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Abstract

The aim of this study was to determine prevalence of undesirable bacteria and their antimi-
crobial profile in samples obtained from a productive farm situated in border region Slanské
vrchy (Slovakia), involved in keeping sheep and goats for the purpose of processing raw milk
to special products (cheeses). Genus and species identification was carried out by PCR method
and MALDI —TOF MS. Isolates thus identified were detected for antimicrobial resistance using
the Agar Dilution Method.

Bacteria of Staphylococcus spp. exhibited the highest resistance to penicillin (98% isolates).
Isolates from the family Enterobacteriacae showed the highest resistance to azithromycin (90%).
At the same time, in isolates of Enterococcus spp. we detected high resistance to linezolid (100%).
Our investigation showed that all tested strains were resistant to more than one antibiotic used
in this study.

Key words: antimicrobial resistance, sheep cheese, goat cheese, Staphylococcacae, Entero-

bacteriacae
Introduction with multiresistant micro-organisms and their resis-
tance to more than one antibiotic (Regecova et al. 2014).
As antibiotic resistance is a constantly increasing Thus, contamination of milk by agents found
problem, collection of information about resistance in common housing environment can be highly rele-
of the pathogens is very important from the epidemio- vant. Activity of such micro-organisms can affect health
logical point of view. Especially serious risk is associated safety of milk and its technological processing. Unde-
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sirable microbiota of milk include frequently present
enterobacteria of genera Escherichia and Enterobacter
(Escherichia coli, Enterobacter aerogenes). From among
other micro-organisms one should mention in this
respect for example Pseudomonas spp., Enterococcus
spp., Streptococcus spp., Staphylococcus spp., Micro-
coccus spp. and other (Dudrikova 2011).

Enterococci are ubiquitous microorganisms and
belong to the part of the normal gastrointestinal micro-
biota of mammals and other warm-blooded animals,
and we can also find them in soil, plants and water.
By intestinal or environmental contamination, these mi-
croorganisms colonize raw food such as milk and meat,
throughout any fermentation process (Ribeiro et al.
2011). As enterococci in food are not always present
due to faecal contamination, the legislation in force
(European Commission, 2007) sets no limit for entero-
coccal presence in food. In fact in some kinds of food
such as cheeses and fermented meats, enterococci are
added during the production process, both to extend
their shelf life and to improve their organoleptic proper-
ties (Cocolin et al. 2007).

The degree of antibiotic resistance varies among
bacteria of the family Enterobacteriacae Staphylococ-
cacae, so their identification at the genus and species
level is important.

The available methods of their identification invol-
ves polymerase chain reaction and mass spectroscopy
MALDI-TOF based on obtaining protein profiles
of bacteria (Singhal et al. 2015).

On the basis of the above mentioned arguments the
aim of our study was to determine proportional repre-
sentation — abundance — of micro-organisms using the
PCR method and MALDI — TOF mass spectroscopy
to identify bacteria isolated from sheep and goat cheese
produced on a farm located in border area and, subse-
quently, determine antimicrobial resistance of bacteria
found in these products. The cheeses tested by us belong
to the group of so-called RTE (ready-to-eat). We also
include bryndza among such products. Bryndza is a typi-
cal Slovak cheese made from raw milk with no special
starter culture (Vrabec et al. 2015). According to our
knowledge, the studies dealing with antimicrobial sus-
ceptibility of bacteria isolated from products made from
raw milk are scarce and thus our study will contribute to
the body of knowledge in this area.

Materials and Methods

Isolation of strains

From May to September 2019, we isolated staphy-
lococci and strains from samples of sheep (n=10) and
goat (n=10) cheeses. The cheeses were made from

non-pasteurised milk without adding a cheese starter
culture, and were ripened for 30 days. Subsequently,
basic suspension and decimal dilutions were prepared
from all tested samples according to the STN EN ISO
6887-5 (2010).

