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INTRODUCTION 
 This study concentrates on information concerning the 

microbiological hazards that can be present in raw milk 

from animal species other than cows. Milk and dairy 

products are basic components of human diet. 

Consumption of raw milk represents a risk for the 

consumers, due to the possible presence of human 

pathogenic microorganisms in raw milk (Claeys et al., 

2013). Public health problems associated with 

consumption of unpasteurized cow's milk and raw-milk 

products have been well documented (Cody et al., 1999; 

Kalman et al., 2000; De Buyser et al., 2001; Harrington 

et al., 2002). Goat and ovine production constitutes an 

important part of the national economy in many countries. 

One of the most decisive factors in the growth in the 

consumption of goat and ovine milk is their perceived 

beneficial effect on human health, which, moreover, is 

fully recognized by the scientific community. Goat milk 

has an acceptable, attractive odour and taste, and can be 

consumed as an alternative to cow milk because it is less 

allergenic. Ovine milk has a higher content of essential 

vitamins and minerals than cow’s milk and could be used 

to cater to consumers’ appetite for healthy and safer 

products (Park et al., 2007). 

In general, the scientific quality of research on goat and 

ovine milk products is still insufficient but is continuously 

improving. 

 Milk quality can be evaluated according to hygienic, 

nutritional, technological and sensory parameters. One of 

the most important criteria that determine goat and sheep´s 

milk quality is the control of pathogens. 

 The objectives of this study were: 1) to determine the 

microbiological status of goat and ovine milk in the Czech 

Republic, 2) to study the prevalence of food-borne 

pathogens, especially Staphylococcus aureus, Escherichia 

coli, Listeria monocytogenes, Salmonella spp., and 

Campylobacter spp. and 3) typing of selected pathogens 

(serotyping, detection of SEs, mecA genes etc.). 

  

MATERIAL AND METHODOLOGY 
 Samples collection. A total of 54 bulk tank milk samples 

from 10 farms in the Czech Republic were collected in 

years 2013 – 2014. The sampling was done at regular time 

intervals during the whole year, with five to eight samples 

collected from each of the 10 dairy farms involved in the 

study. Farms were randomly selected to cover the whole 

area of the Czech Republic. All milk samples were 

collected into sterile sampling bottles and transported in a 

cooler sampling case to the laboratory for immediate 
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ABSTRACT 
This study concentrates on information concerning the microbiological hazards that can be present in raw milk from animal 

species other than cows. A total of 54 (23 of ovine and 31 of goat) bulk tank milk samples from 10 farms in the Czech 

Republic were collected in years 2013 – 2014. The sampling was done at regular time intervals during the whole year, with 

five to eight samples collected from each of the 10 dairy farms involved in the study. All milk samples were collected into 

sterile sampling bottles and transported in a cooler sampling case to the laboratory for immediate examination. Farms were 

randomly selected to cover the whole area of the Czech Republic. The prevalence and characteristic of Escherichia coli, 

Staphylococcus aureus, Salmonella spp., Campylobacter spp. and Listeria monocytogenes was studied. Raw cow’s milk can 

be contaminated by E. coli intramammarily during clinical or subclinical mastitis and either directly through animal feces or 

indirectly during milk collection through farm employees or the milking equipment. E. coli was detected in 90.3% of the 

goat milk and 95.7% of the ovine milk samples. The genes encoding Shiga toxins 1 and 2– (stx1, stx2) were not detected and 

no STEC was identified. The Eae was the detected in 3 (4.6%) isolates. S. aureus was detected in 9 (29.0%) samples of goat 

milk and 8 (34.8%) samples of ovine milk. A total 12 (57.1%) enterotoxin positive S. aureus were obtained; 6 (28.6%) were 

positive for the production of sec encoding enterotoxin SEC; in 4 (19.0%) isolates the gene seh was detected; 2 (9.5%) 

isolates were proven positive for seg (4.8%) and combination seg and sei (4.8%). The presence of MRSA was not detected 

in the tested samples in our study. L. monocytogenes was detected in 1 (3.2%) samples of goat milk and 1 (4.3%) samples 

of ovine milk. The serotype (1/2a, 1/2b) was detected in our study. Campylobacter spp. and Salmonella spp. were not 

isolated from any of the samples. These results form the basis for determining the microbiological quality standards for goat 

and ovine milk. 
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examination. The milk samples were tested for the 

presence of: Escherichia coli, Staphylococcus aureus, 

Salmonella spp., Campylobacter spp. and Listeria 

monocytogenes each test was performed on 25 ml of raw 

milk by means of qualitative methods. 

