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ABSTRACT 
Mastitis is one of the most common diseases on dairy farms. It causes significant economic damage associated with 

the cost of treating sick cows, reduced milk yield and quality indicators of dairy products, and the risk of premature 

culling of animals. Treatment of cows with mastitis on dairy farms is carried out mainly with antimicrobial drugs, 

which are usually used without a preliminary test to identify the causative agent of the disease and determine its 

sensitivity to antimicrobial substances, which is an important part of the effectiveness of therapy. Increasing the 

resistance of bacteria to antimicrobial substances poses a threat not only to the animal but also to humans, as a 

consumer of dairy products. The availability of data on the sensitivity of mastitis pathogens to antimicrobial drugs 

makes it possible for veterinary doctors to choose the most effective antibiotic for treating animals with the shortest 

duration of treatment. The presented results of studies of breast secret samples taken from cows indicate that in 

57.5% of cases, contagious pathogens of mastitis were identified. In particular, Streptococcus agalactiae made 

24.1%, Staphylococcus aureus – 18.4%, Corynebacterium spp. – 7.2%, Streptococcus dysgalactiae– 5.6%, 

Streptococcus uberis – 2.2%. Environmental pathogens accounted for 42.5% of the total number of isolated isolates, 

among which Streptococci represented gram-positive microflora at 11.5 Streptococcuscus spp. (6.2% 

Streptococcuscus parauberis (4.4% Streptococcuscus Bovis (0.9%) and Staphylococcus spp. – 10.3%. Gram-negative 

microflora is 20.6%, among which the largest percentage belongs to E. coli – 8.4% and Klebsiella pneumonia – 1.9%. 

Mastitis caused by yeast accounted for 1.4% of all diagnosed pathogens. Antimicrobial sensitivity was evaluated 

using the disk diffusion method (Kirby-Bauer). According to the results of determining the sensitivity of mastitis 

pathogens to antimicrobial substances, it was found that the highest sensitivity of the isolated isolates was to 

Ceftiofur, Amoxicillin/clavulanic acid, Rifampicin, Amoxicillin, Gentamicin, Ampicillin, Bacitracin, Cephalexin, 

Cloxacillin, Enrofloxacin, Trimethoprim/sulfamethoxazole, Oxytetracycline, Lincomycin. The least sensitive – to 

Spiramycin, Tylosin, streptomycin, neomycin, Marbofloxacin, Tilmicosin, and Danofloxacin. 

Keywords: mastitis, antimicrobial substances, contagious, environmental, the causative agent of mastitis 

INTRODUCTION 

Farm owners and producers of dairy products suffer significant economic losses due to various infectious and 
non-infectious diseases, among which one of the main one is inflammation of the mammary gland. Mastitis, by 

its nature, is a complex, reasonably common, and expensive disease of cows on dairy farms [1]. Economic 

losses are associated with treatment costs, reduced milk production, and the quality of milk obtained, as well as 

the risks of premature culling of highly productive animals [3], [5], [6]. According to data [3], the total cost of 

expenses caused by bovine mastitis is estimated at an average of USD 147 per cow per year. Bovine mastitis 

therapy is the most common reason for using antimicrobials on dairy farms [7], [11]. In addition, it is known 

that broad-spectrum antimicrobials affect the development of resistance to a greater extent than narrow-

spectrum antimicrobials [20], [47]. Antimicrobial drugs for the treatment of animals with mastitis have been 

used for about sixty years and are often prescribed without a preliminary test to identify the pathogen and 

determine its sensitivity, which is a fairly important part of therapy [2]. Pathogens of mastitis are divided into 
two groups, the so-called contagious and environmental. Contagious pathogens are transmitted mainly from one 

cow to another, especially through milking equipment. In contrast, environmental pathogens enter the mammary 

gland from the external environment (through bedding, flies, or even cow skin) [8], [13]. Contagious pathogens 
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include such types as Staphylococcus aureus and Streptococcus agalactiae and less common ones – such as 

Mycoplasma bovis and Corynebacterium, which are localized on the udder and skin. Environmental pathogens 

such as Escherichia coli or Streptococcus uberis penetrate and reproduce in the udder of cows, induce an 

immune response, and are rapidly eliminated [9]. Monitoring the resistance of mastitis pathogens to 

antimicrobials over time becomes extremely important to ensure the long-term effectiveness of antibacterial 

drugs. Access to antimicrobial sensitivity data helps veterinary doctors choose the most effective drug for 

treating animals with mastitis, especially given that therapy for this pathology usually begins before testing the 

sensitivity of the pathogen [10], [12]. Increasing the resistance of bacteria to antimicrobial substances poses a 

threat to both animals and humans, as consumers of dairy products. Therefore, the World Organization for 

Animal Health (WOAH) recommends monitoring the resistance of pathogens and commensal bacteria if 

necessary. Such monitoring provides significant information for therapeutic measures and, at the same time, 

shows trends in the development of bacterial resistance, which can be taken into account when using individual 

antimicrobial drugs in practice [11], [14], [15].  

This study aimed to identify pathogens of excretion from samples of cow mammary glands secretions and 

determine the sensitivity of the main pathogens of mastitis to commonly used antimicrobial substances. 

 

Scientific Hypothesis  

 We expect that isolated isolates of pathogens from the secretion of cows with mastitis will show different 

sensitivity to a wide range of antimicrobial substances, which will make it possible to isolate those with the 

highest antibacterial activity and recommend them for animal therapy. Testing the secretion of cows suffering 

from mastitis for antimicrobial substances is an effective tool in increasing the indicators of obtaining high-

quality and safe dairy products. 
 

MATERIAL AND METHODOLOGY 

Samples 

 Samples of cow mammary glands secretions were submitted for research to the laboratory of bacteriology and 

path anatomy of LLC "Center for veterinary diagnostics" from different regions of Ukraine in sterile test tubes. 

Chemicals 

 Blood agar (Oxoid, UK), MacConkey Agar (Oxoid, UK), Muller-Hinton Agar (Oxoid, UK), Condalab 

antimicrobial discs (Spain), Erba lachema indole test (Czech Republic), oxidase test HiMedia Laboratories 

(India), catalase test of Technopharm LLC (Ukraine), Química Clínica Aplicada S. A. Gram dye. (Spain). 

Animals and Biological Material 

 The animals were of different breeds (Holstein, Ukrainian black, and piebald), age, and had different lactation 

duration and productivity. There was no information about the size of livestock, diet, maintenance, watering, 

milking system, or milk supply. The secret of the udder was taken from cows with mastitis. 

Instruments 

 Petri dishes, microbiological loop. 

Laboratory Methods 

Udder secretion samples were examined microbiologically using standard laboratory methods [16]. Mammary 

gland secretions (approximately 0.1 mL) were applied in a loop to the surface of blood agar (agar-based 

medium enriched with 5% sterile sheep's blood) (Biocorp, Poland). Bacterial dishes were incubated at 37 °C for 

24 – 48 hours under aerobic conditions. After that, the morphology of the colony was evaluated and described. 

Samples that produced more than three types of microorganisms were identified as contaminated. Individual 

bacterial colonies were subcultivation to produce pure isolates by repeated bacteriologic culture technique. Pure 

isolates were identified using phenotyping tests, including Química Clínica Aplicada S. A. (Spain) gram 
staining, HiMedia Laboratories oxidase test (India), indole tester Lachema (Czech Republic), and Technopharm 

LLC (Ukraine) catalase. Bacterial species were identified based on biochemical profiles using the API 20E 

BioMerieux system (France) and Streptotest 16 erga Lachema (Czech Republic). Gram-negative bacteria were 

identified based on growth on MacConkey Agar (Oxoid, UK), indole, and oxidase tests. Blood agar (Oxoid, 

UK) was used to cultivate yeast and mold. Determination of the sensitivity of isolated isolates to antimicrobial 

substances was performed using the Kirby Bauer Disk Diffusion method [17], [18], [19], [21] in vitro on 

Muller-Hinton Agar (Oxoid, UK), using commercial Condalab disks (Spain). 

Description of the Experiment 

Sample preparation: According to the bacteriological study of 346 samples of udder secretions selected from 

cows with clinical and subclinical forms of mastitis, 264 samples were found to be positive. 21 samples with a 

negative result- no growth of microorganisms. Contamination was found in 61 samples of udder secretions 

(Figure 1). 
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Figure 1 Results of the study of individual samples of udder secretions. 

 
 Number of samples analyzed: 320 samples were analyzed. 

 Number of repeated analyses: Each study was carried out five times, with the number of samples being four, 

which amounted to twenty repeated analyses. 

Number of experiment replication: The number of repetitions of each experiment to determine one value 

was 5 times. 

 Design of the experiment: The study was conducted on 3 dairy farms, in separate research units of the 

National University of Life and Environmental Sciences of Ukraine, "Velikosnityn educational and research 

farm named after O. V. Muzychenka", "Agronomic Research Station", "Educational and Research Farm 

"Vorzel" of Kyiv Region, Ukraine. 

All research in research farms was conducted by a group of researchers consisting of 5 people in the period 

from July 2021 to October 2022. Management practices, housing conditions and milking procedures were 

assessed and documented in a standardized data collection form. Milking patterns were recorded by observing 

regular milking during one milking period. Observations during the visit were recorded during the keeping of 

cows with mastitis. 

After conducting a clinical examination of the udder of cows and a laboratory study of its secretion, using the 

California mastitis test, samples of secretion from animals with mastitis were collected in sterile test tubes.  