Isolates of staphylococci from the examined sam-
ples were obtained according to the STN EN ISO 6888-1
(1999), isolates of Enterobacteriaceae according to the
STN ISO 21528-1 (2019) and enterococci according
to Canigova et al. (2012). Based on their characteristic
appearance, typical colonies of individual genera
of bacteria were further identified. Plates containing 15
to 150 colonies were used for this purpose. Collected
typical colonies were inoculated with a sterile bacterial
loop on the surface of Columbia blood agar (Oxoid,
United Kingdom) and incubated at 37°C for 24 to 48
hours. After incubation, individual strains were used for
identification by PCR and MALDI TOF MS.

Genus identification by PCR method

The total genomic DNA was isolated from staphy-
lococcal strains as described by Hein et al. (2005).
The PCR method was used to identify the genera of
Staphylococcus Enterococcus and family Enterobacte-
riaceae according to KE et al. (1999), Nakano et al.
(2003) and Strommenger et al. (2003). Each primer was
synthesized by Generi Biotech s.r.o. Czech Republic
(Table 1).

Reaction mixture in total a volume of 20 pul con-
tained 1 pl genomic DNA, 10 pmol.I'! of each primer
and HotFirepol® Mastermix (Ecoli s.r.o., Slovakia).
The amplification was terminated by cooling to 6°C.
The PCR protocol was as follows: initial denaturation
at 95°C for 12 min, 30 cycles consisting of denaturation
at 95°C 20 s, annealing at different temperatures
depending on the type of primer used (Table 1), and
extension at 72°C for 2 min. Final extension at 72°C
for 10 min followed the last cycle. PCR products were
separated in a 2% agarose gel stained with Gold-
view™Nucleic acid stain (Beijing SBS Genetech Co.
LTD, China) and visualized using the DNR Bio Ima-
ging system (MiniBIS Pro®, Israel).

The sequences obtained from the studied strains
used in this work were submitted to the GenBank-
-EMBL database. The DNA sequences obtained from
fungal strains were searched for homology to those
available at the GenBank-EMBL database using the
BLAST program (NCBI software package).

Species identification by MALDI-TOF

The species identification of bacteria was subse-
quently provided with the help of matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry
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Table 1. DNA sequences and descriptions of primers used in this study.

Primer name Primer sequence (5'-3") Tm (°C) p::)((jilu}c " Reference
Staphylococcus spp
16S1 CAGCTCGTGTCGTGAGATGT 55-420 bp Strommenger et al. 2003
16S2 AATCATTTGTCCCACCTTCG
Enterococcus spp.
Entl TACTGACAAACCATTCATGATG 55-112bp Ke et al. 1999
Ent2 AACTTCGTCACCAACGCGAAC
Inkol (internal control) GGAGGAAGGTGGGGATGACG
. 55-241bp Martineau et al. 1996
Inko2 (internal control) ~ATGGTGTGACGGGCGGTGTG
Enterobacteriaceae
Ent3 GTTGTAAAGCACTTTCAGTGGTGAGGAAGG 60 — 425 bp Nakano et al. 2003
Ent4 GCCTCAAGGGCACAACCTCCAAG

(MALDI-TOF MS; Bruker Daltonics, Fremont, CA,
USA) according to the standard sample preparation
protocol of manual BRUKER DALTONICS, (2007).
The samples were analysed in collaboration with the
Institute of Animal Physiology of the Slovak Academy
of Sciences in Kosice.

Phenotypic assessment of antibiotic sensitivity

The susceptibility of isolated bacterial strains
to selected antibiotics was determined by the agar dilu-
tion method (ADM) according to the procedure descri-
bed by CLSI document M100-S28 (2018). ADM is per-
formed on Petri dishes with Miieller-Hinton agar
(Hi-Media, India) in duplicate. Test plates containing
different concentrations of antibiotics were used for the
determination of minimum inhibitory concentrations
(MICs). Drops of 24-hour bacterial suspensions adjust-
ed to the 0.5 McFarland turbidity standard were placed
in parallel on the surface of each test plate. Inoculated
plates were then incubated at 37°C for 24 hours. After
incubation, the lowest concentrations of antibiotics that
inhibited the visible growth of staphylococcal strains
were determined. Results were evaluated according
to CLSI document M100-S28 (2018).