 Isolation and identification of Escherichia coli 

(E. coli). Detection of E. coli was carried out according to 

ISO 16649-1 with some slight modifications. The 

detection was performed after enrichment of 25 ml of milk 

in 225 ml of buffered peptone water (BPW, Oxoid, UK) at 

37 °C for 24 hours followed by aerobic cultivation on 

Tryptone Bile X-glucuronide medium (TBX, Oxoid, UK) 

(44 °C for 24 hours). From each positive sample, one to 

three suspected E. coli isolates were used for confirmation. 

Confirmation of suspected colonies from TBX agar 

consisted of the detection of oxidase (OXItest, Pliva-

Lachema, CZ) and production of indole (COLItest, Pliva-

Lachema, CZ).  

 Isolation and identification of Staphylococcus aureus 

(S. aureus). Detection of S. aureus was carried out 

according to ISO 6888-1 with slight modification as 

follows: 25 ml of milk was diluted with 225 ml of buffered 

peptone water (Oxoid, UK) and homogenized. After 

enrichment at 37 °C overnight samples were cultivated on 

Baird - Parker agar (B-P, Oxoid, UK) supplemented with 

egg yolk-tellurite emulsion. From each plate, both the 

typical and atypical colonies were examined by 

plasmacoagulase test (Staphylo LA Seiken, DENKA 

SEIKEN Co. Ltd., Japan) and confirmation of suspected 

S. aureus strains was carried out by polymerase chain 

reaction (PCR) based on the detection of the species 

specific fragment SA442 (Martineau et al., 1998).  

 Isolation and identification of Salmonella spp. The 

detection of Salmonella spp. was carried out according to 

ISO 6579. At first, non-selective enrichment was 

performed in buffered peptone water (Oxoid, UK). This 

was followed by selective enrichment in two types of 

media Rappaport-Vassiliadis Soya Peptone Broth (RVS) 

and Muller-Kauffmann Tetrathionate-Novobiocin Broth 

(MKTTn, Oxoid, UK) simultaneously. Then isolation on 

media RAMBACH (MERCK, D) and XLD (Oxoid, UK) 

was performed. 

 Isolation and identification of Campylobacter spp. The 

detection of thermotolerant Campylobacter spp. was 

carried out according to ISO 10272-1. After enrichment, 

which was done in Bolton medium with horse blood 

(Oxoid, UK) and after 48 hours of cultivation at 42 °C 

suspension was inoculated on Campylobacter Selective 

Blood Free Agar (CCDA, Oxoid, UK) with incubation at 

42 °C for 48 hours at micro-aerophilic conditions. 

 Isolation and identification of Listeria monocytogenes 

(L. monocytogenes). Detection of L. monocytogenes was 

performed according to ISO 11290-1 with a modification 

in the primary multiplication step which was carried out in 

the buffered peptone water (Oxoid, UK) at 37 °C for 24 

hours. Secondary multiplication was done in Fraser broth 

(Oxoid, UK) at 37 °C for 24 hours and followed by aerobic 

cultivation on ALOA agar medium (BIO-RAD, FR) at 

37 °C for 24 hours. 

 Typing of bacteria. More attention has been 

concentrated to the occurrence of methicillin-resistant 

S. aureus strains (MRSA) and E. coli with detection of 

selected genes encoding virulence factors.  

 For the determination of MRSA in S. aureus isolates 

polymerase chain reaction (PCR) for the detection of the 

mecA gene, which is responsible for the resistance to 

methicillin (Poulsen et al., 2003) was used. 

For the detection of the genes encoding staphylococcal 

enterotoxins A–J multiplex PCR method previously 

published by Lovseth et al., (2004) was used.  

 PCR was also used for the detection of selected genes 

encoding virulence factors (eae, hly, stx1, stx2) in E. coli. 