Then the samples were cooled to a temperature of +2 to +4 °C and immediately transported to the laboratory. 

Selected samples of udder secretions were subjected to bacteriological examination, followed by testing of 

selected isolates for antimicrobial substances. 

 

Statistical Analysis   

 Simple descriptive statistics were used. The results of bacteriological cultures were expressed as a percentage 

of individual microbial species isolated. Sensitivity results were expressed as a percentage – as the percentage of 

sensitive isolates to each type of antimicrobial substance.  

 

RESULTS AND DISCUSSION 

 Studies conducted in Slovakia showed that 21 yeast strains and 500 bacterial strains of 25 types were isolated 

from 633 samples of mammary gland secretions. The most common pathogens were coagulase-negative 

staphylococci, which made up 35.9% of positive results; the second most common was E. coli – 14.8%, 

followed by S. aureus (12.5%), Str. uberis (10.9%) and Streptococcus agalactiae (5.8%). We found that 

contagious pathogens of mastitis in cows accounted for 184 (57.5%) of isolated isolates: Streptococcus 

agalactiae – in 77 (24.1%), Staphylococcus aureus – in 59 (18.4%), Corynebacterium spp. – in 23 (7.2%), 

Streptococcus dysgalactiae – in 18 (5.6%), Streptococcus uberis – in 7 (2.2%) isolates, and environmental (non-

infectious) mastitis pathogens – in 136 (42.5%) isolates. Most of the bacteria belonged to Gram-positive 

microflora, in particular to staphylococci in 33 samples (Staphylococcus spp. – 10.3%) and streptococci in 37 



Potravinarstvo Slovak Journal of Food Sciences 

Volume 16 691  2022 

(11.5%) samples (Streptococcus spp. – 20 (6.2%), Streptoccocus parauberis – 14 (4.4%) samples, 

Streptoccocus bovis – 3 (0.9%) isolates. Gram-negative bacteria accounted for 66 (20.6%) isolates, among 

which the largest percentage was accounted for by E. coli 27 (8.4%) samples and Klebsiella pneumonia 6 

(1.9%) samples. 

The results of the bacteriological study of individual samples of udder secretions (from the affected udder 

lobes) showed (Table 1, Figure 2), which was most often isolated from the studied samples Streptococcus 

agalactiae (Figure 3 and 4), Staphylococcus aureus (Figure 5 and 6), Staphylococcus spp. (Figure 7 and 8) and 

E. coli (Figure 9 and 11).  

 
Table 1 Isolated microflora from samples of cow udder secretions for mastitis. 

It. no. Microflora 
RESULT 

Total Total 

1 Streptococcus agalactiae 77 24.1 
2 Staphylococcus aureus 59 18.4 
3 Staphylococcus spp. 33 10.3 
4 E. coli 27 8.4 
5 Corynebacterium spp. 23 7.2 
6 Streptococcus spp. 20 6.2 
7 Streptococcus dysgalactiae 18 5.6 
8 Streptococcus parauberis 14 4.4 
9 Trueperella pyogenes 10 3.1 
10 Bacillus spp. 10 3.1 
11 Streptococcus uberis 7 2.2 
12 Klebsiella pneumoniae 6 1.9 
13 Yeast 5 1.6 
14 Enterobacteriaceae 4 1.3 
15 Klebsiella terrigenous 4 1.3 
16 Streptococcus Bovis 3 0.9 

                               Total 320 100 

 

 
Figure 2 Total number of isolated isolates from milk samples from cows with mastitis. 
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Figure 3 Bacterial colonies Streptococcus agalactiae on Muller-Hinton agar. 

 

 
Figure 4 Bacterial colonies Streptococcus agalactiae on blood agar. 

 

 
Figure 5 Bacterial colonies Staphylococcus aureus Muller-Hinton agar. 
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Figure 6 Bacterial colonies Staphylococcus aureus on Blood agar. 

 

 
Figure 7 Bacterial colonies Staphylococcus spp. on Muller-Hinton agar. 

 

 
Figure 8 Bacterial colonies Staphylococcus spp. on Blood agar. 
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Figure 9 Bacterial colonies E.coli on McConkey agar. 

 

 
Figure 10 Bacterial colonies E.coli on Muller-Hinton agar. 

 

 
Figure 11 Bacterial colonies of E. coli on Blood agar. 

 

Studies conducted in Germany on dairy farms out of 751 clinical cases of cow mastitis indicate the spread of 

bacterial pathogens of mastitis Staphylococcus aureus – 10.0%, Streptococcus uberis – 8.5% and coliforms, 

mainly Escherichia coli, were isolated in 10.2% [22]. Studies in France have shown that 707 positive isolates of 

mammary gland secretions taken from cows with clinical mastitis S. aureus occurred in 15.8% of cases, S. 
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uberis in 22.1%, and E. coli 16.0% [23]. Studies conducted in Sweden [24] out of 743 isolates from  

669 cows with a clinical mastitis showed that S. aureus, S. uberis, and E. coli made were 28.4%, 15.2%, and 

21.9%, respectively. In the Netherlands out of 438 mammary gland secretion samples from cows with 

subclinical mammary isolates, S. aureus was detected in 18.0%, and S. uberis in 9.6% of cases [25], [44]. 

Studies conducted in Mexico showed that 20 different types of yeast were identified in 282 (25.75%) secret 

samples [26], [36]. 

According to the results of our studies, bovine mastitis caused by yeast was detected in 5 (1.4%) isolates of the 

total number of diagnosed pathogens. The data obtained by us are consistent with the results of research by 

other authors [4], [37]. 

Based on the results of the obtained bacteriological studies, the sensitivity of isolated mastitis pathogens to 

antimicrobial substances was determined (Table 2 – 4). 

Studies conducted in Brazil show that out of 89 isolates of Str. agalactiaehigh sensitivity was to Ceftiofur, 

enrofloxacin, ampicillin, gentamicin, and lincomycin, and the isolates were resistant to neomycin and 

tetracycline [27], [38]. In Germany, studies of milk from cows with mastitis show that this isolate was resistant 

to Sulfatrimethoprim 50.5%, tetracycline 46.2%, and erythromycin 15.4% [28], [39]. As the results of our study 

show, the isolation of isolated Str. agalactiae showed a high level of sensitivity to amoxicillin in 73 (94.8%) 

isolates, Amoxicillin/claulanic acid in 71 (92.2%) samples. Moderately sensitive to Rifampicin in 65 (84.4%), 
Ampicillin in 64 (83.1%), Ceftiofur in 61 (77.2%), lincomycin, Cloxacillin, Bacitracin in 61 (77.2%) isolates, to 

Cephalexin in 55 (71.4%) and Oxytetracycline in 39 (50.6%) isolates. Weakly sensitive to 

Trimethoprim/sulfamethoxazole, Gentamicin in 36 (46.7%) isolates, Enrofloxacin in 22 (28.5%), Tylosin in 17 

(22%), Tilmicosin in 21 (27.3%), to Danofloxacin in 14 (18.2%), to Marbofloxacin in 13 (16.9%), to 

Spiramycin in 12 (15.5%) isolates, Neomycin and Streptomycin in 6 (7.8%) isolates. 

Studies conducted on farms in Ukraine show that isolate S. aureus was sensitive to Gentamicin in 77.97% [29], 

and in 70% of isolates, S. aureus – was resistant to Ampicillin, Oxacillin, and Tetracycline [32]. Our study 

shows that staphylococcus aureus was highly sensitive to Gentamicin in 59 (100%) isolates, Ceftiofur in 58 

(98.3%), Rifampicin in 57 (96.6%), to Cloxacillin in 56 (94.9%), to Cephalexin in 54 (91.5%) isolates. 

Moderately sensitive to Bacitracin in 54 (86.4%) isolates, to Trimethoprim/sulfamethoxazole in 49 (83%), to 

Amoxicillin/claulanic acidenrofloxacin in 48 (81.3%) isolates, to Amoxicillin in 40 (67.8%), to Oxytetracycline 

in 39 (66.1%), to Neomycin in 38 (64.4%), to Lincomycin in 33 (55.95%) isolates. The isolates were weakly 

sensitive to ampicillin in 28 (47.4%) isolates, Danofloxacin in 25 (42.4%), Tilmicosin in 24 (40.7%), 

Streptomycin in 22 (37.3%), Marbofloxacin in 18 (30.5%), Tylosin in 10 (16.9%) and Spiramycin in 4 (6.8%) 

isolates. 

Studies of secretions from sick cows with mastitis in Algeria demonstrate the sensitivity of isolated 

staphylococcus spp to gentamicin and Neomycin [30], [40], [41]. which coincides with the results of our 

studies, which showed that isolated staphylococcus spp, which showed high sensitivity to Rifampicin in 30 

(90.9%) isolates, to Amoxicillin/Claulanic acid, to Enrofloxacin, Ceftiofur, Gentamicin – in 29 (87.9%) isolates, 

to Cloxacillin, Bacitracin, Cephalexin – in 27 (81.8%) isolates, to Neomycin in 24 (72.7%), to Ampicillin in 23 

(69.7%), to Amoxicillin in 22 (66.7%), to Oxytetracycline in 21 (63.6%), to Trimethoprim in 19 (57.6%). 

Moderately sensitive and weakly sensitive were to Streptomycin in 16 (48.5%) isolates, Lincomycin and 

Tilmicosin in 14 (42.4%) isolates, Marbofloxacin in 12 (36.3%), Danofloxacin in 10 (30.3%), to Tylosin in 6 

(18.2%), to Spiramycin in 4 (12.1%) isolates. 