In determining the MICs plates with final concen-
tration of antibiotics were used on Staphylococcus spp.:
Penicillin (P) 0.12; 0.25; 0.5 mg I''; Ceftaroline (KF)
0.5; 1.0; 2.0; 4.0; 8.0 mg I'!; Teicoplanin (TEC) 4.0; 8.0;
16.0; 32.0; 64.0 mg I''; Gentamicin (GN) 2.0; 4.0; 8.0;
16.0; 32.0; 64.0 mg I''; Erythromycin (E) 0.25; 0.5; 1.0;
2.0;4.0; 8.0; 16.0 mg 1''; Tetracycline (TE) 2.0; 4.0; 8.0;
16.0; 32.0 mg 1''; Ofloxacin (OFX) 0.5; 1.0; 2.0; 4.0;
8.0 mg I''. For Enterobacteriaceae: Azithromycin (AZI)
8.0; 16.0; 32.0; 64.0 mg I''; Doxycicline (DO) 2.0; 4.0;
8.0; 16.0; 32.0 mg I''; Minocycline (MH) 2.0; 4.0; 8.0;
16.0; 32.0 mg I''; Ciprofloxacin (CIP) 0.5; 1.0; 2.0;

4.0; 8.0 mg I''; Levofloxacin (L) 1.0; 2.0; 4.0; 8.0;
16.0 mg I''; Nitrofuration (F) 16.0; 32.0; 64.0; 128.0;
256.0 mg I''; Fosfomycin (FOT) 32.0; 64.0; 128.0;
256.0 mg [I!; Chloramphenicol (C) 8.0; 16.0;
32.0 mg I''; Kanamycin (K) 8.0; 16.0; 32.0; 64.0;
128.0 mg I''. For Enterococcus spp.: Vankomycin
(VAN) 2.0; 4.0; 8.0; 16.0; 32.0; 64.0 mg I'!; Teicoplanin
(TEC) 4.0; 8.0; 16.0; 32.0; 64.0 mg 1'; Erythromycin
(E) 0.5; 1.0; 2.0; 4.0; 8.0; 16.0 mg I''; Doxycicline (DO)
2.0; 4.0; 8.0; 16.0; 32.0 mg I''; Minocycline (MH) 2.0;
4.0; 8.0; 16.0; 32.0 mg I''; Ciprofloxacin (CIP) 0.5; 1.0;
2.0; 4.0; 8.0 mg I''; Levofloxacin (L) 1.0; 2.0; 4.0;
8.0; 16.0 mg I''; Nitrofuration (F) 16.0; 32.0; 64.0;
128.0; 256.0 mg I'!; Rifampicin (RD) 0.5; 1.0; 2.0; 4.0;
8.0 mg I''; Fosfomycin (FOT) 32.0; 64.0; 128.0; 256.0
mg I'!; Linezolid (LZD) 1.0; 2.0; 4.0; 8.0; 16.0 mg 1.

Statistical analyses

Statistical analysis was performed using software
GraphPad Prism 5.0 (2007). Chi square test (> test)
was used to compare the individual proportions.
The dependence of the individual signs was tested at a
significance level a = 0.05, with critical values = 2.388
for Staphylococcus spp., 12.529 for Enterobacteriacae
strains and 5.326 for Enterococcus spp.

Reference strains

Reference strains of S. aureus ATCC 29213,
Enterococcus (E.) faecalis ATCC 29212 and Escheri-
chia coli ATCC 25922 (Czech Collection of Micro-
organisms, Brno, Czech Republic) were used in this
study as a positive control for the agar dilution method
and the polymerase chain reaction.
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Fig. 1. Identification of isolates of Staphyoccocus spp. by PCR method.
L — 100 bp ladder; Lines 1,2,3,4,5,6,7,8,9 — isolates of Staphylococcus spp. (420 bp).