The detection of the virulence genes was performed using 

multiplex PCR according to Fagan et al., (1999).  

 Typical colonies for Listeria monocytogenes were 

confirmed and serotyped by slide agglutination method 

using the commercially available antisera (DenkaSeiken, 

Japan) and verified by multiplex PCR (Doumith et al., 

2004). 

 

RESULTS AND DISCUSSION 
 This study was focused to map the occurrence of 

bacteriological risks in raw goat and ovine milk. In total, 

54 (31 of goat milk and 23 of ovine milk) samples of bulk 

tank milk collected from 10 (5 of goat farm and 5 of ovine 

farm) different farms and investigated in 2013 – 2014 in 

the Czech Republic. The detailed results are shown in 

Table 1. 

 Differences were observed in the bacteriological quality 

of raw milk collected on the different dairy farms. While 

milk from some farms was bacteriologically safe in milk 

samples from other farms pathogenic microorganisms 

were repeatedly detected. 

 In our study, Escherichia coli, Staphylococcus aureus 

and Listeria monocytogenes were detected. 

 Prevalence of E. coli in raw milk. Raw cow’s milk can 

be contaminated by E. coli intramammarily during clinical 

and subclinical mastitis (Dahmen et al., 2013) and either 

directly through animal feces or indirectly during milk 

collection through farm employees or the milking 

equipment (Desmarchelier a Fegan, 2011). This study 

shows that the presence of E. coli in raw milk is very 

common. Altogether, 49 (90.7%) positive milk samples 

were detected. A total of 65 E. coli isolates were retained 

for further characterization. E. coli strains producing Shiga 

toxins (Stx) 1 and 2, encoded by stx1 and stx2 genes, 

respectively, are called Shiga toxin-producing E. coli 

(STEC) (Wani et al., 2009). These toxins have 

acytopathic effect on intestinal epithelial cells that plays a 

role in the development of bloody diarrhea. STEC have 

other, additional virulence factors, the most important of 

these is a protein called intimin (Robati a Gholami, 

2013). Many STEC produce intimin, an adhesive protein 

encoded by the eae gene with several variants located on 

the pathogenicity island termed the locus of enterocyte 

effacement (Blanco et al., 2004). Of the adhesin coding 

genes, eae was the detected in 3 (4.6%) isolates. The genes 

encoding Shiga toxins 1 and 2– (stx1, stx2) were not 

detected and no STEC was identified. 
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Prevalence of S. aureus in raw milk. Staphylococcus 

aureus is one of the most important mammary gland 

pathogens responsible for mastitis that can cause enormous 

economic losses (Hata et al., 2008). When investigating 

the incidence of pathogenic microorganisms, we recorded 

the highest detection rate of Staphylococcus aureus. 

Altogether, 17 (31.5%) positive milk samples were 

detected. A total of 21 S. aureus isolates were retained for 

further characterization and detection enterotoxins 

encoding genes. Global problem of the 21st century 

becomes the occurrence of pathogenic microorganisms 

resistant to routinely used antibiotics. S. aureus has an 

impressive ability to adapt to environmental conditions 

and it can fast become resistant to almost all antibiotics 

(McCallum et al., 2010). Methicillin-resistant S. aureus 

(MRSA) were found primarily in humans, later they were 

detected also in animals (Lee et al., 2004). In recent years, 

the increase of staphylococci strains that show resistance 

to methicillin/oxacillin has become a serious clinical and 

epidemiological problem. Methicillin-resistant S. aureus in 

milk are less important as a food safety issue, since milk is 

almost always heat treated before consumption. However, 

these exceptions and raw milk consumption, which is 

widely practiced by farmers and their families (Oliver et 

al., 2009), could expose people to MRSA. Recent reports 

revealed that MRSA was also associated with cases of 

bovine and caprine mastitis (Aras et al., 2012; 

Vanderhaeghen et al., 2010). Occurrence of MRSA in 

goat milk has been observed in the Czech Republic, 

namely in 2008 (Šťástková et al., 2009). The presence of 

MRSA was not detected in the tested samples in our study. 

Detection of enterotoxins in S. aureus isolates. 