Studies of milk from sick cows for the clinical form of mastitis on farms in Bangladesh have shown high 

resistance of Escherichia coli to Amoxicillin, Ampicillin, and Tetracycline [31], [42]. Studies conducted in 

Canada indicate that this isolate was insensitive to Streptomycin, Tetracycline, Ampicillin, and Colistin, but 

showed sensitivity to Ciprofloxacin and Gentamicin [33] According to the authors [32], more than 60% of 

isolates of E. coli showed resistance to Oxacillin and Sulfamethoxazole-trimethoprim.  

Our research has shown that E. coli showed high sensitivity to Ceftiofur, which is consistent with the results of 

the researchers [34], [45] and Gentamicin – in 27 (100%) isolates, to Enrofloxacin and Oxytetracycline – in 25 

(92.5%) isolates. The medium-sensitive was isolating to Amoxicillin/Claulanic acid and Ampicillin – in 24 

(88.8%) isolates, to Danofloxacin in 20 (74%), to Trimethoprim/sulfamethoxazole in 19 (70.3%), to 

Amoxicillin and Marbofloxacin – in 18 (66.6%), to Streptomycin in 6 (22.2%), to Cephalexin in 5 (18.5%)and 

Neomycin in 4 (14.8%) isolates. Highly resistant isolate E. coli was to Lincomycin, Cloxacillin, Tylosin, 

Bacitracin, Spiramycin, Tilmicosin, and Rifampicin. 

IsolatesCorynebacterium spp were highly sensitive to Gentamicin and Rifampicin in 23 (100%) isolates, to 

Ampicillin in 22 (95.6%) isolates, to Ceftiofur, Amoxicillin, and Bacitracin in 21 (91.3%) samples. Medium-

sensitive isolates turned out to be Amoxicillin/claulanic acid, Lincomycin. Cephalexin – in 20 (86.9%) isolates, 

Enrofloxacin in 18 (78.3%), Oxytetracycline in 17 (73.9%) isolates, to Streptomycin, Marbofloxacin and 
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Tilmicosin – in 14 (60.9%) isolates, to Danofloxacin and Tylosin – in 13 (56.5%) isolates. Low sensitivity of 

the isolates was shown to Cloxacillin and Neomycin – in 11 (47.8%), Spiramycin in 9 (39.1%), and 

Trimethoprim/sulfamethoxazole in 4 (17.3%) isolates.  

 

Table 2 Sensitivity of isolated mastitis pathogens to antimicrobial substances. 

it. no. Antibiotic 

Streptoccocus 

agalactiae 

Staphylococcus 

aureus 

Staphylococcus 

spp. 
E. coli 

Corynebacterium 

spp. 

n % n % n % n % n % 

1 
Amoxicillin  

(25 µg/disc) 
73 94.8 40 67.8 22 66.7 18 66.6 21 91.3 

2 
Amoxicillin+Cl.acid 

(30µg/disc) 
71 92.2 48 81.3 29 87.9 24 88.8 20 86.9 

3 
Enrofloxacine  

(10 µg/disc) 
22 28.5 48 81.3 29 87.9 25 92.5 18 78.3 

4 
Streptomycin 

(10 µg/disc) 
6 7.8 22 37.3 16 48.5 6 22.2 14 60.9 

5 

Trimethoprim/ 

Sulfamethoxazole 

(25µg/disc) 

36 46.7 49 83 19 57.6 19 70.3 4 17.3 

6 
Oxytetracycline  

(30 µg/disc) 
39 50.6 39 66.1 21 63.6 25 92.5 17 73.9 

7 
Ceftiofur  

(30 mcg) 
61 77.2 58 98.3 29 87.9 27 100 21 91.3 

8 
Ampicillin  

(10 µg/disc) 
64 83.1 28 47.4 23 69.7 24 88.8 22 95.6 

9 
Gentamicin  

(10 µg/disc) 
36 46.7 59 100 29 87.9 27 100 23 100 

10 
Neomycin  

(30 µg/disc) 
6 7.8 38 64.4 24 72.7 4 14.8 11 47.8 

11 
Lincomycin  

(15 µg/disc) 
61 77.2 33 55.9 14 42.4 0 0 20 86.9 

12 
Cloxacillin  

(5 µg/disc) 
61 77.2 56 94.9 27 81.8 0 0 11 47.8 

13 
Tylosin  

(30µg/disc) 
17 22 10 16.9 6 18.2 0 0 13 56.5 

14 
Bacitracin  

(0.04 µg/disc) 
61 77.2 51 86.4 27 81.8 0 0 21 91.3 

15 
Cephalexin  

(30 µg/disc) 
55 71.4 54 91.5 27 81.8 5 18.5 20 86.9 

16 
Danofloxacin  

(5 µg/disc) 
14 18.2 25 42.4 10 30.3 20 74 13 56.5 

17 
Spiramycin  

(100 µg/disc) 
12 15.5 4 6.8 4 12.1 0 0 9 39.1 

18 
Marbofloxacin  

(5 µg/disc) 
13 16.9 18 30.5 12 36.3 18 66.6 14 60.9 

19 
Tilmicosin  

(15 µg/disc) 
21 27.3 24 40.7 14 42.4 0 0 14 60.9 

20 
Rifampicin  

(5 µg/disc) 
65 84.4 57 96.6 30 90.9 0 0 23 100 

 
The results presented in Table 3 showed that Streptococcus spp showed high sensitivity to the following 

antimicrobial substances: Ceftiofur in 18 (90%) isolates, Ampicillin, and Bacitracin – 17 (85%) isolates. 

Average sensitivity was to Amoxicillin in 16 (80%) isolates, Rifampicin in 15 (75%) isolates, 

Amoxicillin/claulanic acid, Gentamicin – in 14 (70%) isolates, Cephalexin in 13 (65%), Cloxacillin in 12 (60%) 

isolates. Low sensitivity was to Enrofloxacin, and trimethoprim/sulfamethoxazole – 9 (45%) isolates, 

lincomycin in 8 (40%), Tilmicosin in 7 (35%), Danofloxacin in 6 (30%), to oxytetracycline in 4 (20%), to 

Marbofloxacin in 3 (15%) isolates, to Streptomycin, Spiramycin, Neomycin, and Tylosin-only in 2 (10%) 

isolates. However, previous studies conducted in Poland show that the highest resistance of the bacterium of the 

genus Streptococcus spp was to Gentamicin, Kanamycin, and Tetracycline. In contrast, the highest sensitivity 

was observed to Penicillin, Enrofloxacin, and Marbofloxacin [35], [43]. 

The high sensitivity of isolated streptococcus dysgalactiae was to Ceftiofur and Bacitracin – 18 (100%) 

isolate, to Cloxacillin – 17 (94.4%) isolates. Medium-sensitive of isolates were Cephalexin in 16 (88.9%) 

isolates, Amoxicillin/claulanic acid in 5 (83.3%), Ampicillin in 14 (77.8%) isolates, Rifampicin and Lincomycin 

-13 (72.2%) isolates, to Trimethoprim/sulfamethoxazole and Enrofloxacin – 12 (66.6%) isolates, to Gentamicin-
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9 (50%) isolates. Low sensitivity was shown to Amoxicillin in 8 (44.4%), Tilmicosin 6 (33.3%), Marbofloxacin 

5 (27.8%), Danofloxacin 4 (22.2%), Spiramycin 3 (16.6%), to Neomycin 2 (11.1%) isolates and was almost 

resistant to Tylosin, Streptomycin, and Oxytetracycline – only 1 (5.5%) isolate. 

Streptococcus parauberis was insensitive to Spiramycin, Marbofloxacin, and Tilmicosin but was sensitive to 

Bacitracin 12 (85.7%), Amoxicillin 11 (78.6%) isolates, Ampicillin and Rifampicin 10 (71.4%) isolates, to 

Amoxicillin/claulanic acid, Ceftiofur, Cloxacillin and Cephalexin 9 (64.3%) isolate, to  

Trimethoprim/sulfamethoxazole 7 (50%) isolates and weakly sensitive – to Enrofloxacin 6 (42.8%), Gentamicin 

5 (35.7%), Lincomycin 3 (21.4%) isolates, Streptomycin, Oxytetracycline, and neomycin – 2 (14.2%) isolates, 

to Tylosin and Danofloxacin only 1 (7.1%) isolate. 

Bacteria Trueperella pyogenes showed high sensitivity to Amoxicillin, Ceftiofur, rifampicin-10 (100%) 

isolates, Amoxicillin/claulanic acid, Cephalexin, Ampicillin – 9 (90%) isolates, medium sensitivity to 

Enrofloxacin, Lincomycin – showed 8 (80%) isolates, to Gentamicin, Bacitracin, Marbofloxacin, Cloxacillin – 

showed 7 (70%) isolates, to Tilmicosin 6 (60%), Oxytetracycline 5 (50%) isolates. Low sensitivity to the 

following antibiotics: Trimethoprim/sulfamethoxazole 4 (40%) isolates, Tylosin, Danofloxacin, Spiramycin – 3 

(30%) isolates, Streptomycin 2 (20%) isolates, insensitive to Neomycin. Recent studies show that most isolates 

T. pyogenes, were highly sensitive to Amoxicillin, Ampicillin, Gentamicin, and Ceftiofur. At the same time, a 

high level of resistance was observed to Trimethoprim/sulfamethoxazole and Tylosin, which coincides with our 
research results. 