Fig. 2. Identification isolates of the family Enterobacteriaceae by PCR method.
L — 100 bp ladder; Lines 1,7 — unidentified isolates, Lines 2,3,4,5,6 — isolates of the family Enterobacteriaceae (425 bp).

Results

Microbiological cultivation and examination
of individual samples of cheeses and subsequently
identification of isolates by PCR method we detected
115 isolates: 41 isolates of Staphylococcus spp. (Fig. 1),
61 isolates of the family Enterobacteriacae (Fig. 2) and
13 isolates of Enterococcus spp. (Fig. 3).

Subsequently, we carried out species identification
of the 115 investigated isolates by the MALDI —TOF
MS method, and were able to identify 10 bacterial

species (Fig. 4). The score value of the identified strains
ranged from 2.096 to 2.268 in S. aureus 1.976-2.105
in S. chromogenes and from 1.992 to 2.224 in S. simu-
lans. For isolates identified as Ent. hormaechei,
the score value ranged 1.982-2.124, in Ent. cloacae
1.989-2.161, in Ent. asburiae 1.897-2.035, in R. orni-
tholytica 1.994-2.301 and in isolates identified as
K. oxytoca the score value was 1.972-2.237. For
E. faecium isolates the score value ranged from 2.062
to 2.183, for it ranged 1.992-2.101 and for E. durans
the score value ranged 2.000-2.120.
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Fig. 3. Identification isolates of Enterococcus spp. by PCR method

L — 100 bp ladder; Lines 1,2,3,4,5,6,7,8,9,10 — isolates of Enterococcus spp. (112 bp) and internal control (241 bp).

Fig. 4. Identification of strains using MALDI-TOF.

Because goat and sheep milk products are good
substrate for the growth of resistant bacteria of Entero-
coccus spp. as well as the families Staphylococcacae
and Enterobacteriacae, we also examined the identified
isolates for their resistance to selected antibiotics.

Bacteria of Staphylococcus spp. (41 isolates)
showed highest resistance to penicillin (98%; 40 iso-
lates) (Table 2). The agar dilution method showed that
isolates of the family FEnterobacteriaceae (Table 3)
were most resistant to azithromycin (90%; 55 isolates),
similar to isolates of the Staphylococcus spp. when
resistance to macrolides (erythromycin) was higher
(75%; 30 isolates; Table 2). Specifically, in isolates of
the genus Enterobacter (31 isolates) we also observed
high resistance to azithromycin (28 isolates; Table 3).
Species Ent. asburiae showed this resistance in all
strains (9 isolates). This species was also resistant to
ciprofloxacin (2 isolates), chloramphenicol (3 isolates),
levofloxacin (1 isolate), nitrofuration (1 isolate) and

A
1y

M S. aureus
M E. cloacae

E. durans

S. chromogenes
M Ent. asburiae
M E. fecalis
B R. ornitholytica
M E. faecium
M Ent. Hormaechei
M K. oxytoca

fosfomycin (1 isolate). All strains of this species were
sensitive to doxycycline, minocycline and kanamycin.
Results obtained by ADM method showed also for
the genus Enterococcus (13 isolates) high resistance
to linezolid (100%, 13 isolates; Table 4).

Therefore, it is very important to investigate preva-
lence and antibiotic resistance of this species. Results of
our study indicate (Table 3) that these isolates were
most resistant to azithromycin (4 isolates).

Another species identified by MALDI — TOF MS
was K. oxytoca (24 isolates), an important member
of the genus Klebsiella. Isolates examined in this study
showed considerable resistance to azithromycin and
somewhat lower resistance to kanamycin and mino-
cycline. They exhibited considerable susceptibility to
ciprofloxacin, levofloxacin and fosfomycin (Table 3).

