory  standards31. Isolates were included 
in the study based on isolation rank (time criterion). Based on this criterion, the first isolate of a particular spe-
cies isolated from a single sample was included in the  analysis32. Briefly, bacterial suspensions were prepared 
in tubes containing 0.9% (w/v) phosphate-buffered saline with turbidity adjusted to 0.5 McFarland standard. 
Using a sterile cotton swab, bacterial suspension was streaked uniformly on the surface of Muller-Hinton agar. 
Antibiotic disks (Padtan Teb, Iran) including amoxicillin (25 μg/disk), azithromycin (15 μg), penicillin (10 IU), 
cephalexin (30 μg), ceftriaxone (30 μg), gentamicin(10 μg), chloramphenicol (30 μg), and tetracycline (30 μg) 
were placed on the surface of cultures. The selected antimicrobials were representative of the major classes of 
antibiotics commonly used in veterinary and human medicine in Iran. Finally, the diameter of the inhibition 
zone around the disks was measured after incubation of plates at 37 °C for 24 h.

Detection of blaTEM, blaSHV, mecA, and blaZ genes using multiplex‑PCR. The genomic DNA was 
extracted by boiling  method33. The primers used for the detection of target genes are listed in Table 1. The reac-
tion contents for each 25 μL PCR consisted of 5.5 μL of deionized water, 12.5 μL RED-Extract-N-Amp master 
mix 2 × (containing buffer, salts, dNTPs, Taq polymerase, REDTaq dye, and JumpStart Taq antibody) (Sigma-
Aldrich, USA), 1 μL of each primer and 3 μL of template DNA. The PCR program for blaTEM and blaSHV genes 
included initial denaturation for 5 min at 94 °C followed by 32 cycles of denaturation at 94 °C for 30 s, annealing 
step at 54 °C for 30 s, extension step at 72 °C for 60 s, and a final extension step at 72 °C for 10 min. The PCR 
condition for mecA and blaZ were as follows: initial denaturation at 95 °C for 4 min, 30 cycles of denaturation at 
95 °C for 60 s, annealing step at 58 °C for 60 s, extension step at 72 °C for 60 sand final extension step at 72 °C 
for 4 min. PCR products were subjected to electrophoresis using 1.5% (w/v) agarose gel. The gel was stained 
with ethidium bromide. Ultraviolet transillumination (Biorad, USA) was applied for the visualization of DNA.

Results and discussion
Several studies have revealed that food products such as raw milk and dairy products made from raw milk may 
be the main sources for the outbreak of antibiotic-resistance pathogens which are known as a challenge for the 
safety of food  products38. This problem is common in developing countries such as Iran, because of the poor food 
handling practices, inadequate food safety regulations, weak hygienic practices, insufficient financial resources 
to invest in food safety, weak regulatory systems, and inadequate education for food handlers. In the countries 
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with outbreaks of foodborne diseases, the importance of pathogens like S. aureus, E. coli, L. monocytogenes, and 
Salmonella spp. has been reported as major  causes39.

Numerous researchers previously reported the antimicrobial resistance of E. coli and Salmonella isolates from 
raw milk to the most common antibiotics in their  studies39–42. Also, methicillin-resistant S. aureus as an emerg-
ing pathogen has become an important challenge for public health that has been isolated from raw  milk11,43. The 
multidrug-resistant of L. monocytogenes isolates from raw milk to some commonly used antibiotics is reported 
in various countries such as  Ethiopia44,  Turkey45,  Egypt46, and  Pakistan47. So, the present study was designed 
to study the occurrence of the most common antibiotic-resistant foodborne pathogens from raw milk in Iran.

Totalmesophilic bacterial count, isolation, and identification of bacterial species. The mean 
total mesophilic bacterial count of the examined raw milk samples in this study was 5.75 ± 0.85  log10 cfu  mL−1 
which was exceeded the permitted maximum value of raw milk contamination (5  log10 cfu  mL−1)48. Our find-
ings of the high rate of contamination in raw milk are in agreement with that of the previous study conducted in 
Tabriz, indicating the poor microbial quality of raw milk delivered to pasteurized milk  plants4. In another study 
which was conducted in Allahabad city (India), the total bacterial count of examined milk samples was reported 
between 4.79  log10 cfu  mL−1 by Yadav et al.48. Even, a higher level of contamination of about 6.32 ± 0.03  log10 cfu 
 mL−1 was found for the raw milk samples from the collection centers of Guwahati city in  India49. In general, the 
total bacterial count of more than 6  log10 cfu  mL−1 reported by many countries is not desirable for raw milk sup-
plies and is not usable for human  consumption50.