IsolatesBacillus spp were highly sensitive to Enrofloxacin 10 (100%) isolates, Rifampicin, Ceftiofur, and 

Ampicillin 9 (90%) isolates, and were moderately sensitive to Amoxicillin, Trimethoprim/sulfamethoxazole, 

Gentamicin, Cephalexin, Tilmicosin 8 (80%) isolates, Amoxicillin/claulanic acid and Oxytetracycline 7 (70%) 

isolates, Neomycin, Streptomycin, and Cloxacillin – 6 (60%) isolates. They were weakly sensitive to 

Lincomycin, and Bacitracin 4 (40%) isolate, to Danofloxacin 3 (30%), Tylosin 2 (20%) isolate, and Spiramycin 

1 (10%) isolates and generally not sensitive to Bacillus spp. was to Marbofloxacin.  

The study presented in table 4 shows that the highest sensitivity of Streptococcus uberis showed (100%) 

isolates to Ampicillin Ceftiofuria 7. It was moderately sensitive to Amoxicillin, Cloxacillin, Bacitracin, 

Cephalexin, and Rifampicin – 6 (85.7%) isolates and Oxytetracycline 4 (57.1%) isolates. Hypersensitive was to 

Amoxicillin / claulanic acid, and Danofloxacin 3 (42.2%) isolates, Gentamicin and Marbofloxacin only 2 

(28.6%) isolates. Once isolated streptococcus uberis was sensitive to Enrofloxacin, 

Trimethoprim/sulfamethoxazole, Lincomycin, Tylosin, and Spiramycin, which is 14.2%, respectively, and 

resistant to Streptomycin, Neomycin, and Tylmycosin. 

All isolates of Klebsiella pneumoniae we have selected demonstrated high sensitivity to only one antimicrobial 

substance– Gentamicin 6 (100%) isolates. The average sensitivity was up to Amoxicillin/claulanic acid 5 

(83.3%) isolates, weakly sensitive to Ceftiofur 2 (33.3%) isolates, once the isolate showed sensitivity to 

Enrofloxacin, Trimethoprim/sulfamethoxazole, Oxytetracycline, Danofloxacin, Marbofloxacin, which is 16.7%, 

and showed high resistance to Amoxicillin, Streptomycin, Ampicillin, Neomycin, Lincomycin, Cloxacillin, 

Tylosin, Bacitracin, Cephalexin, Spiramycin, Tilmicosin, and Rifampicin. 

Isolates Klebsiella terrigenous was highly sensitive to Trimethoprim/sulfamethoxazole 4 (100%), 

Oxytetracycline 4 (100%), Gentamicin 4 (100%), Ceftiofur 4 (100%), medium-sensitive to 

Amoxicillin/claulanic acid 3 (75%), Enrofloxacin 3 (75%), to Danofloxacin 3 (75%), to Marbofloxacin 3 (75%), 

to Cephalexin 2 (50%) and Streptomycin 1 (25%) and insensitive to Amoxicillin, Ampicillin, Neomycin, 

Lincomycin, Cloxacillin, Tylosin, Bacitracin, Spiramycin, Tilmicosin, and Rifampicin. 

 

Table 3 Sensitivity of isolated mastitis pathogens to antimicrobial substances. 

It. 

no.  
Antibiotic 

Streptococcus 

spp. 

Streptococcus 

dysgalactiae 

Streptoccocus 

parauberis 

Trueperella 

pyogenes 

Bacillus 

spp. 

n % n % n % n % n % 

1 Amoxicillin (25 µg/disc) 16 80 8 44.4 11 78.6 10 100 8 80 

2 Amoxicillin+Cl.acid (30 µg/disc) 14 70 15 83.3 9 64.3 9 90 7 70 

3 Enrofloxacine (10 µg/disc) 9 45 12 66.6 6 42.8 8 80 10 100 

4 Streptomycin (10 µg/disc) 2 10 1 5.5 2 14.2 2 20 6 60 

5 
Trimethoprim/ 

Sulfamethoxazole (25µg/disc) 
9 45 12 66.6 7 50 4 40 8 80 

6 Oxytetracycline (30 µg/disc) 4 20 1 5.5 2 14.2 5 50 7 70 

7 Ceftiofur (30 mcg) 18 90 18 100 9 64.3 10 100 9 90 

8 Ampicillin (10 µg/disc) 17 85 14 77.8 10 71.4 9 90 9 90 
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Table 3 Cont. 

It. 

no.  
Antibiotic 

Streptococcus 

spp. 

Streptococcus 

dysgalactiae 

Streptoccocus 

parauberis 

Trueperella 

pyogenes 

Bacillus 

spp. 

n % n % n % n % n % 

9 Gentamicin (10 µg/disc) 14 70 9 50 5 35.7 7 70 8 80 

10 Neomycin (30 µg/disc) 2 10 2 11.1 2 14.2 0 0 6 60 

11 Lincomycin (15 µg/disc) 8 40 13 72.2 3 21.4 8 80 4 40 

12 Cloxacillin (5 µg/disc) 12 60 17 94.4 9 64.3 7 70 5 50 

13 Tylosin (30 µg/disc) 2 10 1 5.5 1 7.1 3 30 2 20 

14 Bacitracin (0.04 µg/disc) 17 85 18 100 12 85.7 7 70 4 40 

15 Cephalexin (30 µg/disc) 13 65 16 88.9 9 64.3 9 90 8 80 

16 Danofloxacin (5 µg/disc) 6 30 4 22.2 1 7.1 3 30 3 30 

17 Spiramycin (100 µg/disc) 2 10 3 16.6 0 0 3 30 1 10 

18 Marbofloxacin (5 µg/disc) 3 15 5 27.8 0 0 7 70 0 0 

19 Tilmicosin (15 µg/disc) 7 35 6 33.3 0 0 6 60 8 80 

20 Rifampicin (5 µg/disc) 15 75 13 72.2 10 71.4 10 100 9 90 

 
Enterobacteriaceae bacteria family showed a high sensitivity to Enrofloxacin, 

Trimethoprim/sulfamethoxazole, and Gentamicin-4 (100%) isolates. Average sensitivity was shown to 

Danofloxacin and Marbofloxacin – 3 (75%) isolates, Bacitracin and Oxytetracycline – 2 (50%) isolates. Once, 

they were sensitive to Amoxicillin, Ampicillin, Neomycin, Cloxacillin, Cephalexin, Tilmicosin, and rifampicin, 

which is 25%. Amoxicillin / claulanic acid, Streptomycin, Ceftiofur, Lincomycin, Tylosin, and Spiramycin were 

highly resistant. 

Only 3 isolates of Streptococcus Bovis were isolated during the study of mammary glands secretions, which 

showed 100% sensitivity to Amoxicillin, Amoxicillin / claulanic acid, Ceftiofur, Ampicillin, Gentamicin, 

Tylosin, Cephalexin, and Rifampicin. The average sensitivity was to Trimethoprim/sulfamethoxazole, 

Cloxacillin, Bacitracin, Danofloxacin, and Tilmicosin – 2 (66.7%) isolates. Once, they were sensitive to 

Oxytetracycline, and Lincomycin, 33.3 %, respectively, and were highly resistant to Enrofloxacin, 

Streptomycin, Neomycin, Spiramycin, and Marbofloxacin. 

 
Table 4 Sensitivity of isolated mastitis pathogens to antimicrobial substances. 

It. 