Isolates of the family Enterobacteriaceae showed
also intermediary resistance, particularly to minocy-
cline (31%; 19 strains) in species Ent. cloacae
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Table 2. Number of resistant (R), intermediately susceptible (IS) and susceptible (S) species of Staphylococcus spp.

Tested of staphylococcal strains

Antibioti S. aureus S. simulans S. chromogenes Test*
oues (n=28) (n=5) (n=8)
S IS R S IS R S IS R G

PEN 0 27 0 0 5 0 8 12.757
KF 20 2 2 4 2 2.354
TEC 21 5 0 0 3 0 0.482
GN 11 12 5 ; 2 1 5 2 1 1.431

E 3 5 20 8 0 5 1 2 5 9.326!

TE 22 1 5 0 2 0 3.612!
OFX 24 1 5 0 5 2.316

* Chi-quadrate test (significance level 0=0.05; critical value ¥*>=2.388; G — testing value);

the independence of the individual characters at the significance level a=0.05 has not been rejected, i.e., statistical independence
was confirmed when G<y* ! — the independence of individual characters (S; IS, R) at the significance level 0=0.05 was rejected
when G>y2, i.e., the statistically confirmed dependence of the observed traits in the test group of S. aureus (n = 28); S. simulans (n=5)
and S. chromogenes (n=8) against antibiotic substances with PEN, E and TE.

Table 3. Number of resistant (R), intermediately susceptible (IS) and susceptible (S) species of family Enterobacteriacae.

Tested of Enterobacteriacae strains

o Ent. hormaechei Ent. cloacae R. ornitholytica K. oxytoca Test*
Antibiotics
(n=21) (n=10) (n=06) (n=24)
R IS S R IS S R IS S R IS G
AZ1 18 0 3 10 0 0 4 0 2 23 1 0 29.079!
DO 0 5 16 0 2 8 0 0 6 0 10 14 5.066
MH 3 12 6 0 7 3 1 0 5 3 0 21 10.555
CIP 0 4 17 2 0 8 0 0 6 0 0 24 5.435
L 0 0 21 1 0 9 0 0 6 0 0 24 8.613
F 7 6 8 1 3 6 1 0 5 2 1 21 15.046!
FOT 0 0 21 1 0 9 0 0 6 0 0 24 5.325
C 0 0 21 3 3 4 0 0 6 2 2 20 9.151
K 0 4 17 0 3 7 1 1 4 4 10 10 10.410

* Chi-quadrate test (significance level a=0.05; critical value ¥>=12.592; G — testing value); the independence of the individual characters
at the significance level a=0.05 has not been rejected, i.e., statistical independence was confirmed when G<y?;

! — the independence of individual characters (S; IS, R) at the significance level a=0.05 was rejected when G>y?2, i.e., the statistically
confirmed dependence of the observed traits in the test group of Ent. hormaechei (n=21); Ent. cloacae (n=10); R. ornitholytica (n=6)
and K. oxytoca (n=24) against antibiotic substances with AZI and F

(12 strains). At the same time, we observed higher
degree of intermediary susceptibility to doxycycline
(28%; 17 strains), particularly in species K. oxytoca
(10 strains). However, according to phenotype manifes-
tations of isolates of the family Enterobacteriacae,
the highest resistance was observed concomitantly
with fosfomycin and levofloxacin (98%,; 60 isolates;
Table 5). Particularly the species K. oxytoca exhibited
high resistance to up to 8 antibiotics (Table 5).

Examination by ADM showed that all tested strains
(100%; 115 isolates) were resistant to more than one
selected antibiotic (Table 5).

Discusion

The study by Alves et al. (2018) points out that from
64 evaluated samples, 33 were contaminated with
S. aureus as identified with phenotypic tests and con-
firmed by 16S rRNA, which is in accordance with the
findings of our study. S. aureus was most frequently iso-
lated from ready-to-eat cheese (82%), followed by raw
material (50%) (Alves et al. 2018).