Staphylococcus aureus is an important human and animal 

pathogen known to produce a range of toxic substances 

that can cause various diseases. From the perspective of 

food microbiology, the most relevant characteristic of 

S. aureus is the production of heat-stable enterotoxins 

implicated in food-borne intoxications (Thomas et al., 

2007). In terms of risk of foodborne diseases very 

important is the ability of approximately 50-75% of S. 

aureus strains to produce under the suitable conditions the 

extracellular thermostable enterotoxins (SEs) (Argudín et 

al., 2010). 

 From 54 milk samples examined, 17 (31.5%) positive 

milk samples were detected. A total of 21 S. aureus were 

isolated and used for the detection of SEs. For the 

detection of the genes encoding enterotoxins A–J 

multiplex PCR was used (Lovseth et al., 2004). 

A total 12 (57.1%) enterotoxin positive S. aureus were 

obtained. In our study, 6 (28.6%) of these isolates were 

positive for the production of classical enterotoxins  

SEA-SEE, which are the leading cause of foodborne 

diseases. In our study 6 of these isolates were positive for 

the production of sec encoding enterotoxin SEC. 

 It was also reported as the most frequent gene in 

Staphylococcus aureus from goat's milk from Scherrer 

et al., (2004) and Lyra et al., (2013), who observed the 

SEC in 42% and 55.6% of staphylococci. The presence of 

this gene was observed in 71% (Mork et al., 2010) and 

86% (Silva et al., 2005) of Staphylococcus aureus strains 

isolated from healthy goats and goats with udder 

infections.  

 In our study, the 4 (19.0%) of these isolates were positive 

for the gene seh responsible for the production of SEH. 

Out of 21 strains investigated 2 (9.5%) were proven 

positive for seg (4.8%) and combination seg and sei 

(4.8%). No genes for SEs were identified in 9 (42.9%) 

isolates. Results are shown in Table 2. 

 Ikeda et al., (2005) described a mass outbreak of food 

poisoning caused by eating reconstituted milk 

contaminated by toxigenic S. aureus with co-productions 

of the SEA and SEH. The outbreak was also caused by 

SEH subsequently produced by S. aureus isolated from 

potato mash with raw milk (Jørgensen et al., 2005).  

 Prevalence of L. monocytogenes in raw milk. Listeria 

monocytogenes was detected in 2 (3.7%) samples. The 

prevalence of L. monocytogenes in bulk tank milk is 

reported to range from 1 to 12% (Oliver et al., 2005). 

Ninety-five percent of L. monocytogenes strains associated 

with human listeriosis and food samples belong to 

serotypes 1/2a, 1/2b, and 4b (Kathariou 2002). Serotype 

1/2a has frequently been detected in different food 

matrices (Martins a Leal Germano, 2011). The same 

serotype (1/2a, 1/2b) was detected in our study.  

 Prevalence of Salmonella spp. and Campylobacter spp. 

in raw milk. The presence of Salmonella spp. and 

Campylobacter spp. was not detected in the tested 

samples.  

Table 1. Results of microbiological quality of raw milk testing 

Milk Samples Escherichia coli Staphylococcus aureus Listeria monocytogenes 

 n n % n % n % 

Goat milk 31 28 90.3 9 29.0 1 3.2 

Ovine milk 23 22 95.7 8 34.8 1 4.3 

Σ 54 50 92.6 17 31.5 2 3.7 

 

Table 2. Prevalence of S. aureus with production staphylococcal enterotoxin genes. 

Combination of toxins Goat milk Ovine milk 

n % n % 

C 3 14.3 3 14.3 

H 1 4.8 3 14.3 

n- S. aureus with genes encoding SEs 
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CONCLUSION 
 The results of this study confirm the presence of 

pathogenic bacteria in goat and ovine raw milk. The study 

shows the fact that the consumption of raw milk is not safe 

for the consumers, and that heat treatment of raw milk 

before the consumption has a positive meaning. 

 Our results confirm that unpasteurized milk may be 

contaminated with different types of microorganisms and 

can be an important source of foodborne illnesses. The 

most effective tool for the microbiological safety of milk is 

pasteurization or other heat treatment. Information on 

health hazards associated with contaminated raw milk 

should be extended to the public, so that consumption of 

untreated raw milk could be avoided. 
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