no.  
Antibiotic 

Streptococcus 

uberis 

Klebsiella 

pneumoniae 

Enterobacte-

riaceae 

Klebsiella 

terrigenous 

Streptoc-

cocus bovis 

n % n % n % n % n % 

1 Amoxicillin (25 µg/disc) 6 85.7 0 0 1 25 0 0 3 100 

2 
Amoxicillin+Cl.acid (30 

µg/disc) 
3 42.8 5 83.3 0 0 3 75 3 100 

3 Enrofloxacine (10 µg/disc) 1 14.2 1 16.7 4 100 3 75 0 0 

4 Streptomycin (10 µg/disc) 0 0 0 0 0 0 1 25 0 0 

5 
Trimethoprim/ 

Sulfamethoxazole (25µg/disc) 
1 14.2 1 16.7 4 100 4 100 2 66.7 

6 Oxytetracycline (30 µg/disc) 4 57.1 1 16.7 2 50 4 100 1 33.3 

7 Ceftiofur (30 mcg) 7 100 2 33.3 0 0 4 100 3 100 

8 Ampicillin (10 µg/disc) 7 100 0 0 1 25 0 0 3 100 

9 Gentamicin (10 µg/disc) 2 28.6 6 100 4 100 4 100 3 100 

10 Neomycin (30 µg/disc) 0 0 0 0 1 25 0 0 0 0 

11 Lincomycin (15 µg/disc) 1 14.2 0 0 0 0 0 0 1 33.3 

12 Cloxacillin (5 µg/disc) 6 85.7 0 0 1 25 0 0 2 66.7 

13 Tylosin (30µg/disc) 1 14.2 0 0 0 0 0 0 3 100 

14 Bacitracin (0,04 µg/disc) 6 85.7 0 0 2 50 0 0 2 66.7 

15 Cephalexin (30 µg/disc) 6 85.7 0 0 1 25 2 50 3 100 

16 Danofloxacin (5 µg/disc) 3 42.8 1 16.7 3 75 3 75 2 66.7 

17 Spiramycin (100 µg/disc) 1 14.2 0 0 0 0 0 0 0 0 

18 Marbofloxacin (5 µg/disc) 2 28.6 1 16.7 3 75 3 75 0 0 

19 Tilmicosin (15 µg/disc) 0 0 0 0 1 25 0 0 2 66.7 

20 Rifampicin (5 µg/disc) 6 85.7 0 0 1 25 0 0 3 100 

https://www.condalab.com/int/en/antimicrobial-susceptibility-testing/1839-14208-ceftriaxone-5-g.html#/709-formato-5x50_discs
https://www.condalab.com/int/en/antimicrobial-susceptibility-testing/1839-14208-ceftriaxone-5-g.html#/709-formato-5x50_discs
https://www.condalab.com/int/en/antimicrobial-susceptibility-testing/1839-14208-ceftriaxone-5-g.html#/709-formato-5x50_discs
https://www.condalab.com/int/en/antimicrobial-susceptibility-testing/1839-14208-ceftriaxone-5-g.html#/709-formato-5x50_discs
https://www.condalab.com/int/en/antimicrobial-susceptibility-testing/1839-14208-ceftriaxone-5-g.html#/709-formato-5x50_discs
https://www.condalab.com/int/en/antimicrobial-susceptibility-testing/1839-14208-ceftriaxone-5-g.html#/709-formato-5x50_discs
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As can be seen from the results of the study shown in Table 5, most of the isolated isolates were sensitive to 

Ceftiofur – 86.3%, Amoxicillin/claulanic acid – 76.6%, Rifampicin – 75.6%. 

 

Table 5 Distribution of the total number of isolated mastitis pathogens by sensitivity to various antimicrobial 

substances. 

 

It. no.  
Antibiotic 

The total number of 

isolates obtained 
Number of sensitive 

isolates 
% 

sensitive isolates 
1 Amoxicillin (25 µg/disc) 

320 

237 74.1 

2 Amoxicillin+Cl.acid (30 µg/disc) 245 76.6 

3 Enrofloxacine (10 µg/disc) 196 61.3 

4 Streptomycin (10 µg/disc) 78 24.4 

5 
Trimethoprim/ 

Sulfamethoxazole (25 µg/disc) 
179 55.9 

6 Oxytetracycline (30 µg/disc) 172 53.8 

7 Ceftiofur (30 mcg) 276 86.3 

8 Ampicillin (10 µg/disc) 231 72.2 

9 Gentamicin (10 µg/disc) 236 73.6 

10 Neomycin (30 µg/disc) 96 30.0 

11 Lincomycin (15 µg/disc) 166 51.9 

12 Cloxacillin (5 µg/disc) 214 66.9 

13 Tylosin (30 µg/disc) 59 18.4 

14 Bacitracin (0,04 µg/disc) 228 71.3 

15 Cephalexin (30 µg/disc) 228 71.3 

16 Danofloxacin (5 µg/disc) 111 34.7 

17 Spiramycin (100 µg/disc) 39 12.2 

18 Marbofloxacin (5 µg/disc) 99 30.9 

19 Tilmicosin (15 µg/disc) 103 32.2 

20 Rifampicin(5µg/disc) 242 75.6 

 
Weak sensitivity of 320 isolated isolates was shown to Spiramycin (Spiramycin) – 12.2%, Tylosin – 18.4%, 

Streptomycin – 24.4%, neomycin – 30%, Marbofloxacin – 30.9%, Tilmicosin – 32.2%, Danofloxacin – 34.7%.   

A significant percentage (74-51.9%) of the obtained isolates were sensitive (in descending order) to 

Amoxicillin – 74%, Gentamicin – 73.6%, Ampicillin – 72.2% and Bacitracin – 71.3% and Cephalexin – 71.3%, 

Cloxacillin – 66.9%, Enrofloxacin – 61.3%, Trimethoprim/sulfamethoxazole – 55.9%, Oxytetracycline – 53.8% 

and Lincomycin – 51.9%. 

 

CONCLUSION 

Contagious pathogens of cow mastitis are diagnosed in 57.5% of isolates from the total number of 24.1%, 

Staphylococcus aureus 18.4%, Corynebacterium spp. 7.2%, Streptococcus dysgalactiae 5.6%, and 
Streptococcus uberis 2.2% were most often detected. 

Environmental pathogens make up 42.5% of all isolated isolates, most bacteria are Gram-positive microflora. 

In particular, streptococci 11.5% (Streptococcus spp. 6.2%, Str. parauberis 4.4%, Str. bovis 0.9%), 

Staphylococcus spp. 10.3 %. The landscape of Gram-negative microflora is 20.6%, among which the most 

significant percentage belongs to E. coli 8.4% and Klebsiella pneumoniae 1.9%. 

Mastitis caused by fungi (yeast) accounts for more than 1.4% of the total number of diagnosed mastitis 

pathogens. 

A significant percentage of the obtained isolates showed sensitivity (in descending order) to Ceftiofur, 

Amoxicillin/claulanic acid, Rifampicin, Amoxicillin, Gentamicin, Ampicillin, Bacitracin, Cephalexin, 

Cloxacillin, Enrofloxacin, Trimethoprim/sulfamethoxazole, Oxytetracycline, Lincomycin. The least sensitive 

isolates were Spiramycin, Tylosin, Streptomycin, Neomycin, Marbofloxacin, Tilmicosin, and Danofloxacin. 

The prospect of further research will be to improve the analysis of the sensitivity of pathogens to antimicrobial 

substances and establish the terms of care and flow to the quality indicators of milk.  

 



Potravinarstvo Slovak Journal of Food Sciences 

Volume 16 700  2022 

REFERENCES 

1. Saidi, R., Mimoune, N., Baazizi, R., Benaissa, M., Khelef, D., & Kaidi, R. (2019). Antibiotic susceptibility 

of Staphylococci isolated from bovine mastitis in Algeria. In Journal of Advanced Veterinary and Animal 

Research (Vol. 6, Issue 2, p. 231). ScopeMed. https://doi.org/10.5455/javar.2019.f337 

2. El Garch, F., Youala, M., Simjee, S., Moyaert, H., Klee, R., Truszkowska, B., Rose, M., Hocquet, D., 

Valot, B., Morrissey, I., & de Jong, A. (2020). Antimicrobial susceptibility of nine udder pathogens 

recovered from bovine clinical mastitis milk in Europe 2015–2016: VetPath results. In Veterinary 

Microbiology (Vol. 245, p. 108644). Elsevier BV. https://doi.org/10.1016/j.vetmic.2020.108644 

3. Kaczorek, E., Małaczewska, J., Wójcik, R., Rękawek, W., & Siwicki, A. K. (2017). Phenotypic and 

genotypic antimicrobial susceptibility pattern of Streptococcus spp. isolated from cases of clinical mastitis 

in dairy cattle in Poland. In Journal of Dairy Science (Vol. 100, Issue 8, pp. 6442–6453). American Dairy 

Science Association. https://doi.org/10.3168/jds.2017-12660 

4. Tarazona-Manrique, L. E., Villate-Hernández, J. R., & Andrade-Becerra, R. J. (2019). Bacterial and fungal 

infectious etiology causing mastitis in dairy cows in the highlands of Boyacá (Colombia). In Revista de la 

Facultad de Medicina Veterinaria y de Zootecnia (Vol. 66, Issue 3, pp. 208–218). Universidad Nacional de 

Colombia. https://doi.org/10.15446/rfmvz.v66n3.84258 

5. Gomes, F., & Henriques, M. (2015). Control of Bovine Mastitis: Old and Recent Therapeutic Approaches. 
In Current Microbiology (Vol. 72, Issue 4, pp. 377–382). Springer Science and Business Media LLC. 

https://doi.org/10.1007/s00284-015-0958-8 

6. Zhang, D., Zhang, Z., Huang, C., Gao, X., Wang, Z., Liu, Y., Tian, C., Hong, W., Niu, S., & Liu, M. 

(2018). The phylogenetic group, antimicrobial susceptibility, and virulence genes of Escherichia coli from 

clinical bovine mastitis. In Journal of Dairy Science (Vol. 101, Issue 1, pp. 572–580). American Dairy 

Science Association. https://doi.org/10.3168/jds.2017-13159  

7. Cameron, M., Saab, M., Heider, L., McClure, J. T., Rodriguez-Lecompte, J. C., & Sanchez, J. (2016). 

Antimicrobial Susceptibility Patterns of Environmental Streptococci Recovered from Bovine Milk Samples 

in the Maritime Provinces of Canada. In Frontiers in Veterinary Science (Vol. 3). Frontiers Media SA. 

https://doi.org/10.3389/fvets.2016.00079 

8. Chehabi, C. N., Nonnemann, B., Astrup, L. B., Farre, M., & Pedersen, K. (2019). In vitro Antimicrobial 

Resistance of Causative Agents to Clinical Mastitis in Danish Dairy Cows. In Foodborne Pathogens and 

Disease (Vol. 16, Issue 8, pp. 562–572). Mary Ann Liebert Inc. https://doi.org/10.1089/fpd.2018.2560 

9. Cheng, W. N., & Han, S. G. (2020). Bovine mastitis: risk factors, therapeutic strategies, and alternative 

treatments — A review. In Asian-Australasian Journal of Animal Sciences (Vol. 33, Issue 11, pp. 1699–

1713). Asian Australasian Association of Animal Production Societies. 