Over the course of the last decade, Matrix-assisted
laser desorption/ionisation mass spectrometry (MALDI-
-TOF MS) has enabled rapid and accurate identification



www.czasopisma.pan.pl P N www.journals.pan.pl

POLSKA AKADEMIA NAUK

Antimicrobial resistance of bacterial isolates from sheep ... 19

Table 4. Number of resistant (R), intermediately susceptible (IS) and susceptible (S) species of Enterococcus spp.

Tested of enterococal strains

S E. faecium E. faecalis E. durans Test*
Antibiotics (n=3) (n=7) (n=3)
S IS R S IS R S IS R G
VA 0 0 3 1 6 1 2 10.244!
TEC 0 0 3 2 5 0 3 11.047
E 0 0 3 0 5 1 2 9.488!
DO 3 0 0 ; 2 0 3 0 0 2.013
MH 3 0 0 (1) 2 4 0 2 1 1.299
CIpP 3 0 0 4 2 1 3 0 0 3.322
L 3 0 0 6 0 1 3 0 0 0.923
F 2 1 0 2 1 4 0 1 2 2.013
RD 3 0 0 0 0 7 0 0 3 4.556

* Chi-quadrate test (significance level o = 0.05 (5%); critical value ¥>=5.326; G — testing value); the independence of the individual
characters at the significance level o= 0.05 has not been rejected, i.e., statistical independence was confirmed when G<y?

' — the independence of individual characters (S; IS, R) at the significance level a=0.05 was rejected when G>y?, i.e., the statistically
confirmed dependence of the observed traits in the test group of E. faecium (n=3); E. faecalis (n=7) and E. durans (n=3) against antibiotic

substances with VA, TEC and E.

Table 5. Numerous of multiresistant species of bacteria from sheep and goat cheeses.

2ATB 3 ATB 4 ATB 5ATB 6 ATB 8 ATB
S. aureus 9 4 10 3 1 0
S. simulans 0 0 3 2 0 0
S. chromogenes 0 2 0 2 4 0
Ent. hormaechei 0 0 0 1 0 0
Ent. cloacae 0 3 7 10 1 0
Ent. asburiae 0 0 0 4 3 1
R. ornitholytica 1 0 4 0 1 0
K. oxytoca 0 0 2 0 17 5
E. durans 0 1 0 0 0
E. faecalis 0 1 1 2 1
E. faecium 0 0 0 3 0

ATB — antibiotics

of many microorganisms. MALDI-TOF MS was first
adapted for the identification of bacteria, and the tech-
nique was later adapted for yeast (Cassagne et al. 2016
Bohme et al. 2016).

According to the study by Renye et al. (2008)
the isolates most commonly identified in raw milk
by MALDI — TOF MS were Klebsiellu (K.) pneumonia,
K. ornithinolytica, K. oxytoca and Raoultella (R.) spp.,
species-related to K. oxytoca. Other isolates included
Enterobacter spp., Citrobacter spp., Escherichia coli and
E. hormaechei, which have also been idOentified in our
study.

In the study by Seng et al. (2016), identification by
MALDI-TOF was regarded as a rapid method of deter-

mination, particularly of pathogen R. ornithinolytica
isolated from milk, causing infection in humans. Pukan-
¢ikova et al. (2016) used MALDI-TOF MS for exami-
nation of raw cow milk and isolated and identified
bacterium Raoultella ornithinolytica in milk from
a productive unit in Slovakia (17% occurrence) (Lee
et al. 2016, Lin et al. 2016).

Beyene et al. (2017) reported high effectiveness
of gentamycin against staphylococci. However, our
study indicated only intermediary susceptibility of iso-
lates to the mentioned antibiotics although the diame-
ters of inhibition zones corresponded to border values
of intermediary susceptibility (34% isolates). Jamali
et al. (2015) reported that S. aureus isolated from raw
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milk and milk products was highly resistant to tetracyc-
lin and penicillin, but susceptible to oxacillin, lincomy-
cin, klindamycin, erythromycin, streptomycin, cefoxi-
tin, kanamycin, gentamycin and to chloramphenicol
as mentioned in our study. Kraemer et al. (2017) con-
firmed more frequent resistance to erythromycin com-
pared to other antimicrobial agents.