The increased total bacterial count can be caused by the use of unsanitary equipment for milking, contamina-
tion of cow’s udders, inadequate cooling of milk, and occasionally by the milking of cows with  mastitis51.

In the present study, 78% of samples were contaminated with E. coli with a mean count of 3.41 ± 0.41  log10 cfu 
 mL−1. High rates of raw milk contamination with E. coli have been reported in many developing and developed 
countries. It has been reported that 90.67% of raw milk samples in Arusha, Tanzania were contaminated with E. 
coli52 as well as 76.4% of samples in  Egypt26.

In our study, 25% of the raw milk samples were contaminated with S. aureus at an average level of 2.91 ± 0.80 
 log10 cfu  mL−1. In agreement with our study, a study in California showed that 25.3% of the raw milk samples 
were contaminated with S. aureus5. In another study in Mansoura City, Egypt, the mean S. aureus counts were 
found to be 3.49  log10 cfu  g−1 in raw milk  samples43, and 70.4% of raw milk samples in Brazil were contaminated 
with S. aureus53. These results indicate the different quality of milk samples in different regions of the world.

According to the results of the present study, L. monocytogenes was isolated from 47% of the raw milk samples. 
Over 70% of positive samples contained L. monocytogenes at a level of less than 10 cfu  ml−1. The mean count of 
this bacterium was detected at 0.60 ± 0.51  log10 cfu  mL−1. Many studies in different countries reported the occur-
rence of L. monocytogenes by various rates of contamination in their raw milk supplies and related products. The 
occurrence of L. monocytogenes in raw milk has been reported in Kars city (Turkey)45. However, in research in 
Antakya, Turkey, L. monocytogenes was not detected in any of the raw milk  samples54.

In the present study, Salmonella spp. was detected in 21% of the raw milk samples. After enrichment of sam-
ples followed by plating, the mean count of Salmonella spp. in the positive samples was detected at 0.26 ± 0.27 
 log10 cfu  mL−1. Similar results have also been reported in different countries. The prevalence of Salmonella spp. 
in raw milk has also been reported in Arusha, Tanzania (37.33%)52, Egypt(44.44%)55, and Dhaka Metropolis, 
Bangladesh (25.71%)56.

Antimicrobial susceptibility of isolates to the used antibiotics and detection of blaTEM,blaSHV, 
mecA, and blaZ genes in the isolates. In this study, it was shown that all strains of E. coli were highly 
resistant to penicillin (88.46%), cefalexin (82.05%), and amoxicillin (70.51%) (Table 2). Fifty percent (50%) of E. 
coli isolates had blaTEM and 6.41%of them were positive for blaSHV (Table 3). Consistent with our study, another 

Table 1.  PCR sets used for detection of target antibiotic-resistance genes in the selected foodborne bacterial 
isolated from bovine milk.

Genes Primer sequence (5’ → 3’) Accession number (GenBank) Annealing (°C) Amplicon size (bp) References

blaTEM

F:ATC AGC AAT AAA CCA GC NG_068216.1 54 516
Eid and  Samir34R: CCC CGA AGA ACG TTT 

TC

blaSHV

F: AGG ATT GAC TGC CTT 
TTTG NG_068212.1 54 392

Yukawa et al.35

R: ATT TGC TGA TTT CGC 
TCG 

mecA

F: AAA ATC GAT GGT AAA 
GGT TGG C MK659556.1 58 532

Kim et al.36

R: AGT TCT GCA GTA CCG 
GAT TTG C

blaZ

F: TGA CCA CTT TTA TCA 
GCA ACC MN689952.1 58 700

Meroni et al.37

R: GCC ATT TCA ACA CCT 
TCT TTC 
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study reported that 83.1% of isolates of highly antibiotic-resistant E. coli strains, with 100% resistance to acetyl 
spiramycin, 100% to penicillin, 98.8% to lincomycin, 98.8% to oxacillin, 32.5% to cephalosporin, and 30.1% to 
ampicillin. The blaTEM was the most frequently detected resistance gene (83.1%)42.

In the present study, blaTEM was the most common resistance gene in E. coli isolates. However, only 50% 
of the resistant isolates to both penicillin and amoxicillin harbored this gene. Also, blaSHV was present in five 
isolates of E. coli. All isolates containing this gene showed resistance to cephalexin, penicillin, and amoxicillin 
in phenotypic experiments.