https://doi.org/10.5713/ajas.20.0156 

10.  Thomas, V., de Jong, A., Moyaert, H., Simjee, S., El Garch, F., Morrissey, I., Marion, H., & Vallé, M. 

(2015). Antimicrobial susceptibility monitoring of mastitis pathogens isolated from acute cases of clinical 

mastitis in dairy cows across Europe: VetPath results. In International Journal of Antimicrobial Agents 

(Vol. 46, Issue 1, pp. 13–20). Elsevier BV. https://doi.org/10.1016/j.ijantimicag.2015.03.013  

11.  Cheng, J., Qu, W., Barkema, H. W., Nobrega, D. B., Gao, J., Liu, G., De Buck, J., Kastelic, J. P., Sun, H., 

& Han, B. (2019). Antimicrobial resistance profiles of 5 common bovine mastitis pathogens in large 

Chinese dairy herds. In Journal of Dairy Science (Vol. 102, Issue 3, pp. 2416–2426). American Dairy 

Science Association. https://doi.org/10.3168/jds.2018-15135  

12. Poutrel, B., Bareille, S., Lequeux, G., & Leboeuf, F. (2018). Prevalence of Mastitis Pathogens in France: 

Antimicrobial Susceptibility of Staphylococcus aureus, Streptococcus uberis and Escherichia coli. In 

Journal of Veterinary Science &amp; Technology (Vol. 09, Issue 02). OMICS Publishing Group. 

https://doi.org/10.4172/2157-7579.1000522 

13. Suleiman, T. S., Karimuribo, E. D., & Mdegela, R. H. (2017). Prevalence of bovine subclinical mastitis and 

antibiotic susceptibility patterns of major mastitis pathogens isolated in Unguja island of Zanzibar, 

Tanzania. In Tropical Animal Health and Production (Vol. 50, Issue 2, pp. 259–266). Springer Science and 

Business Media LLC. https://doi.org/10.1007/s11250-017-1424-3 

14. Holko, I., Tančin, V., Vršková, M., & Tvarožková, K. (2019). Prevalence and antimicrobial susceptibility 

of udder pathogens isolated from dairy cows in Slovakia. In Journal of Dairy Research (Vol. 86, Issue 4, 

pp. 436–439). Cambridge University Press (CUP). https://doi.org/10.1017/s0022029919000694 

15. de Jong, A., Garch, F. E., Simjee, S., Moyaert, H., Rose, M., Youala, M., & Siegwart, E. (2018). 

Monitoring of antimicrobial susceptibility of udder pathogens recovered from cases of clinical mastitis in 

dairy cows across Europe: VetPath results. In Veterinary Microbiology (Vol. 213, pp. 73–81). Elsevier BV. 

https://doi.org/10.1016/j.vetmic.2017.11.021 

https://doi.org/10.5455/javar.2019.f337
https://doi.org/10.1016/j.vetmic.2020.108644
https://doi.org/10.3168/jds.2017-12660
https://doi.org/10.15446/rfmvz.v66n3.84258
https://doi.org/10.1007/s00284-015-0958-8
https://doi.org/10.3168/jds.2017-13159
https://doi.org/10.3389/fvets.2016.00079
https://doi.org/10.1089/fpd.2018.2560
https://doi.org/10.5713/ajas.20.0156
https://doi.org/10.1016/j.ijantimicag.2015.03.013
https://doi.org/10.3168/jds.2018-15135
https://doi.org/10.4172/2157-7579.1000522
https://doi.org/10.1007/s11250-017-1424-3
https://doi.org/10.1017/s0022029919000694
https://doi.org/10.1016/j.vetmic.2017.11.021
https://doi.org/10.5455/javar.2019.f337
https://doi.org/10.1016/j.vetmic.2020.108644
https://doi.org/10.3168/jds.2017-12660
https://doi.org/10.15446/rfmvz.v66n3.84258
https://doi.org/10.1007/s00284-015-0958-8
https://doi.org/10.3168/jds.2017-13159
https://doi.org/10.3389/fvets.2016.00079
https://doi.org/10.1089/fpd.2018.2560
https://doi.org/10.5713/ajas.20.0156
https://doi.org/10.1016/j.ijantimicag.2015.03.013
https://doi.org/10.3168/jds.2018-15135
https://doi.org/10.4172/2157-7579.1000522
https://doi.org/10.1007/s11250-017-1424-3
https://doi.org/10.1017/s0022029919000694
https://doi.org/10.1016/j.vetmic.2017.11.021


Potravinarstvo Slovak Journal of Food Sciences 

Volume 16 701  2022 

16. Quinn, J.; Markey, B.K.; Leonard, F.C.; FitzPatrick, E.S.; Fanning, S.; Hartigan, P.J. Veterinary 

Microbiology and Microbial Disease, 2nd ed.;Wiley-Blackwell, A JohnWiley & Sons Ltd. Publications: 

Ames, IA, USA, 2011.  

17. Jorgensen, J. H., & Ferraro, M. J. (2009). Antimicrobial Susceptibility Testing: A Review of General 

Principles and Contemporary Practices. In Clinical Infectious Diseases (Vol. 49, Issue 11, pp. 1749–1755). 

Oxford University Press (OUP). https://doi.org/10.1086/647952 

18. Balouiri, M., Sadiki, M., & Ibnsouda, S. K. (2016). Methods for in vitro evaluating antimicrobial activity: 

A review. In Journal of Pharmaceutical Analysis (Vol. 6, Issue 2, pp. 71–79). Elsevier BV. 

https://doi.org/10.1016/j.jpha.2015.11.005 

19. Hombach, M., Maurer, F. P., Pfiffner, T., Böttger, E. C., & Furrer, R. (2015). Standardization of Operator-

Dependent Variables Affecting Precision and Accuracy of the Disk Diffusion Method for Antibiotic 

Susceptibility Testing. In N. A. Ledeboer (Ed.), Journal of Clinical Microbiology (Vol. 53, Issue 12, pp. 

3864–3869). American Society for Microbiology. https://doi.org/10.1128/jcm.02351-15 

20. Bolte, J., Zhang, Y., Wente, N., & Krömker, V. (2020). In Vitro Susceptibility of Mastitis Pathogens 

Isolated from Clinical Mastitis Cases on Northern German Dairy Farms. In Veterinary Sciences (Vol. 7, 

Issue 1, p. 10). MDPI AG. https://doi.org/10.3390/vetsci7010010 

21. Bolte, J., Zhang, Y., Wente, N., & Krömker, V. (2020). In Vitro Susceptibility of Mastitis Pathogens 
Isolated from Clinical Mastitis Cases on Northern German Dairy Farms. In Veterinary Sciences (Vol. 7, 

Issue 1, p. 10). MDPI AG. https://doi.org/10.3390/vetsci7010010 

22. Tenhagen, B.-A., Hansen, I., Reinecke, A., & Heuwieser, W. (2009). Prevalence of pathogens in milk 

samples of dairy cows with clinical mastitis and in heifers at first parturition. In Journal of Dairy Research 

(Vol. 76, Issue 2, pp. 179–187). Cambridge University Press (CUP). 

https://doi.org/10.1017/s0022029908003786 

23. Botrel, M.-A., Haenni, M., Morignat, E., Sulpice, P., Madec, J.-Y., & Calavas, D. (2010). Distribution and 

Antimicrobial Resistance of Clinical and Subclinical Mastitis Pathogens in Dairy Cows in Rhône-Alpes, 

France. In Foodborne Pathogens and Disease (Vol. 7, Issue 5, pp. 479–487). Mary Ann Liebert Inc. 

https://doi.org/10.1089/fpd.2009.0425 

24. Bengtsson, B., Unnerstad, H. E., Ekman, T., Artursson, K., Nilsson-Öst, M., & Waller, K. P. (2009). 

Antimicrobial susceptibility of udder pathogens from cases of acute clinical mastitis in dairy cows. In 

Veterinary Microbiology (Vol. 136, Issues 1–2, pp. 142–149). Elsevier BV. 

https://doi.org/10.1016/j.vetmic.2008.10.024 

25. Sampimon, O., Barkema, H. W., Berends, I., Sol, J., & Lam, T. (2009). Prevalence of intramammary 

infection in Dutch dairy herds. In Journal of Dairy Research (Vol. 76, Issue 2, pp. 129–136). Cambridge 

University Press (CUP). https://doi.org/10.1017/s0022029908003762 

26. Segundo Zaragoza, C., Cervantes Olivares, R. A., Ducoing Watty, A. E., de la Peña Moctezuma, A., & 

Villa Tanaca, L. (2011). Yeasts isolation from bovine mammary glands under different mastitis status in 

the Mexican High Plateu. In Revista Iberoamericana de Micología (Vol. 28, Issue 2, pp. 79–82). Elsevier 

BV. https://doi.org/10.1016/j.riam.2011.01.002 

27. Costa, G. M. da, Ribeiro, N. A., Gonçalves, M. S., Silva, J. R. da, Custódio, D. A. da C., & Mian, G. F. 

(2021). Antimicrobial susceptibility profile of Streptococcus agalactiae strains isolated from bovine 

mastitis. In Brazilian Journal of Veterinary Research and Animal Science (Vol. 58, p. e178109). 