It is well known that increasing resistance to antimi-
crobials is associated with the extensive use of these
drugs in veterinary practice (Chrobak et al. 2011).

From the investigated goat and sheep milk products
we isolated and identified also bacteria of the family
Enterobacteriaceae, which are considered a reservoir
of antibiotic resistance genes in animal husbandry
(Novakova et al. 2009).

The study by Parlapani et al. (2020) also points
to the resistance of this species to macrolides and the
high sensitivity to tetracyclines.

Klare et al. (2015) C. O’Driscoll et al. (2015)
described increasing prevalence of linezolid resistance
in E. faecium. This study also mentioned that increasing
resistance in this species could be related to increased
administration of linezolide in hospitals.

Sheep and goat milk products frequently contain
species Raoultella ornithinolytica (6 isolates). Clinical
signs as well as antimicrobial resistance of this patho-
gen have been poorly explained (Seng et al. 2016).
However, in the study by Seng et al. (2016) the isolates
of R. ornithinolytica were classified according to their
phenotype manifestations as resistant to amoxicillin,
ceftriaxone, ciprofloxacin and ofloxacin (Pukancikova
et al. 2016).

Gaglio et al. (2016) in their study confirmed antimi-
crobial resistance in strains of Enterococcus spp.
The frequency of resistance was as follows: 4 strains
resistant to ciprofloxacin, one strain resistant to chlo-
ramphenicol. No resistance was observed for vancomy-
cin, levofloxacin, linezolid. Similarly, in our study
we detected antimicrobial resistance in 13 enterococci
strains: one strain from (E. fecalis) was resistant to cip-
rofloxacin and chloramphenicol. Enterococcus faecium
and E. faecalis might represent a public health issue due
to their resistance to cephalosporins, lincosamides,
penicillins, and low levels of aminoglycosides (Ham-
mad et al. 2015).

Considering the innovativeness of the study, there
are scarce data to evaluate the resistance of isolated
bacteria from regional sheep and goat cheeses. At this
level, papers are published that focus on the evaluation
of resistance of bacteria from only one sheep product
Bryndza (Drahovska et al. 2004, Vrabec et al. 2015).
Other studies are focused on the evaluation of resistan-
ce of bacteria from raw sheep‘s or goat‘s milk.

In the paper of Drahovska et al. 2004, antibiotic

resistance was tested in bacteria isolated from traditio-
nal Slovak sheep cheese (bryndza). The majority
of strains were identified as E. faecium (76 %) and
E. faecalis (23 %). Several strains of E. durans and
1 strain of E. hirae were also present. The resistance
to 6 antimicrobial substances (ampicillin, ciprofloxacin,
higher concentration of gentamicin, nitrofurantoin,
tetracycline and vancomycin) was tested in enterococci
isolated from food and clinical samples. A higher level
of resistance was found in clinical than in food samples
strains and E. faecium had a higher resistance than
E. faecalis; no resistance to vancomycin was detected
which was also confirmed in our study.

Our results are supported by the study by Seng et al.
(2016) who reported as high as 80% resistance to seve-
ral types of antibiotics in bacteria of the family Entero-
bacteriacae and in staphylococci isolates. The study
by Hleba et al. (2015) also reported presence of multire-
sistant bacteria in milk and milk products.

Conclusion

Investigation of selected milk products brought new
information about prevalence of resistant and multi-
-resistant bacteria in sheep and goat milk and milk
products produced in the selected border area. We also
confirmed the presence of little investigated species
Raoultella ornithinolytica, which by its activity partici-
pates in development of undesirable flaws of milk and
milk products. Our study also indicated the necessity
of rapid and effective identification of individual bacte-
rial species because of differences in antimicrobial pro-
files of individual species and their relevance from the
point of view of protection of health of humans and an-
imals.
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