The isolated strains of L. monocytogenes in our study were highly resistant to penicillin, cefalexin, and amoxi-
cillin (97.87%) (Table 4). Since ampicillin is an important first-choice antibiotic for the treatment of  listeriosis57, 
the isolates of L. monocytogenes were evaluated for the presence of known genes responsible for resistance to 
beta-lactam antibiotics (blaTEM, blaSHV, mecA, blaZ) using the specific primers. However, none of the resistance 
genes were detected in L. monocytogenes (Table 3). Similar results were found by Marian et al.58 that showed 
100% of L. monocytogenes strains in their study were resistant to ampicillin and penicillin, with no involvement 
of blaZ and mecA genes in their resistance. Also, Bertsch et al.57 examined the antimicrobial susceptibility and 
antibiotic resistance genes in foodborne, clinical, and environmental isolates of L. monocytogenes that were 
negative for the presence of blaZ and mecA genes.

Table 2.  Antibiotic resistance profile of Escherichia coli isolates (n = 78) from bovine milk samples. *From 
 CLSI31. **S susceptible, I intermediate, R resistant.

Antimicrobial agent Disk content

Interpretive 
categories and zone 
diameter breakpoints 
(nearest whole mm)* No. of isolates (%)

R** I S R I S

Azithromycin 15 μg  ≤ 12 –  ≥ 13 53 (67.94) – 25 (32.05)

Chloramphenicol 30 μg  ≤ 12 13–17  ≥ 18 15 (19.23) 2 (2.56) 61 (78.20)

Ceftriaxone 30 μg  ≤ 19 20–22  ≥ 23 17 (21.79) 14 (17.94) 47 (60.25)

Penicillin 10 IU  ≤ 14 –  ≥ 15 69 (88.46) – 9 (11.53)

Gentamicin 10 μg  ≤ 12 13–14  ≥ 15 6 (7.69) 3 (3.84) 69 (88.46)

Amoxicillin 25 μg  ≤ 13 14–16  ≥ 17 55 (70.51) 3 (3.84) 20 (25.64)

Tetracycline 30 μg  ≤ 11 12–14  ≥ 15 20 (25.64) 9 (11.53) 49 (62.82)

Cephalexin 30 μg  ≤ 14 –  ≥ 15 64 (82.05) – 14 (17.94)

Table 3.  Distribution of resistance genes in the selected foodborne bacterial isolated from bovine milk.

Target genes No of isolates (%)

E. coli Salmonella spp. L. monocytogenes S. aureus

blaSHV 5 (6.41%) 4 (19.04) – –

blaZ – – – 3 (12.00)

blaTEM 39 (50%) 6 (28.57) – –

mecA – – – 5 (20.00)

Table 4.  Antibiotic resistance profile of Listeria monocytogenes isolates (n = 47) from bovine milk samples. 
*From CA-SFM59,  CLSI31, Hansen et al.60, and Soussy et al.61. **S susceptible, I intermediate, R resistant.

Antimicrobial agent Disk content

Interpretive 
categories and zone 
diameter breakpoints 
(nearest whole mm)* No. of isolates (%)

R** I S R I S

Azithromycin 15 μg ˂ 17 17–21  ≥ 22 12 (25.53) 14 (29.78) 21 (44.68)

Chloramphenicol 30 μg ˂ 18 18–20  ≥ 21 22 (46.80) 13 (27.65) 12 (25.53)

Ceftriaxone 30 μg ˂ 15 15–20  ≥ 21 17 (36.17) 18 (38.29) 12 (25.53)

Penicillin 10 IU < 8 8–28  ≥ 29 46 (97.87) 0 (0) 1 (2.12)

Gentamicin 10 μg < 18 18–20  ≥ 21 24 (51.06) 21 (44.68) 2 (4.25)

Amoxicillin 25 μg ˂ 14 14–24  ≥ 25 46 (97.87) 1 (2.12) 0 (0)

Tetracycline 30 μg ˂ 22 22–24  ≥ 25 23 (48.93) 2 (4.25) 22 (46.80)

Cephalexin 30 μg ˂ 12 12–17  ≥ 18 46 (97.87) 1 (2.12) 0 (0)
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The results of antimicrobial resistance tests showed that the isolated strains of Salmonella were highly resistant 
to penicillin (100%), cefalexin (100%), and amoxicillin (71.42%) (Table 5). High rates of antibiotic resistance for 
Salmonella spp. have been reported by many studies. In a study by Obaidat and Stringer (2019), more than 50% 
of S. enterica isolates in raw milk were resistant to kanamycin, streptomycin, amoxicillin, and tetracycline. In 
another study, the highest rate of antibiotic resistance for Salmonella was detected to ampicillin, chloramphenicol, 
streptomycin, sulfonamide, tetracycline, amoxicillin, ceftiofur, and  ceftriaxone41. These results were consistent 
with the results obtained from the present study.