Universidade de Sao Paulo, Agencia USP de Gestao da Informacao Academica (AGUIA). 

https://doi.org/10.11606/issn.1678-4456.bjvras.2021.178109  

28. Kabelitz, T., Aubry, E., van Vorst, K., Amon, T., & Fulde, M. (2021). The Role of Streptococcus spp. in 

Bovine Mastitis. In Microorganisms (Vol. 9, Issue 7, p. 1497). MDPI AG. 

https://doi.org/10.3390/microorganisms9071497 

29. Elias, L., Balasubramanyam, A. S., Ayshpur, O. Y., Mushtuk, I. U., Sheremet, N. O., Gumeniuk, V. V., 

Musser, J. M. B., & Rogovskyy, A. S. (2020). Antimicrobial Susceptibility of Staphylococcus aureus, 

Streptococcus agalactiae, and Escherichia coli Isolated from Mastitic Dairy Cattle in Ukraine. In 

Antibiotics (Vol. 9, Issue 8, p. 469). MDPI AG. https://doi.org/10.3390/antibiotics9080469 

30. Saidi, R., Mimoune, N., Baazizi, R., Benaissa, M., Khelef, D., & Kaidi, R. (2019). Antibiotic susceptibility 

of Staphylococci isolated from bovine mastitis in Algeria. In Journal of Advanced Veterinary and Animal 

Research (Vol. 6, Issue 2, p. 231). ScopeMed. https://doi.org/10.5455/javar.2019.f337  

31. Bag, Md. A. S., Khan, Md. S. R., Sami, Md. D. H., Begum, F., Islam, Md. S., Rahman, Md. M., Rahman, 

Md. T., & Hassan, J. (2021). Virulence determinants and antimicrobial resistance of E. coli isolated from 

bovine clinical mastitis in some selected dairy farms of Bangladesh. In Saudi Journal of Biological 

Sciences (Vol. 28, Issue 11, pp. 6317–6323). Elsevier BV. https://doi.org/10.1016/j.sjbs.2021.06.099 

https://doi.org/10.1086/647952
https://doi.org/10.1016/j.jpha.2015.11.005
https://doi.org/10.1128/jcm.02351-15
https://doi.org/10.3390/vetsci7010010
https://doi.org/10.3390/vetsci7010010
https://doi.org/10.1017/s0022029908003786
https://doi.org/10.1089/fpd.2009.0425
https://doi.org/10.1016/j.vetmic.2008.10.024
https://doi.org/10.1017/s0022029908003762
https://doi.org/10.1016/j.riam.2011.01.002
https://doi.org/10.11606/issn.1678-4456.bjvras.2021.178109
https://doi.org/10.3390/microorganisms9071497
https://doi.org/10.3390/antibiotics9080469
https://doi.org/10.5455/javar.2019.f337
https://doi.org/10.1016/j.sjbs.2021.06.099
https://doi.org/10.1086/647952
https://doi.org/10.1016/j.jpha.2015.11.005
https://doi.org/10.1128/jcm.02351-15
https://doi.org/10.3390/vetsci7010010
https://doi.org/10.3390/vetsci7010010
https://doi.org/10.1017/s0022029908003786
https://doi.org/10.1089/fpd.2009.0425
https://doi.org/10.1016/j.vetmic.2008.10.024
https://doi.org/10.1017/s0022029908003762
https://doi.org/10.1016/j.riam.2011.01.002
https://doi.org/10.11606/issn.1678-4456.bjvras.2021.178109
https://doi.org/10.3390/microorganisms9071497
https://doi.org/10.3390/antibiotics9080469
https://doi.org/10.5455/javar.2019.f337
https://doi.org/10.1016/j.sjbs.2021.06.099


Potravinarstvo Slovak Journal of Food Sciences 

Volume 16 702  2022 

32. Rana, E. A., Fazal, M. A., & Alim, M. A. (2022). Frequently used therapeutic antimicrobials and their 

resistance patterns on Staphylococcus aureus and Escherichia coli in mastitis affected lactating cows. In 

International Journal of Veterinary Science and Medicine (Vol. 10, Issue 1, pp. 1–10). Informa UK 

Limited. https://doi.org/10.1080/23144599.2022.2038494 

33. Majumder, S., Jung, D., Ronholm, J., & George, S. (2021). Prevalence and mechanisms of antibiotic 

resistance in Escherichia coli isolated from mastitic dairy cattle in Canada. In BMC Microbiology (Vol. 21, 

Issue 1). Springer Science and Business Media LLC. https://doi.org/10.1186/s12866-021-02280-5   

34. Boireau, C., Cazeau, G., Jarrige, N., Calavas, D., Madec, J.-Y., Leblond, A., Haenni, M., & Gay, É. (2018). 

Antimicrobial resistance in bacteria isolated from mastitis in dairy cattle in France, 2006–2016. In Journal 

of Dairy Science (Vol. 101, Issue 10, pp. 9451–9462). American Dairy Science Association. 

https://doi.org/10.3168/jds.2018-14835  

35. Ashrafi Tamai, I., Mohammadzadeh, A., Zahraei Salehi, T., Mahmoodi, P., & Pakbin, B. (2021). 

Investigation of antimicrobial susceptibility and virulence factor genes in Trueperella pyogenes isolated 

from clinical mastitis cases of dairy cows. In Food Science &amp; Nutrition (Vol. 9, Issue 8, pp. 4529–

4538). Wiley. https://doi.org/10.1002/fsn3.2431 

36. Senés-Guerrero, C., Giménez, S., Pacheco, A., Gradilla-Hernández, M. S., & Schüßler, A. (2020). New 

MiSeq based strategy exposed plant-preferential arbuscular mycorrhizal fungal communities in arid soils of 
Mexico. In Symbiosis (Vol. 81, Issue 3, pp. 235–246). Springer Science and Business Media LLC. 

https://doi.org/10.1007/s13199-020-00698-5 

37. Israel, D. R.-G., Laura, H.-A., Ana, L. D. M.-R., Marco, A. S.-F., Miguel, Á. B. O., Luis, O. C.-R., & 

Alberto, J.-S. (2022). Interaction in the production of biofilm and drug susceptibility of Candida kefyr with 

Escherichia coli and Streptococcus dysgalactiae isolated from bovine mastitis. In Journal of Veterinary 

Medicine and Animal Health (Vol. 14, Issue 3, pp. 62–69). Academic Journals. 

https://doi.org/10.5897/jvmah2022.0975 

38. Agudelo, C. I., DeAntonio, R., & Castañeda, E. (2018). Streptococcus pneumoniae serotype 19A in Latin 

America and the Caribbean 2010–2015: A systematic review and a time series analysis. In Vaccine (Vol. 

36, Issue 32, pp. 4861–4874). Elsevier BV. https://doi.org/10.1016/j.vaccine.2018.06.068 

39.  Meier, S., Arends, D., Korkuć, P., Neumann, G. B., & Brockmann, G. A. (2020). A genome-wide 

association study for clinical mastitis in the dual-purpose German Black Pied cattle breed. In Journal of 

Dairy Science (Vol. 103, Issue 11, pp. 10289–10298). American Dairy Science Association. 

https://doi.org/10.3168/jds.2020-18209 

40.  Bogado Pascottini, O., & LeBlanc, S. J. (2020). Metabolic markers for purulent vaginal discharge and 

subclinical endometritis in dairy cows. In Theriogenology (Vol. 155, pp. 43–48). Elsevier BV. 

https://doi.org/10.1016/j.theriogenology.2020.06.005 

41.  Achek, R., El-Adawy, H., Hotzel, H., Tomaso, H., Ehricht, R., Hamdi, T. M., Azzi, O., & Monecke, S. 

(2020). Short communication: Diversity of staphylococci isolated from sheep mastitis in northern Algeria. 

In Journal of Dairy Science (Vol. 103, Issue 1, pp. 890–897). American Dairy Science Association. 

https://doi.org/10.3168/jds.2019-16583 

42.  Singha, S., Koop, G., Persson, Y., Hossain, D., Scanlon, L., Derks, M., Hoque, Md. A., & Rahman, Md. 

M. (2021). Incidence, Etiology, and Risk Factors of Clinical Mastitis in Dairy Cows under Semi-Tropical 

Circumstances in Chattogram, Bangladesh. In Animals (Vol. 11, Issue 8, p. 2255). MDPI AG. 

https://doi.org/10.3390/ani11082255 

43.  Felde, O., Kreizinger, Z., Sulyok, K. M., Hrivnák, V., Kiss, K., Jerzsele, Á., Biksi, I., & Gyuranecz, M. 

(2018). Antibiotic susceptibility testing of Mycoplasma hyopneumoniae field isolates from Central Europe 

for fifteen antibiotics by microbroth dilution method. In P. Butaye (Ed.), PLOS ONE (Vol. 13, Issue 12, p. 

e0209030). Public Library of Science (PLoS). https://doi.org/10.1371/journal.pone.0209030 

44.  Abed, A. H., Menshawy, A. M. S., Zeinhom, M. M. A., Hossain, D., Khalifa, E., Wareth, G., & Awad, M. 

F. (2021). Subclinical Mastitis in Selected Bovine Dairy Herds in North Upper Egypt: Assessment of 

Prevalence, Causative Bacterial Pathogens, Antimicrobial Resistance and Virulence-Associated Genes. In 

Microorganisms (Vol. 9, Issue 6, p. 1175). MDPI AG. https://doi.org/10.3390/microorganism 

45.  Foster, D. M., Jacob, M. E., Farmer, K. A., Callahan, B. J., Theriot, C. M., Kathariou, S., Cernicchiaro, N., 

Prange, T., & Papich, M. G. (2019). Ceftiofur formulation differentially affects the intestinal drug 

concentration, resistance of fecal Escherichia coli, and the microbiome of steers. In K. Mühldorfer (Ed.), 

PLOS ONE (Vol. 14, Issue 10, p. e0223378). Public Library of Science (PLoS). 

https://doi.org/10.1371/journal.pone.0223378 

 

 

https://doi.org/10.1080/23144599.2022.2038494
https://doi.org/10.1186/s12866-021-02280-5
https://doi.org/10.3168/jds.2018-14835
https://doi.org/10.1002/fsn3.2431
https://doi.org/10.1007/s13199-020-00698-5
https://doi.org/10.5897/jvmah2022.0975
https://doi.org/10.1016/j.vaccine.2018.06.068
https://doi.org/10.3168/jds.2020-18209
https://doi.org/10.1016/j.theriogenology.2020.06.005
https://doi.org/10.3168/jds.2019-16583
https://doi.org/10.3390/ani11082255
https://doi.org/10.1371/journal.pone.0209030
https://doi.org/10.3390/microorganism
https://doi.org/10.1371/journal.pone.0223378
https://doi.org/10.1080/23144599.2022.2038494
https://doi.org/10.1186/s12866-021-02280-5
https://doi.org/10.3168/jds.2018-14835
https://doi.org/10.1002/fsn3.2431
https://doi.org/10.1007/s13199-020-00698-5
https://doi.org/10.5897/jvmah2022.0975
https://doi.org/10.1016/j.vaccine.2018.06.068
https://doi.org/10.3168/jds.2020-18209
https://doi.org/10.1016/j.theriogenology.2020.06.005
https://doi.org/10.3168/jds.2019-16583
https://doi.org/10.3390/ani11082255
https://doi.org/10.1371/journal.pone.0209030
https://doi.org/10.3390/microorganism
https://doi.org/10.1371/journal.pone.0223378


Potravinarstvo Slovak Journal of Food Sciences 

Volume 16 703  2022 

Funds:  

The article was not financed by external fundings.  

Acknowledgments: 

We would like to thank you Dr. for Yurii Zhuk. 

Conflict of Interest: 

The authors claim that there is no conflict of interest. 

Information about compliance with bioethical standards. Experimental studies were conducted following 

the law of Ukraine "On protection from cruelty to animals" d.d. 28.03.2006 and the rules of the European 

Convention for the protection of vertebrates used for experimental and other scientific purposes d.d. 13.11.1987.  

Ethical Statement: 

Approval by the Ethics Commission. The research protocols and experimental procedures were approved by 

the Bioethics Commission of the National University of bioresources and nature management of Ukraine. Data 

collection was carried out following the law of Ukraine "On protection from cruelty to animals" No. 3447-IV 

d.d. 04.08.2017 and the European Convention for the protection of vertebrates used for experimental and other 

scientific purposes in 1986. 

Contact Address:  

Yurii Zhuk, National University of Life and Environmental Sciences of Ukraine, Department of Obstetrics, 
Gynecology, and biotechnology of animal reproduction, Polkovnyka Potiekhina Str., 16, 03121, Kyiv, Ukraine, 

E-mail: zhuk_yv@nubip.edu.ua 

ORCID: https://orcid.org/0000-0002-8827-6313 

Ruslan Zaritskyi, National University of Life and Environmental Sciences of Ukraine, Department of 

Obstetrics, Gynecology, and biotechnology of animal reproduction, Polkovnyka Potiekhina Str., 16, 03121, 

Kyiv, Ukraine, 

E-mail: zaritskyi_rv@nubip.edu.ua 

ORCID: https://orcid.org/0000-0003-1074-3118 

Denys Dreval, Head of the laboratory of bacteriology and pathanatomy of "Center for veterinary diagnostics" 

LLC, 15-A Kaisarova Street, 03041, Kyiv, Ukraine, 

E-mail:bacteriology@cvd.com.ua 

ORCID: https://orcid.org/0000-0003-4184-3189 

Serhii Derkach, National University of Life and Environmental Sciences of Ukraine, Department of Obstetrics, 

Gynecology and biotechnology of animal reproduction, Polkovnyka Potiekhina Str., 16, 03121,  Kyiv, Ukraine, 

E-mail: derkach_ss@nubip.edu.ua 

ORCID: https://orcid.org/ 0000-0002-6174-1377 

Vitalii Kovpak, National University of Life and Environmental Sciences of Ukraine, Department of Obstetrics, 

Gynecology, and biotechnology of animal reproduction, Polkovnyka Potiekhina Str., 16, 03121, Kyiv, Ukraine, 

E-mail: vitkovpak@ukr.net 

ORCID: https://orcid.org/0000-0003-2419-1246 

Yurii Masalovych, National University of Life and Environmental Sciences of Ukraine, Department of 

Obstetrics, Gynecology, and biotechnology of animal reproduction, Polkovnyka Potiekhina Str., 16, 03121, 

Kyiv, Ukraine, 

E-mail: masalovich@nubip.edu.ua 

ORCID: https://orcid.org/0000-0002-0986-0854 

*Olena Ochkolyas, National University of Life and Environmental Sciences of Ukraine, Faculty of Food 

Technology and Quality Control of Agricultural Products, Department of technologies of Meat, Fish and Marine 

Products, Polkovnyka Potiekhina Str., 16, 03121, Kyiv, Ukraine,  

E-mail: ochkolyas@nubip.edu.ua 

ORCID: http://orcid.org/0000-0002-8483-578X 

Svitlana Bazyvoliak, National University of Life and Environmental Sciences of Ukraine, Faculty of Livestock 

Raising and Water Bioresources, Department of Technologies in Poultry, Pig and Sheep Breeding, Heroyiv 

Oborony Str., 15, Kyiv, 03041, Ukraine, 

E-mail: bazyvolyak@nubip.edu.ua 

ORCID: https://orcid.org/0000-0003-1656-5754 

Yevheni Antypov, National University of Life and Environmental Sciences of Ukraine, Education and 

research institute of Energetics, Automatics and Energy saving, Department of Heat and Power Engineering, 

Heroyiv Oborony Str., 12v, Kyiv, 03041, Ukraine, 

E-mail: ievgeniy_antypov@ukr.net 

ORCID: https://orcid.org/0000-0003-0509-4109 

mailto:zhuk_yv@nubip.edu.ua
https://orcid.org/0000-0002-8827-6313
mailto:zaritskyi_rv@nubip.edu.ua
https://orcid.org/0000-0003-1074-3118
mailto:bacteriology@cvd.com.ua
https://orcid.org/0000-0003-4184-3189
mailto:derkach_ss@nubip.edu.ua
mailto:vitkovpak@ukr.ne
mailto:masalovich@nubip.edu.ua
https://orcid.org/0000-0002-0986-0854
mailto:ochkolyas@nubip.edu.ua
http://orcid.org/0000-0002-8483-578X
mailto:bazyvolyak@nubip.edu.ua
https://orcid.org/0000-0003-1656-5754
mailto:ievgeniy_antypov@ukr.net
https://orcid.org/0000-0003-0509-4109
mailto:zhuk_yv@nubip.edu.ua
https://orcid.org/0000-0002-8827-6313
mailto:zaritskyi_rv@nubip.edu.ua
https://orcid.org/0000-0003-1074-3118
mailto:bacteriology@cvd.com.ua
https://orcid.org/0000-0003-4184-3189
mailto:derkach_ss@nubip.edu.ua
mailto:vitkovpak@ukr.ne
mailto:masalovich@nubip.edu.ua
https://orcid.org/0000-0002-0986-0854
mailto:ochkolyas@nubip.edu.ua
http://orcid.org/0000-0002-8483-578X
mailto:bazyvolyak@nubip.edu.ua
https://orcid.org/0000-0003-1656-5754
mailto:ievgeniy_antypov@ukr.net
https://orcid.org/0000-0003-0509-4109


Potravinarstvo Slovak Journal of Food Sciences 

Volume 16 704  2022 

Iryna Kharsika, National University of Life and Environmental Sciences of Ukraine, Faculty of Food 

Technology and Quality Control of Agricultural Products, Department of Technologies of Meat, Fish and 

Seafood, Polkovnyka Potiekhina Str., 16, 03121, Kyiv, Ukraine, 

E-mail: veretynska23@ukr.net 

ORCID: https://orcid.org/0000-0002-2789-7757 

 

Corresponding author: * 

 
© 2022 Authors. Published by HACCP Consulting in www.potravinarstvo.com the official website of the 

Potravinarstvo Slovak Journal of Food Sciences, owned and operated by the Association HACCP Consulting, 

Slovakia, www.haccp.sk. The publisher cooperate with the SLP London, UK, www.slplondon.org the scientific 

literature publisher. This is an Open Access article distributed under the terms of the Creative Commons Attribution 

License https://creativecommons.org/licenses/by/4.0, which permits unrestricted use, distribution, and reproduction in 

any medium provided the original work is properly cited.   

 

mailto:veretynska23@ukr.net
http://www.potravinarstvo.com/
http://www.haccp.sk/
http://www.slplondon.org/
https://creativecommons.org/licenses/by/4.0
mailto:veretynska23@ukr.net
http://www.potravinarstvo.com/
http://www.haccp.sk/
http://www.slplondon.org/
https://creativecommons.org/licenses/by/4.0

	ABSTRACT
	Introduction
	Scientific Hypothesis

	MATERIAL AND METHODOLOGY
	Statistical Analysis

	RESULTS AND DISCUSSION
	CONCLUSION
	referenceS