In this study, six (28.57%) and 4 (19.04%) isolates of Salmonella spp. were positive for blaTEM and blaSHV, 
respectively (Table 3). Four isolates with multidrug resistance to penicillin, ceftriaxone, amoxicillin, and 
cephalexin, carried both blaTEM and blaSHV genes. In a study by Ranjbar et al.62 the frequency of Salmonella spp. 
with blaTEM and blaSHV genes was 29.9% and 2.89%, while the prevalence of these two genes in Salmonella in 
another study was reported 15.38% and 12.82%,  respectively63. The results of these studies were in agreement 
with the present study.

Staphylococcus aureus isolates were highly resistant to amoxicillin (100%), cephalexin (100%), and penicil-
lin (84.00%), respectively (Table 6). Antimicrobial resistance in S. aureus species is very common in raw milk 
samples, as reported by many researchers. Li et al.64 indicated that 80.5% of S. aureus isolates were resistant to 
penicillin and ampicillin. The resistance of S. aureus isolates to penicillin G (87.9%), cloxacillin (75.9%), and 
amoxicillin (55.6%) was also reported by Al-Ashmawyet al.43 in Mansoura City, Egypt.

The presence of the mecA gene was found in five (20%) isolates of S. aureus and the blaZ gene was positive in 
three (12.00%) isolates of S. aureus (Table 3). Notably, S. aureus isolates with phenotypic resistances to penicil-
lin, amoxicillin, ceftriaxone, and cephalexin always harbored mecA and blaZ either individually or concurrently. 
These two genes are common genes involved in the antibiotic resistance of S. aureus strains. The electrophoresis 
pattern of the PCR products of the resistance genes in the bacteria under this study is shown in Figs. 1, 2 and 3.

The blaZ and mecA were identified as resistance genes in S. aureus isolated from subclinical mastitis in  Egypt65. 
In another study that investigated the genomic profile of S. aureus isolates from bulk tank milk and dairy cows 
with clinical mastitis, the prevalence of blaZ gene was detected in 17.2% of  isolates66.

Resistance to penicillin, amoxicillin, cephalexin, and ceftriaxone was more prevalent than the associated 
antibiotic resistance genes between isolates. The discrepancies between the phenotypic resistances and associated 
resistance genes in this study may be due to the fact that the entire suite of resistant genes, which could result 

Table 5.  Antibiotic resistance profile of Salmonella spp. isolates (n = 21) from bovine milk samples. *From 
 CLSI31. **S susceptible, I intermediate, R resistant.

Antimicrobial agent Disk content

Interpretive 
categories and zone 
diameter breakpoints 
(nearest whole mm)* No. of isolates (%)

R** I S R I S

Azithromycin 15 μg  ≤ 12 –  ≥ 13 8 (38.09) – 13 (61.90)

Chloramphenicol 30 μg  ≤ 12 13–17  ≥ 18 6 (28.57) 1 (4.76) 14 (66.66)

Ceftriaxone 30 μg  ≤ 19 20–22  ≥ 23 5 (23.80) 3 (14.28) 13 (61.90)

Penicillin 10 IU  ≤ 14 –  ≥ 15 21 (100) – 0 (0)

Gentamicin 10 μg  ≤ 12 13–14  ≥ 15 0 (0) 0 (0) 21 (100)

Amoxicillin 25 μg  ≤ 13 14–16  ≥ 17 15 (71.42) 3 (14.28) 3 (14.28)

Tetracycline 30 μg  ≤ 11 12–14  ≥ 15 5 (23.80) 7 (33.33) 9 (42.85)

Cephalexin 30 μg  ≤ 14 –  ≥ 15 21 (100) – 0 (0)

Table 6.  Antibiotic resistance profile of Staphylococcus aureus isolates (n = 25) from bovine milk samples. 
*From CA-SFM59,  CLSI31. **S susceptible, I intermediate, R resistant.

Antimicrobial agent Disk content

Interpretive 
categories and zone 
diameter breakpoints 
(nearest whole mm)* No. of isolates (%)

R** I S R I S

Azithromycin 15 μg  ≤ 13 14–17  ≥ 18 8 (32.00) 8 (32.00) 9 (36.00)

Chloramphenicol 30 μg  ≤ 12 13–17  ≥ 18 6 (24.00) 13 (52.00) 6 (24.00)

Ceftriaxone 30 μg  ≤ 13 14–20  ≥ 21 6 (24.00) 12 (48.00) 7 (28.00)

Penicillin 10 IU  ≤ 28 –  ≥ 29 21 (84.00) – 4 (16.00)

Gentamicin 10 μg  ≤ 12 13–14  ≥ 15 3 (12.00) 21 (84.00) 1 (4.00)

Amoxicillin 25 μg  ≤ 28 –  ≥ 29 25 (100) – 0 (0)

Tetracycline 30 μg  ≤ 14 15–18  ≥ 19 7 (28.00) 11 (44.00) 7 (28.00)

Cephalexin 30 μg  ≤ 21 –  ≥ 22 25 (100) – 0 (0)
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in phenotypic resistance, was not evaluated in this study. Also, it is possible that the antibiotic-resistant genes 
detected may be mutated and/or non-functional, inducible or not expressed. Other mechanisms of resistance 
such as multidrug efflux pumps, mutations in outer membrane porins, or other unknown resistance genes may 
be involved in the phenotypic  resistance67,68.

In the present study, high resistance levels and multidrug resistances against up to 7 antibiotics were detected 
between the evaluated isolates, with a high proportion for beta-lactams. Since beta-lactams are the most com-
monly used antibiotics in veterinary medicine, the emergence of beta-lactam-resistant pathogenic bacteria can 
be a serious threat to the wide use of these  drugs69.

The occurrence of antibiotic-resistance pathogens in raw milk can be directly affected by farm management 
and practices. Regular cleaning of the farm can decrease the prevalence of antibiotic resistance  pathogens70. The 
types of animal breeding (intensive, semi-intensive, or free-ranging) can influence the occurrence of antibiotic 
resistance pathogens due to the inappropriate administration of antibiotics. Excessive use of antibiotics in thera-
peutic and sub-therapeutic levels in dairy cattle farms can result in the presence of antibiotic-resistant pathogens 
in raw milk. So, if raw milk is not heat-treated, the presence of antibiotic-resistant foodborne pathogens in raw 
milk may pose food safety hazards to  humans70,71.

Figure 1.  Electrophoresis pattern obtained by multiplex PCR for detection of blaTEM and blaSHV genes in E. 
coli isolates. M: marker 100 bp; lane 1, 2, 3, 4, 5, 6, 7, 8, 9, 11: amplification of blaTEM gene at 516 bp; lane 6, 10: 
amplification of blaSHV gene at 392 bp.

Figure 2.  Electrophoresis pattern obtained by multiplex PCR for detection of blaTEM and blaSHV genes in 
Salmonella isolates. M: marker 100 bp; Lanes 2, 5, 6, 8, and 10: amplification of blaTEM gene at 516 bp; lane 2, 3, 
6: amplification of blaSHV gene at 392 bp.
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Conclusion
Our results show that raw milk has a great potential for transmission of antibiotic-resistant pathogens such as E. 
coli, S. aureus, L. monocytogenes, and Salmonella spp. In the present study, high levels of resistance were observed 
among the screened isolates to the most common beta-lactams such as amoxicillin, penicillin, and cefalexin. 
Also, the prevalence of beta-lactamase genes in E. coli, S. aureus, and Salmonella spp. provided evidence on the 
high risk of resistant food-borne pathogens to humans through raw milk.

Since antibiotics have extensive applications in dairy cattle farms in developing countries such as Iran; the 
microbiota of raw milk may contain relatively high levels of antibiotic-resistance bacteria. Therefore, enhancing 
the safety of milk and implementing good manufacturing practices are extremely important for the health of 
consumers. Pasteurization of raw milk, prevention of cross-contamination, storage of raw milk in cold tempera-
ture, appropriate authority supervision, and regulatory monitoring on the use of antibiotics in dairy cattle farms 
are necessary to ensure the safety of milk and dairy products.

The main route for the contamination of raw milk with resistant bacteria can be the subject of future studies 
to determine whether these bacteria get into the milk via cow’s udder or mixed into the milk during or after 
milking. Since phylogenetic assays can be used to ensure the genetic variations of resistant bacteria; it is recom-
mended that these assays be performed on foodborne pathogenic isolates in future studies.

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding 
author on reasonable request.
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